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Abstract
Background: Population ageing is changing societies all over the world and is expected to continue for
the decades to come. To take advantage of the opportunities resulting from population ageing, and
respond properly and timely to the political, social and economic challenges it poses, we need better
knowledge on the trends in the health of the elderly. In this thesis, I have studied temporal trends in two
aspects of health in older ages, namely functional limitations and disability, and the influence of
educational level on mortality and life expectancy.
Methods: Study I was an observational, repeated cross sectional study. We used data from six surveys
conducted on national representative samples of the adult, non-institutionalized population in Norway
between 1987 and 2008. We used graphs and logistic regression models to estimate age-adjusted
temporal trends in dichotomous indices of disabilities and functional limitations across the period. Study
II and III were observational register-based population studies covering the entire Norwegian population
aged 65-94 (study II) and 65 age and older (study III). We used Poisson- and weighted least square
regression models on tabulated one-year mortality rates stratified by sex, age and educational level to
estimate temporal trends in mortality rate ratios and mortality rate differences in study II, and
remaining life expectancy at age 65 in study III.
Results: The prevalence of functional limitations and disabilities declined between 1987 and 2008, on
average by -3.3% and -3.4% per year, respectively. Women, non-married and lower educated people
reported higher levels of functional limitations and disabilities than men, married and higher educated
did. Between 1961 and 2009, absolute educational inequalities in age-adjusted mortality rates increased
by on average 0.17 deaths per 1000 person years in men and decreased by on average 0.07 deaths per
1000 person years in women. The corresponding mean yearly increase in age-standardized relative
mortality inequalities was 0.4% and 0.1% in men and women, respectively. Remaining life expectancy at
age 65 increased for both sexes and educational groups, but more so in the higher educated group.
Thus, the differences in life expectancy at age 65 increased, on average, by 0.060 life years per calendar
year in men and 0.025 life years per calendar year in women. The increases were concentrated to the
1980s and 1990s in men, and to the latter half of the period in women.
Conclusions: The first study indicated declines in functional limitations and mild disabilities among older
adults in Norway between 1987 and 2008, leading to absolute and relative compression of these states
at the end of life. There were substantial and persisting sociodemographic inequalities in functional
limitations and disabilities throughout the period. Study II found persisting absolute educational
inequalities in mortality from 1961 to 2009. The increase in relative mortality inequalities implies that,
whatever the causes of progress, the lower educated have benefited proportionally less from them, and
the sex- and education specific patterns of mortality development suggest variation in timing and impact
of specific causal factors. Study III described the substantial increase in educational differences in
remaining life expectancy at age 65 that resulted from this development.
Policy implications: I argue that as much of the current mortality and chronic degenerative diseases
might be considered functions of the same processes, senescence itself, some level of disability prior to
death seems inevitable. Thus, old age disability might be more related to a broadly defined dying
9

process than chronological age itself. I also suggest that the educational health inequalities found in our
studies might represent inequalities in senescence degeneration rates and argue that differential uptake
and implementation of health-enhancing knowledge are likely to explain much of the socioeconomic
inequalities in mortality over the past decades. I therefore call for stronger public health policies
favoring the healthy choices as the easy choices and thereby facilitating the socioeconomic diffusion and
uptake of health-enhancing knowledge.
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Sammendrag
Bakgrunn: Populasjonsaldring er i ferd med å endre samfunn over hele verden og forventes å fortsette i
tiårene som kommer. For å utnytte mulighetene populasjonsaldringen frembyr, og respondere adekvat
og tidig på de politiske, sosiale og økonomiske utfordringene den utgjør, trenger vi bedre kunnskap om
trender i helse blant de eldre. I denne avhandlingen har jeg studert tidstrender i to aspekter av helse i
eldre aldre, nemlig funksjonsbegrensninger og uførhet, og betydningen av utdanningsnivå for dødelighet
og forventet gjenstående levealder.
Metoder: Studie I var en observasjonell, repetert, tverrsnittsstudie. Vi brukte data fra seks
spørreundersøkelser gjennomført på nasjonalt representative utvalg av den voksne, ikkeinstitusjonaliserte befolkningen i Norge mellom 1987 og 2008. Vi brukte grafer og logistiske
regresjonsmodeller for å estimere aldersjusterte tidstrender i dikotome indekser for uførhet og
funksjonsbegrensninger over perioden. Studiene II og III var observasjonelle register-baserte
populasjonsstudier som dekket hele Norges befolkning i alderen 65-94 (studie II) og 65 år og eldre
(studie III). Vi brukte Poisson- og vektet-minste-kvadratrot regresjonsmodeller på tabulerte ett-års
dødelighetsrater etter kjønn, alder og utdanningsnivå og estimerte tidstrender i dødelighetsrate ratioer
og dødelighetsrate differanser i studie II, og forventet gjenværende levealder ved alder 65 i studie III.
Resultater: Prevalensen av funksjonsbegrensninger og uførhet falt mellom 1987 og 2008, i
gjennomsnitt med henholdsvis -3.3% og -3.4% per år. Kvinner, ikke-gifte og lavt utdannede rapporterte
mer funksjonsbegrensninger og uførhet enn menn, gifte og høyt utdannede gjorde. Fra 1961 til 2009
økte absolutte utdanningsforskjeller i aldersstandardisert dødelighet med i gjennomsnitt 0.17 dødsfall
per 1000 personår blant menn, og falt med i gjennomsnitt 0.07 dødsfall per 1000 personår blant
kvinner. Den korresponderende gjennomsnittelige årlige økningen i aldersstandardiserte relative
dødelighetsforskjeller var henholdvis 0.4% og 0.1% blant menn og kvinner. Forventet gjenværende
levealder ved alder 65 økte blant begge kjønn og utdanningsgrupper, men økningen var størst blant de
høytutdannede. Dermed økte forskjellene i gjenværende forventet levealder ved alder 65 med, i
gjennomsnitt, 0.060 leveår per kalenderår blant menn og 0.025 leveår per kalenderår blant kvinner.
Denne økningen var konsentrert rundt 1980- og 1990-tallet blant menn, og rundt den siste halvdelen av
studieperioden blant kvinner.
Konklusjoner: Den første studien indikerte fall i funksjonsbegrensninger og mildere uførhet blant eldre
voksne i Norge mellom 1987 og 2008, hvilket førte til en absolutt og relativ kompresjon av disse
tilstandene mot slutten av livet. Det var betydelige og vedvarende sosiodemografiske forskjeller i
funksjonsbegrensninger og uførhet gjennom perioden. Studie II fant vedvarende absolutte
utdanningsforskjeller i dødelighet fra 1961 til 2009. Økningen i relative dødelighetsforskjeller innebærer
at lavere utdannede i relativt mindre grad enn høyere utdannede har evnet å utnytte de økte
mulighetene for sunne liv, og de kjønns- og utdanningsspesifikke mønstrene i dødelighetutviklingen
antyder variasjon i innslag og innvirkning av spesifikke kausale faktorer. Studie III beskriver den
betydelige økningen i utdanningsforskjeller i forventet gjenværende levealder ved alder 65 som fulgte av
denne utviklingen.
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Konsekvenser: Jeg argumenterer med at fordi mye av dagens dødelighet og kroniske degenerative
sykdommer kan ansees som funksjoner av samme underliggende prosess, aldring i seg selv, vil noe
uførhet før døden være uungåelig. Dermed kan uførhet i eldre år være mer relatert til en vidt definert
dødsprosess enn kronologisk alder i seg selv. Jeg foreslår også at utdanningsforskjellene i helse som ble
funnet i våre studier kan ansees å representere ulikheter i aldringens degenerative prosesser og
argumenterer for at ulikt opptak og implementering av helsefremmende kunnskap sannsynligvis kan
forklare mye av de sosioøkonomiske forskjellene i dødelighet over de siste tiårene. Jeg oppfordrer
derfor til en mer aktiv folkehelsepolitikk som favoriserer de sunne valgene som de enkle valgene og
derigjennom medvirker til sosioøkonomisk diffusjon og opptak av helsefremmende kunnskap.
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1 What this dissertation is about
Population ageing is changing societies all over the world (1), affecting countries at all levels of
development (2-4). The process has been ongoing and acknowledged for decades, and is expected to
continue for the decades to come. The increases in life expectancy represent the biggest demographic
transformations in history and should be considered one of the greatest successes of humanity (5).
Nevertheless, as the number and share of older persons are increasing faster than any other age group,
many consider population ageing more of a fiscal threat rather than a scientific advance (6, 7).
Governments are particularly concerned with the resulting political and economic challenges, like
declining productivity, rising public spending and labour shortages (3-5, 8-14). A pessimistic view of
population ageing is also mirrored and fueled by the news media (6, 7). The implications of ageing
populations might be more far-reaching, though (3). The shift of the population balance from young to
old will affect all aspects of our societies, including the way that families, workforces and communities
are structured (3, 5). Hence, the United Nations (UN) argues that we need to realign societies to fit the
realities of an ageing world (3). In order to do so, that is to take advantage of the opportunities resulting
from population ageing, and respond properly and timely to the political, social and economic
challenges it poses, we need better knowledge on the trends in health of the elderly. As Norway might
be considered a demographic forerunner, with comparatively high shares of the population aged 65 and
over (15), analysis on trends in Norway might be of relevance to countries that are less mature in their
ageing process.
In this thesis, I have studied two particular aspects of population ageing. The first concerns functional
limitations and disability at the end of life. Most people in developed countries die in older ages from
chronic diseases, conditions that develop insidiously over decades and often in parallel with
comorbidities. Thus, we do not only die from chronic degenerative diseases, we normally also die with
them. Chronic conditions vary in their consequences, from none to incapacitating disability (16), and, as
to age with some chronic condition has become the norm (17), more attention has been given to the
quality of the years lived and the ability to maintain autonomy and independent living (18-20). A key
question that has yet to be answered is whether the recent increases in life expectancy are
accompanied by a compression or expansion of disability at the end of life (21-23). Despite a growing
body of empirical literature on trends in old age functional limitations and disabilities, the evidence is
conflicting. Paper I in this thesis contributes to the field by providing a survey-based analysis on trends in
functional limitations and disability among Norwegians aged 67 years and older from 1986 to 2008.
The second part of this thesis concerns variation in mortality. Humans vary increasingly in health with
advancing age (16, 22, 24-32), and there is a large heterogeneity in mortality (33). As stated by Kirkwood
and Finch: “we are all born copies, but die originals” (30, p. 794). A substantial part of this variation is
influenced by the social conditions in which we live, and the influence of social conditions on health are
by many considered violation of the fundamental human right to enjoy the highest attainable standard
of health for all (34-37). However, the heterogeneity in senescence, manifestation of chronic
degenerative diseases and death might also disguise important concepts of healthy ageing (16, 22, 32,
38). Overcoming avoidable variation in health and ageing represents a potential for improving public
17

health, and might provide insight into future potentials for longevity (39, 40). In order to evaluate
current and past public health initiatives, and progress towards equality of the highest levels of health
for all, close and detailed monitoring of health inequalities in older ages is needed (41). This thesis
contribute to the field by studying sociodemographic variations in functional limitations, disability and
mortality among old age Norwegians over the recent decades. In paper I, we analyzed
sociodemographic variations in trends in functional limitations and disability among Norwegian aged 67
years and older from 1986 to 2008. Paper II and III provide prospective population-level register-based
analysis on trends in educational inequalities in old age mortality and remaining life expectancy at age
65 from 1961 to 2009.
The following chapters seek to set my work in relation to past theories and empirical research within
several relevant research areas. In chapter two I outline the theoretical background for this thesis.
Chapter three desribes disabilities, functional limitations and and death, which are the major outcomes
of this thesis. In chapter four I review the relevant past scientific literature, and in chapter five I specify
the specific research questions studied within this thesis. Data and methods used are described in
chapter six, the main results in chapter seven and the major methodological strengths and limitations in
chapter eight. In chapter nine I discuss possible interpretations, explanations and policy implications of
our findings, and suggest some areas of interest for further research. Before I conclude my thesis in
chapter 10, and provide supplemental tables and references in chapter 11 and 12, I end up the thesis by
discussing my findings in relation to senescence and the century long quest for the distinction between
senescence and chronic degenerative diseases (42) which seems to be largely neglected within the field
of trends in old age mortality and disability. Specifically, I argue that as much of the current mortality
and chronic degenerative diseases might be considered functions of the same processes, senescence
itself, some level of disability prior to death seems inevitable and old age disability might be more
related to the dying process than chronological age itself. Within this line of reasoning, socioeconomic
variation in trends in old age mortality and disability might be considered variation in successful
senescence, and the possible malleability of senescence might represent a substantial potential for
future progress in public health and longevity. I further argue that differential uptake of healthenhancing knowledge are likely to explain much of the socioeconomic inequalities in mortality over the
past decades and call for stronger public health policies favoring the healthy choice as the easy choice
and thereby facilitating the diffusion of health-enhancing knowledge.
The included papers are attached at the end of the thesis.
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2 Background and theory
In this chapter I outline the theoretical background of two research fields relevant to this thesis functional limitations and disability at the end of life and variation in mortality. Chapter 2.1 address
topics common to both research fields, the role of senescence to morbidity and mortality in older ages
and the epidemiologic transition theory (43, 44). Next, the theoretical background of study I is
presented in chapters 2.2 and 2.3. In chapter 2.2 I present the three major theoretical models of
population ageing and health, namely the expansion of morbidity hypothesis (23, 45), the compression
of morbidity hypothesis (16, 22, 38) and the dynamic equilibrium hypothesis (21). Chapter 2.3 outlines
the disablement process model (46) which describes the linkage between pathology, impairment,
functional limtations and disabilities. Finally, in chapter 2.4 I switch to the second research field of this
thesis and present major theories on why socioeconomic health inequalities exist and persist.

2.1 Senescence and the epidemiological transition theory
In this chapter I address senescence and the epidemiologic transition theory, topics of general relevance
to all three studies in this thesis.

2.1.1 Senescence and disease
Ageing is familiar to us all. Yet, the demographic, social, biological and biomedical characteristics of
ageing are complex. Old age is the unparalleled biggest risk factor for disease, disability and death (47).
Several explanations have been suggested. A common one is that many defined risk factors increase in
extent and severity with advancing age. Thus, development of disease might be considered more a
matter of chronologic exposure time and the seriousness and extent of the risk factors, than of age itself
(26). However, age is not merely a measure of chronological ageing, but also a proxy of the less
measurable concept senescence or biological ageing. Older people are influenced by decades of
senescence-related degeneration of physiological organ capacities. Some argue that these senescenceprocesses interact with disease (48). Thus, senescence is considered to increase the effects of risk
factors for disease, reduce the thresholds for their appearance, and worsen their level of severity (25,
26, 49). Others have argued that many degenerative diseases might themselves be considered as endstages of long term senescence-processes leading to component failures (21), and within this
framework, senescence is considered as one of the major causes of degenerative diseases (50) and
thereby underlying a large share of current burden of disability and death in developed countries.
Despite decades of debates there are no universal agreement on what should be considered normal
senescence or the boundaries between normal senescence and senescence-related diseases (51). Thus,
in many areas these boundaries are blurred (51-53) and despite its familiarity, senescence continues to
be a challenging research area (26, 51, 52). It is particularly challenging to anyone studying health in the
elderly. As everyone eventually dies, it is not meaningful to discuss declining mortality among the oldest
old per se, and since death luckily mostly strikes frail, multimorbid and old individuals, some level of
disability prior to death seems inevitable. Thus, trends in disability and old age morbidity and mortality
must be seen in the light of senescence. As this thesis investigates trends and variation in disability and
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mortality among the oldest old, I will come back to the role of senescence in the discussion in chapter 9.

2.1.2 The epidemiologic transition
In 1971, Abdel R. Omran proposed the theory of the epidemiologic transition (43). It described the
demographic and health trends that characterized the modernization process most countries had
experienced toward a developed society. Omran used a three-stage transition model to characterize the
transition period by long-term shifts in mortality and disease pattern, whereby deaths and disease from
infectious epidemics would gradually be displaced by morbidity and mortality caused by degenerative
and man-made diseases (43). According to Omran, some developed countries had already reached an
end-stage of the epidemiologic transition where he predicted that mortality would eventually stabilize
at relatively low levels and chronic diseases would become the prominent cause of death (21, 43). The
theory was less compatible with further old age mortality declines. By the time of the publication, old
age mortality had however already and unexpectedly started to decline in an accelerating pace in
several developed countries (21, 44, 54).
The new era of mortality declines was driven by decreased mortality from degenerative diseases,
especially cardiovascular diseases, and occurred to an increasing degree in the old age population (44).
Postponement of old age mortality from degenerative diseases is currently a major contributor to
continuous increases in life expectancy (55). The decline in old age mortality was unprecedented and
has been described as a demographic revolution (56) and “a new era in our epidemiologic history” (44,
p. 359). In 1886, Olshansky and Ault therefore proposed a fourth stage of the epidemiologic transition,
“the age of delayed degenerative diseases” (44, p. 361), whereby the mortality from degenerative
diseases are redistributed to increasingly higher ages. They highlighted that postponement of deaths
from chronic degenerative diseases, or perhaps delaying the underlying degenerative processes
themselves, would contribute to further growth of the elderly population and changes in the disease
profile and quality of disability within old age populations. The effects of future changes in disease and
disability profile have yet to be determined, but will certainly have profound implications on health
services and long-term care.

2.2 Three models of population ageing and health
The epidemiologic transition and rise in chronic diseases called for more focus on morbidity and
disability (20, 23). Since the beginning of the 1980s, the debate on trends in health in the elderly
population has been heavily influenced by three particular models of ageing and health (1, 57), namely
the expansion of morbidity hypothesis (23, 45), the compression of morbidity hypothesis (16, 22, 38)
and the dynamic equilibrium hypothesis (21). The following chapter shortly describes the major
characteristics and logics of these models.
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2.2.1 The expansion of morbidity hypothesis
Ernest Gruenberg, an American psychiatrist and epidemiologist, argued in 1977 that medical care was
focusing more on saving people from life-threatening conditions than on curing ill-health and disability
due to chronic conditions (23). Antibiotics were mentioned as the most important life-saving innovation
causing paradoxical expansion of morbidity. People with chronic diseases were rescued from lifethreatening infections to an extended life with continued morbidity. Thus, modern societies had
thwarted “killers which had been weeding out the chronically ill” (23, p. 794), and therefore the net
effect of our success was actually to worsen the people`s health. He argued that the contemporary
increases in life expectancy represented mostly an extension of disease and disability and that the
proportion of the population with chronic conditions was likely to increase. Gruenberg considered this
expansion of morbidity and disability and increasing prevalence of chronic diseases as an iatrogenic,
unintended and paradoxical failure of success (23, p. 781). Indeed, Gruenberg acknowledged the
medical advances as real successes, but argued that we also must overcome the ensuing failures. The
possibility of population ageing entailed by expansion of morbidity was a gloomy prospect and caused
fears for individual suffering and dependence and rising public health care expenditure (58). Gruenberg
therefore called for more research into prevention and treatment of the chronic degenerative diseases
of the old.
Similar arguments were proposed by the American mental health biostatistician Morton Kramer in 1980
(45). Kramer described the rise of chronic conditions as a pandemic. He highlighted two responsible
mechanisms. First, population ageing implied that the crude prevalence rates of those conditions
increased. Second, the duration of chronic diseases lengthened because of successful treatment of their
fatal complications. Kramer noted that in lack of effective treatment of chronic diseases the result of this
success was a prolongation of lives of the affected individuals. As with Gruenberg, Kramer called for a
shift in priorities in public health, from mortality to morbidity, and more emphasis on research on
preventable causes of chronic degenerative diseases.

2.2.2 The compression of morbidity, disability, and senescence, and natural death
In 1980, as a counterpoint to the then widespread view of the failure of success of modern medical care,
the American rheumatologist and epidemiologist James F. Fries proposed a theory of compression of
morbidity prior to death (22). The theory implied several characteristics of ageing populations and
health, namely the assumption of a fixed maximum lifespan, the compression of mortality and
rectangularization of the survival curve, the compression of morbidity and senescence, and natural
death.
Fries argued that despite decades of improvements in life expectancy there had been no change in the
numbers of centenarians or maximum life span. He considered the prevailing theories on ageing (59-62)
to imply that at some point, the body will not be able to recover from damage from even the slightest
stresses, inevitably resulting in “natural death” (22, 38). By extrapolating past trends in US life tables he
estimated age 85 as an upper limit to life expectancy, and within a framework of finite life span the
ongoing increases in life expectancy would result in progressive rectangularization of the survival curve
and compression of mortality.
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Fries noted that chronic diseases had replaced acute diseases as the major causes of death and
considered them to be highly prevalent and develop insidiously from early life (22). He further argued
that insidious loss of physiological reserve capacities characterized both chronic degenerative diseases
and senescence, and that they both are modulated by many of the same exogenous factors. He noted
that the loss of physiological organ reserves with advancing age is considered somewhat differently in
preventive medicine and gerontology; in preventive medicine, a state of reduced physiological reserve
capacity is seen as antecedents to disease or subclinical disease, whereas in gerontology it is a marker of
biological age (22). Fries therefore suggested that decreases in rate of progression of senescence and
preclinical states of disease would be more effective than aiming for a cure. By slowing down the rate of
senescence and disease progression the manifestation of disease could be postponed, possibly beyond
the limited length of life. As the prospects for further gains in longevity were limited, postponement of
morbidity would result in compression of morbidity and disability.
Fries later highlighted that his hypothesis was not a prediction, rather it was a suggestion of what could
be accomplished if we succeeded in taking the right preventive steps (16, 58). He therefore encouraged
a rise of preventive medicine (16, 22). By aiming for postponement of senescence and chronic
degenerative diseases, we would postpone disability at least as much as we postponed mortality (16, 58,
63). He later stated that he did not consider a fixed limit to life expectancy to be a necessity (16, 64),
acknowledged that life expectancy might continue to increase, but highlighted that the important part
of the theory was that morbidity and disability could decline with a faster pace than mortality (16, 38).
Despite the controversies regarding the assumption of a limit to life expectancy, the compression of
morbidity hypothesis has remained a central theory in the debate on health in ageing populations.

2.2.3 The dynamic equilibrium
Kenneth Manton, an American demographer, proposed a hypothesis known as the dynamic equilibrium
in 1982 (21). The hypothesis was somewhere between the propositions of expansion (23, 45) and
compression of morbidity (22).
First, Manton reasoned that in order to account for mortality systematically selecting particularly
vulnerable individuals, and a cohort`s age-specific mortality trajectory to rise exponentially, the
mortality of an individual would need to remain low until reaching a point where physiological
homeostasis deteriorates much faster than the exponential increase in cohort mortality (21, p. 201-5).
The implication of this individual trajectory argument is that life expectancy increases will primarily
consist of years in good health, as the longer lives would necessarily consist of years in vigor before a
rapid loss of function close to death (21, p. 205).
Second, Manton questioned the description of “natural deaths” and postponement of chronic diseases
by Fries (22). Rather, Manton noted that population ageing had entailed a rise of the prevalence of
chronic diseases, which he considered in accordance with Gruenberg (23) and Kramer (45). However, he
connected declining mortality to the recent progress against mortality by chronic diseases, especially
cardiovascular and cerebrovascular mortality, which he attributed to both primary- (increased physical
activity, reduction in dietary fat consumption and reductions in smoking), secondary- (treatment of
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hypertension) and tertiary prevention strategies and to innovations in clinical treatment (balloon
angioplasty, implanting of defibrillators, cardiopulmonary resuscitation) (21, p. 221-3). Thus, contrary to
Gruenberg (23) and Kramer (45), Manton argued that medical science contributed to increasing
prevalence of chronic diseases, not primarily because of elimination of its lethal sequelae, but more
because of slowing the progression of chronic disease (21, p. 227). While Fries had detached morbidity
from mortality and suggested postponement of chronic disease manifestations until after the age of
natural death (22), Manton directly connected the idea of postponed disease progression with the
ongoing reductions in mortality and rise in life expectancy (21, p. 227). Further, as he saw considerable
potential for further improvements in prevention and treatment, he considered additional substantial
increases in life expectancy to be feasible by further improving control of chronic diseases (21).
Manton therefore suggested a new model of old age morbidity and mortality. He based his model on
four principles (21, p. 223-4):
1. First, an individual consists of many organs and each of them senesce in their own rate. Thus,
the occurrence of deaths depends on the organ that first reaches insufficient levels of capacity.
2. Second, these states of component failure might “be identified with major chronic degenerative
diseases” (21, p. 223).
3. Third, effective prevention or treatment of an individual component failure can postpone death
of the organism. Since many diseases share the same risk factors, reduction in disease
progression rate within one component might also slow down disease progression within
another component.
4. Finally, every individual experience his own risk of dying, constituting a heterogeneity and
selective mortality process that is concealed in average population indicators. Manton
therefore highlighted the need for linking the biological mechanisms of individual senescence
and mortality with population level estimates.
By these principles, Manton argued against what he perceived was the idea of death resulting from a
seeming unidimensional senescence process and management of chronic degenerative diseases as
being irrelevant to further improvements in life expectancy (22, 65). Rather, Manton stated that
senescence is complex and multidimensional, identified chronic diseases as the end-stages of
component degeneration and the manifestations of basic ageing changes, thereby linking senescence to
mortality (21, p. 223-9). As there were still potentials for improvements in prevention and curative
treatment, the rate of senescence process could actually be further slowed down and life expectancy
continue to increase.
He therefore proposed a concept of a dynamic equilibrium, which in addition to disease prevalence and
mortality also accounts for the rate of disease progression, or the severity of a disease state. He stated
that by reducing the rate of progression, and thus the disease severity, the duration of the disease
would increase, and hence life expectancy (21, p. 226). He linked this concept to the argument of
individual homeostasis being stronger than implied by the cohort age-specific mortality curve (21, p.
201-5), which predicts that the primary effect of life expectancy extension is increases in productive life
span (21, p. 205); although disease prevalence might increase, the average disease severity will probably
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decrease due to medical treatment and more health promoting life styles. Thus, although life
expectancy increases entail increases in chronic diseases as stated by Gruenberg (23) and Kramer (45),
the level of morbidity and disability might remain more stable. The equilibrium concept implies that the
severity and progression rate of chronic degenerative diseases are directly linked to mortality changes,
and old age mortality declines reflect senescence being postponed and disease progression being
slowed down.

2.3 The disablement process
The Disablement process is a conceptual research framework, an architecture for research design,
developed by Verbrugge and Jette in 1994 (46). It described the pathways from pathology within specific
body systems, through impairments, resulting in inabilities in functional and mental actions, and, if not
compensated for by enabling environments, in activities of daily life disabilities (46). Within this
framework, pathology is described as “deeply interior” disease processes, injuries or congenital
conditions without symptoms and manifested clinical signs, labelled by diagnosis (for instance
hypertension, osteoarthritis, or lung cancer). Impairments occur when pathology interferes with
physiological functions and results in dysfunctions in specific body systems. Thus, impairments might be
exemplified with diseases, injuries and congenital conditions that are clinically symptomatic or
detectable by laboratory testing. Impairments might develop with delay, or in other parts of the body
than the locus of the causative pathology (as in diabetes). Functional limitations were defined as
situation-free restrictions in performing physical and mental actions used in daily life. Thus, functional
limitations were seen as characteristics of the individual. Examples of functional limitations include
mobility, fine- and gross motor skills, vision, hearing, speech and basic cognitive and emotional
functions. Disability is context-dependent, relates to the situational difficulties in performing activities of
daily life, and emerges when the gap between the capability of the person and the environmental
demands becomes too large (46, 66, 67). Thus, within this framework, while trends in functional
limitations reflect trends in innate abilities independent of environment, trends in disability might be
caused by shifts in both environmental factors and in innate functional abilities (57, 68). The distinction
is important when interpreting trends in functional limitations and disability, and might explain
diverging trends (57). Verbrugge and Jette noted that, most often, disability research focus on inabilities
to perform activities in personal care (basic activities of daily living (ADL) (69)), household management
(instrumental activities of daily living (IADL) (70)), or paid employment (8). International literature seems
to consider disabilities in ADL as severe disability, whereas disabilities in IADL are considered to
represent moderate or mild disabilities (15, 71). However, Verbrugge and Jette argued that inabilities to
perform activities in a wide range of other domains could also be relevant, and that all domains of
activity should be considered (46).
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2.4 Social inequalities in health
People`s opportunities for health and survival are influenced by social conditions, and these health
differentials are often referred to as social inequalities in health. In this chapter I outline the theoretical
background of this second research field of this thesis and present major theories on why
socioeconomic health inequalities exist and persist. We might distinguish between social mobility
processes, in which social inequality in health arise due to inequalities in intrinsic processes within
individuals, like own health or personal characteristics, and social causation processes which focus on
extrinsic structures of society as sources of social inequalities in health (72). A third type of models
encompasses both structural and individual factors. Although evaluating the causes of socioeconomic
inequalities in health is beyond the scope of this thesis, I will briefly describe nine of the major theories
on why inequalities exist and persist. In the following chapters I will first describe models emphasizing
causation by structural characteristics of society (chapters 2.4.1-2.4.4), and thereafter continue with
models incorporating both structural conditions and some degree of individuals` innate health potential
in explaining socioeconomic health inequalities (chapters 2.4.5-2.4.9). Finally, in chapter 2.4.10 I discuss
the operationalization of socioeconomic position based on educational level, which is the indicator used
in this thesis.

2.4.1 Fundamental causes
Link and Phelan stated that socioeconomic conditions are fundamental causes of disease (73). They
highlighted that socioeconomic inequalities in health had long existed, and that this enduring
associations were caused by enduring social differences in resources like “knowledge, money, power,
prestige, and social connections” (73, p. 88) which strongly affects the opportunities to avoid risk and
seek health care providers once disease occur (73, 74). As advantaged people will always be ahead of
the more disadvantaged groups in adopting new knowledge on diseases, risks, and treatment, social
conditions will persist as fundamental causes of disease, and inequalities will persist (73, 74). Link and
Phelan therefore highlighted the need for addressing the inequalities in resources that allow some to be
ahead of others in avoiding risks for morbidity and mortality (73). The importance of fundamental
factors in explaining health inequalities resembles what Geoffrey Rose described as “the causes of the
causes” (75, p. 132), i.e. the politically determined structures, economic opportunities and social norms
that restrict disadvantaged groups from choosing health-enhancing environments and avoid health
hazards (75, pp. 82 and 133). As Link and Phelan, Rose therefore called for more focus on these
fundamental causes of disease (75, 76).

2.4.2 Material deprivation
It is easy to imagine the importance of material deprivation to health inequalities prior to the Second
World War (77). Public policies and economic growth are likely to have reduced poverty and material
deprivation and thereby contributed substantially to overall health improvement for all social classes
and all social positions (72). Thus, one might expect inequalities in health related to material conditions
to have declined over the recent century. However, socioeconomic inequalities in health-related
material conditions and environmental factors are still common, also among modern welfare states (7725

79). For instance, there are still large inequalities in mortality by level of income in Norway (80) and the
United Kingdom (UK) (79). The distribution of income might limit the potential for healthy nutrition (81),
whereby disadvantaged groups cannot afford healthy food and therefore are more prone to eat
unhealthy food with high levels of carbohydrates, salt and saturated fats (78, 79). Individual income
might also affect the ability to live in areas with clean-air, low noise, and high levels of social cohesion
and community support (79). Also, there are substantial socioeconomic inequalities in occupational
chemical and psychosocial hazards (77, 79). Blane et al. argued that all health-relating factors which are
primarily outside the individual`s control should also be considered within structural or materialist
explanations (79). Thus, behaviors related to limited purchasing power might be regarded as materialist
conditions (79).
However, although a direct effect of economic poverty on healthy living might explain the poor health of
the poor, it cannot fully explain the socioeconomic gradient in health (72, 82). Noting the modest
contribution of many material deprivation factors to the substantial associations between level of areadeprivation and mean health outcomes (78), Smith et al. pointed at the importance of clustering of
health-enhancing and health-deteriorating material conditions both cross-sectionally and longitudinally
(78). The importance of accumulated and clustered effects of material deprivation were also highlighted
by Blane et al. who stated that the accumulation of multiple factors over the life course could be an
explanation for socioeconomic gradients in health (78, 79).

2.4.3 Psychosocial factors
Psychosocial concequences from socioeconomic inequalities in wealth, power and prestige might
account for some of the socioeconomic inequalities in health. Wilkinson argued that inequalities in
material conditions would necessarily have diminished under the impact of economic growth after the
Second World War (72), and could in any case not explain the gradient (82). Based on ecological
analysis, he noted that while mortality is closely related to level of income within countries, between
country differences in life expectancy was much less influenced by average per capita income (82). He
therefore suggested that relative standards of living could be more important to country-specific
mortality than the absolute living standards (82). Also, ecological analysis indicated that country-specific
mortality was associated with level of income inequality so that mortality was lowest in societies with
less income inequalities. Wilkinson therefore suggested that psychosocial pathways associated with
relative deprivation could be more important to socioeconomic inequalities in health in developed
countries than direct effects of material standards (82). The theory implies that ill-health results from
mental reactions to how the social environment is percieved (72). Thus, social hierarchies foster relative
deprivation (72). It was suggested that the low levels of social cohesion and social capital characterizing
societies with high levels of inequality results in distrust, frustration and hostlity and thereby chronic
harmfull stress to everyone, and in particular the most disadvantaged groups (72). Also, the health
effects of relative deprivation could be partly mediated indirectly through reactive increases in levels of
behavioral hazards like smoking, and excessive drinking and eating (72, 82).
Marmot and Wilkinson highlighted that low perceived control, low social support, hostility, depression
and anxiety are found to be related to morbidity, potentially partly mediated through nevroendocrine
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pathways (81). They also noted that income inequality seems to be associated with cultures where
hostility, violence, mistrust and discrimination are more prevalent (81). Thus, they argued that, in
addition to the direct effects of absolute material living standards, psychosocial pathways and chronic
stress associated with relative disadvantage are responsible for a substantial part of socioeconomic
inequalities in health (81). Later, Wilkinson and Pickett also noted the association between income
inequality and many other social problems (83). They suggested that relative deprivation is the central
underlying condition which increases the risk for morbidity and social problems. Suggesting that
reducing relative deprivation might therefore reduce a wide array of adverse outcomes, they called for
more focus on reducing the burden of relative deprivation than on repeated efforts to reduce its effects
on health (83).

2.4.4 Neo-materialist explanations
As Wilkinson (82), Lynch et al. highlighted the apparent ecological association between regional income
inequality and regional health outcome, and they acknowledged that phycosocial effects of income
inequality might indeed be relevant (84). However, they considered the psychosocial theory to be
reducing the effects of inequalty to a matter of individual perceptions. Rather, they argued that health
inequalities stem from “accumulation of exposures and experiences that have their sources in the
material world” (84, p. 1202), and therefore considered income inequality only as one of many
manifestations of structural, political and economic processes that influence population health and
generate health inequality. These processes also influence the investment in public infrastructure like
the quality and availability of recreational areas, food, housing, occupations, transportation, education
and health care services, all of which they considered the neo-material setting of everyday life (84). They
further argued that political systems with limited income inequality also tend to invest more in healthpromotive societies, and therefore attributed some of the observed effect from income inequality on
average mortality to investment in these public infrastructures. However, they also noted that the
association between aggregate health and income inequality is likely not universal, but depends on the
cohort-specific association between income inequality and level and distribution of neo-material
resources experienced over the lifecourse (84).

2.4.5 Health selection by social mobility
Social mobility is common in modern societies. It might be defined as movement of individuals between
societies` social strata (72). From the starting point in which we are born into the specific socioeconomic
conditions of our families, we might shift to other social strata dependent on our educational
achievements, occupational career, whether we are married or not, experience divorce or not or move
geographically, and number of children (72). We might distinguish between intragenerational and
intergenerational social mobility, in which the former occurs within own life course while the latter
relates to mobility from the social background of the family of origin (72).
If social mobility is conditional on health, it might influence social inequalities in health through reverse
causation. Thus, while other theories explain causative mechanisms for socioeconomic inequalities in
health, health-dependent social mobility represents the opposite case in which health influences
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socioeconomic position (72, 78). Health-dependent social mobility might therefore be considered as
selection whereby healthy individuals tend to move to higher socioeconomic positions, while those
suffering from ill-health tend to end up within the most disadvantaged socioeconomic groups (72, 78).
Thus, the level of income or educational achievement, or occupational class depend on level of health,
and social gradients are influenced by the degree to which social mobility differs between the healthy
and the unhealthy (78, 83).
Adolescence and the transition from adolescence to adulthood, including educational attainment and
early occupational career, are considered critical periods for upward or downward social mobility and
thus an important possibility for health-dependent selection into socioeconomic position (72). Health
selection might occur directly, in which young people choose educational and occupational careers
according to manifested health problems, or indirectly, for instance when bodily or behavioural
characteristics, like height and weight, or unhealthy habits are influencing both educational or
occupational careers and prospects for health (72). Thus, within a narrow view of health selection by
social mobility socioeconomic health inequalities might be explained by variation in individual
underlying health and putative innate “personal characteristics” (72, 85), like willpower and self-control
(86, 87). However, as willpower is likely to be plastic and targetable (88), and the opportunities and
support for social mobility vary by time and place, the magnitude of health-related social mobility is
itself dependent on society.
Another particular important selection process is occupational disability and exclusion from working life
due to development of health problems in adulthood (72, 89). As with social mobility in adolescence, it
is challenging to isolate the selection effect from the effects of labour market exit to socioeconomic
health inequalities; although securing adequate income replacement for those who cannot contribute in
the labour market is an important part of the welfare state (90-92), the disability pensioners might
suffer from stigmatization, lower income and exclusion from social network life (5, 8, 93), which in turn
might contribute to further deterioration of their health (93).

2.4.6 Behavioural factors
Socioeconomic inequalities in health might stem from socioeconomic inequalities in health-related
behaviors like smoking (94-96), food intake (78, 97), physical activity (97) and healthcare contacts and
treatment compliance. There are also indications on educational inequalities in important behaviorrelated cardiovascular risk factors like body mass index, total cholesterol and systolic blood pressure
(98, 99). Some of the explanation for why behavioral factors matters to health inequalities might stem
from delayed uptake of health-enhancing knowledge and belief (94), as illustrated by the Diffusion of
innovation theory by Rogers (100), or the Inverse equity hypothesis by Victora et al. (101). Thus,
socioeconomic inequalities in diffusion of health-enhancing knowledge might explain why inequalities
persist. Behavioral hazards like smoking, and excessive drinking and eating have also been suggested as
reactions to psychosocial stress (72, 82).
It is tempting to ask why some people are more prone to unhealthy behaviors than others (97).
According to Elstad, and Lynch et al., we might distinguish between two models of behavioral
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explanations (72, 97). In one model, behaviors and lifestyle might be considered within an individualist
or cognitive model, in which the individual`s knowledge, perception, beliefs and motivation are the
source of health behaviors (72). It presupposes that individuals are free in choosing behaviors,
independent of contextual conditions (97). The model considers unhealthy behaviors as poor lifestyle
management (97), and is a common approach in high-risk prevention strategies (72, 75).
The other model highlights the importance of context to both the process of choice and opportunities
and social acceptance of healthy choices (72, 97). The model emphasize that the opportunities and
propensity to choose healthy lifestyles are influenced by society, because “choices are situated within
economic, historical, family, cultural and political contexts” (97, p. 810). The emphasis on context
resembles Rose`s emphasis on the importance of social structures and norms to individual freedom of
action (75, pp. 82 and 133). Social inequalities in lifestyles, social norms and group identity might
prevent us from making healthy choices (72, 75, 97). Thus, despite knowing better, we might lack the
necessary social support to facilitate healthy choices, or might avoid health enhancing deviation from
collective lifestyles because of fears of social isolation (72, 75). Thus, the Diffusion of innovation theory
by Rogers (100), or the Inverse equity hypothesis by Victora et al. (101) might not only be related to
individual inequalities in uptake of health beliefs. Rather, collective dominating lifestyles might
represent obstacles to healthy choices (72, 75) and thereby slow down the diffusion processes.
Proponents of the context model have criticized the individualist health belief model for
decontextualization of behavior from the real world (72), exaggerate the possibilities for human agency,
and “blaming the victims of inequality for their unhealthy lifestyles” (97, p. 810). Lynch et al. found that
health behaviors tended to cluster by socioeconomic conditions throughout the life course (97). Also,
socioeconomic conditions tended to cluster. For instance, poor socioeconomic conditions during
childhood were associated with low levels of education and blue-collar employment. The longitudinal
clustering of socioeconomic conditions and unhealthy behaviors opposes the view of the free choices
with regards to education, occupation or health related behaviors. The authors suggested that individual
health-related behaviors might be influenced by socioeconomic inequalities in “constraints, supports,
opportunities, and encouragements” for their choices (97). Thus, although individual acts involve some
process of individual choices (86), the choices are context dependent. Frohlich and Potvin argued that
social inequalities in health-related behaviors might stem from the interplay between social structure
(the rules and resources in society) and agency (the abilities to deploy health enhancing knowledge)
(102, 103). According to them, it is the interplay between structure and agency that give rise to people`s
social practice in terms of individual behavior (102, 103).

2.4.7 Social and cultural capital
Pierre Bourdieu defined capital as accumulated labour, and argued that the concept of capital should be
broadened beyond pure economic capital to include social capital and cultural capital, and that these
forms of capital are convertible to each other (104). He defined social capital as “the aggregate of the
actual or potential resources which are linked to possession of a durable network of more or less
institutionalized relationships of mutual acquaintance and recognition” (104, p. 51). Thus, social capital
represents the potential resources that can be mobilized from being part of social networks or groups
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(104). Social capital is empirically associated with a wide range of beneficial health outcomes, including
improvements in well-being, mental health, and mortality (105). However, while materialist protagonists
seem to highlight the importance of social capital as an asset and health-determinant, others have seen
social capital primarily as one of the psycho-social outcomes of widening socioeconomic inequality
(105). The dual perspectives of social capital might stem from its vague definition (105). For instance,
while social capital might be considered a property of the individual, it might also be seen as a property
of a group or a network (105). Further, while some consider social capital as an unconditional good,
others have highlighted that some networks might indeed be harmful to society or health (105). In order
to clarify these various perspectives, Szreter and Wollcock suggested distinguishing between three
forms of social capital. According to them, bonding social capital refers to relation- and network building
between people with shared social identity, bridging social capital refers to building mutually respectful
relationships between people of different sociodemographic background, and linking social capital
refers to building of trusting networks between people at different levels of the authority gradients in
society (105). Szreter and Wollcock highlighted that in the case of unbalanced development of these
three forms of social capital, they might act more like exclusionary properties, leading to the distrust
and hostility that Wilkinson regarded as a cause of health inequalities and threat to overall public health
(105). Further, in the case of deteriorating linkage of social capital, the adoption and adherence of
disadvantaged groups to health-enhancing material goods offered by authorities, like education, health
and social security, might be compromised (105).
While social capital is determined by networks, group membership and social connections, cultural
capital refers to the aggregate of knowledge, skills, values and norms that are accumulated through
formal education and socialization (104, 106). Bourdieu distinguished between three forms of cultural
capital, namely the embodied state (values, norms, skills and knowledge), the objectified state (books,
pictures, machines, recreational and exercise equipment) and the institutionalized state (educational
qualifications and professional titles) (104, 106). Abel defined cultural capital as “people`s social abilities
and competence for action, including their perceptions, values, norms, cognitive and operational skills”
(106, p. 2) and health-relevant cultural capital as “all culture-based resources that are available to
people for acting in favor of their health” (106, p. 2). He argued that embodied cultural capital is
particularly important to behavioural choices and central to the relationship between people`s social
position and behavioural aspects of health inequality (105). Further, as cultural capital is central in
developing collective lifestyle patterns, which in turn constitutes an important learning context for
socialization of others, it is also important in social reproduction of health inequalities (106, 107). Abel
highlighted that cultural capital is closely intertwined with social and economic capital, and that the
interactions between these forms of capital are major socioeconomic determinants of health. For
instance, economic capital might provide opportunities for health-relevant choices on consumption,
behaviours and medical treatment. However, Abel argued that while economic capital is often a
prerequisite for healthy choices, cultural capital is what guide people to their choices. Thus, he
considered cultural capital to be more important to unhealthy behaviours than financial constraints
(106). On the other hand, social capital represents the accesses to social support systems that might
provide health-relevant knowledge and facilitate healthy choices and medical treatment, but both
acquisition of social capital and the use of health-relevant social capital often require some level of
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cultural capital in terms of shared values, language, knowledge and operational skills (106).

2.4.8 Life course perspectives
Our health is influenced by environmental factors from conception to the grave. From the late 1970s
onwards, the emerging evidence of early life conditions influencing health among older adults (108-118)
expanded the scope for research on degenerative diseases which had largely focused on adult lifestyle
factors (119). Gradually biological, social, behavioral and psychological influences at different life stages,
even across generations, were investigated thereby introducing a life course approach in epidemiology
(114, 119-122). Kuh et al. defined life course epidemiology as “the study of long term effects on later
health or disease risk of physical or social exposures during gestation, childhood, adolescence, young
adulthood and later adult life” (119, p. 778).
Life course perspectives are particular important in social epidemiology, where it seeks to elucidate how
socially patterned exposures across the life course influence health, socioeconomic position and
socioeconomic inequalities in health in adulthood (78, 97, 119). Important theoretical models focus on
critical periods of early life, accumulation of clustered or independent exposures, and chains of risks
(119). Although it is data demanding and challenging to operationalize complex life course patterns of
relevant factors (119, 120), the life course approach serves as a fruitful framework for chronic disease
epidemiology as well as understanding of socioeconomic health inequalities.

2.4.9 Ecosocial theory
The Ecosocial theory was introduced by social epidemiologists Nancy Krieger in 1994 (123, 124). While
Krieger considered traditional risk factor epidemiology to be reductionistic, she also considered social
epidemiology to be largely indifferent to “specific exposures, specific diseases, specific locales, and
specific time periods” (124, p. 202), afford “little insight into the biophysical phenomena relevant to
translating societal conditions into population patterns of health, disease and well-being” (124, p. 213),
and therefore was “unlikely to advance epidemiology” (124, p. 202). In order to answer “who and what
drives the current and changing patterns of social inequalities in health” (124, p. 213), Krieger advocated
a more holistic and nuanced perspective by her ecosocial theory. Specifically, she argued that social
epidemiology must pay heed to historical development in economics, politics, and specific exposures
and processes “at every level, macro to micro, from societal to inside the body” (125, p. 227). Thus,
health inequalities stem from “the biological consequences of the ways of living and working
differentially afforded to the social groups produced by each society`s economy and political priorities”
(125, p. 223).
As stated by Krieger, in order to frame the causes and agents behind temporal trends in social
inequalities in health, one should first investigate the causes and agents behind overall levels and
trends in morbidity and mortality (124, p. 214). Knowledge on trends and variation in leading causes of
morbidity and mortality is required in order to generate relevant hypothesis on the historical contingent
causes of health inequalities (124, p. 214). The interplay between societal and biological conditions is
represented by four core ecosocial constructs. The first concerns embodiment, which captures how the
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material and social conditions we experience, and the societal context we live in, are biologically
incorporated within us (124, p. 215-22). Embodiment is not only about the biological consequences of
social conditions, but embodies reciprocal processes at all levels that co-produce health inequalities
(124, p. 222). The second core ecosocial construct states that multiple pathways of embodiment
operates simultaneously across the life course, at historically contingent magnitudes, dependent on
time and place. Examples of pathways include exposure to economic and social deprivation,
environmental hazards, social traumas, targeted marketing of unhealthy commodities, inadequate
healthcare and endangered ecosystems (124, p. 223). According to the third construct, the pathways of
embodiment represent the cumulative interplay of pathway-specific exposure, susceptibility and
resistance within and across all levels (124, p. 222-5). Finally, Krieger addressed accountability and
agency with regards to health inequalities and the way they are assessed. The distribution of power
forms “institutions` and individual people`s capacity to act (“agency”) and their responsibility
(“accountability”) for both actions taken and avoided” (124, p. 225), and thus might often restrict
individual agency (124, p. 225-7). Further, agency and accountability also refers to scientist’s usage and
ignorance of theories when explaining social inequalities in health (124, p. 226-7). Krieger argued that,
although linking societal, spatiotemporal and historical context to biological development of disease and
epidemiological monitoring of health inequalities is challenging, it might guide theorizing about possible
exposures, confounders and effect modifiers and help in hypotheses generation (124, p. 225-7).

2.4.10 Education as a socioeconomic indicator
Social conditions are determinants of population health more than individual health; although most of
the variation in individual health outcome is not determined by social positions, systematic social
inequalities in health are revealed in health outcomes on aggregated population levels (72, 75).
According to Elstad`s definition, social inequalities in health are “any type of persistent and important
differences in aggregated health between social positions in the same social structure(s)” (72, p. 8).
While social structures represent various aspects of social life, social positions represent the grouping of
people with the same social position within the social construct of interest (72).
The majority of research in the field of social inequalities in health has focused on socioeconomic
classifications of social positions. Among the most commonly used indicators of socioeconomic position
are the level of income, education, occupational class and area of residence (126, 127). The gradual
effect on health shared by many of these indicators suggests that they might reflect a common
underlying determinant of health related to social stratification (72, 126). However, although
interrelated and often used interchangeably (126), they describe specific characteristics of individuals
and are likely to differ in how they affect health (128-130).
Clearly, no single indicator of socioeconomic position captures all the relevant social conditions
simultaneously. Rather than pursuing any single best indicator (127) I prefer to consider these
determinants individually. In the studies within this thesis (131-133), we chose to focus on education.
Educational level has long been considered an important health determinant in both sexes, even in older
populations (127, 134, 135), and is a widely investigated social health determinant nationally and
internationally. It is strongly connected to early life circumstances (136), remains mostly stable over the
32

life course and reverse causation is less frequent than with occupation or income (127, 137). The
potential health effect of educational achievement is complex (138), but probably mediated partly
through behavioral, material and psychosocial factors (127, 139). In general, higher educated have more
control of their lives, they have more favorable employment opportunities and live under better
economic conditions, and they are more likely to acquire new knowledge, such as health information
(128, 136). As such, schooling might be considered a particularly important instrument for providing
individuals with resources and is one of the biggest collective investment in human capital of modern
societies (140).
There are however some limitations to the use of educational level as an indicator of socioeconomic
position. First, some have noted that as educational achievement reflects an individual’s access to the
resources needed to obtain an education at a younger age, a drawback is it`s insensitivity to later
possible health determining events during adulthood (138). However, no indicator captures all
socioeconomic conditions across the life course, and rather than seeing this as a disadvantage the
stability might actually make it easier to assess why educational health inequalities occur. Second, the
democratization of education provided individuals with opportunities for social mobility (141, 142).
While higher education was rare before the Second World War, it became increasingly common in
developed countries thereafter. Although inter-country inequalities in intergenerational educational
mobility are generally modest, later research might indicate that Scandinavian countries provide
somewhat more possibilities independent on background than continental Europe (141). While aiming
for equal opportunities according to skills, the rise in universal educational opportunities represented an
increasingly strong selection process by personal characteristics (85). Thus, the diminishing group of
people with only compulsory educational attainment might consist of increasingly negatively selected
individuals because of limiting health problems or unhealthy behaviors associated with later risk for
development of disease (72, 85). Third, the meaning of educational level in terms of social position
changed for successive birth cohorts (137, 138, 143). While those born before the turn of the 20th
century achieved a relatively high social position by finishing secondary education, this effect was
probably weaker among later birth cohorts and in particular those starting primary education at the end
of Second World War. Finally, the core curriculum and number of teaching hours changed over the
period (144, 145), and the learning outcomes of basic, secondary and tertiary education changed
substantially. Thus, any effect of education on health might have changed at all levels of educational
attainment. It is important to recognize the challenge of changes in the composition of educational
groups, their meaning and their learning outcomes when analyzing temporal trends in educational
inequalities.
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3 Outcomes
The World Health Organization (WHO) defines health as ”a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity” (146, p.1). This multidimensional concept
of health includes positive aspects such as one`s own perception of wellness and health, and more
negative aspects such as the number of diseases and disabilities, their severity and impact on daily life
and well-being, and ultimately, mortality (20, 147). Because of the many dimensions of health, some of
which are challenging to measure, it cannot be reflected by one single measure alone (20, 148). This
thesis comprises two major constructs of health in older ages, namely disabilities and functional
limitations, and death. The constructs are investigated by use of simple prevalence and mortality rates,
and more complex life table based period life expectancies and health expectancies. In this chapter, I
will briefly describe these theoretical aspects of health and their interrelationship. I will come back to
operationalization of these aspects in chapter 6.

3.1 Morbidity, functional limitations and disability
The epidemiologic transition resulted in more people living longer. Because chronic degenerative
diseases are increasingly more prevalent with advancing age, population ageing led to an overall
increase in the prevalence of these diseases (149). The disease prevalence also increased due to
biomedical advances improving screening and detection rates (149), and reducing case fatality rates by
more effective treatment (23). Thus, one might say that the epidemiological transition entailed an
expansion of morbidity. The rise in chronic morbidities surely evoked an expansion of the public health
agenda from fighting mortality to preventing morbidities (20). Indeed, the rise in chronic morbidity
became a major concern to public health (150); chronic morbidities represent a substantial burden to
individuals, and a major workload of public healthcare and long-term care, and are among the most
important causes of death in developed countries (150-152).
However, morbidity is a diverse concept, and an unidimensional disease count provides little
information on the severity or stage of a chronic disease (21). Medical diagnosis, which might be
considered a measure of morbidity, varies in their consequences, from none to incapacitating disability
(16, 21). While some chronic conditions are lethal, and mortality might restrict the duration of disease,
others are not lethal and people must live with them until death from other causes (153). Provided an
unhealthy state is considered better than death, increases in morbidity might just be the consequence
of a favorable development (149). The many aspects of health make it difficult to operationally define
and measure the prevalence of morbidity (17, 19, 20). This particularly applies to the elderly, where
chronic diseases and disability are highly multifaceted and prevalent (17, 19).
The UN`s first World Assembly on Aging in 1982 recommended that “the care of the elderly persons
should go beyond disease orientation and should involve their total well-being”, and that “health efforts
(…) should be directed at enabling the elderly to lead independent lives in their own family and
community for as long as possible instead of being excluded and cut off from all activities in society” (2,
paragraph 53, recommendation 2). Two years later, in 1984, a WHO Scientific group on the epidemiology
of aging recognized the importance of disease monitoring in all ages, but also discussed its shortcomings
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with regards to the WHO-definition of health and the elderly. In accordance with the UN`s emphasis on
independency and previous scientific discussions in the field (20, 147, 154), the group proposed
autonomy as a reasonable proxy for health (19). It was pointed out that various impairments vary in
their physical consequences and argued that impairments that causes disability and thereby affects
autonomy and independence should be of particular importance (19). Contrary to sums of diseases,
measures of functional limitations and disability reflects the overall impact of relevant diseases,
conditions and injuries, the ability to adapt and to self-manage according to these conditions, and
environmental conditions on everyday life (46, 155). Disability is closely associated with need for longterm care, hospitalization and mortality (67, 156-160), and is by many considered as more consistent
with global well-being and patients perceptions of ill-health than any sum of diseases (161). As it might
be more important to older individuals than their specific diseases (161), it is argued that autonomy
should be considered a relevant goal for healthy ageing (17, 146). Due to population ageing, the burden
of disabilities to individuals, families and societies is likely to increase substantially. However, while
aiming for disease elimination seems somewhat futile, we might aim for slowing down the degeneration
processes associated with chronic morbidity and senescence, reduce the impact of morbidity to
functional abilities in everyday life, facilitate rehabilitation, and thereby reduce disabilities associated
with older ages (21, 46).
The prevalence of any morbidity or disability outcome is determined by incidence, recovery and case
fatality rate, all of which are constantly changing. Thus, whether there has been a compression or
expansion of disability prior to death depends on the period specific relative changes in these transition
rates. However, the longitudinal data needed to estimate such transition rates are scarce (162, 163).
Indeed, transitions occur quite frequently at the end of life. For instance, in a Norwegian cohort study,
descendants suffered from ADL-disability on average 2.8 years prior to death and ADL-transition would
thus be challenging to capture in cohort studies with controls every second year (164). Thus, most
analysis on disability trends are based on more widely available prevalence data from cross-sectional
studies. Although the cross-sectional based temporal trends in prevalence might conceal important
trends in incidence, recovery or case fatality rate, they provide important insight into the current state
of public health.

3.2 Mortality
Mortality rates have long been one of the most important indicators of health. Fighting premature
deaths is a paramount priority of modern societies (20), and the long-term trend of declining mortality
rates have been one of the biggest achievements of the modern world (5). Still, the distribution of
mortality is of major importance to the individual and the state. To the individual, mortality data might
underpin expectations for length of life, which influence career planning, timing of child births and
retirement age, and investment goals (21). To society, mortality determines the population size and its
age structure, which is of major importance to healthcare expenditures and social policy (21).
Mortality is generally considered a reliable indicator of health, clearly defined and objective; the
confirmation of death is independent of social circumstances, such as place, time, sex, ethnicity and
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socioeconomic position (148, pp. 67-8). Mortality data has long been widely available in many countries
and the high level of accuracy facilitates comparative studies (148, pp. 67-8). In the research field of
socioeconomic inequalities in health, it is considered to be a particularly important indicator as it sums
up the accumulated effect of all socioeconomic inequalities throughout life (148).
Death is the ultimate event in the process of declining health (148), and mortality might be considered
an indicator of ultimate health failure (141). Thus, it is tightly connected to morbidity. However, death is
not always proceeded by illness, and many illnesses are not lethal at all (148, p. 68). The degree to which
mortality declines represent improvements in overall health depends on whether the mortality decline
is caused by improvements in overall health (compression or postponement of morbidity) (21, 22), or by
declines in particularly lethal conditions (expansion of morbidity) (23, 45).

3.3 Life expectancy
Life expectancies are age-standardized summarizations of the expected remaining length of life at a
specific age in a given population (165). Many consider life expectancies to be more intuitive to grasp
than mortality measures, especially so by non-specialists (165). However, the term life expectancy might
yield a stronger impression of prediction than what can be justified. Because the true average life span
will not be apparent before the entire cohort is extinct, calulcations of life expectancies are most often
based on period life tables. Period life expectancies are based on the hypothetical situation in which a
cohort is exposed throughout its life time to a specific period`s mortality rate pattern (165). The premise
that today`s generation will experience the health and mortality rates of older cohorts is of course very
unlikely, and so is the likelihood for any individual birth cohort to experience a length of life equal to the
life expectancy that was calculated at their birth year. However, although a period life table might give
some indications of the future, the scientific benefit of period life expectancies is not to predict the
future, but rather to sum up and age-standardize the mortality of a given population at a specific period.
Life tables are constructed by estimating the number of a hypothetical population surviving at each age
(lx) (165). This survival distribution shows how a hypothetical population would decline by age given that
they experienced the current age-specific mortality pattern. The area under the curve sums up the
number of person years lived from age x (Tx). The remaining life expectancy is calculated by dividing the
number of person years lived from age x (Tx) by the numbers surviving to age x (lx).
In figure 1, I have used data from mortalty.org (166) to estimate the remaining life expectancy at age 65
(e65) for men in Norway in the year 2000. Dividing the number of person years lived from age 65
(1346996 years) by the number surviving to age 65 (83777 persons) yields an e65 of 16.08 years.
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Figure 1: The survival distribution and computation of life expectancies.The graph shows the remaining
number of a hypothetical population surviving to age x. Remaining life expectancy at age 65 is calculated
by dividing the number of person years lived from age 65 (shaded area) by the number surviving to age
65. Data retrieved from life tables from mortality.org on Norway (166). Figure adapted by author from
Silcocks et al. 2001 (165).

3.4 Health expectancies
Fries (22), Gruenberg (23) and Manton (21) sparked off a still ongoing debate on the compression or
expansion of morbidity, i.e. whether the ongoing increase in life expectancy is mainly constituted by
years spent in good health (22), or in a prolonged state of illness and dependency (23), and the degree
to which the expanded morbidity has become less disabling than before (21). These questions are
important not only for our understanding of the health status of ageing populations, but also for
government policies and service provision planning (19, 167-169). In order to assess whether there has
been compression or expansion of morbidity or disability we need indices which combine these aspects
of health with mortality. Health expectancies, originally developed for health monitoring purposes at the
beginning of the 1970s, provide one such mean of addressing these questions. The concept was initially
proposed by Sanders in 1964 (154) and further developed by Sullivan as disability-free life expectancies
in the early 1970s (170). In 1984, the WHO proposed a general model of health-transitions which
conceptually distinguished between total survival, and survival without various states of ill-health (18,
19). In figure 2, which is based on the original proposal in the WHO-publication (19), the area under the
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curves are equal to the hypothetical numbers of years lived in the population without morbidity,
disability and mortality, respectively. Correspondingly, the area between the disability curve and the
mortality curve represent the total number of person years lived with disabilities in the population.
Estimations of total life expectancy or disability-free life expectancy are done based on the respective
mortality- and disability survival curves.
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Figure 2: Hypothetical survival curves for mortality, disability and morbidity. Figure adapted by author
from WHO 1984 (19).
Since 1989, an international network on health expectancy (REVES; Réseau sur l'espérance de vie en
santé) has elaborated standardized measures of health and disability in order to facilitate harmonized
international comparisons (18, 171). The network`s website offers a bibliography database of
scientifically published health-expectancy papers, and through several projects funded by the European
Union, the network has also published guides on how to calculate and interpret health expectancies
(172, 173).
Healthy life expectancies have become widely used indicators of the level of mortality and ill-health in
any population. Their strength is that they sum up the overall ill-health and mortality conditions of a
given period. Provided consistent and reliable data on both the mortality and morbidity component,
health expectancies might be used to monitor differences in population health over time and between
and within places. Of special interest to the research field of health in the elderly are the temporal
trends in health expectancies, which might indicate whether there was a compression (22) or expansion
(23) of morbidity alongside the recent rise in life expectancy; when healthy life expectancy and life
expectancy converge, there is a compression of morbidity, and when healthy life expectancy and life
expectancy diverge, there is an expansion of morbidity (174). By comparing trends in life expectancy
free from various severity levels of disability and total life expectancy, the possibilities for a dynamic
equilibrium (21) might be assessed.
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There are several ways to estimate health expectancies (18). The multistate life table method is
considered the most methodologically sound as it accounts for the natural courses of diseases in terms
of incidence, recovery and case fatality rate (162, 163, 175, 176). However, it is very data demanding
and requires longitudinal data with sufficient number of follow-ups and low attrition rates, which are
expensive to carry out, and relatively few compared to cross-sectional data (162, 163, 175). Thus, the
majority of research on health expectancies relies on a simpler calculation method originally devised by
Sullivan called “the observed prevalence life table method” (18, 175). The method combines prevalence
data on health status with mortality data in period life tables, and is applicable to any state of health
definition. Sullivan`s health expectancies are the mean number of remaining years that one can expect
to live in a healthy state, provided continuation of the current age-specific mortality and disability
pattern (171, 177). In this thesis I used Sullivan`s method to test whether there was a compression or
expansion in disability and functional limitations in Norway over the recent decades.
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4 Recent evidence on health-trends among the elderly
4.1 Previous research on trends in functional limitations and disabilities in
developed countries
4.1.1 Search strategy
In order to identify studies on trends in functional limitations, mobility-limitations and disability among
older adults (aged 60 years and older), I searched Web of Science for studies based on the following
keywords: trends; elderly, ageing, older adults; and functional limitations, mobility or disability. I also
reviewed the reference list of published papers, in particular papers reviewed by others (55, 178-180). I
emphasized on nationally representative studies published in peer-reviewed journals, but included some
studies on European regional populations when nationally representative studies could not be found. I
restricted the search to studies in low-mortality countries. English- and Norwegian-written research was
included (181, 182). I included all published studies, independent on publication date. The search was
conducted between September 2008 and December 2009. A summary of the reviewed literature is
reported in Appendix A1.
As we supplemented our analysis in Paper I with estimates of health expectancies, I searched for studies
comparing disability- or mobility-based health expectancy trends with trends in total life expectancy
among adults aged 60 years and older. I used Web of Science for studies based on the following
keywords: health expectancy, disability-free life expectancy, trends; elderly or older adults or elderly. I
also reviewed the reference list of published papers, in particular papers reviewed by others (1, 55, 66,
183, 184). I emphasized on nationally representative studies published in peer-reviewed journals,
independent on publication date. I restricted the search to studies in low-mortality countries and
English-written research. I found no Norwegian-written research on health expectancies. The search was
conducted during the revision of the paper in august 2010. A summary of the reviewed literature is
reported in Appendix A2.

4.1.2 Some reviews on trends in disabilities and functional limitations
Schoeni et al. concluded in 2001 that evidence from various United States (US) surveys (185-189) was
fairly consistent in depicting a substantial decline in disabilities (any ADL- or IADL-disability) between
1984 and 1990, a more stable period between 1986/90 and 1992 (expect for in the National Long Term
Care Survey (NLTCS) data (185)), and thereafter an additional decline up to 1996 (180).
In a systematic review of US studies on self-reports by people aged 65-70 years and older published in
2002, Freedman et al. concluded that there had been declines in functional limitations and IADLdisability during the 1990s, but noted that there were mixed results on trends in ADL-disability (178).
While data from the NLTCS indicated continuous declines in ADL-disability from 1982 onwards (190),
there were no significant change in ADL-disability in analysis on data from the National Health Interview
Survey (NHIS) (180, 189) or the Medicare Current Beneficiary Survey (MCBS) (before adjustment for sexand age) (186), and analysis on the Supplements on Aging (SOA) to the NHIS indicated increasing ADL40

disability (153). The publication was followed by a collaborative investigation of the methodological
sources of the discrepancies in ADL-trends (71). A technical workgroup analyzed trends in crude
prevalence data (2004) and concluded that while the evidence on trends in ADL-disabilities were mixed
for the 1980s, there seemed to have been consistent declines from the 1990s onwards; the prevalence
of community-based older individuals who reported difficulty or use of help with any ADL declined, on
average, by 1-2.5% per year, and the trends in reported use of help was strengthened by adding the
institutionalized population (71). Also, while there was an increase in the prevalence of communitybased older individuals who used equipment but not personal care to bathe, the prevalence of
individuals getting help with bathing had declined (71). There were no trends towards change in the
prevalence of those reporting use of either help or equipment in daily activities. The workgroup noted
that much of the discrepancies in previous studies on trends in ADL-disability seemed to stem from
differences in period and definition of disability, whereas age-standardization procedures and inclusion
of the institutionalized population were also of importance (71). Differences in non-response rates and
the number of activities included in the disability construct seemed to be less important (71).
In 2007, Parker and Thorslund reviewed the international literature on trends in many aspects of health
among the elderly, and considered the evidence on trends in mobility-limitations to be mixed, and IADLdisability to be consistently declining in most studies (179). Further they also considered the evidence on
trends in ADL-disability to be mixed, with most studies showing stable or indications of declining levels
(179). In particular, they noted the conflicting evidence on trends in mobility limitations in Sweden;
while the Swedish Panel Study of Living Conditions of the Oldest Old (SWEOLD) on adults aged 77 years
and older suggested an increase in mobility-limitations between 1992 and 2002 (191), opposite trends
were found by analysis on data from the Statistics Sweden`s Living Conditions Survey (ULF) (179). In
support of the trends in mobility-limitations from the SWEOLD study, they emphasized the SWEOLDevidence on worsening functions in tests of balance, strength, range of motion and Peak Expiratory Flow
(PEF), and the inclusion of the institutionalized population and the low level of non-response in this
study (179, 191). Further, they noted other studies documenting increasing mobility limitations,
including several US studies like the study of MCBS-data (increase in physical inabilities among the nondisabled between 1992-1996) by Waidman and Liu (186), the SOA-study by Crimmins and Saito (ageadjusted number of functional limitations associated with specific diseases remained almost unchanged
in men and declined in women between 1984 and 1994) (153), and the SOA-study by Freedman and
Martin where improvements between 1984 and 1994 where restricted to lower-body limitations, and
upper-body limitations remained unchanged (188). The authors concluded that there seemed to have
been increases in morbidity and physical limitations, whereas measures on disability were mostly stable
or improved (179). However, their notion on increases in physical inabilities in MCBS-data referred to
the trend within the non-disabled population (186), which might not necessarily represent the trend in
the overall population. Indeed, they did not comment on several studies indicating favorable trends
(153, 188, 192, 193), and their inferences on physical function were mostly based on the SWEOLD study
(179, 191) and thus relying on a single cohort study of a relatively older population aged 77 years and
older.
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In 2009, Christensen et al. reviewed trend studies based on data (the 1980s and 1990s) from developed
countries, and noted large mobility-improvements for Spain, the US and the Netherlands, smaller
improvements for Finland and stable levels for Japan (55). Although the evidence on disability-trends
was mixed, in particular among the oldest old, they noted that the majority of studies reported declines
(55).

4.1.3

Some reviews on trends in life expectancy with or without functional limitations or
disabilities
In 1997, Robine et al. reviewed studies from Australia, Canada, France, Japan, The Netherlands, the UK,
and the US, and noted that while life expectancies had been continuously increasing from the mid-1960s
to the mid-1990s, the life expectancy with any disability or handicap had remained more stable (183).
However, the development in life expectancy without severe disability or handicap was more in parallel
with trends in overall life expectancy. Thus, they considered the evidence to suggest expansion of
moderate levels of disability or handicap and no change in severe disabilities, and thus to be in
accordance with Manton`s (21) dynamic equilibrium theory (183). In a review of health trends in the
elderly, Crimmins (2004) noted improvements in disability, functional limitations and self-rated health,
and that disease seemed to be decreasingly debilitating, and concluded that health seemed to improve
during the 1980s and 1990s (184). Robine and Michel (2004) highlighted that while life expectancy had
increased in most low-mortality countries since the 1970s, disability-free life expectancy had remained
more stable. However, severe disability-free life expectancy had developed more in parallel with overall
life expectancy, indicating that the expansion of disability consisted mainly of less severe disabilities (1).
However, they noted variations in the direction of trends by country and period (1).
In their 2009-review, Christensen et al. considered trends in disability free life expectancy to be
diverging, as trends based on the most severe disability measures seemed to increase whereas trends
based on less severe disabilities were decreasing (55). Further, they considered the several one-country
studies to be challenging to compare, due to lack of harmonized long-term data on disabilities (55).
However, they also noted that trends were conflicting even within harmonized surveys (55). A
consistent pattern from studies on health expectancies is that women experience more years with
functional limitations or disabilities. With regards to the trends among the oldest old, they noted mixed
trends and lack of high-quality data, but highlighted that despite a large growth in the number reaching
their 100th birthday, the prevalence of physical and cognitive disability within the Danish 1905 cohort
were equal to that of those born ten years earlier (55).

4.1.4 My review of the literature on trends in disability and functional limitations
The list of previous research on temporal trends in disabilities and functional limitations (Appendix A1)
revealed variation in direction of trends in functional limitations and disabilities in developed countries.
The prevalence of mobility limitations seemed to decline in Spain between 1986 and 1999 in the 65+ age
group (tests for statistical significance were not reported) (192). There were also declines in the 70+ age
group in the US between 1984 and 1994 (153, 188). Contrary, mobility limitations increased in the 65+
age group in Taiwan between 1993 and 1999 (194), while there were no statistical change in the
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prevalence within the 66+ age group in Japan between 1993 and 2002 (195) or in the 65-69 year old age
group in the UK from 1991 to 1997 (196). Research from the Netherlands, Sweden and Finland showed
partly contradictory results. In the Netherlands, Puts et al. described significant improvements in crosssectional prevalence of mobility limitations among people aged 55 years and older between 1987 and
2001 (193), while Picavet et al. failed to identify any change in the 75 year and older age group
restricted to the 1990-1998 period (197). In Finland, there was an increase in mobility-limitations in a
study of the 75+ age group of a rural community between 1978 and 1988 (198). Later, a nationally
representative survey indicated declines in mobility-limitations from the 1980s to the 1990s (199), and a
seemingly increase in mobility-limitations thereafter (200). In Sweden, the SWEOLD cohort study
showed increasing mobility limitations in the 77+ age group from 1992 to 2002 (191), while analysis
based on repeated cross-sectional survey ULF-data showed declining mobility limitations in the younger
65-84 year old age group between 1981 and 2005, although confined to the 1981-1997 period (201).
Previous Norwegian research of the 1980-87 period showed declines in difficulties climbing stairs in the
67-79 year old age group in both sexes, while there were inconsistent trends in abilities to walk (182).
Disabilities declined in Japan in the 66+ age group from 1993 to 2002 (195), and in the US during the
1980s and 1990s (180, 186, 189, 202-204), although not in the study by Crimmins et al. restricted to the
relatively old 76+ age group in the 1980s (189). However, no change were observed in the 65-69 year
old age group in the UK from 1991/2 to 1996/7 (196), or in the 64-74 year old age group of a rural area
of France between 1988 and 1990 (205). Contrary, disabilities increased in the 65+ age group in Spain
from 1986 to 1999 (tests for statistical significance were not reported)(192). As with functional
limitations, research from the Netherlands, Sweden and Finland showed partly contradictory results. In
Sweden, disabilities were stable in the SWEOLD cohort study of the 77+ age group from 1992 to 2002
(191), whereas another study based on repeated cross-sectional survey ULF-data showed declining
disabilities in the younger 65-84 year old age group between 1981 and 2005, although confined to the
1981-1997 period (201). In Finland, a study on nationally representative cross-sections of the 65-79 year
old age group showed declining disabilities between 1985/89 and 1993/99 (199), while two smaller
studies of the 75+ age group in rural community samples showed increasing disabilities between 1978
and 1988 (198) and no change between 1979 and 1999 (206). In the Netherlands, one study showed
declining disabilities in the 55+ age group from 1987 to 2001 (193) while another showed increasing
disabilities in the 64-74 age group in the shorter period from 1990 to 1998 (197). Comparative research
by Jacobzone et al. showed statistically significant declining ADL-disability in Germany (1986-1995),
France (1981-1991), Japan (1975-1985) and the US (1982-1994), whereas trends were non-significant in
Canada (1986-1991), Australia (1981-1993), Sweden (1975-1995), and the UK (1980-1994) (15, 207).
Similarly, Lafortune et al. described declining ADL-disabilities in Denmark, Finland, Italy, the Netherlands
and the US, stable prevalence levels in Australia and Canada, and since the mid-1990s, increasing levels
of disabilities in Sweden, Belgium and Japan (208). However, the studies by Jacobzone et al. and
Lafortune et al. are difficult to assess due to variations in period, survey design, consistency over time,
and instruments used. Previous research from Norway showed that the prevalence in IADL-disabilities
(grocery shopping and housecleaning) decreased in men and increased in women from 1980 to 1987
(182), while a composite disability measure (grocery shopping, housecleaning and dressing/undressing)
declined in both sexes from 1985 to 1998 (181).
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Although the number of studies on trends in disabilities and functional limitations are large, the
generalizability of many of them is somewhat limited. Some of the recent trend studies were not based
on nationally representative samples (196, 198, 202, 206, 209-211) and are thus difficult to compare.
Trends studies on nationally representative populations have been mostly confined to US-data (71, 153,
180, 186-189, 203, 212, 213). Non-US studies on nationally representative samples have been restricted
to the Netherlands (193, 197), Spain (192), Finland (199), Japan (195), Sweden (191, 201, 214, 215),
Norway (181, 182), UK (216) and Taiwan (194). Although estimation of linear trends might provide
indications on the average yearly changes in the outcome, it is important to acknowledge that temporal
trends in functional limitations and disabilities are not necessarily linear across time but are likely to vary
by period (180, 189, 201). Few studies on nationally representative European data provide insight into
the temporal dynamics in trends (197, 201, 216). Further, as trends might be sensitive to random
variation in two endpoints, in particular studies of shorter periods, the validity of trend estimates might
increase by use of several measuring points spread over longer periods (180, 201). However, several
studies, including some of the deviating evidence (189, 196, 197), are based on data for periods shorter
than 10 years (182, 186, 187, 189, 194, 196, 197, 211, 213). Further, most trend studies on nationally
representative samples outside the US are based on two to four measuring points (191-195, 199, 214,
216), and few studies have been based on consistent data across more than four measuring points (181,
182, 197, 201). Studies based on nationally representative US data are also to a large degree based on
two to four measuring points (153, 187-189, 213), although longer series of data of larger sample sizes
exist (180, 186, 189, 203, 212). General health improvement has been proposed as an explanation of
recent declines in disabilities (178), and comparisons of trends in functional limitations and disabilities
might provide some insight into the contribution of changes in underlying health to temporal trends in
disabilities. However, few studies have investigated the nuances in trends over more than four
measuring points in functional limitations and disabilities simultaneously (186, 195, 201).

4.1.5 My review on trends in life expectancy without functional limitations or disabilities
The review of studies on trends in disability-free and functional limitations-free life expectancy
(Appendix A2) revealed several studies describing larger absolute increases in disability-free life
expectancy than in total life expectancy in the US (176, 217, 218), France (66, 219), Spain (192), and
Belgium (only relative compression in women) (220). These findings were in accordance with the
compression of disability hypothesis by Fries (22). However, there was large variation in instruments
used to monitor disability-trends. As noted by others (1, 55), trends in disability-free life expectancy
seem to differ by level of severity of the indicator used. Based on severe disability measures like ADLdisability, disability-free life expectancy seemed to increase in parallel with total life expectancy from
the 1980s onwards, while health expectancies based on less severe disabilities seemed to have
stagnated or increased (176, 218, 219, 221-223). This pattern might be considered to support the
dynamic equilibrium theory by Manton (21), in which mortality is being reduced due to improvements in
disease prevention and medical treatment so that the progress is slowed down (21). However, most of
the research were done on US data (176, 217, 218, 224, 225), and I found no study on trends in health
expectancies in Nordic countries, expect for Denmark (223).
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4.2 Previous research on trends in socioeconomic inequalities in old age
mortality and life expectancy
4.2.1 Search strategy
In order to identify studies on trends in educational inequalities in old age mortality and in educational
inequalities in remaining life expectancy at age 65, I searched Web of Science for studies based on the
following keywords: trends; elderly, ageing, educational inequalities, socioeconomic inequalities and
mortality. I also reviewed the reference list of published papers. I emphasized on nationally
representative studies published in international peer-reviewed journals and restricted the search to
studies in low-mortality countries. For studies outside Norway, I excluded those focusing solely on
mortality rates in working age populations. English- and Norwegian-written research was included. A
summary of the reviewed literature is reported in Appendix A3.

4.2.2 My review of the literature
The reviewed studies on trends in socioeconomic mortality inequalities or life expectancy differentials in
older age groups are listed in Appendix A3. Many studies have reported age-specific trends in mortality
or life expectancy for age groups older than 60 years (41, 226-238). Jaffe et al. described increasing
relative mortality inequalities and increasing or stable absolute mortality inequalities by education
among Israeli Jews between 1983 and 2005 (226). Studies from the US on the period 1970-1990
reported widening life expectancy differentials and relative and absolute mortality inequalities by
education in men, whereas relative inequalities were stable, and absolute inequalities and life
expectancy differentials declined in women (227, 228). Singh et al. found widening life expectancy
differentials by area deprivation index in the US during the 1980s and 1990s (229). Based on
probabilistic matches of census- and death records from the 1980s to the 1990s, Doblhammer et al.
found stable relative inequalities for occupational and educational groups, whereas absolute
educational inequalities tended to be stable or decline, and absolute occupational inequalities declined
(233). In England and Wales, Hattersley et al. reported mostly increasing differentials in remaining life
expectancy at age 65 by occupational class from 1972 to 1996 (238). Leinsalu et al. exploited unlinked
census- and death records and found that the large mortality dynamics in Estonia during the early postcommunist era of the 1990s resulted in substantial increases in absolute and relative educational
mortality inequalities at all ages (234). In Finland, inequalities in remaining life expectancy at age 60 and
80 by occupation and education remained more or less stable from the 1970s to the 1980s (230, 231),
whereas Zarulli et al. found widening educational inequalities in remaining life expectancy at age 65
between the early 1970s and the end of the 1990s (232). In Sweden, occupational differences in
remaining life expectancy at age 65 increased from the 1980s to the 1990s (235). Kunst et al. found
increasing relative educational inequalities between the 1980s and 1990s in the 60-74 year old age
group in Norway, but not in Turin or Finland (41).
However, only a handful of the abovementioned studies was dedicated to investigating trends in the
older age groups alone (230-232), and many were restricted in time span. To my knowledge, while some
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covered the period before 1980 (227, 228, 230-232, 236-238), only one went beyond year 2000 (236),
only two depicted more than four measuring points (236, 238), and none covered more than 30 years.
Studies on trends in life expectancy differentials among the oldest old were also few and mostly
concentrated to Sweden (232, 235), Finland (230-232), Norway (237), the UK (238), and the US (228,
229). Of these studies, trends over period longer than two decades are only reported in the UK (238),
and Sweden and Finland (232), and only the study on UK-data provide estimates for more than three
measuring points (238).
Of the studies on trends on social inequalities in mortality in Norway (41, 130, 236, 237, 239-246), to my
knowledge, only four have reported socioeconomic old age mortality differentials (41, 236, 237, 246).
The study by Kunst et al. where restricted to trends in relative inequalities in the 60-74 year old age
group from the 1980s to the 1990s (41). Borgan described trends in remaining life expectancy at age 62
and age 67 between 1980 and 1996 for 37 different occupations among men and 14 different
occupations among women (237). This Norwegian written study revealed substantial differences in life
expectancy by occupation that persisted over a 20 year period. The study by Steingrímsdóttir et al. on
trends in educational inequalities in remaining life expectancy at age 35 included a subanalysis
describing nuanced trends in educational inequalities in the probabilities of a 65 year old surviving until
age 90 between 1961 and 2009 (246). The analysis revealed that there had been substantial increases in
these survival probabilities for women, whereas in men, slower increase in the lower educated group
resulted in diverging trends. However, while educational inequalities in survival probability
characteristics of the 65 year old population are highly relevant to individuals and scientists, the reports
of survival probabilities were less comparable to mortality inequalities and life expectancy differentials
from other countries. The study by Berntsen described trends in age-standardized mortality rates, and
relative and absolute inequalities by educational level, marital status and region of residence over six
measuring points between 1975 and 2002 (236). This Norwegian written study provided valuable
knowledge on the complex interactions of various sociodemographic conditions on mortality and
discussed how these interactions had changed over time, but the study was restricted in period and only
reported educational mortality inequalities for 60 and 80 years old.
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5 Aims of the thesis
5.1 Motivation for study I
Population ageing implies that the numbers and share of older persons are increasing faster than any
other age group. This demographic transformation will affect all aspects of our societies and will
challenge the way that families, workforces and communities are structured (3, 5). The impact of ageing
populations depends largely on whether declining old age mortality is entailed by a compression (22) or
expansion of disability and morbidity (23, 45), or a dynamic equilibrium (21). To the individual, these
questions are central to expectations for length of independent living and the prospects for participation
in the economic, political, social and cultural life. However, if we do not adapt properly, it might also
challenge the sustainability of the welfare state (4, 8, 11, 12). Thus, the scientific community has long
been engaged in studies of trends in disabilities.
My review of the literature revealed substantial variation in direction of trends in functional limitations
and disabilities in developed countries. The diverging trends are challenging to assess, in particular due
to inter-study variation in the instruments used to measure disabilities and functional limitations.
However, disability trends are likely to depend on variations in contextual factors, perceptions of
disabilities, and requirements in activity-domains, as well as health-enhancing and health-deteriorating
factors across the life course (247). Thus, the inconsistencies might be caused by variation in period- and
cohort effects in all these aspects. The discrepancies in trends might therefore not be considered as
conflicting given the large international variation in important characteristics like behaviors, disease
panorama, emphasis on universal design, perceptions of the elderly, expectations of life, and
organization of long-term care and the healthcare system, all of which might have developed differently
over the recent decades. In order to capture the temporal variation and covariation in trends in
disabilities and underlying functional limitations, repeated measurements on both indices are needed.
Yet, only a limited number of studies have investigated nuanced trends over more than four measuring
points in functional limitations and disabilities simultaneously (186, 195, 201).
Although evidence from single-country studies might not be generalizable to other countries, any
contribution to the growing body of empirical analysis might expand our understanding of disability
dynamics in relation to the demographic transition and epidemiological profile. Norway is a
demographic forerunner and has long been among the nations with the highest life expectancies. In
1998, the shares of the population aged 65 and 80 years and over were high compared to other OECDcountries (15). The Norwegian social democratic welfare state aims for equality of the highest attainable
standards (91, 248), and the Norwegian health care system is universally available to all. Previous
Norwegian research were restricted to the 1973-1987 (182) and the 1985-1999 (181) period and only
available in Norwegian, and updated estimates for Norway were needed. Hence, we wanted to see if the
previous trends found by Botten et al. on Norwegian data (181) had continued during the years after
2000, and contribute with updated analysis on the Norwegian setting to an international audience. We
therefore investigated trends and variation in the prevalence of functional limitations and mild disability
in Norway over six measuring points over a period of 22 years from 1986 to 2008. By examining trends
in functional limitations and disabilities simultaneously, we wanted to investigate the interrelationship
47

between context-dependent disabilities and more inherent functional limitations. Moreover, we wanted
to test whether the association found between sociodemographic characteristics and disability and
functional limitations found by others (180) could also be replicated in a more egalitarian oriented social
democracy (91). Further, as Norwegian life expectancy at older ages increased substantially during the
last decades, we wanted to investigate whether this increase had been accompanied by a compression
or expansion of disabilities and functional limitations. We did so by using Sullivan`s method to estimate
trends in remaining life expectancy without mild disability (DFLE67), and remaining life expectancy
without functional limitations (FLFLE67) at age 67.

5.2 Motivation for studies II and III
Social inequalities in health have long existed (138) and were substantial in the preindustrial societies
(138, 249-251). Occupational inequalities in mortality seemed to decline in Western Europe and the US
until the 1960s (249, 252). However, from the 1980s onwards, several studies revealed large
socioeconomic inequalities in mortality throughout the working aged populations of Europe (130, 251,
253-257). The evidence of socioeconomic inequalities in health was somewhat surprising given the rise
of prosperity and growth of welfare services after the Second World War (141, 241, 253). Nevertheless,
with some exceptions (129, 228, 231, 235, 243), relative socioeconomic inequalities in mortality by
income, education or occupation consistently widened among adults both in Western Europe (41, 130,
233, 236, 239-242, 244, 258-265) as well as in post-communist Eastern Europe (234, 266-268), the US
(227, 228, 269, 270) and elsewhere (129, 226, 242). Most studies have found that socioeconomic
mortality inequalities also widened in absolute terms during the 1970s-1990s (129, 227, 234, 236, 239,
241-243, 260, 266, 270, 271).
Socioeconomic mortality inequalities persist into the older ages (127, 135, 231, 254, 256, 272-276).
Surely, with some exceptions (41, 274), relative mortality inequalities commonly decline with advancing
age (41, 226, 233, 234, 254, 274). The declining risk ratios are often explained by health selection as
being due to particularly high premature mortality in disadvantaged groups (135, 254, 276). However,
most current deaths occur among older people (140, 246, 274), and consequently, the absolute risk
associated with most risk factors increase with advancing age (274, 277). Hence, the apparently
negligible scaling and trends in relative inequalities in old age mortality conceal the fact that the largest
morbidity and mortality rates attributable to inequalities are found in older ages (274). The rise in risk
differences with advancing age has direct implication on individuals, families and societies in terms of
burden of suffering, informal care, and healthcare expenditures. Although the large and increasing
relative socioeconomic inequalities in mortality in younger age groups are important challenges for
public health, their corresponding attributable risks are small (274). As premature deaths are relatively
rare, it is the difference in absolute risks that determines most of the current life expectancy
differentials (140).
There are several reasons why the large public health impact of health inequalities in older ages should
evoke attention. First, although many individual choices are influencing health, most of them are not
randomly distributed within the population but influenced by contextual factors (72, 75, 77). The fact
that the social and economic conditions in which people are raised up, live, work and age have such
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large implications on survival opportunities is considered a violation of the fundamental human right to
enjoy the highest attainable standard of health for all (34-37). Reductions in socioeconomic inequalities
in health are therefore part of the political agenda of the WHO (35, 36) and many national governments
including in Norway (80, 93, 278, 279). As socioeconomic absolute inequalities in mortality tend to
increase with advancing age, this is where we find the largest rates of people affected by socioeconomic
conditions. Thus, in order to evaluate progress towards equality of the highest levels of health for all,
close and detailed monitoring of health inequalities in older ages is needed (41).
Second, socioeconomic mortality inequalities represent a barrier to overall public health improvement
(280). On the other side, overcoming these inequalities is considered an achievable prevention strategy
with large potentials for population health (35, 72, 281). As systematic socioeconomic health
inequalities are socially produced, they should also be modifiable (280). Thus, they demonstrates what
might be achieved in public health at any given time (280). By levelling up the health of the
socioeconomic gradient to that of most advantaged groups we might enable more people to live out
their life potentials in good health and independency. As most chronic conditions are not detectable
until older ages, it is in these ages that many public health initiatives towards chronic diseases and
health inequalities are likely to bear the largest fruits in terms of number of people affected. Health
inequalities in older ages should therefore be considered an important outcome of current and past
public health initiatives at all ages.
Third, demographic projections have repeatedly underestimated future increases in life expectancy
(282). As mortality inequalities might be considered as an unexploited potential for mortality declines
(280), the life expectancy exhibited by advantaged groups might illustrate the potential gains that can be
achieved by tackling socioeconomic inequalities in mortality (39, 40). In order to prepare adequately to
an ageing society and improve future life expectancy projections, trend studies on whether we are
approaching this goal might be important.
As the relative contribution of causes of death to socioeconomic inequalities in mortality varies largely
between countries the generalizability of one-country studies is limited (283). Nevertheless, although
not necessarily widely generalizable, one-country studies are warranted; inter-country variations in
trends in socioeconomic mortality inequalities might indicate unexploited public health potentials and
possibilities for further life expectancy increases as well as structural obstacles to further public health
progress. Further, nuanced estimates of temporal changes in socioeconomic mortality inequalities might
provide important clues on etiological factors. Yet, most recent studies have been restricted in time
span or measuring points, thus largely concealing temporal variation in these mortality inequalities. In
particular, none to my knowledge have investigated nuanced trends in mortality inequalities from the
peak of the cardiovascular epidemic during the 1960s to the years after 2000.
According to the review by Kannisto et al. of the quality of old age mortality data from 27 countries, the
Nordic countries ranked highest (54) and Nordic research on socioeconomic inequalities in mortality has
a special advantage of data from continuously updated population registers and the possibility to
unambiguously linking individual census and death records by the unique personal identification codes
(41, 140, 231, 284). The possibility to include the complete population largly eliminates the numerator49

denominator bias and selection bias which might threaten analysis based on unlinked cross-sectional
data and death records in most populations outside the Nordic countries (41).
In order to extend the existing knowledge on inequalities in public health progress in the older age
groups where most of the morbidity and mortality are concentrated, and depict potentials for further
public health improvements and future longevity, we investigated trends in educational inequalities in
mortality among older Norwegians from 1961 to 2009. We did so by estimating nuanced trends based
on one-year estimates of age-specific mortality, relative and absolute mortality inequalities and life
expectancy by educational level. We also provided dedicated discussions on trends in socioeconomic
mortality inequalities within this growing share of the population where the largest spatiotemporal
dynamics in health and morbidity attributable to socioeconomic inequalities are found (274).

5.3 Specific aims
I.

II.
III.

To estimate recent trends in prevalence of functional limitations and mild disability, and in life
expectancy without functional limitations (FLFLE) and mild disability (DFLE), in the older
population in Norway (Paper I) (131)
To estimate trends in educational inequalities in old age mortality in Norway between 1961 and
2009 (Paper II) (132)
To estimate recent trends in educational inequalities in life expectancy at age 65 in Norway
(Paper III) (133)
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6 Data and methods
This chapter describes the data and methods used to resolve the research aims listed in chapter 5.3. In
order to give a full account of this issue, the chapter partly overlaps with the method sections of the
published papers. I first present the data and methods used in the three papers. Finally I describe some
important mathematical distinctions between reporting trends in absolute and relative measures in
studies of trends in health differentials.

6.1 Study I
6.1.1 Study design, setting, data, and study populations
Study I was an observational, repeated cross sectional study. We used data from six surveys conducted
on national representative samples of the adult, non-institutionalized population in Norway between
1987 and 2008.
Details on the data sources
We used data from the Surveys of Level of Living (SLL) of 1987 (285), 1991 (286) and 1995 (287), and the
Surveys of Living Conditions (SLC) of 2002 (main sample only) (288), 2005 (main sample only) (289) and
2008 (290). All surveys were conducted by Statistics Norway, who later linked educational data to the
completed survey files. We also used period life tables which had been calculated by Statistics Norway
and made available by the Human Life-Table Database (291), and some administrative data from the
Regional Database of the Norwegian Social Science Data Services (NSD) (292).
Survey design, sampling procedure, collection of data and non-response
The person samples were drawn using a standard two-stage selection scheme (293). First, the
population was split into sample areas stratified by the number of inhabitants, industrial structure, and
centrality. For each of the strata, Statistics Norway drew one sample area with a probability proportional
to the area’s share of inhabitants in the strata. In the second stage, Statistics Norway drew the sample of
persons at random from the sample areas. This made the gross samples nationally representative for
the non-institutionalized part of the Norwegian population, including those aged 67 years and older. The
gross survey samples were self-weighted except for in 1987 when Statistics Norway oversampled those
aged 80 and over (285).
There were some important changes in the survey methods and response over the years:
1. First, the SLC samples (2002, 2005 and 2008) had pure cross-sectional design, whereas parts of
the SLL-samples (1987, 1991 and 1995) were panel samples. 37% of the net samples of persons
aged 79 years and younger in 1991 and 1995 had also been interviewed in 1987 (286, 287).
2. The first three surveys were conducted in the periods from January to March in 1987-1995,
whereas the latter three surveys were conducted in the periods from September to March in
2002-2008.
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3. Until 2002, Statistics Norway instructed the interviewers to primarily attempt to obtain personal
home-visit interviews. However, telephone interviews were nevertheless increasingly used from
1995. In 2005 and 2008, telephone interviews where the preferred interview mode, with
allowance for offering face-to-face interviews to older people. Thus in 1987, 1991 and 1995,
personal home-visit interviews were used predominantly, whereas the proportion of 67-79
years old interviewed at home was 56%, 34% and 22% in 2002, 2005 and 2008 respectively. The
corresponding figures for 80 years and older were 63%, 54% and 36%. All registered phone
numbers (landline telephone and cell phone numbers) were used to contact survey
respondents.
4. Non-response increased over the years, and was particularly high among those aged 80 and
over. The proportions of non-response in the 67 to 79 year old age group and within the study
population aged 80 years and older are depicted in figure 3.

Proportion of non-responders in the survey samples (study 1)
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Figure 3: The proportions of non-response in the 67-79 and 80+ year old age groups.

Study setting and study population
The study population comprised the net samples of the Surveys of Level of Living of 1987 (285), 1991
(286) and 1995 (287), and the Surveys of Living Conditions of 2002 (288), 2005 (289) and 2008 (290). The
non-weighted net sample of persons aged 67 years and older was 4036 persons, whereas it was 3729
persons after age-standardization with 2005 as the reference year, and 3739 persons after population
weighting.
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We excluded cases with missing information on the items used to construct our outcomes (functional
limitations or disability).

6.1.2 Ethical approval
NSD gave 30 September 2008 permission for us to use the anonymous survey data.

6.1.3

Outcomes, explanatory variables and possible confounders

Outcomes
We used one composite variable for functional limitations and one composite variable for disability as
the primary outcomes for this study. We regarded the respondent to have a functional limitation if he or
she had difficulties with one of the following three functions:
•
•
•

carrying an object of 5 kg over a short distance, say 10 meter
going for a five-minute walk at a quick tempo
walking on stairs

We regarded the respondent to have a disability if he or she had a permanent disease or disorder and
any difficulties with one of the following four activities:
•
•
•
•

to do the grocery shopping without help of others
to clean the apartment without help of others
to get out of home without assistance (because of health problems or permanent disability)
to participate in organizational activities (because of health problems or permanent disability)

The last two questions had an ordinal outcome, and we recoded “somewhat difficult”, “very difficult”
and “not possible” as “difficulty”.By use of graphs and Cronbach alfa estimates of internal consistency,
we considered the reliability of these index scores to be acceptable. The maximum proportion of missing
items was 5.9% in the disability variables in 1995.
Explanatory variables
The explanatory variables were survey year, age, sex, marital status and educational level. We used age
and survey year (equal to calendar year - 1986) as continuous variables. Sex (male) and marital status
(married or cohabitating) were used as dichotomous nominal variables, and educational level as a threelevel, ordinal variable, separating lower education (up to 9 years) as the reference group from high
school level (10-13 years) and university or college (14 years and above).
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6.1.4

Statistical analysis

Weighting
We used weights to age-standardize the data for descriptive statistics. Stratified by study year, we
calculated these weights as the proportion of an age-sex group in the population in the year of 2005,
divided by the corresponding share in the sample of the study year. Thus, the age-sex groups in the net
samples were equally distributed as that of the net sample in 2005.
In the regression analysis, we used a different set of population weights to reduce the effects of nonresponse (294). Stratified by study year, we calculated the population weights as the proportion of an
age and sex group in the population of a study year, divided by the corresponding proportion in the
sample (294). We used these population weights in the regression analysis, so that the proportions of
age-sex groups in the net samples were qual to that of the general population of the study year.
We used data provided by the NSD (292) to calculate the population weights. The population weights
were based on the known age-sex distribution above 67 years of age, excluding the number of
institutionalized individuals.
Descriptive statistics
For descriptive purposes we tabulated the age-sex distributions of the gross sample, non-responders
and net sample, and the weighted net samples. Further, we tabulated the distribution of the
explanatory variables (marital status, educational level, sex, age-group and calendar year). We also
graphed the age-standardized percentage with functional limitations or disabilities by calendar year, and
the estimated numbers with or without functional limitations in Norway.
Choice of methods to test for trends
We first used chi-square test for trend to test for any trend in the prevalence of any items of functional
limitations or disability. We used 2 x 2 tables to test for the odds ratios and risk differences of having a
functional limitation or disability in the period 2002-2008 compared to 1986-1995. In order to estimate
the linear trends in functional limitations and disability across all study years, we used multivariate
logistic regression analysis on population-weighted data.
We regarded two-sided P values<0.05 as statistically significant and used the likelihood-ratio test to
estimate P values in regression analysis.
Test for trends in functional limitations or disability
We first restricted the explanatory variables to age and survey year:
( )=α+β (

)+β (

)

We interpreted β1 as the yearly average age-adjusted relative change in odds for the outcome Y
(functional limitations or disability).
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We than expanded the model by introducing sex, marital status and educational level as explanatory
variables:
( )=α+β (

)+β (

)+β (

)+β (

)+β (

)

We interpreted β1 as the yearly average relative change in odds for the outcome Y (functional limitations
or disability), adjusted for age, marital status, sex and educational level.
Test for differences in trends in functional limitations or disability
We did separate group-stratified regression analysis to describe the differences in trends by sex, agegroup, educational level and marital status. In order to test for differences in trends, i.e. effectmodification of trends by group category, we included interaction terms between group and survey year
in regression analysis on the non-stratified dataset.
Test for departures from the linear predicted trend
We tested for departures from the linear predicted trend by introducing a dummy variable for survey
year one by one.
Sensitivity analysis
We did two sensitivity analyses of the trends estimates to control for selection bias; first, we assumed
that all non-responders had disability and functional limitations. In the second analysis, we expanded
the gross sample from the first analysis with a proportionate share of the institutionalized population
with the same assumption as above. In order to keep the power of the analysis stable, we weighted this
new sample to be equal to the gross sample in numbers above and below 70 years of age.
Estimation of number of people affected
We estimated the number of older adults with disability or functional limitations by combining
demographic data with the observed proportion with functional limitations in our sample.
Trends in disability or functional limitations free life expectancy
We used a method described by Sullivan (170) and later by Jagger et al. (170) for calculation of healthy
life expectancies to estimate life expectancies at age 67 in Norway from 1986-2008, and the
corresponding functional limitations free life expectancies (FLFLE67) and disability free life expectancies
(DFLE67).
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The table below illustrates the Sullivan method for calculations of remaining disability-free life
expectancy at age 67 based on non-weighted data on men from Statistics Norway Surveys of Level of
Living (285) and The Human Life-Table Database (291) in 1987:
Age-group lx
Lx
Tx
ex
P
DF-Lx
DF-Tx
DFLEx
(x, x+n)
67-74
73810
513375
972813
13.18
0.258
380924
633046
8,58
75-79
52870
223237
459438
8.69
0.350
145104
252122
4.77
80-84
36283
140412
236201
6.51
0.465
75120
107018
2.95
85+
20209
95789
95789
4.74
0.667
31898
31898
1.58
Table 1: Computation of remaining disability free life expectancy. lx: the number of survivors to age x. Lx:
Person years lived in a specific x, x+n age-group interval. Tx: Total number of years lived from x. ex:
remaining total life expectancy at age x. P: age-group specific proportion with disability. DF-Lx:
Disability-free number of years lived within a specific x, x+n age-group. DF-Tx: Disability-free number of
years lived from age x. DFLEx: Remaining disability-free life expectancy at age x.
In order to calculate remaining disability-free life expectancies by use of the Sullivan method, agespecific data on the prevalence (P) of disabilities are needed. If the prevalence data relates to agegroups rather than single ages, health expectancies might be adequately calculated based on abridged
life tables (171). Often, five- or ten year age-intervals up to a final age-interval of 85 years and older are
used in order to derive robust age-specific prevalence data from survey data (171). The age-specific
proportion of disabilities is used to partition the person years lived at a specific x, x+n age-group (Lx) into
those lived with and without (DF-Lx) disabilities. Thereafter, the total years lived without disabilities
from age x (DF-Tx) is calculated based on summation of all age-group specific years lived without
disabilities (DF-Lx) above age x. Remaining disability-free life expectancy is then calculated by dividing
this number of expected remaining years without disabilities from age x (DF-Tx) on the number surviving
to age x (lx) (163, 171).
We calculated healthy life expectancies by use of Sullivan`s method for each survey year using abridged
life tables by sex, and stratified in two age groups separated at the age of 80 (170, 171). As proposed by
Sullivan we assumed the institutionalized population to be functionally limited or disabled (170). We
applied the age- and sex-specific cross-sectional prevalence rates of functional limitations and
disabilities to the corresponding age- and sex-specific person-years derived from a period life table. The
analysis yielded sex-specific health expectancies at the age of 67. We used weighted least square
regression to test for linear trends across calendar year, and estimated the yearly average change in lifeand health expectancies. In this regression analysis, we used weights equal to the inverse variance of the
estimate of each indicator at each year.
Statistical packages
We used PASW Statistics 18.0 (SPSS Inc., 2009) for the data analysis.
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6.2 Study II
6.2.1 Study design, data sources and data linkage
Study II was an observational, prospective register-based population study. Statistics Norway used
unique personal identification numbers to link individual level registry data from the Norwegian Central
Population Registry (age, birth date and death date) with educational data from the 1960 census and
from 1970, with data from the National Educational database (295).

6.2.2

Details on the data sources

The Central Population Registry
Population registration in Norway was made compulsory by the Act on Population Registers of 15
November 1946 (296). These initial population registers were administered by local authorities, but
were subject to control and direction from a central agency for the population registration (296).
Population registration gradually improved during the 1950`s and its aim and existence became more
generally accepted (296). As the rapid development of computing and data storage provided new
opportunities, the Ministry of Finance and Customs required that the formerly called Central Bureau of
Statistics established a system of unique, personal identification numbers based on birthdate. In order
to do so, the Bureau needed to build a central personal register to be continuously updated from the
local registers. In 1963, the Bureau began assigning personal identification numbers to all records in the
1960 census. The municipalities controlled and updated this information to the situation as per a fixed
checkpoint of 1 October 1964 (296), from which we consider the register to be valid.
Registration in the Central Population Registry was made compulsory for all people residing in Norway,
all people born in Norway and all people assigned with a permanent or temporal personal identificationnumber. Today`s Central Population Registry is pursuant to the Population registration Act of 1970
(297). After a revision of this Act in 1991, the Norwegian Tax Administration took over the responsibility
for maintaining and updating the register (298). Births are reported by hospitals and maternity houses,
and deaths are reported in a medical death certificate issued by a medical practitioner and registered in
the Central Population Registry. Registration of immigration and emigration to the Norwegian Tax
Administration is mandatory. In order to include data from the sixties in our study, Statistics Norway
supplied the data file from the Central Population Registry with census data from the 1960 National
Census.
The National Educational Database
Statistics Norway has been responsible for the production of Norwegian statistics on education since the
1950s (295). Norwegian education statistics were based on censuses until 1970, whereafter linkage by
personal identification numbers enabled implementation of individual level records. Data on
educational achievements abroad was census-based up to 1986 whereafter data has been annually
obtained from the State Education Loan Fund.
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Today`s National Educational Database is pursuant to the Act on official statistics and Statistics Norway
of 1989. All educational institutions must report annually the number of completed educations, and the
database contains information on completed graduations as of 1 October each year. In 2002, Statistics
Norway created The National Educational Database based on previously obtained individually based
education statistics (295). The database comprises all yearly educational achievements in Norway from
1970 and onwards, and all yearly educational achievements abroad since 1986. Records of educational
level completed in Norway before 1 November 1970 was obtained from the self-reported data in the
1970-census, whereas records of educational levels completed abroad before 1986 was obtained from
the self-reported data in the 1980-census (295).
In order to include data from the sixties in our study, Statistics Norway supplied the data on educational
level with educational achievements reported in the 1960-census (299).

6.2.3 Study setting and study population
The dataset comprised all person-years and deaths in Norway in the 65-94 years age group between 1
January 1961 and 31 December 2009.
We generated 49 cohorts, one for each calendar year, defined by all registered Norwegian citizens aged
65−94 years at any me within each year between 1961 and 2009. For the period 1961-1970, we
restricted the study population to people registered in the 1960 census. We censored cases that
emigrated between 1961 and 1970 in 1965 and included cases that emigrated after 1971 up to the time
of emigration and excluded them thereafter. We excluded records with missing data on educational
level. The cohorts were followed up for deaths occurring within the calendar year in Norway.

6.2.4 Ethical approval
The study was approved by the Regional Committee for Medical and Health Research Ethics, South East
Norway (approval number 2010/260).

6.2.5 Outcomes, explanatory variables and possible confounders
We used mortality rate or death count adjusted for exposure time as the outcome variables.
The explanatory variables were calendar year and educational level. We recoded calendar year into a
continuous variable equal to [calendar year – 1960].
In studies of elderly population, a particular challenge to analysis of educational health inequalities is
the skewed distribution of education (127). The majority of Norwegian elderly did not achieve more
than compulsory primary school, and the share of lower educated was particularly high in women and
those finishing school prior to the Second World War (145). We therefore chose to compress the
educational hierarchy into two strata. We defined lowed education as compulsory primary or lowersecondary education corresponding to the International Standard Classification of Education (ISCED97)
levels 0−2 (300). Higher education was defined as upper-secondary, post-secondary or tertiary
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education corresponding to ISCED97 levels 3−6. Although this classification restricted us from
investigating trends in any health gradient, it reduced the extent of misclassification bias to a minimum
and provided results that might be comparable to other countries.
The data on educational level was almost complete for all cohorts. The highest proportion of missing
educational data (both sexes, total) was 2.6% in 1969 and 1970. The original coding of educational data
in the 1960s differed from the educational data for the years following 1970, which we obtained from
the National Educational Database. We sought to solve this inconsistency by comparing frequency tables
of education codes in 1960 and 1970 and adjust all person-years in the 1960s according to the most
frequent transition in educational classification between the 1960s and 1970s. This harmonization was
not complete though. Of those included in the 1970 cohort, and surviving to 1971, 4.9% changed their
classification from more- to less educated, 7.6% changed from less- to more educated, and 86.8% did
not change their educational classification in 1971. In addition, 0.8% changed to missing educational
data in 1971, and 2.5% excluded in 1970 due to missing educational data in the 1960-census, were
included from 1971. We did not include any possible confounding variables in this study.

6.2.6

Statistical analysis

Descriptive statistics
For descriptive purposes we first calculated age-standardized and age-specific mortality rates by sex,
educational group and calendar year. We age-standardized the population by the direct method, using
the mean number of person-years in the operational sex and age groups as the standard population.
The distribution of the population in the 65−74, 75−84, and 85−94 age groups by sex was 61%, 32% and
7% for men, and 54%, 36% and 11% for women, respectively. We used the higher educated as the
reference group and calculated the age-standardized and age-specific mortality risk differences and
mortality rate ratios by educational level in both sexes. We presented the results in tables and figures.
Background statistics (number of deaths and person years) were also reported in tables.
Choice of methods to test for trends
In order to achieve the objective of this study, we wanted to use graphics, but also be able to test
whether any trends in educational inequality were significant or not. We prepared the analyses by
generating a dataset consisting of contingency tables. The contingency tables summed up the number of
deaths and person years for every combination of sex, age-group, educational level and calendar year.
We used regression models to exploit data from every single year during the study period when
estimating trends. We tested for trends in mortality rates by educational level, and for trends in
mortality rate ratios and mortality rate differences between higher and lower educated people. The
overall trends from 1961 to 2009 and a time-restricted analysis of the first and second half of the period
were tested separately. We considered two-sided P values <0.05 as statistically significant.
In our analysis of trends in rates and rate ratios, we chose to use Poisson regression to account for
person years at risk and estimate the mean relative change in mortality rate ratios with confidence
intervals. In contrast to the non-parametric Cox-regression, which is often used in medical statistics, the
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Poisson regression is parametric and exploits the approximation of the outcome to the discrete
probability distribution called the Poisson distribution. The assumption of a certain distribution function
allows for more effective statistical calculations and more precise estimates than the non-parametric
model. Further, as we do not only assume proportional hazard rates as in Cox-regression, but also that
the hazard rates are constant, we are able to model the hazard function in the baseline group (301). As
deaths in the general population are fairly well distributed throughout the year, we considered the
assumption of constant hazard rates to hold.
In order to test for trends in mortality rate differences we exploited the plot of mortality rate
differences and modelled its linear trend throughout the study period. We chose to use weighted least
square regression models to allow for heteroscedasticity of the outcome variable and estimate the
mean absolute change in mortality rate differences with confidence intervals.
Test for trends in mortality rates (model 1)
In the tests for trends in mortality rates we exploited the following Poisson regression model stratified
by gender, age-group and educational level:
Ln(MR) = α + β (year)
Here death count was the outcome variable, person years the exposure variable and year was a
covariate equal to [calendar year – 1960]. We interpreted exp(β1) as the group-specific mean yearly
relative change in mortality rates.
Test for trends in mortality rate ratios (model 2)
We then expanded the Poisson regression model to test for trends in mortality rate ratios between
higher and lower educated. The regression models were stratified by age group and sex:
Ln(MR) = α + β (

)+β (

)+β (

∗

)

Here death count was the outcome variable and person years the exposure variable. Year, educational
level and the interaction term education by year were covariates. Year was set equal to [calendar year –
1960] and education was a dummy variable equal to 1 for lower educated. In the model, we interpreted
exp(α) as the baseline mortality rate for higher educated in 1960, exp(β1) as the mean yearly relative
change in mortality rate for higher educated, and exp(β2) as the mortality rate ratio for lower compared
to higher educated in 1960. We answered the first part of our research question by interpreting exp(β3)
as the group-specific mean yearly relative change in mortality rate ratios, i.e. relative inequality in
mortality, between higher and lower educated.
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Test for trends in mortality rate differences (model 3)
We used the following weighted least square (WLS) regression model to test for trends in mortality rate
differences between higher and lower educated:
MR = α + β (

)+β (

)+β (

∗

)

Here mortality rate (MR) was the outcome variable, and year, educational level and the interaction term
education by year were covariates. Year was set equal to [calendar year – 1960] and education was a
dummy variable equal to 1 for lower educated. To allow for heteroscedasticity of the outcome variable,
we weighted the regression by weights equal to the number of person-years at risk in each stratum. We
answered the last part of our research question by interpreting β3 as the group-specific mean yearly
absolute change in mortality rate differences, i.e. absolute inequality in mortality, between higher and
lower educated.
Sensitivity analysis
Educational level was classified differently after 1970 compared to the 1960s. We controlled for possible
misclassification bias due to these differences in educational classifications by means of a sensitivity
analysis in which we estimated trends in mortality rate ratios and mortality rate differences limited to
the years 1971-2009.
Statistical packages
We used IBM SPSS Statistic 19 (IBM Corp, New York, USA 2010) for data preparation and analysis by
WLS-regression models. Stata/IC 12.0 (StataCorp LP, Texas, USA, 2012) was used for tests using Poisson
regression models and for graphics.

6.3 Study III
6.3.1 Study design, data sources and data linkage
Study III was an observational, prospective register-based population study based on the same
individual level linked data sources as described under Study II.

6.3.2 Study setting and study population
The dataset comprised all person-years and deaths in Norway in the 65+ age group between 1 January
1961 and 31 December 2009.
We constructed 49 cohorts, one for each calendar year. The cohorts were defined as all citizens living in
Norway at any time within each year, expect for the 1961-1970 cohorts which were restricted to people
registered in the 1960-census. Cases that emigrated between 1971 and 2009 were censored in 1965,
whereas cases that emigrated after 1971 were included every year up to the time of emigration and
excluded thereafter. We excluded records with missing data on educational level. The cohorts were
followed up for deaths occurring within the calendar year in Norway.
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6.3.3 Ethical approval
The study was approved by the Regional Committee for Medical and Health Research Ethics, South East
Norway (approval number 2010/260).

6.3.4 Outcomes, explanatory variables and possible confounders
The outcome in this study was the remaining life expectancy at age 65 (hereafter referred to as “e65”).
We used the same explanatory variables as described under Study2, and did not include any possible
confounding variables in this study.

6.3.5

Statistical analysis

Data preparation
We defined four subpopulations according to gender and educational level. For each of the
subpopulations, we used one-year mortality by one-year age group to construct annual life table, i.e.
one life table for every calendar year from 1961 to 2009. In order to be able to compare with the overall
e65 in the population, we also used the same procedure to construct a joint life table for both sexes and
educational groups together. For each of these life tables, we calculated e65, assuming mortality to be
constant beyond the age of 95 years, and equal to the crude rate for the 95+ age group. We used the
formula by Chiang in 1984 (302), and also described by Pedersen (303), to estimate the 95% confidence
intervals for e65. The procedure requires first that we estimate the variance of the probability to die at
age 65, q65 (303):
(

×(1−

)=

)

Here, Var(q65) is the variance of the probability to die at age 65 , q65 is the probability to die at age 65
and D65 is the number of deaths at age 65.
The second step is to calculate the variance of the e65, Var(e65), which according to Chiang might be
approximated by the following formula (303):
(

)≈

(1 −

) ×

+ 0,5

×

( )

Here, ω represents the highest age in the life table.
The square root of the estimated Var(e65) corresponds to the standard error of e65 (SEe65)(303):
=

(
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We used these approximations of SEe65 to calculate the 95% confidence interval (95% CIe65) of e65 by use
of the following formula:
95 %

=

+⁄− 1,96 ×

Educational differences in e65 were calculated by subtracting e65 for lower educated from that for higher
educated. We calculated the 95% confidence interval of the difference in e65 (95% CIe65(diff)) to be equal
to:
95%

(

)

=

+⁄− 1.96 ×

( (

)+

(ℎ ℎ)

Descriptive statistics
The number of person-years and deaths by sex, educational level and sub-period were described in a
table. We used graphs to describe the yearly estimates of e65 and of the educational differences in e65.
Choice of methods to test for trends
In order to investigate changes in e65 according to educational level, we wanted to use graphics, but also
be able to test whether any trends in educational inequalities in e65 were significant or not. We chose to
use weighted least square (WLS) regression models to exploit the data from every single year during the
study period when estimating trends. Weights were set equal to the inverse variance of e65.
We tested for trends in e65 by sex and educational level and, stratified by sex, for the absolute
differences in e65 between higher and lower educated. We tested for the overall trends from 1961 to
2009 and separately for sub-trends in each of the five periods: 1961-1970, 1971-1980, 1981-1990, 19912000, and 2001-2009. We considered two-sided P values <0.05 as statistically significant.
Test for trends in life expectancy by sex and educational group (model 1)
We tested for trends in e65 using the following WLS-regression model:
=α+β (

)

Here, e65 was the outcome variable, and the continuous variable year was a covariate. Weights were set
equal to the inverse variance of e65. We interpreted β1 as the group-specific yearly mean absolute
change in e65.
We presented the results in the text and in graphs.
Test for trends in educational differences in life expectancy by sex (model 2)
We tested for trends in educational differences in e65 by adding educational level and the interaction
term education by year to the model specified above:
=α+β (

)+β (

)+β (
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Here, e65 was the outcome variable, and year, education and the interaction term education by year
were covariates. Year was a continuous variable equal to calendar year, and education was a dummy
variable equal to 1 for lower educated. Weights were set equal to the inverse variance of e65. We
answered part of our research question by interpreting β3 as the group-specific mean yearly absolute
change in the educational differences in e65.
We presented the results in the text and in graphs.
Statistical packages
We used Stata/IC 12.0 (StataCorp LP, Texas, USA, 2012) to construct the life tables, for the statistical
analysis, and to create graphics.

6.4 A note on interpretation of trends
As studies of trends in health differences explore the interaction between time and exposure, and
whether these two parameters interact or not, the interpretation of results might depend on whether
we are estimating absolute or relative effects (72, 304). In the case of opposite directions of temporal
trends among the groups of interests, both relative and absolute differences will always increase, and
the conclusions do not differ by measurement mode. However, when both groups experience trends in
the same direction, proportionate changes in risk will necessarily increase or decrease the absolute risk
gap. The figure below illustrates the differences between spatiotemporal differences in relative equality
and absolute equality. The left panel plots a case of downward trends. The graph illustrates that as long
as the linear slope of the comparison group can be fitted within the shaded area, the risk ratio will
increase despite declining risk difference. Correspondingly, in the case of upward trends (the right
panel), as long as the linear slope of the comparison group can be fitted within the shaded area, the risk
ratio will decrease despite increasing risk differences.
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Figure 4: The distinction between stable rate ratios and stable rate differences when mortality is
changing.
The example illustrates how relative and absolute measures provide different perspectives of
associations (305-308). The differences might influence our perception of the extent, directions and
implications of documented associations (308). For instance, rankings based on rate ratios like the one
presented by Mackenbach et al. (253) might differ substantially from rankings based on rate differences
(305-308). Thus, whether a ranking of an association is presented in relative or absolute terms might
affect assessments of the magnitude of a problem, and affect our abilities to optimal resource allocation
(308-310). Because of the different perspectives, reporting both absolute and relative measures of
effects whenever possible is recommended by the guidelines of the Consolidated standards of reporting
trials (CONSORT) initiative (311) and the Strengthening the reporting of observational studies in
epidemiology (STROBE) initiative (312). It is also recommended by methodological guidelines on
measuring and monitoring health inequalities (35, 281, 307, 313). Nevertheless, in a review by King,
Harper and Young in 2012 (308), a vast majority of published papers on social inequalities in health in
2009 reported only relative measures (308). In the papers included in this thesis, we used graphs and
estimation methods to present trends in both absolute and relative association measures.

65

7 Summary of results
7.1 Study I
There were significant declining trends in both functional limitations and disability. Functional
limitations declined by, on average, 3.3% per year, whereas the corresponding decline for disabilities
was 3.4% per year. Women suffered more functional limitations and disabilities than men. Both
functional limitations and disabilities were more prevalent among lower educated. Marriage or
cohabitation was associated with lower prevalence of functional limitations and disabilities (error in the
paper`s abstract). The trends were significantly weaker with increasing age for disabilities, but did not
differ significantly between subgroups of sexes, educational level or marital status. Both functional
limitations free- and disability free life expectancy at age 67 seemed to increase more than total life
expectancy at age 67 during this period, resulting in a seemingly compression of lifetime with both
functional limitations and disabilities among those 67 years and older. The compression seemed to be
both relative and absolute compared to overall life expectancy.

7.2 Study II
The average age-standardized absolute inequalities increased by 0.17 deaths per 1000 person-years per
year in men (P<0.001), and declined by 0.07 deaths per 1000 person-years per year in women (P<0.001).
We found the steepest increases in mortality rate differences among men aged 75-84 years, with an
annual increase of 0.38 per 1000 person-years (P<0.001). In women, trends in mortality rate differences
were much weaker; women aged 75-84 were the only age-group with a trend significantly different from
zero, with an estimated mean annual decline in mortality rate differences of 0.10 per 1000 person-years
(P=0.013). On average, the corresponding increase in age-standardized relative inequalities was 0.4%
and 0.1% per year in men and women, respectively (P<0.001). Trends in rate ratios were largest in the
youngest age groups for both genders and negligible and non-significant among women aged 85−94
years.

7.3 Study III
Overall, e65 increased for both sexes and educational groups between 1961 and 2009. However, as the
increase was greatest among higher educated, educational inequalities in e65 increased. The widening of
educational inequalities in e65 was larger in men than in women, with a mean pace of increase of 0.060
life years per calendar year in men (P<0.001) and 0.025 life years per calendar year in women (P<0.001).
However, the pace and direction of change in e65 shifted over the period. In men, e65 decreased in the
1960s, before a long and still ongoing period of accelerated increase from the 1970s. The increase in e65
was slower in lower educated compared to higher educated men during the 1980s and 1990s, which is
why their educational inequalities in e65 increased. In women, e65 increased more steadily throughout
the period than in men. However, from the 1980s onwards, the increase in e65 decelerated somewhat
for lower educated women and caused educational inequalities in e65 to increase.
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8 Methodological considerations
Before staring the discussion of the findings (chapter 9) I would like to adress some of the
methodological strengths and limitations relevant to this thesis. As with chapter 6, I give a full account
of this issue, and the chapter therefore partly overlaps with the discussion sections of the published
papers. I consider study I separately in chapter 8.1, followed by study II and III jointly in chapter 8.2.

8.1 Study I
In the following sections I will discuss methodological issues that might have influenced the results in
study I.

8.1.1 Was the study design appropriate to meet the research aim?
The repeated cross-sectional study design allowed for analysis of trends in the prevalence of ill-health
over time. We considered the design well-suited for answering the aim of this study. Although
longitudinal designs with replenishment would provide more statistical power and allow for analysis of
transition rates, the major strengths of the repeated cross-sectional design is that there are no loss to
follow up bias (71, 174), and that the possibility of information bias through learning by repeated
exposures to questions are avoided (71). Nevertheless, one third of every sample from 1987-1995 were
panel samples, whereas the studies from 2002-2008 were of pure cross sectional design. We did not
take this methodological change into account in our analysis. The use of panel samples in part of the
study period led to a slight overestimation of the variance in the data from these years.

8.1.2 Selection bias: Was the study population representative of the target population?
We wanted to investigate the Norwegian old age population and defined the target population of this
study by the general retirement age in Norway during the period (67 years and older). Any inclusion of
younger age groups was not possible since the available data on disability and functional limitations
were also restricted to the population aged 67 years and older. The study population consisted of
survey respondents aged 67 years and older interviewed in one of Statistics Norway`s Surveys of Level of
Living/Living Conditions between 1987 and 2008 (285-290). The gross samples of these surveys were
considered as representative samples of the non-institutionalized population in Norway (285-290).
While the exclusion of the institutionalized population introduced a samling bias to our analysis on the
target population, the representativeness of the study population was also challenged by non-response
bias.
Sampling bias – the exclusion of the institutionalized population
The gross sample differed from the target population by excluding the institutionalized population and
thereby introducing sampling bias. This part of the survey sampling procedure surely excluded many of
the most disabled in the population, and biased the estimated prevalence of ill-health in the population
(71, 208, 314). Further, as the institutionalized proportion of older adults decreased over time,
disabilities and functional limitations might have increased among the institutionalized population (315)
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as well as among home care users (174, 316). Thus, the exclusion of the institutionalized population
could also bias the trends in disabilities and functional limitations over the study period (179, 208, 314).
However, the institutionalized population constituted a limited part of the target population, ranging
from 8% to 6% of the population aged 67 years and older and from 22-14% of the population aged 80
years and over (own calculations based on data from the NSD (292)). Thus, the effect of this selection
bias was probably somewhat limited, at least in the younger old age group. Moreover, the trends still
remained highly significant in a sensitivity analysis in which we included a proportionate share of the
institutionalized population under the assumption that they all had disabilities and functional
limitations. We therefore conclude that the exclusion of the institutionalized population cannot explain
the overall decrease in disabilities and functional limitations in our study.
Non-response bias
Non-respondents constituted a substantial and increasing proportion of the sample, a finding shared by
many population-based surveys over the last decades (317, 318). On average, the non-response was
32%, but it increased from 25% to 34% over the period. Of those aged 80 years and older, the
correspondent average proportion was 40%, and it increased from 32 to 45%. Statistics Norway
reported causes for non-response specifically for the old, only in the surveys of 2002, 2005 and 2008
(288-290). Most of the non-respondents did not want to participate (refusals), or, especially among
those aged 80 and over, reported that they could not or were unable to participate. The refusals and
could-not-participate/unable group accounted for about 90-95% of all non-response above the age of 67
years (288-290).
The high levels of non-response might imply a risk for selection bias (318). We are unaware of any study
investigating non-response bias in the specific survey samples we used. Thus, we do not know how
selective the non-respondents were in our data. In a comparison of respondents and non-respondents
aged 16 years or older in the Norwegian Health Survey of 1995, Statistics Norway found nonrespondents to be more often lower educated or born abroad (319). However, several studies of other
surveys have demonstrated that non-respondents differ from respondents in many health-related risk
factors. In younger populations, non-respondents have been found to be more often lower educated
(317, 320, 321), single, widowed or never married (317, 320, 321), smokers (317, 320, 322), and have
higher prevalence of physical inactivity (317, 322) than the respondents. Further, respondents and nonrespondents differ in various health outcomes. Compared to respondents, non-respondents have
reported worse self-rated health (317, 322) and more often treatment for hypertension (320), and they
suffer from higher mortality (317, 323). Non-response bias in health have also been found among older
adults, where, compared to respondents, non-respondents have showed higher prevalence of stroke
(324), ADL-disability (314, 324), mobility problems (314, 324), and psychological problems (314), and
they have reported worse self-rated health (324), and suffered from higher levels of mortality (314).
The direction and size of non-response bias are difficult to predict because they seem to differ by health
outcome (324). We did not have sufficient data on the non-respondents to fully assess the degree of
non-response bias in our sample. The weighting by sex and age group might have reduced the effect of
non-response bias though, and could actually eliminate non-response bias under the assumption that
the probability to response was constant within each stratum (294). Such an assumption is difficult to
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prove, but was nevertheless probably wrong in our sample as those with functional limitations and
disabilities were probably less able and/or willing to respond to population surveys (314).
On the other hand, although non-response bias might affect the cross-sectional prevalence estimates,
the impact on the trend across several surveys need not be so large. For instance, by use of imputation,
Johansson et al. estimated what the trends in ill-health would be in the gross sample of the Swedish
ULF-study of the oldest old (325). The imputations were based on the association between reason for
non-response and mortality. The investigators found that non-response had little effect on the trend
estimates between two measuring points, and only limited effect on the estimates of prevalence.
However, the possibility of biased trends due to non-response depends on whether the probability to
respond among those with functional limitations and disabilities changed or not. For instance, Tolonen
et al. demonstrated that population trends in tobacco usage were biased by shifts in the prevalence of
daily smokers among respondents and non-respondents over time (320).
The aforementioned risk for non-response bias, and the uncertainty concerning its direction and size,
challenged the validity of the study. Nevertheless, we did a sensitivity analysis in which we assumed all
non-respondents had disabilities and functional limitations. The trends remained highly significant,
albeit with weaker pace of decline. We therefore conclude that, at least, selective non-response did not
seem to bias the direction of trends.

8.1.3

Information bias in trends in functional limitations and disabilities –
misclassifications and measurement errors
One strength with this study was the use of survey data from six different data points over the recent 22
years. Most studies are based on two to four data points, which make the trend estimates sensitive to
random variations between surveys, and thus threaten the reliability of the estimates (180, 201). The
use of six data points over a period of 22 years reduced the risk for biased trend estimates due to
random variation in the prevalence estimates of any individual year. Another strength with regard to
information bias was that the items we used seemed to be interrelated to a large degree, and thus
measure the same latent constructs, i.e. our operationalization of functional limitations and disabilities.
One possible source of information bias to the trends was the change in mode of interview, by the
gradual shift from mainly face-to-face interviews to mainly telephone interviews. This might have
introduced differential misclassification bias to the trend (178, 326-329). The extent of such a bias is
challenging to assess, as the mode of interview might itself be determined by health status (326, 330).
However, in an observational cross-sectional study by Rodgers and Miller there was no significant modeeffect in the numbers of limitations in ADLs, IADLs or in functional limitations after adjustment of health,
socioeconomic and demographic characteristics (326). Others have come to similar results (327, 329,
330). We are not aware of published experimental evidence on differential misclassification bias by
mode in self-reports of disability and functional limitations. Herzog et al. found no evidence on mode
effects on reports of cognitive functioning in a randomized trial (331), and according to Wolf et al., the
same trial did not reveal mode effects on disability measures either (329). On this background, although
we could not exclude the possibility of misclassification bias by mode of interview, we considered the
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extent of such bias to be limited compared to the changes in disabilities and functional limitations over
time.
Another possible source of information bias to the trends was the change in question wording in the
mobility items. Differences in question wording have been found to influence the estimated prevalence
of disability and thus imply a risk for misclassification error (71, 326, 332). In the 1987 and 1991 surveys
the mobility items were assessed with the question “Do you have difficulty with…”, while in the surveys
from 1995-2008 Statistics Norway added the words “..without resting” at the end of each of the mobility
questions. In addition, in the survey of 2008 Statistics Norway added further questions after each
mobility-question, where the respondents were asked to grade their difficulties. Such minor changes in
the structured interview could lead to differential response bias of the trend estimates. Especially,
respondents prior to 1995 might have included the possibility of resting when considering own abilities,
whereas such mobility adaptations to compensate for functional limitations were supposed to be
excluded from 1995 and onwards. Thus, the adding of “without resting” at the end of the mobility items
question from 1995 theoretically increased the propensity for being classified with functional
limitations. These changes in the question wording in 1995 and 2008 could both have the potential to
introduce differential misclassification bias to the trend. However, although there were no change in the
question wording in the disability item questions, and no additional grading question was introduced
subsequent to them, the prevalence of functional limitations and disabilities developed similarly over
time. This might indicate that neither the change in question wording, nor the adding of a subsequent
grading question to the functional limitations items biased the trends significantly.
Some additional conditions were potential sources of information bias to the prevalence estimates, but
as they remained constant across the six surveys they had less potential for biasing the trend estimates.
However, as I cannot fully exclude such bias I will discuss them in the following paragraphs.
One possible source of information bias to the prevalence estimates was the lack of interviews by
proxies, i.e. interviews of next-of-kin in place of the case, in the surveys by Statistics Norway. Although
the primary benefit by using proxies for impaired respondents are better response rates, the lack of
supplemental information provided by proxy respondents might entail information bias. Several studies
indicate that older survey participants might perceive their level of health and functioning differently
than their proxies do (67, 326, 333). For instance, in a study of observational cross-sectional data,
Rodgers and Miller found that proxy respondents reported more ADL-limitations than did selfrespondents, and this difference remained significant also after adjustment for health, socioeconomic
and demographic characteristics (326). Similarly, Rubenstein et al. found that hospitalized patients
perceived their IADL-functioning as better than in simultaneous evaluations by proxies (333). On the
other hand, the individuals own assessment of his or her health are considered to be an important
information source in studies of health in the elderly (325). Thus, we might consider self-assessments of
functional limitations and disabilities as more relevant to the individual than the corresponding
assessments reported by third parties. Further, it is not necessarily clear whether the true level of health
and functioning are closer to what is reported by the study subjects themselves, or that perceived by
their proxies (333). Thus the use of proxies could also have potential for information bias (67, 326, 333),
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and we do not know the degree to which use of proxies in this study could have influenced the level of
measurement error in the outcomes.
Another possible source of information bias to the prevalence estimates was the self-assessment data
we based our analysis on (161). Despite a large body of literature on trends in disability and functional
limitations there is no consensus about the best way to measure it (71, 326). Clinical studies often use
observational measures such as physical function tests, in which health professionals assess the
performances of each study participant and classify them as operationally disabled or not (326).
Contrary, larger population studies such as national surveys often use self-reported data because they
are cheaper and easier to obtain (326, 334). Especially, it might be easier to obtain higher participation
rates in surveys on self-reported data than in studies based on observation of physical function tests
(334). However, Kempen et al. found self-reported data on ADL-functions to be weakly correlated with
results from physical function tests (334) and the probability to report a health problem might be
affected by sex, age and educational level (179), and by depression or low self-perception of physical
competence (334). In particular, studies on self-reports on disability, activity or functioning are sensitive
to variation in interpretation of questions (335). For instance, self-report measures might lack clear
guidelines by which the respondents should assess their level of difficulties (161), and we cannot
exclude the possibility for misclassification due to ambiguous survey question, particularly in the
presence of poor cognitive functioning (161, 335). The Global burden of disease (GBD) study sought to
overcome these challenges by computing disability estimates bottom-up, by first estimating prevalence
rates for a wide array of health states, and thereafter adjust these states by severity-weights estimated
by surveys of general populations (335, 336). However, the method thereby introduced another
potential misclassicifaction bias as one could question the validity of a global set of disability weights
assessed by people in age groups where most of these conditions are far from everyday life in valuing
the experience of disability in a particular society by older individuals who are suffering from the health
state themselves (336). Moreover, by summing the prevalence of a specific number of health states as if
they were independently developing (335), and adjust these states by weights derived from the general
public`s perception of the associated level of disabilities, the GBD-project risked overestimating the
actual experience of the resulting disabilities from real life combination of comorbidities. I will therefore
argue that the more clearly defined items of functional limitations and disabilities used in our study
might be considered more transparent and valid than the corresponding estimates in the GBD-project.
Although one might fear that our self-reported health data did not give the true picture of an
individual`s disabilities or functional limitations (161), observational data from physical function tests
might not be better than self-assessments, neither in the risk of ambiguity or reproducibility of the
responses or acceptability to patients (337). While the standardized performance tasks might be
artificial to the study participants, and the study participants might be distracted by being observed
(337), some instrumental activities such as walking outdoors and shopping might be challenging to
measure by physical function tests and must rely on self-reports (337). It therefore seems like som level
of misclassification is inevitable in disability studies. Whether any misclassification was systematically
biased in our study remains uncertain. However, misclassification was not in itself a threat to the validity
of our results, as we did not seek to estimate the total burden of all levels of severity of disabilities and
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fuctional limitations, but rather considered the indices as indicators of the constructs and thus the tip of
an iceberg. Thus, although the predictive values of the odds (i.e. prevalence) of our composite measures
for a specific year might be biased by measurement error, the predictive values of the trends in odds
need not be so. Surely, measuring disability and functional limitations consistently over time is
challenging (329) and our health constructs might have change over time and thus biased the trend
estimates (329, 335). However, the general decline across all our functional limitations and disability
items seems less likely to have been driven by any trend in misclassiciation bias due to temporal
variation in interpretation of survey questions, but rather points towards underlying health
improvements.

8.1.4

Information bias in trends in functional limitations free life expectancies and
disability free life expectancies – misclassifications and measurement errors
The estimates of trends in functional limitations-free life expectancy and disability-free life expectancy
are more vulnerable to information bias than the estimates of trends in prevalence. Surely, they share
the same risk for information bias as our estimates of trends in functional limitations and disabilities did.
However, some additional risk for information bias is introduced because Sullivan`s calculation method
is based on a combination of prevalence data on disability (stock data) and concurrent mortality data
(flow data) (162, 163, 171, 175, 338).
Sullivan`s method is based on the assumption that the prevalence at a given period is equal to the
product of the current observations of incidence, recovery and case fatality rate from ill-health, i.e. the
equilibrium proportions (162, 175). This assumption represents the most important advantage of this
method as it makes longitudinal data redundant, and allows for reliance on more widely available crosssectional data and period life tables (175). Thus, while the true value might only be derived from
multistate life table methods based on precise and detailed longitudinal data, Sullivan`s health
expectancy might be used to calculate estimates of the true values (163). However, the use of
prevalence data as a proxy for the period-specific proportion which follows from period-specific
incidence, recovery and case fatality rate implies that Sullivan`s method is only indirectly accounting for
transitions into and out of the ill-health state of interest (162, 163, 171, 175, 338); prevalence data on a
given health state depends on the historical developments in these transition rates, and the prevalence
level is not necessarily equal to their period-specific equilibrium (162, 163, 175). The magnitude of this
bias depends on the recent extent and the pace of change in the transition rates. In the case of large and
sudden shifts, the prevalence will deviate from the equilibrium proportion, whereas the prevalence will
be close to the equilibrium proportion when transition rates are modest and develop gradually (66, 162,
163). If, for instance, the incidence of disability has declined, or recovery rates improved, the prevalence
data migh overestimate the extent of disabilities compared to the equilibrium of current conditions.
Contrary, if case fatality rates have declined, the Sullivan method might underestimate the extent of
disabilities compared to the equilibrium of current conditions. Thus, Sullivan`s method is said to be
vulnerable to information bias by the legacy of the past (162). The bias might go in both directions.
The magnitude of this bias has been widely discussed (175). Critics have argued that the differences in
the prevalence and equilibrium proportions in observational data might be substantial, and warned
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against assessments on compression or expansions of morbidity based on Sullivan`s method (162, 338).
On the other side, based on simulated scenarios, Mathers and Robine argued that Sullivan`s health
expectancies might provide valid estimates of the true period value, given smooth and regular changes
in development of incidence, recovery and mortality over the longer term (163, 171, 175).
The extent of this bias in the study of paper I is uncertain. Indeed, mortality from specific diseases, in
particular cardiovascular diseases, changed substantially over the recent decades (162). Further,
recovery is possible from many ill-health states, and the recovery rates from dependency to
independency, or from a particular ill-health state to good-health, is likely to have changed (162, 168,
169, 338). Although recovery was rare in a Norwegian cohort study on disability among persons aged 80
years and older (164), the analysis within this thesis comprised a younger study population where
recovery might have improved substantially. Development in medical treatment like prosthetic hip
replacement surgery, cataract surgery and aortic valve replacement surgery, revascularization
procedures, and introductions of medical treatment that slow down or reduce the pathology of chronic
degenerative diseases might have reduced case fatality rate and allowed more elderly to restore
functional abilities. Also, from the 1980s onwards, there was more focus on independent living among
the elderly. The focus on rehabilitation of elderly became more important, especially from the 1990s
onwards, with emphasis on early rehabilitation, rehabilitation from stroke, and usage of assistive
technology when needed. Altogether, these developments are likely to have reduced the case fatality
rate and increased the transitions from functional limitations to functional abilities and from disabilities
to autonomy. The net effect of these changes in transition rates might have biased our health
expectancy estimates in both directions.
Nevertheless, I will argue that whether or not health expectancies should be considered biased by the
legacy of the past depends on our theoretical understanding of the measure. As outlined above, it might
be argued that health expectancies, in terms of predictions of future individual expectations of health,
might indeed be biased by use of prevalence data which has been shaped by the transition risks of the
past. However, although one might say that healthy life expectancies should be considered as a best
guess for the future, it is highly unlikely that any birth cohort will experience the exact mortality pattern
of a specific period. Thus, the perceived expectations to future life course provided by period life
expectancies are highly questionable (175). However, whether representing a legacy from the past or
not, the prevalence of an ill-health state is surely a challenge to public health of today. The strength of
health expectancy indicators are not to predict the future, but to sum up the period`s morbidity and
mortality rate patterns of a given population. In that sense, one might say that Sullivan`s health
expectancies, based on prevalence data, are equally meaningful indicators of the state of health of a
population as the ordinary period life expectancy (171).

8.1.5 Construct validity
The validity of the study depends on the degree to which the instruments we used to assess functional
limitations and disability appropriately measured what they claimed to measure. Yet, as no gold
standard of physical functioning or ability exist, it is challenging to assess the validity of any measure or
index of functioning or ability (161). In this study, we generated two nominal, dichotomous instrument73

indices based on the items available in the surveys conducted by Statistics Norway. The Cronbach alpha
values were 0.780 and 0.815 for the functional limitation and disability indices respectively, which might
suggest that the reliability of these index scores was acceptable.
One threat to the construct validity was that we coded the indices as “failure” if at least one difficulty
was reported in the included items. Thus, we weighted the different items of the functional limitation
and disability indices equally. One could say that the various items that constituted the indices ought to
be weighted according to their importance. However, there is no universal agreement on the ranking of
these items and we were not aware of any study ranking the items used in our study in a way that would
imply unequal item weights.
Another threat to the construct validity was that the available survey data only offered consistent
reports on a limited range of ability-items. We based the functional limitation index on three simple
mobility questions, whereas the disability index was based on two IADL-questions and two other
activities that we considered relevant for older people. We cannot say that the two indices cover all
aspects of the constructs, nor nothing but the constructs. Especially important are the lack of
information on more serious disabilities, such as those affecting Activities of Daily Living (ADL) (69) or
cognitive failure (164). Nevertheless, we believed that our disability construct might serve as an
indicator of light disabilities. Those that are able to perform housecleaning or do the grocery shopping
are likely to be able to perform the more basic ADL (182). We therefore considered the indices used in
our study as relevant proxies of functional limitations and disabilities and thus the tip of an iceberg.
Consequently, their limited construct validity might not have biased the estimated temporal trends.
Finally, it is necessary to highlight the lack of concrete evidence on the construct validity as a threat
itself. We do not know of any studies that have assessed the construct validity of the specific
instruments that we used to measure disability or functional limitations in our study. Nevertheless, in
our opinion there was some face validity in the aggregated indices based on simple survey data (339,
340). In both indices, the items used were quite specific in terms of content, the levels of internal
consistency were satisfactory indicating acceptable reliability, and their prevalence were similar and
changed similarly over time. On the other hand, we cannot rule out the possibility that the survey
questions might have been ambiguous to the respondents, nor that the response process might have
been particularly difficult for older adults with poor cognitive functioning (161). The way people address
these questions might have changed over time (179) and the potential for sex differences in the
response process might be especially important; men and women might differ in their expectations and
requirements of functional level in daily living, and these expectations and requirements might change
over time. This applies particularly to the disability measures, where gender roles, technology and
society have changed (46, 179, 213). In particular, aiding equipment assistance, like walkers and
rollators, might have become more common (341) and adopted as a naturally everyday aid. Thus,
especially for the disability measure, construct validity might have changed, possibly differently for men
and women, and thereby biasing the trends. However, as disability partly depends on functional
limitations (46), and the prevalence pattern in functional limitations and disability developed similarly
over time, we considered any bias of the trends in disability due to change in construct validity to be
negligible compared to the underlying decline in functional limitations.
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8.1.6 Confounding
A confounding variable must be associated with both our explanatory variable (survey year), and our
outcomes (disability or functional limitations). Although there might be many uncontrollable
confounders to the trend estimates, we had data on some important factors with confounding potential.
We knew that disability and functional limitations differs by educational level, age, sex and marital
status (180, 342), and that sociodemographic differences in trends in disability might change over time
(180). Although we might have lacked power to detect relevant effect modification, we used interaction
terms to check for confounding due to possible changing association of marital status, education, sex
and age to disabilities and functional limitations. These analyses revealed that trends in disability
differed significantly by age-group, while the other interaction terms of group-by-survey-year did not
improve the model significantly, and could therefore not be identified as significant confounders.
A change in the data collection period might also pose a confounding factor. The first three surveys were
conducted in the periods from January to March in 1987-1995, whereas the latter three surveys were
conducted in the periods from September to March in 2002-2008. We did not account for these changes
in the interview period in our analysis. Although we could not exclude a potential confounding effect of
the change in interview period, we considered it to be negligible.

8.1.7 Precision and random error, and statistical conclusion validity
We sat the α-level at 0.05. Thus, the risk of type I error, i.e. incorrectly rejecting the null hypothesis (no
trend) was 5%. The risk for type II errors, i.e. failure to reject a false null hypothesis although the
alternate hypothesis was true, depends partly on the sample size. We did no sample size estimations
prior to the analysis. It is challenging to assess the sample size necessary to detect a certain effect in
multivariate logistic regression analysis and especially in the models where we tested for effect
modification (disparities in trends by sex, educational level, age or marital status). Thus, a weakness of
the study was the possibility of insufficient statistical power and that we did not know the risk for type II
errors and failure to reject a possibly false null hypothesis (no trend or, in the models with interaction
terms, no significant effect modification).
A strength of this study was that we used data from a larger number of measuring points than most
other studies of temporal trends in disability. Some trend studies, e.g.(191, 208), have been restricted to
comparisons between two time points. Thus, the accuracy of the trend estimates, i.e. the relative or
absolute change in prevalence between the start and end of the study, rely on the degree of random
error in these two prevalence estimates (180, 201). The large number of measuring points in our study
allowed for a more nuanced presentation of the temporal changes in functional limitations and
disabilities, and made the trend estimate less sensitive to random variation in the prevalence estimates,
and to undetected systematic methodological differences (201).
We based our analysis on visual inspections of plots and tables, and on estimation of slope parameters.
We did the estimation of slope parameters under the assumption that there was a log-linear association
between time and prevalence. Thus, one could say that the model was incorrectly specified as there
were no evidence of log-linearity in the plots that depicted the temporal prevalence pattern of
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functional limitations and disabilities. In fact, the trends might have levelled off after 2002 or to have
increased slightly between 2005 and 2008, where we consequently found the largest departures from
what was predicted by the linear trends. However, we never intended to model the specific temporal
patterns of prevalence in functional limitations or disabilities, but rather to estimate their average yearly
relative change across the survey years. Correspondingly, in the analysis of functional limitation free life
expectancies and disability free life expectancies, we assumed a linear association with time. Although
the tabulated life expectancies did not support such a linear association, we considered the linear slope
parameter as a relevant estimate for the average annual change over the study period.

8.1.8 Generalizability
The results from a one-country study like the one presented in paper I in this thesis are not necessarily
generalizable to other countries. First, the many threats to the internal validity of the findings are also
threats to the generalizability of the results. In this regards, the generalizability is restricted to the
constructs studied, and the results might not necessarily be representative of trends in wider constructs
of health. Second, countries differ in their age-distribution, epidemiological profiles and the
investments and distribution in healthcare, long-term care, rehabilitation and assistive technology. Thus
our results might not be replicable in countries that differ in these aspects.
However, the study provided one piece of evidence on recent trends in mild disability and functional
limitations in Norway. It adds to the growing body of evidence on trends in old age morbidity and
disability and contributes to a greater picture of disability trends in ageing populations. As mentioned
before, Norway might be considered a demographic forerunner, with comparatively high shares of the
population aged 65 and 80 years and over (15). Analysis on trends in Norway might be of relevance to
countries that are less mature in their ageing process.

8.2 Study II and III
In the following sections I will discuss methodological issues that might have influenced the results in
study II and III.

8.2.1 Was the study design appropriate to meet the research aims?
The prospective register-based population study design allowed for analysis of trends in the incidence of
ill-health over time. Registry-data that covered the total population reduced the risk for sampling and
selection bias at baseline. Further, the level of loss-to-follow up was very small. The large study
population allowed for precise yearly estimates of mortality rates and related association measures, and
enabled us to depict nuanced trends over the 48-year study period. We therefore considered the design
well-suited for answering the research questions of study II and III with high level of validity.
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8.2.2 Selection bias: Was the study population representative of the target population?
We wanted to investigate the Norwegian old age population and defined the target population of this
study to inhabitants aged 65 to 94 years (study II) and 65+ years (study III) during the study period. From
1961 to 1970, the study population was restricted to people registered in the 1960 census. As we lacked
emigration data for this period, non-deceased cases registered in the 1960 census but not in the 1970
census were considered to be emigrated and censored in 1965. From 1970 onwards, the study
population consisted of all registered residents in Norway aged 65-94 years at any time within each year
between 1970 and 2009. Cases that emigrated between 1971 and 2009 were included every year up to
the time of emigration and excluded thereafter. Thus, with the exception of the 1960s, the study
population was equal to the target population, and we considered the deviation from the target
population during the 1960s to be small in this age group.

8.2.3 Information bias - misclassifications and measurement errors
The analysis could be biased by misclassification of emigration, deaths or educations. All deaths in
Norway are reported on a statutory death certificate issued by a medical practitioner and registered in
the Central Population Registry. A death certificate is required in order to conduct inheritance
settlement. Although misclassification of deaths cannot be excluded, we considered any effect of this to
be negligible.
Misclassification of emigration is another source of information bias that would lead to numeratordenominator bias. Generally, people staying in Norway for more than six months are considered
residents. According to the Population Registration Act of 1970 with later revisions, emigration from
Norway for permanent or temporary stay abroad of at least 6 months duration requires notification to
the National Registry (297). In these cases emigration status are judged by The Norwegian Tax
Administration based on the individual`s relation to Norway including ownership of own housing in the
destination country, lack of ownership of own housing in Norway, occupational relation to Norway,
living spouse or children in Norway and the occurrence and duration of temporary stays in Norway
(343). Indeed, individuals might have illegally emigrated from Norway without such notification and
thereby contributed to numerator-denominator bias. However, in order to bias the trends in mortality
inequalities or life expectancy differentials, this bias must have changed over the period and been
substantial in size. The regular updates of the Population Register by decennial censuses should have
limited any such trend. Although we could not exclude any bias in trends from changes in emigration
registration, we considered any effect of such bias to be negligible.
Lastly, although we sought to reduce the magnitude of any misclassification bias by compressing the
educational hierarchy into only two strata, there could be misclassification of education. Given that the
level of educational attainment is mostly fixed from age 30, we expected almost all data on educational
level to be derived from self-reports in the 1960 and 1970-census. According to Vassenden (299), the
censuses were based on household questionnaires of the total population. Thus, there might have been
misclassification in self-reports and self-reports by proxies. Vassenden also noted that the
questionnaires were revised after collection and that auditors were explicitly instructed to decrease the
number of missing data by reasoning out answers when possible based on all information available
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(299). Thus, revision procedures posed an additional source of misclassification bias to our analysis. It is
difficult to estimate the magnitude of any misclassification of education, but Vassenden reported that
survey-controls on educational level for the total population in 1970 indicated underestimation of
educational level in the 1970-census. Indeed, underestimation seems more likely than overestimation,
and although such misclassification bias is likely to have reduced the level of mortality inequalities in our
analysis, its effects on the trends are more uncertain.
Our recoding procedure of educational data from the 1960-census to harmonize the 1970-census
introduced some misclassification bias to the prevalence estimates. We do not know which of these
censuses had the most valid data, but harmonization was necessary in order to reduce bias of trends
due to temporal changes in misclassification bias between the 1960s and the years thereafter.
However, the harmonization was not perfect and 14.2% of those surviving to 1970 changed their
educational classification in 1971. This adjustment error might explain the increase in inequalities in
mortality at 1971 (132), and may have led to conservative estimates of mortality inequalities and life
expectancy differentials during the 1960s which could lead to overestimation of the overall trends.
However, the direction of trends in mortality inequalities and life expectancy differentials did not
change by limiting the study period to 1971 onwards, and we therefore considered any effect of
misclassification bias due to recoding to be limited.

8.2.4 Confounding
Several confounders might potentially explain the trends in educational inequalities in mortality and life
expectancy found in our study. The estimates were stratified by sex, and as the changing agedistribution could confound the trends, all estimates were age-adjusted. Social mobility increased and
resulted in a decline in the lower educated group from 74% to 38% in men and from 83% to 50% in
women. Thus, a more negatively selected lower educated group during the study period could explain
part of the rise in mortality inequalities and life expectancy differentials (344). However, the extent of
such bias is likely to be limited since the lower educated groups were at no time marginal in size in these
cohorts (131-133). On the other side, although the dichotomous categorization of education reduced
the possibilities of misclassification bias, it also restricted us from detecting any gradient and also
blinded us for any effects of increasing shares of tertiary educated within the group of higher educated
in our study. If there was a mortality gradient by each level of education, this would lead to widening
mortality inequalities between the two groups studied. We did not adjust the education parameter for
changes in the distribution of educational level, but illustrated the effects of compositional changes by
comparing education-specific trends with corresponding trends for the total population. Other possible
confounders and mediators of the association between education and mortality are discussed in chapter
9.4 as possible explanations of the findings.

8.2.5 Precision and random error, and statistical conclusion validity
The study population was large and we considered any random errors due to random misclassification
of education, exposure time and deaths to be negligible. Nevertheless, as recommended by Rothman et
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al. (345), we treated the study populations as having sampling errors compared to an even broader
conceptual target population.
In study II, the null hypothesis was that there were no linear trend in the absolute educational
differences in mortality rates and no log-linear trend in mortality rate ratios. The corresponding null
hypothesis in study III was that there was no linear trend in educational differences in remaining life
expectancy at age 65. We used Poisson regression models and WLS regression models to test the
compatibility of the null hypothesis with the data. The Poisson regression models were based on the
assumption of constant mortality rates for each sex, educational level, age-group and calendar year,
which we considered likely to be met. However, visual inspection of the mortality and life expectancy
graphs indicated deviation from linearity in absolute gaps and log-linearity in relative gaps at least for
men. Yet, although the models were therefore incorrectly specified in order to model the specific
temporal patterns of mortality inequalities, they provided estimates of period-specific average yearly
change in life expectancy differentials, mortality risk ratios and rate differences across the survey years.
Given correct specification of the statistical models and no systematic error, the statistical conclusion
validity depended on the random errors. We estimated two sided P-values for the probability that the
test statistics would be greater than or equal to what was found in the data, given that the null
hypothesis was true and there was no bias. The null hypotheses were rejected if the P-value was equal
or lower than the α-level of 5%, and the estimated 95% confidence intervals depicted the range in which
one should expect the true parameter to be included in at least 95% of samples of the target population.
Thus, the risk that we incorrectly rejected a true null hypothesis, i.e. that there were no trends, was 5%
(type I error). Conversely, the risk of failing to reject the null hypothesis although the alternative
hypothesis was true (type II error, β) was related to the power of the tests (1- β) and given by the
sample size, the size of the effect of interest in the population, and the α-level. As the sample size was
large, we considered the risk for type II error to be small. By treating the longitudinal data set as
independent cross-sections we overestimated the variance of the point estimates. The true risk of type I
error was therefore lower than 5% to the cost of a slight increase in the risk for type II errors.

8.2.6 Generalizability
The results of this one-country study are not necessarily generalizable to other countries. Given
adequate levels of internal validity, the generalizability is mostly limited by the substantial inter-country
variation in causes of death associated with socioeconomic inequalities in mortality (239), the variation
in educational distribution (344), and the association of education with other confounding and
mediating factors like occupation, income, healthcare access, and lifestyle. Nevertheless, while the slope
coefficients might not be generalizable, the finding of non-linear temporal dynamics in educational
mortality inequalities is likely to be found in other places and time periods. Further, while life
expectancy in Norway is already relatively high compared to the rest of the world, mortality and life
expectancy estimates for higher educated groups in Norway might indicate further potentials for global
public health.
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9 Discussion
In this chapter I will discuss results of the three studies of this thesis in relation to results from other
studies and existing theory, and suggest possible explanations for the findings. Caution is required when
interpreting trends in observational data. As I cannot exclude potential confounders, the results from
these studies do not allow for causal inferences. However, observational studies might generate
hypothesis for future research. During my work with this thesis, I have come to several theoretical
hypotheses that might be fruitful to analyze further. In this chapter, I will outline some of the most
important theoretically possible inferences.
While the discussion of study I is covered in chapter 9.1, the discussion on study II and III are split into
several chapters. In chapter 9.2, I discuss the interpretation of the findings in study II and compare these
with previous and later research. A corresponding discussion on study III are provided in chapter 9.3. In
chapter 9.4, I discuss possible explanations for widening educational inequalities in mortality and life
expectancy. I outline some relevant implications of the findings to longevity projections in chapter 9.5.
Potential policy implications are discussed in chapter 9.6, and my proposals for further research are
discussed in chapter 9.7.

9.1 Trends in functional limitations and disabilities
Here I will discuss the findings in study I. I start out by interpreting the results, followed by comparisons
with research conducted prior to and after the publication of our study, and in a separate chapter,
comparisons with research testing the compression and expansion of disability hypothesis. Thereafter, I
discuss possible explanations and policy implications of our findings, before I end up by highlighting
areas in need for future research.

9.1.1 Interpretation of findings
Study I suggested that functional limitations and mild disabilities declined among older adults in Norway
between 1987 and 2008. Also, it revealed that substantial and persisting sociodemographic variation in
levels of disabilities and functional limitations are also found in the universalistic social-democratic
welfare state of Norway. The close similarities in trends in disabilities and functional limitations might
indicate underlying health improvements. The decline in functional limitations and disabilities was larger
than the corresponding decline in mortality and resulted in absolute and relative compression of mild
disability and functional limitations at the end of life. Thus, the study suggested that most of the life
years gained by declining mortality over these decades consisted of mainly years without functional
limitations and mild disabilities. However, the trends seemed to be less favorable and were nevertheless
much more uncertain among the population aged 80 years and older.
Since much of the current old age disabilities are caused by chronic degenerative diseases which
develop slowly and insidiously by malleable senescence processes, the findings might be considered to
indicate trends in senescence itself. And since humans vary increasingly with advancing age (16, 25, 26,
29, 31, 32), the sociodemographic variation in disabilities found in our study might provide insight into
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successful ageing (16, 32). However, investigating trends in disability, functional limitations and health
expectancies are challenging, and results from studies like the one presented in this thesis should be
considered more as indications than evidence. Of particular importance, there might have been
undetected changes in the severity of morbidity, like dynamic equilibrium scenarios in which morbidities
have become less severe without being reflected in the relatively crude population based measures
used in our study.

9.1.2 Comparison with previous research
Comparisons with other studies are challenging because of methodological differences. The estimated
pace of declines found in our study were in the upper range of previously estimated trends elsewhere.
For instance Hagen et al. found a weaker pace of decline by about -1.3% per year in Norwegian survey
data on a slightly different mix of disabilities in the period 1985 and 1998 (181). In their review of
international trend studies in high income countries, Christensen et al. (55) reported mostly declines in
mobility limitations in the 60-95 year old age group; the age-adjusted average changes in mobility
limitations ranged from -4.86% per year in the 55+ age group in Netherlands between 1987 and 2001
(193) to +4.0% per year in the 77+ age group in Sweden from 1992 to 2002 (191). Trends in disabilities
(mixed ADL and IADL trends) were also mostly declining, although there were more studies with nonsignificant trends at the 5% level (55). In a systematic review of US studies, Freedman et al. reported
average pace of declines in IADL-disability between -2.74 and -0.40% per year (178).
However, my literature search revealed large variation in trends in functional limitations and disabilities.
Sagardui-Villamor et al. reported declining functional limitations in the 65+ age group between 1986 and
1999, although no test of statistical significance was reported (192). Significant declines in functional
limitations were also reported in the US between 1984 and 1994 (153, 188), in the 55+ age group in the
Netherlands between 1987 and 2001 (193) and in the 65-84 year old age group in Sweden between
1981 and 2005, although confined to the 1981-1997 period (201). In Finland, a nationally representative
study indicated declines in mobility-limitation from the 1980s to the 1990s (199), and thereafter an
increase (200). Contrary, mobility-limitations increased in the 65+ age group in Taiwan in a shorter
period between 1993 and 1999 (194). The authors suggested that the increases could stem from
reductions in the case fatality rate of the most functionally limited and highlighted that Taiwan was at a
less mature stage of the epidemiological transition (194). Further, no statistical change were observed in
the 66+ age group in Japan between 1993 and 2002 (195) or in the 65-69 year old age group in a
regional study from the UK from 1991 to 1997 (196). Within Europe, I identified two nationally
representative studies reporting stable levels or increases in the prevalence of functional limitations
(191, 197). While Picavet et al. failed to identify any change in the 75 year and older age group in the
Netherlands during the relatively short period between 1990 and 1998 (197), Parker et al. documented
increases in mobility limitations in the 77+ age group in Sweden between 1992 and 2002 (191). The
findings of the SWEOLD study by Parker et al. was supported by worsening of function test
performances (191) and are indeed a puzzling compared to our results given the similarities in diseaseand risk-factor panorama in Norway and Sweden. The authors suggested that reductions in case fatality
rates could explain the worsening in mobility and physical performance tests during the period. The
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differences could also be explained by their higher response rates and use of proxies (191). While their
findings were indeed worrying and call for further follow ups, it is important to note that the studies by
Parker et al. (191) and Picavet et al. (197) both investigated an older age-group than what was studied in
our paper, which might well fit with our findings of a weaker trend with advancing age, and, as discussed
in chapter 9.1.5, disabilities in the oldest age groups where most deaths are concentrated might be
more stable as they might part of the dying process itself.
Our findings of declining IADL-disabilities were in line with evidence on the 66+ age group in Japan from
1993 to 2002 (195) and the 65-84 year old age group in Sweden from 1981 and 2005 (although confined
to the 1981-1997 period)(201). It was also in line with most studies on US data from the 1980s and
1990s (180, 186, 189, 203), although not with the study by Crimmins et al. restricted to the relatively old
76+ age group in the 1980s (189). Declining IADL-disability was also found in a community study of 65-84
years old in France from 1988-1998 (205). Our findings suggested that the improvements found for the
1985-1998 period in in Norway by Botten et al. might have continued up to a stagnation in the 20022008 period (181). While trends in IADL-disabilities are not comparable to trends in ADL-disabilities it is
interesting to note that there are several studies indicating improvements in ADL-disabilities during the
1980s and 1990s in the US (180, 186, 189, 202-204), Spain (192), Japan (195), the Netherlands (193), and
Finland (199). However, as with functional limitations, studies on populations aged 75+ tended to report
stable levels (191, 206) or increases in ADL disabilities (189, 197, 198). For instance, the SWEOLD study
restricted to the 77+ age group in Sweden showed stable levels of ADL-disability between 1992 and
2002 (191), whereas the study by Picavet et al. showed increasing ADL-disability among people aged 77
years and older in the Netherlands between 1990 and 1990 (197).
Another important finding from our study was that the trends were not linear, but seemed to be
concentrated to the latter half of the 1990s. Similar improvements during the nineties have also been
found in other studies. For instance, temporal variations in trends were also seen in the Netherlands
during the 1990s (tended to decline from the mid-1990s) (197), Sweden from 1981 to 2005 (declines in
functional limitations and disabilities confined to the 1981-1997 period, followed by a period of
worsening) (201), and the US (accelerated disability-declines in the NLTCS (203), or declines confined to
the 1982-1986 and 1992-1996 period in the NHIS (180, 189)).
Functional limitations and disabilities were inversely related to educational level. Similar findings have
been found by others (180, 192, 228), but our findings suggest that, even in the equality-oriented and
universalistic social democracy of Norway, there are substantial educational inequalities in these
domains. Although our interaction-analysis might have been underpowered, there was no evidence of
increasing or decreasing relative inequality trends in our study, indicating a persisting disadvantage of
being lower educated. On the other hand, we found that adding educational level in the model
weakened the trends, which might indicate that the increase in the share of higher educated throughout
the period might have contributed to declining functional limitations and disabilities. A beneficial effect
of education has also been suggested by Batljan et al. (346) and Freedman et al. (187). As others (135,
164, 199, 347), we also found that women reported more functional limitations and disability than men.
The gender difference did not change over the study period.
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9.1.3 Comparison with later research
Several studies have been published after the publication of paper I (131). I used the bibliography of the
TRENDS network (348) to identify studies on trends in disability and disability-free life expectancy for
the period 2010 until May 2016. The reviewed articles are summarized in Appendix A4.
As with previous research, most of the published papers on disability-trends are based on US data.
Based on NHANES-data on nationally representative samples of the non-institutionalized population
from 1988-1994 and 1999-2002, Solé-Auró et al. found no significant trend in ADL-disabilities, except for
in the 60-69 year old age group where disability increased (349). Consequently, the gap between
disability free life expectancy and total life expectancy at age 60 increased and lead to an absolute and
relative expansion of disabilities (349). In another study on the NHANES dataset, Seeman et al. found
support for increases in ADL-disability in the 60-69 year old age group and increases in IADL-disability in
the 60-79 year old age group (350). Similarly, mobility limitations increased in the 60-69 year old age
group and declined in among those aged 80+ and older (350). Evidence of adverse disability trends
among young old was also found in more recent data; based on a larger dataset of annual NHIS crosssections of the non-institutionalized population, Martin and Schoeni found worsening of mobility
limitations in the 40-64 year old age group in US from 1997 to 2010, possibly related to the rise in
obesity (351). In the 65+ age group IADL-disability declined in both sexes and ADL-disability declined in
men, and the decline was associated with the secular increase in educational level (351). Crimmins et al.
considered the US evidence to be mostly in line with declining prevalence of functional impairments and
disabilities during the 1980s and 1990s, but also highlighted evidence from non-US studies indicating
increasing disabilities (57). However, based on own analysis of the NHIS-dataset form 1998 and 2006,
they found an increase in the prevalence of functional limitations (57). As life expectancy had increased
and the disease-free or functional limitation-free life expectancy declined, the findings suggested an
expansion of morbidities and functioning problems between 1998 and 2006 (57). Reviewing the
international literature, the authors noted increases in the prevalence of several disabling diseases due
to larger improvements in survival than incidence figures (myocardial infarction and cancer), and large
increases in incidence (diabetes) (57). They also noted an adverse rise in obesity, stable levels of
glycosylated hemoglobin from the 1980s onwards, and reductions in cholesterol and hypertension, the
latter which they attributed to medical prevention more than declines in incidence (57). Thus, they
attributed the rise in functional limitations to the seemingly secular rise in morbidity. In a collaborative
investigation of five US population based studies in the 2000-2008 period (The Health and Retirement
Study (HRS), MCBS, NHIS, NHANES, NLTCS), Freedman et al. concluded that disabilities seemed to
increase in the 55-64 age group, be stable in the 65-84 age group, and decline in the 85+ age group
(352). In a recent innovative study, Cutler et al. linked cross-sectional MCBS-data on the US population
aged 65 years and older to death records and found declines in disabilities between 1991 and 2009,
mostly driven by declines in the population two or more years away from death (353). By accounting for
years away from death, the authors documented larger increases in disability-free life expectancies than
in overall life expectancies between 1992 and 2005 (353). Finally, combining NLTSC-data and data from
the Health and Aging Trend study (NHATS), Freedman et al. found that age-adjusted prevalence of any
disability declined from 1982 to 2004 and thereafter increased in women and stagnated in men (354).
The trends were sufficient to ensure that the absolute numbers of years with disability remained stable
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between 1982 and 2011 (relative compression of disability), but estimates of trends in disability-free life
expectancy confined to the 2004-2011 period were not reported (354).
US-trends are not necessarily generalizable to countries with less prevalence of overweight. However,
there were also mixed trends in recently published studies from Europe. The prevalence of disabilities
and mobility limitations increased in the 65+ age group in Spain from 2000 to 2007 (355). In Sweden, an
updated analysis of the last examination wave of the SWEOLD cohort in 2011 showed worsening of
mobility, functional performance tests, lung function, pain, psychological complaints, self-rated health in
Swedes aged 77 years and older between 1992 and 2002 (356). Thereafter, there were non-significant
tendencies towards improvements in mobility, functional performance and self-rated health, whereas
pain and psychological complaints tended to deteriorate further. Contrary, ADL-disabilities improved
from 2002 to 2011. Thus, with the exception of declining ADL-disabilities, the study revealed persisting
or increasing health-problems in the 77+ age group between 1992 and 2011 (356). Similarly, there were
no statistically significant changes in ADL-disability between two cohorts aged 78 years and older living
in a rural municipality in Sweden in 1995 and 2001 (357). However, in another Swedish cohort study
comparing 75 years old living in Gothenburg, there were declining ADL- and IADL-disabilities from
1976/77 to 2005/06 (358). The declines were primarily driven by declines in the need of help in bathing
(ADL), and housecleaning and transportation (IADL) (358). As there were no intermediate measuring
points, we cannot assess whether the declines were confined to a specific period. In a Danish cohort
study comparing inhabitants aged 92-93 years in 1998 or 94-95 years in 2010, ADL-limitations and
cognitive impairments declined whereas no change was seen in grip strength, chair stand or gait speed
(359). However, disability trends in this very old age group living in Denmark, which has one of the
lowest life expectancies in Western Europe (359), might not be directly comparable to trends among
younger old in Norway or Sweden.
The Global Burden of disease 2010 study reported expansion of disabilities, globally as well as in Norway
(335). However, the study was based on calculated disability prevalence weighted by the general
public`s perception of the level of the severity of these disabilities (335, 336). Thus, the composite
disability measure differed fundamentally from self-reports used in the abovementioned studies, and
trends are not comparable. While this method has some advantages in terms of capturing levels of
severity and in particular account for disabilities associated with cognitive impairment which are
challenging to capture by self-reports, I have argued in chapter 8.1.3 that the study might have
overestimated the levels of disabilities compared to the actual experiences by those who suffer from
disabilities themselves.
Although the presented evidence is partly conflicting and challenging to compare, in particular due to
differences in age-groups studied, the overall impression is that disabilities and functional limitations
seemed to remain stable or increase in the US and Sweden after year 2000. Indeed, the impression
might correspond with the apparent shift seen in our study towards more stable levels of functional
limitations and IADL-disabilities between 2002 and 2008. Whether or not this represented a persisting
stagnation in levels of functional limitations and disabilities in Norway remains to be seen.
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9.1.4 Compression or expansion of disabilities and functional limitations
Evidence on trends in health expectancies are challenging to compare as they depend both on trends in
mortality and the ill-health constructs used (disabilities and functional limitations). Several one-countrystudies have found indications of compression of disabilities in the US (176, 217, 218), France (66, 219)
and Spain (192). However, our findings were at odds with several studies showing stagnating life
expectancies without IADL-disability during the last decades (176, 218, 219, 221-223). Further, later
research from the US indicate that disabilities and functional limitations became more expanded after
2000 due to stagnation of disability trends (57). In a systematic review of published articles between
1991 and 2011 by Chatterji et al. (360), the authors considered comparison of studies to be challenging
due to methodological differences. Globally, they concluded that there was no consistent support for
compression, expansion, or equilibrium of disabilities during this period. However, they found that
studies in high income countries tended to suggest improvements in ADL-disabilities more often than
expansion, and studies on disability-free life expectancy were twice as often suggesting compression of
disabilities than expansion (360). However, while compression of disabilities seemed to be reported
often in the US, they noted mixed evidence in Europe and Asia (360).
The discrepancies are challenging to assess. As there might be substantial international variation in the
morbidity-panorama, evidence from a handful of countries is not necessarily generalizable elsewhere.
However, given some level of causality, whatever reason, it seems like mortality declines need not be
followed by compression of disabilities. Expansion of disabilities is also possible.

9.1.5 Possible explanations of trends in old age disabilities and functional limitations
Health is likely influenced by exposures of health enhancing and health deteriorating factors from the
cradle to the grave (114, 119-122, 204). Thus, temporal trends in old age disabilities and functional
limitations are influenced by period- and cohort effects, and both might have changed over the study
period. This study comprised people born between 1892 and 1941 and exposures to the various stages
of the epidemiologic transition, childhood- and working conditions, development of a welfare state,
possibilities for medical treatment and rehabilitation, environmental conditions and social norms for
health-related behaviors changed substantially for these succeeding cohorts. Given the crude nature of
disability measurement in population studies, trends are likely to have been influenced by many of these
factors simultaneously. At the same time, as outlined in chapther 8.1, trends in self-reported health data
are susceptible to temporal shifts in methodological factors, and methodological explanations must
therefore also be kept in mind. Finally, disability trends should be assessed within a theoretical
framework of disability and population ageing. Although identifying the causes behind the trends in
functional limitations and disabilities was beyond the scope of this thesis, and the analysis do not allow
for causal inferences, I will discuss some possible explanations. In the following chapter I distinguish
between the possibility of changes in underlying health, contextual changes and methodological
explanations. Finally, I try to relate our findings to our theoretical understanding of variation in, and the
intrinsic relationship between, senescence, morbidities, disabilities and old age mortality.
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Changes in underlying health
Although several scholars seem to have favored explanations other than health (179, 212, 329), reduced
disability incidence and improved recovery from disability are not unlikely (176, 178, 204). As, according
to the model by Verbrugge and Jette (46), trends in functional limitations should be less influenced by
changes in environmental factors than trends in disabilities are the similarities in pattern of decline of
disabilities and functional limitations found in our study might indicate that underlying health
improvements played a role in disability trends in Norway. While increases in the age-specific case
fatality rates seem unlikely, the major drivers behind any compression of functional limitations or
disabilities should be reductions in incident rates or increases in recovery rates. Empirical analysis of
disability transition rates are generally limited by data scarcity, but US-cohort data from the mid-1980s
and mid-1990s indicate that secular declines in ADL- and IADL-disability were driven by both decreases
in incidence and increases in recovery (176, 204). Support for underlying health improvements might
also be derived from prospective studies on other outcomes. For instance, in a study on Swedes aged 60
years and older, the risk for first and second hospitalization declined and the share of never hospitalized
increased between 1972 and 2010, which might suggest improvements in conditions associated with
disabilities during this period (361).
Any such improvements might have been caused by some combination of improvements in health
promotion and primary, secondary and tertiary preventive medicine.
Material conditions improved substantially in Norway and contributed to a more health-promotive
society over the last century; the hygienic standard improved, working life became less hazardous,
housing and sanitation got better and undernutrition was largely eradicated (145, 362). Altogether, the
general improvements reduced host susceptibility to infectious diseases, in particular tuberculosis, and
in addition to being major drivers of the mortality declines of the early epidemiological transition, better
infectious disease control reduced the incidence of chronic impairments caused by infectious diseases
(363-370). More generally, prosperity is likely to have improved the abilities of the population to bring
out their full developmental potential in adolescence and reduced the wear and tear of the body from
everyday life, and might thus have contributed to postponement of disabilities in older ages. Also, the
welfare state improved the schooling core curriculum and provided people with opportunities for higher
education which might have increased their cultural capital (106) and cognitive skills and thereby
improved their risk assessments and decision making with regards to own health (371). The rise in
educational attainment might thus have contributed to healthy ageing and declines in disability over the
past century (180, 186, 187, 189, 195, 213).
However, prosperity also brought forth modern epidemiological risk factors to disabling chronic
degenerative diseases like smoking (155, 372, 373), physical inactivity (373-375), overnutrition (376) and
overweight (155, 373). The cohort variation in these factors was likely of importance to recent temporal
trends in old age disabilities and functional limitations. For instance, a cohort study by Ferrucci et al.
illustrated the potential of healthy behaviors; the remaining life expectancy at age 65 differed by five
years between smokers and nonsmokers, and by three years between moderate to high- and low levels
of physical activity, and the differences consisted entirely of years free for ADL-disability (374). The
tobacco epidemic (377) peaked in Norway during the 1950s in men and 1980s in women, at which 75 %
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of men born 1910-1924 and 40%-50% of women born 1930-1954 smoked (378). The resulting cohort
variation in accumulated tobacco exposure influenced cohort specific incidence rates of smoking-related
disabling conditions like atherosclerotic diseases, chronic obstructive pulmonary disease, osteoporosis
and cancers (156, 373), and due to the long lag-times in disease development the future challenges of
smoking related morbidity will probably be even bigger than today (377, 379). Temporal changes in
physical activity might also have contributed to disability trends (380-383), by influencing the risk for
atherosclerosis (384-386) and diabetes (387), cardiovascular fitness (375, 388-390), bone structure (391393), and compensatory muscle hypertrophy which might offset the inevitable senescence related
declines in number of muscle fibers (387). Economic growth allowed for more leasure time used on
physical activities over the past century (380), and sports activities gradually became more common in
both sexes and in higher ages (380). However, while the average time used by 67-79 years old in fitness
activities increased substantially from 1971 to 2001 (380, 383), the general level of physical activity in
the daily activities of living declined and a substantial share of the population are currently little
physically active (382). For instance, in 2000 one in third of people aged 67-79 reported never doing
exercises and inactivity was more common among women than men (380). Thus, the contributions of
physical activity to disability trends are uncertain and probably mixed and dependent on sex and
sociodemographic factors. The influence of nutrition to disability trends might also be bidirectional;
while undernutrition was common and a major threat to public health prior to the Second World War,
overnutrition has become one of the major causes of morbidity and mortality in developed countries
(376, 394). The Norwegian postwar diet consisted of energy-rich foods in abundance with high levels of
fat, especially from dairy products (395), and the consumption of animal fat increased during the 1950s
(396) and was not targeted by the health authorities until 1975 (397, 398). Thereafter, animal fat
consumption declined and consumption of vegetables increased, whereas consumption of refined sugar
remained high until 2000 (399). In line with the hypothesis by Forsdahl (113, 114) and Barker (109, 112),
reductions in prenatal and childhood undernutrition over the first half of the 20th century might have
contributed to declines in cardiovascular diseases and related disabilities in later adulthood (112, 113,
204, 400). More lately, declining saturated fat consumption might have reduced disabilities from
atherosclerotic diseases (401-403), whereas high levels of high calorie diets rich on refined sugar are
likely to have contributed to the increase in disabilities related to type 2 diabetes and overweight (57,
376). The prevalence of overweight and obesity have increased and reached unprecedented levels over
the recent decades (404-406). In a population based study of a large, representative adult population in
central Norway, the prevalence of overweight in 2006-2008 was 42% in men and 38% in women (405).
Hence, the beneficial effect of reductions in smoking to morbidity and mortality might have been partly
offset by disabilities related to increasing inactivity and high calorie diets.
The rise of modern medicine might also have influenced disability trends; the study population
experienced rising possibilities for medical treatment which implied radical changes to people`s
opportunities for good health and prevention of disabilities (370). True, as argued by Gruenberg (23)
and Kramer (45), many of these advances had large impact on mortality. However, they also allowed for
amelioration of chronic diseases, and prevention or compensation of disabilities (370). We might
distinguish between curative treatment, which prevented deaths, chronic morbidities and disabilities,
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and treatment aiming for slowing down the development of chronic degenerative diseases and
amelioration of related symptoms and functional limitations.
The first might be exemplified by antibiotics. The impact of the antibiotic revolution was not limited to
what Gruenberg considered as expansion of morbidities by overcoming the “killers which had been
weeding out the chronically ill” (23, p. 794). Rather, antibiotics also provided an important possibility for
truncating the natural history of infectious diseases, thus preventing many from developing disabling
organ sequelae including kidney failure from pyonephrosis, mitral stenosis due to acute rheumatic fever
(365), bronchiectasis or restrictive pulmonary disease resulting from pneumonia (366-368), or need for
limb amputations due to osteomyelitis (369) or pyogenic skin infections (370). Thus, while Gruenberg
and Kramer emphasized that antibiotics contributed to expansion of morbidity by rescuing people with
chronic conditions from life-threatening infections (23, 45), antibiotics also prevented many otherwise
healthy individuals from premature mortality or becoming disabled and suffering from chronic
impairments throughout the rest of their lives. In a similar way, besides its large implications to survival
opportunities, curation of limited stage cancers represents major advances in prevention of chronic
morbidity and disability.
For most of the chronic degenerative diseases, curation in terms of full recovery is not an option. Yet,
the lack of truly curative remedies does not necessarily represent a failure of success. Rather, the large
growth in opportunities to slow down degenerative processes and thus prevent the disablement process
and ameliorate symptoms and functional impairments from chronic degenerative diseases are likely to
have been of growing importance to the incidence and recovery of disabilities. For instance, medical
advances like immunosuppressive treatment against asthma and rheumatoid arthritis, cataract surgery,
open heart surgery, joint replacement surgery, bisphosphonates against osteoporosis, levodopa against
Parkinson`s disease, stroke prevention by antihypertensive treatment, and coronary angioplasty
reduced symptoms and functional impairments, and might thus have reduced disabilities in line with
Manton`s dynamic equilibrium hypothesis (21). The decrease in disability-incidence and increase in
disability-recovery in the US from the 1980s to the 1990s might indicate such a treatment effect (176,
204). As the techniques got better and the upper age limit for several interventions gradually increased,
older people became increasingly offered treatment opportunities and thereby increased their
potentials for reducing the incidence and increasing the recovery from disabilities within the study
period. Altogether, the effects of these advances are challenging to monitor, as they are difficult to
capture within the morbidity term (21), and only partly captured by the disability- and functional
limitation measures. However, some support might be drawn from the seemingly declining association
between disease and disabilities in the US (153, 188), France (219), and Norway (181) over the recent
decades, which might suggest that chronic conditions have become less disabling. The declines in
functional limitations found in our study also suggest that the morbidity panorama might have become
less disabling in Norway (131).
On the other side, many chronic and disabling degenerative diseases still remain unavailable for
treatment. For instance, there are few treatment opportunities found against dementia, one of the most
frequent causes of old age disability (164, 247). With the exception of lenses, heart valves and joints, we
have few remedies against disease- or senescence-related loss of non-regenerative tissues like neural
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tissue, the myocardia of the heart, the nephrons of the kidneys or alveolar tissue of the lungs. Organ
transplantations are constrained by the limited supply of donors and by the level of health required for
immunosuppressive treatment. However, in lack of regenerative medicine, the low levels of
physiological reserve capacity, which characterizes the end-stages of chronic degenerative diseases,
might be considered as exhaustion more than diseases. As life expectancy is continuously increasing,
more people will experience generalized exhaustion of physiological reserve capacities, and these
conditions will necessarily pile up among the oldest old. However, although a trend towards more
people experiencing general organ exhaustion will necessarily imply an expansion of the numbers of frail
individuals among the oldest old, it should not be considered a failure of success. Rather, such
fulfillment of populations` capacity for life is a true success of humanity. Also, the accumulation of
multimorbidity among the very old need by no means indicate an expansion of disability duration within
this age group as suggested by Robine and Michel (1). Indeed, as low levels of physiological reserve
capacity are strongly related to mortality, some level of disability prior to death seems inevitable (21).
However, provided adequate clinical decision making, the high case fatality rate associated with
multimorbidity and related frailty is likely to regulate the duration of severe disabilities in older ages
towards the dynamic equilibrium as originally suggested by Manton (21).
I will conclude by suggesting that inderlying health improvements are not unlikely, partly driven by
reductions in environmental hazards, and partly by the increase in opportunities for medical treatment,
and the growing age-range for which such treatment has become relevant. At the same time, we must
recognize that people are increasingly experiencing disabilities from generalized organ exhaustion prior
to death, and temporal trends in old age disabilities might therefore stabilize in age groups where most
deaths are concentrated. Nevertheless, epidemiologic research suggest that there might still be large
untapped potentials for slowing down the organ degeneration rates so that more people can live out
their biological potential for healthy life. In particular, the emerging evidence suggesting a recent
obesitity related increase in functional limitations in the US (57, 351) might indicate future potential
concequences of the growing overweight epidemic in Norway.
Non-health related explanations: changes in contexts and perceptions.
Many contextual factors are of importance to disabilities and emphasis on contextual conditions allows
for a larger range of compensating measures than the more narrow disease-specific perspective (407,
408). Internationally, the declines in disabilities seem to have been stronger in IADL-domains than ADLdomains, and the disparities in these trends might point towards improvements in environmental
factors more than improvements in underlying health (212). The disability measure in study I comprised
the abilities to, without help of others, do grocery shopping and housecleaning, get out of one`s home,
and participate in organizational activities (131). Indeed, material conditions might have compensated
for functional limitations within these activity domains and thus contributed to prevention of these
IADL-disabilities. For instance, adapted single story homes are easier to clean than old, non-adapted
multi-story houses and the proximity of a grocery shop, or ownership of a car, might increase the ability
to preserve independence in grocery shopping (182). The ability to get out of one`s home without
assistance, or participate in organizational activities, might have improved by increasing urbanization
with improvements in availability and accessibility of elevators, car ownership, public transportation and
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public meeting places. Thus, better adaptation of society to functionally limited individuals might explain
some of the improvements in disabilities found in our study.
Assistive technology has become an important part of rehabilitation medicine. The competence and
availability of assistive technology centers grew substantially during the period 1979-1996 (409), and
provided disabled elderly with technical solutions to challenges that seemed insolvable in the past (341).
Rollators have facilitated mobility and the abilities to wash oneself are likely to have improved by a
trend towards larger bathrooms, and the use of handrails, showerchairs and walk-in showers instead of
bathtubs. Further, the ability to go to the toilet without assistance might have improved by more usage
of elevated toilet seats with handles, and the ability to prepare food might have improved by the
introduction of microwave ovens. The rapid rise in the availability of assistive technology might have
contributed to declines in disabilities, and possibly functional limitations, over the past decades.
Social network might influence on health and disability in older ages. While they do not necessarily
result in true changes in abilities in activities of daily life, sharing household tasks with a spouse might
relieve the related burdens and improve the perception of independency in functionaly impaired
individuals (247, 329). Surviving into older ages often involves experiences of death of spouse, siblings or
friends, and older people risk crumbling social networks, loneliness and loss of personal assistance.
Women experience the death of a spouse more often than men do. According to Botten et al., 21% of
men and 46% of women lived alone in 1995, about 10% were seldom in contact with own family and 3540% reported lack of close friends (181). The overall share of 67-79 years old living alone were stable at
32-33% from 1980 to 2008, whereas the corresponding figures in the 80+ age group increased from 48%
in 1980 to 55% in 1990, and thereafter stabilized at 59% from 2000 onwards (410). Thus, while the rise
in single-households in the 80+ age group, which occurred mainly during the 1980s, might have
prevented declines in disabilities during this decade, there were no changes in single-households in the
67-79 years old age group that could explain declining disabilities within this age group.
Surely, own children living in the proximity might provide an opportunity for socializing and a source of
informal care, but as younger generations are busy in own careers and children, the older generations
might increasingly consider themselves as obsolete and a burden to their family, and avoid contact (3).
The moral legitimacy and expectations of informal care from family members are likely to have
decreased because of declines in multigenerational housings, women entering the workforce, and a
growing awareness of long-term care being the responsibility of the state. On the other side, the
increasing availability and usage of public care services might have increased the expectations for these
services, and the willingness to receive help (182). However, while receiving help from a family member
might be perceived as a favor of kindness more than an act triggered by need, receiving long-term care
services is more likely to be acknowledged as help and be reported so in surveys. As the direction of
trends in the propensity to receive and report assistance in activities of daily living is uncertain (182), it is
challenging to assess any potential effect of changing social relations to disability trends. However,
trends in functional limitation should be less influenced (46, 213).
Self-reports on disabilities are likely to depend on the context in which the survey participants is living,
and the expectations for abilities to perform specific activities of daily life (182). For instance, the change
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towards more emphasis on accessibility by universal design might have contributed to changing
perceptions of what constitutes disability, leading people with functional limitations to become less
probable to consider themselves as disabled (329). Also, the expectations on what constitute
housecleaning might have changed for both sexes (358). Gender roles are also likely to influence on the
perception of abilities to perform housecleaning and grocery shopping, and temporal changes in gender
roles, in which men gradually became more competent (145), might have increased their perception of
abilities in these domains (46, 179, 213). However, changing gender roles should be less influential on
trends in IADL-disabilities among women, and there were not statistically significant sex-inequalities in
trends in our study. Finally, the individual`s expectations for own abilities in activities might be reduced
with advancing age. Unconsciously or not, individuals might gradually adapt in order to compensate for
functional impairments. For instance, slowing down the tempo, changing the bathtub with a walk-in
shower, or shower while sitting on a chair, might reduce the perception of being disabled in washing
oneself (358). Expectations are likely to be partly influenced by the experiences of abilities in our peers
of same age. If most of your peers are able to attend meetings at the senior center and you are not, it
might be easy to consider the activity restriction as a disability. If, on the other side, most of your peers
have stopped going to the senior center due to health problems, your own inabilities might be easier to
accept, and perceived more as normality than disability. This type of benchmarking should, in the end,
imply that expectations are likely to follow the overall trends in disabilities within own
sociodemographic group.
Methodological explanations
Cautiousness is needed when assessing trends in disabilities and functional limitations. The trends might
be spurious, resulting from methodological differences in survey methods and study populations. Hence,
the variation in trends within the US and between various European countries raises questions on the
validity of these findings (71, 179, 335). Measuring disabilities and functional limitations is challenging
for several reasons. Surely, it is challenging to formulate survey questions with high levels of sensitivity
and specificity for the many aspects of disability, categorize the heterogeneity in the participant`s
descriptions of abilities in IADL and ADL, and do so consistently over time (329). In particular, it is
challenging to capture any dynamic equilibrium scenario. Results might be influenced by temporal
differences in survey design, study population, mode of interview, response rates, usage of interviews
by proxy, list of activities included in disability and functional limitation composite measures, question
wording (unable, any difficulty, need help with, with or without use of assistive technology),
specifications of disability duration, categorization of answers, expectations to life, age-standardization,
and whether trends are estimated between two single points in time or across several measuring points
(71, 180, 189, 201, 314). While many of these factors might threaten the validity of the prevalence
estimates, the degree to which they influence trends depends on whether their associations with the
outcome changed over time.
As discussed in chapter 8.1, the validity of the trend-estimates in study I was challenged by several of
these methodological conditions. In particular, there was substantial non-response that might have
been selective, we lacked data on the institutionalized population, sample sizes were small and disability
data limited to a few domains. Nevertheless, while the effect of the limited data on disability domains is
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challenging to assess, the sensitivity analysis suggested that the direction of trends seemed to be
relatively robust to the non-response bias and the exclusion of the institutionalized population. Further,
all the functional limitation and disability items resembled in patterns of decline, suggesting common
causal factors behind the trends in the fairly specific functional limitations items and the more context
dependent disability items.
The possibility of bias by less selective survivorship in cross-sectional data deserves some attention.
Indeed, temporal trends in old age disability and functional limitations might be influenced by
decreasing selective survivorship over the last decades (216). The argument is based on the assumption
that, on a population level, the least healthy tend to die first (21). Healthy selection implies that a
specific cohort will increasingly consists of increasingly robust individuals (21, 216). Jarvis and Tinker
argued that as old age mortality declines had allowed more frail individuals to survive increasingly
longer, the effect of the “super-fit” might have become diluted in cross-sectional data (216). Thus, they
argued, successive cross-sectional samples will consists of increasingly larger shares of unhealthy
individuals, and the reduction in selective survival might contribute to expansion of disability despite
ongoing mortality declines (216). They considered the effect of changes in selective survival to threaten
the validity of trends based on cross-sectional data (216).
The effect of selective survivorship is challenging to assess and requires longitudinal data with sufficient
number of follow-ups in order to estimate rates for incidence, recovery and case fatality rate for various
states of morbidity and disability (162-164, 175). Theoretically, our genetic setup provides a certain
potential for lifespan (411), and genetic variation and genetic susceptibility to specific diseases are likely
to explain some of the heterogeneity of survival and disability (30). However, the survival curves of
healthy subpopulations (39, 40, 374, 412-415) suggest that the reductions in premature deaths
experienced over the past decades was not necessarily restricted to genetically frail individuals or
people with disease surviving longer, but rather resulted mostly from improvements in environmental
and behavioral conditions (342) and treatment compliance, factors that are also known to be beneficial
to preservation of functional abilities and independency in activities of daily living in older ages (155,
372-374). The “dilution-effect” proposed by Jarvis and Tinker might thus be questionable; the
rectangularization of the survival curve does not necessarily imply that more disabled are living longer.
Rather, in line with the dynamic equilibrium hypothesis (21), declining old age mortality might result
more from reductions in the same underlying degeneration processes that ultimately leads to disability,
and the life expectancy increases are therefore likely to consist primarily of years in good health.
Relation to theory on population ageing
Robine and Michel sought to reconcile the conflicting trends in disability with various population health
models (21-23, 43, 45) in what they proposed as a general theory of population aging (1). They
suggested that whether the old-age mortality declines had entailed compression (22) or expansion (23,
45) of morbidity and disability or a dynamic equilibrium of the survival curves of morbidity, disability and
mortality (1, 19, 65), depended on the specific stage of the epidemiological transition (1). In their fourstage transition model, the initial rise in the survival of sick persons would be followed by a phase of
control of chronic diseases, thereafter compression of morbidity and eventually an epidemic of frailty (1,
416). In other words, they suggested that the direction of trends in health expectancies could be related
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to the level of life expectancy, so that, in countries where life expectancies are improving from lower
levels, there is compression of disabilities and as mortality is being postponed into increasingly higher
ages the population will consist of increasingly frail individuals and there will be expansion of disabilities
(1). Thus, high levels of life expectancy should indicate the possibility for expansion of disability
prevalence among the very old in Norway. Our findings of stable levels of functional limitations and
disabilities in the 80+ age group were at odds with this proposition. However, as the institutionalization
coverage and selective non-response are likely to increase with advancing age and the survey sample
aged 80 years and older was small, it is possible that we did not capture any expansion of disability
among the oldest old. Nonetheless, the validity of the model by Robine and Michel is uncertain. In
particular, levels and trends in morbidity and disability might differ across cultures and time (417, 418),
and be sensitive to trends in non-response bias, use of proxies and perceptions and definitions of
disabilities (417). Their theory construction from empirical observations is thus challenging to assess as
these aspects were not reported (417), and much uncertainty remains with regards to the looming
prospects of the fourth stage of their model. Perhaps most importantly, their theory might be
considered to suffer from traditional ageism by equating chronological and biological ageing, and
thereby neglect the substantial heterogeneity in the pace of senescence related degenerative processes
within the population (16, 21, 22, 24-26, 28-33, 419).
Indeed, in addition to morbidity, disability and mortality, any theory on population ageing should also
relate to senescence and biological ageing (420-422). Hence population ageing models interfere
inexorably with the century long quest for the distinction between senescence and disease (42) and the
distinction between chronological age, given by a number specified by a unit of time, and biological age,
characterized by the senescence-related decline in vitality and the corresponding increase in mortality
as a function of time (420-422). Manton sought to reconcile these concept by considering chronic
degenerative diseases as the end-stages of long term senescence-related degenerative processes (21).
Thus, he largely disentangled biological ageing from chronological ageing and considered the end-stages
of biological ageing and chronic degenerative morbidity as cases of definitional differences. Similarly,
Olshansky et al. argued that the development of chronic degenerative diseases have become “more a
by-product of extended survival rather than the end product of identifiable and modifiable risk factors”
(50, p. 5). Although challenging to assess empirically due to lack of studies focusing on cohort effects on
chronic morbidity or biological ageing, the dynamic equilibrium theory might provide a fruitful
framework for assessing disability trends in old age populations.
Disentangling biological ageing from chronological ageing has several important implications to
temporal disability trends. First, old age disabilities and functional limitations might not be so much
related to our chronological age itself, but more to how fast we senesce with advancing age, dependent
on interactions between genes and environment. As our environment is constantly changing, our
senescence degeneration rates might be considered to differ by time and place. For instance, the
survival curves of healthy subpopulations (39, 40, 374, 412-415) might provide insight into the potential
for successful ageing (22, 32) and suggest that decades of development towards more health promotive
societies and rising medical prevention and treatment opportunities might have slowed down the
average senescence degeneration rate within the population (21, 65, 149). Hence, old age mortality
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declines need not necessarily entail expansion of duration of disabilities, but might rather occur because
senescence have slowed down for successive cohorts, postponing the development and impact of
chronic degenerative diseases, i.e. functional limitations and disabilities, into increasingly higher ages
(21, 65). On the other side, except for in the case of traumas and accidents, death does not come out of
the blue (423). Rather, people in developed countries die increasingly from complications of long term
degenerative processes resulting in chronic degenerative diseases or insufficient physiological reserve
capacity to ensure homeostasis (60, 152). As these conditions are associated with disability and
evidence suggest that end-of-life disability might be more stable across time than disabilities occurring
farther from death (353), some level of disability at the end of life seems inevitable at a population level.
Thus, while there might not be an expansion in duration of disabilities, their prevalence might increase
due to more people dying “natural deaths” in states of generalized vitality depletion and comorbidities.
Consequently, the burden of disabilities might increase less than predicted by age in cross-sectional data
(353, 424), but rather be more related to time to death and the association between age and disability
might therefore be what might be called a red herring (425). It is important to recognize the close
association between death and disability when assessing the relatively stable trends in disability and
functional limitations among the oldest old. In men, the dominating trend from the 1950s onwards was
compression of mortality below the modal age at death which remained stable at about 80 years up to
the end of the 1990s and thereafter started to increase and reached 85 years in 2009. In women, the
modal age at death increased steadily from about 82 years in 1950 to 89 years in 2009, and the increase
was accompanied by a compression of mortality on both sides of the mode. The compression of
mortality implied that more people reached the multiple end-stages of senescence and that end-of-life
disability piled up in the 80+ year old age group. Given the association between low levels of
physiological reserve capacity and functional limitations, it is hard to imagine any substantial decline in
functional limitations and disabilities in the age groups where most deaths are concentrated.
Second, individuals differ in which organ is degenerating fastest, their respective rates of degeneration,
and chronological timings of manifest organ dysfunction and associated functional limitation. The most
disabling conditions in terms of years of life lost to disability are those with low case fatality rates
developing ahead of the generalized senescence-related organ degeneration. For instance, if the
musculoskeletal system, cognitive abilities or the nervous system deteriorates relatively faster than
more vital organs like the heart and the lungs, long-term disability might develop. Contrary, if a vital
organ is reaching low levels of physiological capacity prior to others the case fatality is high and disability
duration might be shorter. Thus, any trends towards compression or expansion of disabilities prior to
death depend on the case-mix of morbidities in these ages (44), and any postponement of the current
dominating disablement processes is likely to lead to these processes being replaced by others, thus
altering the quality of disability of old age populations (44, 426). In order to achieve both long survival
and maximal compression of disabilities at the end of life, the degeneration of the human body needs to
be balanced across vital organs, so that eventually, when physiological capacities reach unsustainable
levels they do so more or less in concert, resulting in a multiplier effect of frailty and comorbidities on
individual mortality risk. Historically, the last century`s decline in premature mortality might be
considered to have resulted in more balanced organ degeneration, and the extent to which even more
balanced organ degeneration is achievable in the future hinges on the extent to which chronic
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morbidities and injuries might be further preventable, treatable, and postponable. Surely, it is already
possible to postpone disabilities from osteoarthrosis and cataracts to the highest ages where the
associated disabilities are truncated by case fatality rates of other more lethal conditions. Wellestablished epidemiological risk factors like smoking, malnutrition and inactivity, which might be
considered to cause accelerated senescence within some organs more than others, are likely to
represent a substantial potential for more balanced organ degeneration and postponement of
biologically premature morbidities towards the end of life. Nevertheless, due to our limited
pathophysiological understanding of degenerative conditions like dementia and frailty, the potential
yield of future prevention and treatment strategies on these conditions remains to be seen. However,
even the clinical frailty syndrome, which is strongly associated with disabilities and is characterized by
weakness, fatigue, undernutrition, slowness, low levels of physical activity and cognitive changes (427,
428) are likely to be somewhat preventable or might be rehabilitated (429, 430). Also, although little is
known on the causes of dementia, treatment opportunities remain limited, and many patients need
extensive long-term care for several years, there are evidence suggesting cohort effects in which
cardiovascular fitness, education and childhood conditions might play a role (431-433), all of which are
targetable by prevention. As long as there might be an unexploited potential for prevention and
treatment, we cannot determine whether the fourth age are doomed to be accompanied by longer
duration of disabilities. Rather, it is not unlikely that prevention and medical treatment might slow down
the development of most of the current disabling degenerative diseases. As they are seldom arrested
they will eventually manifest themselves, but by postponing the disease-development the probability of
concerted manifestations of several comorbidities increases, thus ensuring compression of disability
towards an equilibrium at the “natural” end of life.
Third, more broadly defined frailty has been characterized by Fried et al. as a “biologic syndrome of
decreased reserve and resistance to stressors, resulting from cumulative declines across multiple
physiologic systems, and causing vulnerability to adverse outcomes” (428, p. M146). Frailty is therefore a
strong mortality predictor as it describes the state of very low physiological organ reserve capacity in
which ever-smaller insults may result in death (416). The multiplier effect of senescence and
comorbidities results in zero vitality, frailty and the rapid increase in individual risk of dying (60, 152).
The concept fits well with the demographic description of the end stage of senescence, in which even
small challenges will overwhelm the available levels of vitality so that homeostasis cannot be restored,
and result in “natural death” (31, 38, 42, 47, 152, 434). When the potential for prevention and
rehabilitation is exhausted, the survival of frail and severely disabled populations is highly dependent on
investment in medical treatment and long-term care. However, social and biological conditions might
contribute to some degree of self-regulation of the duration of unsustainable levels of vitality in older
ages. First, low levels of physiological reserve capacity also imply vulnerability to treatment and
increased risks for adverse effects and complications. Thus, frailty poses substantial biological limitations
to treatment possibilities. Second, as the rehabilitation potential is often low, patients and physicians
might choose less aggressive treatment options or refrain from treatment, thus posing a social
reluctance to treatment possibilities. As a result, from the moment of morbidity manifestation,
treatment efforts tend to be inversely related to the degree of chronic generalized organ exhaustion and
clinical decision-making is therefore likely to contribute to balanced organ degeneration. Studies on
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morbidity, disability and health care utilization prior to death might support such a hypothesis of selfregulation of disability-duration due to biological and social limitations to treatment possibilities. For
instance, the findings by Cutler et al. (353), of high but stable levels of disabilities and functional
limitations among older people within the last years of life might suggest some degree of self-regulation
of these states by high case fatality rates even in today’s healthcare. Moreover, economic studies from
Germany (435), the US (217), and Norway (436, 437) on hospital expenditures associated with last year
of life suggest that frailty influence on clinical decision making; while per capita hospital expenditures
increases with advancing age, the costs are highly concentrated within the last year of life, and the last
year of life expenditures declines from about 60 years of age. As clinical decision making is likely to
depend on culture, resource constrains and competence in patients and healthcare professionals,
treatment investment in frail individuals are likely to differ by hospital, country and time, and might thus
be of some relevance to whether the last stage of the epidemiological transition imply an expansion of
frailty duration. In order to meet the expectations from patients and relatives and support robust clinical
decision making at the end of life, we might benefit from preserving a public awareness of death as a
natural part of a fulfilled life.
The possibility for prevention of clinical frailty, its self-regulating high level of case fatality rate, and the
biological limitations to treatment possibilities and associated social reluctance to treatment indicate
that expansion of average duration of frailty and disabilities in older ages need not be a consequence of
the epidemiological transition. An expansion of duration of frailty among the oldest old would represent
an expansion of unsustainable states of lives, fueled by healthcare investments in populations without
rehabilitation potentials. Surely, modern medicine provides possibilities for keeping many frail
individuals artificially alive, but sustaining life in the case of intercurrent disease in persons with zero
reserve capacity is highly demanding and the outcomes of such efforts in terms of quality of life is often
questionable. Indeed, reaching the inexorable ultimate state of non-preventive exhaustion of
physiological reserve capacities should not necessarily be considered a failure of success, but rather as
fulfillment of one`s physiological capacity for life. Given adequate sensitivity and specificity in clinical
determination of rehabilitation potential and reserve capacity, we should be able to avoid hopeless
overtreatment. Provided we do so, rather than due to expansion of frail old populations any further
increase in life expectancy is likely to be caused by individuals living longer due to lower senescence
rates and better disease control than experienced by individuals in previous cohorts (21). Thus, in the
long run, the age-pattern of frailty and disability is therefore likely to follow future developments in
mortality, and most of the person-years gained likely to be disability-free (217).
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9.1.6 Policy implications
In our study, the trend towards less disability partly counteracted the effects of population ageing.
However, we do not know the exact causes behind trends in disability and functional limitations, nor the
specific explanation for the temporal variation in trends. Indeed, as health is influenced by multiple
factors across the life course, what contributed to past trends might not necessarily be relevant to
future dynamics in health in the elderly. Nevertheless, variation in health within and between countries
illustrate that there are still potentials in health promotion and prevention of disabilities (1, 39, 346,
374, 438-440). In addition to health promotion, we might distinguish between primary, secondary and
tertiary prevention strategies and more compensative measures by use assistive technology and
universal design.
The possibility of a health promotion and primary prevention effects is the most optimistic explanation
of past disability declines, but it also represents an untapped potential for the future. Reducing
epidemiological risk factors to accelerated organ degeneration is likely to slow down premature
development of degenerative diseases and allow more concerted senescence degeneration of vital
organs, thus ensuring compression of disability (22) or dynamic equilibrium (21) scenarios that could
potentially offset the rising healthcare and long-term care costs associated with population ageing. In
that regards, declining tobacco consumption might represent a key causal factor to past and future
declines in old age disabilities (374). On the other hand, the overweight epidemic has not been tamed
(404-406), and recent evidence from the US provides indications of its potential negative consequences
to functional abilities in middle- and older ages (57, 351). Central to life style improvements are
strengthening of individuals` competence and social abilities for healthy action (75, 106), in which
information, education and structural conditions represent key policy instruments. For instance, several
scholars have suggested that the rise in educational attainment could explain part of the disability
declines over the past century (180, 186, 187, 189, 195, 213), and as the future elderly population will
be more educated than the past, the educational revolution of the 20th century might continue to fuel
further declines in disabilities in the decades to come (346). However, structural and regulative health
policies might pose additional unexploited potentials to promote healthy choices as the easy choices;
while Norway has implemented relatively strong tobacco- (441) and alcohol control policies (442),
structural approaches have been less elaborated in promotion of healthy nutrition (397) and physical
activity (382, 383). For instance, by advocating individual freedom of choice, and corporates` freedom in
marketing, policymakers let nutrition be a target of economic market forces (397) at the potential cost
of population health and disabilities (443). Further, there are still many structural obstacles to physical
activity in society, including reduced accessibility of public areas, lack of pavements or poor winter
maintenance of pavements, and in many places lack of swimming pools and organized group-based
exercise programs for the elderly. Hence, health in all strategies (36, 37, 150, 279, 444) and cultural
capital building (75, 106) might represent potentials for further declines in old age disabilities.
Secondary- and tertiary prevention are also likely to have been central to past disability declines and will
probably be even more important in the future. By slowing down senescence-related organ
degeneration, medical treatment might be considered to postpone the disablement process, and
because treatment efforts are often inversely related to the overall level of physiological reserve
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capacity, they are likely to contribute to balanced organ degeneration and compression of disabilities
within a dynamic equilibrium scenario (21). However, as medical treatment mainly relates to manifest
diseases or risk factors for diseases, it targets later and narrower stages of life-long degenerative
processes than health promotion and primary preventive measures do (21). Further, to the degree that
better medical treatment or rehabilitation have fueled disability-declines, as might be suggested by the
evidence showing reductions in disability associated with various chronic diseases (181, 188), the
declines have occurred because of a costly healthcare system, and any continuation of the trends would
likely depend on further investment in healthcare and biomedical research (212, 247). However, while
biomedical research is likely to provide new ways of preventing disabilities from chronic diseases in the
future, socioeconomic variations in usage of health care suggest that there might be substantial
unexploited health potentials in current medical treatment standards (445-447). We might also benefit
from better acknowledging the role of senescence-related musculoskeletal degeneration (448, 449),
where preventive measures and treatment opportunities are largely outside traditional biomedical
approaches (374, 429, 430). Still, in the late stages of organ degeneration there might be untapped
potentials for rehabilitation (450-455). Nevertheless, while patients contact the healthcare system
because of some sort of functional impairment, the healthcare system has traditionally focused on
treatment of diseases or injuries, and full rehabilitation of the related impairment and disabilities has
often been the responsibility of the patients themselves. However, bed-rest and inactivity during
hospitalization might be directly harmful in older adults (448, 449) by increasing the risk for
complications and further deterioration of their functional abilities (448, 449, 452, 456) and abilities for
independent living (449), and due to limited abilities to ensure own rehabilitation, many acutely
admitted elderly patients might therefore benefit from systematic early-rehabilitation services (455).
Altogether, one could say that the Norwegian healthcare system seems to have emphasized more on
treatment of diseases than rehabilitation of humans. The lack of systematically established
rehabilitation programs towards acutely admitted elderly might have restricted frail elderly from
restoration of functional abilities and abilities in ADL and IADL (452-455). Thus, policies aiming for
reductions in socioeconomic inequalities in usage of health care, and in full rehabilitation rather than
solely treatment of disease, might represent potentials for further declines in old age disabilities.
There are large expectations for assistive technology and universal design that might compensate for
functional limitations and reduce future needs for long-term care. Although there is still far to go,
society is gradually transforming towards universal accessibility in public places and further
development of assistive technology is likely to improve future possibilities to overcome impaired body
functions, reduce disabilities, and facilitate independent living and participation in society (407).
Provision of assistive technology needs to be balanced against rehabilitative measures though, as
without proper rehabilitation, assistive technology might actually further deteriorate functional abilities
by reducing the daily actions needed to preserve them. Nevertheless, although not as optimistic as
when caused by underlying health improvements, any contribution of environmental conditions to
declining disability-trends points towards the importance of universal design and assistive technology in
maintaining independency in functionally impaired individuals (179). Yet, much more can be done in
order to reach full participation in society and equal opportunities for all, and assistive technology and
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development towards universal design in all public areas represent promising opportunities for adapting
society to an ageing population.
Among the oldest old, some level of disability seems inevitable prior to death (353). It might be seen as
the ultimate result of the long-term degeneration processes that characterize senescence (21). Hence,
the tendency of more stable levels of disabilities within the 80+ age group (353) could simply reflect the
somewhat inevitable states of disability related to the dying process itself. A larger share of the
population reaching the inexorable state of non-preventive exhaustion of physiological reserve
capacities should not necessarily be considered a failure of success, but rather as fulfillment of the
population`s physiological capacity for life. Because lack of physiological reserve capacity, i.e. morbidity,
severe disability and frailty, might be considered the most important causes of death in older ages, the
duration of these states is likely to be limited by high case fatality rates.
As the absolute number of disabled elderly is likely to increase due to population ageing, declining
prevalence of disability and functional limitations might partly offset the resulting expected future
increase in needs for care-services (217). However, even in the case were the observed trend continued
into the future, the impact of the ongoing ageing of the population on healthcare and long-term care
will be large. Although ensuring sufficient capacities might be challenging given the declining share of
working aged population (457, 458), policymakers need to ensure sufficient capacity in healthcare and
long-term care to provide adequate standards for a growing number of patients.
Finally, the perhaps most important policy implication of this study should be the call for better
knowledge. In order to better assess whether we are likely to experience compression or expansion of
disabilities and the variation in these dynamics and reveal factors associated with independency in older
ages, we need more comprehensive and consistent monitoring of old age disabilities. Furthermore,
despite decades of endeavors, the methodological limitations in monitoring disability and morbidity are
still challenging and require continuous focus from the research community. While in progress,
researchers must continuously strive for robust survey designs and meticulous reporting. In that regard,
the study revealed that Norway is far behind countries like the US, Sweden and the Netherlands in
building up the robust data needed to monitor old age disability trends.
I will conclude this chapter by arguing that while the reductions in premature mortality provided a more
balanced organ degeneration within the population, there are still potentials for further improvements.
As organ capacities are functions of the potentials built up during childhood and adolescence, and the
following pace of degeneration throughout adulthood, the largest and most cost-effective outcomes are
likely to be gained by life-long health promotion and primary prevention strategies which allow children
and adolescence to maximize their biological potential, and thereafter ensure the slowest possible pace
of organ degeneration in adulthood so that the manifestation of morbidity, disability and functional
limitations are postponed towards the end of life. Although more costly and resource demanding,
improvements in implementation, compliance and personalization of medical care are likely to slow
down the morbidity progress further once manifested. Among elderly in particular, we could benefit
from focusing not only on curation of disease but also on rehabilitation of functions. In cases of low
rehabilitation potential, we might benefit further from compensatory measures like assistive technology
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and universal design in order to enable independent living as long as possible. However, as more people
are able to live into states of generalized organ exhaustion where disabilities might be part of the dying
process, we will also need to ensure adequate standards of care for a growing number of patients, and
robust clinical decision making at the end of life by preserving a public awareness of death as a natural
part of a fulfilled life.

9.1.7 Future research
Independent living in older ages is of large importance to individuals, societies and long-term care
service providers. While this study indicated improvements in this matter in Norway, the results are only
a small contribution to the growing body of empirical analysis and must be seen in the light of other
studies (459). However, the research field seems to have been concentrated within a relatively small
number of developed countries; much of the empirical literature is based on US population studies, and
we could benefit from more studies based on the European context. In a global setting, evidence from
developing countries are particularly scarce and need more attention (360).
Second, another important area for future research is related to survey methodology. First, a major
challenge to this research field is how to measure morbidity, disability and functional limitations with
sufficient levels of sensitivity and specificity, categorize the heterogeneity in the data input, capture the
level of severity, and do so consistently over time (329). Much of the empirical literature have relied
mostly on self-reports, but the validity of such data has been questioned (161, 335). Despite a large
body of literature on trends in disability and functional limitations there is no consensus about the best
way to measure it (71, 326). On one hand, international comparability is challenged by the lack of a
harmonized framework for measurement of disabilities and there is a pressing need for standardization,
at least for a minimum subset of measures (360). On the other hand, in the light of the many facets of
health we could benefit from a more multifaceted surveillance. Much emphasis has been laid on
activities within the ADL- (69) and IADL-domains (70). However, these measures are influenced by
contextual factors as well as underlying health, and thus conceal the important and policy-relevant
distinctions between general health improvements and adapting societies. In particular, assessment of
the dynamic equilibrium (21) is challenged by possible confounding by contextual factors. On the other
side, while the costly sector of assistive technology should require adequate evaluation of its effect on
disabilities, little is currently known on the effect of the many types of assistive technology and
adaptations of homes on trends in old age disability (71). Hence, in order to assess the relative
importance of changes in underlying health and contextual factors, data on many aspects of health are
needed. For instance, associations between disability and predictors like sociodemographic
characteristics, morbidity, cognitive status, physical capacity, home environment and usage of help or
equipment might provide some indications on the relative importance of these factors to secular
disability trends (71, 179). A fruitful example of a relatively comprehensive evaluation is the SWEOLD
study in Sweden which compared trends in self-rated health, disabilities, pain, psychological complaints,
mobility-limitations, sensory-impairment, functional performance tests, cardiovascular fitness, and lung
capacity (191, 356). Other cohort trends in functional performance might also be assessed. For instance,
there are indications of cohort effects in pulmonary functions in the US and the Netherlands (460-462),
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and similar analysis should be repeated in other contexts to evaluate for compression or expansion in
lung function impairment. Also, temporal trends in bone density, or in the incidence of femoral neck
fractures which might be seen as a proxy for osteoporosis, could be used to test for compression or
expansion of osteoporosis. The growing numbers of patient registers might represent a valuable source
of information for such investigations.
Third, survey data might be threatened by selective non-response (318). Thus, particular emphasis
should be laid in facilitating high response rates among the sick, the demented, the frail and the very old
(463). Face-to-face interviews focusing on a limited amount of core topics are likely to increase
participation rates among these subgroups (318). Another way to do so is by interviewing proxies when
the respondent is unable to participate due to health problems (191, 356). An alternative approach is to
assess the health status during the last year of life by interviewing next-of-kin postmortem (164, 464).
However, proxies might introduce another source of information bias as they might perceive the level of
health and functioning differently than the respondents would do (67, 326, 333), and studies exploiting
information by proxies must account for this potential bias.
Fourth, in order to fully assess whether disabilities are being compressed or expanded prior to death,
and improve the estimates of healthy life expectancies, we need longitudinal data on incidence,
recovery and survival by level of disability (162). Longitudinal data would improve the investigations of
the compression and expansion hypothesis substantially, and could also allow for exploration of
potential causes behind the trends. In such studies, it would be important to improve the measurement
of severity in order to facilitate detection of dynamic equilibrium scenarios. Patient registers might
provide possibilities to construct longitudinal data with limited attrition rates by linkage to death
records. For instance, based on the Norwegian patient registry (465), such linkage could be used to
investigate whether there has been compression or expansion of coronary heart disease,
cerebrovascular disease, femoral neck fractures, limb amputation due to diabetes, diabetic retinopathy,
chronic kidney disease and cataract. Similarly, based on the Norwegian Care service registry (466), we
might assess whether the rise in life expectancy is associated with a compression or expansion in the use
of different types of long-term care. Longitudinal data would be particularly important in disentangling
whether old age disabilities are in fact more related to a more broadly defined dying process than to old
age itself (353).
Compared to Sweden, the Netherlands, and the US, Norwegian research on trends and variation in
health among the elderly is scarce. We lack valid and consistent data on trends in disability among the
elderly. For instance, Statistics Norway`s surveys of living conditions address the overall, noninstitutionalized, adult population and are not designed specifically for minimization of non-response
bias among elderly and sick survey participants. Further, the surveys lack data on many of the
internationally studied activities of daily living, thus reducing the validity of composite disability
measures, and comparability with data from other countries. In addition, we lack valid, consistent and
representative long-term time-series on physiological organ capacities and are thus restricted from
exploring whether there has been compression or expansion of dysfunctional organs over time. Finally,
we lack data on trends in disabilities and functional limitations within the institutionalized population.
The lack of data on old age disability might be considered a paradox, given the large individual and
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societal consequences of disabilities in older ages, in particular in the light of the ongoing population
ageing. Despite the large consequences of old age disabilities to all levels of society we do not know the
relative importance of the possible explanatory factors outlined above. For instance, we currently do not
know whether there has been a change in disease-specific impact over time, and whether such changes
have been driven by better prevention, earlier detection, better disease management, or improvements
in, and more compensating, environmental conditions (188). Without such knowledge our abilities to
predict and prepare to future development in old age disability, or even more important, facilitate
prevention or postponement of old age disabilities, are seriously hampered. Better understanding of the
relative importance of the many causes of disabilities in older ages might improve prevention strategies
and resource allocation, and allow for further improvements in disability free-life expectancy. Hence, I
would recommend that we strengthen the research on trends in old age disabilities and the many types
of functional impairments, including specific organ impairments. Further understanding on trends and
variation in old age disabilities might benefit from larger and more robust survey samples so that
variation in trends according to type of morbidity, behavioral factors, sociodemographic characteristics,
housing conditions and usage of help and equipment might be investigated. The validity of the disability
constructs should be improved by expansion of the battery of ADL- and IADL-items, and by use of survey
field method that facilitate high response rates. As senesce-related functional declines are evident from
the fourth or fifth decade (215), we would benefit from lowering the age limit for the questionnaire on
disabilities and functional limitations (217). Finally, we should exploit the possibilities for constructing
longitudinal dataset based on the Norwegian context in order to investigate the relative importance of
potentially explanatory factors to old age disabilities, as well as the relative importance of time-to-death
to the burden of disability.
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9.2 Trends in educational inequalities in old age mortality
9.2.1 Assessing spatiotemporal variation in absolute and relative inequalities in health
A meaningful evaluation of temporal trends in health inequalities requires clarity on what conclusions
can be drawn from trends in risk ratios, risk differences and life expectancy differentials. Many
researchers have highlighted the important distinction between relative and absolute measures of
association in spatiotemporal comparisons (72, 75, 304-310, 467, 468), and reporting both measures of
effects whenever possible is widely recommended (35, 281, 307, 311-313). Nevertheless, a vast majority
of published papers on social inequalities in health in 2009 reported only relative measures (308), and
those that report both measures are often vague in further inferences that might be drawn from their
risk ratios and risk differences. Indeed, prominent researchers in the field of comparative health
inequality research have noted that there is little consensus on whether the risk ratio or the risk
difference is the “most meaningful” measure (469, p. 1). However, to discuss which of them is the most
meaningful is to neglect that they complement each other (308, 310, 468, 469).
Relative measures have long been the most frequent measure of association in inequality research
(308). Surely, despite being largely blind to the size of public health implications and thus concealing
important information to policy making, risk ratios might provide insight into etiological considerations
(304). The scale neutrality of relative measures allows for direct comparisons between relative effects of
health outcome and relative differences in service delivery (309), and thus for evaluation of the degree
to which public health initiatives are proportionate in reaching all socioeconomic strata (468). Changes
in risk ratios imply that the sum of all relevant factors is acting disproportionally on groups and risk
ratios might therefore be important in evaluating the progress towards equality in health. In order to
achieve the fundamental human right to the highest attainable standard of health for all (146, 470),
those below the highest attainable standards of health would need to adopt and experience the health
promoting conditions experienced by the current leaders of health, and such progress towards equal
health outcomes would necessarily result in reductions in risk ratios. When evaluating welfare-state
policies and whether social development or egalitarian oriented welfare states have succeeded in
diminishing health inequalities (467), declining risk ratios would thus reflect the degree to which these
policies had succeeded in enabling disadvantaged groups to catch up the conditions, lifestyles and
opportunities experienced by those better off. Contrary, in accordance with the Diffusion of innovations
theory by Rogers (100), the Inverse equity hypothesis by Victora et al. (101), and the Fundamental
causes theory by Link and Phelan (73), disadvantaged groups often seem to delay in their adoption of
new knowledge and interventions. Their resulting lagged mortality decline causes risk ratios to increase
(101). The degree to which risk ratios increase might thus indicate the degree to which disadvantaged
groups are lagging behind those better off due to obstacles met in adaption to new and established
health-enhancing knowledge and opportunities. Some pitfalls should be kept in mind though. Harper et
al. argued that emphasis on relative measures without reporting the corresponding absolute numbers
could potentially mislead the public and policymakers to overestimate the extent of health inequalities
in the case of low morbidity or mortality, and influence the assessment on the directions of
spatiotemporal comparisons in health inequalities (307-309). Selective reporting of risk ratios might be
motivated by a desire for increased publicity of scientific findings, and a “lobbyist attitude” towards
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public health policy (310, p. 565). Indeed, exclusive presentation of either relative or absolute measures
might implicitly convey normative considerations into the evaluation of health inequalities (307). For
instance, emphasis on either absolute or relative inequalities implicitly imply valuation of whether
diminishing relative equalities, regardless of the direction of overall population health, should be the
major goal of public health, or whether the level of health should also be important (308). In that
regards, an emphasis on relative inequalities alone might be considered a rather puristic egalitarian
position in which the aim is equality in itself, independent of overall public health development (307).
From a public health perspective, many would say that converging declines in morbidity or mortality
rates, despite a less than proportionate pace of decline in the disadvantaged group, might be considered
to indicate that everyone is benefiting from social and medical progress and that the socioeconomic
determined gaps are closing (471). The implications of stable or declining absolute health inequalities
might be considered more nuanced though. Rothman et al. advocated that while risk ratios might cast
light on interactions between causal factors, it is the departure from additivity of risk differences, which
they interpreted as “attributable risks”, that matters for public health (304, p. 469). They therefore
stated that “no alternative exists to an additive criterion for evaluating independence of effects for the
public-health viewpoint, as long as the public-health burden is directly proportional to the number of
cases” (304, p. 469). Another proponent of absolute measures in effects assessments in public health
research was Geoffrey Rose, who aptly stated that “relative risk is not what decision-taking requires, for
doubling a trivial risk is still trivial but doubling a common risk is alarming. Relative risk is only for
researchers; decisions call for absolute measures” (75, p. 54-5). Thus, absolute measures of inequalities
provide an indication of the extent of inequalities in terms of the rate of people affected, and thereby
provide policy makers with estimates on the magnitude of the challenge (75, 304, 468), i.e. whether the
attributable risk is big or small, which might be important to resource allocation (310, 468).
Life expectancy differentials are directly linked to mortality rate differences, and provide a way of
summing up the effect of a specific survival distribution. As life expectancy is calculated based on the
absolute mortality rates in all age groups above the index age for a specific period, life expectancy
differentials aggregates the absolute inequalities in mortality pattern for a given period in an easily
understandable measure. Because mortality rate differences increase with advancing age, inequalities in
old-age mortality are a major contributor to life expectancy differentials of today (133, 140, 246).
Although life expectancy measures preclude information on age-specific trends, the life expectancy
differentials might illuminate the influence of social conditions on individual health to policy makers and
provide an understandable basis for decision making for the individual.
As argued by Low and Low (468), and Rothman et al. (304), I therefore conclude that although the face
value of large risk ratios might be appealing and arouse attention and concern (310), any risk-ratio
related concern should be limited to the etiological evaluation. With regards to concern for the
magnitude of the challenge, absolute measures should be more important. Thus, after using absolute
differences to identify the major challenges that need to be addressed by public health initiatives,
relative measures should be used to evaluate their progress (468). Further, while I adhere to the call for
reporting both absolute and relative measures of effects whenever possible (35, 281, 307, 311-313), I
will also argue that the implications of these findings to public health and etiological considerations
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should be given more attention when assessing empirical evidence. Throughout the rest of chapter 9, I
base my interpretation of the results on the outlined understanding of risk ratios, risk differences and
life expectancy differentials.

9.2.2 Interpretation of findings
The second study in this thesis revealed that from 1961 to 2009 there were substantial mortality
declines in higher as well as lower educated Norwegians aged 65 to 94 years (132). Thus, all educational
groups benefited from public health progress. Substantial mortality declines were experienced up to age
94 in women and age 84 in men, and from 2000 onwards, mortality declines were also evident in lower
and higher educated men aged 85-94.
As an inevitable consequence of mortality changes (249, 252, 472), educational mortality inequalities
changed in absolute or relative terms or both. From visual inspection of graphs, the one-year mortality
estimates revealed substantial variation in mortality declines according to sex, age and educational
level.
In women, mortality tended to converge during the first half of the period, and thereafter tended to
diverge. Thus, during the second half of the period studied, absolute mortality inequalities increased
significantly in the 65-84 year old age-group. However, overall, despite decades of shifting patterns of
mortality and health determinants, women experienced relatively stable absolute educational
inequalities over the period. The stability was evident in all age group up to age 94, and indicates that,
although both groups experienced mortality declines, the burden of being lower educated remained
mostly stable. However, the indications of increasing absolute educational mortality inequalities from
the 1980s onwards suggest that the burden of being lower educated have recently started to increase.
The close to equal absolute paces of declines implied that they were relatively larger for higher than
lower educated groups. Consequently, relative mortality inequalities increased consistently during the
whole period.
In men, mortality trends shifted more than in women. Both educational groups experienced a similar
absolute increase in mortality during the 1960s and stagnation in mortality during the 1970s. Thus,
absolute educational inequalities remained stable during this period. Thereafter, men`s mortality
started to decline. The onset of decline seemed to follow an education-specific cohort pattern; higher
educated men aged 65-74 started their decline in the 1970s, the 75-84 year old age group in the 1980s
and the 85-94 year old age group in the 1990s. Lower educated men lagged about 10 year in their onset
of mortality declines compared to the higher educated, thus expanding the absolute gap during the
1980s (65-74 years old), 1990s (75-84 years old) and years after 2000 (85-94 years old). As a result, the
burden of being lower educated increased. During the years of mortality declines from the 1970s (ages
65-74), the 1980s (ages 75-84) and the 1990s (ages 85-94) onwards, the lower educated never caught up
the relative pace of decline experienced by the higher educated. Rather, the stable or increasing
absolute gap in mortality inequalities implied that the declines were relatively larger for higher than
lower educated groups, and relative mortality inequalities increased.
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The continuing mortality declines among higher educated men and women are intriguing in relation to
the argument of overall increases in population frailty due to reductions in selective mortality over the
period (473). Those oldest old in 1961 surely comprised a highly biologically selected group due to the
large levels of premature mortality experienced by their cohorts. However, it seemed like any “eliteeffect” on mortality from this selection process became substantially exceeded by a larger elite-effect of
later cohorts of having lived more of their life course in prosperity. As the higher educated seemed to
benefit more from prosperity, their relative advantages increased despite being less biologically selected
than long lived individuals in the 1960s. This notion suggests that environment trumped genetics in
forming the heterogeneity in survival of succeeding birth cohorts.
The main picture of the result from this study was that absolute mortality inequalities persisted
throughout the period and that mortality declines were experienced proportionally less by lower than
higher educated groups. While I cannot exclude any health selection effects from compositional changes
of the lower educated group, in both sexes, whatever the causes of progress, the lower educated
seemed to benefit proportionally less from them. In addition, the sex differences in the pattern of
mortality decline point towards some risk factors that must have been more widespread in men than
women, and in lower educated than higher educated men. The indications of increasing absolute
inequalities in women from the 1980s onwards in the 65-84 year old age group further suggest sexspecific causal factors or that the causal factors behind men`s experience decades earlier hit women
later than men.

9.2.3 Comparison with previous and later research
Comparison with results from other studies are challenging because of differences in period studied,
health selection processes and period- and country-specific epidemiological profiles. However,
increasing relative educational inequalities in mortality among older populations were also seen for
Israelic Jews in the 65-89 year old age group between 1983 and 2005 (226), in US men aged 55-84 from
the 1960s to the 1970s (227), in Estonians aged 55 years and older during the early post-communist era
of the 1990s (234), in a previous study including Norwegians aged 60-74 during the 1980s and 1990s
(41), and in previous studies on middle aged Norwegians over the last decades (130, 236, 241, 244, 245).
It was also seen in a recent comparative study by Mackenbach et al. comparing educational mortality
inequalities in the younger 35-79 year old age group at the end of the 2000s to the early 1990s (471).
However, in studies of shorter periods, relative educational inequalities in mortality were stable in 65-84
year old women in the US between the 1960s and the 1970s (227), the 65-89 year old Austrians
between the 1980s and 1990s (233), and the 60-74 year old age group in Finland and Turin from the
1980s to the 1990s (41). Although it is challenging to discern the causes behind these differences in
trends, they are likely related to differences in periods and educational and epidemiological profiles of
the populations.
The education specific lags seen in onset of mortality declines in men in our study illustrated the
mortality effects of lagged increases in survival probabilities seen in the study by Steingrímsdóttir et al.
(246) and is, although not as apparent as in this study, consistent with the report by Berntsen on
Norwegians aged 60 and 80 years between 1975 and 2002 (236). Periods of increase in absolute
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inequalities in men compared to more stable absolute inequalities in women were also found in 65+ age
group in the US during the 1960s and the 1970s (227), in Israeli Jews in the 65-89 year old age group
between 1983 and 2005 (226), in Norwegians aged 60 and 80 years between 1975 and 2002 (236), and
in studies on middle aged populations in developed countries over the last decades (227, 234, 239, 241,
270, 271, 474). However, in the 65-89 year old age group in Austria during the 1980s, absolute mortality
inequalities remained stable or tended to decline in both sexes (233). Indications of increases in
absolute educational mortality inequalities in women was also seen in Estonians aged 55 years and older
during the early post-communist era of the 1990s (234), in middle aged Norwegians from the 1990s
onwards (241, 474), and in the study by Berntsen for 60 and 80 year old women from 1990s onwards.
A recent study by Mackenbach et al. on European populations aged 35-79 years old revealed substantial
variation in trends in absolute educational inequalities in mortality between the early 1990s and the end
of the 2000s (471). While absolute educational inequalities in mortality declined statistically significantly
for both sexes in Spain (Barcelona) and in men only for Sweden, Scotland, England and Wales, and
Switzerland, they increased significantly in both sexes for Lithuania and in women only for Finland and
Norway. While there were close to significant tendency of declines for men in France and Slovenia, and
close to significant tendency of increase for women in Sweden, there were no significant changes for
men in Finland, Norway or Italy (Turin), and women in Scotland, England and Wales, France, Switzerland,
Italy (Turin) and Slovenia (471). The authors emphasized on the findings of declining absolute
inequalities in several countries, and briefly noted that the reductions in absolute mortality inequalities
were primarily driven by reductions in absolute inequalities in cardiovascular mortality in both sexes,
smoking-related deaths in men, and deaths amenable to medical interventions. The authors stated that
the reductions in absolute inequalities in cardiovascular mortality “must be due to more favourable
changes in either proximate determinants of ischaemic heart disease – such as health related behaviours
(eg. smoking, diet, and exercise) or healthcare effectiveness (eg. hypertension detection and treatment,
thrombolytic therapy), or both – among low educated groups compared with high educated groups”
(471, p. 6). Similarly, in 2014, Mackenbach et al. stated that larger absolute reductions in mortality from
cardiovascular disease among lower educated must be due to changes in health-related behaviors
and/or healthcare interventions that “must have been larger among the low educated” (475, p. 9).
Although, surely, reductions in absolute mortality inequalities might be considered to be a beneficial
reduction in the absolute burden of these determinants on people`s lives (75, 304, 307), the authors
seemed to point at the effect of behavioral changes (471, 475). However, they did not discuss why the
etiological effects should not be considered to be proportional (304, 468). That is, why reductions in
relative inequalities should not be expected if changes in these determinants had actually been more
favorable or larger among lower educated than higher educated groups. In my opinion, the continuously
less than proportionate decline in all-cause mortality among lower educated indicates reductions in
their already lower ability to benefit from the at any given time standards of prosperity experienced by
the higher educated. Further, while equality in itself might be a goal of public health, we should not
forget overall progress (307), as reductions in absolute or relative mortality inequalities would probably
not be considered satisfactory per se in countries where unhealthy conditions such as smoking,
overweight, or traffic accidents are prevalent in all socioeconomic groups. Finally, although not
discussed in the paper (471), the graphs in the web appendix depicting age-standardized mortality
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trends suggested that the temporal comparison could have differed by comparing average declines
across the study period instead of comparing the first and the last measuring points. The importance of
the two measuring points to the conclusion is illustrated by an earlier study by the same research group
concluding with declining absolute inequalities in a larger number of countries between the early 1990s
and the early 2000s (475) than found in the later study when comparing towards the end of the 2000s
(471). Nevertheless, the main impression of the graphs (471) and what should not be overlooked, is that
the burdens of mortality inequalities persisted for lower educated in most countries.

9.3 Trends in educational inequalities remaining life expectancy at age 65
9.3.1 Interpretation of findings
The third study in this thesis revealed the large implications of inequality in mortality progress to
remaining life expectancy at age 65 (e65) in Norway from 1961 to 2009. The e65 increased in both sexes
and educational groups over the period. As a result, lower and higher educated men increased in e65
from 14.8 to 16.8 years and 15.7 to 19.0 years respectively. The corresponding increases in women were
from 16.8 to 20.5 years and 18.1 to 23.0 years. The differences in e65 increased from 0.9 to 2.2 years in
men, and from 1.3 to 2.5 years in women.
However, there were substantial variation in the increase in e65 according to sex, age and educational
level. In men, e65 declined in both educational groups during the 1960s, and thereafter increased at an
accelerating rate. During much of the 1970s and 1980s, the rate of acceleration in e65 was slower in
lower educated men than higher educated men, causing the educational differences in life expectancy
to increase. From 2000 onwards, the rate of increase in e65 among lower educated men approached the
rate among higher educated men, and the gap in e65 stabilized. Women experienced steady increases in
life expectancy throughout the period, but contrary to men, there was a tendency of convergence in e65
during the 1960s and 1970s, and thereafter a shift towards divergence. Thus, the educational gap in e65
decreased during the first period, and thereafter increased, although not significantly until the period
2001-2009. The findings imply that the accumulated burden of lower education increased in both sexes
over the period, driven mostly by deviating life expectancy trends during the 1980s and 1990s in men,
and the years after 2000s in women.

9.3.2 Comparison with previous and later research
Comparison with results from other studies are challenging because of differences in period, selection
processes and epidemiological profiles. Nevertheless, our-sub trend analysis was mostly consistent with
results of previous trend studies. Educational differences in e65 increased in both sexes in Belgium
between 1991 and 2001 (140), and in Sweden and Finland from the beginning of the 1970s to the end of
the 1990s (232). However, in two studies of a shorter period in Finland from 1970 to 1990 education
based differences in e60 and e80 remained stable (230, 231). In the US, education based differences in e65
increased for men and declined for women from 1970 to 1990 (228). Our findings were also in line with
results of trends in life expectancy according to other socioeconomic determinants. In Finland, the gap
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in e65 between manual and non-manual workers increased in both sexes between 1971 and 1995, and
the largest increase was during the 1980s (476). Occupation based differences in e65 were also seen in
Sweden from 1980 to 1997 (235). Inequalities in e65 between the least-deprived and most-deprived
socioeconomic counties in the US increased between 1980 and 2000 (229). The study by Hattersley et al.
provided more nuanced trends in e65 by occupational class over five measuring points during a relatively
long 24 years period in England and Wales (238). They found increasing differences in e65 between
manual and non-manual workers, and comparison of the top and bottom occupational class revealed
that unskilled workers experienced continuous increases in the gap compared to professionals in both
sexes. Based on a weighted sample of the Finnish population, Tarkiainen et al. described trends in
remaining e35 in Finland between 1988 and 2007, and decomposed the age group and causes of death
specific contribution to the differences in e35 differentials between the lowest and highest income
quintiles (477). They found that e35 increased in all income quintiles, but that the increase in e35 had
been largest in the four highest income quintiles and close to zero in the lowest quintile. As a result, the
increases in e35 differentials were 3.27 life years in men and 2.14 life years in women, and the under 65years-old contributed to 54% and 66% of these increases respectively. In women, much of the widening
gap in e35 resulted from mortality increases in the lower income quintile. A substantial part of the
increase in e35 differentials were explained by widening inequalities in alcohol related deaths and other
cancers in both sexes, and ischemic heart disease in men. The main conclusion did not change when
trends were estimated based on income information three years before mortality follow-up, suggesting
that they were robust to health-selection.
The patterns of increases in e65 in our study were similar to the increases in e35 in Norway, reported by
Steingrímsdóttir et al. in their analysis based on the same data source (246). The reason for this is
because most of the increases in life expectancy at birth are now increasingly driven by declining
mortality among those in the higher age groups (55, 140). Thus, as the increases in survival probabilities
between 1961 and 2009 were much larger among people aged 65 and above than among those aged 35
to 64 (246), trends in e35 and trends in e65 have increasingly become similar in pace and pattern of
increase. On the other side of the age scale, Kinge et al. studied trends in e85, e90 and e95 in Norway over
the same period and found that differences in e85 and e90 tended to emerge during the 1980s and 1990s
(478).
Later research from the US has revoked the debate on the effect of compositional changes to
educational inequalities in life expectancy. Based on unlinked census- and deaths records for the US,
Meara et al. found educational gaps in life expectancy to increase by about 30% between 1980 and 2000
(479). The robustness of these trends were assessed by keeping the share of lower educated fixed to the
level of 2000 during the period by randomly reassigning some people with lower education to the higher
educated group at the beginning of the period. The authors suggested that inequalities in smoking and
obesity could explain part of the increases. In a later analysis of unlinked census- and death records for
the US from 1990 and 2008, Olshansky et al. found increases in educational differentials between the
most educated (≥16 years) and the least educated (≤11 years) in e0 from 13.4 to 14.2 years in men and
7.7 and 10.3 years in women (480). Sub-group analysis also revealed tendencies of widening gaps in e65
and e80 in all sex- and racial groups over the same period, and white men and women with less than 12
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years of education even experienced declining life expectancies at birth, at age 65 and age 80 (480).
Although the estimates suffered from the possibilities of numerator-denominator bias and their
estimation procedure of the education specific life expectancies was insensitive to mortality inequalities
above age 85, the study provided updated evidence on the widening disparities in mortality associated
with educational level in the US.
However, critics raised questions on whether widening inequalities could result from the lower
educated group being increasingly negatively selected (344, 481-483). Dowd and Hamoudi considered
lower educated groups to be non-comparable over time, and used simulation models to illustrate that
the current US mortality increases in the lower educated group could simply result from this group being
increasingly negatively selected in terms of disadvantaged childhood conditions (344). Bound et al.
reanalyzed the data used by Olshansky et al. and adjusted for compositional changes by comparing the
bottom quartile of the education distribution to the rest (482). Thus, the trend estimates were likely to
be biased and constrained by a declining share of lower educated reallocated to the higher education
group during the study period. The analysis showed that mortality declines of women in the bottom
quartile were more modest than in the low education group as described by Olshansky et al. (483) and
contrary to the lower educated in the previous study, men in the bottom quartile experienced a slight
increase in life expectancy. Nevertheless, despite this reallocation procedure, Bound et al. found
widening educational inequalities in life expectancy from age 25 to 85 (482). Similar findings were
reported by Hendi for the US between 1997 and 2006 (483). However, the conclusion by Bound et al.
that the statement of Olshansky et al. (480) of declining life expectancy for some group was likely to be
misleading might be premature; while the lower educated group in the study by Olshansky et al. might
have been increasingly negatively selected, the lower education quartile in the study by Bound et al.
consisted increasingly of better educated. Thus, their lower education quartile might be considered as
equally non-comparable as the least educated group in the study by Olshansky et al. Further, the trends
in life expectancy differentials found by Bound et al. might have been biased because the second to the
fourth education-quartiles consisted decreasingly of reallocated lower educated.

9.4 Possible explanations for widening educational inequalities in old age
mortality
Evaluation of trends in health inequalities might benefit from recognizing the historical development in
relevant mortality risk factors. According to the Ecosocial theory by Krieger, relevant exposures might be
found at all levels, from societal to biological (125, p. 227), and thus include economic, political and
social conditions, social norms, social and cultural capital, socially inflicted traumas, environmental
hazards, marketing and regulation of hazardous commodities, and inadequate levels of healthcare (124,
p. 223). The relative importance of these pathways might have varied over the life course, by sex, period
and place (124, p. 202), partly dependent on how the concurrent political priorities constrained the
individual`s capacity to act and accountability for action (124, p. 225). As suggested by Krieger, any
investigation on who and what may be responsible for health inequalities should start by examining who
and what were responsible for overall levels and trends in morbidity and mortality during the period of
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interest (124, p. 214). In evaluating the who and what question, the etiological perspectives of risk ratios
are needed.
The studies within this thesis documented that there are large and persisting relative educational
inequalities in functional limitations, disability and mortality within the older population. It was beyond
the scope of my thesis to identify the causes behind these inequalities, and the results from our analysis
of observational data do not allow for causal inferences. Further, clearly, a full account of all potential
pathways changing mortality inequalities is unrealistic (124). Nevertheless, some suggestions might be
proposed based on the yearly nuances in long term trends (119), established theories (72) and
knowledge on historical development in social and biological conditions (124, p. 202). The detailed
mortality description in one-year periods over 48 years indicated enduring educational inequalities in
mortality in both sexes (132, 133). The rise in relative inequalities in mortality indicates that etiological
factors to health improvements were acting disproportionally on educational groups (304). However,
trends in mortality differed by sex, age, period and educational group, resulting in corresponding
dynamics in educational mortality inequalities. Who and what could be responsible for the persistent
and widening relative inequalities over almost half a century? Further, who and what could be
responsible for the lagged mortality declines in men, in particular lower educated men, and the later
onset of lagged mortality decline among lower educated women? While the answers to these questions
are obviously complex and many factors are likely to have contributed dependent on sex, period and
place, the peculiar lagged mortality declines among lower educated men points at some factor that was
particularly lethal and common in men. In order to contribute to widening relative health inequalities,
the strength of the mechanisms must have increased over the period (85). One way to start over is by
investigating the historical changes in social distribution of major mortality risk factors like smoking,
excess alcohol consumption, nutrition, and physical inactivity (150, 484). Further, additional insight
might be provided by studying the social conditions underlying these unhealthy choices (75, p. 132-3),
i.e. changes in socioeconomic conditions over the life course, including material (77-79) and
psychosocial conditions (72, 82), social and cultural capital (104-106), social mobility (72, 89, 485, 486),
and early childhood circumstances (109, 112, 120, 122, 400, 487, 488).

9.4.1 Material conditions
Material conditions were obviously an important determinant of people`s health in the past. Around
1900, income inequalities were large (489, 490), and many lived in poverty and crowded and dirty
housings (145). Working life was hard (145, 490) and undernutrition common (145, 362). The
epidemiological transition resulted in fewer children growing up in poverty due to death of a parent
(145), and the strong alcohol policies from 1910 onwards (141, 442) reduced poverty due to alcoholic
parents. Poverty related to growing up with a single parent was reduced by the Castberg Act of 1915
which obliged fathers to provide financial maintenance to the mother and illegitimate children (141).
Working life became more regulated with better employment protection (490) and protection from
adverse physical and psychosocial environmental working conditions (490, 491). Infrastructure like
electricity, running water, sewers and public transportation were important innovations that reduced
the toil and hardship of daily life (145). By the 1950s, the problems of poverty-related undernutrition
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were mostly diminished (362). The development of the National Insurance Scheme during the 1960s
largely decommodified labour and reduced the family dependence of individual welfare by universalistic
and generous social transfers providing unprecedented levels of income replacement security (91).
The adherence to universalism is a particular characteristic of social-democratic welfare states. In many
ways universalism resembles the population strategy by Rose (75, 76, 492). As pointed out by Lundberg
et al., universal policies, incorporating the middle classes, might in fact be better for the disadvantaged
groups of society, and also increase the legitimacy and support for tax-financing of social transfers and
thereby increase the generosity of these transfers (492). While indeed increased levels of adequacy
might be important for the poor, universalism ensures that the whole socioeconomic gradient might
benefit from social protection. Compared to the limited effects of poor-relief to a minor group of
disadvantaged people, the population strategy implies that even minor improvements in health
potentials across the gradient might have a large effects on public health (75, 76, 492).
Nevertheless, still there are large inequalities in mortality by level of income in Norway (80). Low levels
of income might restrain one from buying healthy food (78, 79, 81), or choosing to live in areas with
clean-air, low noise, and high levels of social cohesion and community support (79). Low wage earners
might also be more restricted from working conditions free from occupational chemical and
psychosocial hazards (77, 79), and might have become increasingly excluded from the labour market
through early-exit pathways and thereby risked income reductions and social exclusion (493). Incomerelated deprivation might be of particular importance to those outside the workforce. Despite the
seemingly generous social transfers in Norway (91), and the explicit aim of the National Insurance
Scheme to provide a level of income replacement benefit which is “reasonable” for all (90), absolute
poverty is likely to exist in Norway. As Norwegian poverty research seems to be dominated by incomemeasures, and consumption- or budget-based approaches are few (494), little is known on what is
actually an adequate level of income for reasonable level of healthy living in Norway (90, 494). The
National Institute for Consumer Research (SIFO) calculates yearly indicative reference budgets based on
what evidence suggest would be the lowest level of living which ordinary Norwegians would find
reasonable for themselves (90). However, these budgets exclude housing and heating costs which are
substantial in Norway. Figure 5 compares the SIFO`s estimates on reasonable individual costs for single
persons aged 19-70 with the level of minimum pension (own calculation based on (495) and (496, table
3.1)). The graph illustrates that the level of minimum pension, which is the level of pension received by
many older women and people acquiring occupational disability at younger ages, was close to expected
consumer costs for adequate standards of living (excluded heating and housing costs which vary largely
by region) from the mid-1990s to 2005. More recently pension adequacy has been emphasized
somewhat more than income insurance. Thus, the replacement ratio of minimum pension has gradually
increased, especially in 1998 and 2008-2009 (497), resulting in minimum pensions becoming
substantially larger than the expected consumer costs. Thus the recent focus on adequacy might have
reduced any mortality associated to deprivation in this group. Nevertheless, still, minimum pension
recipients, including many with occupational disability and single living women receiving old-age
retirement benefit, seem to be in risk of absolute poverty. The risk is even larger for social benefit
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recipients, where levels of benefit are determined by the municipalities and are generally lower than the
minimum pension benefit (90).
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Figure 5: comparison of SIFO`s estimates on reasonable individual living costs (exclude housing and
heating costs ) for single persons aged 19-70 with the level of minimum pension (own calculation based
on (495) and (496, table 3.1)).
The importance of material condition as a cause of social inequalities in health in modern Norway might
be questioned though. First, tobacco products, which are heavily taxed in Norway, are increasingly
consumed within the lower socioeconomic strata in which the risk of material deprivation is largest
(378, 498). Further, income inequalities are generally low in Norway, and only started to increase from
the 1990s onwards (489), well after the rise in relative health inequalities in the 1970s (132, 241).
Indeed, in British data, while improvements in material conditions might have explained the declines in
socioeconomic health inequalities prior to the Second World War (252), they cannot explain why
relative inequalities increased during the growth of a generous welfare state from the 1950 onwards
(85).
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9.4.2 Neo-material conditions
Lynch et al. argued that health inequalities could stem from “accumulation of exposures and experiences
that have their sources in the material world” (84, p. 1202) and highlighted the importance of public
infrastructure as determinants of health. The accumulated exposures and experiences of these neomaterial conditions changed substantially over the life course of the population studied in this thesis.
Thus, the role of neo-material resources must be assessed within a historical context (84) and
educational inequalities in the historical distributions of these resources might contribute to educational
mortality inequalities of today (124, p. 228). For instance, until the 1970s, medication and assistive
technology was largely privately funded, and the study population within this thesis where thus
exposed to periods where private economy was an important determinant of opportunities for
medication and assistive technology. More life course perspectives are discussed in chapters 9.4.5 and
9.4.9.
More recently, the effects of the changes in neo-material resources on health are likely to have been
mixed. On one side, the improvements in educational opportunities, health care services, housing
conditions, working environment protection, protection from market forces promoting tobacco and
alcohol, and availability of unsaturated dietary fat are likely to have contributed to overall mortality
declines. On the other side, the public health development is likely to have been hampered by more
sedentary working life, lack of facilitation of physically active modes of transport, and the growth in the
availability of unhealthy, cheap and ultra-processed food compared to healthier vegetales and sea-food.
However, even nowadays, while many of these neo-material resources are widely distributed in Norway,
they are not equally available, neither socially, economically nor physically. As discussed in chapter
9.4.9, inequalities in social, cultural and economic capital might have favored the ability of higher
educated people to respond to health-enhancing neo-material resources like the promotion of healthy
lifestyles by public health authorities, and thus contributed to widening relative educational inequalities
in old age mortality. More physically, the availability of many neo-material resources depends heavily on
area of residence, from rural Norway to less or more deprived urbanized areas. Geographical
inequalities in neo-material resources are particularly transparent in health care provision. For instance,
in the case of acute illness, the home address is directly associated with transportation time to the local
hospital as well as tertiary hospitals when specialized interventions are needed. Norway is sparsely
populated and travel time by car to local hospitals might exceed four hours (499). Clearly, in the case of
ST-segment elevation myocardial infarction (STEMI), where the time to reperfusion is strongly
associated with mortality (446, 500, 501), variations in the distance from a percutaneous coronary
intervention center are major challenges to the principle of universalism. Similar problematic
geographical inequality applies to the case of stroke, where minutes from stroke onset to start of
treatment in hospitals are of major importance to outcome (446). In cancer treatment, where surgery
and radiotherapy services are centralized and standard treatment protocols consist of daily radiation
dosages conducted over several weeks, long travel distances for people with serious and often highly
symptomatic cancers imply a substantial disadvantage for people living outside the major cities of
Norway (447). As higher education is more prevalent in urban areas where hospitals are generally
nearby, any effect of geography on mortality might be considered as a confounder to the association
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between education and health. However, with the development of centralized treatment like
percutaneous coronary interventions and radiotherapy of cancers this disadvantage became even
greater during the study period, possibly contributing to widening relative educational inequalities in old
age mortality.
Recently, the failure to deliver short waiting time to diagnostic imaging and specialized outpatient
medical care has stimulated the development of private health care insurances which ensure shorter
waiting times for the better off (502). While private health insurances might contribute to future
persistence of socioeconomic health inequalities, they are relatively new in Norway, and their influence
on educational inequalities in old age mortality is therefore currently likely to be marginal.

9.4.3 Relative deprivation
Relative deprivation related to income inequalities and low levels of perceived control is suggested to
explain health inequalities (81-83, 503). The hypothesis is methodological challenging and data
demanding to test (504), and the importance of psychosocial risk factors is debated (81, 84). Most of the
empirical support for the theory are based on ecological analysis linking degree of income inequality
with degree of income inequalities in health. These analysis provide little direct insight on how income
inequalities are percieved by groups or individuals (105). In a study by Dahl et al., regional level incomeinequality in Norway seemed to influence regional mortality, and the impact was largest among low
income earners (504). However, the Scandinavian social democratic welfare states are known for their
comparatively generous social transfers (91) and low levels of income inequality (141, 489). Thus,
income-inequality related deprivation should be of less importance than in other parts of the world (81,
82, 504). Further income inequality was low up to the 1990s (489), decades after widening of
inequalities emerged (132, 133, 241, 246, 474).
However, psychosocial stress might still be relevant. Perceptions of low control are suggested to be of
importance (81, 505). Living in a seemingly egalitarian meritocracy might promote a sense of own failure
for those in lower socioeconomic positions (506). People in egalitarian welfare states are born into a
unique range of opportunities, and the seemingly large possibilities for upward social mobility and
prosperity might yield high expectations for success (506). With all these opportunities, lack of success
in educational and occupational careers and private life is often perceived as a matter of personal failure
(506). Hence, the increasing educational opportunities might have led to increasing mortality
inequalities because of comparison-related psychosocial stress for those failing to succeed according to
expectations (506).
Another source of psychosocial stress and low perceived control might stem from inability to comply
with the tasks assigned by the employer, which might be more prevalent among those in lower
socioeconomic positions. Examples include “the brutalization” of working life by corporate opportunism
(490), lack of enabling conditions or retraining measures towards older workers (3, 8, 92, 493), or, for
the many working in the front line of the welfare state, their conscientiously cushioning of the
mismatch between public expectations and financial constraints (507). While all these factors might
restrict older individuals from further occupational careers and contribute to occupational disability
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(92), the resulting psychosocial stress might be more common among the less privileged groups of
society and thus contribute to socioeconomic inequalities in health.
However, psychosocial stress cannot directly explain the sex-specific patterns of trends in educational
mortality inequalities seen in our study. Although psychosocial stress related to income inequalities,
failure to succeed in self-realization and low perceived control might be important to health inequalities
(81-83, 503, 505), any effect to health in older populations are largely unknown. The association is
mostly based on ecological analysis and observational data, and we lack knowledge on how income
inequalities are percieved by groups or individuals (105), and the biological mechanisms linking relative
deprivation or low percieved control to health.

9.4.4 Health selection by social mobility
During the 20th century, social mobility became increasingly common. Previously, careers in occupation,
education and even marriages were dependent on family of origin and area of residence. By the
development of a common folk school from the 1880s, and an even more equality-oriented compulsory
school from 1959 (144), and by the emergence of the State Education Loan Fund in 1947 and
subsequent decentralization of higher education (142, 145), Norwegian schooling system explicitly
promoted equal opportunities according to skills for all (144). Although social inequalities in educational
attainment still exists, the school system provided opportunities for unprecedented intergenerational
social mobility and resulted in large growth in level of education within the population (142, 145). Thus,
Norway became a meritocracy in which educational attainment became increasingly a function of skills
and efforts (85).
Social mobility might influence socioeconomic inequalities in health through direct or indirect health
selection. Indeed, with advancing age, direct health-selection is increasingly important to socioeconomic
indicators like occupation or income. In this thesis, I used educational level as an indicator of
socioeconomic positions. As educational attainment is largely determined in young adulthood, it is less
influenced by direct health selection than income or occupation in older ages. Further, there is probably
less selection with regards to level of education in societies with publicly financed universal and equityoriented schooling-systems like Norway (77, 144, 145). Nevertheless, ill-health in childhood is likely to
influence level of educational attainment, and thereby result in some level of reverse causation in
educational inequalities in health (72). However, as chronic conditions in childhood are relatively rare,
any effect of direct health selection is likely to have been limited in the studies within this thesis.
On the other hand, indirect health selection might have increased. The diminishing group of lower
educated might consist of increasingly negatively selected people with increased risk for later
development of disease (72). Although, the universal school system aimed for equal opportunities for all
and facilitated that everyone could take out their educational potential according to skills, the rise in
universal educational opportunities also represented an increasingly strong selection process by
personal characteristics. As these personal characteristics might be relevant for behavioural choices (72,
85), one could say that the egalitarian school system, by aiming for equal opportunities according to
skills, contributed to widening educational health inequalities (85). Several researchers have suggested
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such marginalization of the lower educated group as an explanation of widening health inequalities (85,
140, 239, 268, 476, 508). A more marginalized and homogenously disadvantaged group of lowereducated people might be less susceptible to public health initiatives and represent an increasing
challenge to public health policies (509). Although the lower educated group in our studies were not
marginal in size during the study periods (131-133), and in the 65-94 year old age group constituted one
third of all men and almost half of all women in 2009, increasing indirect health selection might have
contributed to widening health inequalities.
More recently, Dowd and Hamoudi argued that trends in indirect and direct health selection into
educational groups should be considered as lagged selection bias likely to confound the contemporary
trends in health inequalities (344). They considered it impossible to discern any effect of educational
level from the effects of changing selection dynamics into higher education. They further highlighted the
very different social background of the lower educated group between cohorts growing up prior to or
during the stabilization of schooling access during the last quarter of the 20th century, considered them
as “non-comparable subgroups” and argued that slower improvements or worsening of life expectancy
within this increasingly marginalized group could simply reflect increasingly indirect and direct health
selection (344). However, they did not discuss why any effect of education per se should not be
expected. Indeed, childhood conditions had substantial implications to health in older ages (109, 112),
and is likely to influence educational career, but in their arguments on health selection, Dowd and
Hamoudi largely neglected the many important health determinants in adult ages which are associated
with educational level itself. For instance, although the concentration of unhealthy behaviors in lower
educational groups might be related to childhood socioeconomic conditions, it might also be related to
lack of education and associated cultural capital. Further, the so called personal characteristics
associated with unhealthy behaviors in lower socioeconomic strata might themselves be plastic (88) and
largely a product of society, and therefore represent public health potentials that might be reaped by
ensuring adequate childhood conditions for all. Whatever the role of indirect or direct health selection,
failing to achieve higher education is likely to worsen individual’s potentials for good health even
further. Thus rather than be interpreted as trends in the causal effect of education, trends in
educational health inequalities might be interpreted as changes in cumulative disadvantage associated
with lower education (510).
The role of health selection to educational inequalities in old age mortality remains unclear. Although
upward movers seem to have better health than others in their social class of origins and vice versa
(485, 486), Bartley and Plewis found that those moving to higher social classes had worse health than
the original members of their destination class (486). Conversely, those shifting to lower social classes
had better health than the original members of their destination class (486). Thus, it was suggested that
mobility might in fact constrain the gradient, and thus offset the widening of inequalities in health that
could be expected from increasing marginalization of the disadvantaged groups (486). However, similar
gradient constraints were not found in a study on Norwegian data by Elstad in 2001 (485). Elstad
pointed out that health-related mobility might hypothetically entail both gradient constraints, and
gradient widening, and that gradient constraints from health-related mobility might be more likely when
mobility is widespread and only weakly associated with health, and initial health inequalities are large
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(485). However, results from one-country studies might not be generalizable as the importance of
selection is likely to differ by period and welfare-state regime, depending on the individual costs and
availability of education and health care, and the degree to which individuals might maintain an
adequate standard of living regardless of their market performance (91). Although estimating the effect
of selection to socioeconomic inequalities in mortality is challenging and data-demanding (72, 89, 485),
more research on this issue is needed.

9.4.5 Life course perspectives
Evidence from life course epidemiology has revealed the importance of timing, level of exposure, and
duration for various biological and social risk- and protective factors across various stages of prenatal
and postnatal life to health in adulthood and older ages (120, 122, 400, 487, 488). In a systematic review
by Galobardes et al. in 2004, early life socioeconomic position was strongly associated with mortality
from stomach cancer and hemorrhagic stroke, indicating childhood as a critical period for these diseases
(400). On the other hand, mortality from coronary heart disease, smoking-related cancer and respiratory
diseases seemed to be dependent on exposures across larger periods of the life course, and thus result
from accumulated exposures or chains of risks (400). Lynch et al. found longitudinal clustering of a wide
array of health related behaviours within disadvantaged groups; for instance, unhealthy lifestyle in
adulthood was not only associated with low educational level and blue-collar employment, but also low
levels of childhood socioeconomic position (97). Similarly, Smith et al. stated that disadvantaged
material conditions seemed to cluster over the life course and across a wide array of material
conditions, and suggested that failure to capture the accumulated effect of clustering might explain
some of the socioeconomic gradient in health (78). As lower education might have become increasingly
associated with other disadvantaged material conditions, clustering might explain some of the rise in
relative educational inequalities in old age mortality found in our study.
Still, early life conditions might contribute to adult socioeconomic health inequalities by reproduction of
socioeconomic position. Although reaching higher educational attainment became increasingly common
after the Second World War, it is still strongly influenced by parents` socioeconomic position (142, 145).
Thus, the lower educated within our studies were more likely to have experienced poor socioeconomic
conditions in early life then the higher educated (97, 118). Such reproduction of childhood
socioeconomic position might have contributed to educational inequalities in old age mortality. Thus,
while improvements in childhood conditions might explain part of the recent declines in mortality from
atherosclerotic diseases and stomach cancer in western countries (110, 400), reproduction of
socioeconomic childhood inequalities might have contributed to educational inequalities in old age
mortality. However, as childhood deprivation improved in all socioeconomic strata, any effect of
childhood conditions to old age mortality inequalities should be declining (400).

9.4.6 Education and health
Comparison of the education specific mortality declines with the mortality declines for the total
population provides some indications on an effect of the large increases in educational attainment to
population health; mortality for the total population was close to that of the lower educated during the
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1960s, and thereafter approached the mortality of the higher educated. In line with the sex- and cohort
specific increases in educational attainment, total mortality came closest to the mortality of the higher
educated in men in the youngest 67-74 year old age group. It is noteworthy that, despite their large
increase in size, there were no sign of diluting or abating mortality declines among the higher educated.
This might support the hypothesis of an education effect to public health progress (140, 511). Indeed,
the influence of education to health is challenging to determine, and the seemingly beneficial effect of
education to survival opportunities could be confounded by personal characteristics such as
conscientiousness or willpower that influence both educational careers and health (87, 511).
Nevertheless, there are at least two mechanisms for why education might have improved population
health (511).
First, development of higher-order cognition seems to be activity-dependent well into adulthood, and
therefore, the growth of the core curriculum might also have improved population health through
schooling-enhanced cognitive development which enabled more people to improve risk assessments
and decision making with regards to own health (371). Hence, the cognitive effects provided by the rise
in educational attainment and growth of the core curriculum might have contributed to public health
progress (140), but also to health inequalities by level of educational attainment.
Second, the rise in educational level might be considered to have increased the cultural capital of the
population. Ever since the Protestant Reformation, the school system has been used to civilize the
population (144, 512, 513). Until the 1880s, the primary goal of schools was to teach children
Christianity, and respond to the class-differentiated demands for education (512, 513), but adequate
level of literacy soon became an important prerequisite for reaching out by information campaigns
against the spread of tuberculosis (141). From the 1920s onwards, schools were seen as an important
instrument for formation of a common Norwegian culture and community understanding (144) and to
teach children civility (362). By the Oslo breakfast, the schooling system aimed to teach children the
importance of healthy food (362), and thereafter, schools were used to spread health-enhancing
knowledge on the hazards of smoking, alcohol and illicit drugs (378). Higher education provided
opportunities for extended network building (social capital) (104, 105), as well as increases in the
aggregate of knowledge, skills, values and norms and thereby the social abilities and competence for
action (cultural capital) (106). The egalitarian schooling systems therefore represented powerful
opportunities for acquisition of social and cultural capital (104-106), independent on social background.
Hence, higher education might have increased one`s opportunities to adopt and adhere to healthenhancing material goods (105, 106), including healthcare (446). Further, cultural capital is suggested to
be particularly important to behavioural choices, and also central in developing collective lifestyle
patterns, which by socializing others, provides a mechanism for development of group-specific social
norms and social reproduction of norms-related inequalities in behavioural choices (106, 107). As
cultural capital might be considered to have mediated the many changes in behavioural choices related
to social norms over the past century, it might also have mediated educational health inequalities found
in our study. For instance, during the 1960s and 1970s, educational inequalities in cultural capital might
explain why lower educated groups were later in recognizing and respond to smoking as a hazard (94).
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The suggested advantage of higher education raises questions about whether we could have done more
to ensure that everyone were able to achieve educational attainment according to their skills and
interests. Indeed, most people should be able to achieve some level of education provided appropriate
measures taken, and still, the opportunities for good school performance in Norway are likely to be
offset by social conditions like bullying, social exclusion, personal characteristics of the teacher, school
size, distance to tertiary education, and familial conditions like conflicts, divorces, ill-health and
substance abuse. As some of the concentration of personal characteristics associated with unhealthy
behaviours in the lower educated group (72, 85, 344) is likely to be socially produced, facilitating
meaningful education by addressing the social conditions that limit learning outcomes and educational
careers might itself represent a fruitful target in tackling socioeconomic inequalities in health.

9.4.7 Diffusion of innovations and fundamental causes of disease
Link and Phelan argued that socioeconomic conditions are the fundamental causes of disease (73), and
that the enduring associations between social conditions and health were caused by enduring social
differences in resources like “knowledge, money, power, prestige, and social connections” (73, p. 88). As
these possessions strongly affect the opportunities to avoid risk and seek healthcare providers once
disease occurs, their differential distributions should be considered as fundamental causes of disease
(73, 74). As Link and Phelan considered the intervening mechanisms linking social conditions to health to
be continuously changing, they argued that policies targeting the underlying social conditions are more
likely to succeed than policies targeting the intervening mechanisms (73, 74). Much of the inequality
literature seems to focus on income inequalities and economic redistribution (82, 141, 253, 508).
However, non-material capital is also suggested to be of importance (85), and the concepts of cultural
and social capital (104-106) might capture much of the social advantages that provide people in higher
socioeconomic groups with the opportunities to avoid risk and seek healthcare providers when needed.
Thus, as an alternative or supplement to income redistribution, encouraging education might be seen as
an institutionalized way of providing people with health-enhancing capital. Further, policies towards
open societies, where cultural capital might be reproduced and social capital developed might also
provide people with the social advantages highlighted by Link and Phelan. Although facilitating capital
building will not eliminate inequalities, the cultural capital building associated with the rise in
educational attainment is likely to have reduced the population health impact of social conditions.
However, one might question the argument that health inequality interventions focusing only on the
intervening variables are likely to fail in the long run as new intervening mechanisms are continuously
emerging (73). As stated by Krieger, social epidemiology might risk blurring the “the biophysical
phenomena relevant to translating societal conditions into population patterns of health, disease and
well-being” (124, p. 213). Rather, she argued, in order to advance epidemiology, and reveal the
biological consequences of differential ways of living and ways of working, a more holistic perspective is
needed (125, p. 227). Hence, insight into spatiotemporal changes in diseases and risk factors at all levels
might illuminate who and what were responsible for health inequalities at any given time (125, p. 227).
Mackenbach questioned what could be the current intervening mechanisms in which people in lower
socioeconomic positions are delayed in adopting new health-enhancing knowledge, taking actions to
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avoid risk and seeking healthcare providers when needed (85). Indeed, evidence of many intervening
mechanisms exists, including delays in uptake of, and response to, health-enhancing knowledge on the
hazards of smoking (94), nutrition (514, 515), and in avoidable delays in contact with healthcare in the
case of acute illness (446). However, with all the new innovations in healthcare over the recent century
(370), an increasing need for coordinated and integrated care, welfare limitations due to resource
scarcity, and the increasing knowledge on how to best preserve health, there are many substrates in
which people in lower socioeconomic positions might have been delayed compared to the better off.
Hence, insight into the many intervening mechanisms might be important in tackling health inequalities.
First, at least since the Second World War, behavioural risk factors like nutrition, smoking, physical
inactivity and alcohol consumption have been among the major risk factors to morbidity and mortality in
developed countries (150, 484). The intervening mechanisms in inequalities in timely healthcare
contacts and patient participation in clinical decision making are also likely to become increasingly
important in the unforeseeable future. Thus, the intervening mechanisms might not be as variable as
suggested by Link and Phelan. Rather, the relative stability of the threats of these risk factors calls for
exploration of the rhetorical question posed by Lynch et al. two decades ago: “why do poor people
behave poorly?” (97, p. 809). Could there be other explanations than lack of “knowledge, money, power,
prestige, and social connections” (73, p. 88)? I suggest that facilitation of diffusion of innovations
processes might provide a way to help poor people behave less poorly. For instance, diffusion processes
might be facilitated by regulatory measures that reinforce the perceived seriousness of the threats
communicated by the health authorities, and facilitate making the healthy choices the easy choices.
Hence, at least to some degree the latecomers might catch up with the forerunners in diffusion of
innovations processes.
The welfare state provided the citizens with important information on how to ensure healthy life.
Schools and campaigns were used to promote public health (362). Important areas were the promotion
of hygiene against tuberculosis at the turn of the 20th century (516, 517), the development of alcohol
control policies from 1910 onwards (141, 378, 442), changing nutrition policies after the Second World
War (397, 398), tobacco control policies from 1964 (378, 518), and, more recently, the emerging
emphasis on sports for all (383, 519). Information campaigns within these areas are likely to have been
mediated by differential diffusion processes whereby higher socioeconomic groups were ahead of lower
socioeconomic groups in modifying social norms according to new health-enhancing knowledge (73, 74,
100, 101). However, the welfare state also employed instruments that facilitated these diffusion
processes. For instance, the alcohol control policy with restricted availability and relatively high levels of
taxation, both measures being progressive according to level of alcohol content, are likely to have
reduced overall alcohol consumption and changed the preferred type of alcohol beverages from
primarily spirits to less harmful beers and wine. Similarly, the imposition of high levels of tobacco
taxation, the increasingly reduced availability of tobacco products, and the gradual ban of tobacco
consumption in workplaces and public areas, is likely to have reinforced the perceived seriousness of the
communicated public health threats. A recent Norwegian example is the norm-changes in expectations
to clean-air environments that followed the total ban of smoking in restaurants and bars from 2004
(509, 520, 521).
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These deliberate actions of the welfare state were mostly universalistic and thus examples of population
based prevention strategies which are likely to have improved health for all. In the long run, they
contributed to changes in social norms and cultural capital towards more health-enhancing collective
lifestyles. While spitting on indoor floors was common around the turn of the 20th century (522), it is
considered unacceptable today, and while smoking was considered avant-garde prior to the Second
World War, it is increasingly considered as a social aberration (378, 509, 520, 521). However, as public
health improvements are still to a large degree based on diffusion of health enhancing knowledge,
especially in the field of nutrition recommendations, and those in higher socioeconomic positions are
generally faster in adopting such knowledge (73, 74, 101), the spread of innovation contributed to
inequalities in health-related behaviors which were less responsive to redistributive welfare provisions
(85, 523).

9.4.8 Usage of health care
Today, the Norwegian welfare provisions of healthcare, rehabilitation and long term care have become
universally available to all, and individual costs are considered to be low (91, 502, 524). As anything less
than the highest standards for all will stimulate a private market for pay-as-you-go services, the broad
political and public support for tax-financed and generous welfare programs partly rests on the aim to
promote an equality of the highest standards to all (91, 502). Nevertheless, even within a universalistic
healthcare system, inequalities in treatment opportunities prevail. For instance, the likelihood of
receiving surgery or radiotherapy in the case of lung cancer differs by education, income, age and area
or residence in Norway (447), and there are educational inequalities in the likelihood to undergo
coronary angiography and revascularization in the case of myocardial infarction (445). Thus, variations in
treatment opportunities in two major contributors to current educational inequalities in mortality (241)
might contribute to health inequalities.
Indeed, some of these inequalities in treatment opportunities might be related to inequalities in
behavioral choices (446) or individual comorbidities (445, 525). However, aiming for equality in
opportunities does not necessarily results in equality in outcomes (141, 502); while equalities in
opportunities depends on degree of universalism, inequalities in outcomes might require more targeted
and means-tested policies (141, 502). People in lower socioeconomic positions might be less aware of
clinical symptoms, thus risk being delayed in seeking medical assistance in the case of acute illness (445,
446). A major challenge in treatment of acute myocardial infarction and stroke, two of the major causes
of death in developed countries, is patient delay. In these cases where time to reperfusion is of major
importance to outcome (446, 500, 501), patient delay contribute substantially to avoidable burdens of
serious disability, morbidity and mortality (446). As people in lower socioeconomic positions seem to
delay in seeking medical assistance in the case myocardial infarction, possibly due to social, cognitive
and emotional factors related to cultural capital (446), delayed acute care might also contribute to
socioeconomic mortality inequalities.
Further, even in affluent Norway, reaching for the highest attainable standards in welfare is challenging
due to a mismatch between public expectations, the rise in medical possibilities and their costs,
fragmentation of services, and financial constrains (526). The mismatch is even more pronounced with
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the recent development of right-based demands to welfare (341, 507, 527), and with the prospects of
ageing populations (457). In this field of perceived scarcity, the lack of guidelines for priorities in
healthcare is particularly challenging as priorities in care are left to the individual healthcare
practitioners to decide and thus varies between and within healthcare institutions (528). Hence,
resource constrains might influence priorities in a wide range of healthcare services, whether it be hightech interventions like surgery, intravascular interventions or new medications, or low-tech services like
rehabilitation, fall-preventive surroundings at home, revisions of the prescription drug list and long-term
care. Clinical decision making conducted in the setting of resource scarcity, and the increasing need for
integrated health care, personal follow up and active participation, make it increasingly important with
cultural and social capital. For instance, people in lower socioeconomic positions might be less familiar
with treatment choices, less health assertive and be impeded by poor doctor-patient communication, all
of which might reduce the likelihood to fully benefit from relevant treatment opportunities (446, 447,
529).

9.4.9 Behavioral factors
As suggested by Krieger, knowledge on trends in major causes of death might generate relevant
hypothesis on the historical contingent causes of health inequalities (125, p. 227). Many behavioural
choices influence health, but in order to influence all-cause mortality, they need to be relatively
common and have substantial impact on survival opportunities. WHO consider smoking, excess alcohol
consumption, high calorie diet, and physical inactivity to be among the major risk factors for noncommunicable diseases in the world (150, 484), and a substantial share of mortality inequalities are
therefore likely to be explained by shifting distributions in these factors over the life course. As member
of the UN and the WHO, Norway is committed to promote equality in enjoyment of the highest
attainable standard of health for all (34-37). As individual behavioral choices are always conducted
within a context (75, 97), studies of trends in socioeconomic health inequalities should also assess the
actions taken and avoided by policymakers in developing health promoting societies and promoting
equality in health (124). In this chapter, I will discuss how educational inequalities in alcohol
consumption, smoking, physical activity and nutrition might have contributed to educational mortality
inequalities, and discuss how structural measures in public health policy might have influenced these
trends.
Alcohol
Excessive alcohol consumption must be one of the longest known lifestyle associated risk factor to
health. Yet, globally, excess alcohol consumption is still ranked as one of the major threats to public
health, especially in terms of years lost due to ill-health, disability and premature death (150, 484, 530).
Although some have suggested that the association between alcohol consumption and mortality might
be somewhat J-shaped (531, 532), ecological analysis indicate that overall burden of alcohol-related
morbidity and mortality is associated with both the average alcohol volume consumed and the
prevalence of adverse drinking patterns like bindge-drinking (533). The adverse health outcomes might
occur immediately after intake of alcohol, with effects on the central nervous system ranging from
euphoria to stupor and unconsciousness, and through increased risk of traumatic injuries and
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subsequent disabilities or death. Chronic overconsumption of alcohol might result in dependence
syndrome and liver cirrhosis which might lead to premature mortality. In addition, the social
implications of alcohol overuse for families and next of kin are substantial, including the raised risk of
stressfull events like violence, child neglect, divorce, unemployment and financial difficulties.
The Nordic alcohol policy is considered relatively restrictive compared to other western countries (141,
442, 534). It is also one of the oldest public health policies in Norway. As a social response to the serious
consequences of heavy drinking at the end of the 19th century, temperance movements emerged in the
Nordic and English speaking countries (141). The movement gained broad support up to a high-point
around 1910-1920, when, as in many other countries with strong temperance movements, Norway
prohibited sales of distilled spirits (1916-1927). Thereafter, a distinctive liquor control policy developed
(442), whereby sales of beverages containing more than a certain level of alcohol content became
heavily taxed and restricted to a single distributor and retailer owned by the state. The Norwegian Wine
Monopoly, established in 1922, aimed to reduce adverse drinking patterns, primarily by eliminating the
profit-motive in alcohol sales, restricting availability of alcohol and preventing sales to minors and drunk
people (442). The maximal legal amount of blood alcohol content of auto drivers was set to 0.05% in
1936 and lowered to 0.02% in 2001. Comprehensive advertisement bans are relatively unique to
Finland, Sweden, Norway (534), and Iceland. In Norway, alcohol advertisement was limited to beer prior
to 1975, when all print ads were banned for beverages with alcohol content exceeding 2.5% (534). In
1977, the ban was expanded to include all broadcasted and outdoor ads (534). The overall aim of the
Norwegian alcohol policy is to reduce individual and societal hazards associated with alcohol, explicitly
sought by reducing overall alcohol consumption. Norway seems to have been successful in limiting
overall consumption, and although somewhat mitigated by a rise in private alcohol import, figures on
inland alcohol sales per capita in Norway have been low compared to other Nordic and European
countries, at least from 1970 onwards (378).
There seems to be relatively broad and increasing political and public support for restrictive alcohol
policies in Norway (378). By surviving generations, they might have influenced social norms and drinking
patterns towards less consumption of spirits. For instance, alcohol policies might have contributed to a
gradual shift in the overall alcohol consumption towards weaker beverages, and limited the amount of
alcohol consumed and secondary hazards from drinking and driving (141). Nevertheless, the “total
consumption approach” in Nordic alcohol control policies might be somewhat less protective against the
bindge-drinking which has characterized the “Nordic drinking pattern” (534) and which might be more
common in lower socioeconomic groups (535). Further, more recently, alcohol control policies gradually
weakened by increases in opening hours, more outlets for alcohol purchase, reduced taxation and a
general rise in people`s purchasing power (141, 378, 531, 535). Thus, alcohol consumption increased
substantially from the early 1990s onwards (531, 535).
Educational inequalities in alcohol related mortality was recently documented in many European
countries, including Norway (255). Alcohol consumption differs by sociodemographic characteristics.
Men drink more than women, and alcohol consumption seems to decline in higher ages (378, 531, 536).
In both sexes the volume of alcohol consumption increases with higher levels of education, whereas the
association between income and alcohol consumption seems to be J-shaped among men (531).
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However, studies on average alcohol consumption might not capture the socioeconomic inequalities in
adverse drinking patterns that are likely to underlie socioeconomic inequality in alcohol related
mortality (255).
Who and what might have been responsible for educational inequalities in adverse alcohol consumption
and alcohol related mortality? The answer is likely complex, and might include material conditions (78,
79), psychosocial pathways (78, 79), indirect health selection (72, 85, 140), social norms (75) and cultural
capital (104, 106). Although, alcohol consumption is in the end a result of individual choice,
socioeconomic inequalities in alcohol consumption (531) and alcohol-related mortality (255) suggest
that the choice of excessive drinking is influenced by contextual factors. Indeed, information campaigns
on the hazards of excessive alcohol consumption might have been easier to grasp for higher
socioeconomic groups and thereby increased educational alcohol-related health inequalities. On the
other side, price regulation (141) and restricted availability are likely to have been more effective in
reducing alcohol consumption among those with low income and the most adverse drinking patterns,
and thus probably contributed to reductions in socioeconomic mortality inequalities.
The deleterious public health effects of lack of alcohol policies protecting from bindge drinking and
excessive alcohol consumption was sadly exemplified by the decline in life expectancy in Russia during
the economic crisis of the 1990s (537-539), especially among lower educated (268). Another example is
the growing importance of alcohol related mortality to income inequalities in life expectancy in Finland
after the liberalization of the alcohol policy in 2004 (477). These natural experiments strongly show that
the choice to drink might be heavily influenced by contextual factors, and thus not so free as often
considered. Hence, they serve as an example of the importance of public health policies in protecting
citizens from adverse lifestyle pattern.
Smoking
Smoking is one of the major causes of morbidity and mortality in the world (376, 394). Observational
studies indicate that about one half of all regular smokers will eventually die prematurely due to their
habit, and in a cohort of british male doctors born 1900-1930 smokers lived, on average, 10 years
shorter than non-smokers (540). It is an important modifiable risk factors to ill-health (376, 394, 541,
542) and predisposes to a wide range of non-communicable diseases (543). In many ways the
widespread tobacco consumption might be considered as a “great failure in public health” (544, p. 938).
Despite the well-established knowledge on the hazards of smoking, the tobacco industry continues to
spend millions of dollar on promoting their products, and the overall global sales are increasing,
especially in the developing world (544).
The spreading of tobacco consumption through populations has varied between countries (95), and
Janssen et al. suggested that various country-specific cohort patterns of tobacco consumption might
explain the variation in temporal trends in old-age mortality declines (545). Lopez et al. proposed a
general model of the smoking epidemic in which four distinct stages reflect the changes in smoking
prevalence, the amount of tobacco consumed, and the subsequent smoking-attributable mortality
(377). Norway is among the forerunners and has already reached the fourth stage of this model, in
which smoking prevalence declines. While men of higher socioeconomic position were the early
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adopters of smoking habits from 1900 onwards, smoking became common and popular among men up
to a peak in the 1950s, when close to three quarters of middle-aged male cohorts were smokers (378,
546). Contrary, women first started to adopt smoking habits from 1930 onwards, and female current
smokers continued to increase up to 1970 when half of the cohorts born 1940-1949 reported to smoke
(378, 546). Thereafter, current smokers declined in all birth cohorts, although initially at a somewhat
faster pace in men than women (378). In both sexes, birth cohorts that had not yet reached their peak in
current smokers in 1960, that is men born from 1940 onwards, and women born from 1950 onwards,
never reached the high levels of current smokers experienced by previous cohorts (378). The shift in
cohort shares of smokers around the 1960s seems to have been sharpest in men, with shares of current
smokers declining from 75% for the 1930-1934 cohort around 1960 to 60% of the 1940-44 cohort
around 1970, and 50% of the 1950-54 cohort around 1980 (378). Overall, although somewhat mitigated
by private tobacco import, inland tobacco sales declined by 55% from a peak in the 1970s to 2015 (378).
As smoking-related mortality is one of the major causes of educational inequalities in mortality in middle
aged populations (95, 239, 241), it is interesting to compare the spreading of tobacco consumption with
education specific trends in all-cause mortality within the old age Norwegian population studied in study
II (132). In other studies, trends in smoking-related mortality seemed to have mirrored cohort- and sexspecific smoking histories with a 10-30 year lag (151, 377, 547). In study II, the nuanced trends in
mortality by education showed that there were periods of lagged mortality decline in lower-educated
men compared with higher-educated men aged 65−94 (132). The lagged mortality decline might
represent a cohort effect. For lower educated in particular, there seemed to have been a trend shift in
mortality around 1990 for 65-74 years old, in 2000 for 75-84 years old and during the mid-2000s for 8594 years old, whereby the gradual delay in mortality declines for successive age groups indicates that
lower educated men born after 1925 experienced a much lower age-specific mortality than those born
prior to 1925. There was a tendency of similar cohort effects in higher educated men, although much
more blurred, whereas similar dynamics were not seen in mortality trends for women. The lagged
mortality decline in lower educated men might thus reflect that the 1915-1925 male cohorts were also
the cohorts experiencing the highest levels of current smokers in adulthood (378, 546). From the 193034 cohorts onwards, peak level of current smokers declined for successive male cohorts (378, 546). A
higher rate of smoking cessation in higher educated men might have ameliorated their cohort effect and
contributed to a smoother decline in all-cause mortality. The tendency of weaker but significant
diverging mortality declines in women from the 1980s onwards might represent an effect of the tobacco
epidemic in women, characterized by a shorter smoking history, lower tobacco consumption, lower
shares of smokers and a more recent onset of declines in current smokers among female cohorts (378,
546) and overall smoking prevalence in women (518).
In answering who and what might have caused the cohort- and sex-specific pattern in smoking over this
period, we might look at the emerging awareness of the hazard of smoking, the timing of the official
public health warnings against tobacco consumption, the use of advertisement by the tobacco industry
and the implementation of structural tobacco policies in Norway. The rise in tobacco consumption after
the Second World War was largely promoted by social norms, news media, the state`s legitimation of
tobacco as a necessity, tobacco advertisements, and, in women, a growing liberalization and trend
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towards economic and social independency (518). Thus, although smoking indeed is a result of personal
choice it is clear that societal conditions were the cause of the growth in tobacco consumption after the
Second World War. Despite the emerging evidence on the hazards of smoking from the 1930s onwards
(546, 548-550), it took time to recognize the deleterious effects of tobacco use. In 1956, the Norwegian
minister of social affairs explicitly declared that the association between smoking and lung cancer was
unclear (378). Contrary, a year later, the US Public Health Service declared that there was sufficient
evidence to assume a causal relationship between smoking and lung cancer (551). However, it was not
until 1964 that the general director of health, Karl Evang stated that smoking was a causative factor for
cancer in the lungs and larynx and associated with cardiovascular disease and emphysema (378). Similar
official public health statements were published the same year by US Surgeon General's Advisory
Committee on Smoking and Health (552). The statements got a lot of public attention and seem to have
had a quite immediate effect in cohort-specific levels of current-smokers, whereby, from the 1960s
onwards, current-smokers declined in all male cohorts, and also, although somewhat slower, in all
female cohorts born prior to 1934 (378, 546). Succeeding birth cohorts never reached the high levels of
current smokers experienced by cohorts reaching their peak prior to 1964 (378, 546). The onset of
national tobacco policy occurred at an earlier phase of the smoking epidemic in women, which might
have halted the growth in female tobacco consumption, and resulted in a lower peak in smokers than
among men (518). Thus, as with the growth in tobacco consumption, the initial decline in smoking was
socially produced, probably initiated by the tobacco warning by the health authorities and the general
rise in people`s awareness of smoking hazards (546).
The initial public health initiatives by the Norwegian authorities were information campaign towards
school-children, and negotiations with the industry of a self-imposed restriction of advertising for
cigarettes from 1965 (378). However, tobacco advertisement became increasingly intensified up to 1973
(553), increasingly targeting women and emphasizing the purity, naturalness and freshness of cigarettes,
the protecting properties of filters, and promoted the impression that smoking was more common than
were the case (553). Therefore, in 1975, a ban on advertising and statutory labeling with health warning
was enacted (378). By the growth in tobacco advertisement, one could say that the tobacco industry
undermined the effects of the early public health campaigns (443, 553). This deliberate misleading
marketing strategy of the tobacco industry, despite their recognition of the hazards of smoking (443,
553), place much of the responsibility of the distribution of smoking during the 1960s and 1970s on
them. However, although the Norwegian tobacco control policy developed rather quickly compared to
other countries (378, 441), one could say that the failure to protect the citizens from extensive
marketing of cigarettes from 1964 to 1975 place some responsibility on the Norwegian Public Health
authorities. From 1975 onwards, declines in current smokers were likely fueled by joint effects of public
awareness, public health campaigns and the emerging structural regulative measures like price
regulation, prohibition of tobacco advertisement, and a gradual limitation of public smoking areas until
total prohibition of smoking in public indoor areas from 2004 (509). In a comparative perspective,
Norway is currently a forerunner in structural tobacco regulations; in a 2006 ranking on tobacco control
policies, Norway was ranked high on price regulation, public place bans and advertising bans, average on
use of direct health-warning labels and low on treatment and public info campaigns spending as a
proportion of gross domestic product (441).
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More recently, smoking is increasingly considered as a social aberration and clean-air environments is
preferred for leisure-time enjoyment and viewed as the social norm (378, 509, 520, 521). From being
seen as avant-garde during the first half of the century, smoking eventually became more prevalent
among those within lower socioeconomic positions (378, 498), causing educational inequalities to
increase by successive cohorts (95, 498). As a result of 50 years of increasing regulation, more than
700000 currently living Norwegians have ceased smoking (378). Nevertheless, although the gradual
implementation of structural tobacco control policy in Norway represents a major achievement of public
health, the gradual employment of regulatory measures now considered appropriate is likely to have
contributed to extended burdens of avoidable smoking-related mortality as well as smoking-related
mortality inequalities. Further, tobacco consumption is still common and continues to threat public
health in Norway (509), and due to the long lag-time in biological effects of smoking, smokingattributable mortality is still expected to increase (95, 377, 540).
The propensity to start or continue smoking differs by socioeconomic position in many western
countries (94, 95, 554) and in Norway (555). During the 1960s and 1970s, some of these differences
might stem from educational inequalities in the pace of adoption of this critically important healthenhancing belief (94). This might be interpreted in light of the reverse equity hypothesis by Victora et al.
(101), the diffusion of innovations theory by Rogers (100) or the fundamental causes theory by Link and
Phelan (73, 74), as traces of an education-dependent lag in adoption of smoking cessation. Hence, it
proved challenging to ensure equal uptake of health-enhancing knowledge and behaviors for all sections
of society, and smoking related mortality has been identified as a particularly important obstacle to the
continuous work of reducing socioeconomic inequalities in health (95, 150, 241). Link and Phelan
highlighted the importance of improving diffusion of new health-enhancing knowledge in order to
secure a more equal uptake of beliefs and behaviors, regardless of socioeconomic position (94). Indeed,
structural regulatory measures like heavy taxation, public place bans, advertising bans, health-warning
labels and treatment to help dependent smokers stop are likely to have increased the effect of
Norwegian anti-smoking campaigns substantially (556, 557), and thus contributed to overall public
health improvements (441, 558). As the socioeconomic disadvantaged groups seem to be more sensitive
to structural measures (558), especially the use of excise taxes that increase prices (556, 557), these
measures might have restricted the magnitude of socioeconomic inequalities in smoking-related
morbidity and mortality in Norway.
Physical activity
Physical inactivity is ranked as one of the major modifiable risk factors to ill health (376, 394), and is
closely associated with mortality (388, 559-561) and morbidity including coronary heart disease (384,
385), stroke (386), hypertension (387, 562), cancer (541, 563), cognitive function and depression (391,
392), diabetes (387, 564), and osteoporosis (391-393). In acutely ill frail elderly, physical inactivity
represents a major risk factor to mortality (449, 455). Based on its generalized effects on the body, and
in particular its close association with cardiovascular fitness (388-390) and frailty (427, 428), one could
say that physical inactivity accelerates the naturally occurring senescence-related organ-degeneration
(22, 63).
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Traditionally, sports activities were associated with men in higher socioeconomic positions, and
women`s participation in sports activities were restricted by social norms and common perceptions of
women being less fit for strenuous exercise (380, 381). Over the past half century, economic growth
provided increases in leisure time, disposable income and establishment of sports facilities within the
communities, all of which allowed for more time used on physical activities (380). People`s perception of
sports widened to include a broader range of different activities, and the recognition of the beneficial
effects of physical activities to health increased (381, 382). Also, social norms became more equal for
men and women, and gradually, women became increasingly physically active (380). In 2000 there were
as many women as men reporting doing regular exercises, although less so among those aged 67 years
and older (380). From 1985-2009, the share of physically inactive declined substantially and moderate
activity increased (382). Regular physical activities and sports in gyms or fitness centers nearly tripled
from 1989 to 2007 while engagement in organized sporting activities declined, in particular for older
adults (383). The average time used by 67-79 years old in physical activities, and the share regularly
engaged in physical activities, increased substantially from 1971 to 2001 (380). Hiking and walking
activities are popular in Norway, in particular among the older age-groups (382), and about 80 % of the
population live less than four kilometers from an area of outdoor life (380). Overall, sport activities in
Norway is increasingly conducted on an individual basis, and increasingly so with advancing age (383).
Nevertheless, in European survey data, Norway ranks low in time used on physical activities (565) and
the Norwegian population is still too little physically active (382, 565). Despite the increase in sport
activities, the overall level of physical activity in daily activities of life was largely reduced over the last
century (382). Furthermore, older people and lower socioeconomic groups are less physically active
than younger ones and higher socioeconomic groups (380, 382, 515). As physical activity is related to
cardiovascular morbidity (384, 385), and cardiovascular mortality was the main driver of educational
inequalities in mortality during the 1980s and 1990s (241, 255), socioeconomic inequalities in physical
activity might contribute to mortality inequalities. Overall, the potential of promoting physical activity to
overall public health (374, 376) and health inequalities (77) is likely to be large.
Although physical activity is in the end a result of individual choice, it is also influenced by contextual
factors, and contexts like socioeconomic position are therefore highly relevant to public health
initiatives towards more health promotive societies. Who and what might have been responsible for
educational inequalities in physical activities? To some extent, there might have been diffusion
processes whereby higher educated were early adopters (100) of newer forms of physical activities like
usage of fitness centres. When looking at the role of the state, the emphasis seems to have been
focused on physical education classes in school, public information campaigns, economic incentives and
construction of sports facilities. While physical education classes might have contributed to reductions
in childhood socioeconomic inequalities in physical activity, the effect on physical activity in adulthood is
less certain. The emphasis on information campaigns are likely to have reached higher educated more
than lower educated groups and thus increased socioeconomic inequalities in physical activities (73, 74,
101). Thus, although encouragement towards usage of stairs rather than elevators, and of walking or
bicycling to and from work might have increased overall public health, the effect might have been
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stronger in higher educated groups. On the other hand, fuel taxes and toll roads might have stimulated
physically active modes of transport, especially among lower income groups (556).
However, although the beneficial relation of physical activity to health has long been acknowledged
(559), it was not until the 1990s that Norwegian sport policies began to emphasize the need to facilitate
sport and physical activity for all (383, 519). Up to then, sport was considered more as culture than
public health, and resources were mostly channeled through voluntary sports organizations with little
directions from the government (566). The construction of sport facilities, one of the major political
instrument in the sport policy, seemed to target organized sport activities among children, adolescence
and athletics more than the recreational sport for broader shares of the populations (382, 383),
including various socioeconomic groups and older people. Thus, lack of outdoor areas promoting
physical activity might have made inactivity the easiest choice. For instance, limited walking and cycling
lanes, and insufficient levels of winter maintenance of walking areas, might have contributed to more
use of car transport (556) and among the oldest old, also restricted out-door activities and thereby
increased the risk of avoidable losses of muscle- and bone masses and cardiovascular fitness. Hence, the
lack of investment in environments that promote physical activity for large parts of the population, and
emphasis on diffusion of knowledge, might have contributed to extended burden of inactivity-related
morbidity and mortality, as well as inactivity-related mortality inequalities (382, 383). In order to
promote more physical activity across socioeconomic groups and in older age-groups, Breivik et al.
suggested to invest more in easily accessible and individually usable facilities for recreational sport
within the local communities, like pedestrian and cycle paths, walking trails, illuminated trails, swimming
pools and fitness centers (382).
Nutrition
Contrary to tobacco consumption, nutrition is a prerequisite for life and concerns the entire population
(396). Nutrition changed substantially over the recent century, from the undernutrition of the past, to
the overnutrition of today (376, 394). The high rates of undernutrition prior to the Second World War
was strongly related to poverty and lack of welfare state provisions (141, 145, 362), and increased the
population`s vulnerability to infectious diseases, in particular tuberculosis (516, 517, 567). However,
from the 1950s onwards, unhealthy diet became one of the major causes of morbidity and mortality in
the world (376, 394). Still, the intakes of vegetables and fruits are lower than recommended, whereas
the intake of salt, saturated fat and sugar exceed the recommended levels in the national nutrition
guidelines (568, 569). More recently, there is a growing concern on the ongoing “nutritional transition”
(443, p. 671) towards unhealthy ultra-processed food (150, 443, 558). The durability and taste of ultraprocessed food provide large potentials for economic profit and market distribution, but might also
change people`s food habits, displace fresh foods from diets and increase the risk of energy
overconsumption and obesity (443). These dynamics in the nutrition of the population makes it
particularly relevant to trends in socioeconomic inequalities in mortality.
From the 1990s onwards, several studies documented socioeconomic inequalities in dietary habits
across Europe (570-573) and in Norway (514, 515). Food related behaviors are historically contingent
and influenced by sex (515), urbanization (515), level of income (78, 79, 81, 574, 575) and education
(514, 515), poverty (574, 575), ethnicity, availability of food (84), psychosocial factors (72, 82), social
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norms and acceptance of healthy choices (72, 75, 97, 576), cultural capital (104, 106, 107) and healthrelated knowledge and attitudes (514, 515). Many of these factors are strongly interrelated (514, 515),
and altogether they are likely to explain much of socioeconomic inequalities in dietary habits. In
addition, evidence suggest that there are inequalities in uptake of new health enhancing knowledge on
nutrition. For instance, Johansson et al. noted that while average fat intake was reduced for all
educational and occupational groups from the 1970s and up to the 1990s, educational inequalities in fat
intake prevailed (515). However, fat content is only one of many qualities of a diet; food habits are very
complex and nutrition might differ in quality, quantity and frequency, features that are challenging to
investigate in population studies.
Who and what might have been responsible for these socioeconomic inequalities in food habits? Since
the first establishment of a Norwegian nutrition policy in 1975, expert opinions have continuously
stressed many of these aspects of nutrition, emphasizing the beneficial effects of low intake of salt,
refined sugar, saturated fat and high intake of fruits, vegetables, fish and polyunsaturated fat (398).
Policymakers emphasized on improving public nutrition knowledge, and motivating people to adopt
healthier nutrition habits (395). The emphasis on public education as the major nutrition policy
instrument might itself have contributed to socioeconomic health inequalities; as the impact of
educational measures and information campaigns might have differed by socioeconomic position (558),
socioeconomic differential uptake of nutrition recommendations might have contributed to delayed
changes in healthy dietary habits and subsequent delayed mortality declines within the more
disadvantaged groups. As with the smoking epidemic, the differential uptake hypothesis corresponds
with the diffusion of innovation theory by Rogers (100, 515), the fundamental causes theory by Link and
Phelan (73, 74) and the reverse inequity hypothesis by Victora et al. (101).
However, socioeconomic disadvantaged groups might not necessarily suffer from delayed progress only,
but also from risks of regress. The nutrition competence of the public is complicated by long lag-times of
disease development, and is, in addition to expert guidelines, influenced by market forces, and various
self-appointed experts. Thus, the expert legitimacy and impact of expert advices are challenged by
economic market forces and new actors advocating for various diets that are not necessarily healthy
(397). In this myriad of recommendations and promotions, socioeconomic disadvantaged groups might
experience worsening of social nutritional norms and adaptations of unhealthy habits that are less likely
to be adopted by the better off. In particular, the detrimental effect of the nutritional transition (443),
might be larger among socioeconomic disadvantaged groups, as they seem to be the early adopters in
this transitional process.
By looking further into the historical nutrition policy development, additional insight into its ability to
promote equality in health for all might be yielded. From being motivated by social inequalities in
nutrition and the pursuit of helping the poor, nutrition policy evolved in the 1930s to become universal
(362). As provision of sufficient food to the people was the major nutritional challenge up to 1950, the
early post war policy focused on food supply. Hence, the National Nutrition Council was established in
1946 as a collaboration between the agricultural sector and the health authorities (395). While the
coordination of farmer and worker interests gave political legitimacy to nutrition policy and the
extensive subsidies to the agricultural sector (397), it also provoked internal conflicts of interest when
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agricultural profit-interests were in conflict with healthy nutrition for the people (395, 397). For
instance, while the consumption of animal fat increased during the 1950s (396), there was a growing
concern on its relation to the coronary heart disease epidemic (395, 403). In 1963, a medical expert
committee concluded that the growth of coronary heart disease was likely associated with the large
increase in consumption of saturated fat and recommended fat intake lowered to 30% of dietary
energy, and more use of polyunsaturated fat (395). However, the recommendations were opposed by
the agricultural sector who feared reductions in demands of diary products (397). The rise in
overnutrition-problems where mostly seen as a result of individual choices and therefore long
considered less relevant to the welfare state than the undernutrition prior to the Second World War
(396). It was not until the growing recognition of saturated fat as a major cause of the cardiovascular
epidemic became a political threat to the extensive agricultural subsidies that a compromise between
nutrition goals and agricultural needs emerged (396). The public nutrition recommendations of 1975
encouraged healthy dietary habits (397) and recommended the fat intake to be gradually lowered to
35% of dietary energy, thus in between the contemporary consumption level (40%) and the
recommendation of the expert committee in 1963 (30%) (398). However the implementation program
had little formal influence and the policy was counteracted by the agricultural sector (397, 398). In
particular, the emphasis on increased production and consumption of domestic food required further
import regulation on agricultural products, which might have reduced consumer options, increased the
prices on agricultural products (395) and prevented adequate level of vegetable consumption (577),
especially within price-sensitive groups of the population. During the 1980s, nutrition policies shifted
towards health by removing industry representatives from the National Nutrition Council (397), and
with the white papers in 1993 and later, nutrition policies became integrated into the general
prevention policies (397, 398). The scope was expanded from prevention of premature cardiovascular
disease to include prevention of cancer, obesity, stroke and type 2 diabetes by promoting consumption
of vegetables, fruits and dietary fiber, and reduce intake of salt (397, 398).
The history of political compromises between nutritional goals and agricultural needs illustrates that,
although Norway has been considered a forerunner in modern nutrition policy (397, 398), it share the
same challenges as other countries with conflicts of interest. Nutrition policies balances between the
belief in societal responsibility for facilitation of healthy food habits, and the liberal goal of preserving
citizens autonomy, both with regards to individual freedom of choice and attractive business conditions
(397). The individual autonomy argument fits well with the industry's desire for liberal terms that might
facilitate greater profits, and are often used as part of the social-marketing campaigns of the food- and
drink industry (443). Noteworthy though, emphasis on principles of individual autonomy means also
blaming the victim, thus reducing public support for government interventions (443). However,
individual freedom of choice might also imply loss of freedom from influential market forces that do not
necessarily have public health promotion as their prime interest (397, 443, 556).
Nevertheless, public market regulation remains limited in Norway. Several examples might illustrate the
authority’s cautiousness in regulating the population`s consumption of unhealthy food. First, the failure
to adapt the nutrition policy to the growing awareness of the association between animal fat
consumption and the cardiovascular epidemic from the 1950s to 1975 might have extended the burden
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of hypercholesterolemia and subsequent risk for cardiovascular diseases and death (398, 578). Still, fat
content of dietary energy intake exceeds recommendation by the expert committee in 1963 and the
current recommendations by the WHO (398, 579), and intake of saturated fat is high (568). There are
few restrictions on marketing of foods rich on sugar, fat and salt, and vending machines filled with
sugary drinks, chocolates and candy meat are accepted in public areas like schools, sports facilities, and
public transportation. Targeted marketing of unhealthy food directed towards one of our most
vulnerable groups, our children (150), has only recently been addressed by the authorities, and only as a
compromise with the industry limited to a self- imposed directive, at least for the time being (580, 581).
Further, labelling and product information on nutrition value remains hard to comprehend for the
consumer, and a more easily readable keyhole labelling system (“nøkkelhullet”) is voluntary for the
producer and only provides dichotomous categorization, thus obscuring the distinction between the
very unhealthy and the less healthy. Retailers are allowed to place so-called “on-the-fly-purchased
products” such as chocolates and candies near the payment counters in order to tempt people in the
payment queue. Also, protective import regulation, or insufficient subsidies to the agricultural sector,
results in agricultural products being relatively expensive (577), especially for low-wage earners. At the
same time, insufficient taxation of ultra-processed food rich in saturated fat, salt or sugar results in
these being relatively cheap compared to healthier food. Sugar consumption seems to be considered a
question of personal discipline and a less prioritized area of nutrition policies than reduction of fat (397).
Thus, one might say that healthy nutrition to the people have been given less priority than district
policy, attractive business conditions, and facilitation of high employment rates. In the light of the
ongoing rise in overweight, we might question what type of freedom we want for our society; freedom
to choose and be tempted, or freedom from ill-health (581). Indeed, the socioeconomic inequalities in
nutrition (515, 570, 571, 576) strongly indicate that the freedom of choice is restricted by many social
conditions, and thus not as free as it looks like (75).
Differential uptakes of health-enhancing knowledge and their context
I have argued that differential diffusion of innovation processes are likely to explain much of the
socioeconomic inequalities in mortality over the past decades. By the epidemiological transition (43),
non-communicable diseases have become the leading causes of preventable morbidity, disability and
mortality in the world (150). Smoking, unhealthy diet, physical inactivity and excess alcohol consumption
are major and largely shared behavioral risk factors to many of these diseases (150, 376). True,
behavioral factors have failed to fully explain inequalities in health in several studies (525, 582-584).
Among British male civil servants aged 40-64 at baseline examination in 1967-1969 behavioral related
factors (smoking, systolic blood pressure, cholesterol, height and blood sugar) only explained less than
one quarter of the occupational inequalities in 10-year mortality (582). In a study of Danish adults living
in Copenhagen between 1964 and 1992, Andersen et al. found that income-related inequalities in
ischemic heart disease up to 1996 was reduced by 10-20% by multivariate adjustment for baseline
registration on tobacco and alcohol consumption, blood pressure, cholesterol, body mass index, physical
activity and diabetes mellitus (583). Strand and Tverdal found cardiovascular risk factors to explain much
of the educational inequalities in mortality from coronary heart disease among men and women aged
35-49 at baseline examination in 1974-76 in Norway (525). Adjustment for baseline registration on
smoking reduced relative educational inequalities in coronary heart disease-mortality by 51% in men
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and 19% in women, whereas the corresponding reductions in excess relative risk related to cholesterol
and systolic blood pressure was 11% and 25% in men and 8% and 30% in women (525). However, among
Norwegian women aged 70 years and older in 1995-97, educational inequalities in all-cause or
cardiovascular mortality were not changed substantially by adjusting for behavioral factors (smoking and
physical activity) (584).
The variation in explanatory power of traditional cardiovascular risk factors to socioeconomic health
inequalities might stem from regional and cohort-specific difference in epidemiological history of these
factors (96). However, it is challenging to fully capture the individual time- and age-variation in
behavioral risk factors. As their effects might accumulate over the life course, it is notoriously
challenging to measure the level of exposure and some of the variation might therefore stem from
imprecise measures of exposure over the life course (97, 585). Further, behavioral factors seem to
cluster. For instance, unhealthy dietary habits, smoking, and low levels of physical activity were
associated in Norway during the 1990s (514, 515) as well as elsewhere (572). Whether these factors
interact multiplicatively or additively on mortality is less known, and is of major importance to their
explanatory power with regards to socioeconomic inequalities in health.
The main picture is nevertheless that behavioral risk factors might explain a substantial part of
inequalities in mortality in many studies, and behavioral factors might be responsible for much of the
current dynamics in educational inequalities in health among middle-aged populations in Norway (95,
239, 241, 274). The distribution in behavioral risk factors changed substantially over the past century,
and joint effects of risk factors, including effect modification, are therefore likely. Indeed, alcoholrelated mortality, cancer and cardiovascular mortality, the latter two related to joint effects of smoking,
nutrition and physical activity, were among the major explanations for socioeconomic inequalities in
mortality in European countries during the 1980s and 1990s (255). Thus, the actions taken and avoided
in public health policies against smoking, overnutrition, physical inactivity and excessive alcohol
consumption are likely to have affected overall health as well as health inequalities (124).
The toxic combination of several of these risk factors were probably amplified by the delayed policy
response in protective tobacco control policy (378, 518, 546), the inclination to compromise with the
agricultural sector on a recommended level of dietary fat above what was recommended by the medical
expertise (397, 398), the nutrition policy`s adherence to individual freedom of choice with regards to
unhealthy foods and beverages with high content of refined sugar, saturated fat and salt (150, 396, 397,
443, 558), and the lack of political interests in allocating leasure and sports facility investments to
facilities appealing to larger parts of the population (382, 383). Altogether, these actions (124), and
failures to promptly develop policies according to emerging health-enhancing knowledge might have
restrained public health outcomes for all, but might have been particularly detrimental for people with
less social and cultural capital. Although, eventually, everyone benefited from the spreading of healthenhancing knowledge, it might not be a surprise that people in higher socioeconomic groups were
generally faster in adapting to this knowledge compared to lower socioeconomic groups (73, 74, 101).
Thus, unhealthy behaviors became increasingly concentrated in lower socioeconomic groups, and health
inequalities increased.
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9.4.10 Mathematical artefact?
The artefact hypothesis by Scanlan states that risk ratios will inevitably increase when the overall levels
of mortality declines (469, 586, 587). Conversely, the association between risk differences and overall
mortality is curvilinear, so that risk differences declines as overall mortality declines, but also when
overall mortality is very high (469, 586, 587). Indeed, risk ratios and risk differences seem to be
associated with the overall level of outcome in empirical data, and they are theoretically limited by
mathematically-defined ceilings (469, 586, 588). However, neither empirical associations nor
theoretically-derived ceilings prove causality. As noted by others (469), the findings might be explained
by diffusion of innovations theory (100). Thus, the empirical tendency of diminishing risk differences and
increasing risk ratios with declining overall mortality is found because the distribution of health
enhancing knowledge is not restricted by socioeconomic position.
Consider the 1950s when people were largely unaware of the hazards of smoking and intake of dietary
fat (397, 546). The lack of health promotion resulted in high levels of mortality across all socioeconomic
strata. Hence, inequalities were low, whether measured on absolute or relative scales (85, 252). When
health enhancing knowledge emerged, a gradual diffusion process occurred in all socioeconomic groups
simultaneously. Because smoking cessation and dietary changes take time and old habits die hard, the
etiological effect of socioeconomic position (risk ratio) on mortality was initially restrained. However,
people in the higher socioeconomic groups tended to adapt faster to the new knowledge than those in
the lower socioeconomic group (73, 74, 101). Thus, as diffusion processes led smoking and adverse
dietary intake of fat to become increasingly concentrated in the lower socioeconomic groups, the
etiological effect (risk ratio) of socioeconomic position increased. Hence, the empirical association
between large risk ratios and low levels of overall mortality (469, 586, 588) might be considered more a
result of diffusion processes than of a mathematical artefact (469) and diffusion of innovation theory
might explain the concurrent increase in relative socioeconomic mortality inequalities and overall
mortality decline in Western European countries from the 1950s onwards (239, 241, 252, 270).

9.4.11 Postponement of senescence
The findings of our studies might also be considered in the light of senescence. Ever since Benjamin
Gompertz`s publication in 1825 (61), senescence has been viewed as a continuous and inevitable
deterioration of physiological reserve capacity or vitality (22, 31, 42, 47, 60, 421). If not interrupted by
premature death, senescence eventually leads to a state where even small challenges will overwhelm
the available levels of vitality so that homeostasis cannot be restored, and result in what many consider
as natural death (22, 31, 42, 47, 60, 61, 421). Most people in developed countries die in old age, either
directly from a degenerative disease, for instance acute myocardial infarction or cerebral stroke, or
because their organs have degenerated to a level where the physiological reserve capacity is too low to
restore homeostasis after an event that would not have been fatal to a biologically younger individual
(60, 152). The multiplier effect of several system failures on resilience and stability of homeostasis might
explain why mortality increases exponentially with advancing age.
Senescence is not considered a disease (22, 51, 60). However, chronic diseases are very prevalent
among the oldest old. In fact, age is by far considered the most important risk factor for å wide range of
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chronic conditions (47, 49, 53) and to senesce with some chronic condition has been described as the
norm (17). Further, senescence related changes often resemble those seen in the development of
degenerative diseases (51), and many consider the distinctions between what should be considered as
normal senescence, and what should be considered a disease to be blurred (48, 51). In 1982, Manton
argued that the concept of disease, which had been originally developed in an era of acute diseases,
should be updated in order to accommodate the various stages of chronic degenerative diseases, from
subclinical pathology to their ultimate life-threatening events (21). He further argued that chronic
degenerative diseases should be considered as end-stages of long-term senescence processes within
various compartments of the organism (21). Thus, one might say as Leonard Hayflick that “no one over
the age of, say 75, has or will die from what is written on their death certificate” (589, p. 267), rather
they die from the underlying cause, the “inexorable loss of physiological capacity in the cells of vital
organs – the hallmark of ageing” (589, p. 268). On the other hand, in line with Manton and later
discussions by Olshansky et al. (50) and Carnes et al. (51), we might indeed consider the concepts of
senescence resulting in natural death, and degenerative diseases resulting in death from single or multi
organ failure, as cases of definitional differences.
Evolutionary theory fits well with the view of senescence as inexorable processes and major causes of
degenerative diseases. Natural selection favored and brought forth individuals whose vitality was
sufficiently strong to reach reproductive age and give rise to an offspring (411, 589). As after
reproductive age the effects of natural selection attenuate one could say that natural selection favored
reproduction more than longevity (411, 589), and senescence might therefore be considered a result of
“evolutionary neglect” (50, p. 5). Our body maintenance systems are constantly challenged by internal
and external stressors, and the resulting damage eventually exceeds the repair capacity. Thus, extended
survival beyond reproductive years reveals degenerative diseases and the biologically based mortality
schedule of humans (42, 50, 420).
While senescence is challenging to measure directly, at a population level it is inexorably associated with
age. In average population measures, the association makes age the most important risk factors to old
age morbidity and mortality, reflected in the rapid increase in mortality, morbidity and frailty in higher
ages (61, 428, 590-592). The dominating effect of senescence on health might also be illustrated by the
diminishing relative effects of epidemiological risk factors or interventions to health with advancing age
(593-596). Some have attributed declining risk ratios with advancing age to health selection through
particularly high premature mortality in disadvantaged groups (135, 148, 254, 276, 597), reductions of
economic inequalities by redistributive social transfers in older ages (148, pp. 104-5), or postponement
of ill-health in groups of higher socioeconomic position (598). Selection might indeed play a role.
However, when recognizing that senescence is in fact the most important risk factor to death (50, 51,
593, 594), the latter explanation might be further elaborated. The declining risk ratios with advancing
age reflect interactions between age and most socioeconomic and biomedical health determinants and
indicate that their etiological effects diminish as one grows older. The reason for this might be the
strong causal relation between senescence, and degeneration and loss of reserve capacity across all
organs, which ultimately, due to the multiplier effects of multiple organ capacities being exhausted,
results in a close to exponentially rise in mortality with advancing age (21). The generalized organ
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degeneration characterized by senescence differs from the effects of many biological and environmental
risk factors which has more limited influence on specific organ systems. Therefore causes of death
become increasingly diversified with advancing age and is to a diminishing extent limited to individuals
with high-risk profiles on traditional biological or social health hazards (49). Correspondingly, while in
younger populations, inequalities in all-cause mortality are highly dependent on inequalities in specific
risk factors for dominating causes of death, the influence of inequalities in single risk factors other than
age decreases with higher ages. The close to exponential rise in mortality with advancing age results in
age eventually dominating most other risk factors for old age mortality (595, 596), including
socioeconomic determinants of health. From an etiological perspective we might therefore consider the
age-dependent attenuation of relative educational health inequalities to be caused by the manifestation
of the most important and universal health determinant of all, a fundamental cause of degenerative
diseases, senescence itself (50, 51).
However, in many western countries, old age mortality is declining (55). Declining old age mortality
implies that the effect of age on mortality is being reduced and this reduction in the age effect might
indicate postponement of senescence (21, 149, 219, 426). As the dominating effect of age on health
declines, other etiological risk factors might manifest themselves. Thus, one reason for the rising old-age
mortality inequalities by education found in our study might actually be that senescence is being
postponed (51). Consequently, the effects of epidemiological risk factors to health is becoming more
important also in older ages, as illustrated by the increases in the etiological importance (risk ratios) of
educational level found in study II.
Ongoing postponement of senescence is not unlikely given its cross-sectional variability (30). Senescence
is universal, but the senescence processes are not, and the pace of senescence and thus, development
of degenerative diseases differs considerably between and within individuals (27, 28, 422, 589). The
variation in the deterioration rate is why all adults differ in the degree of biological ageing at a given
time (28, 29), and results in the increasing heterogeneity in health and mortality with advancing age
(28). While the cause of these differences in deterioration rate has puzzled biologists for a century (42),
the puzzle might have been complicated by the lack of interest in senescence as a potential cause of
chronic degenerative diseases itself (50, 51). However, although some theorists exclude extrinsic factors
from causes of senescence and consider senescence as determined by genetics and stochastics (24, 51),
none of us are degenerating solely due to intrinsically caused damage. Rather, the heterogeneity in
current senescence rates might suggest that behavioral and environmental factors as well as treatment
adherence might be of importance (22, 32). As many of the consequences of environmental and
behavioral factors identified by epidemiology resemble the consequences of the intrinsic causes of
senescence, one might consider them accelerators of senescence, leading to degenerative diseases and
eventually premature death with regards to one`s potential lifespan (51). The substantial cross-sectional
variability in senescence states indicates potentials for longitudinal variability in senescence
degeneration rates and supports the possibility for postponement of senescence driven by joint effects
of prosperity, and preventive and curative efforts (21, 149, 219, 426).
Both Rowe and Kahn (32), and Fries (16, 22, 38) called for more attention towards successful ageing and
the potential for improving population health by increasing the share of successful agers (32). Fries
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argued that every human has an age-dependent level of optimal performance in each faculty, and that
the gap between actual performance and the potential optimal performance represented the potential
for plasticity of senescence (38). Thus, the heterogeneity represents an untapped potential as reducing
the heterogeneity by slowing down the deterioration rate of the fastest decliners will improve
population health. A consequence of seeing chronic degenerative diseases as manifestations of longterm senescence degeneration (21) is that socioeconomic inequalities in mortality and old age disability
might be mediated by inequalities in senescence degeneration rates. Inequality in the generalized
degeneration processes which characterizes senescence might explain the findings of socioeconomic
inequalities in a wide range of degenerative diseases (241, 400). Hence, the gradient might be seen as
an example on how sensitive senescence processes are to socioeconomic conditions across the life
course, and might be considered as variation in degree of successful ageing (21, 22, 32, 39, 599).

9.5 Possible implications for longevity projections
Historically, demographers have systematically underestimated future trends in longevity (282). One
reason for this was the continuous and accelerated declines in mortality among increasingly older
groups of the population (21, 54, 55, 600). The old age mortality decline was unprecedented and
surprised the demographic community (56, 167, 591). The search for possible explanations and
implications of abating mortality among the oldest old has been, and still is, an important issue for
research within the field of senescence and longevity. In particular, there has been much debate on the
pace of future mortality declines, whether we are approaching a limit to longevity (22, 167, 601), or not
(282).
Like Vaupel (149), Manton (21), Olshansky and Carnes (50, 602), all of them central participants in the
debate on human longevity, I believe demographers should pay more attention to the biology in the life
tables. While the causal relation between senescence and causes of death remains blurred, the
theoretical model outlined by Manton (21) of many degenerative diseases as the end-stages of longterm senescence degeneration processes seems plausible (50, 51), and surprisingly neglected within the
discourse on human longevity. However, while some pace of senescence seems to be inexorable, it
might be mitigated (51), and postponement might not only be a case for the future (594), but ongoing
today. Indeed, I would join Strehler (65), Manton (21) and Vaupel (149, 591, 603, 604) in suggesting that
a possible explanation for the ongoing old age mortality declines might be decelerating senescence. The
continuous rise in life expectancy might be explained by reductions in the generalized senescencerelated degeneration processes due to joint effects of prosperity, and preventive and curative efforts
(21, 65, 149). The resulting reductions in the dominating age-effect on mortality is illustrated by the
findings of risk ratios associated with lower education starting to increase among the oldest old in study
II (133).
In my view, the failure to acknowledge that declining old age mortality and corresponding reductions in
the age effect on mortality might indicate ongoing postponement of senescence, is associated with what
Butler et al. (594) described as narrow disease-specific prevention models where chronic degenerative
diseases are considered to be mostly extrinsically aquired and develop independently on one another,
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thus neglecting that age is the most important risk factor to most chronic conditions (47, 49, 51, 53,
594). The failure to recognize that senescence and degenerative diseases are two sides of the same coin,
and that many degenerative diseases are only the manifestation of inexorable, but malleable,
senescence processes, has led researchers to investigate longevity potentials by the cause elimination
models (167, 601, 602), or by extrapolation models (22) based on truncated life tables (22, 605, 606)
that failed to capture the ongoing reductions of the age effect on mortality (21, 31, 600).
The possibility of decelerating senescence processes has large implications for longevity projections
(65). Although evolutionary theory states that the human genome has been shaped for reproduction
and not for immortality and some pace of degeneration is indeed inexorable (42, 420), large potential
for overall population health might be predicted by the evidence of successful agers (16, 22, 32, 63, 140,
599) and longevity records of healthy subpopulations (39, 374, 412-415, 607). Batljan and Thorslund
argued that predictions on longevity trends might become more precise by taking into account trends in
socioeconomic mortality differentials and the trends in compositional changes of socioeconomic groups
within the population (40). As shown in study III of this thesis, educational inequalities in remaining life
expectancy at age 65 increased from 1980 onwards with no sign of reductions in the pace of increase
(133). At the same time, there was a large increase in the population share with higher education. The
lack of dilution of the health potential of the higher educated in our study (133) might support the
hypothesis of independent causal effects of education on health (140, 371, 608), or we could say on
senescence degeneration rates. Thus, the rise in educational attainment might therefore have
contributed to declining trends in population average senescence degeneration rates and resulting
mortality rates, and might contribute to further mortality declines in the future (40, 371). However,
education is only a small part of the substantial societal, behavioural, environmental and medical
development over the last century (72, 145, 370, 404-406, 546). The socioeconomic and regional
variation in pace of progress indicates large potentials for future postponement of senescence, overall
health improvements, and longevity.

9.6 Policy implications
The WHO calls for concerted actions against social inequalities in health (35), a policy supported by the
Norwegian governments during the recent decade (77, 80, 279). Indeed, the socioeconomic inequalities
in the distribution of both communicable and non-communicable diseases illustrate that the behavioral
choices contributing to these diseases are not so free as they look likes (443). As the possibility that
socioeconomic health inequalities are largely socially produced violates the basic human right to the
best attainable level of health (146, 470), it might be appropriate to question who and what could be
responsible for persisting and widening health inequalities (124). Fair or not, overcoming health
inequalities is considered an achievable prevention strategy (93, 280) that has enormous potential for
improving the population’s health in general (72, 281). The large magnitude of absolute mortality
inequalities in old age populations imply that it is in these age groups that socioeconomic conditions
affect most people. As old age mortality inequalities represent the ultimate print of socially different
ways of living, working and benefiting from health care services, health inequalities in older ages might
be considered an important outcome of current and past public health initiatives at all ages. However,
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even in older ages, interventions might improve health (609, 610) through prevention (277, 429, 430,
455, 611-618) and rehabilitation (450-455, 619), and the intervention outcome might be larger in older
than younger individuals in absolute terms due to the overall greater levels of morbidity and mortality
(277). As many of these measures might postpone morbidity and mortality, old age inequalities in health
should also be possible to reduce.
The educational inequalities in disability and mortality found in our studies are likely to stem from
differential exposures to health-enhancing and health-deteriorating factors over the life course. As the
study population was born in the period between the 1860s and the 1950s and thereby lived under very
different social conditions, some of the health inequalities might stem from conditions that already have
been improved, like childhood deprivation and undernutrition (400). Nevertheless, the explanations
outlined in chapter 9.4 suggest some key areas that might represent potentials for further reductions in
health inequalities and general improvements in public health. For instance, in order to reduce health
inequalities related to material deprivation we should ensure that minimum pensions are adequate for
healthy living (90). Secondly, inequalities in health care utilization might be reduced by educating people
and communities on clinical symptoms where the need to seek healthcare is urgent (446), improving
communications between patients and health care workers (529) and ensuring equal opportunities for
healthcare and long term care (620). Thirdly, we should be aware of the possible detrimental potential
of psychosocial stress (72, 82), whether related to social marginalization, brutalization of working life or
economic deprivation. Although social cohesion and community support must grow bottom-up, it might
be influenced by a seemingly more divisive and conflict-oriented public debate (621), and participants
and disseminators of the public debate might contribute to tolerance and inclusion by valuing diversity
of opinion and avoid exaggerating contrasts and divisiveness. Fourthly, as most people should be able to
achieve education provided appropriate measures taken, by encouraging schooling and preventing
school drop, we might enable more people to reap the benefits of better occupational opportunities,
less risks for exclusion from working life (93, 493, 622), and health-enhancing economic, social and
cultural capital (105, 106, 371).
Finally, prevention by reductions of inequalities in social conditions is not necessarily better or more
effective than preventive actions taken towards the more “proximal” causes of ill-health (124). The lack
of clear association between welfare state generosity and health inequalities might indicate that health
inequalities have become less related to material deprivation and income inequality (85). As stated by
Mackenbach et al. in a European comparative study of health inequalities (255, p. 2479): “although a
reasonable level of social security and public services may be a necessary condition for smaller
inequalities in health, it is not sufficient. Lifestyle-related risk factors have an important role in
premature death in high-income countries and also appear to contribute to persistence of inequalities in
mortality in the northern region”. Indeed, the major “proximal” mortality risk factors have seemingly not
changed since the 1950s and might provide insight into the biophysical translation of social conditions
into health needed to reveal “who and what drives the current and changing patterns of social
inequalities in health” (124, p. 213). Some answers to the latter questions might be given by Lynch et al.
who rhetorically asked “why do poor people behave poorly?” (97, p. 809) and argued that people`s
behaviour must be seen within their economic, historical, family, cultural and political contexts (97, p.
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810). By doing so, one might reveal that “these contexts exert important influences on both the process
of choice and the types of behavioural options which are available, and, indeed, appropriate” for the
individual (97, p. 810). Thus, addressing the contextual conditions underlying behavioural choices is
likely to be of major importance, and promoting the healthy choice to be the easy choice for all
represents a way to directly address socioeconomic inequalities in health that does not necessarily
depend on extensive redistributive social transfers.
Historically, public health policies emphasized information campaigns and diffusion of knowledge to the
people. However, while educating the public is likely to have improved public health, socioeconomic
inequalities in uptake of health-enhancing knowledge is likely to have resulted in inequalities in lifestyle
related premature morbidity and mortality (73, 74). Thus, initiatives towards reductions in
socioeconomic inequalities in health might be directed towards increasing the pace of the diffusion
processes, and ensuring that everyone is given the opportunity to catch up with the forerunners as fast
as possible.
How can we improve equality in opportunities for healthy choices without violating the individual`s right
to choose for himself? True, ideally, people should be able to act as they want, as long as there is no
harm to others, and policies aiming to influence people`s behavior might challenge our right to personal
freedom of action (75, p. 153). However, we need to acknowledge that we are never truly free in our
behavioural choices, but restricted and influenced by regulations, norms and information provided by
society. Thus, the possibility to influence represents a way to increase opportunities for healthy choices.
As stated by Rose, “any form of government necessarily implies a restraint on personal liberty”, but
“attempts to regulate society (social engineering) are not to be seen simply as attacks on personal
freedom: some freedoms are removed as the price of enhancing others, and the question in regard to
any particular policy is whether or not it offers a net gain to freedom of choice” (75, p. 152). According to
Rose, key policy instruments in mass behavioural changes are public information, facilitation of
opportunities for healthy actions, moderation of forces that leads to unhealthy actions, and influential
opinion formers that promote social changes and advances in public health (75, pp. 148-55).
Formal and informal opinion formers influence people`s behavioral choices, including food intake,
physical activity, smoking behavior, alcohol consumption, and the norms of communication in public
debate. Opinion formers are diverse, and include politicians, celebrities, bloggers, scientists, teachers
and parents. Given the diversity of opinion formers and their messages to the public it might be
challenging to public health authorities to make sure that one is being followed. More recently, the
rapid development of media filter bubbles in the public discourse might represent serious obstacles to
efficient diffusion of health enhancing knowledge from public health authorities. Nevertheless, although
at times challenging, scientists and public health authorities cannot let communications and behaviors
challenging public health progress go unchallenged, and participants in public debates relevant to public
health must always be held accountable for their words and action.
While free speech and opinion forming is a key feature of free societies, our behavioural choices are
substantially restricted by society. Structural measures and market regulation might therefore be
another way to influence and facilitate uptake of health-enhancing knowledge and promote healthy
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choices as the easy choices. By targeting the whole gradient rather than the deviant minority, these
measures represent universal population strategies that might achieve substantial public health
outcomes (75, p. 135).
One key policy area is the promotion of physical activity for all members of society, including in activities
outside organized sports such as physically active modes of transport and recreational sport for broader
shares of the populations (382, 383). If we want to stimulate physical active modes of transport,
availability of safe walking and bicycling lanes are likely to be pivotal, although in some areas, they might
restrict the opportunities for car driving. Further, although they might be expensive in construction and
operation, improving the availability of public swimming pools might represent another way to enhance
opportunities for physical activity at all ages, in particular among disabled people and the elderly.
Another key policy area might be stronger protection of people`s health from the powerful market
forces that are largely insensitive to public health development (75, p. 152) and often offset public
health policies (397, 443, 556). As noted by the Lancet Non-Communicable Diseases Action Group, the
so-called non-communicable diseases are in fact somewhat communicable, the new vectors of spread of
the current major killers are transnational corporations (443). Currently we allow profits for the few to
the cost of healthy life years for the many. From a public health perspective it should be up to us, the
people, to set the rules of the game that govern corporate behavior and economic growth, and secure
that corporate`s actions do not harm the health of the population (443), and particularly not by
exploiting socioeconomic disadvantaged groups of society (35). The free market favours freedom of
wealth-generators wherein persuasion of the public by advertisement and manipulation of thought are
core marketing strategies (75, pp. 152-5). As if left unopposed the heavy investments in promotion of
unhealthy commodities reduce our de facto individual freedom of choice, corporate interests might
need to be regulated or counterbalanced by health in all policies (75, p. 155). Examples include
restricting economic profit opportunities in sales of commodities with directly adverse health effects like
tobacco, alcohol, unhealthy foods and beverages, but might also include sales or provision of
commodities, activities or services associated with risks of unintentional adverse effects, like guns,
gambling and anonymous social media, or environmental pollution and fossil-fuel CO2-emission.
In this regards it is intriguing to compare the Norwegian policy development towards alcohol, tobacco
and unhealthy nutrition where the freedom of corporate market interests clearly influence the freedom
of choice of the public (75, 443, 553). Indeed, restrictive tobacco- and alcohol control policies are likely
to have potentiated the spreading of health-enhancing knowledge, in particular among the most pricesensitive parts of the population where the largest amount of tobacco is consumed, and drinking
patterns are most adverse (141, 442). The universal population strategy of these policies might have
reset social norms, potentiated development of health-enhancing cultural capital and thereby facilitated
behavioural changes (75, 623). Ever since the days of the temperance movement in the 1920s, structural
measures aiming to protect the public from profit-motivated market forces have been an important
feature of the Norwegian alcohol policy (442, 553). The strong alcohol control policy is likely to explain
why consumption of spirits and alcohol-related mortality are low and drunk driving is by many
considered socially unacceptable. Although it took decades to develop an effective regulatory tobacco
control policy, the gradual strengthening of the tobacco control policy from 1975 onwards (378, 441)
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made no-smoking an easier choice for many and are likely to have contributed to the reduction in
tobacco consumption. A more recent Norwegian example of beneficial changes in social norms due to
an explicit population strategy was the effect of the total ban on smoking in restaurants and bars from
2004 (624) which reduced the exposure of young people to smokers and thereby alienated smoking
(509). Hence, while prior to 2004, many considered the smoking ban to threaten a social norm of
individual autonomy and smoking as a central activity in social life, it soon became widely supported. As
a result of smoking ban in public places, public transportation and workplaces, smoking is increasingly
considered as a social aberration and clean-air environments is preferred for leisure-time enjoyment
and viewed as the social norm (509, 520, 521).
On the other side, the nutrition policy seems to be caught up in between competing interests of the
food industry and the agricultural sector, and, in contrast with the restrictive measures in alcohol and
tobacco policies (442, 553), seems to have favored corporate freedom of action (promoted as individual
freedom of choices) more than freedom from powerful market forces that promote unhealthy foods
and beverages (75, 397, 398, 443). The lack of regulatory measures within the nutrition policy might be
particularly important to health inequalities. In modern societies, where most people are aware of the
importance of low intake of saturated fat, refined sugar and salt, the least advantaged groups of society
might be particularly susceptible to extensive marketing of unhealthy ultra-processed foods. Thus, the
early-adopters of new innovations need not be the most advantaged of society as in the classical model
by Rogers (100), and diffusion of innovation processes might contribute to overall population health
regress and increases in health inequalities simultaneously. Without structural measures that regulate
these market forces, the easy choices will continue to be whatever the market prefers. With little
regulation, the capital exploits profit-maximization through extensive marketing and convenient
accessibility (443, 569), and challenge the impact of scientifically based expert advices when consumers
are met with aggressive marketing on myriads of unhealthy foods (443, 625). Therefore, the UN General
Assembly called for concerted intersectorial actions to reduce the impact of unhealthy diet to noncommunicable diseases, and highlighted the relevance of education, legislative, regulatory and fiscal
measures in order to reduce marketing and consumption of unhealthy food, especially towards children
(150). The same regulatory measures are considered key elements in targeting socioeconomic
inequalities in health (558).
Non-communicable diseases represent a substantial threat to the right to health (146, 470) to equal
opportunities for healthy living, and to the fiscal sustainability of modern societies (150). Faced with the
growing pandemic of morbidity, disability and premature mortality resulting from non-communicable
diseases, overweight and smoking (443), whose distribution depends on social conditions, and whose
rise is largely influenced by social conditions like extensive marketing, availability and lack of regulative
measures (443), the remedy is more political than medical (75). As noted 200 years ago by the British
philosopher Jeremy Bentham, “the physician relieves [the miseries of life] one by one; the legislator by
millions at a time” (626, p. 182). As social conditions are the realms of politicians, they are also the
product of continuous political and public debates between conflicting interests and ideologies (626)
and any political action depends on public awareness and support. While the lobbies of the industry and
particular political interests are always trying to influence politicians to provide expanded opportunities
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for profit or being otherwise favored (443), the interests of population health is hampered by a less
active lobby towards legislators and the public, and the much larger timescales needed to reap the
benefits of healthy political choices (255). In order to fulfill the potential posed by socioeconomic
mortality inequalities, the calls by international and national health agencies for concerted actions
against non-communicable diseases (150, 558) and socioeconomic inequalities in health (35-37, 279,
444, 627) must be followed up in practice (443). To balance the interests of public health to match the
lobby activities of the industry and political interests (75, 443), it is the researchers and public health
authorities who must stand up and defend public health and contribute to the public awareness needed
for political action. Thus, the research community has a particular responsibility for setting the political
agenda and provide theoretical solutions with potential to achieve the fundamental human right to the
highest possible level of health for all (470, 626).
Finally, some implication of the association with senescence should also be mentioned. The studies
within this thesis documented increasing relative inequalities in old age mortality along with declining
old age mortality (132). The declines in old age mortality imply that the age effect on mortality is being
reduced. The declines in the dominating effect of age allow for other etiological factors to ill-health in
older ages to manifest themselves. Thus, the rise in relative educational inequalities in old age mortality
might indicate that senescence is being postponed, and thus broaden the age-range for which
preventive or curative measures might be beneficial.
Development of degenerative diseases in older ages are often considered more a matter of chronologic
exposure time and the seriousness and extent of the risk factors, than of age itself (26, 51). However, I
have argued that educational inequalities in old age mortality might be considered as indicators of
inequalities in senescence. The variability in senescence represents a substantial potential for public
health improvements. If we continue to neglect the possible malleability of senescence, we will not
recognize the common senescence processes underlying the major causes of functional limitations,
disability and mortality in developed countries, and our curative efforts might only be palliative; while
the potential for slowing down senescence might be small in old-age hospital patients whose
physiological reserve capacities are often close to zero, large potentials might be reaped by even small
declines in senescence degeneration rates across the life course (65). Recognizing that senescence is a
fundamental cause of disease, and that even modest declines in this powerful risk factor might yield
substantial benefits in terms of simultaneous postponement of all senescence-related degenerative
diseases (51, 594), provides further motivation for encouraging preventive medicine and health
promoting societies.
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9.7 Future research
Despite the growth of social epidemiology over the recent decade, there are several areas which should
be considered for further research.
First, most trend studies on socioeconomic inequalities in mortality focus on middle-age populations.
However, most deaths are concentrated within older age groups (140, 246, 274) and it is in these ages
that the largest absolute socioeconomic mortality inequalities emerge, and the largest effects of public
health initiatives to mortality are likely to be found. As trends depend on country-, period- and cohortspecific exposures, one-country studies are not necessarily generalizable elsewhere. However, variation
in levels and trends might provide clues on the causes behind variation in public health progress
between and within countries. Thus, we could benefit from international comparative studies on trends
in socioeconomic mortality inequalities within older populations. Further, despite much higher levels of
premature mortality in developing countries, few studies have investigated trends in mortality
inequalities in this setting. As socioeconomic health inequalities might be even more pressing in the
developing world, the research community has a particularly responsibility in documenting levels and
trends, identify the drivers behind health inequalities and provide insight into factors that might
facilitate equal opportunities in health for all in these countries.
Second, most published papers within social epidemiology have focused on socioeconomic
classifications of social positions, including income, education, occupational class and area of residence
(126, 127). These are only some of many social conditions that influence health, and studies of social
inequalities in mortality within other social structures like geography, labor market position, marriage,
area of residence, ethnicity, and social coherence might provide valuable insight into equality
perspectives, obstacles to progress, and further potentials for public health and longevity. However, as
illustrated in chapter 9.4, tackling health inequalities might be much more than redistribution of income
and economic power, as often seem to be the focus in comparative health inequality research (85, 141,
253, 255, 492, 508, 523, 588). Much of the literature on health inequalities has emphasized the putative
importance of welfare state arrangements (85, 253, 506, 508, 523), and in comparative health inequality
research it is suggested that levels of income inequality or social transfers might be used as indicators of
structural, political and economic processes that tend to invest more in health-promotive societies (84,
141). Although it is beyond the scope of this thesis to investigate this assumption, it is tempting to note
that while Norwegian alcohol and tobacco policies are characterized by a strongly interventionist state
and universalistic approaches, similar to the redistribute economy of social-democratic welfare states,
nutrition- and sport policies seem to be more liberal. Thus, they might not be as interrelated as
suggested, and one might question the emphasis on levels of social transfers in comparisons of health
inequalities by welfare state regimes (85, 628). Rather than comparing levels of health inequalities by
categories of welfare states (506, 523), it could be fruitful to compare levels and trends in health
inequalities by level tobacco- and alcohol control policies (629), and by level of state involvement in
public health policies on non-monetary structures like nutrition, physical activity, health care, work
environment and housing (630).
Third, the individual`s right to the highest possible level of health is enshrined in the constitution of the
WHO (146). The UN member states have committed themselves, within available resources, to realize
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the right to health in a non-discriminatory manner (34). WHO has long acknowledged that fulfilment of
the fundamental human right to the highest possible level of health for all would require concerted
involvement of many social and economic sectors in addition to the health sector (35-37). Nevertheless,
socioeconomic health inequalities have long existed. I have described large differences in the
involvement of the state in protecting the people from hazards from tobacco, alcohol, nutrition and
physical inactivity, and suggest that delayed responses, or lack of response, to the call for health in all
policy by the WHO (36, 37) might have contributed to widening health inequalities in Norway. It was not
until after 2000 that the challenge of the gradient was put on the political agenda (77, 93, 279), and
several policy instruments have recently been suggested (80). The research community will be central in
evaluating these policy instruments and provide further theoretical solutions with potentials to achieve
health for all (470, 626).
Fourth, the relative and nominal meaning of socioeconomic positions are continuously changing and
socioeconomic health inequalities should be continuously monitored in order to capture these
contemporary changes. Further, as the distribution of risk factors within socioeconomic groups is also
changing, whatever “explained” socioeconomic health inequalities in the past might not necessarily
contribute to health inequalities in the future. In order to evaluate past public health initiatives and
provide clues for further progress towards health for all, close monitoring of trends in the associations
between socioeconomic position and traditional risk factors is needed.
Fifth, reporting both absolute and relative measures of effects whenever possible is widely
recommended (35, 281, 307, 311-313). Yet, the majority of published studies continue to emphasize on
relative measures (308). Future research might benefit from a clearer distinction between the public
health consequences of health inequalities, normally described in absolute inequality measures, and
more etiological evaluations described by relative measures (75, 304, 468). Rather than discussing which
is the most meaningful (469), we should acknowledge the very different perspectives provided by these
measures of association (308, 310, 468, 469).
Finally, I agree with others in that biomedicine has too long been blind to senescence as a fundamental
cause of old-age disease (50, 52, 53, 152, 594, 631). Development of degenerative diseases in older ages
are often considered more a matter of chronologic exposure time and the seriousness and extent of the
risk factors, than of age itself (26). However, degenerative diseases might not only be seen as correlated
to senescence processes, but also a direct expression of senescence-driven component failure (21, 25,
26, 51, 631). The connection between senescence and degenerative diseases allows for better
integration of research on these concepts (594). Acknowledging chronic degenerative diseases as the
end-stages of malleable long-term degeneration processes implies that at some point, the biologically
based mortality schedule of humans might be revealed (42, 420). However, as old age mortality is
continuously declining, we are still far from living out our biological potential. By integrating
gerontological and biological research on successful senescence with biomedical research on
degenerative diseases and their preclinical states and risk factors, important clues in the pathogenesis,
prevention, diagnostics and treatment might be found. Indeed, recent research on the plasticity of
senescence by alternation of genetic regulation of senescence processes has been characterized as a
paradigm shift in biogerontology, and might represent possible targets for future preventive medicine
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(47, 594, 631, 632). True, by slowing down senescence degeneration rates we might ameliorate the
development of many chronic conditions simultaneously (594, 631), and even a modest decline in the
senescence deterioration process might have large implications for disease-incidence and longevity (47,
594, 631, 632). However, slowing down senescence might not only be a case for the future, it might
actually be ongoing today driven by socioeconomic progress. In that sense, socioeconomic mortality
inequalities might be considered variation in successful ageing.
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10 Conclusions
The first study in this thesis suggested that functional limitations and mild disabilities declined among
older adults in Norway between 1987 and 2008. The decline was larger than the corresponding decline
in mortality and resulted in absolute and relative compression of mild disability and functional
limitations at the end of life. Thus, the study suggested that most of the life years gained by declining
mortality over these decades consisted of mainly years without functional limitations and mild
disabilities. However, the trends seemed to be less favorable and were nevertheless much more
uncertain among the population aged 80 years and older. The study also revealed that substantial and
persisting sociodemographic variation in levels of disabilities and functional limitations are also found in
social democratic Norway. However, empirical studies on trends in disability, functional limitations and
health expectancies are challenging, and results from studies like the one presented in this thesis should
be considered more as indications than evidence. Indeed, reviewing the current literature suggests that
mortality declines need not be followed by compression of disabilities; expansion of disabilities is also
possible. Thus, as highlighted by Gruenberg (23), Kramer (45), Fries (22) and Manton (21), priorities in
health promotion and healthcare should be given to healthy ageing.
Study II and III within this thesis provided insight into the shifting importance of educational level to
mortality in older ages. The main picture of the results from these studies was that absolute mortality
inequalities persisted throughout the period and that mortality declines were experienced
proportionally less by lower than higher educated groups. Thus, whatever the causes of progress, the
lower educated benefited proportionally less from them. In addition, the sex differences in the pattern
of mortality decline point towards some risk factors that must have been more widespread in men than
women, and in lower educated than higher educated men. The indications of increasing absolute
inequalities in women from the 1980s onwards in the 65-84 year old age group further suggest sexspecific causal factors or that the causal factors behind men`s experience decades earlier hit women
later than men. As described in study III, the trends in mortality inequalities summed up to substantial
increases in educational differences in life expectancy at age 65. The studies might indicate that public
health policies have so far failed in providing equal opportunities in health for all and suggest substantial
potentials for further progress in public health and longevity.
I will end this thesis by suggesting we end the 200 years search for the distinction between senescence
and disease, unite the research forces on senescence and degenerative diseases, and recognize the
impact of ongoing postponement of senescence to curative and preventive medicine, public health, and
human longevity. Indeed, senescence is inexorable. We are not immortal and degeneration is, at least
for now, our destiny. However, senescence is characterized by increased variability within and between
individuals. The heterogeneity in senescence indicates that at least to some extent, senescence might be
considered malleable. In that sense, the educational inequalities in disabilities and old age mortality
found in our studies might be considered to represent variation in successful senescence.
By acknowledging degenerative diseases as the manifestation of long-term senescence degenerative
processes, we must also acknowledge that much of the current mortality and chronic degenerative
diseases are functions of the same processes. As most people currently dies from degenerative diseases
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in older ages, and these diseases develop gradually, some level of functional limitations and disability
prior to death seems inevitable. Thus, rather than aiming for overall reductions in degenerative diseases,
we should aim for balanced organ degeneration and maximal postponement of functional limitations
and disabilities towards an equilibrium at the “natural” end of life. Reaching the inexorable state of nonpreventive exhaustion of physiological reserve capacities should not necessarily be considered a failure
of success, rather we should celebrate the fulfillment of one`s physiological capacity for life, a true
success of humanity.
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11 Appendix
11.1 Appendix A1: Reviewed research on trends in functional limitations and
disabilities among the elderly
The table below depicts previous studies on trends in disabilities and functional limitations among older
populations in developed countries. The table describes region, period, data source, design, study
population, sample size, non-response, indicators used and major findings. Norwegian written research
is included.

Region,
period and
study
Netherlands,
1987-2001,
Puts et al.
2008
(193)

Data source

Netherlands,
1990-1998,
Picavet et
al 2002
(197).

The
Netherlands
Health
Interview
Survey

First and
second Dutch
National
Survey of
General
Practice

Design, study
population, sample
size and missing
Two independent
cross-sectional
surveys on
nationally
representative
samples of the noninstitutionalized
population aged ≥55
years, conducted in
1987 and 2001. Selfreports. Net
samples: 2708 and
3474 persons- Nonresponse rate: 14%
and 25% in the study
population 18+ and
over

Nine Independent
cross-sectional
surveys on
nationally
representative
samples of the noninstitutionalized
population aged ≥16
years conducted
yearly from 1990 to
1998. Sample size
not reported. Nonresponse rate: about
40%

Indicators

Major findings

Mobility: Much
difficulty or inability
to climb a staircase
and/or carry a bag
of 5kg for 10m
and/or lift an object
while standing
and/or walk for
400m without
resting (with a
walking aid if
needed)
ADL: Much difficulty
or inability in >1 of
the following ADLitems: transfer to
another room on
the same floor,
getting in and out of
bed, dressing and
undressing
Mobility: Major
difficulties or not
able to carry 5kg for
10m and/or
bending and picking
something from the
floor and/or
walking 400m
ADL: major
difficulty or not able
to do one of the
following:
eating/drinking,
getting in/out of a
chair, getting in/out

Mobility-limitations:
Prevalence reduced from 43 to
26%,. Age-adjusted reductions
in odds by 68% (men) and
51% (women)
ADL-disability:
Prevalence reduced from 8 to
3%. Age-adjusted reductions in
odds by 34% (men) and 60%
(women)
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Mobility-limitations:
Prevalence in 1997/98: 18%
(64-74y) and 37% (75+y). No
significant age-adjusted
trends.
ADL-disability:
Prevalence in 1997/98: 12%
(64-74y) and 29% (75+y).
64-74: Age-adjusted significant
yearly increase by 0.3
percentage points
75+: no trend

Spain, 19861999,
SagarduiVillamor et al.
2005 (192)

Two National
Disability,
Impairment
and Handicap
Surveys

Two independent
cross-sectional
surveys on
nationally
representative
samples of the
population aged ≥65
years, including
parts of the
institutionalized
population,
conducted in 1986
and 1999. Net
sample not
reported, but
included 15681 and
106012 dwellings.
Non-response rate
not reported.
Results not tested
for statistical
significance.

Rural area in
the UK,
1991/21996/7,
Jagger et al.
2007 (196)

The MRC
Cognitive
Function and
Ageing study

Two independent
cross-sectional
surveys on
representative
samples of the
population aged 6569 years (including
institutionalized
population), residing
in a rural area in the
UK, conducted in
1991/2 and 1996/7.
Net samples 691
and 688 persons.
Non-response rate:
22% and 19%

of bed, dressing,
transferring on one
level, walking stairs,
entering/leaving
the house,
transferring
outdoors, washing
face and hands,
washing entirely
Mobility:: 1986:
difficulty in
seating/standing
because of balance
problem, need
help/aid from
person/device to
walk, climb a
staircase, leave
home. 1999:
bedfast, serious
difficulty standing
up or getting out of
bed, need help/aid
from person/device
to walk, climb a
staircase or leave
home
ADL: 1986: need
help/aid from
person/device to
bath, go to toilet,
dress or eat. 1999:
serious difficulty or
inability to bath, go
to toilet, dress or
eat
Mobility: Need for
help with stairs,
chairfast or bedfast
ADL- and IADLdisability: unable to
perform at least
one of the following
five ADL/IADL
without human
help: transfer to
and from a chair,
put on shoes and
socks, prepare a hot
meal, get around
outside, and have a
bath or an all-over
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Mobility-limitations:
Prevalence reduced from 28 to
15% (-46%, average yearly
change -3.3%) in men, and
from 37 to 25% (-33%, average
yearly change -2.4%) in
women.
ADL-disability: Prevalence
increased from 4.4 to 4.7%
(+6.4%,, average yearly change
+0.46%) in men, and from 5.4
to 6.8% (+24.9%, average
yearly change +1.78%) in
women.

Mobility-limitations:
Prevalence: 20% in 1991/2 and
23% in 1996/97. No significant
age-adjusted difference in
odds ratio (OR 1.25, p=0.09)
Disability in ADL and IADL:
Prevalence: 13% in 1991/2 and
16% in 1996/97. No significant
age-adjusted difference in
odds ratio (OR 1.34, p=0.06)

Finland,
1985/891993/99,
Sulander et al.
2003 (199)

Biennial
nationwide
surveys
conducted by
the National
Public Health
Institute

Finland
1993/952001/2003,
Sulander et al.
2006 (200)

Biennial
nationwide
surveys
conducted by
the National
Public Health
Institute

Finland, rural
community,
1978-1988,
Anttila 1991
(198)

Survey of all
inhabitants
aged 75+ in
rural Kuusamo
in northern
Finland

Two aggregates
(1985-89 and 199399) of seven
independent crosssectional surveys on
nationally
representative
samples of the
population aged 6579 years, including
institutionalized (but
underepresented).
Net sample: 10309
persons, nonresponse rate: 18%.
Three aggregates
(1993/95, 1997/99,
2001/03) of six
independent crosssectional surveys on
nationally
representative
samples of the
population aged 6584 years, including
institutionalized. Net
sample: 11486
persons, nonresponse rate: 20%.
Two cross-sectional
surveys on
representative
samples of the noninstitutionalized
population aged 75
and older residing in
a rural area of
Finland, conducted
in 1978 and 1988.
Net sample 284+471
persons. Nonresponse rate: 17%
and 10%

wash,
shopping/carrying
heavy bags, and
heavy housework
Mobility: difficulties
to do the following
without help or aid:
walking outside and
using stairs
ADL: difficulties in
bathing, dressing,
eating, or doing
light housework

Mobility: inabilities
or difficulties to do
the following
without help or aid:
walking outside and
using stairs
BADL: difficulties in
bathing, dressing or
eating

Mobility-limitations
(nurse assessment):
difficulties or need
for assistance in
moving
ADL-disability (selfreports): use of
assistance in
bathing, washing,
dressing, eating,
toileting, cutting
toenails.
IADL-disability (selfreports): use of
assistance in
cleaning, doing
laundry, preparing
meal, grocery
shopping,
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Mobility: Men: Use stairs (2219%,ns), walk outside (19-14%,
p<0.05). Women: Use stairs
(24-23%,ns), walk outside (2017%, p<0.05),
Disability in ADL and IADL:
Men: do light housework (1714%, p<0.05), wash oneself
(14-10%, p<0.05),
dress/undress (12-9%, p<0.05),
eat (7-5%, p<0.05%). Women:
do light housework (17-13%,
p<0.05), wash oneself (1310%, p<0.05), dress/undress
(10-8%, p<0.05), eat (6-5%, ns)
BADL-disability: declined
significantly except for in men
aged 70-74 years. Agestandardized prevalence
declined from 16 to 10% in
men and from 18 to 10% in
women.
Mobility-limitations: seemed
to increase (test for
significance not reported)

Mobility-limitations: increase
(p<0.001)
ADL-disability: increase
(p<0.001)
IADL-disabiliy: Increase
(p<0.05)

Finland, rural
municipalities,
1979-1999,
Winblad et al.
2001 (206)

Survey of all
inhabitants
aged 75+ in
two rural
municipalities
in Finland

Japan, 19932002, Schoeni
et al. 2006
(195)

National
Survey of
Japanese
Elderly

Europe,
1988/19911999/2001,
Äijänseppä et
al. 2005(210)

The HALE
project

Open cohort study
comprising all
inhabitants aged
75+ in two rural
municipalities in
Finland,
examinations
conducted in 1979,
1989 and 1999.
Gross samples
374+595+767
persons. Nonresponse rate: 1-7%
Open cohort study
on a nationally
representative
sample of the noninstitutionalized
population aged 66
years and older, four
examinations
conducted in 1993,
1996, 1999, 2002.
Net samples: 1786,
1944, 2200 and
2391 persons. Nonresponse rate: 710%

Closed cohort study
on samples
representative of
non-institutionalized
populations residing
in 15 rural and
urban centers in 10
European countries,
aged 70 years and
older, three
examinations
conducted in
1988/1991,
1993/1995,
1999/2001. Net

gardening, visit
post-office
ADL-disability:
dependence in
bathing, dressing,
toileting,
transferring,
continence, or
feeding

Mobilitylimitations: any
difficulties in
standing, walking,
stopping, reaching,
grasping, lifting or
climbing stairs
Disability in ADL
and IADL: any
difficulties in the
following ADL:
bathing, dressing,
eating, transferring,
toileting, or in the
following IADL:
shopping,
telephoning,
travelling, doing
light housework

Mobility: any
difficulty in moving
outdoors, using
stairs, walking 400
meters or carrying
5kg
ADL-disability: any
difficulty in walking
indoors, toileting,
bathing, dressing,
eating or get in/out
of bed
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Prevalence of any disability:
29% (1979), 35% (1989), 29%
(1999). No significant trend

Prevalence, any functional
limitation:
40% (1993), 42% (1996), 41%
(1999), 39% (2002). Ageadjusted differences in odds
for functional limitations from
1993 to 2002: OR 0.83, p<0.10
Prevalence, any ADLdisability:
18% (1993), 19% (1996), 17%
(1999), 16% (2002). Ageadjusted differences in odds
for ADL-disability from 1993 to
2002: OR 0.70, p<0.001
Prevalence, any IADLdisability:
23% (1993), 24% (1996), 22%
(1999), 20% (2002)
Age-adjusted differences in
odds for IADL-disability from
1993 to 2002: OR 0.67,
p<0.001
Mobility-limitations: overall
prevalence not reported, but
age-adjusted change in odds
for mobility-limitation, by
period of follow up, were nonsignificant.
ADL-disability: overall
prevalence not reported. Ageadjusted significant reductions
in ADL-disability in both sexes
by period of follow up (men
OR 0.87, p=0.048, women OR
0.64, p=0.031)

Sweden,
1992-2002,
Parker et al.
2005 (191)
Meinow et al.
2006 (214)

The Swedish
Panel Study of
the Living
Conditions of
the Oldest Old
(SWEOLD)

Sweden,
Gothenburg,
1971/721981/82,
Wilhelmson et
al. 2002
(209)

The
Gerontological
and geriatric
population
studies in
Götenburg,
Sweden

samples: 3496, 2186
and 1188 persons.
Non-response rate:
24-53% at baseline.
Loss to follow up: 6
to 26%
Open cohort study
consisting of people
who had been
included in at least
one of the SWEOLD
waves since 1968.
The samples were
considered
nationally
representative for
the population aged
77 years and older,
including the
institutionalized, at
follow ups in 1992
and 2002. Net
sample size:
537+561 persons
Non-response rate:
5-11%, but attrition
rate from the
baseline study in
1968 was not
reported.

Three independent
cross-sectional
surveys an samples
representative for
the population of
70.year-old
residents of
Gothenburg,
including
institutionalize,d
conducted in
1971/72, 1976/77
and 1982/82. Gross
sample 3235
persons. Nonresponse rate: 1328%

Mobilitylimitations, selfreports: Inability to
walk 100 meters,
climb stairs, rise
from a chair
without difficulty,
and stand without
support
Functional
limitations,
performance test:
pick up a pen from
the floor, touch
opposite toes, lift
one kilogram, rise
from chair. Peak
expiratory flow
(PEF), vision and
cognitive function
ADL-disability:
eating, toileting,
dressing,
transferring in and
out of bed, bathing
IADL-disability:
cleaning house,
shopping, prepare
food
Mobility-limitation:
Not able to rise
from a chair
without difficulty or
personal aid
Not able to walk
without assistive
devices, personal
aid or bound to
wheelchair
ADL-disability: at
least on of the
following problems:
incontinence,
needing help with
walking, eating,

154

Mobility-limitations: increase
from 49.8 in 1992 to 60.6% in
2002 (age-and sex-adjusted
increase, OR 1.48, p<0.001)
Performance test:: increase
from 49% in 1992 to 57% in
2002 to increase (age- and
sex-adjusted increase, OR
1.37, p<0.05). Age-adjusted
Worsening of height-adjusted
PEF (p<0.001), worsening of
cognitive skills (p<0.01). No
change in vision.
ADL-disability: increase from
28.5% in 1992 to 33.2% in
2002 (no significant trend)
IADL-disability: increase from
39.1% in 1992 to 41.4% in
2002 (no significant trend)

Mobility-limitations: no
significant trend from 1971/72
to 1981/82
ADL-disability: Improvement
by OR 0.58 (p<0.05) between
1971/72 and 1976/77

Sweden,
1968-1991,
Ahacic et al.
2000 (215)

The Level of
Living Survey

Open cohort of
nationally
representative
samples of the
population aged 1875, examinations
conducted in 1968,
1974, 1981 and
1991. Net sample:
22268 persons. Nonresponse rate: 522%

Sweden,
1980/812004/05,
Parker et al.
2008 (201)

Statistics
Sweeden`s
Living
Condtions
Survey (ULF)

13 independent
cross-sectional
surveys of nationally
representative
population aged 6584, including the
institutionalized
population,
conducted from
1980/81 and every
second year up to
and including
2004/05. Gross
sample in each
survey: about 3000
persons. Nonresponse rate: 2227%.

US, 1977/791997/99,
Murabito et
al. (202)

The
Framingham
Heart study

Cohort,
examinations on
representative
samples of the noninstitutionalized
population aged 79-

dressing, going to
the toilet, personal
hygiene
Mobility:
Difficulties in
running 100 meters,
climbing stairs,
walking 100 meters

Mobility: ability to
run a short distance
(100m), take a short
walk (5 min) at a
brisk pace, step up
onto a bus without
difficulty, walk up
and down stairs
without difficulty
Disability: inability
without help from
other persons in
ADL (bathing,
showering, getting
up and going to
bed, dressing and
undressing, eating)
or IADL (ability
without help
housecleaning,
shopping for food
and preparing food)
Mobility-limitation:
inability to walk 0.5
mile, walk up and
down stairs to
second floor, do
heavy work around
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Mobility-limitations: Agestandardized prevalence data
were not reported, but graphs
on survey-specific agepatterns of mobility-limitations
illustrated temporal
postponement of mobilitylimitations. Odds for inabilities
to run decreased by ageadjusted OR 0.57 (p<0.001).
Odds for inabilities to climb
stairs decreased by ageadjusted OR 0.56 (p<0.001).
Odds for inabilities to walk
decreased by age-adjusted OR
0.52 (p<0.001). Inclusion of
interaction-effects of age and
survey year showed that
Improvement in mobility
occurred to postponement of
age-related mobility decline
Mobility-limitations:
Improvements (p<0.001)
between 1980 and 2005, but
all of the improvement
occurred 1980-1997 period,
and there was no change in
prevalence in the 1996/972005 period.
IADL-disability: significant
improvement for all agegroups, except for men aged
80-84 (no significant change)
ADL-disability: Improvement
from 1980 to 2005 (p<0.001),
but the period of improvement
up to 1997 shifted to
deterioration thereafter

Any difficulty in mobilitylimitations or ADL-disability:
prevalence improved from
74.5 % in 1977 to 34.6% in
1999 (p<0.001).

88 years, examined
in 1977/79,
1988/90, and
1997/99. Net
samples: 280, 257
and293 persons.
Non-response rate:
51,7%, 60.5% and
63.3%

the house without
help
ADL-disability:
need help from
another person in
bathing, dressing,
eating, getting from
bed to chair,
walking across a
small room
Gross motor limitation: inability
to walk 0.5 mile,
walk up and down
stairs to second
floor, do heavy
work around the
house without help
ADL-disability: any
difficulty in bathing,
dressing, eating,
getting from bed to
chair/chair to
standing, walking
across a small room
Disability (71, 633):
chronically (>90
days) disabled
(difficulty, or need
help and equipment
to perform the
activity) on at least
one of seven ADLs
(bathing, dressing,
eating, getting in
and out of bed,
getting to the
bathroom or using
the toilet, and
getting around
outside) or nine
IADLs (meal
preparation,
grocery shopping,
money
management, using
the telephone, light
housework,
laundry, getting
around outside, and
getting to places

US 19711978, Allaire
et al. 1999
(211)

The
Framingham
Heart study

Survivors from
Framingham cohort
examined at age 5570 in the period
1976 to 1978
(n=1760), and their
offspring (n=1688),
examined between
1971 and 1978.
Non-response rate:
not reported

US, 19842004/05
(Manton), and
1984-1999
(Spillman),
Manton et al.
2006 (203),
Spillman 2004
(212)

National Long
Term Care
Survey
(NLTCS)

Open cohort study
with aged in
samples on a
nationally
representative
sample drawn from
the Medicareenrolled population
aged 65 years and
older (includes the
institutionalized
population) . Inperson self-reports,
examinations
conducted in 1982,
1984, 1989, 1994,
1999, and 2004/05.
Use of proxies when
needed (19.5-25.9%
in the ≥70 years age
group) (71). Sample
size: about 20.000
persons at each
wave. Non-response
rate: 3-5% (19821999), 9%
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Gross motor limitation:
Prevalence reduced from 51 to
36% in men and from 69 to
52% in women (p<0.001).
ADL-disability: no significant
difference in prevalence of
(fluctuation around 0.5-1.3%)

Manton et al. 2006 (203):
Prevalence of any chronic ADLor IADL-disability or
institutionalization declined
from 26.5% in 1982 to 19% in
2004/05, i.e. an average yearly
relative rate of decline of
1.52%. (P<0.0001). The yearly
rate of decline seemed to
increase by an accelerating
pace. The pace of relative
decline in the prevalence of
institutionalized or any ADL- or
IADL-disability was significant
in all age groups (P<0.0001)
and increased with advancing
age. The rate of decline was
stronger for severely disabled
people (more than 5 ADLdisabilities) than people with
light-to-moderate disability
(IADL-disability or up to four
ADL-disabilities).
Spillman 2004 (212): Crude
prevalence of any chronic ADL-

US, 19841990,
Crimmins et
al. 1997 (189)

The
Longitudinal
Study of Aging
(LSOA)

US, 19821996, Schoeni
et al. 2001
(180),
Crimmins et
al. 1997 (189)

National
Health
Interview
Survey (NHIS)

(2004/2005) (71).
Complex survey
design required
weighting, and
different weighting
schemes were used
by Spillman (212)
and Manton et al.
(190)

beyond walking
distance), or in an
institution

Closed cohort of a
nationally
representative
sample of the noninstitutionalized
population aged 76
years and older.
Baseline
examination in
1984, subsample
reexamined in 1986,
1988, 1990. Inperson self-reports.
Sample sizes: Net
sample at baseline
in 1984: 7527
persons, subsample
of 5115 persons
were followed up..
Missing: 7.7-12%
loss to follow up.
15 yearly crosssectional surveys on
independent
nationally
representative
samples of the noninstitutionalized
population aged 70

ADL-disability:
unable to do,
because of health,
in at least one ADL
(bathing, dressing,
eating, getting in
and out of bed,
toileting).
IADL-disability:
Unable to do at
least one IADL
(preparing meals,
shopping, managing
money, using the
telephone, doing
light housework)

Disability: Because
of any impairment
or health problems,
need of help with
ADL (eating,
bathing, dressing or
getting around the
house), or, in the
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or IADL-disability decreased
from 22.5% in 1984 to 19.7%
in 1999 (average yearly decline
by 0.8%, p<0.05), and the
decline was statistically
significant in all 10 years age
groups up to 85 years and
older. The use of equipment
for ADLs increased (p<0.05),
and the share receiving human
help with any disability
declined (p<0.05). The share
receiving human help declined
particularly for IADL-disability
(p<0.05), and to a lesser
degree also for ADL-disability
from 1989 to 1999 (p<0.05).
Age-standardization
accentuated the downward
trends in receiving help or any
disability, and diminished the
upward trend in community
ADL-equipment..
Any disability: crude
prevalence was 18.8% in 1984
and 20.5% in 1990. No
statistically significant sex-,
and age-adjusted difference
between 1984 and 1990.
ADL-disability: crude
prevalence increased from 8.1
to 10.2 (age-and sex-adjusted
significant increase, p<0.05)
IADL-disability only: crude
prevalence was 11.4% in 1984
and 11.3% in 1990, no
significant trend

Any disability: Crude
prevalence declined from
22.7% in 1993 to 19.3% in
1996 (yearly age- sex-adjusted
rate of decline: 1.2%).
Contrary to in the NLTCSsurveys, the decline was
concentrated to the 1982-

US, 19921996,
Waidmann
and Liu 2000
(186)

Medicare
Current
Beneficiary
Survey (MCBS)

years and older.
Information on all
family members
based on in-person
self-reports from
one familyrespondent, use of
proxies in 15-16% of
the interviews in the
≥70 years age group
(71). Sample sizes:
8000 persons each
year, overall 124949
persons. Nonresponse rate: 611% (71).

case of no ADLdisability, in IADL
(everyday
household chores,
doing necessary
business, shopping,
or getting around
for other purposes)

Replenished panel
study of a nationally
representative
sample of the
population living in
community and in
institutions, aged 65
years and over.
Examination based
on in-person selfreports conducted
yearly from 1992 to
1996. Use of proxies
when needed (10.0
and 8.8% in the ≥70
years age
group)(71). Net
sample: 60311
persons. Nonresponse rate: 2930% (71).

Physical limitation:
no disability but
difficulty with
stopping/kneeling,
lifting 10 pounds,
reaching over head,
writing or walking
two to three blocks
ADL-disability:
having difficulty or
requiring help (of
another person or
special equipment)
with any ADL
(walking across a
room, eating,
dressing, bathing,
getting in/out of
chairs, toileting)
IADL-disability: :
having difficulty
because of health
or a physical
problem and
receiving help with
any of six IADL
(telephoning, doing
light or heavy
housework,
preparing meals,
shopping for
personal items,
managing money)
Institutionalized
disabled: persons
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1986 and the 1992 to 1996
period, mostly due to decline
in IADL-disability. ADLdisability was mostly stable.
The decline was equal for men
and women, but steeper
among married than nonmarried, and restricted to
people with more than a high
school degree (>12 years of
schooling). Overall trends were
substantially reduced by
adjustment for educational
level, indicating that the rise in
educational attainment could
explain part of the declines in
disability.
Crude prevalence of ADLdisability declined from 18% in
1992 to 17% in 1996. Crude
prevalence of IADL-disability
declined from 13.6% to
12.0%.. No change in
institutionalized disability.
Crude prevalence in physically
limited (but no disability)
increased from 23.5 to 25.2%
Statistically significant ageand sex-adjusted decline in
ADL- (-0.41%/year, p<0.05)
and IADL-disability (0.41%/year, p<0.05), whereas
physical limitations increased
(+0.52%/year, p<0.05).

US, 19841993,
Freedman and
Martin (1998)
(213).
Freedman and
Martin (1999)
(187)

Survey of
Income and
Program
Participation
(SIPP)

US, 19841994,
Freedman and
Martin 2000
(188),
Crimmins and
Saito 2000
(153)

Supplements
on Aging
(SOA) to the
1984 and
1994 National
Health
Interview
Survey (NHIS)

Panel study used to
derive independent
nationally
representative
cross-sections of the
non-institutionalized
population aged 50
years and over in
1984 and 1993.
Sample size: 25993
persons, Nonresponse rate: 1216%. Interviews by
proxy: 37%
Independent
nationally
representative
cross-sectional
surveys of the noninstitutionalized
population aged 70
years and older in
1984 and 1994. Net
sample size: 16472
persons, nonresponse rate: 713%, interviews by
proxy: 9.9-14.4%
(71).

with IADL or ADLdisabilities residing
in long-term care
facility
Functional
limitations: Any
difficulty carrying
out the following
functions: lifting or
carrying something
as heavy as 10 Ib,
such as a full bag of
groceries, climbing
a flight of stairs
without resting, and
walking a quarter of
a mile.
Body limitations:
reaching up over
one`s head,
reaching out, and
using one?s fingers
to grasp or handle.
Walking for a
quarter mile,
walking up 10 steps
without resting,
standing for about 2
hours, stooping,
crouching, or
kneeling, and lifting
or carrying a 25pound object.
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Crude prevalence declined for
lifting (from 15.3% to 11.8%,
p<0.001), climbing (from
16.1% to 13.6%, p=0.004), and
walking (from 16.4 to 13.8,
p=0.002). Indications of an
effect of increased educational
attainment and increased use
of mobility aids to declines in
walking inabilities.

Freedman and Martin (188)
estimated a yearly average
decline in crude prevalence of
lower-body limitations by 1.4%
(p<0.001). Corresponding
decline in upper-body
limitations was 1% (not
significant). The study
documented associations
between functional limitations
and chronic conditions like
osteoporosis, hip fracture,
stroke, cancer, diabetes, heart
disease, arthritis and obesity,
among which past hip fracture
and stroke were most strongly
associated with functional
limitations. However, for most
of the chronic conditions, the
association with functional
limitations declined between
1984 and 1995, indicating that
they there debilitating effects
had declined. The declines
were significant for
osteoporosis, heart disease
and arthritis.
Crimmins and Saito (153)
found sex-differences in the
association between disease
and number of functional
limitations and IADLdisabilities; while the ageadjusted number of functional

US, 19822001,
Freedman et
al. 2004 (71)

The Health
and
Retirement
study (1995),
the MCBS
(1992-2001),
the NHIS
(1982-1996
and 19972001), the
NLTCS (1984,
1988, 1994
and 1999) and
the SOAs
(1984
and1994)

Analysis based on
combined dataset of
panel- and crosssectional surveys on
nationally
representative
samples aged 70 and
older. Separate
analysis for noninstitutionalized
population.

ADL-limitations in
the following
domains: bathing,
dressing, eating,
transferring,
toileting, and
walking. Trends
estimated for
“difficulty with the
activity”, “receiving
help or using
equipment to carry
out the activity”,
and “receiving help
with the activity”.

USA, 19952004,
Freedman et
al. 2008 (204)

The US Health
and
Retirement
study (HRS)

Lonitudinal study
with aged in
samples
representative of
the 50+ US
population. The
1992-baseline
cohort consisted of
individuals born
1931-1941 and their
spouses.
The second cohort
(AHEAD) born in
1923 or earlier was
first interviewed in
1993 and then in
1995.
Merged panel
weighted to be
representative of
the
noninstitutionalizsed

Disability: difficulty
or inability to do at
least one ADL or,
because of a health
problem, at least
one IADL.. Four
states: no
limitation, IADL
only, any ADL and
dead
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limitations and IADL
disabilities associated with
specific diseases remained
almost unchanged in men
between 1984 and 1994,
women experienced declines
in the age-adjusted number of
limitations associated with
disease. However, for both
sexes, the age-adjusted
number of ADL-disabilities
associated with disease
increased.
Difficulties or need of help
with at least one ADLlimitations: crude prevalence
tended to increase in the
1980s, and seemed to decline
from the mid-1990s.
In need of help or use of
equipment with at least one
ADL-limitation: prevalence
remained relatively flat.
The directions of trends did
not did not differ between in
the non-institutionalized
population compared to the
overall population aged 70
years and older.
Crude prevalence
Any ADL or IADL: declined
from 39.3 to 36.1% (p<0.05).
Any ADL: declined from 30.2 to
26.0% (p<0.01).
IADL only: tended to increase
from 9.0 to 10.1% (ns)
Any IADL: tended to decline
from 26.9 ti 25.6% (ns)
Trends in transitions (ADLdisability)
Incidence declined by
1.25%/year (p<0.05)
Recovery increased by
3.63%/year (p<0.05)
Mortality of nondisabled
declined by 2.8%/year (p<0.01)

US population aged
75 years and older in
1993, 1995, 1998,
2000, 2002 and
2004.. Pooled
sample size: 23229.
Comparison of
existing trend data
from consistent
surveys on
nationally
representative
samples in 12 OECD
countries.

12 OECD
countries, the
1980s up to
2005,
Lafortune and
Balestat 2007
(208)

Eight OECD
countries,
Jacobzone et
al. 2000 (15,
207)

Combined
data from
national
surveys

Data from Australia
(1981-1993), Canada
(1986-1991), France
(1981-1991),
Germany (19861995), Japan (19751985), Sweden
(1975-1995), UK
(1980-1994) and US
(1982-1994) The
review focused on
the direction of
trends rather then
the level of
disabilities. Include
institutionalized
under the
assumption that
they are all severly

The project
searched for
disability trend data
according to the
following definition:
“people reporting
one of more severe
People reporting
one or more severe
ADL limitations,
defined as a core
set of selfcare/personal care
activities (including
eating, dressing,
toileting, bathing,
getting in/out of
bed, and any other
clearly defined selfcare activity)”, but
accepted trend
estimates based on
alternative
measures when
data based on this
definition were
unavailable.
Severe disability: at
least one ADLrestriction
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Since the 1980s, declining
disabilities in Denmark,
Finland, Italy, the Netherlands
and the US, stable prevalence
levels in Australia and Canada,
and since the mid-1990s,
increasing levels of disabilities
in Sweden, Belgium and Japan.
Results difficult to compare
because of variations in
period, survey design,
consistency over time, and
instruments used. The effect
of age-adjustment was
illustrated by the NLTCS-data
where the decline in need of
help became more
accentuated and the
prevalence of those in need of
help or equipment tended to
decrease.

Institutionalization rates
declined in Australia, Canada,
France (except for the 80+ age
group), Sweden and the US.
Severe disability in the noninstitutionalized population
declined in most age-groups
for men (except for older
males in Australia and
Canada). Women also
experienced disability declines
in most countries, although by
a smaller pace than men. The
declines were statistically
significant for Germany,
France, Japan and the US.,
Assessment of trends are
challenged by the large inter-

France, 19881998, Pérès et
al. 2005 (205)

The Personnes
Agées QUID
cohort

Taiwan, 19931999, Zimmer
et al. 2002
(194)

Survey of
Health and
Living Status
of the Elderly
in Taiwan

disabled. Sample
sizes and nonresponse rates not
reported.
Closed cohort study
of 3359 persons
aged 65-84 at
baseline living in
Gironde and
Dordogne in southwest France,
reexamination in
1998. Comparison of
people aged 65-74
in 1988 with
corresponding
agegroup in 1998.
Non-response rate:
22%..

Three waves of an
open cohort study of
the population aged
65 and older in 1993
(net sample 2989,
missing 9%), 1996
(weighted,
replenished net
sample 2963,
missing 11%) and
1999 (weighted net
sample 2890, nonresponse rate: 11%).
Most of the cases
were included in the
nationally
representative
sample surveyed at
baseline in 1989
where
institutionalized
were included and
proxy respondents
were used to include

country variation in level of
disabilities.

ADL-disability:
need of help in
bathing, dressing,
toileting,
transferring or
eating.
IADL-disability:
need of help in
telephoning,
shopping, using
transport, managing
medication,
handling finances,
and (for women):
food preparation,
housekeeping or
doing laundry
Mobility: doing
heavy work around
the house, walking
half a mile, and
moving up and
down to the second
floor.
Functional
limitations measure
based on selfreports on any
difficulties in
climbing two or
three flights of
stairs and walking a
200-300 meters.
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Any ADL-disability declined
from 5.8% in 1988 to 4.2% in
1998 (p=0.079). The
corresponding declines in
IADL-disability and mobilityimitations were 38.6-31.5%
(p<0.001) and 86.1 to 75.7%
(p<0.001) respectively.

Crude prevalence with any
functional limitation increased
from 25.5% in 1993 to 35.7%
in 1999 (p<0.001). The
tendency to increase was
found in all age-groups.
Survival increased significantly
only among those reporting
severe difficulty climbing or
walking, and not for those with
no or non-severe limitations.

Norway,
1985-1998,
Botten, Hagen
and Waaler
2000 (181)

Statistics
Norway`s
Surveys of
health- and
living
conditions

Norway,
1973-1987,
Lingsom 1989
(182)

Statistics
Norway`s
Surveys of
living
conditions

individuals incapable
of answering the
questions.
Imputation used to
reduce nonresponse bias.
Independent crosssectional surveys on
nationally
representative
samples on the noninstitutionalized
population aged 67
years and older in
1985, 1987, 1991,
1995 and 1998. Selfreports, mixed use
of in-person
interview and
telephone
interviews. Sample
size and nonresponse not
reported. Selfreported data.
Independent crosssectional surveys on
nationally
representative
samples on the noninstitutionalized
population aged 67
years and older in
1973, 1975, 1980,
1983, 1985, 1987.
In-person selfreports. Sample size
and non-response
not reported.

Disability measure
based on selfreports on any
inability in
dressing/undressing
(ADL), grocery
shopping (IADL) or
housecleaning
(IADL)

Crude prevalence of any
disability declined from 35.5%
in 1985 to 29.0 % in 1998, on
average by 1.3%.per year
(p<0.05). Declines both in the
67-79 and the 80+ year old age
groups (p<0.05).

Functional
limitations:
difficulties in
climbing stairs, and
walking 5 minutes
in a quick tempo.
IADL-disability:
inability or need
help to perform
grocery shopping
and housecleaning
(disability-questions
were restricted to
those reporting
functional
limitations)
The results were
not tested for
statistical
significance.

In men aged 67-79 years, the
crude prevalence of difficulties
in climbing stairs declined
from 22 to 12% and IADLdisability tended to decline. In
the 80 years and older age
group, there was no clear
trend in difficulties walking
stairs and the ability to do
grocery shopping declined.
There was no clear trend in
ability to walk between 1980
and 1987.
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In women aged 67-79 years,
the crude prevalence of
difficulties in climbing stairs
declined from 30 to 24% in the
and IADL-disability tended to
increase. In the 80 years and
older age group, the
prevalence of difficulties
climbing stairs seemed to
increase and the ability to do
grocery shopping declined.
Abilities to walk tended to
increase from 1980 to 1987.

The UK, 197994, Jarvis and
Tinker (216)

The General
Household
Survey (GHS)

Independent crosssectional surveys on
nationally
representative
samples on the
population aged 6089 in 1980, 1985,
1991 and 1994/5.
Self-reported data.
Net sample size:
15243 persons

Inability (“severe
functional
disability”) or
difficulties without
help (“moderate
functional
disability”) in at
least one of the
following mobilityfunctions (climbing
stairs and steps, get
around the house,
go out of doors and
walk down the
road) or ADL (get in
and out of bed,
bath, shower or
wash all over).

The author concluded that the
declining functional limitations
within the 67-79 year old age
group seemed to have been
offset by the increase in
functional limitations within
the 80 years and older age
group.
Crude prevalence of any
functional disability remained
stable around 40-38% in
women and 26-29% in men.

Ns: not statistically significant

11.2 Appendix A2: Reviewed research on trends in life expectancy without
disability or life expectancy without functional or mobility-limitation
The table below depicts previous studies in developed countries on trends in remaining life expectancy
without disability, and remaining life expectancy without functional limitations at older ages. The table
describes region, period, data source, design, study population, sample size, non-response, indicators
used, and major findings.
Region,
period and
study
USA, 19701980,
Crimmins et
al. 1989
(224)

Data source

Design, study population,
sample size and missing

Indicators

Major findings

The National
Health
Interview
Survey and US
Life tables

Repeated cross-sectional
surveys of the noninstitutionalized population
of the US aged 20 years and
older conducted in 1969/71
and 1979/81.
Sample size 382535+320639
persons (all age groups).

Three disabilitymeasures:
1) the
institutionalized
population, 2)
chronically disabled
in abilities to carry
out normal activities*
because of a chronic
condition, 3) short-

Support for
expansion of chronic
disability.
Any disability in the
non-institutionalized
population: In men,
prevalence increase
aged 60-69 (p<0.05),
no difference in older
age groups. In
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Analysis: Sullivan`s method
for estimation of disabilityfree life expectancy.

term restrictions in
normal activities.
*normal activities:
Major activities
included working,
keeping house, or
“something else” for
adults. Secondary
activities included
“other things that
people do”
(curchgoing,
recreation etc)

USA 19701990:
Crimmins
1997 (225)

USA 19821999,
Manton et
al. 2006
(217)

The National
Health
Interview
Survey and US
Life tables

Data on Civil
War Union
Army
veterans, US
Life tables,
National Long
Term Care
Survey (NLTCS)

Repeated cross-sectional
surveys of the noninstitutionalized population
of the US aged 20 years and
older conducted in 1969/71,
1979/81 and 1989/91.
Sample size about 100000
persons annually (all age
groups).
Analysis: Sullivan`s method
for estimation of disabilityfree life expectancy.

Open cohort study with aged
in samples on a nationally
representative sample drawn
from the Medicare-enrolled
population aged 65 years and
older (includes the
institutionalized population).
In-person self-reports. Data
limited to the 1982 and 1999
waves. Use of proxies when
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Three disabilitymeasures:
From 1969-1981: any
limitation in activities
normal activities for
the age-group.
From 1982: disability
in the 70+ age group
defined as inability to
perform a certain
personal-care
function (224).
The 1989/91 results
were adjusted for
questionnaire
changes.

Active life
expectancy: life
expectancy free of
any disability
The NLTCS (71, 633):
chronically (>90 days)
disabled (difficulty, or
need help and
equipment to
perform the activity)

women, no
statistically significant
change in the 60+ age
group. Limitations in
“major activities”
decreased in men
aged 60-64 (p<0.05)
and increased in
women aged 60-69
(p<0.05)
LE(65) increased by
1.2 years in men and
1.6 years in women.
DFLE(65) increased by
0.2 years in both
sexes. Expected life
years with inability to
perform major activity
increased by 0.7 years
in men and 0.2 years
in women.
Support for parallel
shift in disability
leading to a relative
compression of
disability
Any disability in the
non-institutionalized
population for the
1980-1990 period:
Prevalence declined in
both sexes for the age
group 60-69 (p<0.05).
LE(65) increased by
0.9 years in men and
0.5 years in women.
DFLE(65) increased by
0.6 years in men and
0.5 years in women.
Support of absolute
and relative
compression of
disabilities at ages 65
and 85.
LE(65) was 16.9 years
in 1982 and 17.7
years in 1999. The
corresponding
numbers for DFLE(65),

needed (19.5-25.9% in the
≥70 years age group) (71).
Sample size: about 20.000
persons at each wave. Nonresponse rate: 3-5% (71).
Analysis: Estimations of
active life expectancy by use
of Sullivan`s method

USA, 19842000,
Crimmins
2009 (176)

Longitudinal
studies of
Aging (LSOA I
and II)

Longitudinal analysis of LSOA
I and LSOA II.
LSOA I (634): Closed cohort
study of a nationally
representative sample of the
non-institutionalized
population aged 70 years and
over in the USA.
Examinations conducted in
1984, 1986, 1988 and 1990.
Sample size at baseline 7527
persons (non-response rate
6.8%). In the 1986 wave, only
a subset of the original group
(5151 persons) was selected
for examination. 15584
observations. Sample
attrition 11.2% by the end of
the fourth wave. Dataset
adjusted for institutionalized
population
LSOA II (176): Cohort study
replicating the LSOA I,
Sample size at baseline 9447
persons (non-response rate
12.6%), reexaminations in
1996/97 and 1999/00.
Sample attrition 16.9% by the
end of the third wave.
Analysis: Weighted samples.
Attrition compensated for by
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on at least one of
seven ADLs (bathing,
dressing, eating,
getting in and out of
bed, getting to the
bathroom or using
the toilet, and getting
around outside) or
nine IADLs (meal
preparation, grocery
shopping, money
management, using
the telephone, light
housework, laundry,
getting around
outside, and getting
to places beyond
walking distance), or
in an institution
ADL-disability:
inability to perform,
because of health, in
at least one ADL
(bathing, dressing,
eating, getting in and
out of bed, toileting).
IADL-disability:
Unable to do at least
one IADL (preparing
meals, shopping,
managing money,
using the telephone,
doing light
housework)
Four states: 1) no
inabilities, 2) inability
in ≥1 ADL, 3) inability
in ≥1 IADL but no
inabilities in ADL, 4)
death

and the
DFLE(65)/LE(65)
ratios, were 12.3
years (72.8%) in 1982
and 13.9 years
(78.5%) in 1999.
LE(85) was 6.2 years
in 1982 and 6.4 years
in 1999. The
corresponding
numbers for DFLE(65),
and the
DFLE(65)/LE(65)
ratios, were 2.1 years
(33.9%) in 1982 and
3.0 years (46.9%) in
1999.
Support of
compression of
disability. Declines in
mortality for ADLdisabled were offset
by reduced incidence
and increased
recovery.
Incidence: Declined
for ADL and
(somewhat less and
non-significant) for
IADL-disability. The
secular decline in
incidence increased
was increasingly
larger for increasing
ages above 80 years.
Thus, disabilities were
postponed.
Recovery: increased
for IADL in all ages.
Increases in ADLrecovery were
restricted to the
youngest old.
Mortality: decreased
for ADL-disabled, but
not for IADL-disabled
or non-disabled.
Predicted prevalence
of ADL-disability
declined, especially

for the oldest old. No
change in predicted
IADL-prevalence.
LE(70) increased from
13.7 years in 1987 to
14.3 years in 1997
and DFLE(70)
increased from 10.92
to 11.55 years
(p<0.05). No
significant changes in
IADL-disabled-LE(70)
or ADL-disabledLE(70). Also, there
was significant
increases in LE(80)
and DFLE(80)
(p<0.05). Results did
not change by
adjusting for the
institutionalized
population.

imputation. Health
expectancies calculated by
use of multistate lifetable
methods.

USA 19922003, Cai
and Lubitz
2007 (218)

The Medicare
Beneficiary
Survey

Longitudinal analysis of a
replenished panel study of a
nationally representative
sample of the population
living in community and in
institutions, aged 65 years
and over. Examination based
on in-person self-reports
conducted yearly from 1992
to 1996. Use of proxies when
needed (10.0 and 8.8% in the
≥70 years age group)(71).
Net sample: 43891 persons.
Persons with only one
observation, or who missed
interviews between to
observations were excluded.
Analysis: Estimation of
health expectancies by use of
multistate lifetable methods.

ADL-disability: having
difficulty with any
ADL or avoid any ADL
due to health or
physical problems
(walking across a
room, eating,
dressing, bathing,
getting in/out of
chairs, toileting)
IADL-disability: :
having difficulty with
any IADL or avoid any
IADL due to health or
physical problems
(telephoning, doing
light or heavy
housework, preparing
meals, shopping for
personal items,
managing money)
Institutionalized
disabled: persons
with IADL or ADLdisabilities residing in
long-term care facility
Five states: 1) no
disability, 2) disability
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Support for
compression of
disability or the
dynamic equilibrium
LE(65) increased by
0.5 years, DFLE(65)
increased by 0.8 years
(p<0.05).
Disabled LE(65)
decreased by 0.3
years (p<0.05).
Severe ADL-disabled
LE(65) decreased by
0.4 years (p<0.05).
There was no change
for moderate ADLdisabled LE(65) or
IADL-disabled LE(65).
Average age of first
onset of ADL-disability
postponed by 0.9
years.
Indications of decline
in ADL-disabled LE(65)
due to reduced
incidence, shorter
episodes and
increased recovery
rate

France
1981-1991,
Robine et
al. (219)

The Health
and medical
care surveys
and French life
tables

Two cross-sectional
household surveys on
nationally representative
samples of the adult noninstitutionalized population,
conducted in 1980/81 and
1991/92.

in ≥1 IADL but no
ADL, 3) disability in 12 ADLs, 4) disability in
≥3 ADL 5) death
Any handicap,
problems or
difficulties in daily life

Sample size: 21005 + 21585
persons. Non-response rate
not reported
Institutionalized people
were considered disabled
and the institutionalization
rate added on the disability
rate. Calculation by use of
Sullivan`s method.

The
Netherlands
1989-2000,
Perenboom
et al. 2004
(221)

The Health
interview
surveys
conducted by
Statistics
Netherlands

12 independent crosssectional surveys on
nationally representative
samples of the noninstitutionalized population
in Netherland. Yearly
examinations from 1989 to
2000. Sample sizes: 7000-
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Long-term disability
and mobilitylimitations:
Minor (mild disability)
or major (moderate
disability) problem or
inability (severe
disability) to carry a

Support for the
compression of
disability
LE(0) increased by 2.5
years in men and
women
LE(0) without severe
disability, but with
moderate disability
increased by 2.8 years
in men and by 2.5
years in women
LE(0) without any
disability increased by
3 years in men and
2.6 years in women.
The association
between several
chronic conditions
and disability
declined, especially
for the diseases which
had been most
strongly associated
with disability in 1981
(injuries and
neurological,
osteoarticular, and
vascular conditions).
Information bias due
to improved reporting
of diseases could not
be ruled out.
Alternatively, the
findings were
considered to support
Manton`s (21)
dynamic equilibrium
theory.
Support for dynamic
equilibrium
Men: LE(65) increased
by one year while
DFLE(65) decreased
by 0.9 years (ns).
LE(65) with mild
disabilities increased

11000 each year. Nonresponse rate: 40-45%.
Weighted according to
socioeconomic
characteristics.
Calculations based on
Sullivan`s method: Disabilityfree life expectancy (DFLE) by
level of severity, and
Disability adjusted life
expectancy (DALE) in which
the value of disabled years
are adjusted by weights

Spain,
1986-1999,
SagarduiVillamor et
al. 2005
(192)

Two National
Disability,
Impairment
and Handicap
Surveys and
Spanish life
tables

Two independent crosssectional surveys on
nationally representative
samples of the population
aged ≥65 years, including
parts of the institutionalized
population, conducted in
1986 and 1999. Net sample
not reported, but included
15681 and 106012 dwellings.
Non-response rate not
reported. Results not tested
for statistical significance.

Belgium
1997-2004,
Van Oyen et
al. 2008
(220)

The Belgian
Health
Interview
Surveys and
Belgian life
tables

Three independent crosssectional surveys on
nationally representative
samples of the Belgium
population (including
institutionalized). Sample
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5kg object 10 meters,
bend and pick
something up from
the floor, walk
400metres in one go,
dress and undress,,
get in and out of bed,
move from one room
to another (on the
same floor)

Mobility:: 1986:
difficulty in
seating/standing
because of balance
problem, need
help/aid from
person/device to
walk, climb a
staircase, leave
home. 1999: bedfast,
serious difficulty
standing up or getting
out of bed, need
help/aid from
person/device to
walk, climb a
staircase or leave
home
ADL: 1986: need
help/aid from
person/device to
bath, go to toilet,
dress or eat. 1999:
serious difficulty or
inability to bath, go to
toilet, dress or eat
Disability: restricted
in daily activities due
to illness, chronic
conditions or
handicap.

by 2.5 years (p<0.01),
while LE(65) with
moderate-severe
disability decreased
by 0.6 years (ns).
DALE(65) increased by
1.7 years (p<0.01).
Women: LE(65)
increased by 0.3 years
while DFLE(65)
remained stable.
LE(65) with mild
disabilities increased
by 1.4 years (p<0.01),
while LE(65) with
moderate-severe
disability decreased
by 1.2 years. DALE(65)
increased by 0.7 years
(p<0.01).
Support for
compression
Disability-free life
expectancy based on
composite indicator
(abilities to see, hear,
self-care, walk, and
cognitive abilities):
absolute and relative
compression of
disability between
1986 and 1999

At age 65: Support for
absolute and relative
compression in men
and relative
compression in
women

sizes: 1787, 2153 and 3594
persons. Non-response rate
not reported
Calculations based on the
Sullivan method.

France
1980-2003,
Cambois et
al. 2008
(66)

The Health
and Medical
care surveys
(ESSM) Health
and social
protection
survey (ESPS),
The disability
and
dependence
survey (HID).
The European
Community
Household
Panel (ECHP)

ESSM: Repeated crosssectional survey on nationally
representative sample of
French household.
Conducted in 1980/81,
1991/92, 2002/03.
2002/03-sample: Gross
sample 25000 households,
Non-response rate 22%.
Response from 5226 persons
aged 65 years and older.
ESPS: yearly survey of French
households with insurance
schemes (95% of the noninstitutionalized population).
Examinations from 1988/91,
1992/95, 1996/98, 2000/02.
Non-response rate 56% and
increasing. Net sample size in
2002: 4650 persons.
HID: cross-sectional survey
conducted in 1999. Net
sample aged 65+: 7560
persons. Non-response rate
22%. Interview by proxy
17.8%.
ECHP: study with annual
interviews of representative
households and individuals in
European countries. Data
from interviews conducted in
1995-2001. Sample size in
2001: 2000 persons aged 65+
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ESSM:
-Disability or
discomfort: anyone in
the household who is
disabled or who
simply has difficulties
or discomfort in daily
life?
-Long-term activity
limitations: limited
for at least 6 months
in activities people
usually do, because of
health problems.
-ADL-disability:
difficulty or unable to
perform, without
someone`s help, at
least one ADL (dress,
eat, getting into/out
of bed,
washing/bathing,
toileting).
-functional
limitations: difficulty
despite use of regular
assistive device, in
walking, climbing
stairs, kneeling,
picking up an object,
lifting, carrying a
package, clearly
hearing a
conversation, seeing

Men: LE(65) increased
by 1.26 years, while
DFLE(65 ) increased
by 1.96 years
(p=0.011), LE(65) with
moderate disabilities
decreased by 0.41
years (p=0.034), and
LE(65) with severe
disability remained
unchanged.
Women: LE(65)
increased by 0.86
years, while DFLE(65 ),
LE(65) with moderate
disabilities and LE(65)
with severe disability
remained unchanged.
Support compression
of severe disability,
and expansion of
mild disabilities.
Absolute and relative
compression in LE(65)
without disability or
discomfort (ESSM,
1980-2003), and
LE(65) without
difficulty washing
oneself (ESPS, 19882002)).
Parallel shift or
expansion in LE(65)
without mobility
difficulties (ESPS
1998-2002), and in
LE(65) without
discomfort due to
illness or disability
(ECHP 1995-2001).

Estimation of healthy life
expectancies by use of the
Sullivan method.

newspaper print,
recognizing
someone`s face
across a street.
ESPS:
Activity restrictions:
difficulties
washing/bathing
themselves.
Mobility-difficulties:
difficulties moving
around.
HID:
ADL-disability:
unable without help
in ADL (eat, dress,
wash/bathe, toileting,
get into/out of bed).
Functional
limitations:
difficulties walking,
going up and down
stairs, using their
hands, cutting their
toenails, bending
down to pick up an
object, poor vision or
poor hearing.
ECHP: hampered in
daily activities by a
physical or mental
health problem,
illness or disability.

Germany
1984-2003,
Unger
2006(222)

The German
Socioeconomic
Panel (GSOEP)

Longitudinal household
survey of the noninstitutionalized population
of the Federal Republic of
Germany. Sample size:
12000 respondents.

Estimates based on
increment-decrement
modelling of lifetables
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Institutionalized
assumed to be
disabled
Disability: apart from
minor illnesses, does
your health prevent
you from completing
everyday tasks like
work around the
house, employed
work, studies etc.? If
answered “very much
so”, categorized as
strong limitation. If
answered “a little”

Support for the
dynamic equilibrium
Reduction in
incidence, the
strongest reductions
were in incidence of
severe health states.
No change in
recovery. DFLE(64)
increased relatively
more than LE(64), and
the relative increase
was stronger for

Denmark
1987-2005,
Jeune et al.
2008 (223)

The Danish
Health
Interview
Surveys

Independent cross-sectional
surveys of nationally
representative samples of
the Danish population
(including institutionalized)
aged 16 years and older.
Examinations in 1987, 1994,
2000 and 2005. Sample sizes:
864+827+3015+3012
persons. Non-response rate
23.5%, 31.5%, 29.8% and
26.1%. Estimation of health
expectancies by use of
Sullivan`s method

Long-standing illness:
suffer from any longstanding illness,
injury, handicap or
other condition.
Disability: any longstanding illness
implying restrictions
to daily life or at
work.
Mobility-limitation:
difficulties or
inabilities to walk 400
m without resting,
walk up or down a
staircase from one
floor to another
without resting, carry
5kg.

LE(x) denotes the remaining life expectancy at age x. ns: not statistically significant
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severe levels of
disability
Support for
compression of
disability and a
dynamic equilibrium
where morbidity is
likely to have become
less disabling. The
compression was
confined to the poststagnation years of
increase in LE(65).
LE(65) increased by
1.9 years in men and
1.1 years in women. It
was stable until 1994,
and increased
substantially
thereafter
LE(65) without
longstanding illness
increased by 1.3 years
in men and 0.6 years
in women. Most of
the increase occurred
between 2000 and
2005. The ratio
HLE(65)/LE(65)
increased in both
sexes.
LE(65) without
longstanding, limiting
illness, increased by
2.6 years in men and
2.9 years in women
(194-2005)
LE(65) without
mobility-limitations:
increased by 3.1 years
in men and 2.1 years
in women.

11.3 Appendix A3: Reviewed research on trends in socioeconomic inequalities
in old age mortality and life expectancy
The table below depicts previous studies on trends in socioeconomic mortality inequalities among older
populations in developed countries. Norwegian studies restricted to the working aged populations are
also included. The table describes region, period, data source, design, study population, sample size,
non-response, indicators used, and major findings. Norwegian written research is included.
Region, period
and study

Data source

Israeli Jews
1983-1995
(ages 45-89),
Jaffe et al. 2008
(226)

The Israel
Longitudinal
Mortality
study (ILMS)
(inked
census and
death
records)

USA 19601971/84 (ages
55-84).
Feldman et al.
1989 (227)

The 1960
Matched
Records
Study and the
National
Health and
Nutrition
Examination
Survey
Epidemiologic
Follow up
study
(NHEFS)

Design, study
population, sample
size and missing
20% sample of the
1983 and 1995
census. Nine years
of mortality follow
up (N=152150 and
209125 individuals).
Emigration
accounted for.
Linkage by use of
personal
identification code.
Missing data in 2.6
and <1%
respectively. The
analysis excluded
the institutionalized
population, people
living in collective
agricultural
communities, and
Israeli-born
individuals of
parents born in
Israel.
1960 Matched
Record Study:
Census matched
sample of all deaths
from May to August
1960. Study
population aged 5584 at death.
(N=62405).
NHEFS: survey
participants of the
NHANES I survey
(representative
samples of the noninstitutionalized
population 19711975) aged 45-74
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Indicators and
association
measures
Education: 0-8
years, 9-12 years
and 13 years of
more.
Comparison of
mortality rates, rate
differences, relative
change in mortality
rates, statistically
tested changes in
and odds ratios
between extreme
educational groups.
Results stratified by
sex and age-group
(45-64 and 65-89
years)

Education : number
of years of
education. Agespecific results for
the age groups 5564, 65-74 and 7584.
Comparison of rate
ratios by estimation
of cox proportional
hazard models.
Group-specific
mortality rates
provided.

Major findings

Age-standardized mortality
declined in all sex-, age- and
educational groups, but the
most educated experienced
larger relative declines.
Age-adjusted rate differences
increased or remained stable.
Age-adjusted odds ratios
increased except for among
women where there where
overlapping confidence
intervals. Widening relative
inequalities in the 45-64 year
old age group was partly
explained by increasing
educational inequalities in
cardiovascular mortality

Mortality declined in all ageand educational groups except
for in men with 0-7 years of
schooling where it remained
stable.
In men, the most educated
groups experienced larger
pace of decline in mortality
than the least educated group
did, and both absolute- and
relative inequalities
increased. Widening explained
by changing distribution of
cardiovascular mortality
In women: the pace of
mortality declines were similar
in the most and the least

USA. 1970-1990
(ages 30+),
Crimmins et al.
2001 (228)

USA 1980-2000
(all ages), Singh
and Siahpush
2006 (229)

Decennial life
tables and
the US
National
Longitudinal
Mortality
Study (NLMS)
and the 1960
Matched
Records
study

Unlinked
death records
and census
data.

years at the time of
the survey
(N=6681), 6 to 13
years of mortality
follow up. Loss to
follow up 3%.
NLMS: follow up of
mortality by level of
education between
1979 and 1989
1960 Matched
Record Study:
Census matched
sample of all deaths
from May to August
1960 (227). Study
population aged 30
years and older.
Data used to
compute mortality
ratios for
educational groups
according to age,
race, and sex for
1960 and the 19791989 period.
Assuming linear
trends in relative
educational
inequalities,
estimates for 1970,
1980 and 1990
were computed.
Study included all
inhabitants in 198082, 1989-91 and
1998-2000,
categorized by
county level US
deprivation index
based on social
indicators reported
in the 1990 census.
Age-, sex- and
county-specific
number of deaths
derived from the
National mortality
database, and
corresponding
period-specific
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educated group, leading to
stable relative inequalities
and declining absolute
inequalities.

Education:
elementary (0-8
years), high school
(9-12 years) and
higher education
(13+ years).
Comparison of
mortality ratios and
life expectancy by
educational level in
1970, 1980 and
1990.

Mortality rate ratios
increased for white men and
for African American men and
women and tended to
decrease for white women
aged 65 years and older.
LE(65) increased in all sex-,
sex- and educational groups.
In African American and white
men, higher educated
experienced the largest
increases and differentials in
LE(65) increased. In white
women, the increase in LE(65)
was largest among lower
educated and differentials in
LE(65) declined.

County level US
deprivation index
based on education,
occupation, wealth,
income distribution,
unemployment
rate, poverty rate,
housing quality.
Comparison of life
expectancy at birth,
and age-specific
remaining life
expectancy by
deprivation index
decile

LE(0) increased in all deciles,
but there was a gradient in the
increase so that the absolute
and relative differences in
LE(0) increased.
Differences in LE(65) between
the least-deprived and mostdeprived socioeconomic
groups increased from 0.4 to
1.9 years in men and from 0 to
1.2 years in women.

Six Western
European
countries (ages
30-74),
1981/851991/95.
Mackenbach et
al. 2003 (239)

Mortality
follow up of
population
censuses

Austria
1981/821991/92 (ages
35-89 years),
Doblhammer et
al. 2005 (233)

Matched
census- and
death records

denominators
derived from the US
Census Bureau
Prospective cohort
study comprising all
inhabitants in
Finland, Sweden,
Denmark and
Norway, a 1%
sample of the
population in
England and Wales,
and the population
of Turin, Italy. Study
population
restricted to the 3074 year old age
group (Danes
restricted to the 3060 year old age
group). Five years
of mortality follow
up. Missing data on
occupation: 1-10%

Census records
from the 1981
census linked with
death records from
May 1981 to May
1982, and census
records from the
1991 census linked
with death records
from May 1991 to
May 1992. Linkage
based on birth date,
family status, year
of marriage,
residential address,
registered dwelling
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Education: up to
lower secondary,
upper secondary
and post-secondary
education.
Occupational class:
non-manual
workers, manual
workers, farmers
and farm labourers,
self-employed men.
Comparison of
absolute and
relative changes in
mortality rates, and
rate ratios between
the lowest and the
highest educational
group and between
non-manual and
manual workers.
Sweden and
England/Wales
excluded in
comparison of
educational
inequalities.
Available
occupational data
for all countries
restricted to men
aged 30-59 (women
excluded)
Education: tertiary
(>13 years), upper
secondary (13
years), lower
secondary (10-12
years),
apprenticeship (9
years plus part time
schooling), basic
education (≤9 years)
Occupation: nonmanual workers and
civil servants, skilled
manual workers,
unskilled manual
workers, farmers,

Age-standardized mortality
declined in all groups except
for among lower educated
Danish men where mortality
tended to increase, and lower
educated Norwegian and
Danish women where
mortality were stable. In all
countries there were larger
proportional mortality
declines among in the higher
socioeconomic groups, leading
to increases in relative
inequalities in mortality for
both indicators. Absolute
inequalities were relatively
stable except for Finland
where an increase occurred.
Except for in Turin, increasing
mortality inequalities from
cardiovascular diseases
explained about half of the
increase in relative
inequalities in total mortality.
The authors argued that the
dissimilarity between trends in
Turin and northern Europe
suggested that behavioural
factors played a role.

Age-standardized mortality
declined for all educational
and occupational groups, in
both sexes and all age groups.
In the 65-89 year age group,
relative inequalities remained
more or less stable for both
indicators. Absolute
educational inequalities were
stable or tended to decline,
whereas absolute
occupational inequalities
converged.

number. Merging
rates 91.6% in 1981
and 90.1% in 1991.
Study population
aged 35-89 years

entrepreneurs, and
others.
Comparison of
mortality rates,
odds ratios and risk
differences
Education: primary,
lower secondary,
higher secondary,
tertiary.
Comparison of life
expectancies by
educational level.
Estimation of the
Population
attributable life loss
at age 25
(PALL=highest
attainable LE(X) –
average LE(X)) and
the absolute
Composite Index of
Inequality at age 25
(sum of the
population
weighted-life
expectancy losses)

Belgium 19912001 (ages 25
and older),
Deboosere et
al. 2009 (140)

Linked census
death and
migration
records. Data
from the
National
Register.

Census records of
all citizens in 1991
and 2001 with
three years of
follow up for
mortality and
emigration. The
2001-data
restricted to
individuals
registered in the
1991 census.
Linkage by use of
unique identifier.
Educational data
based on censusself reports.

Estonia 19892000 (ages
20+), Leinsalu
et al. (234)

Unlinked
census- and
death
records.

Unlinked censusbased study. Death
data for 1987-1990
and 1999-2000.
Denominators
derived from
population
censuses of 1989
and 2000.Study
population
restricted to 20+.

Education:
university, upper
secondary, and
lower secondary or
less education.
Comparison of life
expectancy at age
25, agestandardized
mortality rates, and
mortality rate
ratios.

England and
Wales 19721996 (all ages),
Hattersley 1999
(238)

The ONS
Longitudinal
Study linked
to mortality
data

Longitudinal study
representative of
1% of the
population of
England and Wales.

Registrar General`s
Social class (I-V),
held constant from
entry to the study.
Women without
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LE(25) increased in all
educational groups except for
women without formal
education. There was a
gradient in the size of
increases so that the increases
were largest in the group with
tertiary education. However,
due to general rise in
educational level, men
experienced stable PALL and
decreases in CII, whereas in
women, PALL increased by
0.53 years, and the CII were
stable. Most of the increases
in LE(25) were attributed to
mortality improvements in the
55-80 year old age group in
men, and the 60-85 year old
age group in women. LE(65)
increased in all educational
groups, but the largest
increases were in the tertiary
group leading to increasing
educational inequalities in
LE(65).
LE(25) increased for those
with university education, and
declined for those with upper
secondary education or less.
Age-standardized mortality in
the 70+ age group declined
substantially more among
those with university
education and than those with
less education, and even
increased in men with upper
secondary education. Thus,
relative mortality inequalities
increased.
Men: LE(65) increased in all
Social Classes. The largest
increases were seen in Social
Class I (professionals) followed
by Social Class IIIN (skilled

Sweden and
New Zealand
1980/841996/99 (ages
25-77),
Wamala et al.
2006 (129)

The New
Zealand
Census
Mortality
Study
(NZCMS) and
the Swedish
Survey of
Living
Conditions
(ULF)

NZCMS: four
cohorts based on
census data linked
to three years of
mortality records
(1981/84, 1986/89,
1991/94 and
1996/99
ULF: four open
cohorts based on
annual surveys of
nationally
representative
samples (1980/85,
1985/90, 1990/95,
195/2000), five
years of mortality
follow up. Missing
data was negligible
in Sweden, not
reported for NZ

Sweden 19801997 (ages 2084), Burström
et al. 2005
(235)

Statistics
Sweden`s
Survey of
Living
Conditions
(ULF) and the
National

Cross-sectional
survey data
representative of
the Swedish
population aged 2084 years at survey
date in the period
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own social class
were allocated to
their spouse`s or
parents` social class.
Comparison of
period life
expectancies at
birth (LE(0)) by
social class for five
five-year periods
from 1972 to 1996.

non-manual). Social Class V
(unskilled) experienced the
smallest gains in LE(65). Thus
inequalities in LE(65)
increased for all Social Classes
compared to Social Class I.
Women: LE(65) increased in
Social Class II and IIM
(significant at the 1% level)
and with less and nonsignificantly in Social class I,
IIN and IV. There were no
change in LE(65) for Social
Class V. Inequalities in LE(65)
declined for Social Class II and
increased for other Social
Classes compared to Social
Class I

Education: low
education (primary
school), medium
(upper secondary
school), and high
(college or
university
education).
Household income:
self-reported gross
income (NZ) or
registry based net
income in Sweden.
Categorized into
tertiles. Comparison
of mortality rates,
relative (relative
index of inequality,
RII) and absolute
(the slope index of
inequality, SII)
inequalities in over
four decades. Only
age-standardized
reports
Occupation: higher
non-manual, lower
non-manual, skilled
manual, unskilled
manual. Farmers
and self-employed
classified as skilled

Sweden: stable mortality in
high socioeconomic men and
large declines in mortality
among low socioeconomic
men led to reductions in SII by
education and income. In
women, SII by income
increased whereas SII by
education declined. No
significant trends in RII except
for by education in men where
it declined.
New Zealand: SII by income
tended to increase (nonsignificantly) in men and
increased in women. SII by
education declined in men. No
significant trend in SII in
women. Increases in RII,
except for by education in
women where there was no
significant trend.

Risk ratios between higher
non-manual and unskilled
manual increased significantly
for men, but not for women.
LE(65) increased in all
occupational groups, but the
increase was largest among

Cause of
Death
Register
Linked data

1980-1997. Gross
sample size: 6000
respondents
annually. Nonresponse rate
increased from 14
to 22%. Net sample
size 100868
individuals. Survey
data linked to
mortality follow up
until censoring at
the end of 1999.

Denmark 19812005 (ages 3070), BrønnumHansen et al.
2007 (271)

Linked
census-,
register and
death records

Prospective cohort
study. Study
populations aged
<60 years. Study
population aged 3074. Missing
educational data
2.3%

Finland 19711995 (ages 35
and older),
Martikainen et
al. 2001 (476)

Linked
census- and
death records

Census data on all
inhabitants living in
Finland in 1970,
1975, 1980, 1985
and 1990. Each
census was linked
to death records
during five years of
follow up. >99.5
deaths could be
linked to data from
the previous
census. Study
population: all
inhabitants aged 35
years and older.
Self-employed
individuals
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manual workers if
they had no more
than secondary
education, and as
higher non-manual
employees if they
had higher
education. 5.7% of
respondents could
not be classified and
were excluded.
Comparison by
estimation of
hazard ratios in Cox
proportional hazard
models. Test for
trend by interaction
SEP*time.
Construction of life
tables based on cox
models used to
estimate remaining
life expectancy
Education: low (≤10
years), medium
(vocational of postsecondary
schooling), high
(higher education)
Comparison of
partial life
expectancy at age
30,
Occupation: nonmanual and manual
workers.
Pensioners,
unemployed and
others with missing
occupational data
were classified
according to data
from earlier
censuses.
Housewives were
classified according
to their spouse`s
occupation.
Comparison of life
expectancies at age

non-manual workers, in
particular for higher nonmanual workers, and thus,
differences in LE(65)
increased.

Age-standardized mortality:
Rate differences increased in
men and women.
Partial life expectancy:
increased for all sex- and
educational groups, but the
increase was stronger in
higher educated groups,
leading to increasing gaps in
expected lifetime between
ages 30 and 75.
LE(35) increased in all
occupational classes, but nonmanual classes had the largest
increases. Thus, the
inequalities in LE(35)
increased, and the gapincrease was mostly confined
to the 1980s (83% and 63% of
the total increase in men and
women respectively). About
60% of the improvements in
LE(35) in manual and nonmanual men were driven by
mortality declines in the 55-74
year old age group. In women,
mortality declines in the 65-84
year old age group
contributed to 60-70% of the

Finland 19711990 (ages 60
years and
older), Martelin
1996 (230)

Linked
census- and
death records

Finland 19711990 (ages 80
years and
older), Martelin
et al. 1998
(231)

Linked
census- and
death records

excluded from the
analysis.. Missing
occupational data
1-2% (excluded
from analysis). No
life expectancy
estimates for the
65+ age group
Complete Finnish
population aged 60
years and older at
census date in
1970, 1975, 1980
and 1985. Five
years of mortality
follow up. Linkage
by personal
identification
codes. Merging
rate: >95.5%.

Complete Finnish
population aged 80
years and older at
census date in
1970, 1975, 1980
and 1985. Five
years of mortality
follow up. Linkage
by personal
identification
codes. Merging
rate: >95.5%.
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35 by occupational
group

Educational level:
higher, secondary
and basic
Occupational class:
Upper white-collar,
lower white-collar,
manual, farmers,
self-employed,
others.
Family members
classified according
to the head of the
household.
Pensioners
classified according
to earlier census.
Comparison of
relative changes in
mortality rates and
life expectancies at
age 60, by
educational level
and occupational
class.
Educational level:
higher (≥13 years),
secondary (10-12
years) and basic (≤9
years)
Occupational class:
Upper white-collar,
lower white-collar,
manual, farmers,
selfemployed/others.
Family members
with no former
occupation
classified according
to the head of the
household.
Pensioners

increases in LE(35).
Inequalities in LE(35)
increased because manual
workers experienced slower
declines in cardiovascular
mortality and increasing
mortality from alcohol related
causes, accidents and suicides.
Women: similar rates of
mortality decline in all
educational groups and
occupational classes except
for self-employed and others.
Differences in LE(60) remained
unchanged.
Men: larger rates of mortality
declines in men with higher
educational level and white
collar employees. Differences
in LE(60) increased

Education and occupation:
Improvements in all groups,
but no statistically significant
changes in differences in
LE(80) or mortality risk ratios
risk ratios

classified according
to earlier census.
Comparison of
relative changes in
mortality rates and
life expectancies at
age 80, by
educational level
and occupational
class.
Finland and
Sweden
1971/75 to
1996/2000
(ages 65+),
Zarulli et al.
(232)

Linked
census- and
death records

Census data from
1970 and 1995
(Finland) and 1960
and 1990 (Sweden)
linked to 5 year
mortality follow up
during 1971-75 and
1996-2000.

Educational level:
high (completed
university or college
education) and low
(lower than
secondary
education or
unknown level) .
Comparison of life
expectancy at age
65, modal age at
death after age 65
and the shortest
age-interval in
which 50% of
deaths occur (C50)
as described by
Kannisto (33)

Finland,
Sweden,
Norway,
Denmark,
England and
Wales, Turin
(Italy) 19811991 (ages 3074), Kunst et al.
2004 (41)

Linked
census- and
death records
(284)

Population
censuses of 1981
and 1990: mortality
follow-up for 19811985, 1986-1990
and 1991-1995.

Occupation:
manual vs nonmanual. Analysis
restricted to
Finland, Sweden,
Norway, Denmark,
England and Wales,
Turin, men aged 3059 years.
Educational level:
Analysis restricted
to Finland, Norway,
and Turin. Men and
women aged 30-74
years
Comparisons of
rate ratios, rate
differences, relative
index of inequality
(RII), partial life
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LE(65) increased in both
educational groups, but more
so among the highly educated.
Thus, differences in LE(65)
increased especially for
Swedes and Finnish males.
Modal age at death by the
same number of years in high
and low educated Finns,
whereas in Sweden, the
strongest increases were seen
in low educated men and high
educated women.
C50 remained stable or
increased in males, except for
in highly educated Swedish
males where it decreased. In
women, C50 remained stable
except for in highly educated
Finnish women where it
decreased.
Occupation: Widening relative
inequalities and stable
absolute mortality
differentials in most countries,
except for among Finnish men
where absolute inequalities
widened.
Education: In the 60-74 year
old age group, RII increased
significantly for men and
women in Norway, but not in
Finland or Turin. Partial life
expectancy increased more
among higher than lower
educated, indicating widening
absolute inequalities by
education

expectancies (30-75
years of age)
Education: tertiary,
secondary and
lower than
secondary.
Comparison of agestandardized
mortality rates,
mortality rate
ratios, rate
differences, and
absolute and
relative Gini-like
measures

Finland,
Norway,
Sweden 19712000 (ages
40+),
Shkolnikov et
al. 2011 (265)

Linked
census- and
death
records:
Finland
(1970, 1975,
7980, 1985,
1990, 1995),
Norway
(1970, 1980,
1990) and
Sweden
(1970, 1990)

Census linked to
five-year mortality
follow up, six five
year sub-periods
from 1971-2000,
except for Sweden
where data were
restricted to fiveyear periods during
the 1970s and
1990s. Study
population
restricted to 40+.
Migration
accounted for.

Norway 1960s1990s (ages 4564). Strand et
al. (241)

Linked
census-,
register-, and
death records

Prospective cohort
study including all
Norwegian citizens
aged 45-64 years at
census year. 10
years follow up.
Missing data on
educational level:
0.5-2-8% per
period. Loss to
follow up not
reported.

Education: basic,
secondary or
tertiary.
Comparison of
mortality rates,
relative (relative
index of inequality)
and absolute (the
slope index of
inequality)
inequalities in over
four decades.

Norway 19612009 (ages 35
and over),
Steingrímsdóttir
et al. 2012
(246)

Linked
census-,
register-, and
death records

Prospective cohort
study including all
Norwegian citizens
aged 35 years and
older each calendar
year from 1961 to

Education: primary,
secondary and
tertiary education.
Comparison of
remaining period
life expectancies at
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Age-standardized mortality
declined in all educational
groups in all countries, but the
declines varied in magnitude
by country and period. In
Norway, there was stagnation
in mortality among higher
educated males between 1976
and 1981, among higher
educated women during the
1970s, and among lower
educated men and women
during the 1980s. In Sweden,
mortality stagnated for less
educated during the 1970s.
Mortality rate ratios
increased as the higher
educated experienced the
steepest declines in agestandardized mortality
Mortality rate differences
group declined slightly for
men and women in Finland,
women in Norway, and
increased for men and women
in Sweden and men in
Norway. Mortality rate
differences increased for
Norwegian women from 1976
onwards, and for Finnish men
from 1981 onwards..
Age-adjusted mortality
declined in all educational
groups. The tertiary educated
group experienced the highest
pace of decline, followed by
the secondary educated
group. Thus, absolute and
relative inequalities in
mortality increased over the
period studied. Most of the
increase was attributed to
widening inequalities in
smoking-related mortality.
LE(35) increased for all
educational groups, but there
was an approximately 10 year
lag in the gain in LE(35) for
each educational level.

2009. Missing data
on educational level
<0.01-1.3%.
Emigration up to
1967 not accounted
for.

age 35, and agespecific survival
probabilities by
educational level for
each calendar year
from 1961 to 2009.

Education: basic
(≤7/9 years),
secondary (7/9-12
years) and tertiary
(≥13 years)
education.
Comparison of age
standardized
mortality rates,
mortality rate
differences, odds
ratios, relative index
of inequality (RII).
Socioeconomic
classification:
unskilled workers,
skilled workers, low,
middle and high
salaried employees,
fishermen, farmers,
other selfemployed.
Educational level
used in
categorization: low
(elementary school
and no vocational
training)
corresponded to
unskilled workers
and lower salaried
employees, middle
(≤16 year) defined
middle level
salaried employees,
and high (>16 years)
defined higher
salaried employees.
Categorized as
employed if salary

Norway 19712002 (ages 4574), Elstad et al.
(245)

Linked
census-,
register and
death records

Prospective cohort
study including all
citizens aged 45-74
years during the
study period.
Cancer-specific
mortality.
Emigration
accounted for
Missing data <0.1%.

Norway 19601980 (ages 2064), Dahl and
Kjærsgaard
1993 (243)

Linked
census-,
register and
death records

Prospective cohort
study of all
inhabitants
registered in the
1960, 1970 and
1980 censuses,
followed up for
mortality over five
years. Only
currently employed
are included.
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Educational inequalities in
LE(35) increased from 19701990, and stabilized
thereafter.
Survival probabilities
increased mostly the
secondary and tertiary group,
for men mostly among those
aged 45 years and older, and
for women mostly restricted
to those aged 65 years and
older.
Absolute and relative
inequalities in mortality from
lung and larynx cancer
increased. There were
moderate changes in
educational inequalities in
mortality from stomach and
cervix uteri cancer.

Differences in SMR increased
for men and declined
somewhat in women
Ratio in SMR: increased in
men and was stable in
women.
Variation coefficient in SMR:
increased in men and was
stable in women
PYLL: ratios and differences
between unskilled and high
salaried workers increased in
men

was the main
income source in
1960, or if at least
500 hours work
during the last 12
months.
Comparison of:
differences and
ratios between
unskilled workers
and higher salaried
workers, and
variation
coefficients in
Standardized
mortality ratios
(SMR) and Potential
years of life lost
(PYLL)
Norway 19701990 (ages 4559), Zahl et al.
2003 (244)

Norway 19701990 (ages 4559), Rognerud
et al. 2005
(130)

Linked
census-,
register and
death records

Linked
census-,
register and
death records

Prospective cohort
study of all
inhabitants in
Norway aged 45-59
at census date in
1970, 1980 and
1990. Seven years
follow up for
mortality and
emigration.
Norwegian written
report

Prospective cohort
study of all
inhabitants in
Norway aged 45-59
at census date in
1970, 1980 and
1990. Seven years
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Education:
compulsory
education (0-9
years), high school
(10-12 years),
university/college
(≥16 years),
research degree
(≥17 years)
Income: quartiles of
household income
adjusted by
household size
Comparison of ageadjusted mortality
rates. Rate ratios
with compulsory
education and
lowest income
quartile as the
reference group.
Relative Index of
Inequality (RII)

Education: 0-9
years, 10-12
years,13-16 years,
≥17 years
Income: quartiles of
household income

Education: mortality declines
in all groups, but the declines
were larger among higher
educated men and women.
Risk ratios increased. Absolute
risk differences increased for
men, and varied for women.
Population attributable risks
tended to decline, while
population attributable
fractions remained stable.
Income: mortality declines in
all groups, but the declines
increased with increasing
income quartile. Most of the
decline in men was confined
to the 1989-1990 period. Risk
ratios increased, risk
differences increased.
Population attributable risks
and fractions increased. The
associations declined when
categorized according toe
income a decade earlier.
Age-standardized mortality
rates were stable during the
1970s and declined thereafter.
Rate differences between
income quartiles and
educational levels increased

follow up for
mortality and
emigration. Missing
data <1%

Norway 1960s1980s (ages 3069), Borgan
1996 (240)

Linked
census-,
register and
death records

Prospective cohort
study of all men in
Norway aged
30-64 at census
date in 1960, 1970,
and 1980. Ten years
follow up for
mortality and
emigration. Missing
data 2% (1960)

Norway 19601990 (ages 2569), Borgan
2009 (237)

Linked
census-,
register and
death records

Prospective cohort
study of all men in
Norway aged
30-64 at census
date in 1960, 1970,
1980 and 1990. Ten
years follow up for
mortality and
emigration.
Norwegian written
report

Norway 19752002 (ages 3589), Berntsen
(236)

Linked
census-,
register and
death records

Prospective cohort
study of all
inhabitants in
Norway aged 45-59
at census date in

184

adjusted by
household size
Comparison of ageadjusted mortality
rates, rate ratios,
Relative Index of
Inequality (RII).
Socioeconomic
classification:
unskilled workers,
skilled workers, low,
mean and high
salaried employees,
fishermen, farmers,
other selfemployed.
See (243) for
classification.
Comparison of agestandardized
mortality rates and
standardized
mortality ratios
(SMR)
Occupation: type of
occupation.
Economically active
defined as more
than 500 hours of
work during the last
year.
economically
inactive categorized
by previous census
Comparison of
Standardized
Mortality Ratios
(SMR) and life
expectancy at birth,
age 62 and age 67
for 1981/85,
1986/90, 1991/95
and 1996/2000

Education: primary,
secondary or
tertiary education
Marital status.
Region of residence

most from the 1980s to the
1990s.
RII increased for income and
education. Risk ratios of living
in single households
increased.
Age-standardized mortality
rates declined in all groups,
but the strongest declines
were seen among mean- and
higher-level salaried
employees the weakest
among farmers, fishermen and
unskilled workers. The decline
was confined to the period
after 1970.
Rate ratios increased, but
mostly for ages up to 55 years.

Men: Mortality rates declined
in economically inactive and
economically active between
1960 and 1990, except for a
small period of increase during
the 1960s. LE(67) was highest
for academic occupations
throughout the period and
lowest for industrial workers,
miners, fishermen, taxi drivers
and people working in hotels
and restaurants, .
Women: Mortality rates
declined in economically
active, but not in economically
inactive (increasing health
selection). LE(67) was highest
for academic occupations and
healthcare workers
throughout the period and
lowest for industrial workers,
and people working in hotels
and restaurants,
Education: relative
inequalities increased for men
and women. Absolute
inequalities at age 60

1970, 1980 and
1990. Seven years
follow up for
mortality and
emigration. Missing
data <1%.
Norwegian written
report

Comparison of
odds ratios, rate
differences, and life
expectancy at age
30

increased somewhat in both
sexes.
Marital status: relative
inequalities increased.
Absolute inequalities at age
60declined in men and were
stable in women.
Region of residence: smaller
inequalities than for marital
status and education. Stable in
men, but slightly increasing in
women

LE(X): remaining life expectancy at age X

11.4 Appendix A4: Reviewed research on trends in functional limitations,
disabilities, and disability- and functional-limitations free life
expectancy, published after paper I
The table below depicts studies published after paper I on trends in disability and functional limitations,
and trends in remaining life expectancy without disability or functional limitations at ages 65 years and
older. The table describes region, period, data source, design, study population, sample size, nonresponse, indicators used, and major findings.
Region,
period and
study
USA
1988/941999/2002,
Solé-Auró
et al. 2015
(349)

USA
1988/941999/2004,
Seeman et

Data source

Design, study population,
sample size and missing

Indicators

Major findings

National
Health and
Nutrition
Examination
Surveys
(NHANES) III
(1988–1994)
and NHANES
1999–2002.,
and US Life
tables based
on the
National
Health
Interview
Surveys

Two cross-sections of
nationally representative
samples of the noninstitutionalized US adult
population. Study population:
ages 60-89. Sample sizes:
NHANES III: 5138 persons,
NHANES 1999-2002: 2713
persons. Calculations of
disability-free life expectancy
based on Sullivan`S method

Disability: Difficulties
or inabilities, without
use of equipment, in
at least one of the
following: walking
indoors at the same
level, getting in or out
of bed, eating,
dressing/undressing.

Crude prevalence of
disabilities: no
significant trend,
except for in males
aged 60-69 years old
where disability
increased: increased.

National
Health and
Nutrition
Examination
Surveys

Nationally representative
samples of the US
population. Study population
aged 60 years and older in

ADL-disability: any
difficulty walking
from room to room
on the same level,
getting in and out of
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Disability-free life
expectancy at age 60:
Absolute and relative
expansion of
disabilities, expect for
in higher educated
men where the pace of
improvements were
equal for disabilities
and mortality
ADL-disability: crude
prevalence increased
significantly in the 6069 year old age group.

al. 2010
(350)

USA, 19972010,
Martin and
Schoeni
2014 (351)

1988-1994 (n=4688) and
1999-2004 (n=4239).

National
Health
Interview
Survey (NHIS)

Cross-sectional surveys of
nationally representative
samples of the noninstitutionalized population
of USA. Study population
aged 40 and older,
interviewed in the 1997-2010
surveys. Sample size 537924
persons. Proxy response rate
34-44%-

bed, eating, and
dressing.
IADL-disability: any
difficulty doing chores
around the house,
preparing own meals,
and managing money
Mobility-limitations:
any difficulty walking
a ¼ of a mile and
walking up 10 steps
without rest.
Functional
limitations: any
difficulty stooping,
crouching, or
kneeling; lifting or
carrying 10 pounds;
and standing from an
armless chair.
ADL-disability: need
help with personal
care needs such as
“eating, bathing,
dressing or getting
around inside”,
“because of a
physical, mental or
emotional problem”
IADL-disability: “need
help with routine
needs activities such
as everyday
households chores,
doing necessary
business, shopping, or
getting around for
other purposes”
Mobility-limitation:
“difficulty (by
themselves and
without using special
equipment) with nine
physical functions:
stopping, bending, or
kneeling; standing 2h;
pushing or pulling a
large object; walking
a quarter-mile;
climbing ten steps;
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IADL-disability:
significant increases in
the 60-69 and 70-79
year old age groups.
Mobility limitations:
significant increases in
the 60-69 and 70-79
year old age groups,
and significant declines
in the 80+ age group.
Functional limitations:
significant increase in
the 60-69 year old age
group, and significant
declines in the 80+ age
group.

ADL-disability: ageadjusted increases in
women aged 40-64,
and declines in men
aged 65+. No
significant trend in
men aged 40+64 or
women aged 65+.
IADL-disability: ageadjusted increases in
women age 40-64, and
declines in both sexes
aged 65+. No trend in
men aged 40-64.
Mobility-limitation:
age-adjusted increases
in both sexes aged 6064, and women aged
65+. No change in men
aged 65+.
Adjustment for BMI
resulted in nostatistical upward
trend for in mobilitylimitation for the 40-64
year old age group,
suggesting that the rise
in obesity were likely
to contribute to
functional declines.

sitting 2 h; lifting and
carrying ten pounds;
reaching over the
head; and grasping
small objects.”

USA 19982006,
Crimmins
et al. 2011
(57)

National
Health
Interview
Survey and US
Life tables

Surveys of the noninstitutionalized population
of the US aged 20 years and
older in 1998 and 2006. Selfreports. Sample size, nonresponse rate and use of
proxy not reported.
Analysis: Tests for statistical
significance not reported.
Calculation by use of
Sullivan`s method.

Functioning
problems: unable to
perform at least one
of the following:
walking ¼ mile,
walking up 10 steps,
standing or sitting for
2 hr, and standing,
bending or kneeling
without using special
equipment.
Morbidity: ever
diagnosed with heart
diseases, myocardial
infarction, stroke,
cancer or diabetes

USA 20002008,
Freedman
et al. 2013
(352)

Health and
Retirement
Study (HRS),
Medicare
Current
Beneficiary
Survey
(MCBS),
National
Health

HRS: Longitudinal study with
aged in samples. Study
population representative of
the non-institutionalized
study population aged 65
years and older in 2000-2008,
biennial examinations
(N=10000 each wave) nonresponse rate 12-13%,
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HRS: Any ADLdisability: difficulties,
unable or don`t do.
Any IADL-disabilities:
difficulties, unable or
don`t do because of a
health or memory
problem.
MCBS: Any ADL or
IADL-disability:

Adjustment for
educational level
eliminated the
downward trends in
IADL in both sexes, and
in ADL for both sexes
aged 65+, suggesting
that the rise in
educational level
contributed to
improvements in IADL
and ADL.
Crude prevalence of
functioning problems:
increased from 16 to
24% in men and from
27 to 33% in women
among the 70-79 years
old. Increases in the
80+ age group were
from 28 to 42% and 43
to 51% respectively.
Expansion of
functioning problems:
While LE(65) increased
from 16.0 to 17.0 years
in men and from 19.2
to 19.7 years in
women, LE(65) without
functioning problems
declined from 13.1 to
12.5 years in men and
from 13.4 to 12.4 years
in women.
Expansion of
morbidity: LE(65)
without morbidity
decreased from 8.8 to
8.1 in men and from
11.8 to 11.3 in women.
Crude prevalence rate,
any ADL/IADLdisability: No survey
showed significant
trends from 2000 to
2008. NLTCS showed
slight increase in
disability from 1999 to
2004, but no
significant trend after

Interview
Survey (NHIS),
NHANES,
NLTCS

USA 19912009,
Cutler et al.
2013 (353)

The Medicare
Current
Beneficiary
Survey
(MCBS),
matched with
death records

attrition rate 5%, proxy rate
10-7%.
MCBS: continuous panel
survey of Medicare
beneficiaries (including those
in long-term care). Yearly
examinations from 20002008. Study population aged
65 years and older (N=14000
each wave), non-response
rate 30%, proxy response
rate 7-8%. Attrition rate not
available
NHIS: annual cross-sectional
survey of the nationally
representative samples of the
non-institutionalized
population. Study population
aged 65 years and older
(N=8000-10000 each year).
Non-response rate 13-15%,
Proxy response rate 36%.
NLTCS: nationally
representative panel study of
the Medicare population
aged 65 years and older at
examinations in 1999 and
2004. Sample size: 16000 and
17000. Non-response rate 914%. Attrition rate 9-13%.
Proxy response rate 20-6%.
NHANES: Cross sections of
nationally representative
samples of the population
aged 65 years and older in
1999/2000, 2001/02,
2003/04, 2005/06, 2007/08.
Sample size 1400-1500 each
period. Non-response rate
18-22%
Longitudinal data on
nationally representative
sample of the population
aged 65 years and older
between 1991 and 2009.
Sample size 10000-18000
annually. Estimations ignored
the panel structure and
treated each wave as a
repeated cross-section
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difficulties or don`t do
for a health reason
NHANES: Any ADL or
IADL-disability:
some/much
difficulties or unable
to do
NHIS: needing help
with IADL or ADL
NTLCS: Any ADLlimitation: inability,
use of assistive
devices, having active
or standby help, or
need for help in the
prior week
Any IADL-disability:
inability to perform
because of a health
problem.
Institutionalized
considered to have
limitations
Common definitions
IADL-disability: can`t
do or doesn`t do for
health-related reason
(HRS, MCBS and
NLTCS)
ADL-disability:
difficulty performing
ADL and receiving (or
needing) help (HRS,
MCBS and NHANES)

Summery measure of
functional limitations
(stooping, lifting 10
pounds, extending
arms above shoulder,
writing/handling
object, walking ¼
mile), and disabilities
in ADL- (bathing or
showering,
transferring into and
out of bed or chairs,

accounting for the
institutionalized
population
Crude prevalence rate,
any IADL-disability: no
significant trend
between 2000 and
2008 in the 65+ age
group, but MCBS
showed declines in the
85+ age group.
Crude prevalence rate,
any ADL-disability: no
significant trend
between 2000 and
2008 in the 65+ age
group, but MCBS
showed declines in the
85+ age group, the
declines were stronger
after accounting for
institutionalization
rates.
Crude prevalence rate
in the middle age
group, any ADL/IADLdisability: Increasing
disabilities in the 55-64
age group

Age-adjusted declines
between 1991 and
2009 were 2.7% for
functional limitations
and 22% for ADL or
IADL-disability. The
declines were larger
for ADL-disability than
IADL-disability, and
most of the declines
occurred between
1991 and 1997, before

USA 19822011,
Freedman
et al. 2016
(354)

NLTCSscreener
samples and
the Health
and Aging
Trends Study
(NHATS)

Estimations of disability free
life expectancy for the years
1992 and 2005 by use of
disability rates for 1991/93
and 2003/5 by age and
number of years away from
death.

eating, dressing,
walking, toileting.)
and IADL
(telephoning, light
housecleaning,
preparing meals,
grocery shopping,
managing money) due
to disease

a period of modest
increase from 1997 to
2002, and thereafter a
new decline. Most of
the declines in
disabilities occurred
within the population
25 or more months
from death, and the
declines were greater
the farther out from
death. Functional
limitations were also
closely associated with
time to death, but
trends seemed to be
stable.
Between 1992 and
2005, LE(65) increased
by 1.3 years in men
and 0.2 years in
women and disabilityfree life expectancy
increased by 1.7 years
in men and 1.6 years in
women. The authors
concluded with
compression of
disabilities and to
some degree
functional limitations.

Cross-sections
representatives of Medicare
enrollees aged 65 years and
older, including
institutionalized.
Examinations done in 1982
and 2004 (NLTCS) and 2011
(NHATS). Sample sizes
19650+15993 (NLTCS) and
8077 (NHATS) persons. Nonresponse rates 12.7% (1982),
19.4% (2004), 29.1% (2011).
Estimation of disability-free
life expectancy by use of the
Sullivan Method

ADL-disability:
inability due to
disability or health
problem, without
help of
equipment/another
person, to get in or
out of bed, or chairs,
walking indoors,
going outside,
dressing, bathing,
toileting.
IADL-disability:
inability due to
disability or health
problem, without
help, to prepare
meals, do light
housework, do

Any disability: ageadjusted prevalence
declined from 1982 to
2004 and thereafter
increased in women
and stagnated in men.
The 2004-2011
increase in women was
driven by increases in
IADL-disability.
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Expected years lived
with disability
remained stable at 1.5
years for men and 3
years for women.
Disability-free life
expectancy at age 65
increased by 4.5 years

grocery shopping,
manage money, take
medicine, make
telephone calls.
Institutionalized
assumed to be
disabled

Sweden
1995-2001,
Sjölund et
al. 2014
(357)

Sweden
1992-2011,
Fors et al.
2013 (356)

The
KungsholmenNordanstig
Project (NP)
and the
Swedish
National
Study on
Aging and
Care in
Nordanstig
(SNAC-N)
The Swedish
Panel Study of
the Living
Conditions of
the Oldest
Old (SWEOLD)

Two population based
cohorts in the rural
municipality of Nordanstig in
Sweden conducted in 1995
and 2001. Study population
comprised all participants
aged 78, 81, 84, 87 or 90+
(90.93.96 and ≥99). Sample
sizes 303 + 406 persons.
Non-response rate 6% (NP)
and 25%

ADL-disability: need
for assistance in at
least one ADL
(bathing, dressing,
going to toilet,
transferring,
continence, and
feeding).

Open cohort study consisting
of people who had been
included in at least one of the
SWEOLD waves since 1968.
The samples were considered
nationally representative for
the population aged 77 years
and older, including the
institutionalized, at follow
ups in 1992, 2002 and 2011.
The 2011-sample was
substituted with a random
cross-sectional sample in the
85+ age group. Net sample
size: 537+561 persons
Non-response rate: 9.613.8%, but attrition rate from
the baseline study in 1968
was not reported. Interviews
by proxy 11-7-16.1%.

Mobility-limitations,
self-reports: Inability
to walk 100 meters
without difficulty or
climb stairs
Functional
performance test:
pick up a pen from
the floor, rise from
chair without using
hands, lift one
kilogram, touch
opposite toes and
opposite ears, put
hands underneath the
tights, rotate hands.
Lung function: Peak
expiratory flow (PEF),
adjusted for height
and sex
ADL-disability: eating,
toileting,
dressing/undressing,
transferring in and
out of bed, wash hair
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in men and 1.4 years in
women.
DFLE(65)/LE(65)
increased from 78 to
81% in men, and was
stable at 70% in
women. Trends in
health expectancies
confined to 2004-2011
period were not
reported.
ADL-disability: crude
prevalence 20.5% in
1995 and 22.8% in
2001. No significant
difference. Prevalence
tended to increase in
women, and decline in
men..

Mobility limitations:
age- and sex-adjusted
increase by OR 1.62
(1.24-2.10) from 1992
to 2002, only close to
significant worsening
from 1992 to 2011 (OR
1.28, 95% CI 0.991.64).
ADL-limitations: no
significant age- and
sex-adjusted change
from 1992 to 2002 (OR
1.05 (0.79-1.40), but
significant decline from
1992 to 2011 by OR
0.68 (0.51-0.90).
Functional
performance test:
No significant age- and
sex-adjusted change
between 1992 and
2002, or between 1992
and 2011.
Lung function: height,sex and age-adjusted

Sweden
1976/772005/06,
Falk et al.
2014 (358)

The H70
cohort
studies.

Comparison of survivors of
two closed cohorts
representative of the
population of Gothenburg,
born in the period 1901/02 or
in 1930, and aged 75 years
old at examination in
1976/77 (1901/02-cohort) or
2005/06 (1930-cohort). Gross
samples 953 and 1188
persons, response rates 78%
and 62%, net samples 744
and 731 persons.

ADL-limitations: need
help from another
person in any ADL
(bathing, dressing,
going to toilet,
transfer, and feeding)
IADL-disabilities:
need help from
another person in any
IADL (cleaning,
shopping, transport,
and cooking)

Denmark
1998-2010,
Christensen
et al. 2013
(359)

The 1905- and
1915-cohort
study

Two closed cohort studies.
Cohort 1 consisted of all
Danes born in 1905 who lived
in Denmark in 1998 (gross
sample 3600 persons aged
92-93 years, non-response
rate 37%). Cohort 2 consisted
of all Danes born in 1915 who
lived in Denmark in 2010
(gross sample 2509 persons
aged 94-95 years, nonresponse rate 37%). Proxies
used when needed.

Spain
2000-2007,
PalaciosCeña et al.
2012 (355)

The Spanish
National
Health Survey

Cross-sectional data on
nationally representative
samples of the noninstitutionalized population
aged 65 years and older,
examinations conducted in
2001. 2003 and 2006. Sample

Composite measure
based the mean of
11-item self-reported
scores on ADL:-and
mobility-limitations
ranging from 1
(cannot do) to 4 (can
do without fatigue).
Full list of Items was
not reported, but
included walking
around the house,
climbing stairs,
carrying 5kg and
running 100m.
ADL-disability:
difficulty or need of
help in eating,
dressing, walking,
getting in and out of
bed, and bathing or
showering.
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FEP declined
significantly in women
between 1992 and
2002, and between
1992 and 2011. The
largest decline was in
the 1992-2002 period.
No significant change
in men.
ADL-disability:
prevalence of any-ADL
disability declined from
13.9 to 5.6% (p<0.001),
driven by reduction in
a reduction in
dependency in bathing
(11.3-5.2%).
IADL-disability:
prevalence of any
IADL-disability declined
from 33.4 to 13.4%
(p<0.001) driven by
declines in
dependency in
cleaning and
transportation.
The declines were seen
in both sexes, but were
strongest in women
ADL/mobilitylimitations: improved
from the 1905 cohort
to the 1915 cohort.
Improvements also in
cognitive functioning ,
but no change in grip
strength, chair stand or
gait speed.

ADL-disability: crude
prevalence increased
(p<0.001).
IADL-disability: crude
prevalence increased
Mobility-limitations:
crude prevalence
increased

sizes: 21058, 21650 and
29478 individuals.

USA and
Europe
1995/20042006/2008,
Chatterji et
al. 2014
(360)

HRS, The
English
Longitudinal
Study of
Aging (ELSA),
The Survey of
Health, Aging
and
Retirement in
Europe
(SHARE), The
10/66 study

World
1990-2010.
Salomon et
al. 2012
(335)

The Global
Burden of
disease study
1990 and
2010

HRS: Longitudinal study with
aged in samples. Study
population representative of
the US non-institutionalized
study population aged 50
years and older. Biennial
examinations from 19952008. Sample size 22000 per
wave
ELSA: nationally
representative sample of the
English population. Sample
size 120000 persons. Four
examinations from 2002 to
2008.
SHARE: cross-sectional panel
survey on populations in
Austria, Belgium, Denmark,
France, Germany, Greece,
Italy, Switzerland, the
Netherlands, Spain and
Sweden for 2004 and 2006.
Sample size 45000 persons
aged 50 years and older
10/66 Study: surveys carried
out in Cuba, Dominician
Republic, Peru, Mexico,
Venezuela, Puerto Rico,
China, and India. Examination
in 2003 and 2007.
Calculation of healthy life
expectancy based on Sullivan
Method. Prevalence
estimates of 220 unique
health states comprising
1160 different types of
sequelae. Data from multiple
sources,. Disability weights
from surveys of the general
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IADL-disability:
difficulty or need of
help in doing chores
around the house,
preparing meals,
managing money,
telephoning, or taking
medications
Mobility-limitations:
difficulty or need of
help in walking for 1
hour without rest or
walking up 10 steps
Disability: difficulty in
at least one ADL or
IADL.

Health expectancies
encompassing a
broader range of
morbidity indicators
than functions and
abilities in activities of
daily living.

HRS: Increases in
prevalence of ADLdisabilities between
1995 and 2008
ELSA: declines in ADLdisabilities between
2002 and 2008, except
for the oldest old
SHARE: No substantial
change in ADLdisability between
2004 and 2006
An age-period-cohort
analysis suggested
improvements in ADLlimitations for
consecutive cohorts.

Global LE(50)
increased by 2.1 years
for men and 2.5 years
for women, while
healthy LE(50)
increased by 1.8 years
in both sexes.
For Norway, the study
indicated increases in

public in Bangladesh,
Indonesia, Peru, Tanzania and
USA.

LE(x): Remaining life expectancy at age x
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LE(0) by 4.9 years in
men and 3.1 years in
women, while healthy
LE(0) increased by 3.4
years in men and 2.3
years in women. The
gap between healthy
LE(0) and LE(0) tended
to increase with
increasing level of
LE(0).
Authors suggest
expansion of
morbidities. But there
were large variation
among countries in the
age-specific years lived
with disability (YLD)
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Abstract An increase in the number of older adults may
raise the demand for health and care services, whereas
decreasing prevalence of disability and functional limitations among them might counteract this demographic
effect. However, the trends in health are inconsistent
between studies and countries. In this article, we estimated
the trends in mild disability and functional limitations
among older Norwegians and analyzed whether they differ
between socio-demographic groups. Data were obtained
from repeated cross-sectional surveys conducted in 1987,
1991, 1995, 2002, 2005, and 2008, in total 4,036 noninstitutionalized persons aged 67 years or older. We analyzed trends using multivariate logistic regression. On
average, the age-adjusted trend in functional limitations
was -3.3% per year, and in disability 3.4% per year. The
risk for functional limitations or disability was elevated for
women compared to men, for married compared to nonmarried, and was inversely associated with educational
level The trends were significantly weaker with increasing
age for disabilities, whereas none of the trends differed
significantly between subgroups of sexes, educational level
or marital status. Both functional limitations free and disability-free life expectancy appeared to have increased
more than total life expectancy at age 67 during this period.
The analysis suggests downward trends in the prevalence
of mild disability and functional limitations among older
Norwegians between 1987 and 2008 and a compression of
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lifetime in such health states. The reduced numbers of
older people with disability and functional limitations may
have restrained the demand for health and care services
caused by the increase in the number of older adults.
Keywords Health trends  Functional limitations 
Disability  Aged  Socio-economic inequalities  IADL 
Health expectancy

Introduction
Life expectancy increased substantially during the past
century in Norway, as in most other industrialized countries (Oeppen and Vaupel 2002). Improvements in infant
and childhood survival contributed most to this increase.
After the 1950s, however, the most important factor contributing to the increased life expectancy has been
decreasing old age mortality (Christensen et al. 2009).
Prolonged life expectancy may be accompanied by
expansion (Gruenberg 1977) or compression (Fries 1980)
of morbidity and disability at the end of life (Robine and
Michel 2004). Decreasing mortality might also be accompanied by less impact and risk of complications of established diseases (Manton 1982). These potential
consequences are important for individuals as well as for
society and the welfare state. Disability increases the risk
of complications of diseases and is associated with greater
consumption of health and care services as well as
increased mortality (Ostir et al. 1999).
The combination of low fertility and increasing life
expectancy leads to an ageing society (Robine and Michel
2004) and has highlighted the need to address the issues
relating to health and disability among older adults for
decades. Several studies suggest that the proportion of
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older people with functional limitations or mild disability
has declined over the past 20–30 years in most industrialized countries (Freedman et al. 2002; Parker et al. 2008;
Puts et al. 2008; Sagardui-Villamor et al. 2005; Schoeni
et al. 2001; Schoeni et al. 2006; Sulander et al. 2003) and in
Norway (Hagen et al. 2002). The results from countries
outside the USA are, however, partly contradictory (Parker
and Thorslund 2007; Robine and Michel 2004; Zimmer
et al. 2002).
The diverging results from European studies are challenging. Most studies are based on two to four measuring
points, which make the estimates sensitive to random
variations between the repeated cross-sectional surveys
(Parker et al. 2008; Schoeni et al. 2001). This article aimed
to estimate the trends in the prevalence of functional limitations and mild disability among Norwegian older people
from 1986 to 2008 and is based on data from six household
surveys. Contrary to most other studies, we also tested the
effects of socio-economic and socio-demographic variables
according to age and sex groups, educational level and
marital status. Based on the observed proportion of older
adults with functional limitations and data on the demographic changes over this period, we calculated the changes
in the estimated number of persons with functional limitations in the age groups 67–79 years and 80 years and
older, and in the total population for the period 1986–2008.
Finally, we tested for trends in life expectancy without
mild disability (DFLE) and functional limitations (FLFLE).

Materials and methods
Theory
The Disablement Process model developed by Verbrugge
and Jette (1994) describes how pathology might result in
impairment, functional limitation, and eventually disability. Functional limitations are defined as situation-free
restrictions in performing physical and mental actions used
in daily life. These limitations depend only on the individual’s capability. Examples of functional limitations are
walking, climbing stairs, and hearing the phone ring.
Disability relates to the difficulty in doing activities of
daily life that are always performed in a social context.
Disabilities emerge when the gap between the capability of
the person and the environmental demands becomes too
large (Cambois et al. 2008; Ostir et al. 1999). The most
frequently studied disabilities are those relevant for personal care (basic activities of daily living, ADL) (Katz
et al. 1963), household management (instrumental activities of daily life, IADL) (Lawton and Brody 1969) and paid
employment (Verbrugge and Jette 1994). IADL include the
ability to use the telephone, shop for personal items,
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manage one’s money, do light housework and prepare
one’s meals. Verbrugge and Jette also emphasize that other
domains of activity are important, for instance the ability to
get out of one‘s home without help or to participate in
organizational activities
Both functional limitations and disability might also
lead to feedback effects, which may worsen existing
pathology or prompt new ones (Ostir et al. 1999; Verbrugge and Jette 1994).
Data source
We used data from the Surveys of Level of Living (SLL) of
1987, 1991, 1995, and the Surveys of Living Conditions
(SLC) of 2002, 2005, and 2008. Statistics Norway (SN)
conducted both. The surveys used person samples drawn
using a standard two-stage selection scheme. In the first
stage, the population was divided into sample areas stratified by the number of inhabitants, industrial structure, and
centrality. For each of the strata, one sample area was
drawn with a probability proportional to the area’s share of
inhabitants in the strata. In the second stage, the sample of
persons was drawn at random from the sample areas. This
made the gross samples nationally representative for the
non-institutionalized part of the Norwegian population
aged 67 years and older.
The gross samples were self-weighted for all of the
study years besides 1987 when the sample was stratified by
age with oversampling of those aged 80 and over. The SLC
studies had pure cross-sectional design, whereas parts of
the samples from the SLL were panel samples; of the net
samples in 1991 and 1995, 37% of persons aged 79 years
and younger had also been interviewed in 1987. SN
instructed interviewers to primarily attempt to obtain faceto-face interviews until 2002. However, telephone interviews were increasingly used from 1995 and were the
preferred interview mode in 2005 and 2008, with allowance for offering face-to-face interviews to older people.
Thus in surveys from 1987 to 1995, personal interviews
were used predominantly before a decline to the lowest
level in 2008 (67–79 years old: 22%, 80 years and older:
36%). The SLL were conducted in the periods from January to March in 1987–1995, and the SLC from September
to March in 2002–2008. SN later linked educational data to
the completed surveys. Period life tables were calculated
by SN and made available by The Human Life-Table
Database (2010).
Weighting
We stratified the net sample by study year and then calibrated the samples with non-scaled weights. These weights
were calculated as the share of an age–sex group in the

Eur J Ageing

question ‘‘Do you have difficulty with …’’ (yes/no):
‘‘carrying an object of 5 kg over a short distance, say
10 m?’’, ‘‘going for a five-minute walk at a quick
tempo?’’ and ‘‘walking on stairs’’. These questions were
later changed by adding the words ‘‘… without resting?’’
at the end of each question (1995–2008). In 2008, SN
added further questions after each that asked the respondent to grade the extent of difficulties. The two IADL
functions were assessed with the questions: ‘‘Can you
without the help of others …’’, ‘‘… do the grocery
shopping?’’ and ‘‘… clean the apartment?’’. The other two
disability items were assessed with the question: ‘‘Do you
have difficulties, because of health problems or permanent
disability …’’ ‘‘to get out of your home without assistance?’’ and ‘‘to participate in organizational activities?’’.
Until 1995, the last two questions were asked only of
those who also indicated they had a permanent disease or
disorder. The proportion reporting a permanent disease or
disorder varied between 77 and 85% during the period
and there were indications of an upward trend
(P = 0.054). To make the input filter consistent, we
estimated the trend in having both a disability and a
disease or disorder, with the net sample as the denominator. The last two questions had an ordinal outcome and
we recoded ‘‘somewhat difficult’’, ‘‘very difficult’’ and
‘‘not possible’’ as ‘‘difficulty’’.
We grouped the items into two different nominal
dichotomous indexes: one named functional limitation
(Cronbach alpha = 0.780), and one named disability
(Cronbach alpha = 0.815). We coded them as ‘‘failure’’ if
at least one difficulty was in the included items.

population of a study year divided by the corresponding
share in the net sample (Thomsen et al. 2006). We used two
sets of weights. In the table analysis, we used age standardization so that the net sample for each survey year had
the same age–sex distribution as the study population in
2005. In the regression analysis, we used population
weights so that the proportions of age–sex groups in the net
samples were the same as in the study population of the
respective years. We used data from SN and Norwegian
Social Science Data Services (NSD) to calculate the study
population as the number of residents in each age–sex
group in Norway minus the number of institutionalized
individuals. For 1987, 1991 and 2008, there are missing
institutional data, and for these years, we estimated the
number of institutionalized people in the age–sex groups as
a linear trend of proportions of age–sex groups in institutions throughout the other years. The non-weighted net
sample of persons aged 67 years and older was 4,036
persons. It was about 3,739 persons after population
weighting and 3,729 persons after age standardization with
2005 as the reference year. Table 1 shows the age–sex
distributions of the gross sample, non-responders and net
sample, and the weighted net samples.
Dependent variables
We used three functional limitations and four disability
items as the dependent variables (Verbrugge and Jette
1994). Two of the disabilities belong to the IADL index
(Lawton and Brody 1969). In the 1987 and 1991 surveys,
the following functional limitations were assessed with the

Table 1 Age and sex distribution in gross sample, non-response and net samples, and weighted net samples
Survey year

1987
n

Gross sample

1991

1995

2002

2005

2008

Total

%

n

%

n

%

n

%

n

%

n

%

N

%

1311

100

884

100

840

100

804

100

764

100

1523

100

6126

100

67–79

694

100

689

100

635

100

547

100

511

100

1003

100

4079

100

80?

617

100

195

100

205

100

257

100

253

100

520

100

2047

100

372

28

308

35

261

31

297

37

298

39

570

37

2106

34

67–79

176

25

224

33

187

29

184

34

178

35

338

34

1287

32

80?

196

32

84

43

74

36

113

44

120

47

232

45

819

40

Non-response

Net sample

939

72

576

65

579

69

508

63

470

62

964

63

4036

66

67–79

518

75

465

67

448

71

363

66

337

66

671

67

2802

69

80?

421

68

111

57

131

64

145

56

133

53

293

56

1234

60

643

49

576

65

579

69

512

64

468

61

961

63

3739

61

67–79

507

73

447

65

437

69

344

63

316

62

650

65

2701

66

80?

136

22

129

66

142

69

168

65

152

60

311

60

1038

51

630

100

576

100

579

100

512

100

468

100

964

100

3729

100

425
205

68
32

389
187

68
32

391
188

68
32

334
178

65
35

316
152

68
32

650
314

67
33

2505
1224

67
33

Net sample, population weighted

Net sample, age-standardized
67–79
80?
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Independent variables
The independent variables were survey year standardized
as the year of the closest New Years Eve, sex, age at 31
December in the standardized survey year, marital status or
cohabitating, and educational level.
The level of education was classified as lower level (up
to 9 years), high school level (10–13 years), or university
or college (14 years or more).
Missing data
The proportion of non-responders increased with years.
The average non-response share was 34%, and increased
from 28% (1986) to 37% (2008). Within the age group
67–79 years, the average non-response share was 32%,
which increased from 25 to 34%. Persons 80 years and
older had the largest non-response rate, with an average
share of 40%, which increased from 32 to 45%. We sought
to reduce the non-response selection bias by using weights
(Thomsen et al. 2006).
The maximum proportion of items missing was 5.9% in
the disability variable in 1995, but this decreased to 2.7%
when all years were considered simultaneously. Besides
disability in 1995, none of the study years had a proportion
of missing items greater than 5%. Cases with missing items
were excluded from the analysis.
Statistical analysis
First, we tested whether there was any trend in the prevalence of any items of functional limitations or disability
using table analysis on age-standardized data. In the initial
analysis of the composite indexes, we estimated the agestandardized cumulative odds ratios (ORs) and absolute
risk differences in functional limitations and disability
between the periods 1986–1995 and 2002–2008. The linear
trends in both indexes were then estimated as the average
age-adjusted relative change in odds per year throughout
the period (OR) using multivariate logistic regression
analysis on population-weighted data. We adjusted the
trends for compositional factors besides age, and thus
estimated the effects of sex, educational level, and marriage or cohabitation. Educational level was coded as a
dummy variable with the lower level as the reference
group.
Disparities in trends were studied by multivariate
logistic regression, where we estimated the age-adjusted
trends stratified by the compositional groups. We tested for
disparities in trends between these subgroups by testing for
significant improvement in likelihood ratio when allowing
for interactions between group and survey year on the nonstratified dataset.
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Departures from the linear predicted trend were tested
by introducing a dummy for survey year one by one. We
controlled for selection bias by means of two sensitivity
analysis. First, we estimated the trends on the assumption
that all non-responders had disability and functional limitations. In the second analysis, we expanded the gross
sample from the first analysis with a proportionate share of
the institutionalized population with the same assumption
as above. In order to keep the power of the analysis stable,
we weighted this new sample to equal the gross sample in
numbers above and below 80 years old. Trends from the
sensitivity analysis were adjusted for age below or above
80 years.
We estimated the number of older adults with functional
limitations throughout the period by combining the past
demographic development with the observed proportion
with functional limitations in the population-weighted net
sample stratified by age above and below 80 years old.
Finally, we calculated health expectancies by Sullivan’s
method for each period using abridged life tables gender
and stratified in two age groups separated at the age of 80
(Jagger et al. 2006; Sullivan 1971). Sex-specific health
expectancies at the age of 67 were computed by applying
the age- and sex-specific cross-sectional prevalence rates of
functional limitations and disabilities to the corresponding
age- and sex-specific person-years derived from a period
life table. As proposed by Jagger et al. (2006), we assumed
the institutionalized population to be functionally limited
and disabled. We also assumed the random variation arising from the mortality rates to be negligible, leaving the
surveys to be the only source of random variation. We used
weighted least square regression to estimate the average
yearly change in life and health expectancies and tested for
linear trends, using weights equal to the inverse variance of
the estimate of each indicator at each year.
We regarded two-sided P values \ 0.05 as statistically
significant and used the likelihood-ratio test to estimate
P values in regression analysis. PASW Statistic 18.0 (SPSS
Inc., 2009) was used for data analysis.

Results
Table 2 describes the population-weighted net sample in
terms of age, sex, level of education and marital status. Age
composition reflects the demographic development arising
from smaller cohorts throughout the 1930s, and increasing
life expectancy. This has led to an increase in the population of older people throughout the period so that the
median age increased from 74 to 76 years. The median
level of education also increased during the period from
equivalent to lower level education in 1986 to high school
level in 2008.

Eur J Ageing
Table 2 Description of study samples across survey years (population weighted), N = 3739
Independent variables
Standardized survey year
Sex
Age group

1995
(%)

2002
(%)

2005
(%)

2008
(%)

Total
(N)
3739

0

3739

0

3739

0

\0.001

3722

18

0.062

3683

57

\0.001

1986

1990

1994

2002

2005

2008

58

58

58

58

57

57

Valid N

643

576

579

512

468

961

67–74

55

54

51

42

43

45

75–79

24

24

24

25

24

23

80–84

14

14

16

20

20

18

7
643

8
576

9
578

13
511

13
468

15
961

56

53

57

55

55

59

Married or cohabitating
Valid N

Educational level

1991
(%)

Female

85?
Valid N
Marital status

1987
(%)

644

560

577

512

468

961

Lower level (\9 years)

76

57

51

42

43

37

High school level (10–13 years)

19

40

46

44

42

44

5

4

3

14

14

19

639

567

574

504

464

935

University/college ([14 years)
Valid N

Figures 1 and 2 show the age-standardized changes in
the dependent variables. All items and indexes had highly
significant downward trends (P \ 0.001). Between
1986–1994 and 2002–2008, the odds of having functional
limitations decreased with OR of 0.60 (95% confidence
interval (CI), 0.53–0.69). The decrease in disability was
very similar with OR of 0.60 (95% CI, 0.52–0.69). The risk
difference between these periods was 12 percentage points
(95% CI, 9–15%) for both indexes (analysis not shown in
table).
Table 3 shows the results of the two logistic regression
analyses on populated-weighted samples. The first analysis
regressed the functional limitations and the second disability. We started by estimating the age-adjusted relative
change in odds per year (OR), and then the effects of

Missing
(n)

Trend
test (P)

0.455

survey year, yearly ageing, sex, marriage or cohabitation,
and educational level combined.
The age-adjusted odds for functional limitations
declined by about 3.3% per year (P \ 0.001), and for
disability by 3.4% per year (P \ 0.001). Both trends were
slightly weakened when adjusting for compositional factors. The multivariate analysis showed substantial and
highly significant relative differences in prevalence
between sexes and different educational level. Education
from university or college was associated with a reduction
of the odds for both functional limitations and disabilities
by 40% (P \ 0.001) compared to those with lower level of
education, whereas those with only high school level
education had reductions of 27% (P \ 0.001) and 19%
(P = 0.009) respectively. Being female doubled the odds

Fig. 1 Percentage with
functional limitations, agestandardized (N = 3,729)
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Fig. 2 Percentage with
disabilities, age-standardized
(N = 3,729)

Table 3 Estimated linear trends, effects of sex, age, marital status, and educational level
Functional limitations

Survey year
Age

Disabilities

Age adjusted

Full model

Age adjusted

Full model

0.967 (0.959–0.976)***

0.974 (0.965–0.983)***

0.966 (0.957–0.974)***

0.972 (0.963–0.981)***

1.11 (1.09–1.12)***

1.10 (1.08–1.11)***

1.12 (1.10–1.13) ***

1.11 (1.09–1.12)***

Sex (female)

1.94 (1.65–2.27) ***

1.51 (1.28–1.77)***

Married or cohabitating

0.81 (0.69–0.95) **

0.85 (0.72–1.00)*

Low

1.00

1.00

High school

0.73 (0.62–0.85)***

0.81 (0.69–0.95)**

University/College

0.60 (0.45–0.79)***

0.61 (0.46–0.81)***

Educational level

Valid N (missing)

3643 (96)

3570 (169)

Results from multivariate logistic regression (OR (95% CI)); population-weighted sample (N = 3,739)
* P \ 0.050; ** P \ 0.010; *** P \ 0.001

for functional limitations (P \ 0.001) and increased the
odds for disability by 50% (P \ 0.001). Being married or
cohabitating reduced the odds for functional limitations by
20% (P = 0.008) whereas the reduction in disability was
15% (P = 0.045).
Table 4 shows trends for different subgroups assessed in
the stratified regression analysis of the effect of time on the
dependent variables.
The trends were reduced by adjusting for compositional
factors in all strata but according to educational level. The
group with the highest educational level had the weakest
and non-significant trends. The trends appeared to be
stronger in women than in men, although not significantly.
The tendency to weaker trends with increasing age for
disabilities was significant (P = 0.045). The observed
prevalence rates departed from what was predicted by
linear trend in 1995, 2002, 2005, and 2008 for functional
limitations and in 2005 and 2008 for disability. The survey
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of 2008 differed the most from the linear prediction with
OR = 1.40 (P = 0.006) for functional limitations and
OR = 1.39 (P = 0.006) for disability, followed by the
2005 data with OR = 0.73 (P = 0.011) and 0.70
(P = 0.005) respectively.
In the sensitivity analysis, we assumed all nonresponders had functional limitations and disability. The
trends remained highly significant, albeit weaker, with
trends in functional limitations (OR = 0.991; 95% CI,
0.985–0.997; P = 0.003) and in disability (OR = 0.989;
95% CI, 0.983–0.995; P \ 0.001). Although the interaction
term did not reveal significant disparities in trends between
those younger and those older than 80 years (P = 0.395
and P = 0.244), the trends were not significant in the older
group when tested separately (P = 0.324 and P = 0.331).
The results were roughly the same even if all missing items
of the indexes were given the value of functional limitation
or disability. After adjustment for trends in institutional
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Table 4 Stratified analysis, linear trend for functional limitations and disability
Functional limitations
Age-adjusted

Disabilities
Full model

a

Age-adjusted

Full modela

Sex
Female

0.964 (0.954–0.975)***

0.972 (0.961–0.984)***

0.963 (0.952–0.973)***

0.967 (0.956–0.979)***

Male

0.972 (0.959–0.986)***

0.978 (0.963–0.992)**

0.972 (0.958–0.986)***

0.979 (0.964–0.993)**

Trend * sex

P = 0.625

P = 0.280

Age
67–74

0.963 (0.951–0.976)***

0.972 (0.959–0.986)***

0.960 (0.947–0.972)***

0.967 (0.954–0.981)***

75–79
80–84

0.970 (0.954–0.986)***
0.969 (0.950–0.989)**

0.976 (0.958–0.994)**
0.974 (0.953–0.994)**

0.967 (0.950–0.983)***
0.977 (0.957–0.996)*

0.975 (0.958–0.993)**
0.981 (0.961–1.001)

85?

0.982 (0.956-1.008)

0.987 (0.960-1.015)

0.976 (0.950-1.002)

Trend * agegroup

P = 0.104

0.977 (0.951-1.005)
P = 0.045

Educ. level (years)
Lower school (\9 years)

0.976 (0.964–0.987)***

0.976 (0.964–0.987)***

0.972 (0.960–0.983)***

0.972 (0.961–0.984)***

High school (10–12 years)

0.973 (0.958–0.988)***

0.972 (0.957–0.988)***

0.970 (0.955–0.985)***

0.970 (0.955–0.985)***

University or college ([13 years)

0.980 (0.945–1.016)

0.976 (0.940–1.013)

0.987 (0.950–1.025)

Trend * educ. level dummy

P = 0.895

0.983 (0.945–1.023)
P = 0.666

Marital status
Married or cohabitating

0.968 (0.957–0.980)***

Not married or cohabitating

0.970 (0.957–0.982)***

Trend * marriage or cohabitating

0.972 (0.959–0.984)***

0.969 (0.958–0.981)***

0.978 (0.965–0.991)**

0.964 (0.952–0.977)***

P = 0.765

0.974 (0.962–0.986)***
0.969 (0.956–0.982)***
P = 0.508

Multivariate logistic regression analysis. P values are the significance-levels of the interaction terms between strata and survey years on the nonstratified dataset
* P \ 0.05, ** P \ 0.01, *** P \ 0.001
a

Trends from the full model are adjusted for sex, age, education level, and marital status

care in the second sensitivity analysis, the trends were still
significant in the total sample for both indexes
(OR = 0.989, P \ 0.001 and OR = 0.987, P \ 0.001
respectively). However, stratifying by age above and below
80 years old gave significant trends in the older group only
at 10%-level (P = 0.100 and P = 0.099).
Compression or expansion of morbidity?
Life expectancy at age 67(e67) increased substantially from
the mid 1990s after a period of stagnation (Table 5). The
total increases for men and women between 1986 and 2008
were 2.8 and 2.0 years, respectively. However, expected
lifetime without functional limitations (FLFLE67) or disabilities (DFLE67) increased more in both sexes. This
resulted in a substantial increase in the proportion of
expected lifetime without such health problems, among
men this proportion increased from 67 to 74% in FLFLE67
and 62 to 70% in DFLE67, and among women from 45 to
54% in FLFLE67 and from 47 to 54% in DFLE67. The
yearly changes in both FLFLE67 and DFLE67 were greater
than the life expectancy gain, suggesting an absolute
compression of functional limitations and disabilities.

Furthermore, the proportion of remaining life in good
health also increased, indicating a relative compression.

The effect in a demographic perspective
The older adult population increased throughout the study
period due to an 50% increase in the older age group
([80 years). In contrast, the population between 67 and
79 years old declined by 9%. Figure 3a and b show the
results of combining this demographic change and the
observed proportion with functional limitations throughout
this period to give the estimated numbers of older adults
with functional disability.
The number of persons aged 67–79 years decreased
during the period. The number reporting functional limitations would thus have decreased by about 11,600 (8%
reduction) if the prevalence of functional limitations had
remained at the 1986 level (34%) throughout the period.
However, the prevalence decreased by 32% until 2008,
which led to a further reduction in the number of people
with functional limitations by about 42,700. In total, we
estimate about 54,300 fewer people (37% reduction) in this
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Table 5 Life expectancy at age 67 (e67) in Norway 1986-2008, expected lifetime without functional limitations (FLFLE67) and mild disabilities
(DFLE67), and proportion of expected lifetime without functional limitations and disabilities
Total life expectancy

Functional limitations

Disabilities

e67

FLFLE67

95% CI

% FLFLE/LE

DFLE67

95% CI

% DFLE/LE

1986

13.18

8.9

8.2–9.5

67

8.2

7.5–8.9

62

1990
1994

13.25
13.87

8.8
9.2

8.1–9.6
8.4–10.0

67
66

8.6
9.0

7.8–9.3
8.2–9.8

65
65

2002

14.81

11.2

10.4–12.0

76

11.0

10.2–11.8

74

2005

15.60

11.9

11.0–12.7

76

11.6

10.7–12.4

74

2008

16

11.8

11.2–12.5

74

11.2

10.5–11.8

70

Coefficienta

0.134, P \ 0.001

0.158 (0.103–0.213), P = 0.001

0.157 (0.102–0.212), P = 0.001

1986

17.13

7.7

7.0–8.5

45

8.1

7.3–8.8

47

1990

16.96

7.8

7.0–8.6

46

8.2

7.3–9.0

48

1994

17.61

8.2

7.4–9.0

46

8.4

7.6–9.3

48

2002

18.18

10.7

9.9–11.5

59

10.5

9.6–11.4

58

2005

18.99

11.7

10.8–12.7

62

12.2

11.2–13.1

64

2008

19.12

10.2

9.5–11.0

53

10.8

10.1–11.5

57

Coefficienta

0.098, P = 0.002

0.159 (0.049–0.269), P = 0.016

Men

Women

0.164 (0.065–0.264), P = 0.010

The institutionalized populations are assumed to have both functional limitations and disability. We used weighted least square regression to test
for trends in health expectancies and estimate mean changes by year in healthy expectancies
a

Mean changes by year in health expectancies

age group reporting functional limitations in 2008 compared to 1986.
The number of people older than 80 years increased
throughout the period. The number reporting functional
limitations would thus have increased by about 45,500
(51% increase), if the proportion with functional limitations had remained at the 1986 level (62%) throughout the
period. The 13% reduction in prevalence, to 54%, until
2008 reduced the number with functional limitations by
about 17,000 people (19% reduction). Thus, the reduced
prevalence partly counteracted the effect of the demographic changes in this age group so that the total increase
in the number of people aged more than 80 years with
functional limitations was only 28,400 people (32%
increase).
When the data from both age groups were analyzed
together, the demographic changes would, if uncompensated, have added about 33,800 persons with functional
limitations throughout this period (14% increase). However, a 30% decrease in prevalence resulted in 59,800
fewer people with functional limitations compared with the
situation where the prevalence did not change throughout
the years. Based on these numbers, we estimated a reduction in the numbers of non-institutionalized older people
67 years and older with functional limitations of 25,900
people (11% reduction). The estimated prevalence of older
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people reporting functional limitations in 2008 was 34%
(209,400 people).
Although the numbers of institutionalized older people
were relatively stable as can be seen in Figs 3a and b, the
proportions of institutionalized people per age group have
decreased from about 3 to 2% among those aged
67–79 years, and from 23 to 15% among the oldest old1

Discussion
Our analysis suggests significant and substantial declining
trends for both functional limitations and disability over
recent decades. The respective average age-adjusted annual
changes were 3.3 and 3.4%. Comparing trends between
studies and countries is difficult partly because of different
study design, time period, age groups, measurement
methods, and non-response rates (Freedman et al. 2004;
Rodgers and Miller 1997). Our estimates of the trends in
Norway are in the upper range of previously estimated
trends elsewhere. For Norway Hagen et al. (2002) found a
weaker, but significant trend of -1.3% by analyzing a
slightly different mix of disabilities over the timeframe
1

Estimates based on data from the Regional Database of the NSD
and SN.

Eur J Ageing
Fig. 3 Number of older adults
in institutions and estimated
numbers with and without
functional limitations. The
dotted lines depict the number
that would have reported
functional limitations if the
proportion with such limitations
remained constant at 1986 level
throughout the period. a Age
67–79 years. b Age 80 years
and older

a

b

1985–1998; this estimate was not age adjusted. In their
recent review, Christensen et al. (2009) summarized results
from international studies and reported that the age-adjusted trends in functional limitations during the 1980s and
1990s varied between -4.86% and 0.17%. Freedman et al.
report US trends in IADL disability between -2.74 and
-0.40% for the same period (Freedman et al. 2002).
However, the proportion with functional limitations or
disability in Taiwan increased throughout the 1990s
(Zimmer et al. 2002), and a similar trend was seen in the
Swedish population of persons aged 77 years and older

(Parker et al. 2005). Robine and Michel (2004) argued that
the differences in trends between countries should be
considered in the light of each country’s different progress
in epidemiological and demographic transitions.
The downward trends were not persistent over time but
were concentrated in the latter half of the 1990s. This
pattern is consistent for all items of functional limitations
and disability (Figs 1, 2). The observed shapes of the
prevalence patterns are supported by prevalence data on
some of the items also surveyed in the SLC conducted by
SN in 1998 (data not shown here). The trends seem to have
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levelled off after 2002 or to have increased slightly
between 2005 and 2008, where we consequently found the
largest departures from what was predicted by the linear
trend. The fluctuations in prevalence rate between surveys
might also result from random variation in survey response
rate as well as undetected systematic methodological differences (Parker et al. 2008). We suspect the variations at
the end of this period to be related to differences in
methods, but SN has been unable to identify a methodological reason. One change between these surveys is the
question introduced subsequent to the functional limitations items in the 2008 survey asking the respondents to
grade the extent of difficulties. However, although no such
additional grading question was introduced subsequent to
the disability items, the prevalence pattern of disabilities
was similar to that of functional limitations. This suggests
that the upswing in prevalence of functional limitations in
2008 is not related to this methodological change. We
believe that the sum of the 2002–2008 data provides a
reasonably good estimate of the prevalence in these years,
and we therefore believe that any potential method-related
effects in some of the last three survey years had a negligible effect on these trends. The strong downward trend in
the late 1990s might partly explain why our trend estimate
is stronger than that in the previous analysis of Norwegian
data in 1985–1998 (Hagen et al. 2002). Few studies estimate disability trends using more than two to four measuring points. However, in both the US and Sweden, trends
have varied in strength and started to decline a few years
before those in Norway (Freedman and Martin 1998; Parker et al. 2008).
Increasing age is the strongest predictor of functional
limitations or disability. The subgroup analysis suggested a
slightly weaker trend with increasing age, which was significant for disability and significantat at 10% level for
functional limitation (Table 4). This agrees with Finnish
data from the 1980s and 1990s (Sulander et al. 2003) and
with a previous analysis in Norway (Hagen et al. 2002).
The downward trend in US data has been persistent across
all age groups (Schoeni et al. 2001). However, Parker et al.
presented evidence of a stronger downward trend for older
age groups in Sweden (Parker et al. 2008).
Next to age, lower educational level was the strongest
predictor of functional limitations or disability. This educational effect persisted throughout the years. The stratified
analysis suggested that the trend was weakest in the group
with the highest educational level, but this was not significant when all groups were analyzed together. This
group was small and this gives wide CIs. Few studies have
tested statistically the educational differences in these
trends, and the results are mixed. Disparities according to
educational levels increased in the US between 1982 and
1996 (Crimmins and Saito 2001; Schoeni et al. 2001) and
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in Spain between 1986 and 1999 (Sagardui-Villamor et al.
2005), whereas there were no significant trend disparities in
Japan between 1993 and 2002 (Schoeni et al. 2006).
Both in the non-stratified sample as well as in all the
compositional group strata except by education, adding
compositional factors weakened the trend (Tables 3, 4).
This suggests that the increase in the proportion of older
adults with a higher educational level throughout the period
might have contributed to the reduction in the proportion of
disabled older people in Norway. Furthermore, it is in line
with the results from others (Freedman and Martin 1999),
and with the known educational association with morbidity
and mortality (Batljan et al. 2009; Cutler and Lleras-Muney 2006; Rostad et al. 2009; Van Oort et al. 2005).
We found that women reported more functional limitations or disability even after adjusting for age, marital
status, and educational level. This phenomenon was
reported earlier in other industrialized countries (Arber and
Ginn 1993; Freedman et al. 2002; Sulander et al. 2003).
The reasons for this sex difference are likely complex. In
addition to biological causes, differences might reflect
differences in the acquired risks of illness and injury,
psychosocial aspects of symptoms and care, health
reporting behavior and prior health care (Verbrugge 1985).
The stratified analysis suggested slightly stronger trends
among women, but they did not differ significantly from
trends among men. US data suggest a similar reduction in
disparities throughout the 1990 s (Freedman et al. 2002). In
contrast, Finnish data showed a possible stronger downward trend among men than women from the 1980s to
1990s (Sulander et al. 2003).
We found indications of compression of lifetime with
both functional limitations and disabilities among those
67 years and older. The compression seemed to be both
relative and absolute. Thus, the gain in life expectancy at
age 67 has been translated into mainly healthy years.
Internationally, trends in health expectancies are diverging
(Christensen et al. 2009). Several one-country studies
suggest larger improvements in disability-free life expectancy than in life expectancy (Christensen et al. 2009;
Doblhammer and Kytir 2001; Sagardui-Villamor et al.
2005; Van Oyen et al. 2008), although French data suggest
stable health expectancies for moderate levels of disability
(Cambois et al. 2008). As health expectancy is a composite
measure including both mortality and morbidity trends,
interpreting differences in trends requires country-specific
knowledge of both trends (Robine and Michel 2004). The
composition of health expectancy by prevalence of disability (stock data) and mortality (flow data) makes it
vulnerable to bias when there are sudden changes in the
equilibrium between incidence, recovery, and mortality
associated with the specific health domain (Barendregt
et al. 1994; Cambois et al. 2008). However, Mathers and
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Robine (1997) concluded that it provides a good estimate
of the true period value if there are smooth and relatively
regular changes over the long term.
We note some limitations of this study. Firstly, measuring functional ability among older adults is challenging
and there is no aggregated measure that covers all relevant
aspects of this dimension. We focused on functional limitations and mild disability. The SLL and SLC do not offer
consistent data on more serious disabilities, such as those
affecting ADL (Katz et al. 1963) or cognitive failure. ADL
functions might be important because they are probably
more valid expressions of the demand for health care.
Secondly, self-reported health data are cheaper and
easier to obtain from a large sample and are less prone to
non-response than surveys based on observational data
(Kempen et al. 1996). However, self-reported data on ADL
functions are correlated weakly with parallel observational
data from physical function tests (Kempen et al. 1996);
they might be affected by systematic measurement errors
because the probability of reporting a health problem can
be affected by sex, age or educational level (Parker et al.
2008), depression, weak self-esteem or low self-perception
of physical competence (Kempen et al. 1996). There might
also have been a temporal trend in the propensity to consider oneself as disabled, i.e., the traditional gender gap in
expectations and requirements of IADL domains might
have changed as younger cohorts of men are gradually
becoming more competent in these areas (Freedman and
Martin 1998; Parker and Thorslund 2007; Verbrugge and
Jette (1994).
A mode effect of the increase in the proportion of
telephone interviews might yield a biased trend estimate
(Bowling 2005; Freedman et al. 2002; Herzog and Rodgers
1988; Rodgers and Miller 1997; Wolf et al. 2005). The
extent of such differential response bias is difficult to
assess, as the mode of the interview might itself be a
consequence of health status (Herzog et al. 1983; Rodgers
and Miller 1997). Based on observational cross-sectional
data, Rodgers and Miller (1997) found significantly higher
risk of disabilities and functional limitations among older
people interviewed face-to-face compared to those interviewed by telephone. However, the effect was close to zero
and non-significant after taking account of individual
demographic and health characteristics. Others have come
to similar results (Herzog and Rodgers 1988; Herzog et al.
1983; Wolf et al. 2005). We do not know of published
experimental evidence on differential response bias by
mode in self-reports of functional limitations or disability.
A randomized trial on mode effect on reports of cognitive
functioning found no such effects (Herzog et al. 1999), and
according to Wolf et al (2005), the same trial did not reveal
mode effects on disability measures either. Although these
findings might not be applicable to a Norwegian setting,

and we cannot exclude that a mode effect changes by time,
we believe the extent of a possible differential response
bias to be minor compared to the changes in capability over
time.
Thirdly, there were small differences in the distribution
of men and women and age groups between the nonresponders and responders. However, health surveys
among older people may include some selection bias
because of the higher probability of non-response in those
with poor health and disability. This leads to a possible
underestimated prevalence in any given year. We sought to
reduce the non-response selection bias using weights
(Thomsen et al. 2006). Trend estimates might be valid
despite selection bias in prevalence, as long as the degree
and direction of selection bias does not change over time.
Use of weights does not affect such non-response bias in
trend estimates. However, the sensitivity analysis showed
that the trend was downward even if all the non-responders
had had functional limitations and disability, although not
significantly among those above 80.
Fourth, and closely related, the threshold for access to
institutional care has increased. This might have led to an
increasing burden of care among the institutionalized
population (Waaler 2005) as well as among home care
users (Daatland 1997). The development has partly been
compensated by the increased use of homed based community services including assisted living housing, which in
2008 served three-quarters of all older people demanding
care services (Statistics Norway 2010). As SN does not
define these community services as institutions, their users
have been eligible to the surveys used in our study. This
trend would have contributed to increasing levels of frail
older people, and thus prevalence of disabilities and
functional limitations among the non-institutionalized
population during the period. This development might
partly explain the increase in non-responders, especially
among the oldest old. It also makes the assumption in the
sensitivity analysis that all the non-responders‘ had functional limitations and disabilities in this age group more
likely. However, as shown by our second sensitivity analysis this cannot explain the overall decrease in prevalence
of disability or functional limitations in our study.
Fifth, we estimated the trend in having both a disability
and a disease or disorder, with the net sample as the
denominator. This might have led to underestimation of
disability prevalence at any given time. However, as the
proportion reporting a permanent disease or disorder might
have increased slightly during the period, the effect on the
trend is more uncertain and in our view likely to be
negligible.
Finally, we mention two methodological factors of
uncertain significance: First, SN did not use interviews by
proxy in the SLL or SLC. Use of proxy interviews reduces
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the non-response rate but might be associated with information bias (Ostir et al. 1999; Rodgers and Miller 1997).
Second, one third of each sample from the SLL
(1987–1995) were panel samples, whereas the SLC studies
were of pure cross-sectional design. This has not been
taken into account in our analysis and led to a slight
overestimation of the variance in the data from these years.
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Abstract
Background: The vast majority of deaths occur in older adults. Paradoxically, knowledge on long-term trends in
mortality inequalities among the aged, and particularly for those aged 80 years and over, is sparse. The historical
trends in size and impact of socioeconomic inequalities on old age mortality are important to monitor because
they may give an indication on future burden of inequalities. We investigated trends in absolute and relative
educational inequalities in old age mortality in Norway between 1961 and 2009.
Methods: We did a register-based population study covering the entire Norwegian population aged 65-94 in the
years 1961−2009 (1,534,513 deaths and 29,312,351 person years at risk). By examining 1-year mortality rates by
gender, age and educational level we estimated trends in mortality rate ratios and rate differences.
Results: On average, age-standardised absolute inequalities increased by 0.17 deaths per 1000 person-years per
year in men (P<0.001), and declined by 0.07 deaths per 1000 person-years per year in women (P<0.001). Trends in
rate differences were largest in men aged 75−84 years, but differed in direction by age group in women. The
corresponding mean increase in age-standardised relative inequalities was 0.4% and 0.1% per year in men and
women, respectively (P<0.001). Trends in rate ratios were largest in the youngest age groups for both genders and
negligible among women aged 85−94 years.
Conclusions: While relative educational inequalities in old age mortality increased for both genders, absolute
educational inequalities increased only temporarily in men and changed little among women. Our study show the
importance of including absolute measures in inequality research in order to present a more complete picture of
the burden of inequalities to policy makers. As even in older ages, inequalities represent an unexploited potential
to public health, old age inequalities will become increasingly important as many countries are facing aging
populations.
Keywords: Social inequality, Mortality differentials, Health trends, Old age, Nordic welfare model

Background
Life expectancy has been increasing continuously in
developed countries, leading to an ageing of societies
[1]. Since the 1950s, this development has been driven
increasingly by declining mortality among the aged [2].
However, the benefits of this trend have not been evenly
distributed, as population figures conceal underlying
socioeconomic inequalities in mortality trends [3].
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From an earlier study we found that educational inequalities in mortality among Norwegians aged 45−64
years increased in the period 1960 to 2000 [4]. The corresponding widening of inequalities in life expectancy at
age 35 seems to have resulted from delayed onset of
gains in life expectancy in lower-educational groups
compared with higher-educational groups [5]. Knowledge on trends in mortality inequalities among the aged,
and particularly for those aged 80 years and over, is
sparse, yet paradoxically, the vast majority of health problems, health services consumption, and deaths occur in
older age groups [6,7]. Most of the published studies on
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trends in inequalities among older adults [3,8-15] have
been restricted in age [3,8,15] or were conducted after
1980 [3,8-10,15]. Although some studies covered the
period before 1980 [11,12,14] or after 2000 [10], or
assessed temporal shifts in trends [8,11,13], there is a
lack of studies of trends and their nuances over
prolonged periods. Further, some studies have relied
on relative inequality measures without notions of
trends in mortality or absolute mortality differentials
[9,12,13,16].
The choice of inequality measures in old age groups
is particularly important because health problems tend
to increase with age and policymakers need to anticipate increasing or declining inequalities in old age in
the future. Although different inequality measures express different dimensions, the rationale for choosing
one measure over another is rarely the subject of reflection [17]. Rate ratios (RRs) that express the relative
scale of inequalities in health are the traditional choice
in aetiological investigations [16,18]. They are scaleneutral, and therefore useful for directly comparing
rates of outcomes measured on different scales [16,19].
Scale neutrality also implies that using ratios alone implicitly endorses equality per se, independent of the
level or direction of trends in group-specific or overall
population health [17]. Thus, rate ratios conceal the
burden of inequalities [20] and thereby their importance
to population health [16,17]. Public health importance
might be better expressed in terms of rate differences
(RDs) because they quantify the excessive rates attributable to being in the disadvantaged group of interest
[17,21-23].
The relative risk of lower compared to higher socioeconomic position tends to diminish with age [6,12,24].
Some researchers have explained this tendency with
health selection as being due to particularly high premature mortality in disadvantaged groups [7,24,25], or postponement of ill-health in groups of higher socioeconomic
position [26]. However, age itself is a powerful risk factor
for death [27,28]. The risk for death increases exponentially with increasing age and dominates most other risk
factors for old age mortality [29,30]. Thus, in higher ages,
we might expect the relative effects of risk factors such as
low socioeconomic position to be more stable over time
than in younger ages. The apparently negligible scaling
and trends in relative inequalities in old age mortality conceal the fact that the largest mortality rate attributable to
lower education occurs in the oldest age group. Thus,
trends in absolute inequalities are particularly relevant
when studying old age mortality [6].
Inequalities in health can be considered unfair [31,32]
and a violation of the fundamental human right to enjoy
the highest attainable standard of lifelong health [33].
However, overcoming inequalities is considered an
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achievable prevention strategy [32] that has enormous
potential for improving population health [31,34]. Even
in older ages, mortality and ill-health is amenable to
interventions [35] and the interventions do not have to
be lifelong [36]. Demographic studies provide strong evidence that changes in a wide range of current conditions
are important for old age mortality, even for octogenarians and nonagenarians [36]. Numerous prevention
strategies have proven to be effective in older ages [37-48]
and treatment benefits might be more marked in older
than younger individuals due to their greater risk of diseases and death [46]. Nonetheless, many of the potentially
beneficial prevention strategies are probably not fully
exploited. In addition, organizational features might also
be of importance. For instance, fee-for-service financing
might favor cure more than prevention [49], and lack of
integration between hospitals and primary health care [50]
might hamper effective treatment and rehabilitation of
frail elderly. As ill-health can be prevented and death be
delayed, old age inequalities in health should also be
possible to reduce.
We investigated trends in relative risk (rate ratios) and
absolute risk (rate differences) of educational inequalities
in old age mortality in Norway in the period 1961 to
2009 during which considerable changes in mortality,
health policy, and expansion of a comprehensive welfare
state occurred.

Methods
Design, setting and data

Statistics Norway used unique personal id-numbers to
link the Central Population Registry to educational data
from the 1960 census, and from 1970, with data from
the National Educational Database (NUDB). Thus, educational level in the 1960s is classified according to the
1960 census, while educational level after 1970 is classified according to the NUDB. NUDB was created in 2002
and is based on self-reported data in the 1970 census
and thereafter of annual administrative records of data
on new achievements from all educational institutions in
Norway [51].
We generated 49 cohorts defined by all registered
Norwegian citizens aged 65−94 years at any time within
each year between 1961 and 2009. The 1961–1970
cohorts were restricted to people registered in the 1960
census. Cases that emigrated between 1961 and 1970
were censored in 1965. Cases that emigrated between
1971 and 2009 were included every year up to the time
of emigration and excluded thereafter. The cohorts were
followed up for deaths occurring within the following
year in Norway.
The study was approved by the Regional Committee
for Medical and Health Research Ethics, South East
Norway (approval number 2010/260).
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Variables

All deaths in Norway are reported on a medical death
certificate issued by a medical practitioner and registered
in the Central Population Registry. We classified education into two levels. Lower education was defined as
compulsory primary or lower-secondary education corresponding to the International Standard Classification of
Education (ISCED97) levels 0−2 [52]. Higher education
was defined as upper-secondary, post-secondary or tertiary education corresponding to ISCED97 levels 3−6. Although educational data from the 1960 census were
coded differently than in the NUDB, we were able to adjust educational level for the 1960s by comparing frequency tables of education codes in 1960 and 1970.
Adjustment was done by recoding all person-years in the
1960s according to the most frequent transition in educational classification between the 1960s and the 1970s.
Education was almost complete for all cohorts. The highest proportion of missing educational data (both genders,
total) was 2.6% in 1969 and 1970 (Additional file 1: Table
A1). The trend effects were given by the continuous variable “year” which was equal to calendar year minus 1960.
Statistical analysis

We calculated age-standardised and age-specific mortality rates for educational groups separately by gender.
Age-standardisation used the direct method with the
mean number of person-years in the operational gender
and age groups as the standard population. The population distribution in the 65−74, 75−84, and 85−94 age
groups by gender was 61%, 32% and 7% for men, and
54%, 36% and 11% for women, respectively.
We started by estimating the age-standardised and agespecific mortality RD and mortality RR by educational
level in both genders, with the higher educated as the
reference group. We then tested for trends in mortality
rates using Poisson regression models stratified by gender, age group, and educational level, with death count as
the outcome variable, person-years as the exposure variable, and year as the covariate. Finally, we tested for
trends in relative and absolute educational mortality inequalities in models stratified by age group and gender.
Trends in relative inequalities were tested using Poisson
regression models with death count as the outcome variable, person-years as the exposure variable, and year,
educational level, and the interaction term education by
year as covariates. The interaction terms were interpreted
as the mean yearly relative changes in RRs. To test for
trends in absolute inequalities, we used a weighted least
square (WLS) regression model with mortality rate as the
outcome variable, and year, educational level, and the
interaction term education by year as covariates. The
weights were equal to the number of person-years at risk
in each stratum. We interpreted the interaction terms as
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the person-years weighted mean yearly absolute changes
in RDs. The overall trends from 1961 to 2009 and a
time-restricted analysis of the first and second half of the
period were tested separately. Cases with missing values
(education) were excluded from the analysis. We controlled for a possible misclassification bias due to differences in educational classification by means of a
sensitivity analysis in which we estimated trends in mortality inequalities limited to the years 1971−2009.
We regarded two-sided P values <0.05 as statistically
significant and used IBM SPSS Statistic 19 (IBM Corp,
New York, USA 2010) for data preparation and analysis
by WLS-regression models. Stata/IC 12.0 (StataCorp LP,
Texas, USA, 2012) was used for tests using Poisson regression models and for graphics.

Results
In total, we included 29,312,351 person-years at risk and
1,534,513 deaths in the period 1961−2009 for ages 65
−94 years (Additional file 2: Table A2). The proportion
of person-years with lower education decreased from
77% in 1961 to 62% in 1981, 43% in 2001 and 33% in
2009 for men (Additional file 3: Table A3). The corresponding decrease for women was from 87% to 70%,
55% and 45% (Additional file 3: Table A3).
Between 1961 and 2009, the mortality for men
declined in all age and educational groups (P<0.001), but
the trends shifted over time (Figures 1 and 2). In both
educational groups, mortality initially increased or
remained unchanged before it started to decline. The decline appeared to start 5−10 years later among lowereducated than higher-educated men (Additional file 4:
Table A4, Figures 1 and 2). Educational RDs and RRs
increased in all age groups (Table 1). Between 1961 and
2009, the weighted mean yearly increase in the agestandardised RD was 0.17 per 1000 person-years and the
increase was largest among men aged 75−84 (Table 1a).
The corresponding mean yearly increase in agestandardised RR was 1.004 and the increase was largest
among the younger age groups (Table 1b). The timerestricted analyses show that the increases in RDs and
RRs were for all age groups mainly in the period 1985
−2009 (Table 1). Both RDs and RRs increased in men
aged 65−74 years in the period 1961−1984, and in all
age groups thereafter (Table 1), but the increase seems
to slow down after the 90s (Figure 3).
The mortality of women also declined in all age and
educational groups between 1961 and 2009 (P<0.001)
but shifted during the study period (Figures 1 and 2).
For women, the decline was more constant and with a
more similar absolute pace in the two educational
groups compared with men. However, an apparent convergence of mortality during the first two decades seems
to have preceded a period of slightly diverging trends.
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Figure 1 Trends in age-standardised mortality rates by educational level, 1961−2009. Men and women aged 65-94 years. One year
mortality. Shaded area represents 95% confidence interval.

Educational RDs decreased among women aged 75−84 in
the period 1961−2009, while there were no significant
overall trends in RDs among women aged 65−74 and 85
−94 (Table 1a). This resulted in an overall weighted mean
yearly decrease in age-standardised RDs of −0.07 per
1000 person-years (Table 1a). Trends in educational RRs
increased except during the 1970s, with an overall mean
yearly increase in age-standardised RRs of 1.001
(Table 1b). The largest relative changes occurred among
the youngest age group while the trend was not statistically significant among women aged 85−94 (Figure 3).
According to the time-restricted analyses and Figure 3,
both RRs and RDs appeared to decrease during the 70s,
stabilize during the 80s and increase during the 90s.
However, there were no statistically significant agespecific trends during the first half of the observation
period, in neither absolute nor relative inequalities
(Table 1). In the period 1985−2009, RDs and RRs
increased slightly in all age groups, except for the trend
in RD for those aged 85−94, which was not statistically
significant. In both genders, neither the age-standardised
trends nor the age-specific trends in inequalities differed
substantially in significance level or direction from trends
in the sensitivity analysis limited to the years 1971−2009
(Additional file 5: Table A5).

Discussion
Key findings

During the last five decades all groups have benefited
from declining mortality, but not equally; absolute

educational inequalities periodically increased in men
but changed little in women, while relative inequalities
increased in both genders. The increase in absolute inequalities slowed down in men in the last decades, but is
ongoing in the youngest women. While trends in relative
inequalities were smaller in older compared with
younger age groups, trends in absolute inequalities were
largest in men aged 75−84 years.

Strengths and limitations

This study has several strengths. First, it includes the
total target population with very few missing cases. Second, the study period is long, covering almost half a century, which featured establishment of a comprehensive
welfare state and high economic growth. Third, by estimating 1-year age-specific mortality, we were able to describe more nuances for the continuous change in
educational inequalities than has previously been
reported among older persons. Fourth, we illustrated
changes in the impact of educational inequalities over
decades of substantial increases in educational attainment. Finally, our results are relevant to others, as the
Norwegian population resembles other northern European countries in terms of trends in life expectancy and
educational attainment [53].
We also note some limitations to this study. First, the
different data source for educational level in the 1960s
involved potential misclassification. We adapted the educational level from the 1960s to the classification used
after 1970. Adjustment error might explain the increased
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Shaded area represents 95% confidence interval. Note dissimilar scales on the vertical axis.

inequalities in mortality at 1971. According to the sensitivity analysis, the trends in mortality inequalities did
not change substantially when limiting the study period
to 1971−2009 and the effect of this potential misclassification bias is likely to be limited.
Second, most of the older population attained only compulsory basic schooling. As the extent of differentiation in
educational level was limited, we compressed the educational hierarchy into two strata. Although this is a rough
classification, it reduces the extent of misclassification bias

to a minimum and provides results that can be applied in
other countries.
Third, the registrations of educational level were selfreported in the 1960- and 1970 censuses, whereas
updated data were collected directly from educational
institutions thereafter. As the majority of the study
population had probably attained their highest education
prior to 1970, most of the education level data was solely
based on the self-reported data. Although the direction
of a possible misclassification bias due to inaccurate self-
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Table 1 Trends in educational inequalities in mortality, men and women aged 65−94 years between 1961 and 2009
a) Temporal trends, mean yearly absolute change in RD (95% CI). P value
Gender, age
Men
65−74

1961−1984

1985−2009

1961−2009

0.22 (0.04 to 0.40)

0.018

0.14 (0.06 to 0.23)

0.001

75−84

0.06 (−0.24 to 0.37)

0.675

0.39 (0.18 to 0.60)

85−94

−0.26 (−1.01 to 0.49)

0.492

0.68 (0.06 to 1.31)

0.07 (−0.05 to 0.19)

0.263

Age standardised

0.28 (0.19 to 0.36)

<0.001

<0.001

0.38 (0.23 to 0.53)

<0.001

0.034

0.31 (0.04 to 0.58)

0.025

0.21 (0.13 to 0.29)

<0.001

0.17 (0.11 to 0.24)

<0.001
0.740

Women
65−74

−0.08 (−0.17 to 0.02)

0.134

0.064 (0.02 to 0.11)

0.010

0.01 (−0.02 to 0.03)

75−84

−0.26 (−0.58 to 0.05)

0.095

0.18 (0.08 to 0.28)

0.001

−0.10 (−0.17 to −0.02)

0.013

85−94

−0.36 (−1.27 to 0.56)

0.438

0.26 (−0.17 to 0.69)

0.232

−0.16 (−0.40 to 0.08)

0.186

−0.17 (−0.27 to −0.07)

0.001

0.10 (0.06 to 0.15)

<0.001

−0.07 (−0.10 to −0.04)

<0.001

Age standardised

b) Temporal trends, mean yearly relative change in RR (95% CI). P value
Men

1961−1984

1985−2009

1961−2009

65−74

1.006 (1.004 to 1.008)

<0.001

1.012 (1.011 to 1.014)

<0.001

1.011 (1.010 to 1.011)

<0.001

75 to 84

1.001 (0.999 to 1.002)

0.445

1.008 (1.007 to 1.010)

<0.001

1.006 (1.005 to 1.006)

<0.001

85 to 94

0.999 (0.996 to 1.002)

0.506

1.004 (1.003 to 1.006)

<0.001

1.002 (1.001 to 1.003)

<0.001

Age standardised

1.001 (1.000 to 1.002)

0.002

1.007 (1.006 to 1.008)

<0.001

1.004 (1.004 to 1.004)

<0.001

65 to 74

1.000 (0.997 to 1.002)

0.752

1.009 (1.007 to 1.011)

<0.001

1.005 (1.004 to 1.005)

<0.001

75 to 84

0.998 (0.996 to 1.001)

0.155

1.007 (1.006 to 1.009)

<0.001

1.002 (1.001 to 1.002)

<0.001

85 to 94

0.999 (0.996 to 1.002)

0.684

1.003 (1.002 to 1.004)

<0.001

1.000 (0.999 to 1.001)

0.821

Age standardised

0.999 (0.998 to 0.999)

<0.001

1.005 (1.004 to 1.006)

<0.001

1.001 (1.000 to 1.001)

<0.001

Women

a) Mean trends in age-specific and age-standardised mortality rate differences (RDs) per 1000 person-years between higher- and lower-educated men and
women, 1961−2009. Estimated by use of weighted least square regression using weights equal to person-years at risk in each strata. b) Mean trends in
age-specific and age-standardised mortality rate ratios (RRs) between higher- and lower-educated men and women, 1961−2009. Estimated by use of Poisson
regression.

reporting of educational level is not clear, we find it unlikely that it would substantially bias the trends.

educational lag in life expectancy gain at age 35 that we
found in a previous study [5].

Comparison with previous studies

Explanation and interpretation of results

Although our main findings are in line with those from
other Western countries, they provide more nuanced
trends of wider dimensions of inequality than have previously been reported. As mortality increases with age,
relative inequalities attenuate whereas absolute inequalities seem to increase [6,12,24]. In most Western countries, old age mortality has declined in all socioeconomic
strata over recent decades, but more so among those in
higher socioeconomic strata [3,8-11,13]. The same tendency is found in middle-aged populations in Norway
[4,54] and other Western countries [3]. According to
our analysis, educational inequalities were somewhat
weaker in the 1990s compared with earlier analysis of
Norwegian data by Huisman et al [6]. The differences
are probably due to the use of a different classification
of educational level and the use of weights.
Recent gains in life expectancy have been driven primarily by declining mortality among the aged [2]. Thus,
the delayed mortality decline among lower-educated
older men probably explains most of the corresponding

The differences we found between trends in absolute
and relative inequalities in mortality are not contradictory, but rather reflect different dimensions of inequalities [17,21,23]. Whereas the largest mortality rate
attributable to lower education occurs in the oldest
age group [6], the corresponding relative effects of
lower education diminish compared with the overall
death risk of old age itself [6]. When viewed over time, the
postponement of death to increasingly higher ages allowed
the relative effect of risk factors other than age to emerge
in the younger age groups. Hence, relative educational inequalities increased. These increases might not be a surprise since proportional mortality declines are unlikely in
periods of large mortality declines [54,55]. On the other
hand, mortality attributable to lower education increased
or remained stable despite major improvements in population health.
The periods of stable absolute inequalities might reflect the accumulated effect of multiple disadvantaged
factors associated with lower education. The distribution
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of causes of death are increasingly diversified with higher
ages [56]. While premature mortality tends to affect
high-risk individuals and often is associated with certain
risk factors, older adults are vulnerable to multiple diseases due to the aging-related physiological functional
decline and loss of reserve [56]. Thus, while in younger
populations, inequalities in all-cause mortality are sensitive to inequalities in specific risk factors for dominating
causes of death, the influence of inequalities in a single
risk factor attenuate with higher ages. Hence, the periods

of stable absolute inequalities in our study might suggest
that the disadvantages of being lower educated persisted
regardless of the changes in the prevalence of diseases
and known risk factors [57,58].
Nevertheless, there were periods of lagged mortality
decline in lower-educated men compared with highereducated men aged 65−84. This might be interpreted in
light of Victora’s reverse equity hypothesis [55] as traces
of an education-dependent lag in adoption of major
healthy innovations. In this case, such innovations must
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have been aimed at risk factors that were particularly lethal and common in men. For instance, steeper educational inequalities during the smoking epidemic [59,60]
might explain the widening of absolute educational inequalities in mortality among men in our study [61].
This would be in line with findings in studies on inequalities and cause-specific mortality in middle-aged
populations, where cardiovascular mortality has been
the main driver of socioeconomic diverging trends in
mortality [3,4].
In women, the long-term absolute and parallel declines
in mortality reveal few dynamics attributable to changing
educational inequalities in lethal epidemics. Trends
might be shifting, though, as absolute inequalities
increased slightly from the 1990s in the youngest age
groups. The delayed and weaker dynamics compared
with men might be explained by gender differences in
smoking history as the proportion of current smokers
peaked later in women than in men, and their tobacco
consumption was smaller [59].
Another often-mentioned explanation might be that
lower-educated people are more homogeneously disadvantaged now than before [3,10,11,58]. A more marginalised group of lower-educated people might be less
susceptible to public health initiatives and present an
increasing challenge to public health policies. The
lower educated group was however not marginal in size
during the study period, and constituted one third of
all men and almost half of all women in 2009. Compositional changes in the higher educated group might
also explain the persistent and widening inequalities.
During the study period, the share of tertiary educated
within the group of higher educated in our study
increased. If there is a mortality gradient by each level
of education, this would lead to widening of inequalities in mortality between the two educational groups
studied. A rise in educational level within the higher
educated group might also explain why the decline in
mortality among those with higher education did not
slow down as the group grew in size. Instead, they
experienced the strongest decline in mortality. Nevertheless, contrasted with the others, mortality was persistently elevated in the group of lower educated
people.

challenge to public health. Inequality research should always include absolute measures in order to present a
more complete picture of the burden of inequalities to
policy makers. This need is particularly evident among
the old. As even in older ages, inequalities represent an
unexploited potential to public health, old age inequalities will become increasingly important as many countries are facing aging populations.

Conclusions
In this study, following the whole old age Norwegian
population for almost five decades, we found decreasing
mortality in all educational groups, but absolute educational differences in mortality were large and persisting.
Also, relative disadvantages in older adults with lower
education increased almost continuously as population
health improved. Thus, educational inequalities in old
age mortality have posed an important and persistent
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ABSTRACT
Background: Over the last half a century education based inequalities in life expectancy have increased in
younger populations, but our knowledge of long-term trends in old-age life expectancy differentials is sparse.
We investigated the trends in remaining life expectancy at age 65 (e65) according to education in Norway for
the period 1961-2009.
Methods: This was a register-based population study including all Norwegian residents aged 65 years and
older. Individual-level data were provided by the Central Population Registry and the National Educational
Database. We classified education into higher and lower education and constructed one life table for each
calendar year, sex, and educational group. We tested for trends using weighted least square regression models.
Results: e65 increased over the observation period for all educational groups, but the difference in e65
increased by 0.060 life years per calendar year in men and 0.025 life years per calendar year in women (P <
0.001). The increase in e65 in less-educated men slowed in the 1980s and 1990s, whereas e65 in less-educated
women decelerated from the 1980s, and significantly so from 2001 (P = 0.029).
Conclusions: Educational-based inequalities in e65 increased over the last half century. The increase seems to
be temporal in men and might be ongoing in women. Increasing inequalities in e65 challenge public health
policy and will become increasingly important in the ageing societies of the future. In addition, they imply
increasing deviation from the overall life expectancy of the population, which forms the basis of the recently
implemented adjustment of pension levels according to life expectancy. Divergent trends in e65 according to
educational level may also have implications for future demographic projections.

INTRODUCTION
Western populations are ageing because of their low
fertility rates and increasing life expectancies [1]. In the
first half of the 20th century, life expectancy increased
in response to the large reductions in mortality at younger ages [2]. Whereas mortality eventually became
rare in younger age groups, declining mortality among
the middle-aged, and later in the elderly, propelled the
increase in life expectancy [3,4]. Most people in the
Western world today survive to retirement age, and the
mean expected retirement duration in OECD countries
has increased continuously for several decades [5].
However, these changes have not benefitted everyone equally. Life expectancy at retirement age varies
substantially according to socioeconomic determinants
like educational level [6], occupation [7] and deprivation levels [8]. Although relative socioeconomic inequalities in mortality diminish with age [9-11], absolute
inequalities, which are important to public health policy, increase [11]. Life expectancy is calculated based
on mortality rates, and life expectancy differentials
sum the absolute mortality rate differences in all age
groups above the index age for a specific period. Thus,
life expectancy differentials are more directly linked to
mortality rate differences than to mortality rate ratios.
Furthermore, because mortality rate differences increase with age, inequalities in old-age mortality are
most relevant to life expectancy differentials today [4].
Inequalities in health are constantly changing, and

educational inequalities in life expectancies have increased in working-aged populations between 1970 and
2000 [4,12,13]. However, we know little about the
long-term trends in life expectancy differentials among
the aged. Studies of shorter periods, up to two decades,
have revealed increasing education-based inequalities
in life expectancy at age 65 [4,14,15]. Inequalities in
life expectancy at age 65 also seem to have increased
according to other socio-economic determinants [7,8].
The increasing proportion of older adults challenges
the welfare states in several domains, and particularly
in terms of pension systems. One of the challenges has
been that politicians needed to base their pension
decisions on projections that have repeatedly underestimated future increases in life expectancy [2,5]. To
ensure the long-term affordability of their pension
systems, many OECD countries have therefore recently reformed them [5]. One of the most important innovations of pension policy in recent years has been the
automatic adjustment of benefits to life expectancy [5].
Life expectancy adjustments stabilize the finances of
the pension system and a government’s pension decisions need no longer rely on the uncertain projections
of life expectancies [5].
Life expectancy adjustment to the pension system
was adopted by Norway in 2011 [5,16]. The Norwegian model uses the combined figures for the life expectancy of the population as a whole. When the cohorts
are 61 years old, they are accorded a separate life expectancy factor for all potential retirement ages (be-
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tween 62 and 75). Upon retirement, the annual pension
is calculated by dividing the total pension entitlements
by the life expectancy factor of the birth cohort for the
particular retirement age [5]. This method does not
take into account the fact that life expectancies differ
within each birth cohort [17]. It ignores the fact that
life expectancies differ with sex [13] and with the various social conditions under which people live and age
[18]. Whereas the dependence of health on social conditions can be considered as unfair per se [19,20], life
expectancy adjustments calculated with a combined
factor might actually further increase the disadvantages of a lower socio-economic position. The Norwegian pension system includes various redistributive
elements [21], but some have argued that this new
adoption nevertheless implies fiscal transfers from disadvantaged groups to more advantaged groups [22-24].
Studies of long-term trends provide details of the
temporal variations in life expectancy differentials,
which are required to determine the future burdens of
these inequalities. Because inequalities are considered
preventable, their elimination also represents a potentially important opportunity to improve the population’s
health in general [19,25]. Furthermore, the effects of
educational inequalities on life expectancy are important for future demographic projections [26], which
until now have repeatedly under-estimated the numbers
of older people [2,5,27]. Finally, the trends in educational differences on life expectancy at the age of 65
will allow us to determine how well the overall life
expectancy adjustment of annual pensions accommodates various socio-economic groups. Therefore, knowledge of these trends will make an important contribution to the debate about future pension systems.
The objective of this study was to investigate the
changes in remaining life expectancy, according to
educational level, for all Norwegians aged 65 years
and older within the period 1961-2009.
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any time within each year. The 1961-1970 cohorts
were restricted to people registered in the 1960-census.
Cases that emigrated between 1961 and 1970 were
censored in 1965. Cases that emigrated between 1971
and 2009 were included every year up to the time of
emigration and excluded thereafter. The cohorts were
followed up for deaths occurring within the following
year in Norway.
Variables

METHODS

We used the remaining life expectancy at age 65
(hereafter referred to as “e65”) as the outcome variable.
Our estimations of e65 were based on data from the
death records of the National Population Registry.
We classified education into two levels. “Lower education” was defined as compulsory primary or lowersecondary education, corresponding to the International Standard Classification of Education (ISCED97)
levels 0−2 [29]. “Higher education” was defined as
upper-secondary, post-secondary, or tertiary education,
corresponding to ISCED97 levels 3−6. Although educational data from the 1960-census were coded differently from those in the NUDB, we were able to adjust
the educational levels for the 1960s by comparing the
frequency tables of education codes for 1960 and 1970.
This adjustment was made by recoding all person years
in the 1960s according to the most frequent transitions
in educational classification between the 1960s and the
1970s. This harmonization was not complete though.
Of those included in the 1970 cohort, and surviving to
1971, 7.6% changed their classification from less- to
more educated, 4.9% changed from more- to less
educated, and 86.8% did not change their educational
classification in 1971. In addition, 0.8% changed to
missing educational data in 1971, and 2.5% excluded
in 1970 due to missing educational data in the 1960census, were included from 1971. The educational data
were almost complete for all cohorts. The mean proportion of missing data was 1.0%, and the highest proportions of missing educational data were 2.4% in men
in 1969-1970 and 2.7% in women in 1968-1970.

Design and data

Statistical analysis

We undertook a register-based population study. Statistics Norway linked data from the National Population Registry with educational data from the 1960census, and with data from the National Educational
Database (NUDB) for 1970 to 2009. Educational level
in the 1960s was classified according to the 1960census, and educational level after 1970 according to
the NUDB. NUDB was created in 2002 and is based
on self-reported data in the 1970-census and thereafter
of annual administrative records of data on new
achievements from all educational institutions in
Norway [28].
The study population comprised the total Norwegian population aged 65 years and older for each calendar year between 1961 and 2009. We generated 49
cohorts, one for each calendar year. The cohorts were
defined as all registered citizens living in Norway at

We defined four subpopulations according to sex and
educational level. For each of the subpopulations, we
used mortality by one-year age groups to construct one
life table, for every calendar year from 1961 to 2009.
For each of these life tables, we calculated e65 and the
corresponding absolute education-based differences in
e65. Mortality was assumed to be constant beyond the
age of 95 years and equal to the crude rate for the 95+
age group [30]. We used the formula of Chiang to
estimate the 95% confidence intervals for e65 [30].
Trends in e65 were estimated for each sex and
educational group using weighted least squares regression (WLS) models in which e65 was the outcome and
calendar year the explanatory variable, and the
weights were equal to the inverse variance of e65. We
tested for sex-stratified inequalities in the trends in e65
by adding educational level and the interaction term
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Table 1. Numbers and proportions of person years and deaths, by sex, educational level, and period, in men and women aged 65
years and above and residing in Norway, in 1961–2009. “Lower education” is defined as compulsory primary or lower-secondary
education, corresponding to the ISCED97 levels 0–2. “Higher education” is defined as upper-secondary, post-secondary, or tertiary
education, corresponding to ISCED97 levels 3–6 (ISCED97 = International Standard Classification of Education 1997) [29]. Proportion of missing educational data (total, both sexes): 1.0%.

Person years
Men

Women

Both sexes

Deaths
Men

Women

Both sexes

Educational
level

1961–1970
n
%

Period
1981–1990
n
%

1971–1980
n
%

1991–2000
n
%

2001–2009
n
%

Total
n

%

Lower
Higher
Total

1448211
510002
1958213

74
26
100

1558719
803839
2362558

66
34
100

1585638
1151761
2737400

58
42
100

1383335
1472340
2855675

48
52
100

995219
1597398
2592616

38
62
100

6971123
5535340
12506463

56
44
100

Lower
Higher
Total

2051506
410373
2461879

83
17
100

2286557
858462
3145019

73
27
100

2546163
1245739
3791902

67
33
100

2407685
1611595
4019280

60
40
100

1780080
1751623
3531703

50
50
100

11071991
5877793
16949784

65
35
100

Lower
Higher
Total

3499717
920375
4420092

79
21
100

3845276
1662301
5507577

70
30
100

4131801
2397500
6529302

63
37
100

3791020
3083935
6874955

55
45
100

2775299
3349021
6124319

45
55
100

18043114
11413133
29456247

61
39
100

Lower
Higher
Total

96783
27566
124349

78
22
100

107798
44903
152701

71
29
100

111902
62712
174614

64
36
100

101405
77144
178549

57
43
100

70099
74334
144433

49
51
100

487987
286659
774646

63
37
100

Lower
Higher
Total

110027
14072
124099

89
11
100

118576
30375
148951

80
20
100

126993
46976
173969

73
27
100

131797
62882
194679

68
32
100

105707
65418
171125

62
38
100

593100
219723
812823

73
27
100

Lower
Higher
Total

206810
41638
248448

83
17
100

226374
75278
301652

75
25
100

238895
109688
348583

69
31
100

233202
140026
373228

62
38
100

175806
139752
315558

56
44
100

1081087
506382
1587469

68
32
100

education by year to the model specified above. The
interaction terms were interpreted as the mean absolute
yearly changes in the differences in e65. We tested for
the overall trends from 1961 to 2009 and separately for
sub-trends in each of five periods: 1961-1970, 19711980, 1981-1990, 1991-2000, and 2001-2009.
To compare the overall life expectancy with the
group-specific life expectancies, we also constructed a
joint life table for both sexes and both educational
groups together, based on mortality rates according to
one-year age groups.
We regarded two-sided P values of < 0.05 to be statistically significant and used Stata/IC 12.0 (StataCorp
LP, College Station, TX, USA, 2012) to construct the
life tables, for the statistical analyses, and to create
graphics.

RESULTS
The study population included 29,456,247 person years
and 1,587,469 deaths in the period 1961-2009 for ages
65 and above (Table 1). The proportion of person years
with lower education decreased from 74% to 38% for
men and from 83% to 50% for women between the
1960s and the years after 2000 (Table 1).
Among men, e65 increased from 14.8 to 16.8 years
in the less-educated and from 15.7 to 19.0 years in the
more-educated between 1961 and 2009 (Figure 1).

The weighted mean yearly increase in e65 from
1961 to 2009 was 0.045 life years per calendar year for
less-educated men (P < 0.001) and 0.105 life years per
calendar year in more-educated men (P < 0.001; Figure 2). However, the pace and pattern of change was
not constant. During the first decade, e65 declined in
both educational groups (P < 0.001), whereas from
1970 onwards, e65 seemed to increase at an accelerating rate. Since 2001, this rate has been 0.173 life
years per calendar year for less-educated men (P <
0.001) and 0.207 life years per calendar year for moreeducated men (P < 0.001; Figure 2).
The smaller increase in e65 among less-educated
men led to an increasing education-based difference in
e65 over the observation period (Figure 3). These differences were statistically significant from about 1990
onwards (Figure 3). The sub-trend analysis revealed
that the differences increased significantly through the
1980s (P = 0.035) and 1990s (P = 0.016; Figure 4).
Overall, education-based differences in e65 increased
by 0.060 life years per calendar year between 1961 and
2009 (P < 0.001; Figure 4).
Among women, e65 increased from 16.8 to 20.5
years in the less-educated and from 18.1 to 23.0 years
in the more-educated between 1961 and 2009 (Figure
1). The weighted mean yearly increase in e65 from
1961 to 2009 was 0.088 life years per calendar year for
less-educated women (P < 0.001) and 0.113 life years
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Figure 1: Remaining life expectancy at age 65 (e65) by educational level, men and
women, 1961-2009. Shaded area represents 95% confidence interval. The brown, dotted
line represents the overall figures for the population as a whole.
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Figure 1. Remaining life expectancy at age 65 (e65) by educational level, men and women, 1961-2009. Shaded area represents 95% confidence interval. The dotted line in the middle represents the overall figures for the population as a whole.

Figure 2: Weighted mean yearly change in e65 by educational level and period, 19612009. Trends for five sub-periods and overall trend (1961-2009). Men and women. 95%
confidence interval. Estimated by WLS-regression models stratified by sex and
educational level, where e65 is explained by calendar year

1

Figure 2. Weighted mean yearly change in e65 by educational level and period, 1961-2009. Trends for five subperiods and overall trend (1961-2009). Men and women. 95% confidence interval. Estimated by WLS-regression
models stratified by sex and educational level, where e65 is explained by calendar year.

Figure 3: Absolute education-based differences in e65 between more and less-educated,
1961-2009. Men and women. Shaded area represents 95% confidence interval.

per calendar year for more-educated women (P <
0.001; Figure 2). The rate of increase was more constant throughout this period in women than in men,
and no decade showed a significant decline in e65. As
in men, e65 seems to have increased at an accelerating
rate from the 1970s onwards. Since 2001, the rate has
been 0.132 life years per calendar year in less-educated women (P < 0.001) and 0.197 years per calendar
year in more-educated women (P < 0.001; Figure 2).

Education-based differences in e65 have also tended to
increase. Except for a short period at the beginning of
the 1970s, education-based differences in e65 have
increased and these differences were significant from
about 1985 onwards (Figure 3). The sub-trend analysis
revealed that these differences declined significantly in
the 1970s, whereas they tended to increase later. Since
2001, the increase in the differences in e65 has been
significant (P = 0.029; Figure 4). Overall, education-
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Figure 3. Absolute education-based differences in e65 between more and less-educated, 1961-2009.
Men and women. Shaded area represents 95% confidence interval.

Figure 4: Weighted mean yearly change in education-based differences in e65 by
educational level and period, 1961-2009. Trends for five sub-periods and overall trend
(1961-2009). Men and women. 95% confidence interval. Estimated by WLS-regression
models stratified by sex and educational level, where e65 is explained by the main
effects and interaction effects of calendar year and educational level

Figure 4. Weighted mean yearly change in education-based
differences in e65, 1961-2009. Trends for
3
five sub-periods and overall trend (1961-2009). Men and women. 95% confidence interval. Estimated by
WLS-regression models stratified by sex, where e65 is explained by the main effects and interaction
effects of calendar year and educational level.

based inequalities in e65 increased by 0.025 life years
per calendar year between 1961 and 2009 (P < 0.001;
Figure 4).
Relationship between subgroup-specific e65 and
overall e65 for the whole population
With the exception of the 1960s, men had a lower e65
and women a higher e65 than the overall e65 for the population as a whole (Figure 1). The increase in e65 was

slower in men in the 1970s and 1980s than the increase
in the overall e65 (Figures 1). Whereas the rate of e65 increase in more-educated men approximated the increase
in the overall e65 at the end of the 1980s, the rate of e65
increase in less-educated men did not catch up until
after 2000 (Figure 1). The increase in e65 among lesseducated women seems to have been slower than the
increase in e65 for the whole population throughout the
entire period examined, except in the 1970s (Figure 1).
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DISCUSSION
Overall, e65 increased in men and women between
1961 and 2009. This increase was greatest among
more-educated. Education-based inequalities in e65
increased in both sexes, albeit somewhat more markedly in men. The e65 of men decreased in the 1960s,
before a long and still ongoing period of accelerated
increase from the 1970s. However, during much of the
1970s and 1980s this rate of acceleration in e65 was
slower in less-educated men behind their more educated counterparts, causing the education-based inequalities in e65 to increase. From 2000 onwards, the rate of
increase in e65 among less-educated men approximated
the rate among more-educated men, and the gap in e65
stabilized. In women, e65 increased more steadily
throughout the period than in men. From 1980 onwards, the increase in e65 in less-educated women
seems to have decelerated and the difference in e65
between less- and more-educated women has increased, although this increase was only statistically significant in the period 2001-2009.
Strengths and limitations
This study had several strengths. First, it included the
total Norwegian population aged 65 years and older,
and there were very few missing cases. Second, it
covered a long period of almost half a century, and
thereby mapped large changes in society, with the
establishment of the welfare state and strong economic
growth [31]. Third, by estimating life expectancies in
one-year periods, we described more nuances in the
changes in the education-based inequalities in e65 than
have been reported previously among older persons.
We also note some limitations of this study. First,
the change in the data source for educational levels
between the 1960s and thereafter may have generated
some misclassification bias. We sought to reduce this
potential bias by adjusting the educational levels used
in the 1960s to the classification used after 1970. However, systematic adjustment errors may have led to
conservative estimates of differences in e65 during the
1960s which would lead to overestimation of the
overall trends. Nevertheless, the sub-trends after 1970
would not have been affected, and the overall trends
from 1971 to 2009 would yield the same conclusions
of increasing inequalities in e65. The extent of any
potential misclassification bias was reduced by our
compression of the educational hierarchy into only two
strata.
Another issue of concern is the use of educational
levels as a socio-economic determinant. Educational
level has been shown to be an important health determinant in old age [32-34]. However, its distribution is
highly skewed in older populations. The oldest old in
our population were born in the second part of the 19th
century. At that time, Norway reformed the school
system and merged the class-stratified schools of the
working-, middle, and upper class into one common
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school system [35,36], to ensure that anyone could
achieve higher education, independent of social position. However, large social and geographic differences
in educational opportunities persisted for several decades [35,36]. The limited extent of differentiation by
educational levels was another reason for compressing
the educational hierarchy into two strata.
Finally, whereas the records of educational level
were self-reported in the 1960s and the 1970-census,
updated data have been collected directly from educational institutions thereafter. Thus, as most of the study
population had probably finished their education prior
to 1970, most of the educational level data was selfreported. Although this could be a source of misclassification bias due to inaccurate self-reporting, the direction of this bias is unclear, and we consider it unlikely
to have substantially biased the trends.
Comparison with previous studies
The increases in e65 revealed in our study resemble the
increases in life expectancy at age 35 (e35) in Norway,
reported by Steingrímsdóttir et al. in their analysis
based on the same data source [13]. The slower increase in e65 in less-educated men in the 1980s and
1990s and the decelerated increase in e65 in the lesseducated women from the 1980s onwards were also
observed in e35 in their study. These similar patterns of
changes occur because the educational differences in
increases in survival probabilities between 1961 and
2009 were much larger among people aged 65 and
above than among those aged 35 to 64 [13].
We do not know of any other study of the trends in
education-based inequalities in life expectancy among
older adults covering more than two decades. Our subtrend results are consistent with the results of shortertrend studies. The education-based inequalities in e65
increased in both sexes in Belgium between 1991 and
2001 [4] and in the USA between 1970 and 1990 [14].
In Sweden, education-based inequalities in e65 increased among non-manual workers, whereas they declined
among manual workers between 1980 and 1997 [15].
Trends in life expectancy among older adults have also
been studied according to other socio-economic health
determinants. Inequalities in e65 between the leastdeprived and most-deprived socio-economic counties
in the USA increased between 1980 and 2000 [8].
According to Finnish data provided by Martikainen et
al. [7], the gap in e65 between manual and non-manual
workers increased in both sexes between 1971 and
1995, and the largest increase was during the 1980s.
Most of the increases in life expectancy at birth (e0)
are now increasingly driven by declining mortality
among those in higher age groups [3,4]. Therefore, it is
also tempting to compare our results with trends in
best-practice life expectancy: i.e., the highest national
value recorded in the world, as presented by Oeppen
and Vaupel in Science in 2002 [2]. They found that in
the record-holding countries, e0 rose for 160 years at a
steady rate of 0.243 life years per calendar year in
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women and 0.222 life years per calendar year in men.
According to our analysis, the accelerated increase in
e65 in Norway now approximates the rate of increase in
e0 in the record-holding countries.
The increases in e65 after 2000 seen in our analysis
also exceed the current projections of e0 towards 2100
by Statistics Norway, which stipulated an increase of
about 0.12 life years per calendar year in men and 0.10
life years per calendar year in women [37].
Explanation and interpretation of our results
Trends in mortality rates among older adults are not
only the main explanation for the recent increases in
life expectancies at birth and young ages, but also the
main explanation for the increases in education-based
differences in life expectancies [4,13]. Most deaths
occur among older people [11,33], and consequently,
education-based differences in old-age mortality are
the main driver behind the education-based differences
in life expectancy in younger age groups [4]. This
illustrates the importance of using absolute inequalities
in mortality rates to evaluate public health in addition
to relative inequalities. Although the large and
increasing relative socio-economic-based inequalities
in mortality found among younger age groups are important challenges for health policy, it is the difference
in absolute risk that affects the life expectancy differentials.
Explaining trends in e65 was beyond the scope of
this paper and the long lives lived of our study population make it challenging to disentangle particular
causes behind the trends. For instance, the variation in
causes of death increases with higher ages [38], and
contrary to younger age groups, old age mortality is
not restricted to high risk individuals, and it results
from more complex states of coexisting diseases [38].
Despite the complexity of inequalities in older ages,
some general theories are nevertheless interesting [3941]. Social conditions might be fundamental causes of
ill-health, mediated by shifting mechanisms throughout the period [42,43] which accumulate over the life
course. The possible mechanisms include educationbased inequalities in environmental and occupational
hazards, absolute and relative deprivation, cultural
capital and behavior [39-41]. The higher educationgroup might have been faster in recognizing new
health-enhancing knowledge and interventions, and
they might have been more able to benefit from them
through behavior change [43-45].
All of these mechanisms might contribute in explaining why inequalities exist [39]. Nevertheless, in order
to explain the temporal widening in e65, and also the
sex-differences in trends, the mechanisms must have
been related to major lethal risk factors that changed in
impact or educational distribution over time. Causespecific mortality rates might provide some clues. In
middle aged populations, and especially among men,
cardiovascular mortality has been the main cause of
increasing socio-economic-based inequalities in morta-

lity [46,47]. A frequently suggested explanation has
been the tobacco epidemic [45,48,49]. Educationbased inequalities in tobacco use are still increasing,
and these increases vary between men and women [48,
50], which might partly explain the trends we found
[39,43,51]. The delayed and lower uptake of tobacco
use among women compared with men may explain
the weaker increase in e65 among less-educated women
from the 1980s and thereafter.
Another often mentioned factor is compositional
changes in the social strata. While the educational
opportunities of the oldest birth cohorts depended
more on family background, the welfare state has
aimed at providing equal opportunities for all. As others have suggested, the following expansion of higher
education might have resulted in a stronger socially
differentiation of material and immaterial resources in
younger birth cohorts [4,7,39,47]. An education-based
polarization of immaterial resources like cultural capital
and personal characteristics could be of particular importance by influencing ability and motivation to
behavior change [39]. Although the delayed increase
in educational attainment among women could explain
the sex-differences in trends in e65, we consider the extent of compositional changes to be somewhat limited
in our study as the lower educational group was large
throughout the study period. Further, compositional
changes cannot explain why inequalities in e65 among
men seemed to stabilize after 2000.
Implications of our results
Research in preventive medicine and demography has
shown that even in older ages, mortality is amenable to
interventions [52,53]. Thus, old age inequalities represent an unexploited potential to public health which
will become increasingly important as many countries
are facing aging populations.
Our findings might also have implications for national population forecasts. In the current “middle
alternative” forecast by Statistics Norway, mortality is
assumed to decline further by about the same rate as
has been observed since the 1950s. These assumptions
will lead to e0 in 2100 of about 89.5 years in men and
92.5 years in women [37], corresponding to a mean
rate of increase of 0.12 life years/calendar year in men
and 0.10 life years/calendar year in women. Our
findings suggest that the increases in e65 have recently
accelerated beyond these levels in all educational strata.
It is too early to tell whether this trend will persist, but
historically, demographic projections have systematically under-estimated the number of older people [2,
26,27]. A possible reason for this is that the projections do not take into account the increases in the level
of education in the population [26].
The differences in e65 between the sexes, the two
educational groups, and the population as a whole reflect the group-specific fit of the joint life-expectancy
adjustment of pension levels. Men, and especially lesseducated men, will receive lower pensions than the
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group-specific life expectancy indicates. On the contrary, more-educated women will receive higher
annual pensions than is indicated by the group-specific
life expectancy. This effect can be illustrated by the
relative deviations of the group-specific e65 values
from the overall e65 for the population as a whole. The
e65 values for less- and more-educated men were 16%
(3.28 years) and 6% (1.16 years) lower than the overall
e65, respectively, in 2009. The corresponding values
for less- and more-educated women were 2% (0.38
years) and 14% (2.85 years) higher than the overall
e65, respectively. Thus, if the pension reform had been
fully implemented in 2009, less- and more-educated
men retiring at age 65 would have received annual
pensions 16% and 6% lower, respectively, than if the
method of life expectancy adjustment had taken sex
and educational level into account. In contrast, lessand more-educated women would have received annual
pensions 2% and 14% higher, respectively, under the
same system. The increases in education-based inequalities in e65 might lead to even larger discrepancies
between group-specific life expectancies and overall
life expectancies in the future. Nevertheless, pension
levels are determined by complex calculations [21].
Thus the seemingly favoring of more-educated women
compared to less-educated men due to life expectancy
adjustment by unisex factors is moderated by several
factors, including sex differences in working life history, and the inversely relation between pension replacement rates and individual earnings [5,21].

educated people, so that the education-based differences in e65 have increased. Our study shows that increasing education-based inequalities in old-age mortality
are the main causes of the increasing inequalities in
life expectancies in younger age groups. These increasing inequalities in e65 are challenges for public health
policy but represent nevertheless a significant opportunity to improve the population’s health. In addition,
inequalities in life-expectancy have become even more
relevant in the light of the recently implemented lifeexpectancy-based adjustment of annual old-age pensions. Our findings of educational-based divergent
trends in e65 might also have implications for demographic projections in the future.
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