Diet and frailty in Norwegian older
adults

The Tromsg Study

Dina Moxness Konglevoll
Dissertation for the degree of Philosophiae Doctor (PhD)

Department of Nutrition
Institute of Basic Medical Sciences
Faculty of Medicine
University of Oslo

Oslo 2023



© Dina Moxness Konglevoll, 2024

Series of dissertations submitted to the
Faculty of Medicine, University of Oslo

ISBN 978-82-348-0411-3

All rights reserved. No part of this publication may be
reproduced or transmitted, in any form or by any means, without permission.

Cover: UiO.
Print production: Graphic center, University of Oslo.



‘Until the moment it is upon us, old age is something that only affects other people.’

Simone de Beauvoir, 1970
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SUMMARY

Background: With a rapidly ageing population, age-related syndromes like the frailty
syndrome is rising both nationally and globally. Frailty is characterized by increased
vulnerability and reduced resilience to stressors in older adults. Frail and pre-frail individuals
have higher risk of ill health and need for health care services. Diet is an important modifiable
risk factor for the frailty syndrome. Protein, fish, and an overall healthy diet have been
independently associated with frailty; however, the effect of long-term intake remains
unknown and the results are inconsistent. Increased knowledge about the association between
diet and frailty may contribute to future enhanced prevention, management and, on an
individual level, even reversal of the frailty syndrome. This will promote healthier ageing in

the population, which has substantial economic and societal benefits.

Aims: The aim of this PhD thesis was to elucidate the longitudinal association between diet
and frailty in Norwegian older adults. Specifically, we aimed to analyse the relationship
between previous intake of daily protein and frequency of lean, fatty and total fish on later
pre-frailty/frailty, and also the association between long-term patterns of intake of protein,
fish and the overall diet over 21 years, and pre-frailty/frailty in older age.

Methods: This thesis used data from the last four surveys of the population-based Tromsg
Study: Tromsg4 (baseline, 1994-95) to Tromsg7 (follow-up, 2015-16). The study population
consisted of men and women (Paper I, n = 3726, Paper Il, n = 4350, Paper I1l, n =715) who
were aged > 44 years at baseline (corresponding to > 65 years at follow-up), with data on
relevant dietary variables and frailty at follow-up. In Papers | and 11, physical frailty at
follow-up was defined by a modified version of Fried et al.’s definition, by unintentional
weight loss, exhaustion, low physical activity, low grip strength and slow walking speed,
categorizing participants as ‘frail” (> 3 characteristics present), ‘pre-frail” (1-2 characteristics
present), and ‘robust’ (none present). In Paper II1, frailty was defined using a 41-item frailty
index, assessed as a continuous scale between 0-1 with higher scores indicating more severe
frailty. In Paper I, the exposure was daily protein intake (in g/kg bodyweight and g/megajoule
(MJ)) in Tromsg4 and Tromsg7, and patterns of protein intake over 21 years (i.e. between
Tromsg4 and Tromsg7), and the outcome was pre-frailty/frailty. In Paper 11, the exposure was
low frequency (0-3/month), medium (1-3/week) and high (> 4 times/week) of lean, fatty, and
total fish intake in Tromsg6 (2007-08), and stable patterns of total fish intake over 21 years.

The outcome was pre-frailty. The patterns of protein and fish intake in Papers | and Il were

Xi



constructed via cross-tabulation. In Paper 111, the exposure was five dietary trajectories over
21 years based on three diet scores measured in Tromsg4, Tromsg5 (2001) and Tromsg7, and
the outcome was the frailty index score. The diet scores assessed the diet according to the
Nordic Nutrition Recommendations (NNR) 2023. The dietary trajectories were created using
group-based trajectory modelling. The diet—frailty associations were analysed using
multivariable logistic (Papers I and I1) and linear (Paper I11) regression, adjusted for

confounding baseline variables.

Results: In Paper I, the prevalence of pre-frailty and frailty at follow-up was 27% and 1%,
respectively. A higher daily intake of protein in g/kg bodyweight was associated 57% lower
odds of pre-frailty/frailty 21 years later (odds ratio (OR) = 0.43, 95% confidence interval
(95% CI) = 0.31, 0.58). The patterns ‘stable low” (OR = 1.90, 95% CI = 1.16, 3.09) and
‘decreased’ (OR = 1.85, 95% CI = 1.14,2.99) protein intake in g/kg bodyweight over 21 years
were associated with 90% and 85% increased odds of pre-frailty/frailty, respectively,
compared with a stable high pattern of intake. No associations were found between protein in
9/MJ and pre-frailty/frailty. In Paper Il, the prevalence of pre-frailty was 28%. A high intake
of lean, fatty, and total fish were associated with 28% (OR =0.72, 95% CI = 0.53,0.97), 37%
(OR =0.63, 95% CI = 0.44,0.92) and 31% (OR = 0.69, 95% CI = 0.52,0.91) lower odds of
pre-frailty 8 years later, compared with a low intake, respectively. For fatty fish, a medium
intake was associated with 19% lower odds of pre-frailty (OR = 0.81, 95% CI = 0.68,0.97). A
stable high total fish intake over 21 years was associated with lower odds of pre-frailty
compared with a stable low intake (OR = 0.59, 95% CI = 0.38,0.91). In Paper Ill, five dietary
trajectories over 21 years were identified. The trajectories ‘moderately healthy’ and ‘healthy
increase’ were associated with 0.02 (f = —0.02, 95% CI = —-0.04, —0.002) and 0.03 (g = —0.03,
95% CI =-0.06, —0.007) lower frailty index score in Tromsg7, respectively, compared with

the ‘unhealthy’ trajectory.

Conclusion: This thesis consistently demonstrated that diet in mid-life influences frailty in
older age. Our findings suggest that a higher protein intake, frequent intake of lean, fatty, and
total fish, and an overall healthy diet in line with the NNR2023 may be associated with lower
pre-frailty and frailty risk in older age. Specifically, our studies emphasize the importance of
maintaining consistent healthy dietary habits through adulthood and into older age, as this was
associated with lower frailty risk. This supports the promotion of a healthy lifestyle and diet,

including adhering to dietary guidelines from adulthood mid-life, if not earlier, to facilitate
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healthier ageing in the Norwegian population. However, more research is needed to confirm
the association between long-term diet and pre-frailty and frailty.
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SAMMENDRAG

Bakgrunn: Med en raskt aldrende befolking, gker forekomsten av aldersrelaterte tilstander
som skrgpelighet bade nasjonalt og globalt. Skrgpelighet er en sammensatt tilstand
karakterisert av gkt sarbarhet og redusert toleranse for stress og pakjenninger hos eldre.
Skrapelige og pre-skrapelige individer har gkt risiko for darlig helse og gkt bruk av
helsetjenester. Kosthold er en viktig modifiserbar risikofaktor for skrapelighet. Protein, fisk
og et generelt sett sunt kosthold har blitt assosiert med skrapelighet, men effekten av inntak
over tid er ikke fastslatt og resultatene er inkonsekvente. @kt kunnskap om sammenhengen
mellom kosthold og skragpelighet kan bidra til bedre forebygging, behandling og — pa
individniva — til og med reversering av skrgpelighet. Dette vil fremme sunnere aldring i

befolkningen, med potensielt betydelige skonomiske og samfunnsmessige fordeler.

Mal: Malet med denne doktorgradsavhandlingen var a belyse den longitudinelle
sammenhengen mellom kosthold og skrgpelighet hos norske, eldre individer. Spesifikt ville vi
undersgke sammenhengen mellom tidligere inntak av daglig protein, og hyppighet av mager,
fet og total fiske og senere skrapelighet/pre-skrgpelighet, samt sammenhengen mellom
mgnstre av inntak av protein, fisk, og hele kostholdet over 21 ar, og pre-

skrapelighet/skrapelighet blant eldre.

Metoder: Denne avhandlingen har brukt data fra de fire siste studiene i den
befolkningsbaserte Tromsgundersgkelsen: fra Tromsg4 (baseline, 1994-95) til Tromsg7
(oppfelging, 2015-16). Studieutvalget bestod av menn og kvinner (Artikkel I, n = 3726,
Artikkel I, n = 4350, Artikkel 111, n = 715) som var > 44 ar ved baseline (tilsvarende > 65 ar
ved oppfalging) og hadde data pa relevante kostholdsvariabler, og skrgpelighet ved
oppfalging. I Artikkel 1 og 11 ble fysisk skrgpelighet definert med en modifisert versjon av
Fried’s skrapelighetsdefinisjon, basert pa utilsiktet vekttap, utmattelse, lav fysisk aktivitet, lav
gripestyrke og langsom ganghastighet. Deltagerne ble klassifisert som skrgpelige (> 3
karakteristikker til stede), pre-skrapelige (1-2 karakteristikker) og robust (ingen
karakteristikker). | Artikkel 111 ble skrgpelighet definert med en skrapelighetsindeks basert pa
41 helsevariabler, undersgkt som en kontinuerlig skala mellom 0-1 der hgyere score indikerer
mer skrgpelighet. | Artikkel | var eksponeringen daglig proteininntak (i g/kg kroppsvekt og
g/kg megajoule (MJ)) i Tromsg4 og Tromsg7, og mgnstre av proteininntak over 21 ar (det vil

si fra Tromsg4 til Tromsg7), og utfallet var pre-skrgpelighet/skrapelighet kombinert. |
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Artikkel 11 var eksponeringen lav (0-3 ganger manedlig), middels (1-3 ganger ukentlig) og
hay (> 4 ganger ukentlig) hyppighet av inntak av mager, fet, og total fisk i Tromsg6 (2007—
08), og stabile manstre av fiskeinntak over 21 ar. Utfallet var pre-skrgpelighet. Manstrene av
protein og fiskeinntak i Artikkel I og Il ble identifisert ved krysstabulering. | Artikkel 111 var
eksponeringen fem kostholdsmgnstre basert pa tre kostscorer malt i Tromsg4, Tromsg5
(2001) og Tromsg7, og utfallet var skrgpelighetsindeksen. Kostscorene malte deltagernes
kosthold opp mot de nye nordiske kostradene (NNR) 2023. Kostholdsmgnstrene ble
identifisert ved hjelp av group-based trajectory modelling. Assosiasjoner mellom
kostholdsfaktorene og pre-skrgpelighet ble analysert ved multivariabel logistisk (Artikkel | og

I1) og lineeer (Artikkel I11) regresjon, justert for konfunderende baselinevariabler.

Resultater: | Artikkel | var forekomsten av pre-skrgpelighet og skrgpelighet ved oppfalging
pa henholdsvis 27% og 1%. Et gkt daglig inntak av protein i g/kg kroppsvekt var assosiert
med 57% lavere odds for pre-skrgpelighet/skrgpelighet 21 ar senere (odds ratio (OR) = 0.43,
95% konfidensintervall (KI) = 0.31,0.58). Manstrene stabilt lavt (OR = 1.90, 95% Kl =
1.16,3.09) og synkende (OR = 1.85, 95% Kl = 1.14,2.99) proteininntak i g/kg kroppsvekt over
21 ar var assosiert med henholdsvis 90% og 85% hgyere odds for pre-
skrapelighet/skrapelighet sammenliknet med et stabilt hgyt inntak. Ingen sammenheng ble
observert mellom proteininntak i g/MJ og pre-skrgpelighet/skragpelighet. I Artikkel 11 var 28%
av deltagerne pre-skrgpelige. Et hgyt inntak av mager, fet og total fisk var assosiert med
henholdsvis 28% (OR = 0.72, 95% KI = 0.53,0.97), 37% (OR = 0.63, 95% Kl = 0.44,0.92) og
31% (OR =0.69, 95% Kl = 0.52,0.91) lavere odds for pre-skrgpelighet 8 ar senere,
sammenliknet med et lavt inntak. For fet fisk var ogsa et middels hyppig inntak assosiert med
lavere odds (19%) for pre-skrepelighet sammenliknet med et lavt inntak (OR = 0.81, 95% ClI
=0.68,0.97). Et stabilt hgyt totalt fiskeinntak over 21 ar var assosiert med 41% lavere odds
for pre-skrapelighet sammenliknet med et stabilt lavt inntak. | Artikkel 111 identifiserte vi fem
kostholdsmenstre over 21 r. Monstrene ‘moderat sunt’ og ‘sunt og ekende’ var assosiert med
0.02 og 0.03 lavere skrapelighetsindeks score 1 Tromseg7, sammenliknet med et ‘usunt’

mgnster.

Konklusjon: Denne doktorgradsavhandlingen har konsekvent vist at kosthold i voksen alder
pavirker skrgpelighet i eldre alder. Vare funn tyder pa at et hgyere proteininntak, hyppig
inntak av mager, fet og total fisk, samt et generelt sunt kosthold i trad med NNR2023, kan
veere assosiert med lavere risiko for pre-skrepelighet og skrapelighet i eldre alder. Spesielt

demonstrerer vare funn viktigheten av & opprettholde konsekvente sunne kostholdsvaner over
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tid, da dette var gjennomgaende assosiert med lavere risiko for skrgpelighet. Dette statter
arbeid som fremmer en sunn livsstil og et sunt kosthold, hos voksne, for & legge til rette for en
sunnere aldring i den norske befolkningen. Mer forskning er imidlertid ngdvendig for &

bekrefte sammenhengen mellom langsiktig kosthold og pre-skrapelighet og skrapelighet.
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1 Introduction
1.1 Ageing

1.1.1 Health and life expectancy through history

In the pre-modern era, global life expectancy was approximately 30 years. Infectious diseases
were widespread and child mortality high — as late as the year 1800, more than one-third of
children died before the age of 5 and a higher proportion during adolescence (1). Only a small
proportion of people lived longer lives and got old. From the nineteenth century,
modernization and industrialization of society led to immense progress in public health,
substantially increasing life expectancy in the countries that underwent early industrialization
(1, 2). Over the last two centuries, there has been a shift from child mortality caused by acute

diseases to adult mortality from chronic and degenerative diseases (2).

Between 1800 and 2019, global life expectancy more than doubled, from 29 years to 73 years
and, in Europe, it increased from 33 years to 79 years (Figure 1). Similarly, Norwegian life
expectancy increased from 48 years to 83 years between 1846 and 2019 (1).

Our World
in Data
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Figure 1 Human life expectancy 1800-2019: worldwide, Europe, Norway. y, years. Figure adapted from Roser,
Ortiz-Ospina and Ritchie (1), data freely available for reproduction.



This increase in life expectancy is the crowning achievement for humanity of the modern age
and reflects sustained improvements in health and healthcare, economic growth and social
policy (1, 3, 4). Across the globe, women outlive men — as they have done since the early
twentieth century (3). Also, in Norway, women live the longest: in 2017 the average life

expectancy was 84 years for women and 81 years for men (4).

1.1.2 The ageing population
In addition to the increased life expectancy, the population — as a whole — is ageing. The share
and number of older people in the world are growing rapidly (5), further exacerbated by
reduced fertility rates (6). In fact, the population aged > 60 years is growing at a faster rate
than the total population in nearly all world regions (7). Globally, there were 703 million
people aged > 65 years in 2019. By 2050, that number is projected to have more than doubled,
to 1.5 billion (8). This translates into an expected increase in the proportion of older adults (>
65 years) from about 9% in 2019 to 16% in 2050 (8). A similar demographic change is
happening in Norway, where the proportion of people aged > 65 years is expected to increase

from 18% in 2020 to 27% in 2050 (9) (Figure 2).

Population projections Norway 2020 - 2050
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Figure 2 Population projections in Norway, 2020-2050, by age group: 0-19 years, 20-64 years (blue) and > 65
years (yellow). The figures are based on data from Statistics Bank, Statistics Norway (9), and reproduced with
permission from Statistics Norway.

Total life expectancy comprises both ‘healthy life expectancy’ (also known as ‘healthspan’,



i.e. period free from disease) and ‘years lived with disability’ (1, 2). In most countries, there
has been an increase in both, but, overall, the increase in “years lived with disability” has been
slower than the increase in healthy years (1). Inhabitants in countries with higher healthcare
expenditure and more accessible healthcare services, such as Norway and other high-income
countries, tend to live more years disabilities compared with countries with lower healthcare
expenditure (1).

1.1.3 Definitions of ageing
Ageing is one of the most complex and comprehensive processes in human life, and therefore
not easily measured or defined. To date, there is not one universally accepted definition of the
process of ageing, or of when a person is ‘old’ or what a typical ‘older person’ is (10). What it
means to grow older has also been conditioned very much culturally and socially, and the role
and status of older adults in society vary (11). Biologically, ageing can be viewed as the result
of the gradual accumulation of molecular and cellular damage over the course of a lifetime
(12). With time, this causes a decrease in physical and mental capacity, increased risk of
disease, and ultimately, death. Beyond biological and genetic influences, the course of ageing
is determined by people’s physical and social environments (e.g. their homes, neighbourhoods
and communities), interconnected with their personal characteristics (e.g. sex, ethnicity and
socioeconomic status) (11, 13). The ageing process progresses neither linearly nor
consistently and is only loosely linked to chronological age (10, 13). Some 90 year olds
remain active and enjoy good physical and mental functioning, whereas others may lose their
good health and vitality in their 60s (13). Nevertheless, the ageing process is generally so
pronounced from about 60—70 years of age, around retirement age in modern societies, that
this is typically used as a cut-off for when individuals are considered to be old (7, 13, 14). In

this thesis, ‘older adults’ are defined as those aged > 65 years, if not specified otherwise.

1.1.4 Costs of ageing

Longer human lives may represent a valuable resource, because older adults possess unique
life experiences and qualities that, if utilized, may benefit society and young people (15).
However, the ability of older adults to actively contribute to society depends on their health

and functionality.

The risk of chronic diseases, hospitalization and disability increases with age (13, 16), which
is reflected in the gradual increased use of healthcare services with age (17). Older adults are
more frequently admitted to, and stay longer in hospitals than younger patients (18). In 2011,



every third Norwegian krone (NOK) spent in the hospital setting was spent on older adults
(18). Traditionally it was the family and relatives who took care of older adults, whereas
today this responsibility lies with the public, the municipality and the state (18, 19). In 2011,
two out of three NOK in the municipal nursing and care services went to the care of older
patients (18).

Considering this, an ageing population is often perceived negatively from an economic point
of view (20). Geriatric patients are typically more complex than younger patients, and more
likely to suffer from multimorbidity. Common disorders and complaints in older adults
include osteoporosis, falls and fractures, chronic pain, cognitive impairment and dementia,
depression and loneliness, impaired vision and hearing, cancer, diabetes, and cardiovascular
and lung disorders (18, 21). Multimorbidity is associated with more frequent use of healthcare
services, higher healthcare costs, and increased use of medication (13, 22) (13).
Polypharmacy (using five or more drugs on a daily basis) increases the risk of reduced effect
or unwanted side effects of the prescribed drugs (22). In 2016, 67% of community-dwelling
older adults in Norway used five or more prescribed drugs and 28% used ten or more drugs
(212).

Poor health among older adults increases societal health expenditure, so it is in societies’ best
interest to invest in increasing the number of healthy life-years in older adults (20, 23), in line
with the saying ‘Add life to years, not years to life’. Prolonging the onset of the first chronic
illness, i.e. prolonging one’s healthspan closer to death, would squeeze total lifetime
morbidity into a shorter span, thereby reducing the burden of disease (2, 24). If the health of
older adults were to improve, the societal economic burden of an ageing population could
decrease substantially, and in particular if the population’s working life is extended (25, 26).

Put simply: it is cheaper to prevent than to treat unhealthy ageing.

1.1.5 Healthy ageing
The United Nations declared the decade 2020-2030 as the ‘Decade of Healthy Ageing’ (27) to
raise awareness on how societies may counteract increased healthcare costs and promote
benefits by keeping older people healthy for as long as possible. However, healthy ageing is
not merely the absence of disease in old age, but includes life satisfaction, well-being and
maintenance of physical and cognitive function. In 2015, the World Health Organization
(WHO) defined healthy ageing as ‘the ongoing process of developing and maintaining the

functional ability that enables wellbeing in older age’ (13). Functional ability includes a



person’s ability to meet their basic needs, grow, develop and make decisions, and covers the
possibility of moving freely, building or maintaining relationships and, with this, participating

and contributing to society (13).

Whether or not individuals will age in good health largely depends on what prerequisites they
have had to make healthy and preventive choices throughout life, and there are large
discrepancies in health and well-being in the older population (28). International and national
studies show that more highly educated older adults have better health, functional capacity (29),
and life expectancy (30, 31) than those with lower levels of education. Work towards healthy
ageing must therefore include work to reduce social inequality (13). The best way forward to
healthy ageing is not represented by disease treatments, but through the adoption of lifestyles

that can prevent their onset (28).

Healthy ageing in Norway

The older population in Norway today is a heterogeneous group of individuals who have
grown up with increasing wealth and increased life expectancy compared with previous
generations (18). Results from the Trgndelag Health Study (HUNT) suggest that the increase
in life expectancy in Norwegian older adults consists mostly of healthy years (32). The study
showed that over the period 1995-2017, the expected healthspan after age 70 increased by an
average of about 4 years, whereas the number of years lived with disability decreased (Figure
3). This is supported by projections from the WHO and the Norwegian Institute of Public over
the previous two decades, suggesting that most of the increase in life expectancy was healthy
years (33, 34). In line with this, emerging findings from Norwegian population-based studies
report improvements in functionality (32), strength (35), hearing (36) and cognitive health
(37) among today’s older adults compared with previous generations. Thus, it appears that,
despite living longer with chronic diseases (21), the Norwegian older population is, overall,

healthier than before.
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Figure 3. Life expectancy and years with/without disability at age 70 years in 1995, 2006 and 2017 for Norwegian
men and women: years without disability (green), and years with mild (yellow) and severe (orange) disability. The
figure is based on HUNT data, published in Storeng et al. (32). Reproduced with permission from authors and
SAGE Publications.

Unfortunately, not all older adults experience healthy ageing, but many become frail.

1.2 Frailty

In many ways, frailty can be viewed as the opposite of healthy ageing. It is not a natural
consequence of ageing but represents a dynamic phase between healthy ageing and disability.
Although recognized as a clinical syndrome, frailty is not a medical diagnosis because it can
have multiple underlying causes and thus manifests and progresses in a highly individual
manner (38-40). Frailty is a complex syndrome resulting from multisystem loss of functional
reserves, which, over time, makes individuals less resilient to stressors such as infection,
medication change, falls or a change in living situation (40). Frail people are at higher risk of
adverse health outcomes such as falls, diseases, reduced quality of life, hospitalization rate
and length of stay, and death compared with people of the same age (38, 41). Consequently,
frailty is associated with considerably increased healthcare costs (42). For example, estimates
suggest that, during COVID-19, frail older adults accounted for approximately 51% of
hospitalized patients with confirmed cases (43), and a systematic review reported that frail
individuals had 84% higher odds of future falls compared with non-frail older individuals
(44). Despite being associated with increased risk of adverse outcomes and ill-health, frailty is
both reversible and dynamic (38) and, thus, prevention and delay of frailty have substantial

economic and societal benefits.



1.2.1 Definitions of frailty
How frailty should be best defined has been debated for (39, 45) decades and the complexity
of the syndrome makes it difficult to settle on one universal, gold standard definition. There
are mainly two schools of frailty: the physical frailty phenotype (40) and the frailty index
(46). The physical frailty phenotype definition is grounded in a theoretical construct of
predefined clinical features thought to be rooted in an underlying biological basis. The frailty
index considers frailty as a non-specific, age-associated accumulation of the total impact of

physical, social and psychological exposures acquired over the course of a life.

Physical frailty

Linda Fried and colleagues operationalized the frailty syndrome and proposed a clinical
definition of physical frailty in 2001 (40). To date, this is the most commonly used definition
(47), also known as ‘Fried’s (physical) frailty’ or ‘Fried’s phenotype’.

The physical frailty phenotype is based on five distinct characteristics that represent age-
associated decline across several physiological systems. These include reduced grip strength
and walking speed, self-reported feelings of exhaustion, low physical activity and
unintentional weight loss (40). The characteristics are interconnected and can theoretically be
unified into a ‘cycle of frailty’ associated with declining resilience (Figure 4). Fried and
colleagues emphasized that frailty probably also involves a decline in reserves or
physiological integrity in systems not included in the cycle. The figure illustrates the
complexity and dynamic nature of the syndrome, and how a deterioration at any stage may
cause a cascade of negative consequences and promote the development of frailty. Notably,
the cyclical nature of frailty also enables reversal of the syndrome in the event of an

intervention or positive change (38).
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Figure 4 The cycle of frailty. Reproduced with permission from Fried et al. (40), originally from (48).

Using Fried’s definition, older adults are classified as ‘robust’ (not frail) if none of the five
characteristics is present, ‘pre-frail” in the presence of one or two, and ‘frail’ in the presence
of three or more (40). These three stages are dynamic and reversible (38, 49). Pre-frailty is an
intermediate state with increased risk of progression to frailty and adverse health outcomes
(50). Physical frailty is not synonymous with either comorbidity or disability, but comorbidity

is a risk factor and disability is an outcome of it (40).

Frailty index

The broader definition of frailty is called the frailty index, or the ‘accumulation of deficits’
method, and was proposed by Mitnitski, Mogilner and Rockwood in 2001 (46). It is based on
the principle of counting deficits in health on the grounds that, the more deficits a person has,
the frailer that person is (46, 51). As opposed to physical frailty, which should be defined
identically regardless of setting and population, there is no requirement that frailty indices
contain the same, or the same number of, health deficits, as long as they follow the same
conceptual design (52). The health deficits included can be any sign, symptom, disability or
disease associated with health and age, as long as they cover a range of systems that,

combined, reflects a person’s overall health (46). To assess the multifactorial nature of frailty



in a robust way, the frailty index must include a minimum of 30 health deficits (51). Thus, the
frailty index is based on the grounds that knowing exactly what is wrong is less crucial than

knowing how many things are wrong with a person in terms of system behaviour (53).

Typically, the index is expressed as a ratio of the number of deficits present to the total
number of deficits considered, presented as a score between 0 and 1 with higher scores
indicating a higher degree of frailty (46). The frailty index is preferably used as a continuous
variable, but may be dichotomized into frailty/not frailty, typically using typically using a cut-
off at frailty index score >0.25, which is the most commonly used cut-off in community-
dwelling older adults (54).

The use of different and study-specific, modified frailty definitions may contribute to the
great variations in observed prevalence (47, 55). According to a systematic review of 21
studies worldwide, overall frailty and pre-frailty prevalence were 11% (range 4-59%) and
42% (range 19-52%) in community-dwelling older adults, respectively (56). In 10 European
countries, the overall observed prevalence was 17% for frailty and 42% for pre-frailty in
community-dwelling older adults (57). In Norway, previous estimates from the Tromsg Study
reported 4% frailty and 38% pre-frailty prevalence in adults aged >70 years (58). It is
suggested that the risk of frailty varies with socioeconomic factors and geography (47, 59),
but — regardless of definition or setting — frailty is more common in women and with

advancing age (56, 60).

1.3 Diet and frailty

Diet is one of the main determinants of health (61). The Norwegian Dietary Guidelines
(NDG) from 2016 (62) nd the Nordic Nutrition Recommendations (NNR) 2023 (63). define a
healthy diet as one rich in whole grains, fruit and vegetables, healthy fats, fish and lean dairy,
and low in red and processed meat, sweets and snacks, and alcohol. Eating such a diet should
provide an adequate intake of a number of nutrients, including, but not limited to, protein and
energy, dietary fibre, unsaturated fatty acids and essential vitamins and minerals — all crucial
for good health. Alongside physical activity, diet is one of the few modifiable factors that
influence the whole body and multiple systems simultaneously. Studies suggest that a healthy
lifestyle and a healthy diet are important to reduce the risk of frailty (64). Conversely,
unhealthy diets accelerate ageing and affect key components of the frailty syndrome (65). In
recent years, the focus on diet and frailty has increased considerably in epidemiological and

clinical research. The following sections give an overview of existing research on diet and



frailty, with emphasis on the dietary factors assessed in this thesis: protein, fish and dietary
trajectories.

1.3.1 Nutrients and frailty

Macronutrients
Protein, carbohydrate and fat are the main energy-yielding nutrients (61). Most studies agree
that a sufficient, but not excessive, intake of energy is inversely associated with frailty risk in

older adults (66-68). Protein and frailty are discussed in detail below.

Carbohydrates are the body’s main source of energy, found in cereals, bread, vegetables, fruit,
dairy, snacks and confectionary (61). Subgroups of carbohydrates include added sugars and
dietary fibres. Added sugars, found in sweets, contribute with little other than energy and are
associated with an increased risk of metabolic diseases and dental caries, whereas dietary
fibre, found in whole grains and vegetables, contributes to good bowel movements and
increased nutrient uptake and is associated with a lower risk of several diseases (61, 63).
Three longitudinal studies reported no association between carbohydrate and frailty (69-71),
or for added sugars (69) or dietary fibre (70).

Dietary fat, and in particular unsaturated fatty acids, is important for organ protection, energy
storage, vitamin transportation and membrane structure; however, studies on total fat and
frailty are inconclusive (70-72). Essential fatty acids include the long-chain omega-3 fatty
acids (LCn-3FAs), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), found in
fatty fish and vegetable oils (63). These fatty acids have anti-inflammatory properties and are
associated with reduced cardiovascular disease risk (61). Moreover, studies have suggested
that they have beneficial effects on muscle health and mobility in older adults (68, 73-76);

however, results from studies on dietary supplementation and frailty are inconclusive (77, 78).

Micronutrients

Micronutrients are ubiquitous in most common foods and include essential vitamins and
minerals vital for metabolism and cell function (61). Micronutrient deficiencies lead to
malnutrition with detrimental effects on mental and physical health and capacity. Studies
agree that micronutrient deficiencies are associated with higher frailty risk (64, 66, 79, 80). In
line with this, Bartali et al. observed that a low intake of three nutrients or more increased the
risk of frailty (81), and Michelon et al. observed that micronutrient deficiency was more

common among frail than non-frail women (82).

10



Vitamin D, found in fatty fish and fortified dairy products, is crucial for good bone and
mental health (63), and deficiency is consistently linked with a higher risk of frailty (82-84).
A systematic review concluded that vitamin D supplementation consistently improved
strength and balance in adults aged > 60 years (85), although the results are inconclusive on
their effect on frailty risk (77, 78). Other micronutrients that have been specifically linked
with lower frailty risk include vitamin C (81), vitamin E (86), folate (81, 82), magnesium (87)
and carotenoids (79, 82).

Protein and frailty

Protein is the cornerstone construction factor in all living tissues and involved in all bodily
processes (61). Dietary protein is used to build and maintain cells and tissues, including
muscles and skeleton, and as an energy source. With age, dietary protein intake is crucial to
counteract the age-dependent loss of muscle mass and strength. Protein is found in animal
foods such as meat, fish, dairy and eggs, and plant sources such as cereals, legumes, nuts and
seeds (63). Animal proteins are of higher quality than plant proteins, meaning that they have a

more favourable composition and are more efficiently utilized by the human body (61).

Current NDG from 2016 were based on the previous NNR, from 2012 (88). These
recommended a daily protein intake of 0.8-1.5 g/kg bodyweight for adults and 1.1-1.3 g/kg
bodyweight for older adults, corresponding to 10-20 of the total energy intake (E%) and 15—
20 E%, respectively (89). The NNR2023 proposed similar intake of protein E% for adults and
older adults, however, the recommended daily protein intake in g/kg bodyweight for older
adults differed slightly, at 1.2—-1.5 g/kg bodyweight/day (63). The NNR2023 will provide the
basis for the new and revised NDG which will be published in 2024, and therefore we assume
that the new protein recommendations for Norwegian older adults will similar as in
NNR2023.

Protein intake in g/kg bodyweight expresses protein intake in relation to body size and is
influenced by changes in bodyweight and/or body composition. Protein intake in E% reflects
the proportion of energy from protein in a person’s diet, relative to their total energy intake.
The E% intake from the different macronutrients informs us of the balance between intakes of
macronutrients in the diet, which in turn can reflect the overall quality of the diet, in relation

to given recommendations.
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Three national dietary surveys, Norkost 1-3, have assessed the diet of the general Norwegian
adult population in 1993-4 (90), 1997 (91) and 2010 (92), respectively. These showed that the
average adult protein intake in Norway have consistently been in line with dietary
recommendations since the 1990°s (i.e. in Norkost 1) at around 16-18 E% (90-92). Similarly,
in 2021, average protein intake was 16 E% for Norwegian adults (93). Although the
differences were minor, the Norkost surveys showed that women and those aged > 60 years
have had consistently slightly higher protein intake than men and younger individuals,
respectively (90-92). Despite a doubling in meat intake in Norway over the last century, the
overall protein intake from animal sources have declined, mainly due to a drastic reduction in

dairy and fish intake (94). In Norkost 3, the main protein sources were meat and bread (92).

Protein has been suggested as a key dietary factor in frailty prevention. Insufficient protein
intake over time is associated with a greater degree of loss of muscle mass and strength,
contributing to weight loss, and ultimately, increased risk of functional decline and frailty
(61). Systematic reviews agree that most, but not all, studies show that a higher protein intake
is associated with a lower frailty risk in older adults (64, 66, 95-97). Moreover, findings are
inconsistent with regard to different protein units assessed (g, g/kg bodyweight, E%).
Longitudinal studies have reported inverse associations between protein in g/kg bodyweight
(98-101), protein E% (98), and total protein (g/d) (69), and frailty, whereas others found no
associations with protein in g/kg bodyweight (67), protein E% (70) and total protein (72,
102). One longitudinal study showed a positive association between total protein intake and
frailty in older adults, mainly driven by animal protein (71). In Norway, a longitudinal study
showed no association between protein E%, and skeletal muscle mass or hand-grip strength in

community-dwelling older adults (103).

Findings from cross-sectional studies are also inconclusive: one study reported an inverse
association between quartiles of protein E% and frailty in older adults (104), whereas two
studies showed no association between protein in g/kg bodyweight (105, 106) and frailty.
Similarly, one cross-sectional study found no association between protein in g/kg bodyweight

and physical function in older Norwegian adults (107).

Overall, as there are few longitudinal studies with long follow-up periods on the protein—
frailty association, more longitudinal studies are needed to elucidate further the potential role

of life-long protein intake on the risk of frailty.
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1.3.2 Foods and frailty

Studies have shown that, in addition to nutrients, intake of different foods — and food groups —
may be associated with frailty. Three systematic reviews conclude that a higher fruit and
vegetable intake appears to be associated with lower risk of frailty (108-110). Findings from
prospective studies on intake of dairy products and physical frailty in older adults are
inconsistent: two studies reported lower frailty risk from higher intake of low fat dairy (111)
and yoghurt (112), while others reported no association between intake of milk (72), low-fat
dairy (112), or dairy products (113) and frailty whatsoever. Two sub-studies of the Nurses’
Health Study following > 70 000 women aged > 60 years for 22 years reported increased
frailty risk from a higher intake of sugar-sweetened and artificially sweetened beverages
(114), and unprocessed and processed red meat (115). Conversely, a moderate intake of

orange juice was associated with a lower risk of frailty (114).

Fish and frailty

Fish is a rich source of several nutrients important for good health at all ages and a common
food group included in definitions of healthy diets (62, 63). Specifically, fish is an important
dietary source for the essential LCn-3FAs, high-quality protein, vitamin D, vitamin Biy,
iodine and selenium, provided one eats both fatty (e.g. salmon, trout, herring, mackerel) and
lean (e.g. cod, pollock, tuna) fish. Fatty fish contains more of the LCn-3FAs whereas lean fish
is less energy dense but higher in iodine (116). Vitamin B2 is important for DNA production
and normal nervous function, iodine is a mineral needed for normal thyroid function and
metabolism and selenium is important for protection from oxidative damage and infection
(61). In particular, for LCn-3FAs, vitamin D and iodine, there are very few other natural
sources in the diet (61). Notably, fish may also contain several contaminants such as
methylmercury and organic pollutants, and it has been debated whether a frequent fish intake
introduces harmful intake levels of these and the potential consequences. However, a recently
published benefit and risk assessment of fish intake in the Norwegian diet concluded that the
positive health effects from increasing fish intake to the recommended two to three dinners

per week outweigh the risks for all age groups (117).

Current NDG and the NNR2023 recommend eating fish for dinner two to three times a week
and to use fish as a spread on bread. This amounts to a weekly intake of 300—450 g of
prepared fish for adults, of which at least 200 g should be fatty fish (63, 116). Fishing has
always been important in Norway. With its long coastline and longstanding fishing tradition,

fish has traditionally been an important part of the Norwegian diet (118). However, this trend
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is turning because fish intake in Norway has gradually declined over the last century (93). In
Norkost 3 (2010), average adult weekly fish consumption was 238 g (110 g of fatty fish)
among women and 350 g (134 g of fatty fish) among men (92). Findings from Norkost 1-3
(1993-2010) have shown that men consistently ate more fish than women, fish intake
increases with age and higher education, and fish intake is higher in Northern Norway

compared with the rest of the country (90-92).

Systematic reviews have concluded that diets including fish are associated with lower frailty
risk (64, 66, 119). Moreover, results from intervention and longitudinal studies suggest that
the intake of lean (120) and fatty fish (121) are associated with improved muscle mass and
function (120), and lower accumulation of age-related health deficits (121) in older age,
respectively. Cross-sectional studies have suggested an independent inverse association
between higher intake of total and fatty fish and frailty (122-124). In addition, cross-sectional
studies have showed positive associations between fatty fish intake and improved grip
strength (125), and fish intake and higher walking speed in older adults (107).

However, there are few longitudinal studies on fish and frailty as such, and the results are
inconsistent with regard to the effects of different categories of fish (fatty, lean and total fish)
on health in older adults. Moreover, no study has specifically investigated the association

between different patterns of habitual fish intake and later health outcomes.

1.3.3 Dietary patterns and frailty
In dietary research, dietary patterns have gained considerable attention over the past decades.
The main argument for this is that intakes of foods and nutrients are related, because people
do not consume single foods or nutrients, but combinations of foods (126). Similarly, the
focus in diet—frailty research has shifted from focusing on single nutrients to investigating the

role of the overall diet and dietary patterns in frailty development (119, 127).

Data from the Norkost dietary surveys showed that between 1993-2010, the average E% from
dietary protein, carbohydrates, added sugars, fat and alcohol was in line with the NDG and the
NNR2023 (62, 63, 90-92). However, the diet contained consistently too much saturated fat
and too little dietary fibre (90-92). In Norkost 1 (1993-94) and 2 (1997), about 10-12 % met
the recommendation of eating five or more servings of fruit and vegetables per day (90, 91).
In Norkost 3 (2010), the proportion was slightly higher, because 14% ate >250 g vegetables
daily and 38% ate >250 g fruit daily (92). Those with higher education and higher
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socioeconomic status consistently had a somewhat healthier diet than those with lower
education and a lower socioeconomic status (90-92).

A systematic review from 2019 on dietary patterns and frailty concluded that a diet high in
fruit, vegetables and whole grains may be associated with a reduced risk of frailty — mostly
defined using Fried’s definition (119). In line with this, longitudinal (128, 129) and cross-
sectional (130-132) studies have reported an inverse association between higher diet quality
and frailty, defined using the frailty index. Similarly, other longitudinal studies have shown
that higher consumption of healthy plant foods, including whole grains, fruit, vegetables,
legumes and nuts, was associated with a lower risk of frailty (133, 134) and accelerated
ageing (135) in community-dwelling older adults, whereas the opposite was seen for diets

characterised by unhealthy plant foods.

Adherence to the Mediterranean diet appears to have a beneficial effect on frailty prevention
and promotion of healthy ageing, although there is some heterogeneity in the results from
studies investigating this (132, 136-139). Furthermore, adherence to a healthy Nordic diet was
associated with better overall physical performance in older Finnish women (140), and
prolonged lifespan with good mental and physical health in Swedish older adults (141).

Different diets have been investigated in these studies, however, in essence they are all
characterized by high intakes of vegetables, fruit, whole grains, legumes, healthy fats and oils,
moderate intakes of dairy and fish, and low intakes of red and processed meat, unhealthy fats,
sweets and snacks — very much in line with the NDG and the NNR2023 (62, 63). Thus, there
seems to be an overall preventive effect on frailty from adhering to dietary guidelines or

comply with healthy dietary patterns.

Dietary trajectories and frailty

Although many studies have investigated the associations between diet and frailty, in most of
these, dietary intakes are assessed at a single time point. However, as it is increasingly
recognized that people’s food preferences and dietary choices can change over time, life
situation and age, interest in the effect of long-term diet on health has gained increased
attention over the past decade (142, 143). In addition, time periods when individuals
experience significant dietary changes are also distinguishable when diets are measured over
an extended time frame, which may provide information about when and in whom to

intervene with nutritional interventions (142).
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Methods to evaluate diet over time include dietary tracking and dietary trajectories. Although
these terms may often be used interchangeably, tracking can be defined as the stability of a
certain risk factor over time (144), whereas trajectories reflect distinct — and possibly complex
— patterns over time (142). Patterns in dietary tracking are typically identified manually by the
researcher via cross-tabulation, whereas dietary trajectories are often identified using
statistical methods such as the group-based trajectory modelling (GBTM). This identifies
latent patterns among the participants in the dataset and allows for individual variation over
time (142, 145).

Most studies on dietary trajectories are performed in children and adolescents, typically
focusing on the transition periods from infancy to childhood, adolescence and adulthood
(142). There are fewer studies in adults and older adults, most probably because this is
considered a more ‘set’ population, with individuals who are less open to interventions and
changing their diet. However, recent studies on dietary trajectories during adulthood suggest
that changes in patterns of dietary intake even during mid-adulthood, may have consequences
for many chronic conditions later in life (142). There are no previous studies on dietary
tracking or on dietary trajectories and frailty. However, there are studies on dietary
trajectories and frailty-related health outcomes in adults and older adults. For example, one
study showed that improving diet quality in mid-life was associated with better physical
function in older age (146). Moreover, studies have reported that patterns of consistently high
or improved dietary quality over time were associated with later improved cardio metabolic
outcomes (147-150), cognitive health (151, 152), psychosocial well-being (151) and lower
mortality (153, 154).

1.4 Methods in nutritional epidemiology

Nutritional epidemiology is the study of the relationship between dietary factors and health
and disease (155). Although methodological advancements in the nutritional epidemiological
field have grown over the past decades, critics remain sceptical about its methods,
interpretation and reliability of results. Much of the criticism concerns the inability to
accurately measure diet and its reliance on observational studies (156). Observational studies
cannot establish causality, but may provide estimates of association between cause and effect
(157). For causality, one needs randomized controlled trials (RCTs), generally considered to
be the gold standard in research study design for determining causal relationships (158).

However, it is often impossible or not feasible to carry out RCTs that will answer all
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nutritional epidemiological questions. RCTs are often costly and invasive, with shorter
follow-up, and may have ethical and methodological challenges. Conversely, observational
studies with large sample sizes and long follow-up periods allow for a broader view on the
relationship between diet and multiple health outcomes and are preferable when studying

long-term dietary intake and diet—disease associations in humans (155, 156).

1.4.1 Methods for assessing dietary intake
Dietary assessment methods are an ever-evolving field within nutritional research, constantly
striving towards increasingly accurate and non-invasive methods (159). Traditional methods
of dietary assessment include prospective and retrospective methods such as self-reported
food records and diaries, food frequency questionnaires (FFQs) and 24-hour recalls. The
choice of method should reflect the population, setting, time frame and purpose of research
(160).

Food frequency questionnaires

The FFQ is the most frequently used method to assess dietary intake in larger epidemiological
studies, including the studies in this thesis. It is a retrospective method that assesses habitual
intake over a specific period of time, e.g. a month or a year (160, 161). The FFQs are
typically self-reported by the individuals and include questions on how frequent, and often
also how much, one eats different foods. FFQs can be qualitative, semi-quantitative or
quantitative. Qualitative FFQs asks only about frequencies of intake, semi-quantitative FFQs
include standard portion sizes and quantitative FFQs ask about the exact amounts eaten (159).
The last is associated with a higher participant burden, but, overall, self-reported FFQs are a
non-invasive and cost-effective dietary assessment method. The quality and reliability of the
collected data are only as good as the FFQ used and it is therefore vital that the questions are

suitable for the specific population, setting and research questions (160, 161).

Handling of dietary data

The level of processing of collected dietary data before analysis depends on the nature of the
data and the purpose of the study. Generally, dietary data may be used and analysed at three

levels of intake: 1) frequency of food and drink intake; 2) quantity of food and drink intake;

and 3) estimated intake of micro- and macronutrients (159, 161).

When assessing frequencies of intake, the collected data can most often be analysed as they
are, without any additional processing (161). If the focus is on quantities of intake, the
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reported frequency and portions of the specific foods consumed are combined to estimate a
daily intake, typically presented in g per day. For these calculations, tables with standard
weights and average portions for common foods are used, alongside food-labelling
information for foods for which standard weights are not available. Third, for analyses on
nutrient intake, a designated food and nutrient calculation system connected to a food
composition table is required (161).

Defining dietary patterns

In dietary research, dietary patterns are derived via two methods: either a priori — based on
existing knowledge of diet—disease relationships — or a posteriori, using data-driven methods
to identify dietary patterns and behaviour among individuals in a specific population (159).

Using a priori methods, individuals are typically scored based on their adherence to
recommended dietary guidelines or predefined dietary patterns, ranging from — most
frequently — least healthy to most healthy (159). Thus, the scores aim to reflect risk gradients
for major diet-related diseases (162). Examples of well-known diet scores include the
Mediterranean Diet Score (MDS) and the Alternative Healthy Eating Index (AHEI), which
measure adherence to the Mediterranean diet (163) and the Dietary Guidelines for Americans
with emphasis on chronic disease risk reduction (164), respectively. Two critical reviews on
common predefined diet quality scores and their construction criteria concluded that the
scores differed greatly in several aspects, including the items included, the exact method of
scoring, the cut-off values used and the weighting of the relative contributions of the
individual components to the total score, suggesting that many arbitrary choices were made
(126, 162). Thus, as for FFQs, the quality of a diet score depends on the evidence base on
which it is based and how thorough the construction process of the score has been. In

addition, the choice of diet score must be suitable for the population in which it is to be used.

The a posteriori method involves statistically derived patterns from collected dietary data
based on correlations in intakes of the various dietary components (159). Consequently, the
patterns derived are study-specific and do not take health or dietary recommendations into

account.
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1.5 Knowledge gap

Most previous studies on diet and frailty have had cross-sectional designs or short follow-up
periods (66, 108). Consequently, frailty may already be present in the participants, which
could influence food choices and preferences (64). Researchers are consistently calling for
more high-quality studies with longer follow-up periods on diet and frailty (119, 165), and the
literature is particularly scarce on diet through time (i.e. tracking and trajectories) and frailty.
Moreover, existing dietary research is dominated by studies on physical frailty, as defined by
Fried et al. (40), with fewer studies focusing on the pre-frailty phase of the syndrome (79), or

frailty defined using the frailty index of Rockwood et al. (97, 166).
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2 AIms

The overall aim of this thesis was to advance the field of diet and frailty by investigating the
longitudinal association between diet in adulthood and into old age, and frailty status in

Norwegian older adults. It aimed to analyse the association by investigating the influence of
relevant dietary components measured at single time points, and tracked as patterns of intake

over time.
The specific aims of the papers were as follows:

e To analyse the association between previous and current daily intake of protein, as well

as tracking patterns of protein intake over 21 years, and pre-frailty/frailty (Paper I).

e To investigate the association between lean, fatty and total fish intake and pre-frailty 8
years later, and to investigate the association between consistent patterns of total fish

intake over 21 years and pre-frailty (Paper I1).

e To investigate the association between trajectories of diet over 21 years and frailty
(Paper 1)
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3 Methods

3.1 Study design and setting
3.1.1 The Tromsg Study

Tromsg is the largest municipality in Northern Norway. Its approximately 77 700 inhabitants
(2022 data) (167) are dominated by white, mainly Norwegian origin (85%), alongside a Sami
minority, and may be considered as representative of a northern European urban population
(168).

The present thesis used data from the Tromse Study, Norway’s largest population-based
study, affiliated with UiT, The Arctic University of Norway. The first study, ‘The Tromse
Heart Study’, was initiated in 1974 as a response to the cardiovascular disease epidemic in
Northern Norway (168, 169). Since then, seven cross-sectional surveys (Tromsgl to
Tromsg7) have been conducted every 7—8 years and the focus has expanded to a broad range
of chronic diseases (169). This thesis used data from Tromsg4 (1994-95), Tromsg5 (2001),
Tromsg6 (2007-08) and Tromsg7 (2015-16).

Study design in the Tromsg Study

Based on the official population registry available at the time of the seven surveys, total birth
cohorts and random samples of the Tromsg population were invited to participate. From
Tromsg5 onwards, previous participants were invited as a priority (168). Participation rates
have ranged between 65% and 79% and, altogether, 45 473 men and women have participated

in one or more of the surveys (168, 170).

All surveys have had similar overall design. In each survey, the invited Tromsg residents
received an information leaflet and a personal invitation to the study (visit 1) by mail. From
Tromsg4 onwards, subsamples of the participants were also invited to a second visit (visit 2)
for additional and more comprehensive examinations. Due to lack of funding and capacity,
not all participants could be invited to visit 2, but in each survey, subgroups of participants
eligible for visit 2 were identified before study enrolment (168). However, Tromsg4
participants who attended visit 2 would consistently be invited to both visit 1 and 2 in the later
Tromsg surveys, to facilitate repeated study participation. Eligible participants had to attend
visit 1 to be invited to visit 2 (168). The following sections focus on Tromsg4 to Tromsg7, the

surveys included in this thesis.
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3.1.2 Data collection

A brief overview of the non-dietary data used in Paper I-111 from Tromsg4 to Tromsg7 is
presented in Table 1. An updated, comprehensive list of all variables collected is available
online at https://helsedata.no/en/variables/?datakilde=K_TR&page=search.

In all surveys, a short questionnaire was provided alongside the invitation. This questionnaire
was to be completed at home and brought to visit 1. On attendance, participants were given a
second, more comprehensive questionnaire which was to be completed either on-site or at
home and returned by mail. With time, the questionnaires have evolved to cover a broad
range of topics, including symptoms, diseases, use of medication and healthcare services,
family history of disease, dietary habits and lifestyle, beliefs and attitudes, socioeconomic
status and quality of life. All questionnaires are available at the Tromse Study’s webpages
(169). To supplement the information obtained from the questionnaires, a short interview was

included in the surveys.

At visit 1, the participants underwent physical and clinical examinations. The number of
measurements has increased over time, but, in all surveys, height (cm) and weight (kg) were
measured with light clothing and no shoes. Visit 2 included additional measurements of
physical function, balance and standard blood and urine tests and, from Tromsg5 onwards,

cognitive function (168).
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Table 1 Variables used in Papers I-I11 from Tromsg4—-Tromsg7

Tromsg4 Tromsgb Tromsg6b Tromsg7
(1994-95) (2001) (2007-08) (2015-16)

Questionnaire data
Age, sex
Marital status, living situation
Smoking habits
Physical activity
Self-rated health
Education
Support of friends
Alcohol consumption
Diseases (past or present)
Unintentional weight loss
Feeling exhausted
Mobility and functionality
Dental health
Medication use
Number of falls
Depression and attitudes
Sleep

X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X

X X X X X X X X X X X X X X X X X

Measured data
Height, weight X X X
Waist, hip circumference
Haemoglobin levels
Grip strength test X
Walking speed test
Physical function test
Cognitive testing X
Spirometry

X X X X X X X X

FFQ, food frequency questionnaire.
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3.1.3 Surveys
Troms@4 (1994-95)

In the fourth Tromsg survey, all 37 558 Tromsg residents born before 1970 (i.e. > 25 years)
were invited, of whom 27 158 (77%) participated. On attendance, slightly different
questionnaires were given to participants aged < 70 and > 70 years. Among participants,
everyone aged between 55 and 74 years, along with 5-10% of those in the 25-54 and 75-85
age groups, were invited to visit 2. A total of 7965 attended visit 2, 76% of those invited
(169).

Troms@5 (2001)

In the fifth survey, 10 535 men and women aged 3089 years were invited and 8130 (79%)
participated (168). Those invited were mostly men and women who had previously
participated in visit 2 in Tromsg4, alongside subgroups of people in the age groups 30, 40, 45,
60 and 70 years (169). As in Tromsg4, participants younger and older than 70 years received
somewhat different questionnaires. In total, 5039 previous Tromsg4 participants took part in
visit 2 (85% of those invited).

Troms@6 (2007-08)

In the sixth Tromsg survey, 19 762 were invited and 12 984 (66%) men and women aged 30—
87 participated (171). Invitations were sent to previous Tromsg4 participants, a 10% random
sample aged 30-39, all individuals aged 40-42 or 60-87 years and a 40% random sample
aged 43-59 years. To visit 2, all participants aged 50-62 and 75-84 years, a 20% random
sample of participants aged 63—74 years and, if not already included in the two groups,

previous participants in Tromsg4 were invited, of whom 7307 (63%) participated (171).

Tromsg7 (2015-16)

In the seventh survey, all 32 591 Tromsg residents aged > 40 years were invited and 21 083
(65%) participated. Eligible participants for visit 2 included a 20% random sample of
individuals aged 40-59 years and a 50% random sample aged 6084 years, plus previous
participants. In total, 8346 (90%) participated (170).
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3.1.4 Study populations

The present work includes subgroups of adult men and women from the last four surveys of
the Tromsg Study, selected according to the study-specific aims of the papers included in the
thesis. A flow chart of participants included in Paper I-I11 is presented in Figure 5.

Paper |

This study included participants from Tromsg4 aged 45-69 years who also participated in
Tromsg7 and had data on a minimum of three out of five frailty criteria in Tromsg?7.
Participants without valid estimated protein intake in either Tromsg4 or Tromsg7 were
excluded, as were participants with energy intakes outside the < 1st and > 99th percentiles at
either time point. In total, 3 726 participants constituted the main analytical sample. We
discovered in hindsight that, in Paper I, the age cut-off for inclusion in Tromsg4 was
incorrectly set to > 45 years (> 66 years at follow-up), when it should have been > 44 years
(and > 65 years). However, this had no implications on the results, as the observed
associations were similar regardless of which of these age-cut off used (data not shown). This

error was corrected in the following papers.

Paper Il

In the second study, the baseline was set to Tromsg6 and participants were included if they
were aged > 57 years, had data on frequency of either lean or fatty fish intake and had a Mini-
Mental State Examination (MMSE) score > 24. In Tromsg7, we excluded those without any
frailty data and those classified as frail, leaving 4350 participants for the main analysis.
Among these, a subsample of 3229 participants with complete data on fish intake in Tromsg4,
Tromsg6 and Tromsg7 was identified for tracking analysis of patterns of fish intake over 21

years (dashed box in Figure 5).

Paper llI

This study included participants aged > 44 years in Tromsg4 who also participated in
Tromsg5 and Tromsg7. Participants were excluded if they did not have data on estimated
nutrient intakes in Tromsg4 or completed < 90% of the FFQ in Tromsg5 or Tromsg7, if they
had estimated energy intakes outside the < 1st and > 99th percentiles in Tromsg4 or Tromsg7,
and if they had > 20% missing frailty data in Tromsg7. In total, 715 participants were

included in the analysis.
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3.1.5 Ethics

The Tromsg Study was conducted in accordance with the Declaration of Helsinki. Informed
consent was obtained from all participants, and data from participants who withdrew their
consent were excluded before data delivery from the Tromsg Study. The PhD project was
approved by Regional Committees for Medical and Health Research Ethics (REK:
2019/43798).

3.2 Assessment of frailty
3.2.1 Physical frailty

In Papers I and 11, frailty in Tromsg7 was defined using a modified version of Fried’s
phenotype. A comparison of the measurement instruments used to define physical frailty used
in Tromsg7 versus those used by Fried et al. in 2001 is presented in Table 2, and in more
detail in Supplementary Table S1 in Paper 1.

Table 2 Measurements of frailty characteristics in Tromsg7 and by Fried et al. (40).

Characteristics Measurement in Tromsg7, 2015 Measurement by Fried et al., 2001

Weight loss Self-reported, based on the Malnutrition  Self-reported or measured at follow-
Universal Screening Tool (172). up.

Exhaustion Self-reported, based on the Hopkins Self-reported, based on the Center for
Symptoms Checklist 10 (173). Epidemiologic Studies Depression

Scale (174).
Physical Self-reported, based on Saltin—Grimby Self-reported, based on the
activity Physical Activity Level Scale (175). Minnesota Leisure Time Activity

short questionnaire (176).
Walking speed  Measured at visit 2 with Short Physical Fifteen-foot walk test.
Performance Battery walking test (177).
Grip strength Measured at visit 2 using a Jamar Measured using a Jamar

dynamometer (178). dynamometer.
Frailty score 0 = not frail/robust, 1-2 = pre-frail, > 3 = frail

Using the measurement instruments presented in Table 2, physical frailty in Tromsg7 was
defined accordingly:

1. Unintentional weight loss was defined as any involuntary weight loss during the
last 6 months.
2. Exhaustion was defined as answering ‘Pretty much’ or ‘Very much’ to the question

‘Have you felt that everything is a struggle during the last week?’.
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3. Low physical activity was defined as selecting the lowest level of activity: ‘Mainly
reading, watching TV/screen or other sedentary activity’ as a description of one’s
average leisure activity level during the previous year.

4. Walking speed defined as seconds (s) spent walking 15 feet, stratified by sex and
height (in cm).

Men Women
Height <173 & >7s Height <159 & >7s
Height > 173 & >6s Height > 159 & >6's
5. Weakness was defined as maximal grip strength (kg), stratified by sex and BMI.
Men Women
BMI <24 & <29 kg BMI <23 & <17 kg
BMI 24.1-26 & <30 kg BMI 23.1-26 & < 17.3 kg
BMI 26.1-28 & <30 kg BMI 26.1-29 & < 18 kg
BMI > 28 & <32 kg BMI >29 & <21 kg

Body mass index (BMI) was calculated as body weight in kilograms divided by the square of
height in metres (kg/m?). All five frailty characteristics were dichotomized. Participants with
three or more criteria present were classified as frail, those with one or two were classified as
pre-frail, whereas participants with no criteria present were classified as robust (or ‘non-
frail’). As there were few participants with physical frailty in Tromsg7, to facilitate
meaningful analyses, frail participants were combined with the ‘pre-frail” group in Paper I and
excluded in Paper II. Thus, the outcomes assessed were, not ‘frailty’ as such, but rather ‘pre-

frailty/frailty’ (Paper I) and ‘pre-frailty’ (Paper II).

3.2.2 Frailty index

In Paper 11l frailty in Tromsg7 was defined using a 41-item frailty index. The frailty index
consisted of 41 self-reported and objectively measured health deficits in Tromsg7, covering
different aspects of health: diseases and medication use (n = 15), objective physical measures
(n = 6), self-reported health and function (n = 8), motivation and attitudes (n = 4), vitality and
quality of life (n = 5), and cognition and memory (n = 3). An overview of the deficits included
in the frailty index is presented in Table 3. Each health deficit was given a score between 0
(not present) and 1 (fully present). The frailty index was then calculated as the proportion of
health deficits present in an individual out of the total number of deficits measured, resulting
in a score ranging from O (least frail) to 1 (extremely frail). We allowed for 20% missing data
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in the frailty index (51), translating to missing data on maximum eight out of 41 variables
(41 x 20% = 8.2). Thus, all participants included in the analyses had data on at least 32 health
deficits. For example, if a participant had 12 deficits present out of a total of 35 deficits
measured, because data on 5 health deficits were missing, the frailty score would be 12/35 =
0.34. For descriptive purposes, the frailty score was dichotomized to frail versus not frail by

cut-off > 0.25 (54).
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Table 3 Health deficits included in the frailty index in Tromsg7

No. Health deficits in main categories No. Health deficits in main categories
Diseases and medication use Self-reported health and function
1 Diabetes 22 Own health in general
2 Cancer 23 Own health compared to others of same age
3 Stroke 24 Own dental health
4 Cardiovascular disease 25  Falls previous year
5  Pulmonary disease 26  Unintentional weight loss previous 6 months
6 Inflammatory disease 27  Mobility (walk about)
7 Incontinence 28  Self-care (dress and wash)
8 Indigestion/abdominal pain 29  Usual activities
9  Severe/chronic pain Motivation and attitudes
10 Thyroid hormone medicines 30 Depression
11  Hearing impairment 31 Anxiety
12 Other disease 32 Feeling that everything is a struggle
13  Psychological problems 33  Not feeling happy
14 Polypharmacy (=5 medications daily) Vitality and life quality
15 Low haemoglobin levels (g/dl) 34 Problems sleeping
Objective physical measures 35 Life satisfaction
16 SPPB: balance test (s) 36  Feeling hopeless about the future
Feet-gathered posture 37 Lacking good friends
Semi-tandem posture 38 Not believing in self
Tandem posture Cognition and memory
17 SPPB: walking speed (s/m) 39 MMSE score
18 SPPB: chair stand test (S) 40  Impaired memory
19  Grip strength (kg) 41  Problems with daily tasks

20  Waist circumference (cm)
21 BMI outside normal (2227 kg/m?)

BMI, body mass index (kg/m?); MMSE, Mini-Mental State Examination; SPPB, Short Physical Performance
Battery.

3.3 Assessment of diet

3.3.1 Dietary assessment in the Tromsg Study
Dietary information in the Tromsg Study was self-reported in the questionnaires. Over time,
the scope of dietary data collected in the Tromsg Study has increased from only a few diet-
related questions in the questionnaires to a separate, 13-page FFQ in Tromsg7 (Table 4). As
different questionnaires were given to participants aged < 70 and > 70 years in Tromsg4 and
Tromsg5, the dietary data collected were slightly different for these two age groups. Overall,
the questions have covered meal patterns, food preferences, frequency and/or amount of
intake of different foods and drinks. Some foods have been covered consistently in all

surveys, including coffee and tea, potatoes, juice, sugary drinks and fatty fish. Alcohol intake
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and dietary supplements were also asked about in all surveys. Other than this, the surveys
varied greatly in the number, type and wording of the food-related questions and their
accompanying answer alternatives. Tromsg4 and Tromsg7 have the most comprehensive

dietary data and are the only surveys with estimated nutrient intake.

Table 4 Dietary assessment in Tromsg4—Tromsg7

Dietary questions? Tromsg4 Tromsg5 Tromsg6 Tromsg7
(1994-95) (2001) (2007-08) (2015-16)

Questionnaires, questions 380, 25¢ 25° 20° 39 37

FFQ, questions 261

FFQ, food frequency questionnaire.

aDoes not include questions on alcohol consumption and dietary supplement use.
bParticipants aged < 70 years.

Participants aged > 70 years.

Tromsg4

In Tromsg4, dietary data were collected through 38 food-related questions (Table 4). The
questions covered food and drinks such as bread, milk, yoghurt, snacks and sweets, fruit,
vegetables, lean, fatty and processed fish, meat, spreads, eggs and type of fat used in cooking
and on bread. Of these, 34 covered energy-yielding foods that provided the basis for estimated
energy and nutrient intake. Jacobsen and Nilsen have described the dietary estimation in
Tromsg4 in detail previously (179). In short, nutrient calculations were performed only for
participants aged < 70 years who had answered a minimum of 31 (90%) of the relevant
questions. Sex-specific portion sizes for different foods were estimated based on data from
previous dietary surveys conducted in Northern Norway (180, 181). The intakes of food
groups were calculated using recipes that reflected the local food items in the specific food
groups (179). The nutrient intakes were estimated using the Norwegian food composition
table of 1995 (182), supplemented with data from the corresponding Swedish food
composition table (183).

Troms@5

In Tromsg5, dietary data were collected through 25 questions (Table 4). Of these, 22
questions concerned frequency of intake whereas 3 asked about preferences, including type of
fat used on bread/in cooking. The frequency questions covered fruit and berries, cheese,
potatoes, boiled and fresh vegetables, fatty fish, juice, water, different types of milk, soft
drinks, tea and coffee.
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Tromsg6
In Tromsg6, dietary data were collected through 39 frequency questions, covering fruit,
vegetables, potatoes, pasta/rice, meat, lean and fatty fish, milk/yoghurt, juice, tea, coffee, hot

chocolate, chocolate and cakes (Table 4).

Tromsg7

In Tromsg7, dietary data were collected through 37 frequency questions, and a 261-item FFQ
developed at the University of Oslo (UiO) (Table 4). The frequency questions covered
common foods such as fruit, vegetables, fish, meat, milk, juice, soft drinks and, similar to
Tromsgb6, foods containing toxins and heavy metals. The FFQ was, however, designed to
cover a person’s total diet in the last year, including questions on 261 different foods, dishes,
meals and beverages. The nutrient estimation based on the FFQ has been described in detail
by Lundblad et al. (184). Briefly, daily nutrient intakes were calculated with the food and
nutrient calculation system KostBeregningssystem (KBS), version 7.3 (database version
AE14) at the UiO. The KBS AE14 is based on the 2014-15 version of the Norwegian food

composition table (https://www.matvaretabellen.no/?language=en), supplemented with data

from other databases and calculated recipes (184).

3.3.2 Dietary variables in Papers I-11I

The dietary variables included in the different papers depended on the specific study aims and
are presented in Table 5. The handling of the dietary variables is described in more detail in

the specific papers.

Table 5. Dietary variables from the Tromsg Study analysed in Papers I-I1I.

Tromsg4 Tromsg5 Tromsg6 Tromsg7
(1994-95) (2001) (2007-08) (2015-16)
Paper Estimated daily energy Estimated daily energy
[ and protein intake and protein intake
Paper Frequency of lean and Frequency of lean  Frequency of lean and
¥ fatty fish intake and fatty fish fatty fish intake
intake
Estimated macronutrient  Data from 19 Estimated micro- and
Paper intake frequency and macronutrient intake
Data from 31 frequency  food preference from 261-item FFQ
i )
and food preference guestions Data from 3 frequency
questions questions

FFQ, food frequency questionnaire.
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Paper I: protein intake

The estimated daily protein intake measured at baseline (Tromsg4) and follow-up (Tromsg7)
in Paper | was analysed as relative to bodyweight (g/kg bodyweight) and relative to estimated
energy intake (g/megajoule (MJ)).

Paper II: fish intake

In Paper 11, the fish intake measured in Tromsg4, Tromsg6 (baseline) and Tromsg7 (follow-
up) was based on two questions on frequency of intake of lean and fatty fish. Each question
was originally accompanied by five or six answers, i.e. intervals for intake frequencies,
ranging from ‘0—1 times a month’ to ‘1-2 times a day’. The answer alternatives on frequency
of intake differed slightly between the surveys (detailed overview of questions in
Supplementary Table S1, Paper I1). Frequency of lean, fatty and total fish intake was
assessed in Troms@6, whereas total fish intake was assessed in Tromsg4, Tromsg6 and
Tromse7, organized into patterns of fish intake over time (‘tracking analysis’). The variable
total fish intake was constructed as the sum of self-reported intake of lean and fatty fish at

each time point.

Paper lll: construction of diet scores

All dietary variables included in Paper 11l were included in three distinct diet scores, one in
each survey (Tromsg4, Tromsg5 and Tromsg7). The constructional basis for the diet scores
was the recently published NNR for intake of nutrients and food groups (63). Detailed
overviews of the rationale, contents and scoring of the diet scores are presented in
Supplementary Tables S1 and S2 in Paper Ill. Cut-offs for dietary intake were set according
to the NNR2023, supplemented with cut-offs and amounts proposed by the Norwegian (62,
185) and Danish (186) Dietary Guidelines and the AHEI (164).

The dietary content of the scores differed depending on the available data in the surveys, but
all three scores included information on coffee, tea, sugar-sweetened drinks, fruit, vegetables,
potatoes, juice, fatty fish, low- and full-fat dairy products, alcohol consumption and dietary
supplement use. The variables were scored between 0 and 5, with higher scores indicating a
healthier diet intake. Similar food groups were scored and weighted (in relative terms)
similarly in the three scores. However, owing to different content and number of dietary
variables across the surveys, subvariables within food groups were potentially scored
differently to achieve similar overall weights. Despite our efforts for consistency between

surveys, the final scores were not identical in terms of dietary variables, number of variables
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and, thus, potentially maximum achievable scores. For standardization, the participant’s total
score at each time point was divided by the maximum score, resulting in scores between 0 and

1 for each survey. The construction of the diet scores is described in more detail in Paper IlI.

3.4 Statistical analyses

Descriptive statistics were presented for the total sample and by strata of the outcome (robust
versus pre-frail/frail in Paper | and robust versus pre-frail in Paper I1) or exposure (dietary
trajectories in Paper I1I). Differences between groups were tested using Student’s t-test or
analysis of variance for continuous variables, and chi-square test for categorical variables.
Results from descriptive tests were presented as means and standard deviations or 95%
confidence intervals (CIs) for continuous data, and counts and proportions for categorical

data. Continuous variables were visually inspected for normality.

Tracking of dietary patterns over time was examined in different ways. In Papers | and II,
stability and patterns of dietary intake were identified via cross-tabulation of tertiles of protein
intake at two time points, and three levels of total fish intake at three time points, respectively.
In Paper 111, GBTM was used to create dietary trajectories from quintiles of three diet scores
at three time points. GBTM is a form of latent class growth analysis that identifies subgroups

of individuals following similar patterns of development over time for a given variable (145).

To perform meaningful statistical analyses, strata of dietary patterns or categories of intake
with few participants were sometimes merged together to increase the sample size. This
included ‘stable low’ and ‘stable medium’ patterns of protein intake in Paper I, which we
merged to a combined ‘stable low’ pattern in the tracking analysis. In Paper II, the original
frequency intervals of fish intake were merged to three levels of intake, similar in all surveys:
low (03 times/month), medium (1-3 times/week) and high (> 4 times/week). Moreover, we
expanded the conservative definition of a ‘stable pattern of fish intake’ from requiring three
identical self-reported frequencies of intake to also allow for one out of three measured
frequencies of fish intake to differ by one level of frequency.

Associations between dietary intake, or dietary tracking, and frailty were analysed using
multivariable logistic regression in Papers | and Il and linear regression in Paper I11. The
exposure variables were daily protein intake in g/kg bodyweight and g/MJ, and four patterns
of stable or changing protein intake over time in Paper I, frequency of lean, fatty and total fish

intake and patterns of stable total fish intake Paper 11 and five dietary trajectories in Paper IlI.
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In Paper 11, trends between levels of fish intake and pre-frailty were tested using the Cochran—
Armitage test for trend. Effect estimates from regression analyses were presented as odds
ratios (ORs) or B-coefficients with 95% Cls. In all papers, analyses were adjusted for baseline
confounders, except for the tracking analysis in Paper 11, which was adjusted for Tromsg6
(i.e. intermediate survey) confounders. Choice of adjustment variables was based on empirical
knowledge on the diet—frailty relationship. In Paper I, we ran analyses with and without
adjusting for energy and in Paper |1, with/without adjusting for dietary supplement use. The
statistical models were built according to Hosmer et al. (187), where the influence of each
variable on the model’s fit is assessed and reassessed until the model with the optimal fit is
chosen (187, 188), relying both on statistical and empirical knowledge. If non-linearity was
observed for continuous variables, these were included in their linear and non-linear forms in
the models. None of the plausible biological interactions tested was statistically significant in

the multivariable models.

3.4.1 Sensitivity analyses

The issue of missing data was dealt with using simple and multiple imputation (MI). In Paper
I, we imputed missing outcome data to account for possible misclassification of robust
participants with missing frailty data (i.e. underestimation of frailty). We manually imputed
frailty (i.e. frailty score 1) in 25%, 50%, 75% and 100% of these participants, and repeated
the analyses in these four hypothetical populations. In Papers 11 and 111 we applied M1 for
missing exposure (i.e. dietary) data at three time points. After imputation, the regression
analyses were repeated and the estimates from all imputations were combined using Rubin’s
rule (189). In addition, in Paper I11, we imputed zero in missing values of partly answered
questions on intake of coffee, tea and milk in the questionnaires in Tromsg4, Tromsg5 and

Tromsg?7.

To address selective drop-out of participants between surveys, we compared baseline
characteristics between drop-outs and re-attenders. In Paper 11, we also applied inverse
probability weighting (IPW) (190) and repeated the regression analysis in a hypothetical
population with 100% re-attendance at follow-up, where characteristics likely lost to follow-

up were up-weighted.

In Paper 1, we performed sensitivity analyses to account for dominance of pre-frail/frail
participants with only one frailty characteristic present in Tromsg7, and repeated analyses 1)

after excluding said participants and 2) on low grip strength as outcome — as an objective
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proxy for muscle function. To address potential influence of reverse causality in Paper I, we
repeated the analysis on fish intake and pre-frailty 8 years later after excluding baseline pre-

frail participants.

The statistical analyses in this thesis have been performed in STATA versions 16.5, 16 MP
and 17. All significance tests were two sided and P values < 0.05 were considered statistically

significant. The analyses are explained in more detail in the individual papers.
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4 Summary of papers

This section briefly describes the main results from the three papers. More details are

provided in the original papers.

4.1 Paper |

The aim of this paper was to analyse the association between previous (baseline, Tromsg4,
1994-95) and current (follow-up, Tromsg7, 2015-16) daily intake of protein, and patterns of
protein intake over 21 years, and pre-frailty/frailty.

This study consisted of 3726 participants (51% women), with an average age of 52 years and
a BMI of 25.8 kg/m? at baseline. At follow-up, 28% (n = 1045) were pre-frail/frail, of whom
1% were frail and 27% were pre- frail. Average total protein intake was 78 g at baseline and
93 g at follow-up, corresponding to relative protein intakes of 1.1 and 1.2 g/kg bodyweight
and 17 and 18 E%, respectively, in line with the NDG (89). Overall, robust participants had a
higher intake of total protein and protein in g/kg bodyweight than pre-frail/frail participants.

Results from analyses adjusted for baseline confounders and energy intake showed an inverse
association between higher intake of protein intake in g/kg bodyweight and odds of pre-
frailty/frailty. For 1 g/kg bodyweight increase in protein intake in Tromsg4, the odds of pre-
frailty/frailty in Tromsg7 were reduced by 58% (OR = 0.42, 95% CI = 0.25,0.72). Similarly, a
higher protein intake in g/kg bodyweight in Tromsg7 was associated with 49% lower odds of
pre-frailty/frailty (OR = 0.51, 95% CI = 0.38,0.70). The tracking analysis showed that
participants with a stable low (OR = 1.90, 95% CI = 1.16,3.09) or decreased (OR = 1.85, 95%
Cl =1.14,2.99) pattern of protein intake in g/kg bodyweight over time had 90% and 85%
higher odds of pre-frailty/frailty, respectively, compared with a stable high intake.
Conversely, a stable high pattern of protein intake was associated with lower odds of pre-
frailty/frailty compared with a stable low pattern (data not shown). No significant associations

were found between intake of protein in g/MJ and pre-frailty/frailty.

These results highlight the important role of protein intake in development of pre-frailty, and
thereby, the prevention of frailty. Our findings emphasize the importance of maintaining a
sufficient protein intake through adulthood and into older age, as recommended by the NDG
and the NNR2023.
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4.2 Paper I

The overall aim of this study was to investigate the longitudinal association between fish

intake and pre-frailty in Norwegian older adults.

This study included 4350 participants (52% women) with an average age of 65 years and BMI
27.2 kg/m? at baseline (Tromsg6, 2007-08). At follow-up (Tromsg7, 2015-16), 28% (n =
1124) were pre-frail. Of the participants, 37% reported a medium fish intake, corresponding
to eating fish for dinner 1-3 times a week, whereas 52% had a high intake (> 4 times a week).
Overall, the analyses showed that a more frequent fish intake was associated with lower odds
of pre-frailty 8 years later (P value for trend < 0.05). A high intake of lean, fatty and total fish
was independently associated with 28% (OR = 0.72, 95% CI = 0.53,0.97), 37% (OR = 0.63,
95% CI =0.44,0.92) and 31% (OR =0.69, 95% CI1 = 0.52,0.91) lower odds of pre-frailty after
8 years, respectively, compared with a low intake (03 times a month). For fatty fish, a
medium intake was associated with 19% (OR = 0.81, 95% CI = 0.68,0.97) lower odds of pre-
frailty compared with a low intake.

In the subsample of complete cases (n =3229) included in the tracking analysis, participants
with a stable high frequency of total fish intake over 21 years had 41% lower odds of pre-
frailty compared with those with a stable low intake (OR = 0.59, 95% CI = 0.38,0.91). Results
were similar from tracking analysis in 5750 participants after applying MI to missing fish
data.

In conclusion, we showed that higher frequency of fish intake in middle-age and consistently
through adulthood may reduce the odds of pre-frailty in community-dwelling older adults.

This supports dietary recommendations to eat fish several times a week — both lean and fatty

types.
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4.3 Paper Il

The overall aim of this study was to investigate the association between dietary trajectories

over 21 years and frailty.

Among the 715 study participants, 55% were women and the average age was 54 years at
baseline (Tromsg4, 1994) and 75 years at follow-up (Tromsg7, 2015). At follow-up, the mean

frailty index score was 0.22 (range 0.4-0.54) and 31% were classified as frail.
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Figure 6. Dietary trajectories: unhealthy, unhealthy varied, moderately healthy, healthy increase, very healthy
decrease. T4: Tromsg4 (1994-95), Q1-Q5: quintiles of diet scores, T5: Tromsg5 (2001), T7: Tromsg7 (2015-16).

Using GBTM, we identified five dietary trajectories over 21 years based on three diet scores,
measuring the diet according to the NNR2023 (Figure 6). Of these, the trajectories ‘moderately
healthy’ and ‘healthy increase’ were associated with 0.02 (B = —0.02, 95% CI =-0.04, —0.002)
and 0.03 (B = -0.03, 95% CI = -0.06, —0.007) lower frailty index score at follow-up compared
with the ‘unhealthy’ trajectory. Repeating the analysis after applying MI to missing food data

(n =1998), showed similar results.

To conclude, our new findings on dietary trajectories and frailty suggest that maintaining a
moderately healthy to very healthy diet through adulthood is associated with lower frailty in
older age. This supports the importance of encouraging a healthy lifestyle and diet already in

mid-life to promote healthy ageing and prevent frailty in older age.

40



5 Discussion

Our results suggest that having an adequate intake of protein and fish, and eating an overall
healthy diet, from mid-life onwards, may reduce the risk of pre-frailty and frailty. We believe
that these findings are important contributions to the diet and frailty research field. However,
we acknowledge that our studies have certain limitations and strengths, and that the results
should be interpreted in the light of these. Therefore, methodological considerations will be

discussed before proceeding to the discussion of results and future implications.

5.1 Methodological considerations

Like all research, epidemiological studies aim to be valid and reliable, with minimal
systematic and random errors (161). According to the Dictionary of Epidemiology, the
validity of a study refers to ‘the degree to which inferences drawn from the study are valid’
(191). Thus, the validity reflects how trustworthy the results are, with regard to variables and
measurements (internal validity), and whether the study’s results are generalizable to the
population from which the study population is drawn, often the general population (external
validity). Internal validity refers to the extent to which the study answers its research
questions, i.e. whether or not it is free from bias (157, 191). Consequently, internal validity is
largely influenced by study design, data collection, confounding and the statistical methods

used.

5.1.1 Study design

This thesis is an observational, prospective cohort study based on data from four cross-
sectional surveys in the Tromsg Study. Cohort studies follow a defined group of, ideally,
initially healthy subjects or subjects without the disease of interest over a designated time
period, to assess the effects of specific factors on the risk of disease (161). The longitudinal
nature of the current study is an advantage because it allowed for repeated measures of diet
and tracking of diet over time (157). Repeated measures of diet may provide additional
information about the relationship assessed compared with a single measure, as repeated
measures increases the likelihood of identifying changes in diet over time (i.e. after baseline)
(155). Nevertheless, the observational nature of the study does not allow for claims of

causality and observed relationships must be stated as associations (157).
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Reverse causality

In our case, a healthy baseline population translates to participants without frailty at baseline.
Baseline frailty status in Tromsg4 (in Papers | and 111 and the tracking analysis in Paper 1)
was not assessed due to insufficient data to define frailty. Consequently, frailty may, to some
degree, already have been present before follow-up in our analyses, which potentially
introduces a risk of reverse causality in the analyses. This might have influenced the observed
associations and reduced the validity of these estimates. Moreover, Fried et al. originally
excluded participants with Parkinson’s disease, stroke and cognitive impairment and those
who used antidepressant medications, because ‘these conditions could potentially present with
frailty characteristics as a consequence of a single disease’ (40). In Paper I, data were
available on stroke and antidepressant use in Tromsg4; however, none of these was set as an
exclusion criterion. In Paper 11, participants with MMSE scores corresponding to less-than-
normal cognitive function (scores < 24) (192) in Tromsg6 were excluded, but, similar to
Paper I, none of the other variables was considered as an exclusion criterion. In both papers,
however, stroke was adjusted for as part of the comorbidity variable. In hindsight, we should
have utilized the available data on the conditions specified by Fried and excluded participants
presenting with these to minimize the risk of misclassification of frailty. Nevertheless,
considering that there is 21 years between Tromsg4 and Tromsg7, we consider the risk of
reverse causality from baseline frailty to be low in practice. In Paper |1, whis was supported
by similar results from the original analysis on fish intake in Tromsg6 and pre-frailty 8 years

later and analysis after exclusion of baseline pre-frail participants.

5.1.2 Bias

In research, bias is considered to be a systematic error that causes consistent skewedness of
estimates or results that reduces the validity of a study (161). As opposed to random errors,
one cannot reduce the systematic errors by increasing the sample size. Study bias is largely
determined by information bias, selection bias and confounding, which lead to estimates that

differ systematically from the truth (157).

Information bias

Information bias, also known as measurement bias, occurs when the information recorded in a
study is flawed (157). In particular, information bias is linked to self-reported data, which is
prone to recall error and social desirability bias when individuals (intentionally or not) answer

in a certain way to represent themselves in a more favourable light (160, 193, 194). A major
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limitation of the current thesis is that most of the variables investigated were self-reported by
the participants through questionnaires. Overall, the presence of measurement errors in
exposure, adjustment variables and outcome may lead to bias in both directions — i.e.

underestimation or overestimation of effect estimates (161).

Selection bias

Selection bias may be defined as ‘an error introduced when the study population does not
represent the population intended to be analysed’ (157). As seen in population studies in
general (195), Vo et al. showed that Tromsg7 participants were more highly educated and of
higher socioeconomic status than non-attenders (196). This was reflected by the overall
relatively good health and few comorbidities among the study participants in the present
thesis, and that those who attended several of the Tromsg surveys were healthier and had
better socioeconomic status than those who attended only at baseline (Supplementary Table
S4, Paper 1). The latter showed that the sample suffered from attrition bias, a type of selection
bias that is caused by selective drop-out of participants with specific characteristics between
surveys. Bias introduced by differences between participants and non-attenders is challenging
to overcome because participation is voluntary, and especially when participation is not

reimbursed.

One statistical method to handle selective drop-out is by IPW (190), which we applied in
Paper I1. Contrary to the main results in paper Il, the analysis performed in the hypothetical,
more heterogeneous study sample created with IPW showed no associations between fish
intake and pre-frailty. This suggested that the study sample in paper Il suffered noticeably
from selection bias, and thus the results should be interpreted with caution. One may
speculate that, in the IPW sample, the effects of age and poorer health superseded the positive
effects of frequent fish intake observed in the original study population. It would have been
interesting to also apply IPW in the other papers; however, in Paper I, | was not familiar with
IPW and, in Paper 11, we prioritized to apply M1 for missing food data, including in
participants originally excluded from the analysis, which significantly increased the sample

size and thus provided a somewhat less restricted sample.

Overall, non-attendance by the frailest individuals in the Tromsg Study will have contributed
to underestimation of frailty in the study sample in Papers | and 11, which may have
influenced the observed associations. Similarly, non-attendance by individuals with the least

healthy diets may have contributed to an overestimation of the effect of diet on frailty risk, as
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indicated by the results from the IPW analysis in Paper Il. Consequently, the presence of

selection bias might have reduced the study’s internal validity.

Confounding

Confounding is an inherent problem of epidemiological studies. A confounder is a variable
that influences the association between the exposure and the outcome because the
confounding variable is, in itself, associated with both the exposure and the outcome (197).
The effects of confounding may be reduced through applying multivariable statistical models,
where confounding variables are adjusted for, allowing for the estimation of the specific
effect of the exposure variables (197). Notably, observational studies inevitably suffer from
residual confounding, i.e. confounding from unmeasured or not properly measured factors,
which cannot be solved statistically (157). In this thesis, we performed multivariable
regression models, adjusting for baseline confounders known to be associated with diet and
frailty. Statistical adjustments to handle confounding are be discussed in more detail under
5.1.3 “Statistical considerations’.

5.1.3 Dietary data

Validity of data

There are no validation studies on the dietary data obtained from Tromsg4—Tromsg6.
However, the estimated E% from macronutrients in Tromsg4 were comparable with data from
Norkost 1 (1993-94) and 2 (1997), which were supposed to be the most representative sample
of the general Norwegian population aged between 16 and 79 years, at the time (90, 91),
suggesting that the estimated dietary intakes are reasonably reliable. The FFQ used in
Tromsg7 had been validated against weighted food records and plasma biomarkers and
considered suitable to assess total diet in large population-based surveys (198, 199); however,
one study did find that the estimated E% from fat and sugar was slightly underestimated,
while the E% from carbohydrates and protein was slightly overestimated (199). Under-
reporting of certain foods and consequently underestimation of nutrient intake may lead to
attenuated effect estimates, and conversely, overestimation of nutrient intake may lead to
amplified effect estimates (199).

Comparability of dietary data
A major challenge in the planning and analyses of the studies conducted was that the
collected dietary data differed between the Tromsg surveys, which hampered direct

comparison of the dietary items. Despite our efforts to compare repeated measures of similar
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dietary items, the dietary variables registered and analysed were not always identical. This
restricted our options as to which dietary variables, and how many measurements of these, we

could investigate.

In paper I, the estimated protein intake in Tromsg4 was based on 34 food-related questions
with portion sizes estimated based on previous dietary surveys, whereas estimated intake in
Tromsg7 was based on a 261-item FFQ specifically asking about portion sizes. Consequently,
the consistently observed higher estimated protein intake in Tromsg7 may reflect that the
protein estimates in Tromsg7 were based on a much higher number of dietary variables than
that in Tromsg4 and that participants were more inclined to report consumption of the foods
and beverages when specifically asked about these. Moreover, the observed differences in
protein intake is likely to also be attributed to the observed overestimation of protein E% from
the FFQ used in Tromsg7 (199).

In paper I, the questions about fish intake in Tromsg4 and Tromsg6 asked about frequency of
intake of lean and fatty fish for dinner, whereas meal type was not specified in Tromsg7
(overview of original questions in Supplementary Table S1, paper Il). Thus, although
handled and analysed as identical variables, one may speculate that the participants may have
reported a higher fish intake to the questions not restricted to fish dinners. If so, this may
suggest that fish intake in Tromsg7 was relatively over reported compared to the fish intake in
Tromsg4 and Tromsg6, which could explain that the observed fish intake was highest overall
in Tromsg7. Notably, only fish intake in Tromsg6 was analysed individually, however, this
possible difference in self-reported intake may have influenced the identified patterns of fish

intake, which included all three surveys.

The issue of differing dietary data in the Tromsg Study surveys had the most consequences
for the analysis in Paper 111, which included the greatest number of dietary variables. The
dietary trajectories were based on three different diet scores of the participants’ diets, based
on different sets of available dietary variables at each time point and thus, not directly
comparable. As the diet scores for Tromsg4 and Tromsg5 did not cover the total diet, these
scores were proxies for total diet scores. The trajectories showed patterns among the
participants with higher or lower diet scores over time, relative to each other and
consequently, the trajectories merely ranked the participants’ relative diet scores over time.
Overall, although the diet scores themselves cannot be directly interpreted as a measure on a

healthy diet, we believe that the trajectories — the exposure in Paper 111 — may be interpreted
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as relative measures of different levels of a healthy long-term diet, and applied to other
relatively healthy adult and older adult populations and thus, considered externally valid.

Construction of diet scores

A major methodological concern with regard to construction of diet scores is researcher
subjectivity (126). For example, subjective decisions are made regarding what dietary items
are relevant to analyse, how to define different food groups and how to score different food
variables. Although the NNR2023 provided the basis for the diet scores in Paper 111, with
specific recommendations for intake of most of the nutrients and foods, we constantly had to
make subjective assessments of the recommendations against the dietary variables in the
Tromsg Study when constructing the diet scores. The process was complicated by the
different available dietary variables in the three surveys, meaning that similar dietary
recommendations was sometimes interpreted and measured in three different ways.
Nevertheless, as far as possible, the structure and scoring systems were similar in the three
scores, with healthy variables receiving higher scores, and similar variables scored similarly,

and thus weighted — relatively — equally in each survey.

Both the contents of FFQs and people’s dietary habits are influenced by the times in which we
live, including trends, recommendations and beliefs in diet and health. Thus, it may be
debated whether the use of dietary recommendations from 2023 is an appropriate measure of
diet measured in 1994, 2001 and 2015, respectively. Moreover, the NNR was not targeted
towards the study population in Paper I11, but towards the general population of 2023,
encompassing all age groups and individuals with and without diseases (63). However, we
argue that it was a suitable choice, considering the following: first, with the exception of
Tromsg7, the available dietary data in the Tromsg Study were not sufficient to measure
adherence to neither current nor previous national dietary guidelines. Second, the NNR2023 is
the most comprehensive dietary guideline available, which makes it possible to assess far
more variables from the Tromsg Study dataset than any other existing dietary guidelines or
diet scores. Third, we believe that what is recommended today would also have been
recommended in the 1990’s — if one had had the knowledge at the time. Fourth, in Paper I1I,
we did not measure adherence to dietary guidelines, but we tried to measure an objectively

healthy diet, based on available data.
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5.1.4 Frailty data

The frailty definitions used in this thesis were based on an overweight of self-reported data,

which introduce a higher risk of information bias than if they had been objectively measured.

When defining physical frailty according to Fried et al. (40), the characteristics should ideally
be measured similarly to the original operationalization. However, most studies — as much as
90% according to a systematic review (55) — use study-specific modified versions of the
definition. Also in Papers | and I, four of the five frailty characteristics measured in Tromsg7
were slightly modified from the original physical frailty definition, because these were
measured with different instruments, as presented in Table 2, and in detail in Supplementary
Table S1, Paper I. According to the aforementioned systematic review, the modifications used
in Tromsg7 for the different characteristics, were among the most common modifications
(55), and the measurement instruments used in Tromsg7 were well known and validated,

which indicates that physical frailty in Tromsg7 was measured using an acceptable definition.

One drawback of Papers | and 11 was that the pre-frail/frail and pre-frail groups were heavily
dominated (> 80%) by participants with only one frailty characteristic present. Furthermore,
among these participants, about half had self-reported low physical activity as the only frailty
characteristic present. We argue that this reflects how Fried’s frailty definition may not have
been sensitive enough, or an unsuitable measure for this population, considering that we, to
some extent — in essence — analysed the association between diet and low physical activity.
All analyses were adjusted for baseline physical activity, which to some extent handled the
issue of possible reverse causality caused by inactive participants at both baseline and follow-
up. Notably, results from sensitivity analyses performed in Paper I, in an attempt to overcome
the dominance of those with only one frailty characteristics, where we 1) excluded
participants with frailty score 1 and 2) ran the analyses on the objectively measured low grip

strength as a proxy for muscle function, were similar to the study’s main finding.

Regarding the frailty index in Paper I11, we consider it to be an overall robust definition of
frailty when handled as a continuous variable as it was constructed according to an objective

formula and covered several different aspects of health (51).
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5.1.5 Statistical considerations

In the following section, we outline the statistical methods used in this thesis, and their

suitability, if not already discussed above.

Statistical adjustments

In the papers in this thesis, the statistical models were adjusted for baseline variables —
measured 21 years (Papers | and I11) and 8 years (Paper I1) before follow-up. We
acknowledge that 21 years is a very long time period and that all characteristics measured at
baseline will not necessarily be applicable at follow-up. To account for this, in Paper I, we
also performed analyses that were adjusted for follow-up confounders, which gave similar

results as those adjusted for baseline confounders.

For the papers with three time points, we considered the possibility of performing mixed
model analyses, and thereby accounting for the effect of time by adjusting for time-varying
confounders, however this was not possible owing to the nature of the data as mixed models

are only applicable to repeated measurements of outcome — not exposure.

In Paper Il and 111, some baseline adjustment variables were also included in the outcome
which could possibly have contributed to over-adjustment. For example, in Paper Il, the
analyses were adjusted for Tromsg6 (baseline) physical activity level, 8 years before follow-
up. This variable was statistically significant in univariate and multivariate analyses in the
model-building process and, more importantly, the statistical fit of the model was higher with
physical activity included the model than without. Also, adjusting for baseline physical
activity might, to some extent, have accounted for a possible risk of reverse causality
introduced by the high levels of pre-frail participants at follow-up which had low physical
activity as their only frailty characteristic present (51%) (Supplementary TableS9, Paper II).
The results did not change notably depending on the variable physical activity was in the
model or not (data not shown). Combined, we therefore believe we had solid grounds for
including physical activity in the statistical models and that the risk of over-adjustment
appeared low. In Paper I11, the adjustment baseline variables BMI, self-reported health and
social status were also included in the frailty index. However, we consider the 21 years
between assessment of these baseline variables to follow-up and construction of the frailty

index as sufficient for this not to pose a statistical problem.

We were consistently interested in the diet—frailty effects in men and women separately,

because sex is strongly associated with frailty and dietary habits differs between the sexes
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(200). However, for most of the analyses — including all tracking analyses — the strata-specific

sample sizes were once again too small and, thus, we did not perform sex-stratified analyses.

Moreover, we acknowledge that reporting changes in ‘risk” of pre-frailty/frailty in Paper | was
inaccurate because ORs should be interpreted as risk ratios only if the outcome is rare (<
10%), or it will otherwise overestimate the risk (197).

Adjusting for dietary variables

In dietary research, it is often recommended to adjust for energy intake (161). When energy
intake is associated with the outcome, it acts as a confounder because the intake of most
nutrients is (strongly) linked with energy intake. Also, when not associated with the outcome,
variations in energy intake may lead to variations in nutrient intake as a result of individual
differences in physical activity, body size and metabolism. Failing to adjust for energy intake
may lead to an underestimation of associations (201). In this thesis, only the analyses in Paper
I were energy adjusted. In Paper 11, baseline energy intake was not adjusted for as no such
data was available. Consequently, the observed association between fish and pre-frailty may
be overestimated, if some of this is truly attributed to energy intake. In Paper 111, because all
macronutrients in the diet scores were included as E%, we considered that adjusting for

energy intake would have led to over-adjustment.

Moreover, it would have been fruitful to perform substitution-analyses, to assess the effect of
the nutrient or food in focus, depending on the additional composition of the diet. For
example, in Paper 11, it would have been interesting to see the effect of eating fish instead of
other relevant foods (e.g. meat, vegetables, snacks); however, no such analyses were done

owing to insufficient data.

In Paper I, protein intake in g/kg bodyweight/day was analysed in units of 1 g/kg
bodyweight/day, which arguably is too large a scale for any meaningful interpretation. Our
results showed that for every 1 g of increased protein intake per kg bodyweight, the odds of
pre-frailty reduced by 57%. However, this is an unrealistically large change, considering that
the average intake in the study participants was about 1.1 g/kg bodyweight/day and that the
NNR2023 recommend daily protein intakes of 1.2-1.5 g/kg bodyweight for older adults (63).
A more suitable unit might have been 0.1 g/kg bodyweight/day, which represents a more
realistic change in protein intake in everyday life.
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Tracking analyses

Several pragmatic decisions were made regarding the identified dietary patterns for
facilitating meaningful statistical analyses of these. For clarity, although consistently labelled
as ‘tracking analyses’, this term is really only suitable for Papers | and I1, which focused on
stable and changing dietary patterns of intake. However, Paper 111 focused on dietary
trajectories, which do not concern stability of intake specifically, but rather varying and

complex patterns of intake over time.

In particular, the results from the tracking analysis in Paper 1l must be interpreted with
caution because the ‘stable’ patterns of fish intake in practice may vary significantly within
the categories, considering that the definition of the stable patterns allowed that one out of
three measured frequencies of fish intake could differ from the other two. Thus, similarly
classified stable patterns of fish intake may in reality vary a great deal, depending on whether
the pattern consisted of three or two identical measures, whether the ‘one-off” intake

frequency was higher or lower than the other two and, if so, in what survey.

In contrast to in Papers | and I, the dietary trajectories in Paper |11 were created statistically
using GBTM. As a data-driven method, GBTM inhibits a low risk of researcher subjectivity
because the identified patterns are not chosen by the researcher. However, the researcher must
still make certain assessments during the construction of the final model by comparing the
suitability of different models with different numbers and shapes of included trajectories.
Unlike previous longitudinal analysis methods that tend to describe trends in dietary intakes
or behaviours as a group average over time, GBTM accounts for between-individual variation
and recognizes subgroups of individuals who present with distinct patterns that vary from the
group average (142). Overall, we believe that the GBTM was a suitable choice of method for
identifying the dietary trajectories. However, it is worth remembering that the identified
trajectories include participants with various combinations of diet scores over time and that
the final trajectories (Figure 6) represent their average diet scores. For example, at each time
point there were some participants with diet scores in the highest and lowest quintiles who
nevertheless were included in the ‘moderately healthy’ trajectories, based on their diet scores
at the other time points. Thus, the dietary trajectories must be interpreted at a population level
and not at the individual level.
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Handling of missing data

Missing exposure data

In Papers 11 and 111, missing dietary data were imputed using MI. Ml is a flexible, simulation-
based statistical method for handling missing data, allowing for the uncertainty of the missing
data by creating multiple, different, plausible, imputed datasets and appropriately combining
the results from each of these (202, 203). Consequently, the multiple datasets in Ml reflect the
variability in the study population to a greater degree than achieved with simpler imputation
methods, which increase the reliability of inferences drawn from Ml analyses. Ml is suitable
when data are assumed to be missing at random (MAR). If missing data are MAR, it depends
on observed values and, therefore, we assume that we can predict the missing values based on
the other observed data (197). Thus, we believe that using MI was a suitable choice to impute

the missing dietary data.

In addition, simple (zero) imputation was applied for selected dietary variables in Paper llI.
Although zero imputation is a common, simple method of dealing with item non-response in
FFQs, it makes strong assumptions about the missing data mechanisms and disregards any
uncertainty about the true value to impute and, therefore, it is not an appropriate imputation
strategy for all missing FFQ items — as opposed to M1 (204, 205). Nevertheless, we
considered it an acceptable imputation method for the selected, partially answered, dietary
questions where we considered that the lack of response was likely due to an actual null

value.

Missing outcome data

In Paper 1, but not in Paper 11, we excluded participants with missing data on three or more
frailty characteristics in Tromsg7. In Paper 11, we considered this exclusion criterion as
unduly strict considering that the outcome assessed (pre-frailty) required the presence of
‘only” one frailty characteristic. In retrospect, | believe that we should have applied said
exclusion criterion for consistency between the studies and to reduce the degree of missing
data. However, exclusion of participants with three or more missing frailty data in Paper Il

(data not shown) had no influence on the observed pre-frailty prevalence.

Furthermore, we only imputed missing outcome data in Paper I. The chosen imputation
method was arguably a suboptimal choice, considering that it was not validated and was very
monotonous because it consistently imputed ‘1° frailty score for the missing frailty data,

which is unlikely to reflect the reality. At the same time, this imputation method did most
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probably introduced little risk of researcher subjectivity as there were no variations or room
for interpretation of the imputed values. The results from the analyses performed after
imputing frailty were in line with the study’s main results, suggesting that the risk of

underestimation of frailty due to missing data was low.

We could also have imputed outcome in Paper 11, considering that 35% of the participants had
missing frailty data. However, | suspect that the prevalence of frailty would not have changed
drastically after imputation because | believe that the observed low frailty prevalence is the
result of selection bias and not missing frailty data. In Paper 111, only ten participants were
excluded based on missing frailty data and only one variable was deleted from the index

because > 10% of the participants had missing data.

Bearing the described considerations, restrictions and errors outlined in mind, we believe that
overall, the statistical methods used were suitable choices for analyses of the diet-pre-
frailty/frailty associations. In addition, the increasingly complex statistical methods used in

Papers I-111 reflect my progression in statistical skills.

In summary, despite the outlined presence of selection bias, information bias and risk of
residual and/or unmeasured confounding in the studies, all of which reduce the studies’
internal validity, we consider the observed estimates from the statistical analyses performed —
consistently supported by the results from sensitivity and supplementary analyses —
suggesting that the results have, in general, an acceptable internal validity. Thus, given the
discussed limitations and that the results are interpreted with caution, we believe that our
findings may be generalized to relatively healthy community-dwelling adults and older adults

in Norway and comparable populations.

5.2 Discussion of the main results

The studies in this thesis investigated the association between a nutrient (Paper 1), a food

group (Paper I1) and an overall diet (Paper 111) and frailty.

The main findings of this thesis were that a higher daily protein intake in g/kg bodyweight in
middle age was associated with lower odds of pre-frailty/frailty in older age (Paper ).
Similarly, a frequent intake of fatty, lean and total fish was associated with lower odds of pre-
frailty 8 years later in older adults (Paper I1). Moreover, through analyses on dietary tracking
over 21 years, we showed that maintaining a consistent high protein intake (in g/kg
bodyweight/day) (Paper 1), a frequent fish intake (Paper 1) or a moderately healthy to very
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healthy diet (Paper I11), from middle-age onwards, was associated with lower pre-
frailty/frailty in older age. As far as we are aware, our studies are the first to investigate the

longitudinal association between dietary tracking and pre-frailty/frailty.

These findings support the hypothesis that diet in adulthood influences the health in older age,
and therefore, that maintaining healthy dietary habits throughout life is crucial. This thesis
adds valuable findings to diet—frailty literature and, in particular, the results from dietary
tracking analyses contribute with new findings to an area of research where there is a

consistent demand for more longitudinal studies.

In the following section, the results and implications from the three papers included in this

thesis are discussed in the light of existing research.

5.2.1 Associations between diet and frailty

Protein intake and pre-frailty/frailty

In Paper I, we showed that higher protein intake in g/kg bodyweight/day, and maintaining a
stable high level of intake over time were associated with a lower odds of pre-frailty/frailty in
older age. We found no statistically significant associations between protein in g/MJ/day and

pre-frailty/frailty.

Results from two longitudinal studies in community-dwelling older women are in line with
our findings of an inverse association between higher protein intake in g/kg bodyweight and
frailty/pre-frailty (99, 100). In a 3-year Finnish cohort, Isanejad et al. found that women with
protein intake > 1.1 g/kg bodyweight had lower odds of physical frailty, compared with those
consuming < 1.1 g/kg bodyweight (99). Similarly, Vellas et al. reported that women aged >
60 years with a daily protein intake > 1.2 g/kg bodyweight had fewer health problems and less
(study-specific) frailty after 10 years compared with those consuming < 0.8 g/kg/day (100).
Also, in line with our findings, the results from the Newcastle 85+ study showed that
increased intake of protein in g/kg bodyweight adjusted to normal BMI decreased the
likelihood of worsening frailty status over 5 years in men and women aged > 85 years (101).
On the contrary, however, a 16-year cohort study in Dutch men and women aged > 45 years
found no association between daily protein intakes of > 1.2 g/kg bodyweight and < 0.8 g/kg
bodyweight, and physical frailty (67). Notably the participants in the latter two studies were
very old and middle-aged, respectively, and therefore might not be directly comparable with

our study population. Results from cross-sectional studies on protein intake in g/kg
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bodyweight and physical frailty in community-dwelling older adults are inconclusive, with

reports of both inverse associations (106) and no association (105).

The observed null-findings between protein intake in g/MJ/day and pre-frailty/frailty was
somewhat surprising, especially considering the consistently observed inverse association for
protein in g/kg bodyweight/day. For results on protein in g/MJ/day, comparison are made
with studies on protein E%. In line with our findings, are findings from Shikany et al. who
found no association between quartiles of protein E% and physical frailty over 4.6 years, in
US older men (70). Moreover, among community-dwelling Norwegian adults, Sabir et al.
found no association between substituting 1 E% protein with carbohydrate or fat in middle
age (4649 years) and appendicular skeletal muscle mass or grip strength in older age (67—70
years) (103). Contrary to this, a Japanese and a Norwegian cross-sectional study found an
inverse association between protein E% and frailty (104) or walking speed (107) in

community-dwelling older adults, respectively.

To the best of our knowledge, only one previous study — Beasley et al. from 2010 — has
analysed the association between protein intake assessed relative to both bodyweight and
energy intake and frailty (98). Notably, their findings differed from ours in that they observed
an inverse association between higher intake of both protein parameters and pre-frailty/frailty,
whereas we saw only an association for protein intake in g/kg bodyweight. Beasley et al.
reported that, in 24 417 women in the Women’s Health Initiative cohort, a 20% increase in
protein intake in g/kg bodyweight/day and protein intake in E% over 3 years was associated
with 35% and 32% lower odds of physical frailty, respectively. For pre-frailty, 22% and 24%
lower odds were observed (98). The authors observed attenuated associations between total
protein intake (g/d) and frailty, to which they commented that ‘the nutrient density estimates
of protein intake (E%) are consistently more predictive of health outcomes than absolute

estimates of protein intake (g)’.

Although the two protein parameters assessed in Paper | reflect different aspects of protein
intake — relative to both body size and energy intake (i.e. as a proportion of the total diet), we
hypothesized that their observed association with pre-frailty/frailty would be somewhat
similar, or in the same direction. However, the two protein variables had poor correlation
(data not shown), showing that they truly measure different aspects of diet. Moreover, we
speculate that the different observed estimates might be partly explained methodologically by

the different inherent sources of error in the denominators of the two variables, that is the
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objectively measured bodyweight versus estimated energy intake based on self-reported
dietary data. In addition, the observed association for protein in g/kg bodyweight might
somehow reflect differences in body composition between groups, considering that the pre-
frail/frail participants on average had slightly higher bodyweight than the robust participants.
However, this was not investigated further owing to a lack of body composition data.

Research is inconclusive on the influence of animal versus plant protein sources (67, 69, 71,
206, 207), the distribution of protein intake across daily meals (105, 107, 208), and the effect
of protein supplementation on risk of frailty (209). These aspects of protein intakes were,
however, not investigated in Paper 111 owing to lack of data.

The protein intake in the highest tertile was in line with the NNR2023 at both baseline (> 1.2
g/kg bodyweight) and follow-up (> 1.4 g/kg bodyweight) (63). Thus, our findings of higher
odds of pre-frailty/frailty from long-term protein intakes below these levels, and conversely,
lower odds of pre-frailty/frailty from consistent intakes at these high levels, may indicate that
having a long-term protein intake in line with, or even higher than the dietary

recommendations may be associated with lower odds of pre-frailty/frailty in older age.

The protein intake in Norway is generally high, and most people get enough protein through
their normal diet. Thus, our findings do not imply that the Norwegian population as a whole
should increase their protein intake unrestricted. However, our findings emphasize the
importance of maintaining a high protein intake with increasing age. This is especially
important for vulnerable groups at risk of insufficient protein intake, such as adults and older
adults who are lonely, suffer from diseases or dental health issues, or have poor appetite. In
addition, vegetarians and vegans must make sure that they get enough protein in their daily
diet, which can be a challenge because protein from animal sources is generally of a higher
quality and more efficiently utilized by humans, compared with plant proteins (61). Sources
of plant proteins include pulses (e.g. beans, lentils and peas), nuts, seeds, whole grains and
soy products. With the exception of whole grain (bread), these are foods that are consumed to
a low extent in Norway (210), but — at a population level — we could benefit from eating more
of them, from both a health and a climate perspective. This is reflected in the NDG and
NNR2023, which both emphasize that legumes, nuts, seeds and whole grains should be a
significant part of a healthy diet (62, 63).

Increased knowledge about dietary sources of protein, including plant protein, and what

constitutes a well-balanced diet and thus a diet with sufficient protein content, will be useful
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for the general Norwegian population, but especially those with low nutrition literacy (‘the
degree to which individuals have the capacity to obtain, process, and understand nutrition
information and skills needed in order to make appropriate nutrition decisions’ (211), and
those who eat too little protein. Moreover, this knowledge is important for relatives and health
workers who are involved in cooking and/or serving, to be able to suggest and offer good and

appropriate food choices.

Fish intake and pre-frailty

In Paper 11, we observed that a high intake (> 4 times/week) of fatty, lean and total fish was
associated with lower odds of pre-frailty after 8 years compared with a low (0-3 times/month)
intake in Norwegian older adults. For fatty fish, a medium intake (1-3 times/week) was also
associated with lower pre-frailty 8 years later. Moreover, maintaining a stable high intake of
total fish over 21 years was associated with lower odds of pre-frailty compared with a stable

low intake over time.

As the existing literature on fish intake and pre-frailty is limited, the comparison of our results
is mostly restricted to studies on frailty or frailty-related parameters, including studies with
different frailty definitions and measurements of fish intake, and study populations markedly
different from the relatively healthy community-dwelling older Tromsg residents that
participated in Paper Il. Furthermore, as we know of no previous studies on patterns of fish
intake over time, we have not been able to compare the results from the tracking analysis with

existing literature.

However, in line with our findings of lower odds of pre-frailty among frequent fish eaters,
results from a recently published longitudinal study in community-dwelling Korean adults
aged > 70 years showed that fish intake was associated with lower odds of physical frailty
after 4 years (212). Moreover, Garcia-Esquinas et al. found that higher daily consumption of
total fish and ‘blue’ (mostly fatty) fish was associated with a lower accumulation of age-
related health deficits after 6 years in Spanish community-dwelling adults aged > 60 years
(121). However, contrary to our findings, they found no association between intake of white

(mostly lean) fish and accumulation of health deficits.

Somewhat in line with our findings on fatty fish, Del Brutto et al. reported a stepwise
decrease in frailty scores per additional weekly serving of fatty fish among participants aged
60—69 years, but not among those aged > 70 years, in a cross-sectional study conducted in

rural Ecuador (124). Among the latter, the authors suspected that the detrimental effects of
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age superseded the observed positive effects of fatty fish. Furthermore, fatty fish consumption
was associated with increased grip strength in men and women aged 5973 years in the
Hertfordshire cohort study (125).

In addition, Japanese (123, 213, 214) and Irish (122) cross-sectional studies have found
inverse associations between fish intake and frailty. Shibasaki et al. showed that fish
consumption (<2/week) was associated with higher prevalence of pre-frailty and frailty,
defined using a Japanese, internationally validated definition of frailty in older community-
dwelling women, compared with daily consumption (214). Using the same frailty definition,
Yamaguchi et al. reported lower prevalence of frailty among older community-dwelling
adults with higher quartiles of seafood intake (213). In another study in middle-aged Japanese
women with rheumatoid arthritis, the prevalence of pre-frailty and frailty was significantly
lower among those who ate fish > 3 times/week (123). Similarly, higher intake of total fish
was significantly associated with lower prevalence of Fried’s frailty in Irish community-

dwelling older adults (122) and improved walking speed in older Norwegian women (107).

Also, in support of the beneficial effect of a frequent intake of lean fish observed in Paper I,
results from a 10-week Saudi-Arabian intervention study showed that eating lean fish twice
weekly was significantly associated with increased muscle mass and function among 22

adults aged > 50 years (120).

The observed fish intake in Paper Il was generally very high, with > 50% eating fish > 4 times
per week and 13% eating fish daily or more often. One might speculate that fish intake could
be over-reported due to social desirability considering the role of fish as a healthy food (215),
however, this is more applicable to younger generations than to older ones — such as the study
participants in Paper Il — where fish has to a greater extent been an everyday part of the diet
for all social classes, and less connected to status or health (118). Moreover, the observed fish
intake was in line with that among adults living in Northern Norway found in the Norkost 3

survey, which was much higher than in the rest of the country (92).

With the exception of fatty fish, our analyses showed that having a high (> 4 times/week) but
not a medium (1-3 times/week) intake of lean and total fish was associated with lower odds
of pre-frailty. Although not entirely comparable, the medium frequency category resembles
the Norwegian recommendations of eating fish 2—3 times/ week (116). We were somewhat
surprised by the null findings for medium lean and total fish intake, because we hypothesized

that this level of fish intake would also be markedly healthier than a low intake (<3
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times/month). Taking into consideration the somewhat stronger associations for fatty fish, one
could speculate that it was the main driver for the observed association between total fish and
pre-frailty. Moreover, the difference in the observed associations for fatty and lean fish might
reflect biological differences between the two, with fatty fish containing more anti-
inflammatory LCn-3FAs and vitamin D, crucial for bones and muscles (63). However, we
cannot say with certainty what caused the observed differences, just as we cannot say
anything about whether there were other not known and not measured confounding factors
among the participants who ate fish or in their lifestyle that influenced the associations. We

also do not know what those who ate little fish ate instead and vice versa.

In Paper I, the tracking analysis showed that maintaining a stable high intake of total fish
over 21 years was associated with a lower odds of pre-frailty compared with a stable low
intake over time. As noted, these results should be interpreted cautiously given that the ‘stable
patterns’ may vary somewhat. However, as a truly stable pattern of fish intake corresponds to
eating fish >4 times/week for two decades, our findings suggest beneficial health effects from
a long-term fish intake that exceeds the NDG and NNR2023 (63, 116). The results in Paper Il
add to those of Paper I, because total fish intake was highest in the highest tertile of protein
intake (g/day) in both Tromsg4 and Tromsg7 — the two surveys with data on estimated protein
intake (data not shown). In addition, the protein intake differed significantly between
participants with different levels of fish intake, and increased with higher levels of fish intake

(data not shown).

Our findings emphasize the importance of eating fish, and in particular, fatty fish, several
times a week. As the overall fish consumption in Norway is gradually declining, particularly
among younger people, promotion of increased fish intake should be prioritized. It is
important to break down barriers related to fish, especially among the younger generation.
This includes: spreading knowledge about the unique and healthy nutritional content of fish;
how to, easily and realistically, prepare and use different types of fish and seafood; pricing
fish reasonably and break down the prejudice that fish is expensive, such as the campaign
‘Fish Tuesday’ in the Meny and Coop Mega supermarkets in Norway, with a 30% discount on
all fish products every Tuesday; and increasing the availability and selection of fish in the
stores and develop more, varied and appealing fish products that can be eaten for breakfast,
lunch and dinner (118). An increase in the intake of fish at the expense of meat is also

favourable from a climate perspective.
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Notably, adjusting for the use of cod liver oil, vitamin D or LCn-3FA dietary supplements did
not influence the observed association between fish intake and pre-frailty. This indicates that
it is the fish itself, or the action of eating fish — possibly at the expense of something specific

else — that is associated with a reduced odds of pre-frailty.

Dietary trajectories and frailty
In Paper 111, we identified five dietary trajectories over 21 years, based on the NNR2023. Of
these, the trajectories ‘moderately healthy’ and ‘healthy increase’ were associated with lower

frailty in older age, compared with the ‘unhealthy’ trajectory.

As there are no previous studies on dietary trajectories and frailty, comparison with other
studies is limited to studies on dietary trajectories and health-related outcomes and mortality,
in addition to studies on diet measured at a single point in time and frailty in older adults.
Moreover, the inclusion of younger study populations, varying follow-up periods and study-

specific dietary trajectories hampers comparison even further.

The results from longitudinal studies are somewhat in line with our findings in Paper 111,
showing positive effects from trajectories that reflect improved or maintenance of stable high
adherence to different definitions of healthy diets over time on health outcomes — all of which

were covered in the frailty index.

Findings from the Baltimore Longitudinal Study of Ageing investigating adherence to the
AHEI in participants aged 30-59 years showed that participants with a ‘greatly improved’
trajectory had better physical function at age > 60 years than those with a ‘moderately
improved’ trajectory (146). Moreover, two Chinese longitudinal studies reported better
cognitive performance (151, 152) and lower risk of poor psychological and social health (151)
at older ages among participants with ‘stable high’ adherence to the Dietary Approach to Stop
Hypertension (DASH) diet for 23 years (151) and to the AHEI for 6 years (152), respectively.
Several studies have investigated the association between dietary trajectories and cardio
metabolic outcomes in Chinese (148-150) and British (147) adults. Three studies investigated
the association using a posteriori identified dietary patterns, showing overall that adherence
to the healthier study-specific dietary patterns over time was inversely associated with BMI
and waist circumference (147, 150) and glycated haemoglobin and diabetes (149).

Similarly, results from the Chinese Health and Nutrition Survey showed that in adults aged >
18 years, changing from a relatively low-fat/high-carbohydrate diet to a high-fat/low-

carbohydrate diet over 20 years was positively associated with obesity, diabetes and mortality
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(148). This is in line with the NNR2023, which recommends a higher proportion of
carbohydrates than fat in the adult diet (45-60 E% versus 25-40 E%) (63).

Another study from the Chinese Health and Nutrition Survey found lower total mortality
among participants with improved and moderate-to-high adherence to the Chinese Healthy
Eating Index over 9 years (153). Similarly, in 48 000 US women and 26 000 men, Sotos-
Prietro et al. reported a lower total mortality among participants with improved or stable high
adherence to three diet quality scores (AHEI, Alternate Mediterranean Diet Score and DASH)
over 12 years (154).

Taken together, the above results show that it is not necessarily one specific diet that
promotes good health in older age, but that different diets containing essential healthy
components are associated with better health outcomes over time. Despite cultural differences
and many Chinese studies, the diets included in the discussed studies — and in particular the a
priori defined ones — were overall in line with the NNR2023, as they were rich in whole
grains, fruit and vegetables, dairy, fish, and polyunsaturated fats, with less meat, sugary and
fatty foods (63).

Moreover, our findings in Paper Il are supported by longitudinal studies on dietary patterns
and frailty, measured using the frailty index. Overall, studies agreed that adhering to healthy
diets (e.g. the Mediterranean diet, the Dutch Dietary Guidelines and Diet Quality Index—
International) were associated with a lower risk of frailty (128, 129, 216, 217), slower
progression of frailty (129) and increased likelihood of study-specific definitions of healthy
ageing (135, 218).

As the first of its kind, we believe that our study contributes with important new findings on
the association between diet and frailty from a longitudinal perspective. Our results show a
positive effect of a consistently moderate or (very) healthy diet from adulthood to older age.
Even if a diet classified as ‘very healthy’ is based on higher diet scores, indicating an
objectively healthier diet than a ‘moderately healthy’ diet, the trajectories are similar in that
they do not reflect decreasing diet scores but conversely, similar or increasing diet scores over
time. In other words, our results also show a protective effect of simply avoiding worsening
dietary habits with age. We cannot specify how the participants in the different dietary
trajectories ate over time, as only the diet score in Tromsg7 covered the whole diet and their
contents vary. However, in general, a healthy dietary pattern, more or less in line with the

dietary recommendations, is assumed to provide both a certain intake of foods and nutrients
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that should cover the body’s primary needs and the prerequisites for generally good health
and a lower risk of diet-related diseases (62, 63). Thus, our results may be interpreted as
individuals who more than others ate a diet in line with the NNR2023 over time, defined
based on varying available data at each point in time, were less frail than those whose diet
deviated more from the recommendations. Overall, this emphasizes the importance of eating a
varied and healthy diet and adhering to dietary guidelines at all ages.

The observed 0.02—0.03 lower frailty index score from the ‘moderately healthy’ and ‘healthy
increased’ trajectories in Paper III translates to at least a one-deficit change in the 41-item
frailty index (i.e. 1/41 = 0.024). Two studies have identified a 0.03 change in the frailty index
score as the minimal change needed to predict ‘clinical meaningful changes’ in acutely ill,
hospitalized patients and community-dwelling older adults, respectively (219, 220). A
clinically meaningful change was defined as a noticeable change in patients’ health or
appearance corresponding to a one-level change in the Clinical Frailty Scale (166, 219), and a
change in health-related quality of life after 1 year, measured by the EuroQol-5D instrument
(220, 221). This suggests that the observed 0.03 lower frailty index score associated with the
‘healthy increased’ dietary trajectory in our study may predict long-term improved health-
related quality of life. Nevertheless, a 0.03 change in the frailty index does not manifest
equally at all levels of frailty and, considering the complexity of the frailty syndrome, the
exact impact from any specific change in the frailty index score cannot be established.
However, studies have shown that, in community-dwelling older adults, the frailty index

increases on average about 3% (i.e. 0.03 frailty index score) annually (222).

5.2.2 Dietary tracking and frailty
One possible advantage of dietary tracking and trajectory analyses, based on repeated
measurements of diet over an extended period of time, is the possibility of distinguishing
periods when individuals experience significant dietary changes or periods that are more
critical than others, in relation to a given outcome (142). For example, the tracking analysis in
Paper 111 could potentially identify whether diet in the first or last period assessed (i.e.
between Tromsg4 and Tromsg5 (1994-2001) or between Tromsg5 and Tromsg7 (2001
2015)) was more crucial for frailty development. However, as the dietary trajectories that
were significantly associated with frailty in our analysis were either stable or gradually
increasing, we saw no such tendencies. In Papers I and I, the lack of identification of any
such time period could probably be attributed, to some extent, to the dataset and how the
dietary patterns were identified. In Paper | we had only two measurement points of protein
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intake and in Paper Il we focused on stable patterns, which do not allow for variation in
intake, and thus variation between measurement points, over time. Inclusion of several (> 3)
repeated measurements of diet would probably offer a more nuanced reflection of the diet
over time, however, the dataset did not allow for this. As mentioned, studies examining the
association between diet and frailty with long-term follow-up periods are scarce. We argue
that our studies, following participants over two decades, contribute valuable and new

research to the field.

However, the relevance of the results from the 21-year follow-up analyses may arguably be
debated, as it is unknown how motivated and amenable adults in their 40s and 50s are to
making dietary changes for their health 20 years later. Research have shown that knowledge
alone does not necessarily lead to behaviour changes in individuals, and in particular, when it
IS not perceived as relevant to them personally or if the impact of change is not sufficiently or
immediately noticeable (223). It is possible that Tromsg5 or Tromsg6 would have been more
suitable candidates for baseline surveys, conducted 14 and 8 years before follow-up in
Tromsg7, respectively, with participants aged > 51 and > 57 years at baseline who might have
been more interested in preventing unhealthy ageing than participants aged > 44 years at
baseline in Tromsg4. This was the rationale behind choosing Tromsgb6 as the baseline survey
in Paper |1 for the analysis of the frequency of fish intake, as we considered intake of fish
measured 8 years before follow-up as potentially more clinically relevant than that measured
21 years earlier (in Tromsg4). However, owing to the variations in available data in the
surveys, in order to utilize three repeated measurements in the analyses, Tromsg4 had to be

included.

5.2.3 Frailty in the Tromsg Study
Using Fried’s phenotype, the observed prevalence of frailty and pre-frailty was about 1.0%
and 27% in Papers | and 11, which is lower than that observed elsewhere in community-
dwelling older adults (56, 57). We believe that this is partly the result of selection bias in the
study, but also because older Norwegian adults today, in general, are markedly stronger and
in better health than previous generations (35). In particular, we suspect that the participants
in Tromsga7 were taller and stronger than those in the study by Fried et al. 14 years earlier and,
subsequently, that very few were defined as frail with the cut-offs for grip strength and

walking speed (Table 2).
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Although the frailty index is not primarily meant to be categorized, in Paper Il the prevalence
of frailty and pre-frailty was drastically higher, at 31% and 62% (using cut-off of 0.1-0.24,
data not shown), respectively. This aligns with previous studies that show that the frailty
index typically identifies more frail individuals than Fried’s definition, although the observed
prevalence in our study was higher than observed prevalence of global frailty (14%) and pre-
frailty (34%) in older adults, according to a systematic review (56).

We acknowledge that the observed prevalence was surprisingly high, in particular considering
the previously low observed frailty prevalence in Tromsg7 in Papers I and 11 in samples
suffering from more or less similar selection bias and inclusion criteria. One possible
explanation might be that several of the health deficits in the index were based on multiple
questions/measurements, which could have contributed to more participants receiving some
frailty score in several variables, than would have been the case if the deficits were based on a
single variable. For example, ‘anxiety’ was defined as a confirmative answer to ‘I get sudden
feelings of panic’, ‘I worry all the time’ and ‘I have felt afraid/anxious during the last week’.
We chose to include several subvariables to define the health deficits to minimize the level of
missing frailty data. We constructed the frailty index according to an objective framework
(46, 51), but how to define the individual health deficits is not specified in the literature.
Nevertheless, the frailty index is handled preferably as a continuous, which overcomes the

potential risk of misclassification of individuals into the different categories.

Cesari et al. write that, rather than viewing Fried’s physical frailty and the frailty index as
alternatives, they should be considered as complementary instruments, owing to the
conceptual differences that consequently measure different aspects of frailty and identify
different groups of individuals (52). This is supported by studies that have shown that,
although both instruments identify older people at risk of adverse health outcomes, they
identify different subpopulations (224-226). Cesari et al. highlight conceptual differences
between the instruments that may contribute to them identifying different aspects of frailty
and groups of individuals. For example, Fried’s phenotype does not include disability and
should therefore be applied to non-disabled older adults, whereas the frailty index includes
items of functional disability and does not clearly differentiate between frailty and disability
(52). Similarly, in our sample in Paper 11, participants were classified differently using the
frailty index and Fried’s frailty, and only 0.6% of the participants were classified as frail and
14% as pre-frail with both definitions (data not shown). As expected, participants were

considered frailer using the frailty index compared with the physical phenotype. No
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‘physically frail” participants were robust according to the frailty index, whereas 49% of
participants who were robust according to Fried’s frailty were frail according to the frailty
index. This is in line with findings from two studies showing that the frailty index is superior
in predicting adverse outcomes (225) and mortality risk (226) among pre-frail and robust
individuals, respectively. Moreover, two systematic reviews concluded that the frailty index is
the favourable outcome instrument as it covers the multidimensionality of frailty better and,
with its continuous scoring system, is more sensitive and can discriminate change better after
an intervention (227, 228).
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6 Conclusions

In the present thesis, longitudinal association between diet, and long-term patterns of diet, and
pre-frailty and frailty in Norwegian older adults was investigated, from three different angles.

The main conclusions of the three papers are as follows:

e A higher daily protein intake in g/kg bodyweight and maintaining a stable high level
of protein intake over 21 years was associated with lower odds of pre-frailty/frailty in

older age.

e A frequent intake of lean, fatty and total fish was associated with lower odds of pre-
frailty 8 years later. Similarly, a stable high total fish intake over 21 years was

associated with lower odds of pre-frailty in older age.

e Eating a diet classified as ‘moderately healthy’ to ‘very healthy’ through adulthood
was significantly associated with lower frailty in older age, compared with eating a

‘unhealthy’ diet over time.

In conclusion, our findings consistently show that one’s diet in adulthood may influence
health in older age. Specifically, our results indicate that eating a sufficient amount of protein,
eating fatty, lean and total fish frequently and eating a diet in line with the NNR2023 may be
associated with a lower risk of pre-frailty and frailty in older age. The studies included in this
thesis are the first to investigate the association between dietary tracking and trajectories and
frailty, showing the importance of maintaining a healthy diet over time. Thus, the results
support promotion of a healthy lifestyle and diet, including adherence to dietary guidelines in

mid-life, or even earlier, to facilitate healthy ageing and reduce frailty risk in older age.
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7 Implications and future perspectives

Because the population as a whole is ageing, our findings are relevant from a public health
perspective and, if communicated correctly, comprehensibly and to the right receivers, may
contribute to promote healthier ageing in the general population. Our findings suggest that
individuals who eat enough protein, fish several times a week and an overall healthy diet, in
line with the dietary recommendations, may have good prerequisites for less risk of frailty and
healthy ageing in older age. Thus, this is relevant from a cost-effective perspective
considering that, if more people remained healthier longer and prolonged the onset of frailty,

it would be beneficial financially and in terms of resources.

Our findings also emphasize the value of improving people’s diets, if suboptimal, to reduce
the risk of frailty in older age. These individuals will need increased knowledge about protein,
fish and what constitutes a healthy diet in general, why this is important to them at an
individual level and how they realistically and feasibly can make healthy choices in their

everyday life, based on their prerequisites.

As is the case for much health-related research, the results of this thesis may be most relevant
for those hardest to reach — that is, those who do not themselves seek out knowledge on health
and diet from reliable sources or who already prioritize making healthy choices and eating
fish, with a healthy and varied diet. Thus, it is particularly important to educate, support and
facilitate healthier lifestyles and diets among individuals with low nutrition literacy and those

in the lower socioeconomic groups, who typically have poorer health and diet (92).

Promotion of public health by spreading knowledge on how to eat healthily, is the
responsibility of dietitians and health care professionals, but, ultimately, of politicians and
others who influence the health policy and national and local initiatives to health-promoting
measures and activities. Our findings strengthen the argument that it must become easier for
individuals to make healthy and long-term choices rather than choices that are unhealthy and

— in the long run — harmful to health.

Moreover, we must stop focusing on the “elderly crisis’ (‘eldrebglgen’ in Norwegian) and the
potentially negative aspects of a growing ageing population, but rather work to use this to our
advantage. An ageing population is a triumph unparalleled in human history and should be
viewed as such. There is an incredible amount of untapped potential in the older population,
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but to utilize this and, to a greater extent, include older adults in society requires efforts from
politicians, city planners, employers, organizations and the older adults themselves.

This thesis warrants further research to confirm the association between long-term diet and
frailty. In particular, there is a need for new studies on dietary trajectories based on multiple
measures of diet over time, which may identify time periods and/or life stages crucial for
frailty development, or periods when individuals are particularly amenable to dietary

intervention and lifestyle change to prevent frailty development.

In addition, future studies should focus on the frailty index and physical pre-frailty, as these
are underrepresented in the diet—frailty literature, and also as pre-frail individuals in particular
are a more suitable target for preventive measures and interventions than those already
physical frail. If possible, future studies should analyse the diet-frailty association for men
and women separately, as both diet and frailty differs between the sexes. Moreover, studies
should strive to include more heterogeneous study populations, for example, through
oversampling of individuals from lower socioeconomic groups or institutions, or by providing

these with reimbursement, special assistance or follow-up during the study period.

This also applies to the upcoming Tromsg8 survey. With regard to analyses on diet in the
Tromsg Study, a priority in future surveys should, as far as possible, be to collect similar
dietary data as in previous surveys, to enable analyses of diet over time based on repeated

measurements.
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Abstract

BACKGROUND: Protein intake is suggested as an important dietary
factor in the prevention of frailty, however, the influence of lifelong
intake remains unclear.

OBJECTIVES: The present study investigated the relationship between
daily protein intake and patterns of protein intake over 21 years and the
risk of pre-frailty/frailty.

DESIGN: Prospective cohort study.

SETTING: The population-based Tromsg Study in Tromsg municipality,
Norway.

PARTICIPANTS: In total, 1,906 women and 1,820 men aged >45 years
in 1994 who participated in both Tromsg4 (1994-95) and Tromsg7
(2015-16).

MEASUREMENTS: Frailty status in Tromsg7 was measured according
to Fried’s phenotype, classifying participants as “robust” (frailty
components present: 0), “pre-frail” (1-2) or “frail” (>3). Daily intake of
protein was estimated from self-reported habitual dietary intake using
food frequency questionnaires and assessed as grams per kilogram
bodyweight (g/kg BW) and per megajoule energy intake (g/MJ). The
protein—frailty association was assessed via longitudinal and cross-
sectional multivariable logistic regression analyses.

RESULTS: The prevalence of pre-frailty and frailty in this study was
27% and 1.0%, respectively. Longitudinal analysis showed that the
odds of pre-frailty/frailty decreased by 57% (odds ratio (OR) = 0.43,
95% confidence interval (CI) = 0.31;0.58, p<0.001) with the increase in
intake of one additional gram of dietary protein per kg BW. The results
obtained from cross-sectional analysis were similar. Tracking analysis
showed that, compared to a stable high intake of protein in g/lkg BW
over time, other patterns of protein intake increased the risk of pre-
frailty/frailty. No associations were found between intake of protein in
g/M1J and pre-frailty/frailty.

CONCLUSIONS: Intake of protein in g/kg BW both in mid-life and
later in life was inversely associated with pre-frailty/frailty in older
adults. This emphasizes the importance of an adequate protein intake to
facilitate healthy ageing in Norwegian older adults.

Key words: Frailty, pre-frailty, protein, nutrition, older adults.

Introduction

growing ageing population with subsequent age-
associated deteriorating health represents one of
the most prominent health challenges of the
twenty-first century (1). As the proportion of older adults >65

years increases (1), the prevalence of the geriatric syndrome
Received August 16, 2021
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frailty is likely to increase accordingly. Frail individuals
experience increased vulnerability to stressors and are at higher
risk of negative health outcomes including falls, disability,
institutionalization and mortality (2, 3).

Despite the lack of consensus in the definition of frailty, a
diversity of scales and indices exists for its operationalization
(4). The most widely used definition (4) of physical frailty
is the presence of three or more of the five frailty phenotype
components proposed by Fried and colleagues in 2001 (3):
unintentional weight loss, exhaustion, weakness, slow walking
speed and a low physical activity level. The presence of one or
two of these criteria indicates pre-frailty, an intermediate stage
in which individuals are at high risk of progressing to frailty
(5). Owing to the fluctuating nature of the frailty syndrome,
these states are also transitional, and therefore, potentially
reversible (6).

Poor nutrition is identified as an important modifiable risk
factor for frailty, and all components of the frailty phenotype
may be influenced directly by this factor (7). Maintenance
of a healthy diet is key for preservation of independence
during ageing, and in particular a high protein intake has
been associated with better physical performance and a
lower prevalence of frailty (7-10). Adequate intake of protein
contributes to preservation of the muscle protein synthesis
and slows down age-associated muscle degeneration and the
development of sarcopenia, which facilitates maintenance of
muscle mass, physical activity and reduces weight loss (10, 11).

Although several longitudinal (11-15) and cross-sectional
(16-18) studies have shown a protective effect of protein
consumption on the risk of frailty, other studies have observed
no relationship at all (19, 20). The use of study-specific
definitions of frailty, and different cut-offs and units to assess
protein intake, hampers comparisons among studies (10).
Further, most studies on protein intake and risk of frailty have
a cross-sectional study design and there are few longitudinal
studies with long periods of follow-up (10). Therefore,
longitudinal studies are needed to elucidate further the potential
role of lifelong protein intake on the risk of frailty.

The aims of the present study were to assess the impact of
both previous and current daily intake of protein, as well as
tracking patterns of protein intake over 21 years, on the risk of
pre-frailty/frailty in Norwegian older adults.



Methods

The Tromsg Study

Data were obtained from the longitudinal population-based
Tromsg Study conducted in the municipality of Tromsg,
Norway (21). The Tromsg Study consists of seven surveys
(Tromsg1-7) carried out between 1974 and 2016, in which
full birth cohorts and random samples of the population were
invited to participate. In total, 45,473 men and women have
participated in one or more of the surveys (participation rate
65%—79%). Data were collected via interviews, questionnaires,
physical examinations and biological sampling (21). The
present study includes data from Tromsg4 (1994-95) and
Tromsg7 (2015-16), the only two study waves in which
nutritional intake was estimated.

Study sample

In Tromsg4 (1994-95), all inhabitants aged >25 years
(N=37,558) were invited, and 27,158 (72%) participated
(22). Invitations were sent by mail accompanied by a short
questionnaire, which the participants completed before
attendance. At the examination site, participants were given a
more comprehensive questionnaire, which included questions
about diet, to be completed during the visit or afterwards at
home and returned by mail, and they underwent physical
examinations including measurement of height in metres (m)
and BW in kg in light clothing without shoes (22).

In Tromsg7 (2015-16), all inhabitants >40 years (N=32,591)
were invited, and 21,083 (65%) participated (23). On
attendance, a sub-sample (n=9,324), were invited to undergo
extended examinations (a second visit) approximately two
weeks later, in which 8,346 (90%) people attended. This sub-
sample consisted of randomly selected participants plus a
small extra sample of participants in previous Tromsg studies.
For the main examination, participants received invitations
by mail with a short printed questionnaire and log-in details
to complete this and additional questionnaires online (23).
The questionnaires were to be completed before attendance,
but technical support was available at the examination site.
Participants were subjected to measurements of height and BW,
as in Tromsg4, and they received a comprehensive paper-based
food frequency questionnaire (FFQ) to be completed during
the visit or at home and returned by mail. Participants who
attended the second visit underwent comprehensive physical
examinations, including measurements of grip strength and
walking speed (23).

The present study includes participants from Tromsg4 aged
45-69 years who had participated in Tromsg7 and had data
on a minimum of three out of five frailty criteria in Tromsg7.
Participants without valid estimated protein intake either in
Tromsg4 or in Tromsg7 were excluded, as were participants
with energy intakes outside the study-specific cut-offs. In
total, 3,726 participants constituted the main analytical sample.
For the statistical tests, the sample size was further reduced
depending on whether the analyses included estimated protein
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intake at baseline (n=3,089), follow-up (n=2,507), or at both
time points (n=1,908) (Figure 1).

Dietary assessment

Calculations of baseline daily nutrient intake in Tromsg4
were based on self-reported intake of 34 food items from
the two study questionnaires provided. Nutrient estimations
were performed for those who had answered at least 31 of
the 34 questions. Participants with energy intakes outside
the <1 (<3,822 kJ/day (914 kilocalories (kcal)/day)) and >99
percentiles (>13,660 kJ/day (3265 kcal/day)) identified from
the whole Troms@4 population were excluded, in accordance
with Jacobsen and Nilsen (24). Portion sizes were estimated for
each sex on the basis of data from previous dietary surveys in
Northern Norway (25, 26). The Norwegian food composition
table from 1995 (27) provided the basis for calculations of
nutrient intake, supplemented with data from the corresponding
Swedish food composition table in the case of missing food
composition values (28). A more detailed description of
the food and nutrient estimates for Tromsg4 is available in
Jacobsen and Nilsen (24).

In Tromsg7, the follow-up nutritional estimates were based
on an FFQ developed at the University of Oslo (UiO), designed
to collect information on the total diet, including questions
on frequency and amount of intake of 261 dietary items (29).
Participants who completed less than 90% of the FFQ were
excluded, as were participants with extreme energy intakes
(<3,948 kJ/day and >21,267 kJ/day (944 kcal/day and 5083
kcal/day)), in accordance with Lundblad et al. (29). Daily
intakes of energy and protein were calculated using the food
and nutrient calculation system KBS, with database version
AE14 at the UiO (KBS, version 7.3.). The food database KBS
AE14 is based on the 2014-15 edition of the Norwegian food
composition table (http://www.norwegianfoodcomp.no) and
supplementary data calculated from recipes and additional
databases (30).

Average daily protein intake was expressed in grams (g),
grams per megajoule total energy intake (g/MJ), and grams
per kilogram bodyweight (g/kg BW). Intake of protein when
expressed as g/MIJ reflects the proportion of protein in a
person’s diet while intake in g/kg BW reflects protein intake
relative to BW.

Dietary tracking

For tracking analyses, the participants were allocated to
study-specific tertiles of protein intake at baseline and follow-
up. Subsequently, the proportion of pre-frail/frail and robust
participants with a stable or changed level of protein intake
from Tromsg4 to Tromsg7 was identified by cross-tabulation.
Stability was presented as the proportion of participants
who remained in the same tertile of protein intake between
time points, and change was presented as the proportion
of participants who decreased or increased their associated
tertile of protein intake over time. Tracking coefficients were
calculated for each of the two protein variables for pre-frail/
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Figure 1. Flow chart of included participants
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Participants in Tromsg4
n=27158 -
ithdrew consent, n=
| Withd t, n=91
s Withdrew medical consent, n=166
Aged <45 or >69 years, n=16155
Participants aged 45-69 years & Y
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Tromsg7 Re-attended Tromsg7
(2015-16) n=4755
T Frailty assessment
v Data on <3 frailty criteria, n=273
Eligible study sample
nEties Missing or not valid (<90% FFQ
i completed) dietary estimates in both

Participants eligible for statistical analyses
n=3726

Tromsgd and 7, n=756

Missing dietary estimate in
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dietary estimate in Tromsg7, n=1167
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Longitudinal analyses
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n=3089
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Protein intake, Tromsp7
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estimate in Troms@7, n=1151

Extreme energy intakes, n=30

Tracking analyses
Protein intake, Tromsg4 and 7
n=1908

Dashed line marks sub-samples of participants included in statistical analyses

frail and robust participants separately using Cohen’s weighted
kappa (nw) (31). This is a measure of the level of agreement
between tertile memberships at different time points, with
membership of the same tertile considered to be perfect
agreement and different weighting to movements between
adjacent-versus-extreme tertiles (31). Cut-offs proposed by
Landis and Koch (32) were used for the interpretation of
kappa values. For the logistic regression analyses, a variable
of four tracking groups was created: stable low intake (low
and medium tertiles), stable high intake (highest tertile),
and decreased and increased level of protein intake between
Tromsg4 and Tromsg7. The stable high intake was set as the
reference category.

Frailty measurement

A modified version of the physical frailty phenotype
described by Fried et al. (3) was used to assess frailty in
Tromsg7 (Supplementary Table 1). Baseline frailty status was

not assessed in Troms@4 owing to insufficient data.

A low physical activity level was defined as the lowest
category, “Mainly reading, watching TV/screen or other
sedentary activity”, in the four-level Saltin-Grimby Physical
Activity Level Scale (33). Weight loss was defined by the
Malnutrition Universal Screening Tool (34) as self-reported
involuntary weight loss during the previous 6 months.
Exhaustion was defined by a single item from the Hopkins
Symptoms Checklist 10 (35): “Have you felt that everything is
a struggle during the last week?”, as the two highest categories,
“Pretty much” or “Very much”. Low walking speed was
defined in accordance with cut-offs for frailty as proposed by
Fried et al. (3) using the short physical performance battery test
(36). Participants were asked to walk 4 m at their average speed
twice, of which the fastest test was recalculated as seconds per
4.752 m (15 feet), and adjusted for sex and height to match the
definition of Fried et al. (3). Grip strength (kg) was measured
using a Jamar (PLUS+) electric dynamometer. The strongest of
three measurements on each hand was recorded as the maximal



grip score, as according to the Southampton protocol (37). Low
grip strength was defined in accordance with cut-offs for frailty
as proposed by Fried et al. (3). For men, low grip strength was
defined accordingly for the body mass index (BMI) quartiles;
<24, 24.1-26, 26.1-28 and >28 when accompanied by grip
strengths (kg) <29, <30, <30, <32, respectively. For women,
the corresponding cut-offs were <23, 23.1-26, 26.1-29, >29
and <17, <17.3, <18, <21, respectively. BMI was calculated as
measured BW divided by the square of a person’s height (kg/
m?).

Participants who fitted none of the above criteria were
considered robust, those scoring 1-2 were considered pre-frail,
while those with a score >3 were considered frail. Given the
low number of participants with frailty score >3 (n=36), the
outcome assessed in this study was pre-frail and frail combined
(frailty score >1).

Covariates

Baseline (Tromsg4) covariates were selected for descriptive
purposes and as potentially confounding factors based on
existing literature. Sociodemographic characteristics and
lifestyle factors were self-reported by participants in the
questionnaires provided.

Smoking status was divided into three groups: never smoked,
current daily smoker, and previous daily smoker. Cohabitation
was defined based on a combination of the participant’s marital
and living status. Participants who were married or living with
their spouse/partner, were classified as cohabitants. Level
of education was grouped into four categories: 1) primary/
(modern) secondary school (7-10 years) , 2) technical/
vocational/middle school, 1-2 years senior high school, high
school diploma, 3) college/university <4 years and 4) college/
university >4 years. The question “Do you feel that you have
enough good friends?”, (“yes”/“no”’) was included as a measure
of the level of social capital and support. Participants were
classified as physically active if they reported performing hard
physical activity weekly, with sweating or breathlessness,
or >3 hours weekly of light activity without sweating or
breathlessness. Comorbidity was defined as the self-reported
presence of two or more of the following diseases: coronary
heart disease (angina pectoris and/or heart attack), stroke,
pulmonary disease (asthma and/or chronic bronchitis), peptic
ulcer (gastric and/or duodenal ulcer), cancer and diabetes,
based on the Charlson Comorbidity Index without weigthing
of diseases (38). High alcohol consumption was defined as
estimated intake above the upper recommended daily limits set
out by the Norwegian Directorate of Health at >10 g for women
and >20 g for men (39). The same characteristics were obtained
for participants at follow-up (Tromsg7) for sensitivity analyses
and descriptive purposes, with the exception of peptic ulcer
owing to a lack of information.

Statistical analysis

Differences between pre-frail/frail and robust groups were
tested using the Student’s t-test for continuous variables and
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the chi-square or Fisher’s exact test for categorical variables.
Continuous variables are presented as means and standard
deviations or 95% confidence intervals (Cls). Categorical
variables are presented as counts and proportions.

The association between protein intake and pre-frailty/frailty
was examined via multivariable logistic regression analysis
in three ways: 1) longitudinal analyses on baseline (Tromsg4)
protein intake and 21-year follow-up (Tromsg7) frailty status,
2) cross-sectional analyses on Tromsg7 protein intake and
frailty status, and 3) longitudinal analyses on tracking patterns
of protein intake between Tromsg4 and Tromsg7, and Tromsg7
frailty status. All effect estimates are presented as odds ratios
(OR) with 95% CI.

Primary analyses were solely adjusted for age (Model 1)
and subsequently further for baseline (Model 2) and follow-up
covariates (Model 4), respectively. The main analytic model,
Model 2, was adjusted for age, sex and baseline smoking
status, education level, and BMI. Model 4 was adjusted for
age, sex and follow-up smoking status, comorbidity and BMI.
Multivariable analyses on protein expressed as g’kg BW were
not adjusted for BMI. However, to assess the potential influence
of energy intake, Models 3 and 5 were additionally adjusted for
baseline and follow-up daily energy intake, respectively.

Several supplementary analyses were performed. To assess
potential influence of follow-up protein intake, supplementary
longitudinal logistic regression analyses were additionally
adjusted for Tromsg7 protein intake (Models 6, 7). To
account for possible misclassification of participants of robust
participants with missing frailty data (n=910), frailty was
imputed in individual frailty items in these participants.
Imputation was done manually in 25% (n=228), 50% (n=455),
75% (n=683) and 100% (n=910) of cases. Subsequently, Model
2 was run in these four hypothetical study populations. To
elucidate further the protein—frailty association, Models 1 and
2 were run on protein intake and frailty score >2, and low grip
strength, respectively. Analyses on frailty score >2 excluded
participants with frailty score 1 and were run to further account
for possible misclassification given that these constituted the
vast majority of the pre-frail/frail group. Low grip strength was
chosen among the five frailty criteria as a proxy for muscle
function.

The multivariable model was built using purposeful selection
method with protein intake (g/MJ) as the key exposure variable
(40, 41). Following univariate analyses of the covariates
previously described, variables with p-values <0.20 or with
known clinical relevance (sex) were selected for further
inclusion.

Specific diseases were not included in the univariate
analysis, only the comorbidity variable as a proxy for disease
status. After identification of nonlinear tendencies of the
continuous variables age and BMI, these were additionally
added to the model in their quadratic forms. No statistically
significant interactions were found between biologically
plausible variables. All statistical analyses were performed in
STATA 16.5. A p-value of <0.05 was considered statistically
significant.
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Table 1. Baseline (Tromsg4) characteristics of study participants by Tromsg7 frailty status (n=3726)

Baseline characteristics

All (n=3726)

‘Women (n=1906)

Men (n=1820)

Robust Pre-frail/frail P Robust Pre-frail/frail P’ Robust Pre-frail/frail P’
(n=2681) (n=1045) (n=1343) (n=563) (n=1338) (n=482)

Attendees, % 720 28.0 70.5 29.5 735 26.5
Age (years), mean (sd) 50.9 (4.9) 523 (5.6) <0001  50.6(4.9) 522(5.6) <0001  51.1(49) 524(56) <0001
Weight (kg), mean (sd) 73.8 (12.6) 754 (13.9) <0.001 66.6 (10) 689 (11.6) <0001  81.1(104)  829(126) 0002
Height (cm), mean (sd) 171 (8.9) 169 (9.5) <0.001 164 (5.9) 163 (6.4) <0.001 177 (6.3) 177 (6.9) 0.08
BMI (kg/m?), mean (sd) 253 (33) 263 (3.8) <0001 247 (3.6) 26.0 (4.1) <0001  258(28) 266(34) <0001
Daily smoking, n (%) 2677 1045 1341 563 1336 482

Currently, n (%) 744 (27.8) 381 (36.5) <001 369275 204 (36.2) 0.001 375 (28.1) 177 (36.7) 0.001

Previously, n (%) 963 (36.0) 347 (33.2) 404 (30.1) 158 (28.1) 559 (41.8) 189 (39.2)

Never, n (%) 970 (36.2) 317 (30.3) 568 (42.4) 201 (35.7) 402 (30.1) 116 (24.1)
Married or cohabitation, n (%) 2292 (88.5) 864 (86.6) 0.12 1101 (855) 449 (84.2) 0.50 1191 91.4)  415(89.3) 0.17
Education’, n (%) 2675 1043 1340 561 1335 481

Primary/partly secondary, n (%) 822 (30.7) 400 (38.4) 461 (34.4) 264 (47.0) 361 (27.0) 136 (28.3)

Upper secondary, n (%) 937 (34.7) 372 (35.7) <0.001 475 (35.5) 194 (34.5) <0.001 452 (33.9) 178 (37.0) 0.18

Short tertiary, n (%) 466 (17.4) 146 (14.0) 186 (13.9) 46 (8.2) 280 (21.0) 100 (20.8)

Long tertiary, n (%) 460 (17.2) 125 (12.0) 218 (16.3) 58 (10.3) 241 (18.1) 67 (13.9)
Social support?, n (%) 2071 (82.4) 793 (80.3) 0.16 1074 (854) 439 (82.4) 0.10 997 (79.3) 354 (78.0) 0.55
Good self-rated health, n (%) 2053 (76.7) 660 (63.2) <0001 968 (72.2) 318(56.6) <0001 1085(812)  342(71.0)  <0.001
Physically active, n (%) 1881 (70.2) 603 (57.7) <0001 869 (64.8) 310(55.1) <0001  1012(75.6)  293(60.9)  <0.001
High alcohol consumption®, n (%) 44 (2.0) 23 (2.6) 0.26 25(2.2) 10 (2.1) 092 19 (1.7) 13 (3.1) 0.08
Comorbidity, n (%) 46 (1.7) 26 (2.5) 0.12 19 (1.4) 13 (2.3) 0.17 27 (2.0) 13 (2.7) 038
Coronary heart disease, n (%) 62(23) 44 (4.2) 0.002 12 (0.9) 13 (2.3) 001 50 (3.7) 31(6.5) 001
Pulmonary diseasef, n (%) 213 (8.0) 98 (9.4) 0.16 115 (8.6) 59 (10.5) 0.19 98 (7.3) 39 8.1) 0.58
Peptic ulcer®, n (%) 169 (6.8) 88 (9.0) 0.03 70 (5.7) 38(7.2) 0.20 99 (7.9) 50 (11.1) 0.04
Cancer, n (%) 65 (2.6) 31 3.1) 0.38 53 (4.3) 19 (3.6) 0.52 12 (0.9) 12 (2.6) 0.01
Stroke, n (%) 13 (0.5) 8(0.8) 030 6(0.5) 3(0.5) e 7(0.5) 5(1.0) 023
Diabetes, n (%) 11 (0.4) 6(0.6) 0.50 5(0.4) 3(0.5) o 6(0.5) 3(0.6) ok

BMI: body mass index, sd: standard deviation, MJ: megajoule, BW: bodyweight. N deviates slightly owing to a lack of data on specific variables. "P-value from Student’s t-test for
continuous variables and chi-square test for categorical variables between pre-frail/frail and robust women and men. ‘Primary/secondary school 7-10 years, modern secondary school;
technical/vocational/middle school, 1-2 years senior high school or high school diploma (3—4 years); college/university <4 years; college/university >4 years. ‘Self-reported satisfactory
number of good friends. *Daily alcohol intake =10 g (women) or =20 g (men). "Angina pectoris and/or myocardial infarction. {Asthma and/or chronic bronchitis. “Gastric and/or duodenal

ulcer. **No chi-square test performed owing to low n (<5) in cell.

Results

Characteristics

The mean age at follow-up was 73 years (Supplementary
Table 2). Thirty-six participants (1.0%) were classified as frail
and 1,009 (27%) as pre-frail, totalling 1,045 (28%) pre-frail/
frail. The prevalence of frailty and pre-frailty increased with
age (p<0.001) (Supplementary Table 3).

At baseline, pre-frail/frail participants were slightly older and
had higher BW and BMI compared with robust participants,
both when all participants were combined, and when stratified
by sex (Table 1). A higher proportion of pre-frail/frail than
robust participants were daily smokers (37% vs 28%) at
baseline, while more robust participants considered their own
health as good (77% vs 63%) and were physically active (70%
vs 58%). At baseline, pre-frail/frail women were more likely
to have the lowest level of education (47% vs 38%). Pre-
frail/frail and robust participants did not differ at baseline in

terms of cohabitation, self-perceived social support, alcohol
consumption or comorbidity, either when men and women were
combined or considered separately (Table 1).

Also at follow-up, pre-frail/frail participants had higher
BW and BMI than robust participants (Supplementary Table
2). Compared with robust participants, more pre-frail/frail
participants were daily smokers (15% vs 8.0%) and suffered
from comorbidity (21% vs 13%), while fewer were satisfied
with their own health (45% vs 71%). Pre-frail/frail women were
more likely to have completed the lowest level of education
(57% vs 43%) and less likely to have high alcohol consumption
(17% vs 29%) compared with robust women (Supplementary
Table 2).

Tromsg4 participants who did not attend Tromsg7 (n=5,991)
were older, had higher BMI, were less physically active (57%
vs 65%), had higher prevalence of comorbidity (7.0% vs
2.2%) and slightly higher intake of protein in g/MJ in Tromsg4
compared with those who did (n=4,755) (Supplementary Table
3).
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Table 2. Daily nutrient intake in Tromsg4 and Tromsg7 by follow-up (Tromsg7) frailty status (n=3726)

All (n=3726) Women (n=1906) Men (n=1820)
Robust Pre-frail/frail Robust Pre-frail/frail Robust Pre-frail/frail

Mean (95% CI)  Mean (95% CI) P’ Mean (95% CI) Mean (95% CI) P’ Mean (95% CI) Mean (95% CI) P*

Tromsg4, n=3089 2220 869 1113 457 1107 412
Energy, MJ 7.96 (7.88;8.05) 7.70 (7.57;7.84) 0.002 6.82(6.73;691)  6.57 (6.44;6.70) 0004  9.11(9.00;9.22) 896 (8.78;9.13) 0.15
Protein, g 78.3 (77.5;79.1) 76.6 (75.2;77.9) 0.03 67.6 (66.7;68.4)  65.2 (64.0;66.4) 0.003  89.1(88.1:90.2) 89.1(87.4;90.9) 0.99
Protein, g/MJ 9.95 (9.90;10.0) 10.0 (9.95;10.1) 0.09 10.0 (9.95;:10.1) 10.0 (9.91;10.2) 0.96 9.87(9.79;9.94) 100 (991;10.2) 0.02
E% 16.6 (16.6;16.7) 16.8 (16.6;16.9) 0.09 16.8 (16.6;16.9) 16.8 (16.6;17.0) 0.96 16.5(16.4;16.6) 16.8 (16.6;17.0) 0.02
Protein, g/kg BW 1.08 (1.07:1.09) 103 (1.01;:1.05) <0.001 1.04(1.02;1.05) 0.97(095;1.00) <0.001 1.12(1.10;1.14) 1.10(1.07;1.12) 0.11

Tromsg7, n=2507 1834 673 893 359 941 314
Energy, MJ 920 (9.07;:933)  8.70 (8.50:891)  <0.001 850 (833;8.67) 8.01(7.78:832) 0005 9.86(9.68;100) 945(9.159.75) 003
Protein, g 95.6 (94.2;97.0) 90.3 (88.0;92.5) <0.001 89.7 (87.8;91.6) 83.7 (89.7;86.8) 0.001 101 (99.3;103) 97.7 (94.5;101)  0.08
Protein, g/MJ 10.5 (10.4;10.5) 10.4 (10.3;10.5) 0.66 10.6 (10.5;10.7) 10.4 (10.3;10.6) 0.09 10.3(10.2;104) 104 (10.3;10.6) 035
E% 17.5 (17.4;17.6) 17.5 (17.2;17.6) 0.66 17.7 (17.5;17.9) 17.4 (17.2;17.7) 0.09 173 (17.1;174) 174 (17.1;17.7) 035
Protein, g/kg BW 1.27 (1.25;1.29) 1.17 (1.14;1.20) <0.001 1.31(1.28;1.34) 1.17 (1.12;1.22)  <0.001 122(1.20;1.25) 1.17(1.23;1.21) 0.04

Participants in tracking analysis (n=1908)

Tromsg4 1401 507 680 259 721 248
Energy, MJ 8.01 (7.90;8.11) 7.78 (7.61;7.95) 0.03 6.85(6.73;6.97)  6.68 (6.51;6.86) 0.13 9.09 (8.97;9.22) 892(8.71;:9.14) 0.19
Protein, g 78.5(77.5;79.5) 773 (75.6;78.9) 0.21 67.6 (66.6;68.7)  66.3 (64.6;68.0) 0.19 88.8 (87.5;90.0)  88.7 (86.6;90.9) 0.99
Protein, g/MJ 991 (9.85;9.98) 10.0 (9.91:10.2) 0.08 9.99 (9.89;10.1) 10.0 (9.87:10.2) 0.70 9.84(9.75;9.93)  10.0 (9.86;10.2) 0.04
E% 166(165;167) 168 (16.6;17.0) 008 167 (16.6:169) 168 (16.5:17.1) 070  16.5(163;166) 168(165;17.1) 004
Protein, g/kg BW 109(107;1.10) 103 (1.08;105) <0001 1.05(1.02;1.07) 098 (0.94:1.01) <0001 1.12(1.10;1.14)  1.09 (1.06;1.12)  0.14

Tromsg7 1401 507 680 259 721 248
Energy, MJ 9.23 (9.09;9.38) 8.77 (8.53;9.01) 0.001 8.61 (8.42;8.80)  8.05(7.76:8.36) 0003  9.82(9.62;10.0) 9.52(9.18;9.86) 0.14
Protein, g 95.5(93.9;97.0) 90.9 (88.3;93.5) 0.003 90.5(88.4;92.7)  83.8(80.3;87.3) 0.002 100 (98.0;102) 98.3(94.7;102) 041
Protein, g/MJ 104 (10.3;10.5) 10.4 (10.3;10.6) 0.65 10.5 (10.4;10.7) 10.4 (10.3;10.6) 0.32 10.3(10.2;104) 104 (10.2;106) 0.12
E% 174 (17.3;17.5) 174 (17.2;17.7) 0.65 17.6 (17.5;17.8) 17.5 (17.1;17.8) 0.32 172 (17.0;17.3) 174 (17.1;17.8)  0.12
Protein, g/kg BW 1.27 (1.25;1.29) 1.16 (1.13;1.20)  <0.001  1.33(1.30;1.36) 1.15(1.10;1.21) <0.001  1.21(1.19;1.24) 1.17(1.12;1.22) 0.12

CI: confidence interval, MJ: megajoule, E%: proportion of total energy from protein, BW: bodyweight. N deviates slightly owing to a lack of data on specific variables. Data shown as
means and 95% confidence intervals. "P-value from Student’s t-test between daily protein intake and frailty status.

Protein intake

Mean daily protein intake for all participants was 78 g at
baseline (Tromsg4) and 93 g at follow-up (Tromsg7) (Table 2).
Also, in Tromsg4, mean daily intake was 1.1 g/lkg BW and 17
E%, whereas in Tromsg7 the corresponding values were 1.2 g/
kg BW and 18 E%, respectively. Both pre-frail/frail and robust
participants had higher total and relative daily intake of protein
at follow-up (Tromsg7) than at baseline (Tromsg4).

Overall, robust participants had a higher daily intake of
protein in g and g/kg BW compared to pre-frail/frail
participants at baseline and follow-up (Table 2). In women,
robust participants had a higher daily intake of total protein
and protein expressed as g/kg BW compared with pre-frail/
frail women at baseline (68 g vs 65 g, p=0.003; 1.04 vs 0.97 g/
kg BW, p<0.001) and follow-up (90 g vs 84 g, p=0.001; 1.31 vs
1.17 g/kg BW, p<0.001). In men, a marginally higher baseline
intake of protein expressed as g/MJ was observed in pre-frail/
frail men, compared with robust men (100 vs 99 g/MJ, p=0.02).
At follow-up, robust men had slightly higher intake of protein
expressed as g/lkg BW compared with pre-frail/frail men (1.22
vs 1.17 g/lkg BW, p=0.04) (Table 2).

The sub-sample of participants included in the tracking

analyses (Figure 1) resembled the main samples with higher
observed intakes at follow-up than at baseline (Table 2).
Moreover, differences in protein intake between robust and pre-
frail/frail groups in the tracking sub-sample were largely similar
as described above, except for intake of total protein, which was
less likely to differ significantly between groups.

For the tracking of intake of protein expressed as g/kg BW,
a trend was observed in which more pre-frail/frail participants
had a stable low than high level of intake (53% vs 39%), and a
decreased rather than increased (30% vs 27%) tertile of intake
(Table 3). In robust participants, a slightly higher proportion
had a stable high than low level of intake of protein in g/kg
BW (51% vs 49%) between time points. No clear trend was
observed for patterns of intake of protein when expressed as
g/MIJ. Tracking coefficients measured by Cohen’s weighted
kappa (0.18-0.25) indicated overall slight to fair tracking of
protein intake between time points (Table 3).

Protein intake and risk of pre-frailty/frailty

Longitudinal analyses of protein intake in Tromsg4,
expressed as g/kg BW, and pre-frailty/frailty in Tromsg7
showed lower odds of pre-frailty/frailty with increased protein
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Table 3. Tracking values and proportion of stability of protein intake in pre-frail/frail and robust participants between Tromsg4

and Tromsg7 (n=1908)

Protein intake Tromsg4 Tromsg7
n (%) Decrease II tertiles, Decrease I tertile, Stability, Increase I tertile, Increase II tertiles, ~Cohen’s Kw*
n (%)" n (%)" n (%)’ n (%)" n (%)"
Protein intake, g/MJ
Robust participants 1401
Low (<9.3) 470 (33.6) nc nc 223 (474) 160 (34.0) 87 (18.5)
Medium (9.3-10.4) 482 (34.4) nc 146 (30.3) 174 (36.1) 162 (36.1) nc 0.20
High (>10.4) 449 (32.0) 99 (22.0) 147 (32.7) 203 (452) nc nc
Pre-frail/frail participants 507
Low (<9.3) 166 (32.7) nc nc 76 (45.8) 51 (30.7) 39(235)
Medium (9.3-10.4) 154 (30.4) nc 51(33.1) 46 (29.9) 57 (37.0) nc 0.18
High (>10.4) 187 (36.9) 41(21.9) 58 (31.0) 88 (47.1) nc nc
Protein intake, g/lkg BW
Robust participants 1401
Low (<0.9) 433 (30.9) nc nc 214 (49.4) 127 (29.3) 92 (212)
Medium (0.9-1.2) 478 (34.1) nc 141 (29.5) 177 (37.0) 160 (33.5) nc 0.25
High (>1.2) 490 (35.0) 73 (14.9) 165 (33.7) 252 (514) nc nc
Pre-frail/frail participants 507
Low (<0.9) 203 (40.0) nc nc 107 (52.7) 60 (29.6) 36 (17.7)
Medium (0.9-1.2) 158 (31.2) nc 65 (41.1) 54 (342) 39 (24.7) nc 0.19
High (>1.2) 146 (28.8) 36 (24.7) 53(36.3) 57 (39.0) nc nc

MJ: megajoule, BW: bodyweight. nc: no possible change (decrease/increase) in level of intake. "Proportion of participants who changed tertile of protein intake from Tromsg4 to Tromsg7.
Proportion of participants who remained in the same tertile of protein intake from Tromsg4 to Tromsg7. ‘Tracking coefficient of weighted Cohen’s kappa.

intake both in primary (Model 1) and fully adjusted analyses
(Model 2) (OR=0.43, 95%CI=0.31;0.58, p<0.001) (Table
4). Similarly, cross-sectional analyses of protein intake in
Tromsg7, expressed as g/lkg BW, showed an inverse association
with odds of pre-frailty/frailty after adjusting for baseline
covariates (Model 2) (OR=0.57, 95%CI=0.46;0.72, p<0.001).
All findings remained significant following adjustment for
follow-up covariates (Model 4) and/or energy intake (Models 3,
5) (Table 4).

Results from tracking analyses of protein intake, expressed
as g/’kg BW, showed that participants with a stable low intake
or who changed their tertile of protein intake between time
points had higher odds of pre-frailty/frailty than those with a
stable high level of intake. Specifically, a stable low protein
intake (OR=1.96, 95%CI=1.38;2.78, p<0.001), a decreased
(OR=1.73, 95%CI=1.22;2.46, p=0.002) or an increased tertile
of protein intake over time (OR=1.70, 95%CI=1.20;2.44,
p=0.004) increased the risk of pre-frailty/frailty in Tromsg7
(Model 2, Table 4). Following additional adjustment for energy
intakes, the patterns increased and decreased level of protein
intake (in g/kg BW) were not significantly (Model 3) and
borderline significantly (Model 5) associated with pre-frailty/
frailty in Tromsg7 (Table 4).

For intake of protein in g/MJ, age-adjusted tracking analysis
(Model 1) showed that participants with a stable low intake
over time had lower odds of pre-frailty/frailty in Tromsg7
(OR=0.67, 95%C1=0.48;0.92, p=0.02) than participants with
a stable high intake, although this was no longer significant
after further adjustments (Table 4). No other associations were

found between intake of protein in g/MJ and pre-frailty/frailty
in Tromsg7.

Supplementary analyses with additional adjustment for
protein intake in Tromsg7 supported the findings of an inverse
association between intake of protein in g/kg BW and risk
of pre-frailty/frailty (Supplementary Table 5). Similarly,
sensitivity analyses with imputed frailty data showed lower
odds of pre-frailty/frailty with increased daily intake of protein
in g/kg BW, at all levels of imputation. Also, with imputations,
the only patterns of protein intake associated with increased
risk of pre-frailty/frailty were a stable low, and a decreased
level of intake (Supplementary Table 6). Results were similar
for sensitivity analyses on daily intake of protein in g/lkg BW
and frailty score >2. A stable low level of intake was associated
with increased risk of frailty score >2 (Supplementary Table
7). For low grip strength, cross-sectional analyses showed an
inverse association with daily intake of protein in g/kg BW.
Tracking analyses showed higher odds of low grip strength in
Troms@7 in participants with decreased level of protein intake
over time (Supplementary Table 8).

Discussion

Daily intake of protein expressed as g/kg BW in adulthood
and older age was inversely associated with risk of pre-frailty/
frailty in older age. Tracking analysis showed that, compared to
a stable high intake of protein in g’lkg BW over time, different
patterns of protein intake increased the risk of pre-frailty/frailty.
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Table 4. Odds ratios (OR) and 95% confidence intervals (CI) for daily intakes of protein in Troms@4, and Tromsg7, tracking
patterns of protein intake from Tromsg4 to Tromsg@7, and pre-frailty/frailty in Tromsg7 (n=3726)

Dietary exposure Model 1 Model 2* Model 3* Model 4* Model 5*
OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P
Daily intake Tromsg4, n=30897
Protein, g/MJ 1.04 0.98:1.11 0.17 1.00  093:1.06 0.88 1.00 0.94:1.07 0.97
Protein, g/lkg BW 0.47 0.34:0.63 <0.001 043 031,058 <0.001 042 0.25:0.72 0.001 0.45 0.33:0.62 <0.001 047  0.33;0.67 <0.001
Daily intake Tromsg7, n=2507"
Protein, g/MJ 1.01 0.95:1.07 0.87 095 0.89:1.01 0.09 0.96 0.90:1.02 0.18
Protein, g/lkg BW 0.58 047072 <0.001 057 046,072 <0001 051 0.38:0.70 <0.001 0.54 043:0.67 <0.001 044  0.30,0.64 <0.001
Tracking of protein intake from Tromsg4 to Tromsg7, n=1908"
Protein, g/MJ
Stable high 1.00 1.00 1.00
Stable low* 0.67 0.48:0.92 0.02 084  0.60:1.18 032 0.80 0.57:1.14 0.22
Decrease 0.80 0.58:1.10 0.17 091 0.65;126  0.57 0.89 0.64:1.24 0.49
Increase 0.82 0.60:1.12  0.21 093  0.67:1.30  0.69 0.92 0.66:1.29 0.64
Protein, g/kg BW
Stable high 1.00 1.00 1.00 1.00 1.00
Stable low* 1.86 1.32;2.63  <0.001 196 138278 <0.001 1.90 1.16:3.09  0.011 1.89 1.33;2.69 <0.001 1.63 1.09:2.44  0.02
Decrease 1.73 1.22;2.44  0.002 1.73 1.22;2.46  0.002 1.85 1.14;299  0.013 1.75 123249  0.002 1.50 1.00:226  0.05
Increase 1.63 115232 0.007 1.70 120244  0.004 159  097:261  0.06 1.58 1.10;2.26 0.01 1.58 1.09;227  0.02

MJ: megajoule, BW: bodyweight. OR and 95% CI from logistic regression analyses. "N deviates slightly owing to a lack of data on specific variables. TAnalytical sample for Model. ‘Low
and medium tertiles. Model 1: Adjusted for baseline age. Model 2: Adjusted for baseline age, sex, smoking, education level and body mass index (not for analyses including protein in
g/kg BW). Model 3: Model 2 + additionally adjusted for baseline energy intake (MJ/day). Model 4: Adjusted for Troms@7 age, sex, smoking, comorbidity and body mass index (not for
analyses with protein per g/lkg BW). Model 5: Model 4 + additionally adjusted for Tromsg7 energy intake (MJ/day)

No significant associations were found between intake of
protein relative to energy (in g/MJ) and pre-frailty/frailty.

In line with the observed beneficial effects of increased
intake of protein expressed as g/kg BW on risk of pre-frailty/
frailty as seen from longitudinal analyses, were findings
reported by Beasley et al. in the Women’s Health Initiative
cohort (11). Beasley and colleagues found that a 20% increased
intake of protein (g/kg BW) calibrated by 24-hour urinary
nitrogen was associated with a 35% lower risk of frailty and
a 22% lower risk of pre-frailty among 24,417 older women
over a 3-year follow-up (11). In support of this, The Newcastle
85+ study showed that increased intake of protein in g/kg
BW adjusted to normal BMI for older adults (22-27 kg/m?)
decreased the likelihood of transitioning from pre-frail to frail
over five years in the oldest individuals (>85 years) (15).
Further, an American 10-year longitudinal study observed
fewer health problems, including a study-specific definition
of frailty, amongst community-dwelling women over 60 years
with a daily protein intake >1.2 g/kg BW compared with those
consuming <0.8 g/kg BW (14). The lower cut-off at 0.8 g/
kg BW was set according to the current Recommended Daily
Allowance for protein intended for healthy adults and older
adults (42), and the upper cut-off (>1.2 g’/kg BW) was set as
emerging evidence has suggested that older adults need a higher
protein intake to maintain muscle mass and function (14, 39, 43,
44). However, using these cut-offs (<0.8 and >1.2 g/kg BW),
a prospective cohort study of Dutch adults (>45 years) did not
observe any association between protein intake and risk of
frailty (19).

In line with our findings from cross-sectional analyses on

intake of protein relative to BW, Rahi and colleagues (16)
found that, in older French community-dwellers, daily protein
intake >1 g/kg BW was significantly associated with a lower
prevalence of frailty when compared with those consuming less
protein. Conversely, Bollwein et al. (45) found no association
between quartiles of protein intake (g/kg BW) and risk of
frailty. Of note, the cross-sectional studies suffer the risk
of reverse causality (46). The findings from supplementary
analyses performed with imputed frailty data and on frailty
score >2 and low grip strength emphasize the protective effect
of consuming sufficient amounts of protein relative to one’s
BW.

The lack of association between intake of protein in g/
MIJ and risk of pre-frailty/frailty in this study, was somewhat
confusing. However, the null findings observed in the
longitudinal analyses are in agreement with Shikany et al.
(20), who did not observe any association between quartiles
of protein E% and frailty amongst older US men over
a 4.6-year follow-up period. They did, however, show an
inverse association between overall diet quality and risk of
frailty. Furthermore, a Japanese prospective cohort found
higher total protein intake to be negatively associated with
pre-frailty/frailty development in older adults over 2 years;
however, the results were no longer statistically significant
after additional adjustment for energy intake. The authors
suggested this indicated that increased energy intake mediated
the contributions of protein intake towards reducing frailty
development (47). This hypothesis was tested in our study by
performing risk analyses stratified by quartiles of energy intake,
however, this did not influence the results notably (data not
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shown). Moreover, considering the observed higher BW and
BMI of pre-frail/frail participants, it could be speculated that
the observed increased risk of pre-frailty/frailty from intake
of protein in g/kg BW is in fact due to differences in BW and
body composition between groups, however, this was not
investigated further due to lack of body composition data.

Contradictory to our findings, other studies have observed
a relationship between energy-adjusted protein intake and
frailty. Sandoval-Insausti and colleagues (12) found an inverse
association between quartiles of total protein intake adjusted
for energy and risk of frailty over 3.5 years amongst Spanish
community-dwellers (>60 years). The aforementioned findings
of Beasley et al. of reduced risk of frailty with higher protein
intake in g/kg BW persisted when calibrated protein intake
was expressed as E% (11). In addition, two cross-sectional
studies performed among community-dwelling older Italians
(18) and Japanese women (17), respectively, found an inverse
association between quintiles of daily intake of energy-adjusted
protein and frailty.

Tracking of protein intake and risk of frailty

The low tracking values obtained in the present study are
comparable with other tracking studies on lifestyle variables,
and their magnitude is impaired by the variables’ moderate
reproducibility and the long follow-up period (48-50). For
intake of protein expressed as g/kg BW, the observed opposing
trends of patterns of protein intake between pre-frail/frail versus
robust participants were not clearly reflected in the results,
as all patterns of protein intake over time, except for a stable
high intake, was associated with an increased risk of pre-
frailty/frailty. However, the results from the sensitivity analyses
indicate that a low or decreased level of intake is more crucial
in terms of frailty risk than any pattern of increased protein
intake. Most notably, tracking analyses on frailty score >2 and
low grip strength should be interpreted with caution given the
high level of uncertainty observed in the risk estimates.

Strengths and limitations

Major strengths of the current study are the prospective
design, which allowed for follow-up of a large population-based
sample over two decades, and the use of validated instruments
to measure frailty components. Additionally, the assessment of
the protein—frailty association in both longitudinal and cross-
sectional analyses provides a more thorough understanding of
the relationship than results from just one or the other.

A key limitation is that this study suffers from selective
drop-out of participants with overall poorer health. This attrition
contributes to the existing risk of selection bias associated with
population-based studies, given that study participants tend to
have both better health and higher socioeconomic status than
non-participants (51). Non-attendance of the frailest individuals
invited to Tromsg7 may have influenced the observed
associations and contributed to the low observed prevalence
of frailty. The observed prevalence was lower than reported
in community dwellers worldwide (52), in Europe (53), and

amongst participants >70 years in Tromsg5 in 2001 (54). In
addition, missing frailty data might have contributed further to
the low frailty prevalence. However, results from sensitivity
analyses in participants with imputed frailty data, supported
the main findings of an inverse association between intake of
protein in g/kg BW and risk of pre-frailty/frailty.

Aside from the problem of selection bias, the relatively
good health of the study participants may also reflect research
showing that today’s older adults are notably stronger than
previous generations (55). Therefore, one could argue that
Fried’s cut-offs (3) are not optimal for identifying frailty
accurately in the present study population, considering that
these cut-offs are population-specific to older Americans in
2001.

This study suffers from the risk of misclassification given
the combination of participants originally classified as pre-frail
or frail in the more heterogeneous group ‘pre-frail/frail’ group
and because the majority of participants in this group had a
frailty score of 1. Consequently, there is a risk that practically
healthy participants were grouped together with the genuinely
frail. This was addressed to some extent in the results of the
sensitivity analyses on frailty score >2, which for the most part
supported the main results. Nonetheless, the majority of the
pre-frail/frail participants were in fact pre-frail, and therefore
comparisons with studies on frail participants are weakened.

Another important limitation is the risk of information bias
introduced by self-reported variables, including the frailty
criteria physical activity level, exhaustion and weight loss,
and the dietary exposure variables and adjustment covariates.
At both time points, the observed relative protein intake of
the participants was in line with current Norwegian dietary
recommendations for both healthy adults (0.8-1.5 g/kg BW,
10-20 E%) and older adults (1.1-1.3 g/kg BW, 15-20 E%)
(39). However, the comparability of the protein estimates
between the two surveys was reduced substantially because
they were based on distinctly different questionnaires and
dietary information, and different food composition databases
were used for the protein calculations. The estimated nutritional
intake in Tromsg@7 was based on a much higher number of
dietary items than in Tromsg4, and it is natural to assume that
the reported intake will increase with increased number of
foods asked about. Additionally, portion sizes in Tromsg4 were
estimated on the basis of previous dietary surveys whereas they
were specifically asked for in the Tromsg7 FFQ. Therefore,
there is a risk that the observed increased daily intake of protein
over time may be attributable to methodological differences.

The two relative protein variables measured in this study
have different sources of error according to their respective
adjustment variables, given that BW was measured objectively
whilst estimated energy intake was based on self-reported data.
Moreover, the protein variables reflect the participants’ protein
intake in two different ways. By adjusting for energy, one can
to a certain extent reduce the confounding effect of energy
in the analyses, and account for the influence of other factors
that affect energy intake, such as physical activity level, body
composition, and metabolism (56). On the other hand, changes
in BW may themselves influence protein intake in g/kg BW.



Therefore, observed changes in intake of protein in g/kg BW
may be explained either by changes in protein intake, BW or
both.

Unfortunately, there is no validation study on the nutritional
data obtained from Tromsg4, but the estimated proportions of
energy obtained from macronutrients were comparable to data
in the first two Norkost surveys (1994-95, 1997), intended to be
representative of the Norwegian population aged 16-79 years
(24, 57). The much more comprehensive FFQ used in Tromsg7
has been validated (58-60) and is considered a suitable tool for
dietary assessment in large population surveys.

In addition to being self-reported, the majority of the study
covariates were dichotomized which led to loss of information
and potential for residual confounding. The findings from
the present study are generalizable to community-dwelling
Norwegian adults and older adults, as long as these limitations
are kept in mind. Specifically, the generalizability of the results
from the tracking analyses is impaired by the use of study-
specific measures as opposed to objective cut-offs for protein
intake (50).

One further limitation of the study is that there are no
repeated measurements of frailty. However, no information
on frailty status was available at baseline. Similarly, repeated
measurements of protein intake between Tromsg4 and Tromsg7
might have added to the study but no such data were available.
There were also no data available to assess the influence of
different sources of protein (plant versus animal), the amount of
protein intake per meal, and the timing of protein intake.

In conclusion, the vast majority of the pre-frail/frail
participants in this population-based study were pre-frail.
The results highlight the significant associations between
protein intake, BW and frailty development, particularly via
the transitional state of pre-frailty. These findings emphasize
the importance of consuming an adequate amount of
protein in adulthood and of complying with current dietary
recommendations in order to prevent age-related loss of muscle
mass and function.
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Fish intake and pre-frailty in Norwegian ki

older adults - a prospective cohort study:
the Tromsg Study 1994-2016

Dina Moxness Konglevoll'”, Lene Frost Andersen’, Laila Arnesdatter Hopstock?, Bjorn Heine Strand®*°,
Magne Thoresen®, Torunn Holm Totland”, Anette Hjartaker' and Monica Hauger Carlsen'

Abstract

Background Pre-frailty is an intermediate, potentially reversible state before the onset of frailty. Healthy dietary
choices may prevent pre-frailty. Fish is included in most healthy diets, but little is known about the association
between long-term habitual fish intake and pre-frailty. We aimed to elucidate the longitudinal association between
the frequency of fish intake and pre-frailty in a cohort of older adults in Norway.

Methods 4350 participants (52% women, >65 years at follow-up) were included in this prospective cohort study.
Data was obtained from three waves of the population-based Tromsa Study in Norway; Tromsg4 (1994-1995),
Tromsg6 (2007-2008) and Tromsg? (follow-up, 2015-2016). Frailty status at follow-up was defined by a modified ver-
sion of Fried’s phenotype. Fish intake was self-reported in the three surveys and assessed as three levels of frequency
of intake: low (0-3 times/month), medium (1-3 times/week) and high (>4 times/week). The fish—pre-frailty associa-
tion was analysed using multivariable logistic regression in two ways; (1) frequency of intake of lean, fatty and total
fish in Troms@6 and pre-frailty at follow-up, and (2) patterns of total fish intake across the three surveys and pre-frailty
at follow-up.

Results At follow-up, 28% (n=1124) were pre-frail. Participants with a higher frequency of lean, fatty and total fish
intake had 28% (odds ratio (OR)=0.72, 95% confidence interval (Cl)=0.53,0.97), 37% (OR=0.63, 95% Cl=0.43,0.91)
and 31% (OR=0.69, 95% CI=0.52, 0.91) lower odds of pre-frailty 8 years later compared with those with a low intake,
respectively. A pattern of stable high fish intake over 21 years was associated with 41% (OR=0.59, 95% CI=0.38,0.91)
lower odds of pre-frailty compared with a stable low intake.

Conclusions A higher frequency of intake of lean, fatty and total fish, and a pattern of consistent frequent fish intake
over time, were associated with lower odds of pre-frailty in older community-dwelling Norwegian adults. These
results emphasise the important role of fish in a healthy diet and that a frequent fish intake should be promoted to
facilitate healthy ageing.

Keywords Ageing, Diet, Epidemiology, Fish, Pre-frailty, Geriatrics
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Background

A key focus in ageing research is the frailty syndrome [1].
Frailty is a transitional state between healthy ageing and
disability in older adults, and frailty prevention is signifi-
cantly important at both societal and individual level [2].
Frail individuals are less resilient to trauma and stress
and more prone to adverse outcomes than non-frail indi-
viduals of the same chronological age [3, 4].

Physical frailty has been defined by Fried et al. by the
following five characteristics: exhaustion, unintentional
weight loss, low physical activity, slowness and weakness
[5]. The presence of three or more of these characteristics
classifies individuals as frail, whereas the presence of one
or two classifies individuals as pre-frail, an intermediate
state with an elevated risk of progression to frailty [4—7].
Frailty is a dynamic syndrome and, therefore, pre-frailty
and frailty are potentially reversible [6, 8]. The impor-
tance of early interventions has been emphasized and,
specifically, the pre-frail state has been identified as a
suitable target for preventive measures [4, 8].

Research suggests that there is an association between
a healthy diet and lower risk of frailty in older adults [9—
11]. The vast majority of existing studies focus on frailty
rather than pre-frailty, but a recently published system-
atic review and meta-analysis found that a higher adher-
ence to the Mediterranean diet [12] was associated with
lower risk of pre-frailty [13]. Fish is a food group that is
often included in healthy diets [14—16], like the Mediter-
ranean diet [12] and is a rich source of several nutrients
associated with good overall health [14, 17]. Two reviews
suggested that fish, and nutrients through which fish is
an important dietary source, prevented physical frailty
and its individual characteristics [18, 19]. Fish is typi-
cally classified based on fat content (fatty vs lean) or the
colour of the meat (red vs white). Both methods cover
all fish types as white fish can be both fatty (halibut) and
lean (cod), and vice versa. As the nutrient composition
of lean and fatty fish differs, a healthy diet should include
both [20].

Findings from longitudinal, cross-sectional and inter-
vention studies indicate that intake of fish is associated
with beneficial health effects in older adults, includ-
ing healthier ageing [21], reduced risk of frailty [22-24],
increased grip strength [25] and improved muscle mass
and function [26]. However, results are inconsistent,
and no study has specifically investigated the associa-
tion between different patterns of habitual fish intake and
later health outcomes.

The Norwegian dietary guidelines recommend eating
fish for dinner two to three times a week and to choose
fish as a spread or topping on bread [20]. With its long
coastal area and longstanding fishing tradition, fish
intake in Norway has traditionally been high compared
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with other countries [27, 28]. This is especially true for
Northern Norway, where fishing has been, and still is, an
important part of everyday life [28—30]. Therefore, older
individuals from Northern Norway provide a suitable
cohort for studying the relationship between fish intake
and health-related outcomes.

There are few longitudinal studies on fish intake and
pre-frailty [22, 23]. We hypothesize that a frequent fish
intake is associated with lower risk of pre-frailty, and
that maintaining a high frequency of intake over time
reflects some consistency in healthy eating habits which
will consequently reduce the risk of pre-frailty. Therefore,
building on our previous research on nutrition and pre-
frailty/frailty [31], we aimed to elucidate the longitudinal
association between fish intake and pre-frailty in an older
northern Norwegian, population-based cohort. First, we
investigated the association between frequency of intake
of lean, fatty and total fish and pre-frailty 8 years later — a
follow-up period that we considered to be clinically rel-
evant in terms of a possible implementation of preventive
measures. Second, to assess the influence of long-term
consistent fish intakes, we investigated the association
between consistent low, medium, and high frequency of
total fish intake over 21 years and pre-frailty.

Methods

The Tromsg Study

The Tromse Study, described in detail elsewhere [32, 33]
is a large population-based study consisting of seven sur-
veys (Tromsg1 to Tromse7) conducted between 1974 and
2016. Based on the official population registry, total birth
cohorts and random samples of residents of the munici-
pality of Tromse in Northern Norway were invited.
In total, 45 473 men and women have participated in
one or more surveys [33]. Invitations were sent by mail
together with a short questionnaire. On attendance (visit
1), the participants received more comprehensive ques-
tionnaires and underwent biological sampling and clini-
cal examinations. A subsample (predefined before study
start, but only invited if the person attended visit 1)
attended additional clinical examinations (visit 2).

Study population

We used data from Tromseg4 (1994-1995), Tromsws6
(2007-2008, baseline survey for main analysis) and
Tromse7 (2015-2016, follow-up survey). Tromse4
included 27 158 participants (attendance 77%), aged
25-97 [34]. Owing to age-specific questionnaires in
Tromse4, only data from participants aged<70 years
were used in the present study [34]. Tromse6 included
12 977 participants (66% attendance), aged 30—87 [35].
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Tromse7 included 21 083 participants (65% attendance),
aged 40-99 [33].

For the main analysis, baseline was set to Tromse6 with
8-year follow-up at Tromse7 (Fig. 1). To ensure an eligi-
ble and reliable study sample of appropriate age at follow-
up (=65 years), we excluded those younger than 57 years
at baseline, those with a Mini-Mental State Examination
(MMSE) score <24, and those with no data on baseline
frequency of fish intake. Of the 6837 eligible partici-
pants, 4409 also participated at follow-up. At follow-up,
we excluded those without any frailty data (n=17) and -
given the low prevalence - those classified as frail (n=42),
leaving 4350 participants for the main analysis. Among
these, a subsample of 3229 participants with com-
plete data on fish intake in all three surveys (Tromse4,
Tromse6 and Tromse7) was identified for tracking anal-
ysis of patterns of fish intake over 21 years (Fig. 1). For
clarity, we will refer to the subsamples as ‘main sample’
(n=4350) and ‘tracking sample’ (n=3229) to distinguish
between the two.

Dietary assessment

Fish intake in all surveys was based on two questions
about frequency of intake of lean (e.g., cod, saithe) and
fatty (e.g., salmon, trout, mackerel, herring, halibut)
fish with answer alternatives ranging from ‘0—1 times a
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month’ to ‘1-2 times a day’ [36—38] (Table S1). The exact
wording of the questions and answers differed slightly
across the surveys. To ensure a sufficient number of par-
ticipants and thus statistical power to perform analyses
on the different frequencies of fish intake, the lowest
frequency category was merged with the second lowest
(‘0-1 times a month’ plus 2-3 times a month’), and the
highest frequency category was merged with the second
highest (‘4—6 times a week’ plus ‘1-2 times a day’). This
resulted in three levels of fish intake: ‘0—3 times a month’
(low), ‘1-3 times a week’ (medium) and ‘>4 times a week’
(high) (Table S1). Total fish intake was estimated by com-
bining frequencies of lean and fatty fish intake. Each
frequency interval of lean and fatty fish intake was quan-
tified as total weekly frequency of fish intake (x/week),
summed together, and then transformed back into the
original frequency intervals (‘categories’) of fish intake.
For assessment of total fish intake over time, stable
(low, medium, high) or inconsistent patterns were identi-
fied (Table 2). Stable patterns were identified as the same
reported frequency of intake in all three surveys (e.g., low,
low, low), or two similar frequencies of intake plus one
frequency of intake differing by one level. For example,
the combination ‘low; ‘medium; ‘low’ frequency of intake
was also considered a stable low pattern. The remaining
patterns were intakes that spread across the three levels

Tromsg6 (2007-08)

Invited to Tromsg6
n=19762

i

Did not attend Tromsg6, n = 6 785

Attended Tromsg6
n=12977

Participants excluded (n = 6 140):
<57 years,n=5757

Y

MMSE score <24, n = 100
No data on fish intake, n = 283

Eligible study sample in Tromsg6
n=6837
Did not attend Tromsg7
n=2428
Tromsg7 (2015-16) Attended Tromsg7
n=4409

Participants excluded (n = 59):

No frailty data, n =17
Classified as frail, n = 42

Main analytic sample
n=4350

Missing any data on fish intake in

Y

Tromsg4, -6 or Tromsg7,n=1121

Fig. 1 Flow chart of the study population

Complete cases for tracking analysis
of patterns of fish intake, n = 3 229
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of frequency of intake (e.g., low, high, low), and were clas-
sified as inconsistent patterns.

Frailty assessment

In Tromse6 and at follow-up, a modified versions of
Fried’s physical frailty phenotype (Table S2) was used to
categorize participants as frail, pre-frail, or robust. Frailty
in Tromse4 was not defined as data were insufficient.

At follow-up, weight loss was defined as answer ‘yes’
to the question: ‘Have you involuntarily lost weight dur-
ing the last 6 months?. Low physical activity was defined
as the lowest category (‘Mainly reading, watching TV/
screen or other sedentary activity’) in the Saltin—Grimby
questionnaire [39]. Exhaustion was defined as either of
the two highest categories (‘Pretty much’ or “Very much’)
to the question ‘Have you felt that everything is a strug-
gle during the last week?, from the Hopkins Symptoms
Checklist 10 [40]. Low grip strength and slow walking
speed were measured at visit 2 and defined using sex-
specific cut-offs, further stratified by body mass index
(BMI) quartiles and medium height, respectively, as orig-
inally proposed by Fried et al. [5]. BMI was calculated as
body weight (kg) divided by height (m) squared (kg/m?).
Grip strength (kg) was measured using an electric Jamar
(PLUS+) dynamometer [33]. The strongest of six meas-
urements was recorded according to the Southampton
protocol [41]. Walking speed was assessed by the Short
Physical Performance Battery test [42] where participants
walked 4 m at their average speed twice. The fastest test
was recalculated to seconds per 15 feet to match Fried’s
original definition [5].

Frailty was defined in the same way in Tromsg6, except
without the walking speed characteristic owing to lack
of information. Additionally, grip strength in bar was
measured using a Martin-Vigorimeter. Values in bar were
calculated to kilopascal before converted to kg using sex-
specific conversion factors (women: 2.43, men: 1.68), as
according to Neumann et al. [43] to fit Fried’s cut-offs [5].
All characteristics were dichotomised. Participants with
none of these characteristics were classified as robust,
participants with one or two present were classified as
pre-frail, and those with three or more characteristics
were classified as frail.

Covariates

Covariates were selected based on empirical knowledge
on relevant confounders between diet and pre-frailty. In
Tromsg4, body weight (kg) and height (cm) were meas-
ure with light clothing and no shoes on an electronic
scale. Married/cohabitation included self-reported mar-
riage/partnership/living with spouse/partner. Social sup-
port was defined as a yes to the question ‘Do you feel like
you have enough good friends?. Good self-rated health
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was defined as the two highest (‘Good” and ‘Very good’)
out of five categories to the question “What is your cur-
rent state of health?. Self-reported smoking status was
never, former or daily smoker. Self-reported education
level was grouped into primary/lower secondary school
(<10 years), upper secondary school and higher educa-
tion (college/university). Self-reported physical activ-
ity level was defined as low if<3 h per week of ‘Light
exercise without sweating/being out of breath! High
alcohol intake was defined as an estimated daily intake
of >10 g for women and >20 g for men, as the Norwe-
gian Directorate of Health advises against intakes above
this [44]. Daily alcohol intake was estimated based on
self-reported frequency and average units of alcohol con-
sumed. Comorbidity was defined by two or more of the
major non-communicable diseases (previous and/or cur-
rent): cardiovascular disease (angina pectoris, myocardial
infarction, stroke), chronic respiratory diseases (chronic
bronchitis, asthma), diabetes and cancer. All diseases
were self-reported, except cancer, which was obtained
from the Norwegian Cancer Registry.

These characteristics were collected in the same way in
Tromse6, with some exceptions; self-reported low physi-
cal activity level was defined as the lowest category in the
already mentioned Saltin—Grimby questionnaire [39];
alcohol intake was calculated based on the self-reported
frequency and average units of alcohol consumed using
the first two questions in the Alcohol Use Disorder Iden-
tification Test [45]. At visit 2, cognitive function was
assessed via the MMSE using a cut-off for normal cog-
nitive function at score 24, which is validated and com-
monly used for community-dwelling older adults [46].

Statistical analysis

Characteristics and frequencies of fish intake at differ-
ent time points are presented as means and counts for
the total sample and stratified by follow-up frailty status
(Tables 1 and 2). Differences between robust and pre-frail
groups were tested using the chi-square test for categori-
cal variables, Student’s ¢-test for continuous variables
and Cochran-Armitage test for trend across frequen-
cies of fish intake. Continuous variables were graphically
inspected for normality.

The longitudinal association between frequency of
fish intake and pre-frailty was analysed via multivari-
able logistic regression in two ways: first, the associa-
tion between frequency of intake of lean, fatty and total
fish in Tromse6 and pre-frailty 8 years later (Table 3).
Three multivariable logistic regression models were run,
adjusted for relevant Tromse6 confounders. Model 1
was adjusted for age and sex. Model 2 was additionally
adjusted for BMI, education, smoking, physical activ-
ity, self-reported health and comorbidity. In addition, to
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Table 1 Baseline characteristics and fish intake of main study sample (n=4350)
Baseline characteristics in Tromsg6 Frailty status at follow-up
All (n=4350) Robust (n=3126) Pre-frail (n=1224) P

Women (%) 515 50.3 54.5 0.01
Age (years), mean (SD) 65.1(5.7) 64.5 (5.5) 66.3 (6.1) <0.001
BMI (kg/mz), mean (SD) 272 (4.1) 269 (3.8) 28.1(4.6) <0.001
Cohabitant (%) 76.6 77.7 736 0.004
Good social supportb (%) 90.0 913 86.5 <0.001
Good self-rated health (%) 66.4 717 529 <0.001
Daily smoking (%)

Never 35.1 36.6 31.7 <0.001

Previously 50.1 504 494

Currently 14.7 13.1 189
Education® (%)

Lower secondary 332 30.5 40.1 <0.001

Upper secondary 324 512 488

Higher education 325 18.3 11.1
Sedentary lifestyle (%) 16.1 104 31.0 <0.001
High alcohol intake® (%) 64 6.9 50 <0.001
Comorbidity® (%) 48 3.7 7.5 <0.001
MMSE score, mean (SD) 283(14) 283(14) 28.1(14) 0.02
Cod liver/fish oil supplements (%) 759 77.0 73.2 0.008
Frequency of fish intake
Lean fish (%)

0-3/month 171 16.4 18.8 0.1

1-3/week 67.2 67.5 66.6

>4/week 15.7 16.2 14.6
Fatty fish (%)

0-3/month 482 46.2 536 <0.001

1-3/week 43.6 452 396

>4/week 8.1 8.7 6.8
Total fish' (%)

0-3/month 1.1 10.1 136 <0.001

1-3/week 373 36.3 39.8

>4/week 51.7 536 46.6

BMI, body mass index; MMSE, Mini-Mental State Examination; SD, standard deviation. N deviates slightly owing to missing data in specific covariates

2 P-value: Student’s t-test for continuous variables, chi-square test for categorical variables between robust and pre-frail groups

b Self-reported satisfactory level of good friends

¢ Primary/secondary school, modern secondary school; technical school, vocational school, 1-2 years senior high school or high school diploma; college/university

9 Daily alcohol intake >10 g (women) or >20 g (men)

€ The presence of >2 of the following diseases: cardiovascular disease (angina, heart attack, stroke), pulmonary disease (chronic bronchitis, asthma), diabetes and

cancer

fThe sum of fatty and lean fish intake

highlight the possible impact of dietary supplement use,
model 3 was further adjusted for use of cod liver oil and
long-chain omega-3 fatty acids (LCn-3FA) supplements.
Second, to elucidate the influence of long-term habit-
ual fish intake, the models were run on the associa-
tion between different patterns of stability of total fish

intake over 21 years (Tromse4, Tromse6 and at follow-
up) and pre-frailty at follow-up (Table 4). Participants
included in the tracking analysis had data on lean and
fatty fish intake from all three surveys. A stable low fish
intake was chosen as the reference category.
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Table 2 Frequency of fish intake and patterns of total fish intake for tracking sample (n =3229)
Frequency of fish intake Study waves of the Tromsg Study
Tromsg4 (1994-1995) Tromsg6 (2007-08) Tromsg7 (2015-16)

Lean fish (%)

0-3/month 125 16.8 11.6

1-3/week 849 67.9 74.5

>4/week 25 153 13.8
Fatty fish (%)

0-3/month 554 479 44.6

1-3/week 443 444 50.0

>4/week 03 77 55
Total fish? (%)

0-3/month 10.0 10.7 7.3

1-3/week 65.9 370 352

>4/week 24.0 524 57.5
Patterns of fish intake across Tromsg4, Tromsg6, Tromsg7

All (n=3229) Robust (n=2351) Pre-frail (n=878) PP

Stable patterns® <0.001

Low 4.5 3.7 6.6

Medium 423 419 434

High 42.3 441 37.7
Inconsistent 109 104 123

@The sum of fatty and lean fish intake
b pvalue: chi-square test

¢ Stable patterns of fish intake defined as the same reported frequency of intake in all three surveys, or two similar frequencies of intake plus one frequency of intake

differing by one level

9 Inconsistent patterns defined as patterns of fish intake that spread across the three levels of frequency of intake

To account for potential influence of already present
frailty in the study sample, we repeated the main analy-
sis as a sensitivity analysis in a sample where participants
with frailty in Tromse6 were excluded (Table S4). Further,
supplementary analyses were performed to address bias
from selective attrition of participants after Tromsg6.
First, we compared characteristics of non-attenders
after Tromsg6 versus participants who attended follow-
up (Table S5). Second, inverse probability of participa-
tion weighting (IPPW) [47, 48] was applied to repeat the
main analyses in a hypothetical study sample with 100%
re-attendance at follow-up (Table S6). This pseudo-pop-
ulation was created through up-weighting characteris-
tics likely to be lost with attrition. Specifically, follow-up
participants were weighted by the inverse of their prob-
ability of participating at follow-up, to account for the
absent weights of the non-attenders. Weights were based
on the predicted likelihood of follow-up participation,
predicted by the adjustment variables included in model
2, following Metten et al. [47]. Furthermore, we com-
pared the characteristics of participants with complete
versus incomplete data on fish intake in the three surveys

(Table S7). As a sensitivity analysis to account for missing
data, we repeated the tracking analysis in a sample with
multiple imputed (MI) data on fish intake in the three
surveys (Table S8). Fifty duplicate datasets were created
via the predictive mean matching imputation method
and estimates were combined with Rubin’s rule [49].

Adjustment variables included in the statistical models
were initially chosen from univariate analyses (P<0.2), in
addition to clinical importance and considerations about
confounding (as was the case for sex and dietary sup-
plements). Subsequently, the multivariable models were
built through careful evaluation of the contribution of
each variable and comparisons between unrestricted and
restricted versions of the model until it had an optimal fit
[50]. Age and BMI were included as continuous variables
whereas all others were categorical. Owing to the iden-
tification of non-linearity, BMI was included in both its
linear and its squared form. There were no indications of
multicollinearity between the adjustment variables and no
statistically significant, clinically plausible interactions. All
analyses were performed in STATA/MP 16. P values <0.05
were considered to be statistically significant.
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Table 3 Odds ratios (ORs) and 95% confidence intervals (Cls) for baseline fish intake and 8-year follow-up pre-frailty (n=4350)?

Dietary exposure Model 1 Model 2 Model 3 Pyrend”
(Tromse6)
OR 95% Cl OR 95% ClI OR 95% Cl
Frequency of fish intake
Lean fish (h=4270) (n=3037) (n=3037)
0-3/month Ref Ref Ref <0.001
1-3/week 0.82 0.69,0.98 0.82 0.66,1.03 0.82 0.66,1.03
>4/week 0.69 0.55,0.88 0.72 0.53,0.97 0.72 0.53,0.97
Fatty fish (n=4275) (n=3043) (n=3043)
0-3/month Ref Ref Ref 0.04
1-3/week 0.75 0.65,0.87 0.81 0.68,0.97 0.81 0.68,0.97
> 4/week 0.65 049, 0.85 0.63 0.44,0.92 0.63 044,092
Total fish® (n=4195) (n=3000) (n=3000)
0-3/month Ref Ref Ref <0.001
1-3/week 0.78 062,097 0.87 0.66,1.15 087 0.66,1.16
> 4/week 0.60 0.48,0.75 0.68 0.52,0.90 0.69 052,091

@ Main analytic sample. N deviates owing to missing data in specific adjustment variables

b pvalue: Cochran-Armitage test for trend across groups

€The sum of fatty and lean fish intake

Model 1: adjusted for Troms@6 age and sex. Model 2: additionally adjusted for Tromse6 body mass index, education, comorbidity, smoking, activity level and self-
reported health. Model 3: additionally adjusted for Tromsg6 cod liver oil and/or long-chain omega-3-fatty acids supplement use

Table 4 Odds ratios (ORs) and 95% confidence intervals (Cls) for patterns of fish intake and pre-frailty (n=3229)*

Patterns of total fish intake
across

Model 1 (n=3229)

Model 2 (n=2329) Model 3 (n=2329)

Tromsg4, Tromsg6, Tromsg7 OR 95%Cl OR 95%Cl OR 95% Cl
Stable patterns®

Low® Ref Ref Ref

Medium 0.52 0.36,0.75 0.69 0.44,1.07 0.69 0.44,1.07

High 0.41 0.28,0.59 0.59 0.38,0.92 0.59 0.38,0.91
Inconsistent pattern? 0.61 0.40,0.91 0.95 0.57,1.56 0.94 0.57,1.56

#Tracking sample: complete cases. Participants with available data on all questions on frequency of lean and fatty fish intake in Tromsg4, -6 and -7. N deviates owing

to missing data in specific adjustment variables

b Stable patterns of fish intake defined as the same reported frequency of intake in all three surveys, or two similar frequencies of intake plus one frequency of intake

differing by one leve

¢ Reference category

9 Inconsistent patterns defined as patterns of fish intake that spread across the three levels of frequency of intake

Model 1: adjusted for Troms@6 age and sex. Model 2: additionally adjusted for Troms@6 body mass index, education, comorbidity, smoking, activity level and self-
reported health. Model 3: additionally adjusted for Tromsg6 cod liver oil and/or long-chain omega-3-fatty acid supplement use

Results

Participants’ characteristics and fish intake

In total, 28% (n=1124) of the main study population
were classified as pre-frail at follow-up (Table 1). Of
these, 84% (n=1031) presented with only one frailty
characteristic (Table S9). The most prominent charac-
teristic of physical frailty at follow-up was by far self-
reported low physical activity level, which was the only
frailty characteristic present in 51% of the pre-frail par-
ticipants (Table S9). About one third of the participants

had missing frailty data, and 23% had missing data
on two characteristics. The prevalence of pre-frailty
increased with age (Table S10).

In Tromse6, the mean age was 65 years (range
57-87 years) and 52% were women (Table 1). Pre-frail
participants differed from robust participants as they
were more likely to be women, older, daily smokers, inac-
tive, lower educated and have higher BMI than robust
participants. They were also less likely to be satisfied with
self-perceived support from friends and their own health.
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More pre-frail participants than robust participants lived
alone, and the proportion of pre-frail participants with
comorbidity was twice as high as among robust partici-
pants (Table 1). Three-quarters of all participants used
cod liver oil and/or LCn-3FA supplements, more com-
monly used by robust than by pre-frail participants.

Comparing non-attenders after Tromseg6 (36%) versus
participants who re-attended Tromse7 showed that the
latter had notably more favourable health and socioeco-
nomic characteristics but that fish intakes were similar
(Table S5).

For the tracking subsample, differences were similar
between pre-frail and robust participants as in the main
sample (Table S3). Comparing participants with com-
plete versus incomplete data on fish intake in the three
surveys showed that complete cases had a slightly more
favourable health and socioeconomic profile (Table S7).

In Tromsg6, the main sample ate lean fish more fre-
quently than fatty fish (Table 1). Robust participants ate
fatty and total (but not lean) fish more frequently than
pre-frail participants. Of the robust participants, 54%
had a medium or high intake (>1/week) of fatty fish com-
pared with 46% of pre-frail participants (P<0.001). For
total fish, 90% of robust and 86% of pre-frail participants
had a medium or high intake (P<0.001).

Also for the tracking sample, lean fish was eaten more
frequently than fatty fish at all times (Table 2). The fre-
quency of intake of fatty and total fish appeared to
increase between surveys. For fish intake over 21 years,
the vast majority had either a stable medium (42%) or
stable high (42%) pattern of fish intake (Table 2). A sta-
ble low pattern of fish intake was slightly more common
among pre-frail than robust participants (7% vs 4%),
while a stable high pattern over time was more common
among robust than pre-frail participants (44% vs 38%)
(P<0.001).

Fish intake in Tromsg6 and pre-frailty 8 years later

Overall, the main analysis showed that a more frequent
fish intake in Troms@6 was associated with lower odds of
pre-frailty 8 years later (P value for trend <0.05) (Table 3).
The observed associations from the multivariable model
(model 2) and after further adjustment for dietary sup-
plement use (model 3) were similar.

Fully adjusted analysis (model 3) showed that a high
intake (>4/week) of lean fish was associated with 28%
(OR=0.72, 95% CI=0.53, 0.97) lower odds of pre-frailty
at follow-up 8 years later compared with a low intake
(0-3/month). For fatty fish, a medium (1-3/week) or high
intake in Tromsg6 was associated with 19% (OR=0.81,
95% CI=0.68, 0.97) and 37% (OR=0.63, 95% CI=0.44,
0.92) lower odds of pre-frailty after 8 years, respectively,
compared with a low intake. Fully adjusted analysis of
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total fish intake showed that the odds of pre-frailty after
8 years was 31% lower for participants with a high com-
pared with a low frequency of intake (OR=0.69, 95%
CI=0.52, 0.91). Results were similar, albeit slightly ampli-
fied, in sensitivity analysis excluding pre-frail and frail
individual at baseline (Table S4). Fully adjusted sensitiv-
ity analyses with IPPW showed no significant association
between frequency of fish intake in Tromse6 and pre-
frailty 8 years later (Table S6).

Patterns of fish intake over 21 years and pre-frailty

Fully adjusted tracking analysis showed that a stable
high frequency of intake across Tromse4, Tromse6
and Tromse7 was associated with 41% lower odds of
pre-frailty (OR=0.59, 95% CI=0.38, 0.91) in Tromse7,
compared with a stable low pattern (Table 4). Results
were similar with MI (56% missing data on fish intake)
(Table S8).

Discussion

In the present prospective cohort study, we found that a
higher frequency of (lean, fatty and total) fish intake was
significantly associated with lower odds of physical pre-
frailty after 8 years in older community-dwelling adults
in Norway. Moreover, a pattern of consistent high fre-
quency of total fish intake over 21 years was associated
with lower odds of pre-frailty.

Overall, the main study population was a relatively
healthy sample of older residents in Tromse, Northern
Norway. Considering that individuals with low cognitive
skills in Tromse6 were excluded, alongside the need for
physical attendance in the Tromse study, we assume that
the study population is mainly community-dwelling.

The observed prevalence of pre-frailty in the present
study was lower than reported among community-
dwelling older adults worldwide [51], in Europe [52],
and Tromse5 study participants aged > 70 years in 2001
[53]. These discrepancies may be partly explained by
the use of different modifications of Fried’s frailty defi-
nition [54]. Moreover, another study from the Tromsg
Study has shown increased grip strength in more recent
birth cohorts of older participants [55]. Consider-
ing that there were 15 years between the measures of
frailty status, this may partly explain the differences in
frailty prevalence reported in the present study versus
the study by Langholz et al. [53]. In line with previous
research, the prevalence of pre-frailty in Tromse7 was
higher in women and increased with age [5, 51-53].

The overall relatively high frequency of fish intake
observed in all three surveys was somewhat expected,
considering that older Norwegians have been found
to eat more fish than younger generations and that fish
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intake, in general, is high in Northern Norway [27-30].
The observed higher frequency of fish intake in the robust
compared with the pre-frail participants, taken together
with their better health and socioeconomic character-
istics, is supported by a recent, large systematic review
that found that seafood consumers were more likely to
be older, more affluent, educated and physically active
and less likely to be smokers compared with non-seafood
consumers [56]. In contrast to this, the frequency of fish
intake was similar for dropouts after Tromseg6 compared
with those re-attending Tromsg7, even though the soci-
odemographic characteristics in the latter group were
slightly more favourable.

Longitudinal associations between frequency of fish intake
and pre-frailty

Our findings suggest that how often one eats fish in late
adulthood may influence later odds of pre-frailty. This
emphasizes the importance for this age group of adhering
to the Norwegian Dietary Guidelines’ recommendations
of eating fish two to three times a week [20]. A benefit
and risk assessment of fish in the Norwegian diet recently
concluded that there were positive health benefits asso-
ciated with increasing the Norwegian adult’s fish intake
to the upper end of the recommended intake range [57].
Although not directly comparable, our results agree with
this. The strengths of the observed associations between
frequency of fish intake and pre-frailty increased with
higher frequency of intake.

As the existing literature on fish intake and pre-frailty
is particularly scarce, the comparison of our results is
limited to studies focusing on frailty or frailty-related
outcomes.

The observed beneficial association between increased
frequency of fatty fish intake and later pre-frailty is sup-
ported by findings from a longitudinal Spanish study in
1592 community-dwelling adults aged >60 years con-
ducted by Garcia-Esquinas et al. [21]. They observed
an inverse association between increased daily esti-
mated intake of fatty fish and accumulation of age-
related health deficits 6 years later. The health deficit
accumulation index is another widespread and more
comprehensive measure of frailty than Frieds physi-
cal phenotype [58]. In addition, a cross-sectional study
conducted in rural coastal Ecuador showed a stepwise
decrease in frailty scores for each additional weekly serv-
ing of fatty fish consumed among community dwellers
aged 60—-69 years [23]. Notably, there was no association
between fish intake and frailty status in the participants
aged >70 years, for whom the authors speculated that the
effects of age superseded the positive effects of fatty fish.
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For lean fish, the observed beneficial association
between high intakes and pre-frailty is in accordance with
a Saudi Arabian intervention study which showed that
eating lean fish for lunch twice a week for 10 weeks sig-
nificantly increased muscle mass and walking speed in 22
adults (>50 years) [26]. However, in the longitudinal study
by Garcia-Esquinas et al., they did not find any association
between intake of lean fish and healthy ageing [21].

In line with our findings, Garcia-Esquinas et al. did,
however, observe reduced deficit accumulation scores
with increasing quintiles of total fish intake [21]. Fur-
thermore, an Irish cross-sectional study in community-
dwelling older adults (>65 years) observed significantly
higher odds of Fried’s physical frailty among those in the
lowest tertile of intake of fish and fish products compared
with the highest [22]. In addition, a cross-sectional study
in Japanese female outpatients with rheumatoid arthritis
found that, of 20 foods assessed, fish intake more than
twice a week was identified as independently negatively
associated with pre-frailty/frailty (pre-frail and frailty
combined as outcome) [24].

Taken together, the comparability of the results from
these studies with our study is somewhat limited.
The levels of fish intake differs, and all, except the study
by O’Connell et al. [22], use different frailty definitions,
have no mention of dietary supplements, and include
study populations and settings that differ greatly from the
relatively healthy community-dwelling older adults from
Northern Norway [21-24, 26].

Our results from the tracking analysis showing lower
odds of pre-frailty from a consistent high frequency of
intake compared with consistent low frequency of intake
was as hypothesized. To the best of our knowledge, no
earlier study has tracked fish intake over time in relation
to frailty or other age-related health outcomes.

Some of the plausible biological pathways between
nutrients in fish and health that could be relevant in the
observed association between fish intake and pre-frailty
include vitamin D’s beneficial effect on bone health and
muscle function [14, 19, 59]; the anti-inflammatory prop-
erties of LCn-3FA [14, 59, 60], or lower rate of muscle
loss from increased intake of high-quality fish protein
[14, 59, 61]. However, it is important to emphasize that
owing to the nature of the frequency data and the long
follow-up times, what we have truly assessed is the habit
of eating fish and not the biological properties of the fish
and its nutrients. Moreover, one could speculate that the
observed protective effect of frequent fish intake, in par-
ticipants where fish makes up a large proportion of their
total diet, simply reflects a subsequent lower intake of
other and perhaps less healthy foods.
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Strengths and limitations

A limitation of the study is the self-reported data, which
introduces risk of information bias. Unfortunately, self-
reported dietary data are typically misreported, either
consciously or unconsciously [62]. Given the general
status of fish as a healthy food [63], one could speculate
that fish intakes are over-reported. Another limitation
is that the two variables on fish intake that provided the
basis for the analyses were too crude to capture the par-
ticipant’s absolute intake. Moreover, the variables depend
on the participants’ prior knowledge on what constitutes
fatty and lean fish and this may have introduced uncer-
tainty to the study. Additional information about intake
of other fish products and fish spread was available in the
different surveys, albeit at different levels, and, therefore,
to facilitate comparability between time points, the focus
was kept on the two variables lean and fatty fish.

Another limitation is the variation within the stable
patterns of fish intake, owing to the definition crite-
ria which allows for one differing frequency of intake.
Thus, patterns might vary substantially within categories,
depending on whether the ‘one oft’ is a higher or lower
frequency than the other two, or in what survey the dif-
ferent frequency of intake was reported.

Selection bias is a common limitation in cohort stud-
ies, because participants tend to be healthier and have
better socioeconomic status than non-attenders [64].
This is emphasized by the overall good health of the
study population and the low prevalence of pre-frailty in
Tromsg?. In addition, the predominance of pre-frail par-
ticipants with a frailty score of only 1, where many had
low physical activity level as their only frailty characteris-
tic may reflect that the pre-frail group largely consisted of
sedentary, but otherwise healthy, individuals. The slightly
weaker association observed between frequency of fish
intake and pre-frailty in the IPPW sensitivity analysis
could be explained by a lower degree of selection bias.
Considering the observed differences between those who
participated in Tromse7 versus the non-attenders, the
pseudo-population included in the IPPW analysis, with
100% participation in Tromse7, was older and more het-
erogeneous than the main study population. Thus, the
effects of age and poorer health might to some extent
have superseded the positive effects of frequent fish
intake on later pre-frailty in these participants. Notably,
the substantial level of missing frailty data might have
contributed to an incorrectly measured prevalence of
pre-frailty and biased results.

With these limitations in mind, the study’s results
should be interpreted somewhat cautiously and their
generalization is limited to relatively healthy, community-
dwelling, older Norwegian adults. However, in favour of
our findings of an inverse association between increased
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frequency of fish intake and pre-frailty after 8 years, were
the results from the sensitivity analysis performed after
exclusion of baseline pre-frail/frail participants and the
tracking analysis with ML

The strengths of the study include its longitudinal
study design, the large study sample, and the use of vali-
dated instruments for frailty assessment. In addition, the
available data were scrutinized to thoroughly assess the
fish—pre-frailty association by investigating lean, fatty,
and total fish, the impact of different lengths of follow-
up and the specific adjustment for use of cod liver oil and
LCn-3FA supplements. Furthermore, the performance
of supplementary analyses to account for inherent and
unavoidable weaknesses of observational studies, like the
already mentioned risk of attrition and the influence of
missing data, adds transparency and value to the inter-
pretation of the results.

Conclusions

This study shows that higher frequency of fish intake
among middle-aged and older community-dwelling
adults reduce later odds of pre-frailty. Thus, our study
emphasizes the importance of a frequent fish intake to
prevent pre-frailty and facilitate healthy ageing.

Abbreviations

BMI Body mass index
c Confidence interval
IPPW Inverse participation probability weighting

LCn-3FA  Long-chain omega-3 fatty acids
Ml Multiple imputation

MMSE Mini-Mental State Examination
OR Odds ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-023-04081-z.

Additional file 1: Table S1. Original and modified categories of
frequency of fish intake in the Tromsg Study. Table S2. Modifications

of the frailtyphenotype in the Tromsg7 Study (2015-2016). Table S3.
Characteristics of tracking sample in Tromse4 and Tromsa6 (n=3229).
Table S4. Odds ratios (ORs) and 95% confidence intervals (Cls) for fish
intake and 8-year follow-up pre-frailty after exclusion of baseline frailty
(n'=3219)°. Table S5. Characteristics of participants in Tromsa6 by
Tromsg7 participation status (n = 6837)°. Table S6. Odds ratios (ORs)

and 95% confidence intervals (Cls) for baseline fish intake and pre-frailty
with inverse probability weights® (n = 61 83)P. Table S7. Characteristics
of participants in Tromsg6 with complete and incomplete data on fish
intake (n = 5750)°. Table S8. Odds ratios (ORs) and 95% confidence inter-
vals (Cls) for patterns of fish intake and pre-frailty using multiple imputa-
tion (MI)? (n = 5750). Table 9. Onset of physical frailty characteristics in
Tromsa7 (n = 4350)°. Table S10. Frailty prevalence in Tromsg?7 stratified by
age (n =4350)°.

Acknowledgements
This study used data from the Tromse Study, a population-based health survey
at the Institute of Public Health, UiT The Arctic University of Norway. We thank



Konglevoll et al. BMC Geriatrics (2023) 23:411

all participants in the Tromsg Study. A special thanks to Knut Waagan at the
University Center for Information Technology (USIT) and Hein Stigum at Insti-
tute of Health and Society, both at the University of Oslo, for invaluable help
with multiple imputation (statistics).

Authors’ contributions

All authors were involved in the study conception and design. MHC super-
vised the project. DMK analysed the data. DMK, MHC and LFA drafted the
original manuscript. BHS, MT and AH contributed with statistical guidance. All
authors interpreted the results and contributed to the discussion, revision and
editing of the manuscript. All authors read and approved the final manuscript.

Funding

Open access funding provided by University of Oslo (incl Oslo University
Hospital). This study was supported by the Institute of Basic Medical Sciences,
University of Oslo with supplementary funds from Throne Holsts Nutrition
Research Foundation (UNIFOR). The funding sources had no role in the design
and conduct of the study.

Availability of data and materials

The legal restriction on data availability is set by the Tromsg Study Data and
Publication Committee in order to control for data sharing, including publica-
tion of datasets with the potential of reverse identification of de-identified
sensitive participant information. The data that support the findings of this study
are available from the Tromsg Study but restrictions apply to the availability of
these data, which were used under license for the current study, and so are not
publicly available. Data are however available from the authors upon reason-
able request and with permission of the Tromse Study Data and Publication
Committee. Contact information: The Tromsg Study, Department of Community
Medicine, Faculty of Health Sciences, UiT The Arctic University of Norway; e-mail:
tromsous@uit.no. A detailed overview of the data collection process and links to
the main questionnaires, can be found on the Tromsg Study’s website (https.//
uit.no/research/tromsostudy). All variables collected in the Tromsg Study can be
found in NESSTAR (http://tromsoundersokelsen.uit.no/tromso/).

Declarations

Ethics approval and consent to participate

Informed consent was obtained from all participants for being included in
the study. The study was conducted in accordance with the Declaration of
Helsinki. The project was approved by Regional Committees for Medical and
Health Research Ethics (REK; 2019/43798).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interests.

Author details

1Departmen‘[ of Nutrition, Institute of Basic Medical Sciences, University

of Oslo, Oslo, Norway. 2Department of Health and Care Sciences, UiT The
Arctic University of Norway, Tromsg, Norway. *The Norwegian National Centre
for Ageing and Health, Vestfold Hospital Trust, Tansberg, Norway. “Department
of Geriatric Medicine, Oslo University Hospital, Oslo, Norway. SDepartment

of Physical Health and Ageing, Norwegian Institute of Public Health, Oslo,
Norway. 6Depar‘[ment of Biostatistics, Institute of Basic Medical Sciences,
University of Oslo, Oslo, Norway.

Received: 4 October 2022 Accepted: 31 May 2023
Published online: 05 July 2023

References

1. World Health Organization. Decade of Healthy Ageing: Plan of Action.
Geneva: WHO; 2020. Report No.: 2.

2. ChiJ, ChenF, Zhang J, Niu X, Tao H, Ruan H, et al. Impacts of frailty on
health care costs among community-dwelling older adults: a meta-
analysis of cohort studies. Arch Gerontol Geriatr. 2021;94: 104344.

20.

21.

22.

23.

24.

25.

26.

Page 11 of 12

Buta BJ, Walston JD, Godino JG, Park M, Kalyani RR, Xue Q-L, et al. Frailty
assessment instruments: Systematic characterization of the uses and
contexts of highly-cited instruments. Ageing Res Rev. 2016;26:53-61.
Sezgin D, O'Donovan M, Woo J, Bandeen-Roche K, Liotta G, Fairhall N,

et al. Early identification of frailty: Developing an international delphi
consensus on pre-frailty. Arch Gerontol Geriatr. 2022;99: 104586.

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci
Med Sci. 2001;56(3):M146-57.

Xue Q-L. The frailty syndrome: definition and natural history. Clin Ger
Med. 2011;27(1):1-15.

Ofori-Asenso R, Chin KL, Mazidi M, Zomer E, llomaki J, Zullo AR, et al.
Global incidence of frailty and prefrailty among community-dwelling
older adults: a systematic review and meta-analysis. JAMA Netw Open.
2019;2(8):2198398.

Kojima G, Taniguchi Y, lliffe S, Jivraj S, Walters K. Transitions between frailty
states among community-dwelling older people: a systematic review
and meta-analysis. Ageing Res Rev. 2019;50:81-8.

Milte CM, McNaughton SA. Dietary patterns and successful ageing: a
systematic review. Eur J Nutr. 2016;55(2):423-50.

. Lorenzo-Lépez L, Maseda A, de Labra C, Regueiro-Folgueira L, Rodriguez-

Villamil JL, Milldn-Calenti JC. Nutritional determinants of frailty in older
adults: a systematic review. BMC Geriatr. 2017;17:108.

. Rashidi Pour Fard N, Amirabdollahian F, Haghighatdoost F. Dietary

patterns and frailty: a systematic review and meta-analysis. Nutr Rev.
2019;77(7):498-513.

. Willett WG, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E,

et al. Mediterranean diet pyramid: a cultural model for healthy eating. Am
J Clin Nutr. 1995;61(6 Suppl):1402s-51406.

Poursalehi D, Lotfi K, Saneei P Adherence to the Mediterranean diet and risk of
frailty and pre-frailty in elderly adults: a systematic review and dose-response
meta-analysis with GRADE assessment. Ageing Res Rev. 2023,87: 101903.

. Nordic Council of Ministers. Nordic Nutrition Recommendations 2012:

Integrating nutrition and physical activity. 5th ed. Copenhagen: Narayana
Press; 2014.

. US Department of Agriculture and US Department of Health and Human

Services. Dietary Guidelines for Americans, 2020-2025. 9th edn. 2020.
https://www.dietaryguidelines.gov/. Accessed 12 May 2022.

. The Norwegian Directorate of Health. The Norwegian Dietary Guidelines

[Helsedirektoratets Kostrad]. 2019. https://www.helsenorge.no/kosthold-
og-ernaring/kostrad/helsedirektoratets-kostrad. Accessed 5 Apr 2022.

. Larsen R, Eilertsen KE, Elvevoll EO. Health benefits of marine foods and

ingredients. Biotechnol Adv. 2011;29(5):508-18.

. Hernandez Morante JJ, Gomez Martinez C, Morillas-Ruiz JM. Dietary

Factors Associated with Frailty in Old Adults: A Review of Nutritional
Interventions to Prevent Frailty Development. Nutrients. 2019;11(1):102.

. Halfon M, Phan O, Teta D. Vitamin D: a review on its effects on muscle

strength, the risk of fall, and frailty. BioMed Res Int. 2015;2015: 953241,
The Norwegian Directorate of Health. Dietary advice on fish and other
seafood. [Kostrdd om fisk og annen sjgmat]. 2019. https://www.helsenorge.
no/kosthold-og-ernaring/kostrad/spis-fisk-oftere. Accessed 19 Jul 2022.
Garcia-Esquinas E, Ortold R, Banegas JR, Lopez-Garcia E, Rodriguez-
Artalejo F. Dietary n-3 polyunsaturated fatty acids, fish intake and healthy
ageing. Int J Epidemiol. 2019;48(6):1914-24.

O'Connell ML, Coppinger T, Lacey S, Walton J, Arsenic T, McCarthy AL.
Associations between Food Group Intake and Physical Frailty in Irish
Community-Dwelling Older Adults. Nutr Metab Insights. 2021;14:1-8.

Del Brutto OH, Mera RM, Ha JE, Gillman J, Zambrano M, Sedler MJ. Dietary
Qily Fish Intake and Frailty. A Population-Based Study in Frequent Fish
Consumers Living in Rural Coastal Ecuador (the Atahualpa Project). J Nutr
Gerontol Geriatr. 2020;39(1):88-97.

Minamino H, Katsushima M, Torii M, Hashimoto M, Fujita Y, Ikeda K, et al.
Habitual fish intake negatively correlates with prevalence of frailty among
patients with rheumatoid arthritis. Sci Rep. 2021;11(1):5104.

Robinson SM, Jameson KA, Batelaan SF, Martin HJ, Syddall HE, Dennison
EM, et al. Diet and its relationship with grip strength in community-dwell-
ing older men and women: the Hertfordshire cohort study. J Am Geriatr
Soc. 2008;56(1):84-90.

Alhussain MH, ALshammari MM. Association Between Fish Consumption
and Muscle Mass and Function in Middle-Age and Older Adults. Front
Nutr. 2021,8:746880.



Konglevoll et al. BMC Geriatrics

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2023) 23:411

UN Food and Agriculture Organization (FAQ). Fish and seafood consump-
tion per capita, 2017. Our World in Data. 2020. https://ourworldindata.
org/grapher/fish-and-seafood-consumption-per-capita. Accessed 19 Jul
2022.

Norges Sjgmatsrad. The Fish Eater. [Fiskespiseren. En innsiktsrapport om
den norske sjgmatkonsumenten. Hgst 2018.]. Tromseg: Norges Sjgmatsrad,
2018.

Totland TH. Norkost 3: en landsomfattende kostholdsundersgkelse blant
menn og kvinner i Norge i alderen 18-70 &r, 2010-2011. Oslo: Helsedirek-
toratet; 2012.

Johansson L, Solvoll K. Norkost 1997. Landsomfattende kostholdsun-
dersgkelse blant menn og kvinner i alderen 16-79 ar. [National dietary
survey among men and women aged 16-79 years]. Oslo: Statens rad for
ernzering of fysisk aktivitet; 1999.

Konglevoll DM, Hjartaker A, Hopstock LA, Strand BH, Thoresen M,
Andersen LF, et al. Protein Intake and the Risk of Pre-Frailty and Frailty in
Norwegian Older Adults. The Tromsg Study 1994-2016. J Frailty Aging.
2022;11(3):256-66.

Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njolstad I. Cohort
profile: The Tromso Study. Int J Epidemiol. 2011;41(4):961-7.

Hopstock LA, Grimsgaard S, Johansen H, Kanstad K, Wilsgaard T, Eggen
AE. The seventh survey of the Tromsg Study (Tromsg7) 2015-2016: Study
design, data collection, attendance, and prevalence of risk factors and
disease in a multipurpose population-based health survey. Scand J Public
Health. 2022:1-11.

UIT. The Arctic University of Norway. The Fourth Tromsg Study. 2020.
https://uit.no/research/tromsostudy/project?pid=708901. Accessed 4
Jan 2021.

Eggen AE, Mathiesen EB, Wilsgaard T, Jacobsen BK, Njglstad I. The sixth
survey of the Tromso Study (Tromso 6) in 2007-08: collaborative research
in the interface between clinical medicine and epidemiology: study
objectives, design, data collection procedures, and attendance in a
multipurpose population-based health survey. Scand J Public Health.
2013;41(1):65-80.

Uit. The Arctic University of Norway. The Tromsg Health Survey 4. Ques-
tionnaire 2-u70. 1994, https://uit.no/Content/430574/T4_Q2_U70.pdf.
Accessed 21 Jul 2022.

UIT. The Arctic University of Norway. The Tromsg Study 6. Questionnaire 1.
2007. https://uit.no/Content/401052/Questionnaire_T6_1.pdf. Accessed
21 Jul 2022.

UIT. The Arctic University of Norway. The Tromsg Study 7. Questionnaire 1.
2015. https://uit.no/Content/686864/cache=20201407122756/Sporreskje
ma.Q1.engelskTromso7.pdf. Accessed 21 Jul 2022.

Grimby G, Borjesson M, Jonsdottir IH, Schnohr P, Thelle DS, Saltin B.The
“Saltin-Grimby Physical Activity Level Scale”and its application to health
research. Scand J Med Sci Sports. 2015;25(Suppl 4):119-25.

Strand BH, Dalgard OS, Tambs K, Rognerud M. Measuring the men-

tal health status of the Norwegian population: a comparison of the
instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nord J Psychiatry.
2003;57(2):113-8.

NIHR Southampton BRC. Procedure for Measuring Hand Grip Strength
Using the JAMAR Dynamometer. Loughborough: NHS, NIHR; 2014.
Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,

et al. A short physical performance battery assessing lower extrem-

ity function: association with self-reported disability and prediction of
mortality and nursing home admission. J Gerontol. 1994;49(2):M85-94.
Neumann S, Kwisda S, Krettek C, Gaulke R. Comparison of the Grip
Strength Using the Martin-Vigorimeter and the JAMAR-Dynamometer:
establishment of normal values. In Vivo. 2017;31(5):917-24.

The Norwegian Directorate of Health. Dietary guidelines and nutrients.
Intake of nutrients: Alcohol. [Kostradene og naeringsstoffer. Inntak av
naeringsstoffer: Alkohol.]. 2016. https://www.helsedirektoratet.no/fagli
ge-rad/kostradene-og-naeringsstoffer/inntak-av-naeringsstoffer/alkohol.
Accessed 2 Oct 2020.

Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA, for the Ambula-
tory Care Quality Improvement Project (ACQUIP). The AUDIT Alcohol
Consumption Questions (AUDIT-C): An Effective Brief Screening Test for
Problem Drinking. Arch Intern Med. 1998;158(16):1789-95.

Creavin ST, Wisniewski S, Noel-Storr AH, Trevelyan CM, Hampton T,
Rayment D, et al. Mini-Mental State Examination (MMSE) for the detec-
tion of dementia in clinically unevaluated people aged 65 and over in

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 12 of 12

community and primary care populations. Cochrane Database Syst Rev.
2016;(1):CDO11145.

Metten MA, Costet N, Multigner L, Viel J-F, Chauvet G. Inverse probability
weighting to handle attrition in cohort studies: some guidance and a call
for caution. BMC Med Res Methodol. 2022:22(1):45.

Weuve J, Tchetgen Tchetgen EJ, Glymour MM, Beck TL, Aggarwal NT, Wil-
son RS, et al. Accounting for bias due to selective attrition: the example of
smoking and cognitive decline. Epidemiology. 2012;23(1):119-28.

Rubin DB. Multiple imputation for nonresponse in surveys. New York:
Wiley; 1987.

Zhang Z. Model building strategy for logistic regression: purposeful
selection. AnnTransl Med. 2016;4(6):111-7.

O'Caoimh R, Sezgin D, O’'Donovan MR, Molloy DW, Clegg A, Rockwood K,
et al. Prevalence of frailty in 62 countries across the world: a systematic
review and meta-analysis of population-level studies. Age Ageing.
2021;50(1):96-104.

Manfredi G, Midao L, Paul C, Cena C, Duarte M, Costa E. Prevalence of
frailty status among the European elderly population: Findings from the
Survey of Health, Aging and Retirement in Europe. Geriatr Gerontol Int.
2019;19(8):723-9.

Langholz PL, Strand BH, Cook S, Hopstock LA. Frailty phenotype and its
association with all-cause mortality in community-dwelling Norwegian
women and men aged 70 years and older: The Tromsg Study 2001-2016.
Geriatr Gerontol Int. 2018;18(8):1200-5.

Theou O, Cann L, Blodgett J, Wallace LMK, Brothers TD, Rockwood K.
Modifications to the frailty phenotype criteria: systematic review of

the current literature and investigation of 262 frailty phenotypes in the
Survey of Health, Ageing, and Retirement in Europe. Ageing Res Rev.
2015;21:78-94.

Strand BH, Bergland A, Jargensen L, Schirmer H, Emaus N, Cooper R.

Do more recent born generations of older adults have stronger grip? A
Comparison of Three Cohorts of 66- to 84-year olds in the Tromsg Study. J
Gerontol A Biol Sci Med Sci. 2019;74(4):528-33.

Govzman S, Looby S, Wang X, Butler F, Gibney ER, Timon CM. A sys-
tematic review of the determinants of seafood consumption. Br J Nutr.
2021;126(1):66-80.

VKM:, Andersen LF, Berstad P, Bukhvalova B, Carlsen MH, Dahl L, et al. Ben-
efit and risk assessment of fish in the Norwegian diet. Scientific Opinion
of the Steering Committee of the Norwegian Scientific Committee for
Food and Environment. Oslo: Norwegian Scientific Committee for Food
and Environment (VKM); 2022.

Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard
procedure for creating a frailty index. BMC Geriatr. 2008;8:24.

Tessier AJ, Chevalier S. An Update on Protein, Leucine, Omega-3 Fatty
Acids, and Vitamin D in the Prevention and Treatment of Sarcopenia and
Functional Decline. Nutrients. 2018;10(8):1099.

Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing,
cardiovascular disease, and frailty. Nat Rev Cardiol. 2018;15(9):505-22.
Coelho-Junior HJ, Rodrigues B, Uchida M, Marzetti E. Low protein intake
is associated with frailty in older adults: a systematic review and meta-
analysis of observational studies. Nutrients. 2018;10(9):1334.

Subar AF, Freedman LS, Tooze JA, Kirkpatrick SI, Boushey C, Neuhouser
ML, et al. Addressing current criticism regarding the value of self-report
dietary data. J Nutr. 2015;145(12):2639-45.

Skuland SE. Healthy Eating and Barriers Related to Social Class. The case
of vegetable and fish consumption in Norway. Appetite. 2015;92:217-26.
Langhammer A, Krokstad S, Romunstad P, Heggland J, Holmen J. The
HUNT study: participation is associated with survival and depends on
socioeconomic status, diseases and symptoms. BMC Med Res Methodol.
2012;12:143.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



Supplementary files



“9yejul ysy ued[ pue A1ej Jo sjearoul Louanbaiy ‘ojqeredwoour pue ‘Ioy3o yam
AI1RUUONISAND JUSISJJIP B USAIS 1M (G| = U) SIRAA ()L < pasde sjuedionied "siedk ()L> pase poswol], ul syuedionied Suowe AJuo pajod[[od uoneuLoyuy, "Ajdrewrxoidde :-xoiddy

Aepeown [<

Kep & sown 7—|

Arep -xoxddy

29M B $9 < 20M B $9 < 29M B $9 < 31
1 < Joom & souwn) 9— 1 < Joom & souwn) 9— 1 < S Yo!H
Joom & sown ¢—| Joom & sown ¢—| Joom & sown ¢—| Joom ® sown ¢—| Joom ® sown ¢—| €< wmpa

!
JUOW B SOW} ¢—7 JUOW B SOW} ¢—7 >

JUOW B SOWI} ¢—() JUOW B SOWI} ¢—() JUOW B SOWI} ¢—() Mo
JUOW B SOWI} 7—() JUOW B SOWI} 7—() IOAON
payipol o) payipol [pui3LQO payipol [pu13LIO
cOnqirey ‘uriy J(Ysypaa ‘nqrpey PRELILY
‘[9IdRW ‘YSIPII ‘ynoa) ‘uowrfes) ‘ULLIY ‘[a19¥ oW ‘Inoa) ‘uowyes “3-9) J10J (Ysypaa/uowyes “g-9) ysy A3jej 3ed

ysiJ A33eJ Jed A[[ensn noA op ud)jo MOH ysy A33eJ Jed A[[ensn noA op ud)jo MOH A[rensn noA op }aam 13d sowy Auew MOH ysy Apeyq

_ Aepeown [< _ Kep & sown 7—| _ Aqrep -xoxddy

JooMm © soull) < JOoMm © soUlN) < JOoMm © soUlN) < YSiy
Joom & souwn) 9— Joom € souwn) 9— S

Joom © sown ¢—| Joom © sown ¢—| Joom & sown) ¢—| Joom © sown ¢—| Joom & sown ¢—| €< wmpa

!
JUOW B SOW} ¢—7 JUOW B SOW} ¢—7 >

JUOW B SOWI} ¢—() JUOW B SOWI} ¢—() JUOW B SOWI} ¢—() Mo
Juow B SoWl} [—() Juow B SoW} [—() IOAON
payipol [pui3LQO payipol o) payipol [puiSLO
J(dyares ‘pod) J1ouuIp J10j (pod “39) ysy ued| jed

(SIJ UBd[ JBJ A[[ensn noA op udaljo MOy JYSI} ued[ Jed A[[ensn noA op ud)jo MOH A[rensn noA op }aam 13d sowy Auew MOH ysij ued

(9107-S107) Loswoa],

(8007—L007) 99swo.],

(S661-661) pOSWOL],

Apn)S OSWO.L], 3Y) JO SIABM Apn)S

aeyur ysy

Jo Aouanbaay

ApmS @SWOL], Ay} Ul ax.Iul sy Jo Aouanbaiy Jo sa11039)ed paljrpowt pue [euldLI() IS dqeL

OIS—ISOIqeL - 3[Y [euonIppy



Joom B Sowl) [BIJASS A[1R[N3a1

‘suonnedwos syxods 10 Sururen piey ur uonedonied =
{J99M © SIN0Y f ISBI[ JB "0} FUI[[2A0YS

mous ‘uruapred KAeay ‘syrods [euoneardar ur uonedonied = ¢
{o9m © sInoy

 1SB9[ 1€ 9SIDIOXI JO SULIOJ JAYJ0 10 SUI[0AD ‘SUD[[BM = T
(A1ANOR A1R)USPIS I9YJ0 IO UdAIIS/A I, Sutyojem ‘Suipeay = |
;1804 Jse] 9y} JOA0 W}

yoom 1ad Ayanoe [eorsAyd Jo 18Oy ()L 7> :UUIO 4
yoom 1ad Ayanoe [eorsAyd Jo [BoY €]¢> (U
:Aangov po1sdyd aof [fo-ind Qpivag

XS [oed 10J

POLJIIUAPI SBM 0,7 ISOMO] Y [, "WILI0S[. PasIpIepue)s Juisn paje[noed
o19M papuadxd yoom 19d SLIO[BOO[IY "SUIIWIMS ‘SOTUYISI[BD ‘[[eqionboel
‘STuug) sa[qnop ‘stuud) sa[3uls ‘Jjog ‘Surpmoq ‘so1qoiae ‘gurouep ‘urfoho
as1019%9 ‘Funyiq ‘Surd3ol ‘Suryiy ‘Suruopies ‘Furel ‘ume| oy} Surmowr

QINSI Ul UONIAX [eoISAYd pue 3SI0I9XS INOA IqQLIOSI(] "8IS ‘(snonuanls A[ojeropour) sa1oyd ‘unjjem ynoqe umjse aireuuonsanb Kanoe
[9A9T A11A1OY [eoIsAyq AquLiD—urjes uo paseq ‘payrodar-J[og 110US AJIAIIOY QWI], 9INSIdT BIOSAUUIJA Y} U0 paseq ‘Ppajodal-}[og reatsAyd
UOLISILIO UOIISNBYXD oy}
10J 1R} SB UONesLI039)e0 03 P9 suonsanb asay) Jo 19UPIL 03 € 10 7 Jomsuy
UOLI9ILIO
uonsneyxo ay} £q [1edJ se uones103a1es 0} paf ¢ Io ¢ Jomsuy owin oy} JO Jsoul = ¢
(sAep $—¢) awin 2y} JO JUNOWE JBIPOW B =
yonuwr AIDA = ¥ (sAep g—1) 2w 9y} JO 9} & IO dWOS = |
yonw Anaid = ¢ (Aep 1>) 2wy oy Jo suou 10 A[aIel = ()
jure[dwod oI = ¢ ., Kem SIU) [09] NOA PIP Joom JSe[ oY} Ul U)JO MOH,
jure[dwod oN = | -3u103 393 j0u pnoo 1 (q)
.(9[33n1s e st SunLIoad 110JJ9 UB Sem PIp [ SUIIAISAS 18y} 3[3) T (B)
JBY ] 99aMm ISB[ a3 SIY} JO Aue paousLiadxo nok aaey, :91e0S uoIssaxdo sarpmg
101 3sIpoay) swoydwAg surydoy a3 uo paseq ‘payrodar-J[og o13ojorwopidy 103 191U a3 woly suonsonb om) uo paseq ‘parrodai-jjog uonsneyxy
(dn-moyjo3
UOLIILID 1B 1y31oM JO JudwInseau 1011p Aq) J1eak toud ur jysrom £poq Jo ssof
SSO[ Jy31om a3 10J [IB1} U} ‘S9A J[ °.iSypuowt 9 ise o) Surmnp [euonuajuIun 9,G< :dn-Mo[[0J 38 ‘I "UOLIAILID SSO[ JY3IoMm 10] [Iel) Uy}
Jy31oMm JSO[ A[LIBIUN[OAUI NOA dABH, :[00], SUIUIIOS [BSIDAIUN) ‘SO J1 ° . (os1019%9 10 Suriarp 03 anp jou 3'1) A[[euonudjurun spunod (|
uonNuUeA Sy} wolj uonsanb e uo paseq ‘paptodal-J[oS  uey) 2I0W ISO[ NOA dARY ‘1AL )Se[ 9y} U], uonsanb ay; woliy ‘pajrodar-J[og SSO[ Y31 M

LOSWOL], Ul A)[Ie1] 10J CLINLL)

1002 '8 19 paLiy Aq Kyfrey 10y era)a)

(9102-5107) Apmi§ Loswoi], oy ut adKjouayd Ayrery oy Jo SUONEIYIPOIN TS dIqeL



el = €<
[re1y-a1d/orerpouIdiu] = 7—|
1SnQOJ/[IBLJ 10N = 0

el = €<

[re1y-a1d/orerpouaiu] = 7—|

1SnqOI/[181) JON =

3103s Ajreay

1> 6C< INg

81> 6C—1'9C INd

CLI> 9¢-1'¢C INd

L1> €C>TINd

(3y) fJo-mm) uaulo 4
(45 ST< INg

0e> 8C-19C IINd

0e> 9¢-1vC INd

6> Y>> INA

(3%) ffo-1m> Uz
:so[ntenb

[INF pPue xas Aq paygnens “(sjuowainseaw XIs) puey yoes ul
S[eL 921 JO [ewiIxew ‘(33]) I0)oWOWRUAD Jewe[ AQ POINSBIN

1>

8IS

LIS

LIS

(3y) fo-1m)

€S
0€>
0€>
67>
(3y) fo-m)

6C<INg
6C—1'9C NG
91 ¢CINgG

€¢> INd
U2ULO

8C<INYg
8C-19C NG
9C-1vC NG
YT> TNG
uap\

:Ay[re1y 10§ JJo-1Md SUIMo[[0] 9y} ul Sun[nsal ‘parrIuapl
Q1M 947 1S9M01T "s9[iIenb [JNg pue Xos Aq Palj1eNS "puey JUBUIIOP
ul S[eLr} 921y} Jo yiduaxs [ewixew ‘(3y) I91oWOWRUAD Jewel Aq PAINSLIN

q1Suons dun

9< wo 66 1< YSIOH
L= wo ¢G5 WY3PH
(s) fJo-1m)H UDULO
9< wo ¢/ < YSH
L= wo ¢/ 15 Y31
(s) Ho-1m> uapy

W LGP/ = €F1°T x (W {/8) ‘BLIAID S pali] o) uondepe

10J(W 7LGY) 199) GT/S 01 W /S WOIJ PAje[no[e)) Y31y

pue xas £q paynens -ooed oSeIoAL UO W § M[BM 0] SAWI} 0M)
JO (s) 1s91s€] 1591 Sunj[em K191)Bg 9OUBULIOLId] [BIISAUJ HOUS

9<
L=<
(s) ffo-in)

9<
L=<
(s) ffo-in)

wo 6S 1< Y310
wo 61> YSOH
UIULO A

wo ¢/ 1< 14310
wo ¢/ 1> YSH
uapN

:Ayreyg jo

uoLIALID paads unf[em ay} 10J JJo-1Md SUIMO[[0J oY} ul SUL[NSAI ‘pPaLJIIuUAPI

aI19M 9,7 1S9MO0T "(IYS1oy wnipaw je JJo-1nod o1y10ads-19puss) Jysoy
pue xas Aq paynens ‘(s) ooed [ensn Je J09J G J[eM :159) J[BA\ O} SWI]

poads Sumyepm

UOLIILIO
Kyanoe 1eo1sAyd oy 10J [1B1J Se UOIBSLIOS)eD 0] PI[ | Jomsuy




"I90UBD PUB SARqeRIP ‘(BWYISE ‘SIIIYOU0I]
S1U01Y0) aseasIp Areuow nd ‘(ay0ns “or)IL 1IBY BUISUR) ISBISIP JR[NOSBAOIPIRD :SISBISIP SUIMO[[0] 3} JO 7< JO doudsaxd ay [, "(uow) 8 ()Z< 10 (uswom) 3 ([ < 3ejul [oyod[e
Aqreq,, "AKis1oAtun/o3a]00 ‘ewoldip [00yos YSIy 1o [00Yds YSIY IOIUdS SIedK -] JOOYdS [EUONEIOA [OOYIS [edIUYID) [[00YIS ATePUu0dds UIdpou [0oyos Arepuodds/Krewlid,
'SpUdLy poo3 Jo 1oAd] Alojoejsnes parodar-jjos, 'sdnoid qren-ord pue jsnqor uddamjoq S9[qeLIA [OLI0FOJEd 10J 1S9} dIenbs-1yo ‘so[qelieA SNONUNUOD I0f 1S9)-)
S,JUOPMIS :9N[BA-{, "SOIBLIBAOO J1J103ds Ul Byep Suissiut 0) Suimo APYSI[S SOIBIAIP N "UOHRIASD PIBpUE]S ‘(S ‘UOLRUIWIBXH 91BIS [BIUSA-TUL ‘GSINIA Xopul ssew Apoq ‘TNg

900°0 6L S'LL €9L 10 96t T6v (3% (%) syudwa[ddns [10 YSIJ/IOAI] POD
800°0 118t (1D €8¢ (1) €8¢ 21008 SININ
100°0> T8 a3 LY 60 60 60 60 (%) Anpiqrowo)
S1°0 6'S €L 69 L0 81 07C 61 (%) ,e¥eaut [oyoole Y31y
100°0> 1’62 66 0T 100°0> Aty 6T $Te (%) 914189511 Arejuopog

99T 6°S¢€ €ee 092 8°¢e L1g uoneINpPd ISYSIH

100°0> 6°9¢ €'6¢ L'S¢ 100°0> v9¢ 6°S¢€ 1'9¢ Arepuodas 1oddn

$'9¢ 68T 01¢ 9°LE €0¢ €'Te A1epuodds 10mo]
(%) ,uoneonpyg

€L 12l 9¢l 9°¢e €9 €8¢ Apuarm)

100°0> 1'zs I'1s A4S 100°0> TLE I'LE I'LE Asnoraaig

$'0¢ 8°9¢ Y3 6T 9°9¢ 9't¢ TOAN
(%) Suryows Ajreq
100°0> vEs SIL $99 100°0> €79 TSL L1L (%) yieay paje-y[as poon
100°0 S'LS 916 $06 90°0 108 0°¢8 €'T8 (%) goddns [eroos poon
S0°0 8°9L 6°6L 0°6L 0 P8 6°S8 'S8 (%) JueIqRY0D
1000> (Ov) 78T  (L'€)89T (ov)TLT 1000> (8¢ +9r (€€ ¥'ST (se)Lse (@s) ueow ‘(,w/3Y) ING
1000>  (L'S) 199 (T9) $¥9 'S 649 10000> (LS T1°€S (TS s1s 9 eIs (@s) ueow ‘(s1eak) o3y
£0°0 I'¢S 0°'6% 1'0S 00 I'¢S 0°'6% 1'0S (%) uowom

(8L8 =u) (1s€z=u) (6TTE =U) (8L8 =u) (1s€z=u) (6TTE = 1)
o [ILRVECR | Isnqoy nv - [reay-aad Isnqoy nv
9oSwWoI ], poswioa

ApN)S OSWO.L], 3Y) JO SIABM ApN)§ SINSLIdYIRIRY )

(677€=u) 9oswol], pue Hoswol ], ul djdwes Furyoen Jo sonsudoORIRY)) €S qBL



asn

juowdddns

Ayey

-¢-e3owo ureyd-3uo] I0o/pue [10 IOAI] POD 9@SWOIL], 10J pasnlpe A[jeuonippe :€ [PPOJAl "YIedy pajiodal-Jjos pue Supjows ‘A}PIqIowod ‘UOIBINP XOpul ssew Apoq 9@Swol],

Ioj paisnlpe A[[euonippe :z [POJA X3S pue 988 9@SWOIL], 10J pajsnlpe : [PPOJA "Ll YSIJ ued| pue ApeJ Jo wins 3y, 'sdnois ssoIoe puai) 10J 189) SSBIWIY-URIYI0))
‘onjeA g, 'sd[qelieA judunsnipe oyroads ul ejep Sulssiw 0) SUIMO SJRIAdD N "9@SWOL], Ul [leyy-a1d 1o [rely se pouyop spuedionied jo uoisnjoxoe 1ojye djdwes onAjeue urejy,

vL0 ‘8€°0 €50 €L°0°LE0 750 78°0 ‘9t°0 790 OIM/H<
100°0> 90T ‘¥S°0 SLO 90°T ‘€50 SL'O U1 790 ¥8°0 Yoam/¢—|
PEN| FEN| PEN| ypuow/¢—(
(ySeT=1) (Fscz=1) 011¢=1) LUSH [e10 L
10005 $9°0 ”vm.o 0t"0 ¥9°0 ”E.o 6€°0 ¥8°0 ”S.o 65°0 OIM/H<
88°0 ‘LSO 1L°0 L80°LS0 1L°0 680 ‘790 vL0 Yoam/¢—|
PEN| FEN| PEN| ypuow/¢—(
(66£T=1) (66sT=1) (cLig=w ysy Ane
. 68°0 ‘€0 19°0 68°0 ‘€0 790 00T ‘+S°0 €L°0 OIM/H<
€0 86°0 950 vL0 86°0 ‘LS 0 vL0 01T ‘690 L8°0 Yoam/¢—|
FEN| FEN| FEN| ypuow/¢—(
(6LET =) (6LET =) (8s1€=1) Sl ued]
Meyul ysiy Jo Aouanbaay
puos ID %S6 i (0) 1D %S6 i (0) 1D %S6 i (0)
q € PPOIN 7 PPOIN I ISPOIN (9oswioa]) dansodxd L1e3d1(q

L612€=1u)

Kj[Tely QUI[aseq JO UOISN[OXJ Jd)ye AJ1esj-a1d dn-mo[[0] 189A-8 pue a3eIul sy 10J (S]D) S[BAIIUL dOUIPLHUOI 9%,G6 PUB (SYQO) SO1eI SppO +S dqelL



Table S5 Characteristics of participants in Tromsg6 by Tromse7 participation status

(n=6837)"
Tromse6 characteristics Did not attend Tromse7  Attended Tromse7 P
(n =2428) (n = 4409)
Women (%) 52.4 51.7 6
Age (years), mean (SD) 70.1 (8.0) 65.1 (5.7) <0.001
BMI (kg/m?), mean (SD) 27.0 (4.4) 27.2 (4.1) 0.05
Cohabitation (%) 65.1 76.4 <0.001
Good self-rated health (%) 49.3 66.0 <0.001
Daily smoking (%) 22.0 14.8 <0.001
Education® (%)
Lower secondary 46.2 334 <0.001
Upper secondary 30.3 343
Higher education 23.5 323
Sedentary lifestyle (%) 29.2 16.4 <0.001
High alcohol intake® (%) 4.9 6.3 0.02
Comorbidity® (%) 12.8 4.9 <0.001
MMSE score, mean (SD) 28.0 (1.5) 28.3(1.4) <0.001
Cod liver/fish oil supplement use (%) 74.8 76.1 0.2
Fish intake
Lean fish
0-3/month 20.8 17.2
1-3/week 62.0 67.1 <0.001
>4/week 17.2 15.7
Fatty fish
0-3/month 495 48.3 0.03
1-3/week 40.8 435
>4/week 9.7 8.2
Total fish'
0-3/month 14.4 11.2
1-3/week 35.2 37.2 0.001
>4/week 50.5 51.6

BMI, body mass index; MMSE, Mini-Mental State Examination; SD, standard deviation. *Participants in

Tromse6 <57 years, MMSE score >24 with data on lean and/or fatty fish intake. N deviates slightly owing to

missing data in specific covariates. °P value: Student’s t-test for continuous variables, chi-square test for

categorical variables. “Primary/secondary school, modern secondary school; technical school, vocational school,

1-2 years senior high school or high school diploma; college/university. “Daily alcohol intake >10 g (women) or
>20 g (men). “The presence of two or more of the following diseases: cardiovascular disease (angina, heart
attack, stroke), pulmonary disease (chronic bronchitis, asthma), diabetes and cancer. The sum of fatty and lean

fish intake.
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Appendix 1

Links to invitation letters, consent forms and questionnaires in Tromsg4 to Tromsg7






Tromsg4 (1994-5)

Invitation: https://uit.no/Content/271754/T4 Invitation.pdf

Consent form:
https://uit.no/Content/710357/cache=20203011130444/samtykkerklaering.tromso4.pdf

Questionnaire 1 (Q1): https://uit.no/Content/271764/T4 _Q1.pdf
Questionnaire 2 (Q2) <70 years: https://uit.no/Content/430574/T4_Q2_U70.pdf
Q2 >70 years: https://uit.no/Content/271765/T4 Q2_O70.pdf

Tromsgb5 (2001)

Invitation: https://uit.no/Content/271757/T5 Invitation.pdf

Consent form:
https://uit.no/Content/710358/cache=20203011130454/samtykkerklaering.tromso5.pdf

Q1 <70 years: https://uit.no/Content/430584/T5 Q1 U70.pdf
Q1 >70 years: https://uit.no/Content/430586/T5_Q1_0O70.pdf
Q2 : https://uit.no/Content/430588/T5_Q2.pdf

Tromsgb (2007-8)

Invitation: https://uit.no/Content/100340/Forespoersel_om_deltakelse_t6.pdf
Consent form: https://uit.no/Content/111929/Samtykke%20Tr6.pdf

QL1: https://uit.no/Content/401052/Questionnaire_T6_1.pdf

Q2: https://uit.no/Content/531228/cache=20172908084211/Questionnaire_T6 2.pdf

Tromsg7 (2015-16)

Invitation:
https://uit.no/Content/710341/cache=20203011123325/brosjyre.troms%C3%B87.pdf

Consent form:
https://uit.no/Content/575211/cache=20180805144729/Samtykke.den?7.Tromsounders
okelsen.pdf

Q1.
https://uit.no/Content/686864/cache=20201407122756/Sporreskjema.Q1.engelskTrom
so7.pdf

Q2: https://uit.no/Content/709325/cache=20202011171303/FINAL Q2
translation20190307.pdf







Appendix 2

Selected pages from questionnaires used in Tromsg4 (1994-95) with food-related questions






Tromse4, questionnaire 1, p.2
YOUR OWN HEALTH
What is your current state of health? Tick one box only.

EXERCISE

How has your physical activity in leisure time been during this

POON! o frven e A L S el R U e =12
Notsogood

Good ..

Very good

Do you have, or have you had:

A heart attack....

Angina pectoris (hear'r cramp)

A cerebral stroke/ brain haemorrhage 12

Asthma ool s 92

Do you use blood pressure lowering drugs?
Currently, bl
Previously, bu'r not now..

Never used

Have you during the last year suffered from pains
and/or stiffness in muscles and joints that have
lasted continuously for at least 3 months? sosl | |

Have you in the last two weeks felt:

No

>
)

Nervous or worried? . 3o

Confident and calm? 22
Irritable?................... 33
Happy and optimistic? 34
Down/depressed? ., . a5
Lonely? i s

-0000000
-0000000
0000000 34

SMOKING
Did any of the adults at home smoke while

you were growing up?

Do you currently, or did you previously, live together Yes|No|
with daily smokers after your 20™ birthday? 38 i A

Years
If "YES", for how many years in all? ............. ag

How many hours a day do you normally spend
in smoke-filled rooms? ............. 4

Put 0 if you do not spend time in smoke-filled rooms.”

Do you yourself smoke:

Cigarettes daily?

Cigars/ cigarillos daily?

Alpipe dailyZ, i iR

If you previously smoked daily, how long
is it since you qUIt?.........c.coceeervercnecneceennennenne

If you currently smoke, or have smoked
previously:

How many cigarettes do you or did you cigarettes

usually smoke per day?

How old were you when you began

daily smoking?.---

How many years in all have you smoked
daily? TR

last year? Think of your weekly average for the year.

Time spent going tfo work counts as leisure time.
Hours per week
None Less than1 1-2

| el KESRE TR

Light activity (not
sweating/out of breath) 56

Hard activitv (sweating/
out of breath) 2

COFFEE
How many cups of coffee do you drink daily?

3 or more

Put 0 if you do not drink coffee daily.

Coarsely ground coffee for brewing
Other coffee

ALCOHOL
Are you a teetotaller?

How many times a month do you normally drink

alcohol? Do not count low-alcohol beer.

Put 0 if less than once a month. ... ......... 63

How many glasses of beer, wine or spirits do you

normally drink in a fortnight? g5 Beer Wine Spirits

Glasses | |Glasses

Do not count low-alcohol beer. | Glasses
Put 0 if less than once a month.

What type of margarine or butter do you usually use on
bread?  Tick one box only.

Don't use butter/margarine ...........cocoovieveines 71

Hard margarine ...

Soft margarine ...
Buﬂer/morgonne mleures

Light margarine

EDUCATION/WORK

What is the highest level of education you have completed?
7-10 years primary/secondary school,
modern secondary school 22
Technical school, middle school, vocational
school, 1-2 years senior high school
High school dlplomo
(3-4 years).... : e
College/unlversny Iess 1hc|n 4 years ..
College/university, 4 or more years

What is your current work situation?
Paid work ... st 79
Full-time housework... i A e TR
Education, military service.. s
Unemployed, on leave wn’rhout puyrnent ......... 78

How many hours ot paid work do you have per

& A7
week?

Do you receive any of the following benefits?
Sickness benefit (sick leave)
Rehabilitation benefit...............
Disability pension
Old-age pension..................ccoureisivermennsssanisens
Social welfare benefit .. . . ...

podogd

ILLNESS IN THE FAMILY

Have one or more of your parents or
siblings had a heart attack or had
angina (heart cramp)? .......cccccceeveeveeneereeneer 85




Tromse4, questionnaire 2, p.3

MEDICATION AND DIETARY SUPPLEMENTS

Have you for any length of time in the past year used any of the
following medicines or dietary supplements daily or almost daily?
Indicate how many months you have used them.

Put 0 for items you have not used.

Medicines
Painkillers .........ccooveveveiercseeseeee e 215 months
Sleeping pills months
Tranquillizers months
Antidepressants ... 221 months
AIIergy drugs ............................................................ months
ASthMa drugs .....coveeeerereerrereeseee s months
Dietary supplements
[ron taBIELS ...vvce 0 227 months
Calcium tablets or bonemeal ...........cccooeviivnivcnines ___months
Vitamin D supplements .........cccccceereeereicceeienenns months
Other vitamin supplements ..........cccccoevveevcinenee. 233 months
Cod liver il or fish oil capSUIES ........ccccvrvrrvriririnnne, months
Have you in the last 14 days used the following
medicines or dietary supplements?
Tick one box only for each item. Yes No
Medicines
PaINKIlIErS .......ovvovveeveccveeceee e, b |
Antipyretic drugs (to reduce fever) ... 1 L
Migraing drugs .....ccoveeieeieinesceeeesenes El El
Eczema cream/ointment ...........c..coooeeveerveenrerneernnens, Y ™
Heart medicines (not blood pressure) ..................... a
Cholesterol lowering drugs ...........coovevvrrneienrrenniens. 5
Sleeping PillS ..o, 0
TranQUIlIZES «......ceeeeeee e, Ly L
ANtIAEPresSants .......ccoveverevreineireseeeeeeeene g B
Other drugs for nervous conditions ...............cco....... S [
ANEACIAS ..o a4 [
Gastric UICEr drUgS .....o..ovveeveeveceeeeeeeevee e, 5
INSUNIN <o [ |
Diabetes tablets ...........coccevveveecverreeeee e, & =
Drugs for hypothyroidism (Thyroxine) ...................... a 3
Cortisone tablets ........oc.evvervrerierierieriesseenenn, w
Other MediCINE(S) .....cevveveeeeeeeeeeee s 1
Dietary supplements
[FON ADIELS .......cvvvevree s o B
Calcium tablets or bonemeal ..............cccocovevvenenenee. a o
Vitamin D SUPPIEMENES .........veveeeerre s 2 [T
Other vitamin supplements ..........cccccoeeceeriienee. w1
Cod liver oil or fish oil capsules ...........cccccoveverivennne. a o

How many good friends do you have whom you cantalk  good
confidentially with and who give you help when youneed it? s ____friends
Do not count people you live with,

but do include other relatives!

How many of these good friends do you have
contact with at least once a month? ...........cccccceeeee. 261

Yes No
Do you feel you have enough good friends? ........... o

How often do you normally take part in organised
gatherings, e.g. sewing circles, sports clubs,
political meetings, religious or other associations?

Never, or just a few times a year ..........c..c.ccvue.... 264 [ 4
1-2times amonth ......c.coeveveveeceeec e [ P
Approximately once a WeekK ..........cccevevevevevevevenennnne. [
More than once @ WEEK ..........ccooeveeeveesreeseeeenns T

FOOD HABITS

If you use butter or margarine on your bread, how many slices does
a small catering portion normally cover? By this, we mean the
portion packs served on planes, in cafés, etc. (10-12g)

A catering portion is enough for about

....... 265 slices

What kind of fat is normally used in cooking

(not on the bread) in your home?
BULEET o 265 [
Hard margaring ...,
Soft MArgarine .........ccovveneneniscse e 3
Butter/margarine blend g
OIS 1ot o

What kind of bread (bought or home-made) do you usually eat?

Tick one or two boxes! White  Light  Ordinary Coarse ~ Crisp
bread textured prown = brown bread

The bread | eat is most similar to: [l | ) [ a

2N 275

How much (in number of glasses, cups, potatoes or slices) do you
usually eat or drink daily of the following foodstuffs?

Tick one box for each foodstuff. Less More
0 than1 1-2 3-4 5-6 than6
Full milk (ordinary or curdled) (glasses)»;s (.1 ' [ 1 1 1
Semi-skimmed milk ..............c......... D W7 1 51 R 17 |
(ordinary or curdled) (glasses)
Skimmed milk (ordinary or curdled) (glasses).d 1[4 1 [
LN (001 9 B EF B B B
Orange juice (glasses) ........c..o...... L By L O B 1
Potatoes .......cccocvvvevveciererien, all BE Lk KX GF 2
Slices of bread in total TR g, %
(incl. crisp-bread) .......cccoveeevvvecriennn. JE5 QN 0 {1 T R 1 |
Slices of bread with
- fish
(e.g. mackerel in tomato sauce) ... . O O
- lean meat
(8.9-ham) ..o AN 1 VR 0 VA AR 1 P
- fat meat
(€.9. SAlAMI) ...voovveceeeeeeeeen, (A ) R 1 SRR |
- cheese (e.g. Gouda/ Norvegia) ......... s B E) 3 EL )
- brown Cheese ........cccoevvevveecrenc. g B Q5 @ 4l
- smoked cod caviare .................. 0 (O 1 i 5 R = ) [ B
- jam and other sweet spreads ....... !-1] g :l ;I ?I El

How many times per week do you normally eat the following foodstuffs?

Tick a box for all foodstuffs listed.

Less almost
Never than1 1 2-3 4-5 daily
Yoghurt ...cvvvverceccvecvevvceeezo 3 O 3 O [
Boiled or fried €99 .....vvvevvvrreneen. By & 9 @8 9 O
Breakfast cereal/ oat meal, etc.... ' 1 1 1 1 [
Dinner with
- unprocessed meat...................... D T 5 ) [N T A 7] |
- sausage/meatloaf/ meatballs ... ] 0 1 O O [
- fatty fish (e.g. salmon/redfish)zes (1 3 [d O [
- lean fish (e.g. cod) ....ccoovvrerrenne. 3 8 B @ &
- fishballs/fishpudding/fishcakes ... _I 49 =3 O 4
-vegetables ..., a9 4 4 4
Mayonnaise, remoulade U & O d 0 O
Carrots .....ccovovevvvvevcvvcccvneeeeai 4 3 0 3
Cauliflower/cabbage/ broccoli ... 4 4 3
Apples/pears .........cc.ccocvveereininnn, N .
Oranges, mandarins .................. e e a e 3
Sweetened soft drinks ................. g2 2 9 8 3 4
Sugar-free ("Light") soft drinks ... = <
ChoCOIALE .....oovveeeeeeer e e "
Waffles, cakes, 6fc. .................. wd Ol



Appendix 3

Selected pages from questionnaires used in Tromsg5 (2001) with food-related questions
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7. FOOD AND BEVERAGES

7.1 How often do you usually eat these foods?

(Tick once per line)  Rarely 13times 1-3times 4-6 imes 1-2times 3 times or
/never /month  /week /week /day  more /day

Fruit, berries ..............

][]

Cheese (all types)...... D
Potatoes .................... D

Boiled vegetables ...... D

oot
oot

Fatty fish (e.g. salmon, D
trout, mackerel, herring) |

I I N I

[]
[]
Fresh vegetables/salad D D
[]
2

3 4
7.2 What type of fat do you usually use? (Tick once per line)
Don't Hard  Soft/light

use Butter margarine margarine Oils

On bread ...............

For cooking ...........

7.3 Do you use the following dietary

supplements:
Cod liver ail, fish oil capsules .............. D

Yes, daily Sometimes No

Vitamins and/or mineral supplements? D D D

7.4 How much of the following do you usually drink?
(Tick once per line) Rarely 1-6 1glass 2-3 4glasses
Inever glasses /day glasses or more
Full milk, full-fat curdled milk, Iweek /day  /day

yoghurt ..o

Semi-skimmed milk, semi-skimmed
curdled milk,low-fat yoghurt ...... D

Skimmed milk, skimmed D
curdled MilK ....ooooeevieiiiiiiiine

Mineral water (e.g. Farris, D
Ramlgsa etc)

Cola-containing soft drink ..... D
Other soda/soft drink ........... D

O
S O O O O O
N O I A O O
£ O A O
S O O A O O

7.5 Do you usually drink soft drink: with sugar D 1 withoutsugarD 2

7.6 How many cups of coffee and tea do you drink daily? Number of cups

(Put 0 for the types you don't drink daily)

Filtered COffee ...
Boiled coffee/coarsely ground coffee for brewing .....

Other type of coffee ...,

7.7 Approximately how often have you during the last year
consumed alcohol? (Do not count low-alcohol and alcohol-free beer)

About 1 time
a month

A few times
last year

Have not consumed
alcohol last year

Never
consumed alcohol

1 DZ Ds D4

4-7 times
a week

2-3 times
a week

Aboutl time
a week

2-3 times
per month

5 D 6 D 7 8
To those who have consumed the last year:

When you drink alcohol, how many
glasses or drinks do you normally drink?

7.8
number

7.9 Approximately how many times during the last
year have you consumed alcohol equivalent to

5 glasses or drinks within 24 hours?  Number of times

7.10 When you drink, do you normally drink: (Tick one or more)
Beer Wine Spirits

L] 0

T Rehabilitation/reintegration benefit ........................

8. SMOKING

8.1 How many hours a day do you normally spend

in smoke-filled rooms? Number of total hours

8.2 Did any of the adults smoke at home Yes Mo
while you were growing up? ......cccccoceeeeeiicneennnn. [ [

8.3 Do you currently, or did you previously live
together with a daily smoker after your L1
20" birthday?

Yes, now Yes, previously Never

8.4 Do you/did you smoke daily? .................. [] ] ]
If NEVER: Go to question 9 : (EDUCATION AND WORK)

8.5 If you smoke daily now, do you smoke: Yes No
CIgArEEES?. v e ittt D D
Cigars/Cigarillos?..........ccooviiiiiiiiiiciicicee D D
A PIPE? e D D

8.6 If you previously smoked daily, how
long is it since you quit? Number of years

8.7 If you currently smoke, or have smoked

previously:

How many cigarettes do you or did you
normally smoke per day? Number of cigarettes

How old were you when you began

daily smoking? Age in years
How many years in all have you
smoked daily? Number of years

9. EDUCATION AND WORK

9.1 How many years of education
have you completed? Number of years
(Include all the years you have attended school or studied)

9.2 Do you currently have paid work?

Yes, full-ime Dl Yes, part-ime D P No D 3 T

9.3 Describe the activity at the workplace where
you had paid work for the longest period in the
last 12 months. (e.g. Accountancy firm, school, paediatric
department, carpentry workshop, garage, bank,
grocery store, etc.)

Business:
If retired, enter the former business and occupation.
Also applies to 9.4

9.4 Which occupation/title have or had you at this workplace?
(e.g. Secretary, teacher, industrial worker, nurse,
carpenter, manager, salesman, driver, etc.)
Occupation:
9.5 In your main occupation, do you work as self-employed,
as an employee or family member without regular salary?
Self-employed Employee Family member
9.6 Do you believe that you are in danger of losing Yes  No
your current work or income within the next
TWO YEAIS? ittt D D
9.7 Do you receive any of the following benefits? = yqq

Sickness benefit (are on sick leave) ............cceee.... D

Old age pension, early retirement (AFP) or
SUINVIVOT PENSION .ot

Unemployment benefits during unemployment .......

Social welfare benefits .........cccceeeviiiiiiiiie i,

I s B B -

[
[
Disability pension (full or partial) ..........ccccceeeiinnnnn. D
[
[
[

Transition benefit for single parents .............cccccc....



Tromsg5, questionnaire 2, p.2

T3. TOBACCO T7. ILLNESSES AND INJURIES

7.1 Have you ever had:

3.1 Do you smoke?

Yes, daily Yes, sometimes No, never Tick once for each question. Also give the age
] ] (] at the time. If you have had the condition
1 2 3 T several times, how old were you the last time A%'fn'g‘St
If “Yes, sometimes” . .
Severe injury requiring Yes No
What do you smoke? hospital admission ...............c........ RN years
D Cigarettes D Pipe D Cigar/cigarillos
) Ankle fracture ........c.cceeeeiiiiniiiinnnn. D D years
3.2 Have you used or do you use snuff daily?
Yes, now Yes, previously Never .
D D D Peptic UlCer ......cccovviiiiiiieiiee (10 years
If YES: Peptic ulcer surgery ........ccoceeeenn. N years
How many years altogether have you
? ears
used snuff? Y Neck SUrgery ....ccccooveeeceeeveeeciinenn HRE years
T4. ALCOHOL
Yes No Prostate surgery .........cccccvveeeeeeeenn. D D years
4.1 Areyou ateetotaller?........cccceevviieeeennnnn. NN
. 7.2 Do you have, or have you ever had:
4.2 How many times a month do you i i
normally grink alcohol?......... y ....... Number of times (Tick once for each question) Es %0
(Do not count low-alcohol beer. CANCET eiiiiiiiiiee et
Put 0 if less than once a month) o [
PSOriasis.........coocciiiiiiiiiii
4.3 How many glasses of beer, wine or spirits Thyroid diS€aSE ........cocvevrvveeeeereeeeeeeenenn, HpN
do you normally drink in a fortnight? 00
Beer Wine Spirits Glaucoma .........ccoveiiiiiiii
(Do not count low-alcohol beer. CatAraCt ....oecveeeieiie e HpN
Put 0 if you do not drink alcohol) min
Osteoarthritis (@rthrosis).........cccccevevcveernnns
4.4 For approximately how many years )
has your alcohol consumption been at Bent fingers ... N
i ?
the same level you described above years Skin contractions in your palms .................... HpN
4.5 Have you, in one or more periods in the last Kidney stone ........ccccovviiiiiiiiiic i N
5 years consumed so much alcohol that it has (][]
inhibited your work or social life? Appendectomy .............................................
Yes, both .
aes s\(()?:isélly at work and ~o. HENIA SUIGEIY oo HpN
social life o . D D
[, 1, [, [, Surgery/treatment for urine incontinence ....
EPIEPSY....oiiiiiiieiieseeee e HpN
T5. FOOD AND DIETARY SUPPLEMENTS _ ", _ ][]
Poliomyelitis (POlIO) ....c.vvvvveeviiieeeiiiiee e,
Yes No . o D D
5.1 Do you usually eat breakfast every day?... Parkinson's disease............cccceeviiviieiniinnnnn.
) MiIgFraiN€......ooviiii e HEN
5.2 How many times a week do you ][]
eat awarm dinNer?.......ccccccvveeeiiieeeesiieennn times LEQ UICET e
. - . ay \Yo] itivity:
5.3 How important is it for you to have a healthy diet? Allergy and hypersensitivi Yes No
Very Somewhat Little Not Atopic eczema (e.g. childhood eczema) HpN
L L. HE s Hand eczema..........ccccoooviiniiceiincncncens N
5.4 Do you use the following dietary supplements? FOO AlITGY .rreeeeeeeeeeereeesse oo (111
Yes, daily sometimes No T D D
Iron tablets ] ] ] Other hypersensitivity (not allergy).......
Calcium tablets or bonemeal ......... O o . Yes No
7.3 Have you had common cold, influenza, D D
Vitamin D supplements .................. [] [] [] gastroenteritis, etc. during the last 14 days?
Cod lIVET Ol e, [] [] [] 7.4 Have you during the last 3 weeks had
common cold, influenza, bronchitis, Yes No
neumonia, sinusitis, or other respirator
T6. BODY WEIGHT INECHON? oot Py 00
6.1 Do you currently try to change your Yes N
bod)gl weight? yiy gey 7.5 Have you ever had bronchitis or es 1o
Yes, | try to Yes, | try to PNEUMONIA? ..t NN
No gain weight lose weight
s P s 7.6 Have you during the last 2 years had

6.2 What weight would you be satisfied
with (your “ideal weight”)?............... kg

bronchitis or pneumonia?(Tick only once)
No 1-2 times More than 2 times

P P s
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Selected pages from questionnaires used in Tromsg6 (2007-08) with food-related questions
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Do you usually eat breakfast every day?

[ Yes ] No

How many units of fruits or vegetables do you eat

on average per day? (units means for example
a fruit, a cup of juice, potatoes, vegetables)

Number of units |_|—_| —|—

How many times per week do you eat hot dinner?

Number |_|—_|

How often do you usually eat these products?

(Tick once for each line)
0-1 2-3 1-3 4-6 1-2
times/ times/ times/ times/ times/

mth mth  week week day

Potatoes ... O O O O
Pasta/rice O O O O
Meat (not processed) ............ ] [l O O ]
Processed meat

(sausages/ meatloaf/ meatballs) D D D D D
Fruits, vegetables, berries[ ] O O O O
Lean fish ....cocoooovvien. ] O O O ]
Fat fish oo, O 0O 0O O 0O

(e.g. salmon, trout, mackerel, herring,
halibut, redfish)

How much do you normally drink the following?
(Tick once for each line)

- 1 2-3 4 or more
Rarely/ glasses glass glasses glasses
never /week /day /day /day

Milk, curdled milk,

yoghurt ... O O O [
JUICe o O O 0O [
Soft drinks

with sugar ... O O 0O 0 O

How many cups of coffee and tea do you drink
daily? (Put O for the types you do not drink daily)

Number of cups

Filtered coffee ..o, |

Boiled coffee (coarsely ground coffee for brewing) |

Other types of coffee....

How often do you usually eat cod liver and roe?
(i.e. “mealje”)

(] Rarely/never
[17-12 times/year [] More than 12 times/year

Do you use the following supplements?

Daily Sometimes No
Cod liver oil or fish oil capsules......... 0o O 0O
Omega 3 capsules (fish oil, seal oil) ........ o 0O 0O
Vitamins and/or mineral supplements[] O L]

[ 1-3 times/year[] 4-6 times/year

Are you currently pregnant?
[ Yes (] No
How many children have you given birth to?

[ ] +

If you have given birth, fill in for each child:
birth year, birth weight and months of
breastfeeding (Fill in the best you can)

] Uncertain

Number

Months of
Birth weight in grams breastfeeding

Child Birth year
[ 1 1 [ 1 1 |
[ 1 1 [ 1 1 |
[ 1 [ 1 |
[ 1 1 [ 1 1 |
[ 1 1 [ 1 1 |

o Ul AW N =

During pregnancy, have you had high blood
pressure?

(] yes [ No

If yes, which pregnancy?
[] The first [] Second or later

During pregnancy, have you had proteinuria?

] Yes [] No
If yes, which pregnancy?
[] The first [1 Second or later

Were any of your children delivered prematurely
(a month or more before the due date) because
of preeclampsia?

O ves [ No

If yes, which child?
1st child 2nd child 3rd child 4th child 5th child 6th child
L] L] L] [] Ll Ul

How old were you when you started
menstruating?

Age [ ] +

Do you currently use any prescribed drug
influencing the menstruation?

Oral contraceptives, hormonal

IUD or Similar ... L] Yes [] No
Hormone treatment for
menopausal problems....................... L] Yes LI No

When attending the survey centre you will get a
questionnaire about menstruation and possible use
of hormones. Write down on a paper the names of
all the hormones you have used and bring the paper
with you. You will also be asked whether your
mﬁnstruation have ceased and possibly when and
why.



Tromsg6, questionnaire 2, p.9

_l’_

How often do you usually eat the following? (tick once for each line)

0-1 times  2-3times 1-3 times More than 3
per month per month per week times per week

Fresh water fish (not farmed)

Salt water fish (not farmed)

Farmed fish (salmon, trout, char)

Tuna fish (fresh or canned)

Fish bread spread

Mussels, shells

The brown content in crabs

Whale or seal meat

Pluck (liver/kidney/heart) from reindeer or elk/moose.. [ |
Pluck (liver/kidney/heart) from ptarmigan/grouse

N | o
N o
N | o

How many time during the year do/did you usually eat the following? (number of times)
In adulthood In childhood

Malje (cod or pollack meat, liver, and roe)(Number of times per year) ... E E

Gulls egg (Number of eggs per year)

Reindeer meat (Number of times per year)

Local mushroom and wild berries (blueberries/lingonberries/cloudberries)
(Number of times per year)

How many times per month do you eat Do you take vitamins and/or mineral
canned (tinned) foods (from metal boxes)?  gypplements?

Number [] Yes, daily || sometimes [_|Never

1-3 times 1-3 times 4-6 times 1-2 times 3 times per day
Never per month per week per week perday or more

Dark chocolate [] [] []
Light chocolate/milk chocolate ... | | [] [] []
Chocolate cake [] ] L]
Other sweets [ ] []

How often do you eat?

If vou eat chocolate, how much do vou usually eat each time?
Compared with the size of a Kvikk-Lunsj sjokolade (a chocolate brand in the market) and describe how

much do you eat in relation to it. .
Z V2 1 1% 2 More than 2

O ] ] ] ]

1-3times 1-3times 4-6 times 1-2times 3 times per
Never per month per week perweek perday dayor more

] ] ] ] ] ]

How often do you drink
cocoa/hot chocolate?

_l’_




Appendix 5

Selected pages from questionnaires used in Tromsg7 (2015-16) with food-related questions






Tromsg7, questionnaire 1, p.2

USE OF MEDICIN DIET

4.1 Do you use or have you used? Tick once for each line. 5.1 Do you usually eat breakfast every day?

] No L1 Yes

Previously, Age
Never Now notnow first time

Blood pressure lowering drugs ] ] ] | 5.2 How many units of fruit or vegetables do you eat on average
per day? One unit is by example one apple, one
Cholesterol lowering drugs 0 O ] | salad bowl.
Diuretics o O O | |_|—_|
Number of units

Drugs for heart disease (for example
anticoagulants, antiarrhythmics,

nitroglycerin)? 0 | ] | 5.3 How often do you eat these food items?
Tick once for each line.

Insulin O O | |

0-1 2-3 1-3 4-6
Tablets for diabetes O O ] | times times times times Oncea

per per per per dayor
Drugs for hypothyroidism (Levaxin |_|—_| month month week week more
or thyroxine)? 0 o [ Red meat (All products

from beef, mutton, pork)? ] O ] Ol O
4.2 How often during the past four weeks have you used?
Tick once for each line.

Fruits, vegetables, and berries? ] ] ] ] ]
Not used Every . .
inthe past Lessthan  week but Lean fish (Cod, Saithe)? O O O O O
4 weeks every week not daily Daily Fat fish (salmon, trout, redfish,
Painkillers on mackerel, herring, halibut)? ] ] ] O O
prescription O ] Ol O
Painkiller non- 5.4 How many glasses/containers of the following do you
prescription ] ] Il O normally drink/ eat? Tick once for each line.
Acid suppressive 1-6 1 2-3 4
medication ] [l ] ] Rarely/ glasses glass per glass per or more
never perweek day day  perday
Milk/Yogurt with
Sleeping pills ] ] Ol L probiotics (Biola,
Cultura, Activia,
Actimel, BioQ etc. U [ l ] ]
Tranquillizers O ] | [l ctimel, BioQ etc)
Fruit juice O O O Ol O
Antidepressants U] L] | [l Soft drinks with sugar O O ] ] O
4.3 State the name of all medicines, both those on prescription izflts(xler::::\g: artifi- 0 0 0 O 0

and non-prescription drugs, you have used regularly during the

last 4 weeks. Do not include nonprescription vitamin-, mineral- and

food supplements, herbs, naturopathic remedies etc. 5.5 How many cups of coffee or tea do you usually drink daily?
Put 0 for the types you do not drink daily.

Number of cups

Filtered coffee

Boiled coffee/french plunger coffee (coarsely ground coffee
for brewing)

Instant coffee

Cups of espresso-based coffee (from coffee-machines,
capsules etc.)

Black tea (e.g. Earl Grey, Black currant)

Green tea/white tea/oolong tea

CIEEIE] B B

If there is not enough space for all medicines, continue on a separate sheet.  Herbal tea (e.g. rose hip tea, chamomile tea, Rooibos tea)



Tromsg7, questionnaire 2, p.32

15-29 minutes
30-60 minutes

More than 1 hour

20 FOOD HABITS

How often do you usually eat?
Tick once for each line

0-1times per month  2-3 times per month  1-3 times per week More than 3 times per week

20.1 Fresh water fish (not farmed)

20.2 Salt water fish (not farmed)

20.3 Farmed fish (salmon, trout, char)

20.4 Tuna fish (fresh or canned)

20.5 Fish bread spread

20.6 Mussels, shells

20.7 Brown content in crabs

20.8 Meat from whale or seal

20.9 Pluck (liver/kidney/heart) from reindeer or elk/moose
20.10 Pluck (liver/kidney/heart) from ptarmigan/grouse
20.11 Tomatoes and tomato-based products (e.g. tomato, ketchup)

How many times per year do/did you usually eat

In adulthood: times per year In childhood: times per year

20.12 “Mglje” (cod or pollack meat, liver, and roe)

20.13 Seagulls’ egg

20.14 Reindeer meat

20.15 Elk meat

20.16 Wild mushroom and wild berries (blueberries/lingonberries/cloudberries)

Do you use the following food supplements?
(Tick once for each line)

No Sometimes Daily during the winter season Daily

20.17 Cod liver oil or cod liver oil capsules
20.18 Omega 3 capsules (fish oil, seal oil)
20.19 Calsium tablets

20.20 Vitamin supplement with vitamin D

No Sometimes Only while travelling  Daily

32



Appendix 6

Food frequency questionnaire in Tromsg7 (2015-16)






niT
Tromso-
undersokelsen

HOREBES
ARKTISKE
IHIVERSITET

[ ]

L _

Sparreskjema om kosthold

Utfylte svar i spgrreskjema er like viktig for Tromsgundersgkelsen
som resultater fra blodprgver og kliniske undersgkelser.

Forskere har funnet ut at kosthold er den risikofaktoren som farer til flest
tapte levear og dager med sykdom eller skade i Norge. Det finnes lite
informasjon om kostholdet i Nord-Norge. Vi ber deg derfor fylle ut dette
sparreskjemaet som vil gi viktige data for forskningen.

Vi spgr her om matvanene dine og hvor ofte du vanligvis spiser og drikker
ulike typer mat og drikke. Vi er klar over at kostholdet varierer fra dag til
dag, men prgv sa godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut skjemaet. Der du er usikker
anslar du svaret ditt.

Alle svar lagres og behandles uten navn og fgdselsnummer, i samsvar
med lover og forskrifter.

Dersom du fyller ut skjemaet hjemme, bruk vedlagte svarkonvolutt.

—|— Takk for at du tar deg tid til a fylle ut skjemaet. —I—

- Uy,
%
3

3
y

i
3



Skjemaet skal lese av en maskin og det er derfor viktig at du setter
tydelige kryss i rutene. Bruk bla eller sort kulepenn.

Riktig markering i rutene er slik
B Ved feil markering, fyll hele ruten slik

Har du spagrsmal om utfyllingen av skjemaet kan du ta kontakt med
personalet pa undersgkelsen eller sende e-post til: tromso7@ism.uit.no

Eksempel

Kari Normann spiser daglig 5 skiver brgd og ett grovt knekkebrgd. Hun
spiser vanligvis kneippbrad, men i helgene spiser hun som oftest loff.
Sparsmal 1 fyller hun ut slik:

1. Hvor mye brod pleier du 4 spise?
Legg sammen det du bruker 4l alle maltider i lgpet av en dag.
{1/2 rundstykke = 1 skive, 1 baguett = 4 skiver, 1 dabatta = 2 skiver)

Aldri/ Antall skiver pr. dag

sjelden V2 1
Fint brad

____________________________________________________________________________________________________________________________

Mellomgrovt brad

{helkormnbred, kneipp, grove rundstykker) |:||:| I I - I I O O I O I O

?r;?e\;tebr:r?%u"fo sammalt, merkt rugbrad) ED O0O00o0ogmngd DDDD
Pt ek (g B I
Grovt knekkebrad (grov skonrok) |:||:| X O0OD 4O QoggoQoogo
sum skiver pr. dag = 6

Antall skiver pr. uke: 6 w7=__ 42 Tallet brukes i sparsmal 4.




Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

1. Hvor mye brad pleier du a spise? _|_

Legg sammen det du bruker til alle maltider i lgpet av en dag.
(1/2 rundstykke = 1 skive, 1 baguett = 4 skiver, 1 ciabatta = 2 skiver)

Aldri/ Antall skiver pr. dag

sjelden %2 il 2 3 4 5) 6 7 8 9 10 11 12+
Fint bred |

(loff, baguetter, fine rundstykker, ciabatta) DJD D D D D D D D D D D D D

Mellomgrovt brgd !

(helkornbrgd, kneipp, grove rundstykker) D:D D D D D D D D D D D D D

C(Br;c:e\:tet::%O % sammalt, magrkt rugbrgd) D i D QfﬂDﬂ_ Q”gi__Di”g”g”g”g”g”g”g
Fint kneldebred (aveing) | 00000000 000000
Grovt knekkebrgd (grov skonrok) D i D D D D D D D D D D D D D

_|_

Sum skiver pr. dag =

Antall skiver pr. uke: X7 = . Tallet brukes i spgrsmal 4.

(sum skriver pr. dag)

2. Hva pleier du & smgre pa brgdet?

Legg sammen det du bruker pé skivene i lgpet av en uke.
(1/2 rundstykke = 1 skive, 1 baguett = 4 skiver, 1 ciabatta = 2 skiver)

Antall skiver pr. uke

Aldri/ 3.5  §.14 15-21 22-28 29-35 36-42 43-49 50-56 57+
sjelden

Smer (meferismen) . 0.0 0 0. 0.0 0 0.0 .0
remat e 0 B O S N o B = B = = =
et S U = IR N B o B N B N
Myk margarin (Soft Flora, Softekstra) [ [} ] [J [0 [ ] [0 [ []
vie 00 0. 0. 0. 0.0.0.0.0
softuignt, Vitatew 0 g b 0 g o 0 g 0
Melange i A A o o e e
LTS e B = B =
Olivenole. annen olie pabrod | L o L [ B A
Majones, remulade pa bred e ] ] [ ] [] [] [] ] ]
3. Hvis du bruker smgr/margarin pa bredet, hvor mye bruker du? ‘|‘
Antall skiver

Yo 1 2 & 4 5 eller

flere

En porsjonspakke smgr/margarin pa 12 g rekker til antall skiver: [ ] [ ] [ ] [] [] []

_|_



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.

Brunost/prim

Lett/mager brunost/prim

Ha det siste aret i tankene nar du fyller ut.

_|_ 4. Hvilke typer palegg spiser du?

Aldri/
sjelden

N

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

[]

DI—‘

N
b

[]

4-5

L

6-7

N

Antall skiver pr. uke
8-12

L

)

)

13-18 19-24 25-30

[

_|_

mHu):

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Dessertost (eks. Brie, Graddost,
bladmuggoster)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Kokt skinke, lettservelat,
kalkunpalegg

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Annet sgtt palegg
(eks. honning, Sunda, sirup )

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Majonessalat lett
(eks. lett italiensk salat)

Frukt som palegg
(eks. banan, eple)

Grgnnsaker som palegg
(eks. agurk, tomat)

+

[]

[]



Prgv s& godt du kan & gi et «gjen

nomsnitt» av matvanene dine.

Ha det siste aret i tankene nar du fyller ut.

_|_

5. Frokostgryn
Svar enten per maned eller per uke.

Aldri/ Gang pr. maned Gang pr. uke Mengde pr. gang
sjelden 1 2 3 1 23 4-5 6-7 8+ 1 1% 2 3+
Havregrat [] i o 0 o ey 1 1 O
Havregryn, 4-korn ] 0.0 0 000 0 0 0w 000
Mysli, sgtet (eks. Solfrokost) | 0000|0000 0ed 000
Mysli, usgtet (eks. Go'Dag) D i D D D D D D D D (dn D D D D
Comflakes 0.0 O 0|0 0 0 0 Oe 000 0 [
Honnikorn/Frosties/Chocofrokost D i D D D D D D D D (d D D D D
All Bran, Weetabix, Havrefraso.l. [ ' [] [ ] [] ] [] [] [] e 07 0 01 O
Puffet ris, havrengtter [ ] 1 HEE L] L] [ ] L] ] [ ] @n O O U
Aldri/ Gang pr. maned Gang pr. uke Mengde pr. gang
sjelden 1 2 3 1 2-3 4-5 6-7 8+ 1 1% 2 3+
Syltetgy til frokostgryn, grat D i D D D D D D D D (ss) D D D D
Sukker til frokostgryn, grot [] 3 T [T 1 0 1 1 0 T e [ 1 [ [
6. Melk (Husk ogsé & ta med melk du bruker péa frokostgryn, grgt og dessert)
(1 glass = 2 dl)
Antall glass pr. dag
Aldri/
sjelden V2 1 2 3 4 5 6 74
Helmelk, kefir, kultur O ] ] ] ] ] ] ]
Lk 0N N Sy i S B i [ N O
Bistralettme (] L] [} ) ) [0 O) L] [
Skummet mefk, skummet kuter [ [ 1 [ 00 O O [
Bowcutwanawel [ [] [ () ) 1 [ [ [
Biolwcutramed ber/iuke (] [ (1 [ ][] [0 [ [
Siokolademelk, jordbeermetk  [] [ [ [ 0] [0 ] [0 [
Drikkeyoghurt 0 O u H u u B ] ]
7. Yoghurt (Husk & ta med yoghurt du bruker til frokostgryn) _|_
Svar enten per maned eller per uke.
i Gang pr. maned Gang pr. uke Beger pr. gang
,:jglrc;gn 1 2 3 1 2-3 45 6-7 8+ 15 1 2 3+
Yoghurt naturell (125¢) | 0,0 0000000l 0ooo
Yoghurt med frukt (125 g) [] i 1 1 1l I
Go'morgen yoghurt m/mysli | OO0 0 o0loo oo o | 0O 00O O
Lettyoghurt med frukt 1259) [ (] (1 (11 (1 (1 (1 (1| O 0O 0O 0O
Lettyoghurt m/mysli [] i L1 17 1 0 1 1l 1 O O O

_|_




Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

_|_

8. Kalde drikker

Svar enten per uke eller per dag, <1 betyr sjeldnere enn 1 gang. Merk at porsjonsenhetene er

forskjellige, 1/5 liter tilsvarer ett glass (2 dl), mens 1/3 liter tilsvarer 0,33 liter glassflaske/boks.

Vann (springvann)

Flaskevann med/uten kullsyre

(eks. Farris, Imsdal)

Alkoholfritt gl (eks. Vartergl,
Munkholm)

Aldri/
sjelden

—— E—
0. 0.0 0/o0ogd.
0.0 0. 0l00.0.0 )
‘0. 0.0 0/0 000
0000|0000 )
Do ooloooo)
000000 oo
0 0 0 0|0 00C
0. 00 0|00 00
000 00000
00000000
000 0/00 00
1 e e N O O A O N A e

9. Alkoholholdige drikker

Svar enten pr. maned eller pr. uke. Merk at porsjonsenhetene er forskjellige, 1/5 liter tilsvarer ett glass
(2 dl), mens 1/3 liter tilsvarer 0,33 liter glassflaske/boks.

@I, sterk gl, pils

Blandede drinker, cocktail

+

HanEEn D,
0.0 0. 0|0
00 0. 0|0
00 0. 0lo
00 0 0lo
0.0 0 0|0
o0i0.o.olo
DTED HnEEnE

Mengde pr. gang

1 2 3 4+
(glass) D D D
155 13w 1+
gtey [ ] [ ] [ ] []
”””” 1 2 3 4+
(glass) D D D D
”””” 1 2 3 4+
(glass) D D D D
”””” 1 2 3 4+
(glass) D D D D
”””” 1 2 3 4+
(glass) D D D D
”””” 1 2 3 4+
(glass) D D D D
s 1B v 1+
gitery [ ] [ ] []
15 13 v 1+
gtey [ ] [ ] [ ] []
1/5 13 1+
gitery [ ] [ ] []
1/5 13 1+
gitery [ ] [ ] []
1/5 13 ¥ 1+
gitey [ ] [ ] []

Gang pr. uke Mengde pr. gang
2-3 4-5 6-7
113 15 1 2 3 4+
O O O |aien OO0 -Q
”””””””””””””” 13 1 1 2 3 4+
R e I I [ HEEEEEEEEEE
1/5 1/3 15 1 1% 2+
R e I I [ HEEEEEEEEEE
1 2 3 4 5 6+
L O O Jedngessy  [] L] [T L1 01 [
1 2 3 4 5 6+
L O O Jengessy  [] L] [T 0101 [
1 2 3 4 5 6+
L L) D) fagess=a4en[ ] [ [] 0101 L]
1 2 3 4 5 6+
L L O fadam=aen ] [ [] 0101 L]
1 2 3 4 5 6+
][] [ |@rini OO0 O0O0Q



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

_|_

10. Varme drikker

Svar enten per uke eller per dag, < 1 betyr sjeldnere enn 1 gang.

_|_

driy Gang pr. uke Gang pr. dag Mengde pr. gang
ST
sjelc';:en <1 1-2 3-4 56 1 2 3 4+
Kaffe - 1 2 34 56 7-8 9+
kokt og presskanne Tt el [ oepey [ [] []
1 kopp = 2 dI
Kaffe - 1 2 34 56 7-8 9+
traktet, filter D D D D D D D D D (kopp) D D D D
1 kopp = 2 dI
Kaffe - 1 2 3-4 56 7-8 9+
pulver (instant) oy L Lkoey ][] [] []
1 kopp = 2 dI
Espresso 1 2 3 4 5 6+
1 kopp = 0,3 dl |0 O 0O O8O0 O O Owe ] OJ O O O O
1 2 3 4 5 6+
T kopp = 2 il s s R i | (e S s s S
. 1 2 3 4 5 6+
L opp = 5 d 00 0 0 000 O Oeed 00000
1 2 3 4 5 6+
Kekaorvarm sjokolede [} | (][] [ [0 |0 O 0O DOjeon D 0 0 0 0 [
Sort te 1 2 34 56 7-8 9+
(eks. EarlGrey,solbzer)[ | | [ ] [ ] [] [] [ [ [ [J|&oes [] [] ]
1 kopp = 2 dI
Grgnn t 1 2 3-4 56 7-8 9+
+ Kopp — 2 d 0|0 O O OO0 O O Ofdeem] O []
Urtete (eks. nype, 1 2 34 56 78 9+
kamille, Rooibois) 0 Or 0O e ][] []
1 kopp = 2 dl _|_
Bruker Antall pr. kopp
ikke 15 1 2 3 4+
Sukker til te (ts/sukkerbit) ] L] L] L] ] []
Sukker til kaffe (ts/sukkerbit) ] [] [] [] [] []
Sukketter til te (stk) ] [] [] [] [] []
Sukketter til kaffe (stk) [] [] [] L] L] L]
Melk/flate til te (ss) [] [] [] [] [] []
Melk/flgte til kaffe (ss) D D D D D D

_|_




Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.

Ha det siste aret i tankene nar du fyller ut.

11. Middagsretter

_|_

—|— Vi spgr bade om middagsmaltidene og det du spiser til andre maltider. Legg til slutt sammen hvor
mange retter per maned du har merket av for & se om summen virker sannsynlig.

Aldri/ Gang pr. maned

sjelden 1 2 3 4 56 7-8 9+
Kjogtt/kjottretter |
Kjottpolse av storfe/svin [] i 1 7 1 7 11 1 1
Kjottpalse av storfe/svin, lett/mager D i D D D D D D D
Kisttpelse av kylling/kalkun 0 O
Grillpglse/wienerpolse av [ -
storfe/svin D o D - D ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Grillpglse/wienerpglse av i
kylling/kalkun D ! D D
Hamburger (m/brgd) D i D

Kjottkaker, medisterkaker,
kjottpudding []

Taco (tacoskjell med kjgttog salat) [ | [ [ [ [ ] L] [1 [] L[]
N L e T B
Kebab D i D
Lasagne, moussaka D i D

Mengde pr. gang

s 1 1% 2 3+
(potsey) | L1 L1 LT L

Yo 1 2 3 4+
aise) [ | [ ] [ ] []

5 1 2 3 4+
wats) [ ][] [] 1 [

1 2 3 4 5+
wosey [ | L1 L] [ LT

1 2 3 4 5+
potse) [ | [ ] [ ] []

1 2 3 4 5+
sy [ ][] ][]
7777777 1 2 3 4 5+
G ] ][] []
777777777777777777777 5+

Yo 1 1% 2 2%+
st [ [ ] ][]

1-2 3-4 5-6 7-8 o+
(skive) D D D

Calzone (1 stk = 250-300 g) ] ]
Pai/quiche D } D
Varruller [] i []
Biff (svin, okse, lam) D } D
Koteletter (svin, okse, lam) [0 1]
Stek (svin, okse, lam) (] ]
Stek (elg, hjort, reinsdyr, radyr) D ! D
Gryterett med helt kjgtt, T
frikassé, farikal HEnE
Lapskaus, suppelapskaus, i
betasuppe D w D
Middagsretter fortsetter neste side.....

_|_

n
n
n
n
+ g



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene
Ha det siste aret i tankene nar du fyller ut.

Middagsretter forts...

Aldri/ Gang pr. maned

sjelden 1 2 3 4 5-6 7-8 9+
Kjott/Kjottretter forts... |
Bacon, stektflesk | OO o o o o b 0
Grletioting | 00000000
Kylingfiler | o o s s O e i
arannsaker o000 oo oo ooog
‘lingoryie (1) [ 0100 [0 [
Fisk/fiskeretter i
Fiskekaker, fiskepudding | U0 O oo o o 0
Fiskeboller | 0.0 0 0 0 040 0
Gokg SR Oig O O O O 00O
ekpenery ™ OO0 O O O 0O 00O
Fiskepinner | 00 0 0 0000
Sild (fersk, speket, rokt) | T e I L I B
Makrell (fersk, rakt) | 000 00000
Laks, prret (kokt, stekt) | D,LE,,,,D,,,D,,,D,,,D,,,D,,,D,
Fiskegryte, fiskesuppe D i D D D D D D D
Fskegreng 00 000 000
Reker, krabbe D 3 D D D D D D D
Wolimed sipmatoggrennsaker L} LI LI O L L O L
Annet i
Remmegrst [0 OO OO OO
Risengrynsaret, f‘f’,”,ef“fﬁ“,efk,eﬁrf”f@,,i e
Pamnekaker [ ) ] [ O O [ [
omat, bomkal etesuppe) [ [ [1 [ 1 [ [ [
arommsalsgrateng L)L) 0 O O
Hurtignudler (eks. Mrtee) [ [ [] [] [] [] [J [ []
Omelett 00000000

_|_

dine.

Mengde pr. gang

1-2 3-4 56 7-8 9+
(skive)
| 14 13 12 3/4 1+
eto [ ] [ ] [ []
7777777 v» 1 1% 2 3+
o [ 0T 00 00 [

1 2 3 4 5+
@ oo
@ 1-2 3-4 56 7-8 9+

1 2 3 4 5+
kake) [ ] [ ] [ ] []
| 12 3-4 5-6 7-9 10+
euo [ ] ] [ [
7777777 1 2 3 4 5+
e [ [ ] [ [
”””” 1 2 3 4 5+
eto [ [ [] []
[ 12 34 56 7-9 10+
sty [ ][] []
7777777 1 2 3 4 5+
ey [ ] [ [ ] [ ] []
”””” % 1 1% 2 3+
ditey [ ][] ] '] []
”””” 1. 2 3 4 5+
skive) [ | [ ][] []

1-2 3-4 56 7-8 9+
(an
[ 12 34 56 7-8 9+
@n (] [
’((’“ ””” 1 2 3 4 5+
ren’set) D D D D D
12 34 56 78 O+
@ [ ]

1-2 3-4 56 7-8 O+
(dn
****** 12 34 56 7-8 9+
@
777777 1-2 34 56 7-8 9+
sto ] ] 1 I [
””” 1-2 3-4 56 7-8 9+
@y ] ] O] [ [
””” 1-2 3-4 56 7-8 9+
Givzdy [ | ] [ ]
[ 1 1 1% 2 3+
pakke) | | [ ] [ ] [] []
’(’aj,’"’1"”2’""3’"2(’"6;
antall D D D D D
egg)



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

_|_

12. Poteter, ris, spagetti, grgnnsaker
Svar enten per maned eller per uke.

Disse spgrsmalene dreier seg farst og fremst om tilbehgr til middagsretter, men spiser du for

eksempel en ra gulrot eller salat til lunsj, skal det tas med her.

Adriy  G2N9Pr. mé’med Gang pr. uke

Sjelden‘ 1 2 3 1 2-3 4-5 6-7 8+
Poteter, kokte og bakte D | D D D D D D D D
oo ) 0000000
Potetsalat m/majones D‘ O 0 000 0O 0O 0O
Fotegratinerte poteter S ool o ooo
seepoeer 000000000
G, 0 0 00 0000
pommes ries, vamet o [ [] (][] [ [] [] ] []
soersinser J;0oojooooog
L 0.0 0000000
spagets makaroni.pasta (1 [ (1 (1 /(] 01 0 (] 1
Polsebrod, lomper e I R
ot 0.0 0. 000000
Hodekdl | 0.0 0 000000
Mo 000000000
somal 0.0.0.0|0.0.0.0.0
Brokkoi | 0.0 0 00 0000
et 0100 0|00 0.0 0
Lok rdogsekt 0.0 0 0|0 0. 0. 0.0
salat (eks. issalat, ruecol) [ [ [] [0 [ [J [ [ [
Paprika 0.0 0 00 0 0 0 0
Avokado I
Tomat ] 000 0000 0.0
vas 0.0 0. 0|00 0. 0.0
Frosne grennsakblandinger (]| [] [ [J |0 O O 0O O
Blandet salat I o R i O A O e N

(eks. salat, tomat, agurk, mais) |

+

Mengde pr. gang

1 2 3 4 5+
oo [J I 01 0101
1 2 3 4 5+
@ 00000
1 23 45 6-7 8+
(ss) D D
1 2 3 4 5+
@ ][] [
| 1 2 3 4 5+
@ ][]
1 2 3 4 5+
@ ][]
| 1 2 3 4 5+
@ [T 01 07 0] [
1 2 3 4 5+
@ 00O
[ 1 2 3 4 5+
@ ][]
”””” 12 34 56 78 9+
e R
1 2 3 4 5+
sy ] ][] []
4 2 3 4 s
o [ L1 0] LI L]
1 2 3 4 5+
skay [] L] L1 [] []
1/2 1 2 3 4+
skive) [] L] [ [ L[]
vose) [ [] ] [] [
o )OO B
1-2 3-4 5-6 7-8 9+
oo O oggg
1 2 3 4 5+
e [ 01 00 O] [
1/2 1 1172 2 21/2+
w OO0
1-2 3-4 5-6 7-8 9+
cngy [ ] L] L] [ [
1/4 1/2 3/4 1 11/2+
o [ 01 0] 01 [
1/2 1 11/2 2 21/2+
o 1 00 0O O O
1 2 3 4 5+
e [ [ 0 0[]
1 2 3 4 5+
an L] 01 01 0 L]
1 2 3 4 5+
(G I I A

10



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.

_|_

Ha det siste aret i tankene nar du fyller ut.

13. Saus og dressing

Aldri/

Gang pr. maned

Mengde pr. gang

_I_

S 4w pm o
Brun/hvit saus I e B e e E e ﬁ i lﬁ é E
Bearnéssaus, hollandés R R ! é i 1D/ é E
Smeltet margarin/smer DClooooooole 0000
Kryddersmar Cooooooodle ooboD
Majones/remulade vanlig CT 10 O 1 O [ [ e 1D/2 i é ﬁ ﬁ
Majones/remulade lett L) O O O L L L e ﬁ i é ﬁ ﬁ_
Seterramme (35 % fett) O0l0 000 00O Ol ADGODON
Lettramme (20 9% fett) D00 D000 dlefofol
Ekstra lett romme (10%fett) [ | | [ ] [ ] [1 [1 [1 [ [ les ﬁ i ﬁ ﬁ ﬁ
o sy 0 [0 0 0 0 00 Ofw BHA0H
e andtseny |00 O O 0O 0O 0O Ol OB HAGM
Oljedressing, vinagrette 0 OO O O O O e I/DZ é é ﬁ ﬁ
Soyasaus 0000000 Ol 555585
pesto 0|0 00000 O 085085
Tomatsaus, salsa e e PO lDZ 35 SD_G 7D8 E
Ketchup 00 00000 Ol 00000
Sennep nlooooooole 848885

14. Hvilken type smgr/margarin/olje bruker du mest til matlaging?
(Velg en eller to typer)

Smgr/margarin

Bremykt

Melange

Vita

I I N B B O R A A

Smgr (meierismgar)

Annen margarin

Soft Flora, Soft Ekstra

Flytende margarin pa flaske
(Vita, Melange, Bremykt o.l.)

11

N 0 O O

Oljer
Olivenolje
Soyaolje
Maisolje

Solsikkeolje
Valngttolje
Rapsolje
Vita hjertego

Andre oljer



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

_|_

15. Frukt

Svar enten per maned eller per uke.

Gang pr. maned Gang pr. uke

Aldri/

sjelden
Eple D
Pere L
Banan ] L
Appelsin []
Klementiner []
Grapefrukt []
Fersken, nektarin D
Kiwi []
Druer []
Melon D
Jordbeer (friske, frosne) D
Bringebeer (friske, frosne) [ ]
Bdber .t b
Muer ] L
Rosiner ] L
Tarket frukt (eks. aprikos, fiken) D
Frukt- og ngtteblanding D

16. Grgnnsaker og frukt

Hvor mange porsjoner grgnnsaker (utenom potet)
spiser du vanligvis pr. dag? (En porsjon er f. eks.

1 gulrot, 1 bolle salat)

Hvor mange frukt spiser du
vanligvis pr. dag?

+

O oy oo
00000000
00000000
I e O e e O B A e
00 0/00.0.00
ooojpoooo
OO0 D00 o000
I I R N I e
0ooDoDoooo
0ooDoooo
I e O O A e e I e
I e O O A e e I e
00000000
0.0 0|00 000
00 0|00 000
e
iD NN
wnge
I
wae
I

12

+

Mengde pr. gang
1/2 1 2 3+
(stk) NN
Y7 R T -
oo [J [J [ 0]
1/2 1 2 3+
eo [ LT LI [
1/2 1 2 3+
sy [ ][] [ []
1 2 3 4+
oo [ [] [ []
1/2 1 2 3+
oo [] [J [J 0]
1 2 3 4+
sy L L] [
1 2 3 4+
sy L L] [
1-10 11-20 21-40 41+
(stk) HnEE
1 2 3 4+
(skive) D D D
1/2 1 2 3+
() ][]
1/2 1 2 3+
@ L1 LT L1 [
1/2 1 2 3+
(dly 01 O [
172 1 2 3+
@ L1 L] LT L
1/2 1 2 3+
@ LD 0] L] [
1-5 6-10 11-15 16+
(stk) NN
77777777 1 2 3 4+
(neve) D D D
3 4 5+
N
3 4 5+
i



_|_

17. Desserter, kaker, godteri
Svar enten per maned eller per uke.

Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

AN RS
@ ot pimne=t wwermmernus 11 (1 (1 0100 01 [ ) (]
sssvsober ai=apione) 100 0O 00 O O 0O 0O
Hermetisk frukt, fruktgrot | 0.0 0000000
Frisk fruktsalat | 0.0 000000 0.
,P,Uf*,dfn,qS?K%-,%J‘?F?',afﬂ?;,kéf?me,"),D,J,D,,D,,D, 0 oo ot
vanifesaus | 0.0 00|00 000
moetem 0i0. 0. 000000
Boller, julekake, kringle DiD O OO0 O O O o
Skolebrag, sitngsbote [ (] (1] 1 0] [ ]
Wienerbrad, -kringle DiD 0 o o1
Muffins, formkake | oo oooo0oo
wer 000000000
o phaut 000000000
Siokoladekake, brownie | 000000000
Marsipankake, blotkake | I I N e W W
e et menwonnebey 110 0 0|0 0.0 0 0O
oosae_________ 00 00|00 000
ek, melkesjokaiece, sikers. 110 0 0|0 0 0 O O
Mgrk sjokolade (70% kakao) 00 0 OO0 0 0 0O O
Siokaigeviertontee [ [ (] (1|1 [ 0] [ (]
Pastiller uten sukker | 000000000
Drops, pastiller, lakris, seigmenn [} 1 [J L] ) |LJ L L] L) L)
smigostng=100) | 0000|000 000
poetgut | 0,0 00j0o0ggo
o eemeony. 00 0 0|0 0 0 0O
Creves s gamy 0.0 0 000000
o vt O 0 Olo OO OO

_|_

13

_|_

Mengde pr. gang

1/2 1 2 3+
@ L] L 0 L
1/2 1 2 3+
(@ N
1 2 3 4+
(dly N
”””” 1 2 3 4+
@ 01 0] 0 [
1 2 3 4+
(CD) (1 [0 0O
w2z 1 2 3w
@ [ L 0 L
1 2 3 4+
e [ 0] ) [
1/2 1 2 3+
(stk) [ 1]
w2z 1 2 3w
(stk) [ 1]
12 1 2 3+
(stk) [ ]
12 1 2 3+
(stk) [ ]
12 1 2 3+
(plate) D D
12 1 2 3+
Gto  [] | L 0 L
1/2 +
(sth) mlalE
12 1 2 3+
(stk) (1 [ [
12 34 56 7+
el ] ] [ [
1 2 3 4+
ew [0 00
1/2 1 2 3+
(stk) L] 1]
T 13 4-6 7-9 10+
(biter)
13 46 7-9 10+
(stk)
13 4-6 7-9 10+
ero ] [] [ []
13 4-6 7-9 10+
euo [ ] L] []
4, 1 2 3+
(hg) L1 ][]
1-2 3-5 6-10 11+
(neve) D D D
12 35 6-10 11+
(neve) D D D D
12 3-4 56 7+
(neve) D D D
12 34 56 7+
(neve) D D D



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

+ +

18. Kosttilskudd (ts = teskje, bs = barneskje)

Aldri/ i Gang pr. uke Mengde pr. gang
sjelden | 1 2-3 45 6-7
l 1ts 1bs 1ss
Ten ] I I N N N I I N
l 1 2 3 4+
Trankapsler T [ ] [ |kepsten[ ] ] [1 []
e ;F 777777777777777777777777777 1 2 3 a4+
Fiskeoljekapsler, omega-3 tilskudd Lo O O [ feaesten ][] [] []
i 1 2 3 4+
Seloljekapsler [ ] ; [ ] [ ] [ ] || |(xapster) [ ] ] ] ]
VT A_Idri/ i Gang pr. uke Mengde pr. gang
sielden, 3 2.3 45 67 i 2 3 4+
samasol | N g o O O O O
giovie, I I I G B e
Mulitvitamin og mineral (eks. Vitamineral) [] i L D D awery ) L L [
Multivitaminer (uten mineraler) o e R N O e o R O I A

I

|

|

|

|

Aldriz | Gang pr. uke Mengde pr. gang

Jernpreparater 1
|
|
|
|
|

sjelden! 1 2-3 45 6-7 1 2 3 4+
Duroferon Duretter, Ferromax D D D D (tablett) D D D D
Hemofer, nemjern | 000 0 O Dewey 0 0 0
Amino Jern ] i L O faaplewy [ [ [ ][]
Jernmikstur (eks. Floradb) | 00 00 Ofes 0O 0O 0O 0O

Aldri/ i Gang pr. uke Mengde pr. gang
Annet Sjeldeni 1 2-3 45 67 1 2 3 4+
B-vitaminer (flere b-vitaminer i samme tablett) D i D D D D (tablett) D D D D
C-vitamin (60 mg/tablet) SR e i R O R i S R
D-vitamin (10 pg/tablett) [] L LD [ faaverwy [] [ [ [
E-vitamin (30 mg/tablett) [] ‘ L LD [ |aapery [0 [ [ []
Folat (folsyre) (200 pg/tabletty | 000 O O Olewes O O O 0O

Annet (inkludert helsekostpreparater). Noter navn pa preparatet, hvor ofte og hvor mye du tar pr. gang.

14



Prgv s& godt du kan & gi et «gjennomsnitt» av matvanene dine.
Ha det siste aret i tankene nar du fyller ut.

- -

19. Maltider

Hvor ofte pleier du & spise falgende maltider i lgpet av en uke? (Sett ett kryss for hvert maltid)

Aldri/ 1 gang 2 ganger 3 ganger 4 ganger 5 ganger 6 ganger Hver

sjelden i uken i uken i uken i uken i uken i uken dag
Frokost .o oo oo o L
Formiddagsmat/lunsj D D D D D D D D
Middag [] [] [] [] [] [] [] []
keldsmat 1 O O O 0O O O O

Hvor mange ganger i lgpet av dagen pleier du & spise et eller annet utenom hovedmaltidene?
(eks. godteri, frukt, brgdskive)

Sield 1 gang 2 ganger 3 ganger 4 ganger Mer enn 4
jelden om dagen om dagen om dagen om dagen ganger om dagen

20. Eventuelle andre matvarer

Bruker du regelmessig matvarer, drikker eller andre produkter som ikke er nevnt i spgrreskjemaet? Skriv
ned dette sa detaljert som mulig. Skriv ogsa hvor ofte du spiser/drikker dette (ganger per maned eller
uke) og hvor mye du spiser av dette per gang.

BRUK BLOKKBOKSTAVER
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77 Tromso-
undersokelsen

Ditt bidrag teller!

Takk for at du stiller opp og bidrar til viktig forskning.

Returadresse:

Institutt for samfunnsmedisin.
Det helsevitenskapelige fakultet, UiT Norges arktiske universitet.
9037 Tromsg




Appendix 7

Study approval from the Regional Committees for Medical and Health Research Ethics (REK)






b REGIONALE KOMITEER FOR MEDISINSE OG HELSEFAGLIG FORSKMNINGSETIKK

Region: Saksbehandler: Telefon: Var dato: Var referanse:

REK sgr-gst C Claus Henning Thorsen 22845515 28.11.2019 43798

Deres referanse:

Monica Hauger Carlsen
43798 Kosthold og kostholdsfaktorer som prediktorer for skragpelighet blant eldre
Forskningsansvarlig: Universitetet i Oslo

Saker: MonicaHauger Carlsen

Sokersbeskrivelse av formal:

Andelen eldre over 65 ar gker raskt bade i Norge og EU. Sunn aldring er fravaa av
sykdom og oppretthol del se av funksjonell evne. Mange eldre opplever imidlertid ikke sunn
aldring. Skrepelighet er et flerdimensgonalt geriatrisk syndrom kjennetegnet ved tap av
fysisk funkgion, utilsiktet vekttap, lav aktivitet, tretthet, svekket kognitiv funksjon og gkt
risiko for ugnskede helseutfall ved stress eller traume. Et usunt kosthold kan pavirke
aldringsprosessen og utviklingen av skrapelighet negativt. Formalet med prosjektet er &
undersgke i hvilken grad kosthold og kostholdsendringer over tid pavirker risikoen for &
utvikle skrgpelighet hos eldre personer. Vi vil bruke data fra gjentatte malinger av
kosthold og helseutfall i Tromsgunder sakel sen. Resultatene fra progjektet vil muliggjere
utvikling av kostrad og anbefalinger for a forbedre kosthold, helse og livskvalitet hos
eldre, som pa sikt igjen vil kunne bidra til reduserte kostnader for samfunnet.

REKsvurdering

Dette er en kvantitativ epidemiologisk observasjonsstudie basert pa allerede innsamlede
data om kosthold og helseutfall i Tromsgundersekelsen. Man vil undersgkei hvilken grad
kost og kostendringer pavirker risikoen for a utvikle skrgpelighet hos eldre, og man gnsker
derfor & se pa kostholdsregistreringer i et longitudinelt perspektiv.

Soker papeker at progektet, i lysav det statlige fokuset pa aldring og ernaging, jf. den
godkjente statlige reformen « Leve hele livet», er svaat relevant og vil gi ny kunnskap om
forholdet mellom kosthold og skregpelighet i et langsiktig perspektiv.

Alle skriftlige henvendelser om saken ma sendes via REK-portalen
Du finner informasjon om REK pa vare hjiemmesider rekportalen.no



Studiepopulasjonen bestér av deltakere i Tromsgstudie 2-7, til sammen ca. 44.000
personer.

Komiteen har merket seg falgende fra seknad vedregrende samtykke «Samtykke har
allerede blitt innhentet for deltakere i Tromsg 4-7. Gjenlevende mett far Tromsga 4 og ikke
mett senere (ikke gitt samtykke senere) er kontaktet for mulighet for reservason.»

Videre angis under punktet Ethical per spectivesi protokollen: “ All necessary ethical
permissions and informed consents are already in place for the Tromsg Study.”

I henhold til seknadens punkt 6.14 ivaretas deltakernes rettigheter gjennom
Tromsgundersgkel sens behandling og utlevering av data.

Komiteen har ingen forskningsetiske innvendinger til studiens gjennomfaring. Progektstart
er angitt til 02.09.2019, men komiteen forutsetter at studiespesifikke prosedyrer ikke er
igangsatt.

Vedtak

Godkjent

Komiteen har gjort en helhetlig forskningsetisk vurdering av ale prosjektets sider.
Prog ektet godkjennes med hjemmel i helseforskningsloven § 10.

Komiteen gjar samtidig oppmerksom pa at etter ny personopplysningslov ma det ogsa
foreligge et behandlingsgrunnlag etter personvernforordningen. Det ma forankresi egen
institugon.

Tillatelsen er gitt under forutsetning av at progektet gjennomfares slik det er beskrevet i
seknaden og protokollen, og de bestemmelser som falger av helseforskningsloven med
forskrifter.

Tillatelsen gjelder til 31.08.2023. Av dokumentasjons- og oppfalgingshensyn skal
opplysningene likevel bevaresinntil 31.08.2028. Opplysningene skal lagres avidentifisert,
dvs. atskilt i en ngkkel-og en opplysningsfil. Opplysningene skal deretter dettes eller
anonymiseres, senest innen et halvt ar fra denne dato.

Komiteens avgjarelse var enstemmig.

Alle skriftlige henvendelser om saken ma sendes via REK-portalen
Du finner informasjon om REK pa vare hjiemmesider rekportalen.no



Britt Ingjerd Nesheim
professor dr. med.
leder REK sgr-gst C

Claus Henning Thorsen
Seniorradgiver

Dokumentet er elektronisk signert

Kopi av vedtak: Universitetet i Oslo

Alle skriftlige henvendelser om saken ma sendes via REK-portalen
Du finner informasjon om REK pa vare hjiemmesider rekportalen.no






