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PREFACE

Cardiovascular diseases (CVDs) are the leading cause of death in the world. The burden of
CVD is not expected to decrease in the near future and CVD will probably remain an
important cause of mortality and morbidity among both men and women. To prevent CVD, it
is of interest to identify people who have an increased risk at an early stage, both from a
public and from a clinical perspective. A large body of evidence suggests that early-life
experiences, such as intrauterine growth and development are associated with several chronic
diseases, including CVD and diabetes, in adult life. However, explanatory pathways
underlying these associations are not yet clearly understood. It has been suggested that shared
environmental, genetic as well as intrauterine factors may be responsible for explaining these

associations.

Low birth weight has been associated with later CVD in a number of studies. Most studies
suggest a modest role of shared environmental factors within families in this association,
whereas some evidence points towards common genetic factors to play a role. However, the
data with respect to this association is sparse. The evidence regarding the role of genetic
factors comes from epidemiological studies reporting an inverse association between
offspring birth weight and CVD risk among their parents. Distinguishing between two
potential mechanisms (genetic and environmental) underlying the association between fetal
growth and later disease is clearly of considerable importance for understanding the aetiology

and prevention of CVD.

Norwegian health registries are valuable in the context of research and can be used to study
large cohorts with long follow-up times. Furthermore, Norwegian health surveys focusing on
cardiovascular risk factors are also very valuable and unique in this context. They provide an
opportunity to study the relationships between birth weight in offspring and risk of CVD in
family members with different genetic relatedness. The unique personal identification

numbers in Norway enable linkage between the different health registries.

In this population-based study, different Norwegian health registries (the Medical Birth
Registry, the Cause of Death Registry, the Education Registry) and health surveys (County
study, Age 40 Program, CONOR) were used to study the transgenerational association
between offspring birth weight and risk of CVD in parents, aunts and uncles as well as

partners of aunts and uncles.



1.0 INTRODUCTION

1.1 Cardiovascular disease and its burden

Cardiovascular diseases (CVDs) are the leading cause of mortality and morbidity worldwide
and carry a huge economic burden. [1] CVD includes coronary heart disease (CHD),
cerebrovascular disease, heart failure and peripheral arterial disease. CHD, the most common
form of CVD, is responsible for more than one third of CVD in the world. [2] In 2016, CVDs
were responsible for 17.9 million deaths annually in the world. [3, 4] It has been expected that
this number is going to increase to more than 23.6 million by 2030. [5] CVDs were the
leading cause of deaths in Europe in 2015 (responsible for more than 4 million deaths per
year), with Central and Eastern Europe having the highest prevalence rate. [6] Although the
incidence of CVD is declining in high income countries, it has been increasing rapidly in low

income countries. [3]

In Norway, the incidence of CVD has declined during the last two decades due to an overall
lowering of risk factors in the population coupled with better treatment options. However, an
aging population and better quality of life may result in more people living with CVD. The
age-standardized mortality from myocardial infarction and other ischemic heart diseases
(IHD) has declined in Norway from 1970 to 2016, with a greater decline among age group
over 75 years compared to age group less than 75 years. (Figure 1) Despite this decline, it has
been observed that hospitalization of young people with acute myocardial infarction (AMI)
has increased by 11% from 2001 to 2009. [7] A recent report shows that around 40,000
people consulted physicians or receive specialized healthcare services for angina and
myocardial infarction. However, the number of people with a diagnosis of stroke and heart
failure were 11,000 and 16,000, respectively. [8] According to 2013 estimates, the number of
men and women dying from CVD was 5,979 and 7,035 respectively. [8] Considering age-
standardized data, CVD death rates are higher among men, compared to women. But the total
number of deaths due to CVD is higher in women, as the total number of elderly women is

higher than the corresponding number for elderly men. [9]
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Figure 1: Age standardized rates of deaths from myocardial infarction and other ischemic
heart diseases per 100,000 inhabitants per year for men and women.

1.2 Risk factors for CVDs

Increasing age, being male, impaired lipid profiles, smoking, hypertension, and diabetes are
well-established risk factors for CVDs. It is estimated that these risk factors can predict 75-
80% of the risk of CVD incidence in an individual. [10] Apart from age and sex, other CVD
risk factors are, to a large extent, associated with lifestyle and influenced by individual
behaviour. Unhealthy diet, tobacco use, low physical activity and alcohol consumption are the
major behavioural risk factors for CVD. A number of multivariable risk models are used to
estimate the risk of initial CVD events in apparently healthy, asymptomatic individuals, such
as the Framingham risk score, QRISK3 and SCORE. Different risk factors are included in
each model, and the most common factors included are age, gender, total cholesterol, systolic
blood pressure, current smoking and diabetes mellitus. [11] In addition, family history of
CVD and antihypertensive treatment are included in the Norwegian risk score model,
NORRISK 2. [12] A large multicenter study (INTERHEART) of 52 countries reported that
90% of the risk of first myocardial infarction (MI) was accounted for by nine potentially
modifiable risk factors; smoking, hypertension, abdominal obesity, diabetes, alcohol intake,
abnormal lipids, no daily intake of fruit and vegetables, psychosocial factors and low physical

activity. [13] In Sweden, reduction in blood cholesterol, blood pressure and smoking were
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found to be the main reasons for the decline in numbers of deaths from heart attacks between
1986 and 2002. [14]

In Norway, a decline in blood cholesterol and blood pressure has been reported since 1974.
[15, 16] Between 1995 and 2015, the percentage of daily smokers in Norway decreased from
33% to 13%. [17] Physical activity in Norway was found to have risen across all ages, but this
increase was greater among older individuals, when compared with younger ones. [18]
Despite this rise, an increasing trend for high body weight and diabetes has also been
observed in the population. [8] Moreover, it has been reported that smoking, obesity and
diabetes are major risk factors contributing to increasing incidence of coronary heart disease

among women. [19-22]

Familial aggregation of CVD risk factors has been reported in a number of previous studies.
[23-26] Parental weight gain and obesity was associated with high BMI and obesity in
offspring in several studies. [27, 28] A few studies reported a stronger mother-offspring than
father-offspring association for BMI, [29-31] whereas others have not. [32, 33] In addition,
parent-offspring associations for blood lipids and blood pressure has been reported. [34, 35]
This parent-offspring similarity in CVD risk factors can be explained by both genetic and
environmental factors. [36] However, those who found stronger associations in mothers
suggest that intrauterine factors could be more important. A recent study, reporting similar
mother-offspring and father-offspring associations for blood pressure, lipids and, blood
glucose, proposed that a specific maternal effect, due to intrauterine exposures, was weak for
these risk factors. They suggested that genetic or environmental factors, shared between

parents, were the main drivers for these parent-offspring associations. [37]

1.3 Determinants of birth weight

Birth weight is considered an important predictor for survival of newborns and infants, and is
a significant indicator of pregnancy outcomes. Birth weight has been extensively studied in
epidemiology, because it is accurately measurable and available for large populations. It has
been considered a marker of intrauterine growth and environment and was found to be

associated with subsequent health risks, not only in early life but also in adult life. [38]

Maternal biological factors such as gestational age (GA), weight, height and BMI [39] along
with parity and sex (of a delivered child), [40] are main factors that can influence a child’s
birth weight. Socioeconomic factors, for instance maternal education and household income

have also been considered important predicting factors for birth weight of offspring. [41]
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Studies have shown a strong association between birth weight of an infant and poor maternal
nutrition (before and during pregnancy), [42] smoking and caffeine consumption in mothers.
[43-45] Moreover, energy, fatty acids and micronutrient deficiencies have been implicated in

causing low birth weight (LBW) in offspring. [46]

Intergenerational studies found a significant association between offspring birth weight with
that of their mothers and fathers. [47, 48] The association with mothers’ birth weight was
found to be stronger compared to fathers’. These associations may be explained by genetic
factors passed on from father and mother to the fetus, and by maternal genes acting on the
mother's capability of carrying a pregnancy. Environmental factors that are shared among
parents may also explain these associations. A correlation in birth weight has been observed
also between half siblings of the same mother, but not of the same father. [49] This suggests
that maternal genotype along with other maternal factors may have greater contribution in the
association than paternal factors. In many populations, a mother has had a greater role in the
childcare and children spend more time with their mothers. This factor could also be one of
the reasons for the greater correlation in birth weight between half siblings of the same mother

than those of the same father.

Studies have shown that in twins and in small for gestational age children a 25-40%
variability in birth weight, gestational age and in fetal growth were caused by genetic factors.
[50, 51] Other studies, trying to separate the effect of fetal and maternal genotype, reported
that more than 50% of the variability in birth weight was primarily caused by fetal genotype
and less than 10% was caused by maternal genotype. [52] They suggested that a remaining
30-40% of the variance could be explained by random environmental effects. Another study
estimated that environmental influences account for about 25% and genetic influences
account for 38-80% of variance in the birth weight. [53, 54] However, no definite effects
were found of family-specific environment on interactions between fetal and maternal genes.
[53]

Previous studies have also investigated the association between birth weight of offspring and
physical characteristics of their aunts and uncles (both maternal and paternal). They found
that only maternal aunts shared important links with offspring birth weight and suggested that
genetic effects from mothers were more important than paternal genetic effects, and that fetal

growth over generations was mainly dependent on maternal transmission. [55] Understanding
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the causes of variation in birth dimensions is important in relation to their impact on

outcomes, in both the perinatal period and later life.

1.4 Association between low birth weight and increased risk of CVD later in life

An inverse association between birth weight and subsequent health outcomes such as type 2
diabetes (T2D) and CVD has been extensively reported in previous studies. The importance
of early life circumstances on later disease risk was suggested back in the 1970s when Anders
Forsdahl reported differences in the CVVD mortality rates in different counties of Norway for
the first time. [56] He suggested that this difference in CVD mortality might be related to
poverty and deprivation in early life. Later on, Barker and his colleagues put forward
Forsdahl’s idea and reported a strong association between geographical areas, ischemic heart
disease (IHD), and infant mortality. They found a high prevalence of mortality from IHD in
the less affluent areas in different counties of England. [57] Afterwards, in a subsequent
study, Barker reported an inverse association between birth weight and risk of coronary heart
disease (CHD) in adulthood. [58] He suggested that adult CVVD was associated with impaired

fetal growth, which could be a manifestation of maternal and fetal malnutrition.

Barker, who first observed the association between birth weight and adult CVD risk,
hypothesized that the fetus makes metabolic adaptations in a compromised intrauterine
environment (undernourished), and that these changes may persist into adult life and lead to
diseases like T2D and CVD. In other studies, Barker and colleagues have reported a
correlation between birth weight and high blood pressure in three adult cohorts in the UK.
[59, 60] Later on, it was suggested that fetal undernutrition during different stages of
pregnancy may have different outcomes. This concept came out from the famine studies
conducted on individuals exposed to the Dutch Famine (1944 - 1945) during their intrauterine
life. The results showed that individuals exposed to famine in utero during the first two
trimesters of pregnancy had a higher prevalence (80%) of overweight than those from non-
famine areas. [61] On the other hand, men and women exposed to the famine in the last
trimester were at greater risk of impaired glucose tolerance and T2D than non-exposed people
or those exposed early in gestation. Moreover, a greater risk of developing CHD, obesity and
dyslipidaemia was found to be associated with exposure to famine in early gestation. [62, 63]
The findings from the Dutch Famine studies have made the important point that transient pre-
natal nutritional deprivation can have adverse long-term effects on health without necessarily
altering birth weight. Follow-up of people who were in utero, when their mothers were
exposed to the Biafran (1967-1970) [64] and Chinese (1959-1961) [65] famines, or
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themselves exposed to famine during infancy have also shown increased incidences of
hypertension, impaired glucose tolerance, diabetes, overweight and obesity compared with

controls conceived after famine.

A number of studies have replicated Barker’s findings and reported an inverse association
between birth weight and risk of CVD and diabetes later in life. [66-70] A recent meta-
analysis, assessing the same association, reported that each 1 kg increase in birth weight was
found to be associated with 10-20% reduction in the risk for developing CVD later in life.
[71] In addition to CVD, the association of low birth weight (LBW) with a range of
established CVD risk factors (blood pressure, total cholesterol, triglycerides, and
hyperglycemia, high total and LDL-cholesterol and insulin resistance) has also been reported
in the studies. [72, 73] Moreover, a systematic analysis including 66,000 people from
different populations also showed an association between LBW and increased blood pressure
in adulthood. [74]

1.5 Mechanisms proposed to explain the association between birth weight and CVD
Although several epidemiological studies have confirmed the association between restricted
fetal growth and subsequent risk of CVD and T2D, the mechanistic pathways underlying this
association are not yet completely understood. Different concepts have been suggested to
explain the underlying mechanism. The first concept was fetal programming or the thrifty
phenotype hypothesis, suggesting that undernutrition during intrauterine life alone or in
association with postnatal catch-up growth may permanently program the risk of T2D and
CVD later in life. Additionally, it has been suggested that epigenetic mechanisms may be
crucial in the permanent reprogramming of the genome in response to early experiences and
exposures. [75] Alternatively, it was proposed that common genetic factors influencing both
intrauterine growth as well as insulin resistance and CVVD may be responsible for the
association between LBW and increased risk of CVD. Other researchers thought that other
unmeasured confounders, such as socioeconomic or familial factors, might determine this

association. These hypotheses will be discussed in detail further in this chapter.

1.5.1 The thrifty phenotype or fetal programming hypothesis

Fetal programming is described as a phenomenon where permanent and long-term changes
take place in the metabolism and structure of the growing fetus. These changes can be made
by a relatively brief stimulus during the critical phase of embryo-fetal development, when

new tissues and organs are developed in utero. [76] Accordingly, malnutrition or ingestion of
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toxins during fetal development can affect organ development, fetal growth and fetal survival
by disrupting the sensitive intrauterine homeostasis, which guarantees normal fetal growth

and metabolism.

As mentioned earlier, the concept of early origin of later disease arose from the studies of
Forsdahl, Barker and Osmond. [58, 59] In the early 1990s Barker and colleagues proposed the
‘thrifty phenotype hypothesis’ in the etiology of T2D and CVD. [38] This hypothesis
postulates that maternal or fetal undernutrition during intrauterine life may permanently
change the physiology and metabolism of the growing fetus and ultimately lead to increased
risk of insulin resistance, T2D and CVD later in life [57] Therefore, during this critical phase
of intrauterine embryo-fetal development, adaptations in embryonic or fetal development can
lead to long-term changes in fetal structure, metabolism or physiology. Such adaptations may
be triggered by an intrauterine hostile environment (for example malnutrition) and lead to

cardiovascular and endocrine disease in later life.

Adverse events during intrauterine life that slow down the process of fetal growth may
increase risk of T2D and CVD in individuals who survived a complicated pregnancy. [77]
Alan Lucas explained the physiological mechanism underlying this hypothesis. [78] He
suggested that under condition of poor intrauterine nutrition the blood flow and nutrients are
redistributed to the most important organs such as the brain, while energy uptake of the other
organs is reduced. This programs the organ’s structure and function and has lasting or lifelong
effects on the control of tissue physiology and homeostasis. The fetus has adopted these
changes to increase the likelihood of intrauterine survival, which is beneficial in the short-

term but could be harmful later in life.

Several mechanisms have been proposed to explain the intrauterine fetal programming of
adult CVD. Firstly, it has been suggested that in response to maternal or fetal undernutrition
some changes occur in the structure of vasculature such as endothelial impairment and arterial
stiffness, which in turn increases the risk of high blood pressure and stroke in adult life. [79]
Secondly, some researchers proposed the phenomenon of glomerular hyper-filtration as a
result of a decreased number of nephrons and changes in the kidney function. These
disturbances in the glomerular filtration can eventually lead to hypertension. [80]
Furthermore, it has been suggested that restricted fetal growth may lead to disturbances in the
number and function of the pancreatic beta cells, resulting in changes in the hypothalamic-

pituitary-adrenal axis. [81] Fetal undernutrition, particularly during middle and late gestation,
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has been hypothesized to increase the risk of CVVD by programming of blood coagulation,

blood pressure, cholesterol metabolism, and hormonal settings. [82]
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Figure 2: An updated diagram of the thrifty phenotype hypothesis incorporating recent
findings and concepts. Also included are new speculative features; maternal hyperglycaemia
as a predisposing factor and key roles of the vascular and sympathetic systems, as well as the
hypothalamic-pituitary-adrenal axis. [76]

1.5.1.1 Catch-up growth

Growth patterns in postnatal life also seem important in the programming of adult diseases.
For example, children who are thin at birth but later on have high catch-up growth and
become obese are at high risk of chronic diseases in adult life. [83, 84] A study of young
adults showed that those who were born small for gestational age (SGA) and had gained
weight rapidly in the first three months of life, had the worst metabolic and cardiovascular
risk profile. [85] SGA combined with fast catch-up growth in the first few months, which is
the period of rapid cell division, has also been associated with insulin resistance, T2D and
CVD. [86] The mechanism behind the detrimental effect of catch-up growth is not fully
understood, however, it has been suggested that fetal growth restriction leads to reduced cell

numbers, and subsequent catch-up growth is achieved by overgrowth of a limited cell mass.
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1.5.1.2 Over-nutrition hypothesis

Research related to fetal programming of chronic disease mainly focuses on poor maternal
and/or fetal nutrition. But during the last few decades, interest in potential health risks related
to maternal overnutrition has also emerged. There is evidence that maternal overnutrition and
obesity during pregnancy, which commonly leads to increased birth weight, is also associated
with adverse health outcomes in the offspring, such as metabolic syndrome and T2D. [87]
Maternal obesity may have undesirable effects on the growth of the developing fetus which
enhance the chances of obesity and T2D later in life. [88, 89] Fetal macrosomia resulting from
oversupply of glucose during gestational diabetes may have adverse programming effects.
Furthermore, data from several studies report a U-shaped association between birth weight
and T2D. [68] Experimental data showing an association between high maternal fat or

cholesterol intake and metabolic syndrome in offspring also support this hypothesis. [90]

1.5.1.3 Epigenetic programming

Epigenetics is the study of heritable changes in gene expression that are not caused by
changes in the sequence of DNA. [75] Experimental studies provide evidence that experiences
and exposures in early life could increase the susceptibility of chronic disease in adult life by
permanent reprogramming of the fetal genome [91] The transmission of programmed
phenotypes to the next generation has been established for disorders such as metabolic
disturbances, blood pressure, vascular dysfunction and birth weight. [92] Such transmission
can be caused by a programmed mother providing a deprived intrauterine environment, thus
continuing the cycle of fetal maladaptation. Moreover, it has been suggested that an
inadequate supply of amino acids and micronutrients may affect DNA methylation and
histone modification in the growing fetus. [93] However, there is a lack of data linking the
process of programming to epigenetic changes and risk of metabolic syndrome and related

disorders in the adult life among humans.

1.5.2 Genetic confounding model

The fetal insulin hypothesis is an alternative mechanism proposed to define the association
between LBW and risk of chronic disease later in life. Intrauterine growth is dependent on
fetal insulin secretion which is mainly influenced by genetic factors. This hypothesis suggests
that common genetic factors, which increase insulin resistance, both in utero and in adult life,
may produce two phenotypes: one is a small thin baby and the other is an adult with insulin

resistance, diabetes, hypertension and CVD. [94]
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The basis for this model is that genetic factors are of substantial importance for birth weight,
[95, 96] whereas a number of outcomes of low birth weight such as coronary heart disease,
blood pressure and T2D also have a significant genetic component.[97, 98] If the same set of
genes are important for birth weight and for cardiovascular diseases later in life, these
associations might be explained by genetic influences rather than malnutrition in utero. A
recent publication in Nature, as well as several previous studies, proposed that the negative
association between size at birth and later risk of CVD may partly be explained by common
genetic factors. [94, 99] Previous intergenerational studies, reporting inverse associations
between offspring birth weight and risk of diabetes and CVD in their mother and father,
provide further evidence regarding the role of shared genetic factors in birth weight and CVD
association. [100, 101] The size of the baby is influenced by inherited paternal genetic factors
in addition to inherited maternal genetic factors and the maternal intrauterine environment.
Given that the same genes impact on both birth weight and adult chronic disease, paternal

CVD and diabetes would be associated with lower birth weight in children.

Genome-wide association studies (GWAS) also support the role of common genes on the
association between low birth weight and subsequent risk of T2D and CVD. A previous
GWAS study identified the association of seven genetic loci with birth weight. They found
that out of these seven loci two were associated with T2D and one with blood pressure. [102]
Another study concluded that the association between birth weight and increased risk of adult
blood pressure is attributable to genetic effects, and not to intrauterine programming. [103]
Furthermore, strong inverse genetic correlations were found between birth weight and systolic
blood pressure, T2D and coronary artery disease in a multi-ancestry GWAS meta-analysis
conducted on birth weight of 153,781 individuals. They identified 60 loci where fetal
genotype was associated with birth weight and verified that genetic factors were the major
contributor to the negative association between birth weight and future cardio-metabolic risk.
[99]

1.5.3 Socioeconomic and environmental confounding model

The environmental confounding model proposes that socioeconomic and lifestyle factors,
linked with both infant and adult phenotype, may be responsible for the association between
birth weight and chronic diseases later in life. [104] It is known that the socioeconomic
situation of the parents impact on their offspring birth weight. [105] Moreover,
socioeconomic environment in childhood as well as adulthood influence the risk of various

chronic diseases, including CVD and T2D in later life. [106, 107] Hence, socioeconomic
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factors might, partially or chiefly, be responsible for the association of birth weight and
chronic disease risk in adults. Kramer et al. discussed that socioeconomic status (SES) at
birth and maternal diseases both may explain the inverse association of birth weight and
subsequent risk of disease in later life. [108] Several previous studies and a meta-analysis
investigating the confounding role of SES on the association between birth weight and blood

pressure reported that SES impacted this association. [73, 109, 110]

Smoking is another well-known lifestyle factor, which affects both birth weight and CVD.
Maternal smoking during pregnancy is an established risk factor for compromised intrauterine
growth. Moreover, smoking has been found to be associated with increased blood pressure in
the offspring. [111, 112] Thus, it has been suggested that maternal smoking may have an
important role in the association between birth weight and CVD in adulthood. [113]
Furthermore, a recent multigenerational study reported an influence of maternal smoking
during pregnancy on the association between grandparent CVD mortality and offspring birth
weight. [101] Correlation in the smoking habits across generations might explain the observed
associations. Moreover, these cross-generational correlations may be related to shared cultural

or socioeconomic factors.

Maternal and placental [ Socioeconomic factors

factors influencing fetal ]
energy supply

\ — | Risk of
Birth weight 7| cvDand

Figure 3: Familial (socioeconomic and genetic) confounding of the association between birth
weight and risk of CVD and T2D.[114]

[ Genetic factors
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1.6 Family-based studies (to investigate the role of shared genetic and environmental
factors on birth weight and CVD risk association)

As described earlier, multiple hypotheses have been proposed to explain the inverse
association between birth weight and CVD. However, the underlying mechanisms still need to
be clarified. Different family-based designs such as twin, sibling and multigenerational
studies have been suggested to understand these underlying mechanisms. The practice of
finding more reliable answers to the research questions through incorporation of results from
a number of different approaches is known as triangulation. With respect to causal questions,
if the results of different approaches all point to the same conclusion, this strengthens
confidence in the finding. [115] Thus, comparing associations between family members
through these approaches could help to distinguish the competing explanations underlying the

inverse association between birth weight and adult CVD.

1.6.1 Twin studies

Twin studies may provide the opportunity to differentiate the environmental and genetic
mechanism in the association between size at birth and diseases in adult life. Although twins
share several or all of their genes as well as their maternal and early family environment, they
differ in birth weight. In twins, birth weight is not only affected by specific factors related to
each fetus, but also by shared factors such as SES and genes. The basic assumptions about
twin similarity are that monozygotic (MZ) twin pairs share 100% of their genes, dizygotic
(DZ) twin pairs share on average 50% of their segregating genes and all twin pairs share
100% of common familial environment. [116] If the association between birth weight and
adult disease risk is observed within twin pairs, the specific factors related to each fetus are
more important. On the other hand, if the association is observed in unpaired twins, then
familial factors (genetic and environmental) shared between them are likely to play a role in

the association. [117]

Investigations of the association between birth weight and later disease by zygosity can
provide evidence for the importance of genetic factors. A stronger association in MZ than DZ
twins, suggests a genetic component, whereas stronger associations among DZ twins point
towards the importance of shared environment and intrauterine factors. Studies among twins
reported negative associations between birth weight and blood pressure, [117, 118]
dyslipidemia, [119] diabetes, [120, 121] and CHD. [122, 123] However, statistical power was
mostly inadequate to confirm different associations among MZ and DZ twins regarding the

outcome of CHD. Furthermore, a meta-analysis of twin studies investigating the association

20



between birth weight and blood pressure could not provide conclusive evidence regarding the
role of genetic or environmental factors on the association. [117] Another study using data
from the Swedish Twin Registry showed that the association between birth weight and high
blood pressure was not influenced by genetic and environmental factors shared by twins.
They suggested that this association was caused by aspects of fetal nutrition represented by
birth weight that varies between MZ and DZ pairs. [118] Twin studies have been criticized
regarding generalization of their results to the population at large. [124] The intrauterine
growth patterns in twins are slightly different from patterns in the singleton births which may
lead to different implications of LBW for CVD.

1.6.2 Sibling studies

The Sibling study is another family-based design which has been used to assess the
confounding role of shared familial factors on birth weight and CVD risk association within
individuals. Like dizygotic twins, siblings share 50% of the genes of their parents, but have
different experience of intrauterine environment and gestational age. Singleton siblings share
some fixed maternal characteristics, such as maternal height, pelvic size, SES and educational
status, although educational status might differ between births. [125] Hence, sibling-
comparison studies provide a useful approach to discriminate fixed maternal and family
factors with those that are different between full siblings in order to describe association
between size at birth and later disease outcome. The analytical approaches for sibship analysis
are not very different from comparison of within and between twins, but the results from the

sibling comparison design are more generalizable to the population than twin comparisons.

Sibling studies investigating associations between birth weight and adult systolic blood
pressure, and CVD events (adjusted for gestational age), [66, 67, 126] suggested that these
associations are not explained by fixed familial factors, such as SES, shared by siblings. A
large population-based sibling study, reporting associations between LBW and subsequent
mortality and morbidity related to CVD, stroke and T2D, suggested that these associations
were independent of shared familial confounders and measured covariates, such as maternal

and paternal age at childbearing, highest level of education, and history of conviction. [127]

Sibling comparison designs have some notable limitations which may explain discrepancies in
the findings. [128] Estimates among siblings are more severely biased by non-shared
confounders such as birth order, maternal and paternal age, and gestational age at birth than

population-level comparisons [129] and are more sensitive to misclassification of the
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exposure and measurement. [128, 130] Use of a sibling comparison design also limits the
population included, affecting power and demonstrating the need for large sample sizes to

obtain robust causal evidence.

1.6.3 Intergenerational studies

Intergenerational studies are a third family-based design developed to assess the role of
common genetic factors underlying the associations between low birth weight and adult risk
of CVD. This design is different from twins and sibship studies, as it utilizes information
from two generations; exposure in one and outcome in another generation. In some studies,
exposure in the more recent generation is associated with outcome in the older generation, in
order to examine a direct association, such as the effect of child sleep disturbance on the
health of their parents. However, others use exposure in the recent generation as a proxy,
rather than a direct exposure, for example when studying the relationship between birth
weight in offspring and risk of CVD or diabetes in their parents. The birth weight would serve
as a proxy for their parents’ own birth weight that might be determined by genetic or

environmental factors.

Previous studies, investigating intergenerational associations between offspring birth weight
and maternal CVD risk, have demonstrated an inverse association. [131-133] Other studies
examined the association among both parents and reported that low birth weight in offspring
was also associated with increased CVD mortality in fathers. [100, 101, 134] The association
in mothers has been interpreted as indicative of an intergenerational correlation between the
birth weight of a mother and her child. [135, 136] Moreover, other mechanisms such as fetal
programming could also explain this association, because many factors that influence
maternal CVD risk could also influence intrauterine environment and eventually the birth
weight of a child. [137] The observed association between offspring birth weight and father’s
risk of CVD is particularly important, as a father mainly influences his child’s phenotype
through inherited genes. [138] Also, the exposure is determined before the child has
experienced its father’s environment, except to the extent that the father’s environment
resembles the mother’s environment. Studies on CVD risk association in fathers are

comparatively rare compared to studies on mothers.

Apart from mortality studies, some have also assessed the association of offspring birth
weight with traditional CVD risk factors among both parents. They showed that low birth

weight in offspring is related to increased blood pressure, C-reactive protein and
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inflammatory markers in mothers. [139-141] Furthermore, an inverse association with insulin

resistance, BMI and unfavorable levels of lipids has been reported among both parents. [138,

142] Another recent study reported a similar strength of association between birth weight and

most CVD risk factors among both parents, suggesting that intrauterine factors are not as

important as genetic factors.

Although, an inverse association between offspring birth weight and CVD risk has been

reported among both parents in several studies, the strength of association seems to be

stronger among mothers. The following potential mechanisms have been proposed to describe

the stronger maternal associations reported in previous studies. [125, 134] As discussed

already, some of these mechanisms may function simultaneously.

1.

A crucial mechanism is the fetal programming hypothesis, suggesting that poor
maternal or fetal nutrition in utero may permanently program the structure and
metabolism of fetal organs, which in turn increases the risk of chronic diseases later in
life (as discussed under point 1.5.1).

Maternal health-related behaviours such as unhealthy diet, heavy alcohol consumption
and smoking may have direct impact on the offspring birth weight and increase the
mother’s own risk of CVD as well.

The impact of non-pathological, constitutional maternal factors, such as maternal
height and weight, influencing birth weight.

Genetic imprinting describes how pleiotropic genes, responsible for both low birth
weight and high risk of CVD, could more likely be expressed in females than in males
(differentially imprinted genes for males and females). Alternatively, a mother might
carry genes that mutually influence the risk of low birth weight and CVD risk. These
genes could be inherited from either her mother, her father or both and could be found
in genomic DNA or mitochondrial DNA.

Epigenetic effects could be one of the probable explanations for a stronger mother-
offspring effect seen in the studies.

In these studies, some of the fathers would not be the biological parents. As paternal
association is expected to be driven mainly by genetic factors influencing both birth
weight and later CVD, this misclassification of fathers may dilute the paternal
association.

Pregnancy related health compromising factors, such as maternal undernutrition, may

lead to low offspring birth weight due to poor placental growth and smaller pelvic
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size. A mother who is small from any cause such as environmental or genetic, might
influence the size of her offspring directly through physiological and anatomical
pathways.

8. Associations in fathers may be explained by residual confounders.

Grandparental studies

Some studies have used a multiple-generational approach and included mortality data of
grandparents, in addition to parents, to measure the contribution of potential mechanisms in
the association between birth weight and later risk of chronic disease. One population-based
study found that ischemic heart disease and cerebrovascular disease among maternal
grandmothers were associated with grandchild birth weight. [143] Another study reporting an
association between children’s birth weight and grandparents’ diabetes suggested a role for
both environmental (intrauterine) and genetic factors in the association. [144] Furthermore, a
Swedish study reported a U-shaped association between offspring birth weight and all-cause
as well as cardiovascular disease mortality among maternal grandfathers. For maternal
grandmothers, a U-shaped association was found only for cardiovascular disease mortality.
However, an inverse association between cardiovascular disease mortality and grandchildren
birth weight was observed among paternal grandparents. [145] A recent Norwegian linkage
study found a significant relationship between infant’s birth weight and all-cause as well as
CVD mortality among parents and all four grandparents. [101] The associations in
grandparents were largely influenced by maternal smoking during pregnancy, suggesting that
maternal smoking and other associated health behaviours might be key mediating factors in
the relationship. With few exceptions, these studies did not have enough statistical power to
investigate all causes of death. Moreover, they did not use all grandparents of the same index
child.

In summary, although a number of studies suggested fetal programming as the main
mechanism behind the inverse association between birth weight and chronic diseases risk
within individuals, some others have proposed that shared environmental and genetic factors

(familial factors) may also be more important.
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2.0 RATIONALE, AIM AND SPECIFIC OBJECTIVES OF THE STUDY

2.1 Rationale

A large body of evidence suggests that early-life experiences such as intrauterine growth and
development are associated with several chronic diseases in adulthood, including CVD and
T2D. However, the explanatory pathways for these associations are yet to be clarified. A
number of observational studies supported the fetal insulin hypothesis, which suggests that
T2D and low birth weight share some genetic determinants. [146-148] Furthermore, several
genome-wide association studies found certain genetic variants to be related to both low birth
weight and T2D. [149, 150] For CVD, on the other hand, epidemiological study results
remain less clear. Several investigators have found that shared environmental factors within
families play a modest role. [114, 117, 151] However, others suggested that common genetic
factors, influencing both birth weight and CVD, are more important in the association. [123,
134] Furthermore, most of the previous intergenerational studies providing control for genetic
and environmental factors are small and underpowered. Therefore, a more inclusive
intergenerational study design including, parents, aunts, uncles and partners of aunts and
uncles, has been employed to look at genetic and environmental influences on the association
between birth weight and risk of CVD in adult life.

With parents, children share not only genes (50%) but a familial environment as well. With
aunts and uncles, children share half of the genes of their parents and a correlated family
environment. Moreover, with partners of aunts and uncles, children are not expected to have
any genetic relationship (0 %) but a correlated environment is also likely here. The hypothesis
underlying this thesis was that an offspring birth weight and CVVD mortality association
among parents would highlight the importance of both shared genes and shared environment.
A similar strength of association with all classes of aunts and uncles would emphasize the role
of shared genes. Any association with the partners of aunts and uncles, with whom offspring
do not share genes, would support the role of mechanisms giving rise to correlated

environments such as assortative mating.
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2.2 Main objective

This population-based study investigated transgenerational links of birth weight in offspring

and CVD in parents and their siblings. Investigating this association across generations

provided an opportunity to assess possible contributions of shared familial (environmental and

genetic) factors on the association between birth weight and adult CVD.

2.3 Specific objectives

The research questions raised were:

Whether the association between offspring birth weight and CVD mortality in parents
can be explained by traditional CVD risk factors. (Paper )

Can the association observed between offspring birth weight and parental CVD
mortality also be observed with respect to the mortality of aunts and uncles and can
these associations be explained by traditional CVD risk factors? (Paper 1)

Is offspring birth weight associated with CVD risk factors (BMI, heart rate, systolic
blood pressure, lipids and smoking), a risk factor index and education of family
members with different genetic relationships (parents, aunts or uncles and partners of

aunts or uncles)? (Paper I11)

26



3.0 MATERIAL AND METHODS

3.1 Data sources

In this thesis, data from the following sources were used: The Medical Birth Registry of
Norway (MBRN), the Cause of Death Registry, the Education Registry (NUDB), three
Norwegian Health Surveys; the Cohort of Norway (CONOR), the Age 40 Program and the
Norwegian County Study.

3.1.1 Medical Birth Registry of Norway (MBRN) (Paper I, 11, 111)

The Medical Birth Registry of Norway (MBRN) was established in 1967. It covers
information about all births in Norway. It is mandatory for all maternity units in Norway to
notify each birth to the MBRN. The information is submitted through a standardized
electronic form by the attending midwife or physician and it contains the personal identity
numbers of the child and parents, as well as information about maternal health before and
during pregnancy, and any complications during pregnancy or at birth. Moreover, information
about any medication used during pregnancy, intervention of labor, maternal complications
during and after birth, whether the baby is born alive and any diagnoses in the child of
congenital abnormalities is also reported. Details about the father's occupation and smoking
habits, and the mother's occupation, smoking and alcohol habits are only registered if the
mother consents. The data about assisted conception also depends on the consent of the
mother. All pregnancies that either ended or were terminated after week 12 are notifiable to
the MBRN. [152, 153]

3.1.2 Cause of Death Registry (Paper I, 1)

The Cause of Death Registry provides information about causes of death in Norway for more
than 98% of deaths. It contains data from 1951 onwards. Deaths of Norwegians who die
abroad are also registered in the registry. All deaths (about 40,000 each year) are reported by
doctors who are required to complete a death certificate by building a logical sequence from
the underlying disease to the immediate cause of death. The underlying causes of death are
coded according to the International Classification of Disease (ICD) system. The Norwegian
Cause of Death Registry used the ICD 8™, 9™ and 10" revision. The 10th revision of ICD is
applied in Norway since 1996. Deaths from all CVDs are coded as ICD 8/9: 390- 459, ICD-
10: 100 -199 (deaths from IHD are coded as ICD 8/9: 410-414, ICD 10: 120-125 and deaths
from stroke are coded as ICD 8/9: 430-438, ICD 10: 160-169). [154] The Cause of Death
Registry provides information about emigration, date of death and cause of death.
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3.1.3 The National Education Database (NUDB) (Paper I, 11, 111)

The National Education Database (NUDB) contains information on the highest achieved
education for the persons living in Norway. [155] The data is established on reports from
educational institutions to Statistics Norway and is updated yearly. The highest achieved
education is coded according to the Norwegian Standard Classification. The NUDB
comprises individually based statistics on education since 1970. We used information about

level of education of parents, aunts and uncles completed by 2011.

3.1.4 The Cohort of Norway (CONOR) (Paper I, 11, I11)

CONOR is a collection of several Norwegian health surveys conducted in different regions of
Norway during the period 1994-2003. The information collected on health and blood samples
have been merged into a national database. [156] All the surveys used a common
questionnaire including self-reported health, comorbidities such as diabetes, hypertension,
osteoporosis and CVD. They also have information on various risk factors, medication intake,
socioeconomic and lifestyle factors such as smoking and physical activity. CVD risk factors
included are blood pressure, cholesterol, triglycerides, waist and hip circumference, height
and weight. All CONOR surveys used a similar procedure for data collection. The overall

participation rate in CONOR was 58%.

3.1.5 The Age 40 Program (1985-99) (Paper I, 11, I11)

During the period of 1985-1999 those aged 40-42 were regularly invited to cardiovascular
health screening in all Norwegian counties except Oslo. [157, 158] This included people born
from 1943 to 1959. According to the database, kept at the Norwegian Institute of Public
Health (NIPH), 429,245 individuals participated in the survey. All participants were screened
for self-reported health and blood pressure, cholesterol, triglycerides, waist circumference,

height and weight. The participation rate in Age 40 program was 70%.

3.1.5 The Norwegian County Study (1974-88) (Paper I, II, I11)

During the period of 1974-1988, the residents of three Norwegian counties (Finnmark, Sogn
og Fjordane and Oppland) were invited to participate in the screening for CVD prevention.
These surveys were conducted in three time periods: 1974-78, 1977-83 and 1985-88. All
residents in these counties between ages 35-49 years were invited to the screening in 1974 —
78. The sample invited to the second and third screening was a combination of previous

participants and new cohorts. The participation rate in the County Study was 86%. [159, 160]
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3.2 Linkages

In this thesis, the MBRN was linked to nationwide health registries and health surveys. The
unique personal identification number, designated to every Norwegian resident, was used to
make linkages of the different data sources. To de-identify data, the personal identification
numbers were replaced by another code or running-number. The “bridge” between the
personal identification numbers and the allocated codes was provided by the Norwegian
Institute of Public Health. The linkages of the data files were done by the candidate under

guidance from the main supervisor.

3.3 Study design

In Paper I and |1, a population-based cohort design was used to answer the research
questions. A cohort study is the archetype for epidemiologic studies and consists of a group of
people followed over a specific time period. The question raised in a cohort study is often
whether there is an association between the exposure and the disease of interest. The study
intends to reveal a causal action of an exposure on the studied outcome. Because of the non-
experimental approach, observational cohort studies can be used to assess the natural or
clinical course of a disease. [161] When the researcher uses data already collected for other
purposes, it is called a retrospective or historical cohort study. [162] This is the case when
register data is used and the study is performed post-hoc. Whereas a cross-generational study
utilizes information from two generations; exposure in one and outcome in another
generation. [100] This study used exposure in offspring (birth weight) and outcome in parents,

aunts and uncles (cardiovascular disease mortality).

In Paper 111, a cross-sectional design was used. In this design all the information is collected
at the same point in time. [161] The study design is often used to measure disease prevalence
or characteristics of a population. In Paper Il1, information about the exposure (offspring birth
weight) was collected from the MBRN before the information on cardiovascular risk factors
(in parents, aunts or uncles and their partners) was obtained. As only information on risk
factors at a specific time point was available, this study is not a longitudinal, but rather a
cross-sectional study with information on the exposure from the past. It should also be

considered that not all information in the study was collected at the same time point.

3.4 Sample size and power calculation
Papers | & I, describe registry-based cohort studies which include large sample sizes, making

it possible to study the differences in estimates between family members of different genetic

29



relatedness (parents, aunts and uncles). As nationwide data based on the whole population

was used in these papers, performing power and sample size calculation was less relevant.

In Paper 111, offspring whose parents, aunts and uncles had participated in the population
health surveys (CONOR, the Age 40 Program, and the County Study), were eligible for
inclusion, which limited the sample size. However, all eligible family members, who had
participated in the health surveys, were included and, thus, it was possible to detect the
association between offspring birth weight and CVD risk factors in parents, aunts or uncles
and their partners. This study could not compare similar sized family relationships, as the
important prerequisite was that they (parents, aunts or uncles and partners of aunts or uncles)

had participated in the health surveys (Figure 6).
3.5 Study population

3.5.1 Paper |

The unique personal identification number was used to link data from the multigenerational
database, the Medical Birth Registry (MBRN) to the three health surveys (CONOR, the Age
40 Program and the County Study), the National Educational Registry and the Cause of Death
Registry. A total of 1,006,557 births (1967 to 2012) were linked with their mothers and
fathers who had participated in the health surveys. Newborns with gestational ages of less
than 37 weeks or more than 44 weeks and birth weights of less than 1000 gram were
excluded. Furthermore, offspring whose parents had not taken part in the health survey or had
missing data on CVD risk factors were excluded. Fig 4 provides an overview of the study

population in Paper 1.

30



Figure 4: Flow chart of the study population (Paper 1)

Number of registered births in Number of participants in
MBRN from 1967-2012 CONOR, the County Study and
(n=2,674,898) the Age 40 Program (n=640,321)

Births < 37 weeks =154,674
and > 44 weeks = 137,075

Birth weight < 1000 g
(n=7,481)

Number of births available for
merging (n=2,375,668)

Births without information of both
parents in health surveys (n=1,369,111)

Number of births after merging with
survey participants (n=1, 006,577)

3.5.2 Paper 11

For Paper I1, a multigenerational database (containing information on familial relationships
for the population of Norway) was used and full siblings (sharing both mothers and fathers) of
the parents (from the index offspring) were identified through personal identification
numbers. For the identification of full siblings, we included participants (parents, aunts and
uncles) born in or after 1940 because identification of parents proved to be reliable for people
born after 1940. [163]

In Paper 11, a cohort was created by linking MBRN to the Cause of Death Registry and the
Education Registry. Offspring registered in MBRN (1967-2012) were linked to their parents,
and at least one maternal and one paternal aunt or uncle. Offspring with gestational ages of
less than 37 (n= 154,674) and more than 44 weeks (n=137,075) and birth weight less than
1000g (n=7,481) were excluded from the analyses. Offspring whose parents did not have
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information of any sibling in the database were also excluded (n=986,768). Information on
parents and at least one paternal and one maternal aunt or uncle was obtained for 1,353,956
offspring. Furthermore, this cohort was linked to CVD risk factor data recorded in three large
Norwegian cardiovascular health surveys (CONOR, the Age 40 Program and the County
Study). This subgroup was used to analyze the importance of CVD risk factors on the
association between offspring birth weight and CVVD mortality in parents and in aunts or

uncles.

Figure 5: Flow chart of the study population (Paper II)
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3.5.3 Paper 111

For Paper I11, offspring (MBRN) were linked with parents and their siblings (aunts or uncles)
who had participated in the population health surveys (CONOR, the Age 40 Program, and the
County Study). The number of offspring (1967-2012) with information on both mother and
father (trios), where each parent had information on at least one elder available full sibling in
the mutigenerational database was n=1,532,202. Births with weight < 600g (n= 1,099) and
gestational age > 44 weeks (n= 132,228) were not included in the analyses. Offspring were
linked with CVD risk factor data on their aunts and uncles within as well as outside the trios.
Parents, aunts and uncles with missing information on CVD risk factors were also excluded
from the sample. A total of 331,369 offspring could be linked with CVD risk factors on
mothers, 330,803 offspring could be linked with fathers, 312,623 with maternal aunts or
uncles, and 329,057 with paternal aunts or uncles. Similar sized family relationships could not
be compared in this study, because the important criterion for the inclusion was that they had
participated in a health survey. Moreover, we identified partners of included aunts and uncles
from the multigenerational database in a subgroup. Aunts and uncles may have information of
multiple partners in the population register. Only those partners were included, who were
partners at the time of the aunt’s or uncle’s health survey examination. A total of 100,531
offspring were linked with partners of paternal aunts or uncles (with CVD risk factors data),
and 91,216 offspring were linked with partners of maternal aunts or uncles. Figure 3 describes

the study population for Paper Il1I.

It should be considered that offspring were linked with their aunts and uncles in the health
surveys within as well as outside of the trios. This could have an impact on our results.
However, in the sensitivity analysis we repeated results in all familial relationships (parents,
aunts and uncles) only in trios (Paper 3, supplementary table 2). Results were found to be
similar between the two analyses, suggesting that a possible selection bias is not influential in

this study.
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Figure 6: Flow chart of the study population (Paper III)
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3.6 Study variables

3.6.1 Exposure

The MBRN registration of birth weight for the whole population was started in 1967. In
Norway, the registration of all live and stillbirths from 12 weeks of gestation is mandatory.
After delivery, data recorded by healthcare professionals at maternity wards as well as the
data from handheld antenatal records, carried by all pregnant women in Norway, is registered
in the MBRN registration form. Previous studies have investigated the consistency of the data
recorded in the registry with that in the patient medical records and found this validation to be
satisfactory. [164-166]

The birth weight in MBRN is registered in grams. Offspring born during 1967 to 2012 were
included. The offspring birth weight was analyzed as continuous (Papers Il and Il1) and as
categorical variable (Papers I and I1). In Paper I, birth weight was categorized into quintiles,
whereas in Paper Il it was categorized as birth weight for gestational age (small for gestational
age (SGA); less than 10™ percentile of gestational age, appropriate for gestational age (AGA);
10" — 90" percentile of gestational age and large for gestational age (LGA); more than 90"

percentile of gestational age).

3.6.2 Covariates

Covariate information was mainly available from the MBRN and from the Education Registry
Norway. Information on maternal health before and during pregnancy, age, parity, smoking,
offspring sex, year of birth and congenital anomalies coded as ‘diseases in offspring’ was
collected from the MBRN. In all papers, information on education was obtained from the
Education Registry Norway. Highest attained education was categorized as “< 9 years”, “10-
12 years” and “>13 years”, according to the Norwegian Standard Classification of Education.
[167]

The data on traditional CVD risk factors (Body Mass Index (BMI; kg/m?), total cholesterol
(TC; mmol/L), triglycerides (TG; mmol/L), systolic and diastolic blood pressure (SBP and
DBP; mmHg), and smoking) was acquired from the three large Norwegian health surveys; the
County Study, the Age 40 Program and Cohort Norway (CONOR) which were conducted
during 1974-1988, 1985-1999 and 1994-2003 respectively.
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3.6.3 Outcomes

Papers | and 11

The main outcome of interest was CVVD mortality (parents, aunts and uncles). Information on
cause of death was acquired from the Cause of Death Registry, Norway, using the
International Classification of Diseases (ICD) 8", 9" and 10" revision. In Cause of death
Registry CVD deaths are registered as (ICD 8/9: 390- 459, ICD-10: 100 -199). In Paper II,
secondary outcomes were mortality from ischemic heart disease (IHD) and from stroke (IHD:
ICD 8/9: 410-414, ICD 10: 120-125, Stroke: ICD 8/9: 430-438, ICD 10: 160-169).

Paper 111

CVD risk factors and CVD risk index were the main outcomes. Information on the studied
outcomes was obtained from the County Study, the Age 40 Program and the Cohort of
Norway (CONOR). The following cardiovascular risk factors were studied: BMI, smoking,
systolic blood pressure, heart rate, cholesterol, triglycerides. This was a cross-sectional study
with no follow-up of disease endpoints. In Paper Ill, CVD risk factors were used as outcome,

whereas in Papers | and 11, they were covariates.

3.7 Statistical Methods
All analyses in our study were performed in Stata software version 14 and 15 (Stata-Corp LP,
College Station, Texas. USA).

Both percentages and means with standard deviation were used for the descriptive statistics of
the variables. Differences between the groups were tested by chi-square test (categorical
variables) and t-tests (continuous variables). The correlation between CVD risk factors (BMI,
resting heart rate (RHR), systolic blood pressure (SBP), diastolic blood pressure (DBP), total
cholesterol (TC), triglycerides (TG) and height of parents and their siblings was assessed by
Pearson’s correlation coefficient (Paper I11). In all three papers, regression models were used

to estimate association between exposure (offspring birth weight) and the studies outcome.

Cox proportional regression models for survival data were used to examine the possible
association between exposure (offspring birth weight) and outcome (parental C\VD mortality
in Paper I and parents and aunts or uncles’ CVD mortality in Paper I1). The results in Papers |
and Il were expressed as hazard ratios (HR) with 95% Confidence Intervals (95% CI). The
assumption of proportional hazards was tested using Schoenfield residuals and graphically
assessed with log-log plots of survival. In Paper I, the reduction in HR for CVVD mortality in

parents was used to describe the magnitude to which CVD risk factors explained the parental
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CVD mortality risk associated with offspring birth weight. In Paper I1l, linear and logistic
regression models were used to investigate the association between offspring birth weight
(kg) and each of the CVD risk factors (BMI, RHR, SBP, TC, TG and smoking), and the risk
factor index (main outcome) in parents, aunts or uncles as well as partners of aunts and
uncles. We also analyzed the association with higher level of education in all familial
relations. The associations for the risk factor index were compared between mothers and
fathers, between aunts and uncles, and between aunts and uncles and their partners. However,
for each individual CVD risk factor the associations were also compared between mothers and
fathers. These comparisons were made using interaction term in the models. An estimate with
a confidence interval not including one (Cox regression or logistic regression) or zero (linear
regression) was considered statistically significant. P-values below 0.05 were considered

statistically significant.

In our study, several offspring were nested within the same parents, aunts and uncles (Papers
I, I, 111). Moreover, some of the aunts and uncles appeared in the data more than once, as they
could be the sibling of several mothers or fathers in the sample. If parents have multiple
children in the data, this could contribute to inflate precision of estimates due to reduced inter-
individual variation caused by shared childhood conditions and possible genetic inheritance.
To avoid this violation of independence assumptions, all standard errors were adjusted for
within-family clustering by computing robust standard errors through the “vce (cluster)”
command in Stata. This command effectively adjusts the standard error for within-parent and

within-aunts/uncles correlation. [101]

Moreover, the results of Papers I and Il must be interpreted as cause-specific HRs and cannot
necessarily be interpreted as the cumulative incidence or risk. [168] In a study, examining
time to death attributable to CVD causes, the deaths attributable to non-CVD causes are a
competing risk. [168] This commonly occurs in the analysis of survival data. Papers I and Il
investigated cause-specific hazard ratios for mortality (CVD) in parents and in aunts and
uncles with a history of small for gestational age (SGA) offspring compared to parents, aunts
and uncles with history of appropriate for gestational age (AGA) offspring. Cox regression
models were used to calculate cause-specific hazard ratios (HRs) for mortality. Cause-specific
hazards quantify the event rate among the ones at risk of developing the event of interest.
During the follow-up, parents, aunts and uncles who died from causes other than CVVD were
censored. The rate and the risk are the same when all-cause mortality is examined, however in

the setting of competing risks, they are not same.
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3.8 Ethics

This is a sub-study of a larger project entitled “Arsaker til og helsekonsekvenser av fedme og
andre risikofaktorer for hjerte- og karsykdommer gjennom livslgpet.” The ethical approval for
this project was acquired by the Regional Committee for Medical and Health Research Ethics,
Norway (2012/827/REK sgr-gst A). Moreover, the owners of each register and health survey
data (included in this study) had to give approval for the study and the linkages. The
participants in the County Study, the Age 40 program and CONOR gave consent for medical
research and linkages to the other health registries. Due to large number of women registered
in the MBRN, the ethical committee gave approval for exception from consent from these

women.
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3.9 Overview of the included papers in the thesis

Paper | I Il

Main aim This study investigated This study investigated | This study investigated the
the importance of whether the association | association between offspring
parental CVD risk factors | observed between birth weight and CVD risk
in the association offspring birth weight factors (BMI, heart rate, systolic
between offspring birth and parental CVD blood pressure, lipids and
weight and CVD mortality can also be smoking), risk factor index and
mortality among mothers | observed with respect to | education of family members at
and fathers. the mortality of aunts different genetic relationships

and uncles and whether | (parents, aunts or uncles and
these associations are partners of aunts or uncles)
explained by traditional

CVD risk factors?

Sample size | 1,006,557 offspring with | 1,353,956 offspring with | 331,369 offspring linked with
information of their information on their CVD risk factors data on
parents on CVD mortality | parents and at least one | mothers, 330,803 with fathers,
and risk factors (520,670 | paternal and one 312,623 offspring with maternal
for mothers and 485,887 | maternal aunt and uncle. | aunts and uncles, and 329,057
for fathers). offspring with paternal aunt and

uncles.

Subgroups | Parents with information | Parents, aunts and Partners of aunts and uncles
on lifelong smoking uncles who participated | who participated in health
(never smoked before and | in health surveys (CVD | surveys (CVD risk factors data).
ever smoked before). risk factors data).

Data The Medical Birth Registry, the Cause of Death Medical Birth Registry,

sources Registry, Cardiovascular health surveys, Cardiovascular health surveys,

multigenerational register.

multigenerational register.

Explanatory

Offspring birth weight

Offspring birth weight

Offspring birth weight

variable

Main CVD mortality in parents | CVD mortality in CVD risk factors index in

outcome parents and in parents, aunts/uncles and
aunts/uncles partners of aunts/uncles

Covariates | Maternal: Parity, smoking, diseases before and Maternal: age, parity,

during pregnancy

Offspring: sex, gestational age, congenital
anomalies in the newborns, birth order, year of birth.

CVD risk factors: Total cholesterol, HDL-C,
triglycerides, body mass index, blood pressure,

gestational age
Offspring: sex

Others: paternal, aunts and
uncles age at risk factors
measurements
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smoking, heart rate of parents (Papers I and Il) and
aunts/uncles (Paper 1)

Others: Age, length of education and marital status
of parents (Paper 1) and aunts/uncles (Paper I1)

Statistical Hazard ratio and 95% Hazard ratio and 95% Beta-coefficient and odds ratio
measures confidence interval. confidence interval. with 95% confidence interval.
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4.0 SUMMARY OF THE MAIN RESULTS

4.1 Paper |

Offspring birth weight and cardiovascular mortality among parents; the role of cardiovascular
risk factors

The objective of this study was to examine the role of parental CVD risk factors on the

association between offspring birth weight and CVD mortality among mothers and fathers.

Low birth weight in offspring was related to increased mortality from CVVD among both
parents. The age-adjusted hazard ratio (HR) for per quintile increase in offspring birth weight
for mothers and fathers was 0.84 (0.81-0.86) and 0.95 (0.93-0.96) respectively. Addition of
CVD risk factors in the model attenuated the estimates among both parents (mothers; 0.89
(0.86- 0.92), fathers; 0.97 (0.95-0.98)). Adding of maternal diseases before and during
pregnancy, disease in offspring, education and marital status attenuated the estimates a little

among both parents.

Parental CVVD mortality was compared between SGA and non-SGA offspring. The hazard
ratio of CVVD mortality in mothers and fathers of SGA offspring compared to non-SGA
offspring was 1.60 (1.44-1.75) and 1.16 (1.10-1.23), respectively. Among mothers,
adjustment for smoking, triglycerides and diabetes reduced the risk to 1.36 (1.25-1.52), 1.57
(1.43-1.73) and 1.58 (1.43-1.79), respectively. Adjustment for diastolic blood pressure
(DBP) and systolic blood pressure (SBP) both reduced the risk to 1.53 (1.37-1.66). Among
fathers, adjustments for smoking, diastolic blood pressure and systolic blood pressure reduced
the risk to 1.08 (1.02-1.15), 1.13 (1.06-1.19) and 1.14 (1.08-1.22), respectively. Adjustment
for triglycerides and diabetes both reduced the risk to 1.15 (1.09-1.12).

A subgroup with information on lifelong smoking was used to categorize smoking habits into
‘never smoked before’ and ‘ever smoked before’. In this sensitivity analyses, parental CVD
mortality risk was adjusted for ‘ever smoked before’. Among fathers, the risk reduced from
1.16 (1.10-1.23) to 1.15 (1.09-1.22) and among mothers from 1.60 (1.48-1.79) to 1.57 (1.42-
1.72). Further adjustment for ‘number of pack-years’ reduced the risk to 1.10 (1.03-1.17) in
fathers and 1.51(1.35-1.68) in mothers. The impact of ever having smoked was found to be

smaller than for current smoking.

An unfavorable risk factor profile was observed among parents of offspring in the lowest birth
weight quintile group. The prevalence of smoking and hypertension was higher among
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parents of offspring in the lowest birth weight quintile group. The mean concentration of total
cholesterol, systolic and diastolic blood pressure and heart rate was also higher in the same
group of parents. The prevalence of obesity was highest among parents of offspring in the

highest birth weight quintile group.

These results suggest the significance of CVD risk factors, especially smoking on the
association between offspring birth weight and CVD mortality among both parents. Shared
environmental factors might be important for the association. A stronger maternal association

indicates the role of intrauterine factors.

4.2 Paper 11

Birth weight in offspring and cardiovascular mortality in their parents, aunts and
uncles: a family-based cohort study of 1.35 million births

This study examined the association between offspring birth weight and CVD mortality in
parents, aunts and uncles, and investigated whether these associations can be explained by

well-known CVD risk factors.

Parents as well as aunts and uncles of the SGA offspring were less educated compared to the
other two groups (AGA and LGA offspring). Smoking during pregnancy was associated with
lower offspring birth weight in the subgroup for which smoking data was available. An
inverse association between offspring birth weight and CVD mortality from CVD and IHD
was observed among both parents and among all four classes of aunts and uncles (maternal as
well as paternal aunts and uncles). In mothers and fathers, the hazard ratio of CVD mortality
for 1-SD increase in offspring birth weight was 0.72 (0.69-0.75) and 0.89 (0.86-0.92),
respectively. In aunts and uncles, the HRs were between 0.90 (0.86-0.95) and 0.93 (0.91-
0.95). The HR (95% CI) for CVD mortality in mothers and fathers of SGA offspring
compared with AGA offspring were 2.02 (1.85-2.21) and 1.33 (1.26-1.40), respectively. In
LGA offspring a reduced hazard for CVD mortality was observed among both parents (HR
for mothers; 0.74 (0.63-0.86), for fathers; 0.84 (0.78-0.90). Similar to parents, a higher hazard
of CVD mortality was observed in aunts and uncles of SGA offspring whereas a reduced

hazard was noted in aunts and uncles of LGA offspring.

In the subsample including mothers, fathers, aunts and uncles, an inverse association between

offspring birth weight and CVVD mortality was observed among all familial relationships
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which are comparable to the results in Model 1 of the whole data set. Adjustment for CVD
risk factors in this subgroup attenuated the associations in parents as well as in aunts and
uncles. Additional adjustment for education made a small difference to the estimates.
Furthermore, to examine specificity of outcomes - whether the paternal association simply
appeared to reflect socio-economic or behavioural confounding, the analysis was repeated in

lung cancer mortality as a negative control outcome (Supplementary results, Table 2).

This study demonstrated an inverse association between offspring birth weight and risk of
CVD in parents and in all four classes of aunts and uncles. Furthermore, these associations
were largely influenced by CVD risk factors. These findings suggest that associations
between offspring birth weight and CVD in adult relatives involve both behavioural variables
(especially smoking) and shared genetics relating to established CVD risk factors. The strong
association in mothers could indicate an intra-uterine effect which may be genetic or

environmental.

4.3 Paper 111
Cardiovascular risk factors in extended family members and birth weight in offspring

This study investigated the associations between offspring birth weight and each of the CVD
risk factors (BMI, heart rate, systolic blood pressure, total serum cholesterol triglycerides, and
smoking), and an index of risk factors in parents, aunts and uncles and partners of
aunts/uncles. The association with higher education was also analyzed in all familial

relationships.

Parents, aunts and uncles of higher birth weight children had healthier CVD risk factor
profiles. For each kg increase in birth weight, the mean risk factor index was -0.14 (-0.15, -
0.13) in mothers, -0.11 (-0.12, -0.10) in fathers, and -0.02 (-0.05, -0.00) to -0.07 (-0.09, -0.06)
in aunts/uncles and their partners. Mother-offspring associations were found to be stronger
than father-offspring associations (P < 0.001). The association in maternal aunts was found to
be stronger than maternal uncles, and in paternal uncles it was stronger than paternal aunts (P
< 0.001). Moreover, the associations in four combined groups of aunts/uncles were stronger
than in their combined partners (P < 0.001). Associations for each of the risk factors were
observed among all familial relationships. Apart from BMI, the associations were mostly in

the negative direction (lower birth weight was associated with higher values). The
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associations in mothers were stronger for most of the CVD risk factors except for TG which
was stronger in fathers. The associations for total cholesterol were similar in both parents (P =
0.750). Moreover, offspring birth weight was found to be associated with reduced smoking
and higher education in parents, aunts, uncles and their partners. The odds ratios (ORs) for
smoking in mothers and fathers were (0.61; 95% confidence interval (CI): 0.83, 0.92) and
(0.78; 95% CI: 0.76, 0.79), respectively. For different groups of aunts and uncles, the ORs
varied between (0.83; 95% CI: 0.81, 0.85) to (0.88; 95% CI: 0.86, 0.90). Whereas in the
partners of aunts and uncles it varied between (0.88; 95% CI: 0.83, 0.92) to (0.95; 95% CI:
0.83, 0.92). The analyses were first adjusted for age of outcome person (mothers, fathers,
aunts, uncles and partners of aunts and uncles) at risk factor measurements. Further
adjustment for gestational age, offspring sex and maternal parity attenuated the associations

marginally in all relationships.

The prevalence of obesity was higher among aunts and uncles and their partners compared to
mothers and fathers. However, prevalence of smoking was comparable among parents, all
groups of aunts and uncles and their partners. Hypertension and hypercholesterolemia were
more common in paternal uncles whereas the proportion of hypertriglyceridemia was
comparable in mothers and both groups of aunts, and in fathers and both groups of uncles.

The pattern seemed to show much higher risk factors in men than women.

In conclusion, this study revealed profound associations between offspring birth weight and
CVD risk factors in extended family members and their partners that go beyond expected
associations from known genetic similarities in pedigrees. This suggests that mechanisms like
common environmental factors, assortative mating and genetic nurturing may explain these

associations.
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4.4 Supplementary results

Paper 11

In Paper 11, additional analyses were performed to explore the impact of offspring gender on
the association between offspring birth weight and parental CVD mortality. The data was
analyzed separately for male and female offspring. No difference in the association was

observed in either parent.

Table 1: Age-adjusted hazard ratio (95% CI) of deaths in parents according to birth weight in
female (n=660 924) and male offspring (n=693 032)

Hazard ratio (95% CI)

Number of AGA? | SGAP LGAS For 1- SD increase in
deaths offspring birth weight
Mothers
Female ale Female Male Female Male Female Male
CVvD 1826 2049 1.00 2.02 2.09 0.78 0.73 0.71 0.72
(1.80-2.27) (1.85-2.37) (0.61-0.99) (0.61-0.87) (0.67-0.75) (0.68-0.76)
IHD 626 725 1.00 2.01 2.49 0.68 0.61 0.70 0.70
(1.64-2.45) (2.04-3.04) (0.45-1.05) (0.44-0.85) (0.64-0.77) (0.64-0.77)
Stroke 665 764 1.00 2.04 2.23 0.65 0.92 0.68 0.67
(1.68-2.49) (1.83-2.73) (0.40-1.03) (0.70-1.21) (0.62-0.75) (0.61-0.73)
Fathers
CVvD 7884 8163 1.00 1.33 1.33 0.92 0.85 0.88 0.88
(1.25-1.42) (1.23-1.43) (0.82-1.02) (0.79-0.93) (0.86-0.91) (0.86-0.91)
IHD 4931 5159 1.00 1.32 1.31 0.85 0.85 0.89 0.89
(1.31-1.73) (1.19-1.43) (0.74-0.97) (0.77-0.95) (0.86-0.93) (0.86-0.92)
Stroke 1161 1177 1.00 1.55 1.50 0.74 0.81 0.84 0.85
(1.32-1.81) (1.24-1.82) (0.54-1.01) (0.64-1.02) (0.78-0.90) (0.79-0.91)

3 AGA (between 10-90™ percentiles of birth weight)

b SGA (less than 10t percentile of birth weight)

¢LGA (more than 90" percentile of birth weight)

CVD (cardiovascular disease), IHD (ischemic heart disease)
SD (standard deviation)
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To examine specificity of outcomes, whether the paternal association appears to reflect socio-
economic or behavioural confounding, the analysis was repeated with lung cancer mortality as
outcome. The patterns of mortality in lung cancer were similar to those observed for CVD
mortality for all relationships (supplementary Table 2). This similar trend of associations with
lung cancer mortality reflects the significance of behavioural confounders in paternal

associations.

Table 2: Hazard ratio (95% CI) of lung cancer mortality in parents and in aunts and uncles
according to offspring birth weight

Hazard ratio (95% CI)

Number | AGA? | SGAP LGA® For 1- SD increase in

of deaths offspring birth weight
Mothersd 3550 1.00 | 1.90(1.73-2.09) | 0.45(0.38-0.58) | 0.68 (0.65-0.71)
Maternal aunts? 2598 1.00 | 1.46 (1.31-1.70) | 0.85(0.72-1.30) | 0.90 (0.82-0.92)
Maternal uncles® | 3589 1.00 1.17 (1.05- 1.31) | 0.81(0.70-0.94) | 0.97(0.87-0.95)
Fathers? 5608 1.00 | 1.32(1.21-1.44) | 0.88(0.79-0.99) | 0.87 (0-85-0.91)
Paternal aunts® 2391 1.00 | 1.26(1.12-1.42) | 0.90 (0.77-1.05) | 0.91 (0.87-0.96)
Paternal uncles® | 4409 1.00 | 1.12(1.01-1.24) | 0.95(0.87-1.12) | 0.97(0.93-1.01)

3 AGA (between 10-90™ percentile of birth weight)

b SGA (less than 10t percentile of birth weight)

¢LGA (more than 90" percentile of birth weight)

4 Number of offspring linked with parents (n=1 351 897), maternal aunts (n=615 959), maternal uncles (n=664 986), paternal
aunts (n=633 390), paternal uncles (n= 681 061)

SD (standard deviation)
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5.0 DISCUSSION
5.1 Methodological consideration

5.1.1 Study design

The data for all the included papers was attained from registries and health surveys. This
provides large study populations and long follow-up at a low cost and short time. The use of
registries reduces bias due to non-response and loss to follow-up. However, there are some
limitations in studies relying on existing records, such as missing information of interest or

poor data quality. These limitations are discussed in this section.

5.1.2 Internal validity

Two types of errors are usually common in epidemiological studies. The first type is random
error, which is defined as the variability in the data that cannot be readily explained. [169]
The second type is systematic error (bias) referred to as errors that arise from the way study
participants have been selected (selection bias), the way variables have been measured
(information bias), or if factors that can impact on both exposure and outcome have not been
controlled for (confounding). Both these types of errors can threaten the internal validity and
quality of the study.

Random error

This type of error can be controlled by increasing the sample size of the study. The study
sample in this thesis was quite large, which results in less chances of random error and gives
narrow confidence intervals. In epidemiological studies, results are usually given as point
estimates with confidence intervals. This allows a description of the precision of the
suggested estimate. The confidence interval proposes a range, in which the point estimate lies
and, thus, indicates the statistical variation or random error, associated with each point
estimate. [169] Statistical significance is often reported with the p-value, which indicates
statistically significant results when the p-value is less than 0.05. However, many
epidemiologists advise against this dichotomization of the results as significant or not because
this may lead to over interpretation of the findings (that each association is important). [170]
In addition to state the null hypothesis, the p-value also tests all the assumptions in the model.
A large sample size, which is the case in this thesis, is more likely to result in a small p-value.
In order to interpret the results accurately, it is of importance to consider the p-value, the point
estimate, different sources of bias and the clinical implications of the findings, altogether.

Thus, in these results confidence intervals (CI) were considered along with p-values.
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Systematic error

This type of error or bias is not affected by increasing the sample size. [169]

Selection bias

Selection bias occurs when the subjects studied are not representative of the target population
for which the conclusions are supposed to be drawn, or if the effect estimate is distorted by
factors that influence selection into the study. [171] It can affect generalizability of the study.
There are two types of selection bias which need to be considered when analyzing data from
health surveys: The non-attendance or under coverage bias and non-response bias. The non-
attendance bias is related to the individuals who are not invited (exclusion criteria) or did not
want to participate in the surveys. The non-respondent bias describes individuals who

participated in the surveys but did not respond to some questions.

Selection bias is often absent or limited in population-based cohort studies because people are
not selected into the study, but participation is often a consequence of mandatory reporting.
[169] In this study, we selected the eldest available full sibling of each parent. If only one
sibling was available in the database, we took it regardless of whether the sibling was older or
younger than the parent. The inclusion of mostly eldest sibling (of each parent) may lead to
selection bias in our study because siblings who were not selected might be different from
those who were selected. However, the selection of eldest siblings (of each parents) provided
opportunity for longer follow-ups and in turn maximum number of mortality data in the
population registry to investigate the association between birth weight and CVD mortality in

aunts and uncles.

The chances of both non-attendance and non-respondent bias are limited in the study, as most
data came from national registries (MBRN, the Cause of Death Registry). Moreover, data on
CVD risk factors from three Norwegian health surveys (the Age 40 program, the County
study and CONOR) conducted to screen CVD risk in the population, have been included in
this study. The participation rate in the Age 40 program and the County Study was 70 % and
86 % respectively. The response rate in CONOR was 56%. These high percentages indicate
that quite a high proportion of those invited also participated in these surveys. However, the
participation rate declined over time and the possibility of selection bias cannot be completely
ruled out in this study. Moreover, participants of the health surveys might differ from those
who did not participate, as they might have been more health- conscious, compared to those

who did not participate. Moreover, population surveys usually face the problem of missing
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data, leading to non-response bias. [172, 173] This may have influenced the results of this
study. However, participants with missing values on CVD risk factors were excluded when
merging data from surveys. Participants, for whom data were missing, were list-wise
excluded. The necessary robustness against random variation were provided by the large

sample size.

Information bias
Information bias arises when the information collected about or from study subjects is

erroneous. [169]

In register-based research, there will always be a degree of uncertainty about the data quality.
There may be some degree of misclassification, both with respect to the exposure and the
outcome. This may be a particular problem if the misclassification is differential, meaning
that the misclassification is related to other study variables. One example of possible
misclassification is inconsistent sequences in reporting from the underlying to direct cause of
death. [154] Doctors usually focus more on the immediate cause of death when completing a
death certificate; however, registries also provide information about the underlying cause of
death. Therefore, there is a possibility that causes of death are imprecisely reported, which
may lead to attenuation in effect estimates. Moreover, it has been proposed that men are more
likely to receive a correct diagnosis for myocardial infarction than women. No information
exists indicating that this is reflected in the registration of cause of death in Norway. [154,
174] Such gender-specific misclassification should lead to smaller effect estimates in women
compared with men which was not reflected in these results. In this study, the MBRN was
used for information on offspring birth weight, gestational age, maternal diseases before and
during pregnancy and the Cause of Death Registry for information on fatal outcomes (CVD
mortality). The MBRN and the Cause of Death Registry are considered high quality and

almost complete for the Norwegian population. [153, 154]

The chances of information bias increase when self-reported data is included in a study.

Errors in self-reported data could be due to recall-bias (participants incorrectly recalling
information) or acquaintance-bias (participants want to give a good impression, and thus
report better outcomes than the true value). In the health surveys, the information about
diabetes and smoking habits was gathered through a self-administered questionnaire. Smoking
in parents is a confounder for the association between low offspring birth weight and own risk

of CVD. We adjusted analyses for parental current smoking and diabetes in Paper | and for
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parents’ and aunts’ or uncles’ current smoking in Paper Il. However, chances of residual
confounding by maternal smoking during pregnancy cannot be completely excluded in this

study.

Immortal time bias

Immortal person-time refers to a period of follow-up during which, by design, the study
outcome cannot occur. [161] This type of bias can be present in a cohort study when one of
the entry criteria into the cohort is dependent on survival. Paper |1 investigated the influence
of traditional CVD risk factors on the association between offspring birth weight and CVD
mortality in parents and in aunts and uncles in a subgroup for whom CVD risk factor data
were available. A parent, aunt and uncle had to be alive at the time CVD risk factors were
measured. To avoid immortal-time bias, follow-up started at the date of CVD risk factor
measurement, not from the date of the child’s birth (as was done for the main analyses).
Otherwise, nobody who died between the child’s birth and the measurement of their own

CVD risk factors could be included in the analysis.

Confounding

Confounding is an important source of bias in epidemiological research. A confounder is a
variable that affects both the exposure and the outcome of interest. Controlling for
confounders is a crucial issue in epidemiological studies and failure of controlling for
confounding may lead to biased estimates and wrong conclusions. [169] This means that the
studied association is actually explained by other variables than the defined exposure. In this
study, multivariable regression models were used to adjust for potentially present

confounders.

Decisions on which potentially present confounders to include in the analyses were based on
existing literature. Birth weight is associated with maternal age, parity, gestational age, BMI
and sex of the child. [49] Parental educational status, used as a marker of socioeconomic
status, is also associated with offspring birth weight. [175] Moreover, these factors can also
influence mothers’ and fathers’ long-term risk of CVD. [176] Pre-existing disease and

diseases in pregnancy are also considered as confounders in the association among mothers.

A genetic influence on traditional CVD risk factors such as high blood pressure, T2D,
dyslipidemias and obesity has been reported in previous studies. [23, 34, 177] In addition,
these risk factors are strongly influenced by environmental and behavioural factors as well.

Therefore, to investigate the influence of shared familial factors, this study adjusted for these
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traditional CVD risk factors when testing the birth weight and CVD mortality associations in

all familial relationships (Papers I and I1).

A limitation in retrospective cohort studies is that the researcher only has access to a
predefined set of variables and may miss interesting information, which could lead to
unmeasured confounding. There are two overriding factors that are likely to contribute to the
offspring birth weight and parent CVD risk association. One is socioeconomic status and the
other is diet. Socioeconomic status is an important confounding factor in parent-offspring
associations and may be associated with social stress. Maternal diet is known to be important
in providing nutrients required for robust fetal growth, whereas paternal diet may also

influence the epigenetic status of sperm. These factors are not assessed in the current study.

Smoking during pregnancy is a recognized risk factor for both adverse birth outcomes and for
CVD. Registration of smoking in pregnancy started in the MBRN after 1998. Moreover, since
then, this information unfortunately suffered from missing values and underreporting. Thus,
we had very few participants with information on ‘smoking in pregnancy’, and those had
short follow-up (Papers | & Il) Therefore, the influence of ‘maternal smoking during
pregnancy’ could not be investigated in this study. However, we did a sensitivity analysis in
Paper 1 and examined the effect of ‘ever smoked’ on the association in a subgroup, assuming
that those who were current smokers and had a history of ‘ever smoked before’ must be
smokers in the index pregnancy also. This sensitivity analysis served as a control of smoking

in Paper 1.

Residual confounding cannot be ruled out, due to unmeasured factors. These include dietary
habits, alcohol consumption, physical activity and socioeconomic status. In addition, there

may be other, unknown factors influencing the presented estimates.

In conclusion, the study populations were large in this project, reducing the amount of random
error. Systematic errors have also been considered and several strategies were employed to
keep their influence minimal in this study. Registration in the MBRN and the Cause of Death
Registry is mandatory nationwide and the quality of the data is considered valid for large
scale epidemiological studies. The overall research question in all three papers was the same.
In all three papers, multivariable regression models were conducted to reduce the effect of
confounding. Sensitivity analyses have also been conducted to explore the potential effect of

other sources of bias or weaknesses in the design of the studies.
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5.1.3 External validity

External validity refers to generalizability of the results; the extent to which the findings can
be generalized from the study sample to the target population. In order to generalize the
results, the study population should be representative for the total population. The articles of
this thesis used data from different population registers of Norway, including the MBRN, the
Cause of Death Registry, and the Education Registry, which contain information of the whole
population including immigrants. The population-based design makes the results likely to be
generalizable to other similar populations. However, we should be cautious when generalizing
results to other more ethnically diverse populations. Low birth weight is more common
among non-Caucasian populations (e.g South Asian), who also have an increased burden of
CVD, and the effect of the ethnic composition on the studied associations is not studied

frequently.

5.2 Discussion of main findings

With the aim of searching for shared familial factors (genetic and environmental) that can
contribute to the inverse association between birth weight and subsequent risk of CVD, we
have analyzed the intergenerational association between offspring birth weight and CVD
mortality in family members with different genetic relationships. In Paper I, the association
was examined in both mothers and fathers, whereas in Paper Il, a novel approach was used,
which investigated the association in extended family members such as aunts and uncles.
Paper 111 investigated the association between offspring birth weight and a CVD risk index in
all familial relationships (parents, aunts and uncles). In addition, we studied the association
with each CVD risk factor and also with education level. Moreover, Paper 111 included
relatives to whom offspring were not expected to have a genetic relationship; partners of aunts

and uncles.

This study shows an inverse association between offspring birth weight and CVVD mortality in
parents as well as in aunts and uncles. Moreover, these associations were largely influenced
by traditional CVD risk factors such as smoking, obesity, TC and TG. These risk factors
appeared to be strongly influenced by environmental and behavioural factors, but on the other
hand, a genetic predisposition could also be mediated by these CVD risk factors. This
suggests that both, shared genetic and environmental factors, may be involved in these

associations. Furthermore, the association observed between offspring birth weight and CVD
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risk factors in the partners of aunts and uncles denotes that the associations could also be
explained by mechanisms other than the shared genes and environment, such as assortative
mating and genetic nurturing or dynastic effects in both nuclear and extended family members

(more details below).

5.2.1 Association between offspring birth weight and CVD risk in parents

An inverse association between offspring and CVD mortality was found among both mothers
and fathers (Papers I and I1). Similar associations for mortality from IHD and stroke were also
reported among both parents (Paper 11). However, the associations in mothers were found to

be stronger than fathers and other family members.

These results were in accordance with previous multigenerational studies investigating these
associations among both parents. [100, 101, 132, 178] A large cohort study and a meta-
analysis, found lower offspring birth weight to be associated with increased risk of CVD
among mothers as well as among fathers. [134] Another study, using linkage data,
demonstrated a strong association between offspring birth weight and the risk of IHD in
mothers. [179] Similar results were observed in other populations as well. [178] Moreover,
similar to our findings a recent Norwegian study and a meta-analysis of six studies reported

stronger associations in mothers compared to fathers. [100, 134]

To examine the role of shared familial factors, we investigated whether parental CVD risk
factors (BMI, blood pressure, total cholesterol, triglycerides and smoking) influence these
associations among parents (in a subgroup where data on risk factors was accessible). The
associations in mothers and fathers were largely explained by these traditional CVD risk
factors (Paper I1). Moreover, Paper I investigated the role of parental CVD risk factors in the
association between offspring birth weight and CVD mortality among both parents.
Interestingly, parental smoking was found to be the most influential risk factor affecting the
associations in mothers and fathers (Paper I). Other maternal CVD risk factors such as
systolic and diastolic blood pressure and triglycerides also had substantial effects on the
association in mothers. In fathers, the influence of these CVD risk factors was found to be
very small (Paper I). This difference in the results suggests that there are independent effects
in mothers and fathers, some of which may be mediated through intrauterine factors.
Moreover, it might be possible that both paternal and maternal smoking may have an
epigenetic effect, whereas maternal smoking has the additional direct effect of fetal exposure

to the anorectic properties of nicotine. A confounding role of smoking on birth weight and
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CVD risk association has been reported in other studies. [132, 134, 178, 180, 181] However,
previous studies mostly investigated the role of smoking during pregnancy on birth weight
and CVD risk association among mothers, [131, 132, 134, 181] and only a few explored this
association among fathers. [100, 180] The evidence regarding impact of other, especially
paternal, CVD risk factors such as blood pressure, cholesterol and triglycerides on the birth

weight and parental CVD association is scarce. [138, 178]

The role of maternal smoking during pregnancy on the reported association could not be
assessed in this study because the data on smoking in pregnancy was collected in the MBRN
from 1998 onwards. Therefore, only a few participants with a short follow up had this
information in the study. However, the sensitivity analysis in Paper I, showing the influence
of “ever smoked before” on offspring birth weight and CVD mortality association, was a

reasonable control of smoking among both parents (Paper I).

In addition to CVVD mortality, offspring birth weight was found to be inversely associated
with individual CVD risk factors such as resting heart rate, systolic blood pressure, total
cholesterol, triglycerides and smoking among both parents. (Paper I11). Furthermore, the
parents of low birth weight children had an unhealthier CVD risk profile than their
counterparts. These associations could be attributed to both shared genetic and environmental
factors. Previous studies investigating birth weight and parental CVD risk factor associations
also reported associations with high blood pressure among both mothers and fathers. [138,
182] In addition, an inverse association between paternal insulin resistance and low offspring
birth weight has been reported in some other studies. [183] Moreover, an intergenerational
study indicated that fathers of SGA children had higher BMI and higher levels of glucose
compared to fathers of their counterparts. [142, 184] In mothers, an association with elevated
inflammatory markers such as C-reactive protein and interleukin-6 has also been reported.
[139, 140] These studies suggest that women may become susceptible to dysregulation of
inflammation associated with increased CVD risk [140, 185] and also a pathogenic feature of
restricted fetal growth, [186] thus demonstrating the observed association between offspring
birth weight and CVVD mortality in mothers. [187]
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5.2.2 Associations between offspring birth weight and CVD risk in extended family
members (aunts/uncles and their partners)

Paper Il investigated offspring birth weight and CVD mortality associations not only in
parents but their aunts and uncles also. Similar to parents, an inverse association between
offspring birth weight and CVD mortality was observed among four classes of aunts and
uncles (maternal as well as paternal aunts and uncles). Furthermore, the strength of

associations was found to be similar among all aunts and uncles.

These results are indicative of a genetic link. To the best of our knowledge, there are no other
studies dealing with offspring birth weight and CVVD mortality association in aunts and

uncles. Therefore, a direct comparison of these results with other studies is not possible.
However, previous multigenerational studies reporting inverse associations between
grandchild birth weight and grandparent CVD mortality also emphasized the genetic influence
on the association. [101, 145] Moreover, contrary to our findings, a previous intergenerational
study investigating offspring birth weight and parental sibling characteristics found that
maternal aunts but not uncles share important links with offspring birth weight. They propose

that genetic effects from mothers are more important than paternal effects. [55]

The role of traditional CVD risk factors on birth weight and CVD mortality associations has
been evaluated in aunts and uncles as well (in a subgroup where data on risk factors was
accessible). Resembling the associations of low birthweight with CVD mortality in offspring
and parents, the associations in four classes of aunts and uncles were attenuated once CVD
risk factors were included in the model (Paper I1). Our results propose that familial factors
shared in nuclear as well as in extended families may be contributing to these associations.
[188].

Furthermore, comparable to the parents, a negative association between offspring birth weight
and CVD risk factors (resting heart rate, systolic blood pressure, cholesterol, triglycerides and
smoking) has been observed in all classes of aunts and uncles (Paper I11). In addition,
offspring birth weight was found to be associated with reduced smoking and higher education
in the partners of aunts and uncles in a subgroup (Paper I11). As offspring are not expected to
share any genetic relationship with the partners of aunts or uncles, these associations
presumably highlight mechanisms related to other than genetic factors. The results suggest

that confounding due to family structures is most likely influencing these results and
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assortative mating seemed important in the associations reported with aunts or uncles and

their partners (Paper I1I).

5.2.4 Explanatory mechanisms

Various mechanisms could explain the association between low offspring birth weight and
increased risk of parental CVD reported in our study. Shared genetic factors, influencing both
fetal growth and parental CVVD mortality, could be important in these associations. As
discussed earlier, the association with paternal CVVD mortality was more crucial for the role of
common genes, because a father can influence his child’s birth weight mainly through
inherited genes. Previous studies also highlighted the importance of shared genetic factors.
[100, 101, 189] Additionally, shared socioeconomic and environmental factors (e.g. smoking,
SES, nutrition) could be another possible explanation for the associations observed among
both parents. These two mechanisms (shared genetic and environmental) could lead to similar
magnitudes of effects in both mothers and fathers. However, these results persistently showed
stronger associations in mothers compared to fathers (Papers I, Il, I11), suggesting that other
potential mechanisms are also important in mother-offspring associations, which could act
simultaneously. Intrauterine factors leading to low birth weight in offspring through
malnutrition, poor placental growth and maternal pelvic restriction are one possibility.
Maternal health-related behaviours such as smoking may have a direct impact on offspring
birth weight and the mother’s own risk of CVD, and be responsible for a stronger association.
In addition, epigenetic effects could be one of the probable explanations for a stronger

mother-offspring association reported in our results (as discussed in the introduction).

A similar strength of association between offspring birth weight and CVD mortality reported
in all classes of aunts and uncles may also support the role of common genetic factors in the
associations. However, if only shared genes were important, the effect sizes for the birth
weight and CVD mortality association could be expected to be proportionally higher for both
parents than for uncles and aunts. However, it was interesting to see that the associations in
fathers were only slightly stronger than those in aunts and uncles (Paper I1), suggesting that
unobserved confounders for instance dietary habits, physical activity and alcohol intake could
be important in the paternal associations. A similar trend of associations with lung cancer
mortality also reflected the significance of behavioural and environmental confounders in the

paternal association (Paper I1).
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Health-related factors such as smoking, obesity and socioeconomic status cluster in families
and are maintained into adult life. Siblings share similar home environments, dietary habits
and health-related behaviours, particularly when the age difference between them is small. It
might be possible that behavioural and environmental factors, shared in the previous

generation (parents and their siblings), partly explained the associations in aunts and uncles.

A genetic predisposition of CVD risk factors, such as blood pressure, lipids and obesity, has
been reported in previous studies. [27, 34, 35] This may further support the influence of
shared genetic factors on the associations reported for parents and for aunts and uncles.
Furthermore, smoking behaviours have been linked with some genetic variants. However,
evidence regarding common genes associated with both low birth weight and smoking habits
is currently not sufficient. [190] Therefore, these results regarding smoking may support some

impact of shared behavioural factors on the association.

Moreover, our results could be described by assortative mating, a concept through which
individuals select partners on the basis of similar characteristics and behaviours. It is likely
that mothers may have children with partners who have similar behaviours, thus creating an
environmental effect. Moreover, the associations observed in aunts and uncles and their
partners could also be explain by this mechanism. Assortative mating on the basis of similar
behaviour/lifestyle factors might create an apparent ‘environmental’ effect and inflated the
associations observed for aunts and uncles and their partners. Another possible explanation of
our results could be so called ‘genetic nurturing’ [191] or ‘dynastic effect [192], suggesting
that genetic and environmental mechanisms are closely connected with each other. Inherited
genetic alleles may be transmitted directly from parents to the offspring. However, non-
transmitted genetic alleles from parents can establish their influence through environmentally
mediated channels. [191] This genetic nurture or dynastic effect represents an indirect link
between parental genotypes and offspring characteristics, which is not caused by children’s
own biology but may be produced by the family environment, that is connected with parental
genes. Kong et al have reported this effect for the educational achievement in offspring. They
found an association between non-transmitted parental genetic alleles and educational
attainment of the offspring. However, no evidence has been observed for height and BMI of
the offspring, suggesting that in wealthy societies genetic nurture effects might be more
relevant for behaviour and social factors than for biologically proximal outcomes such as
body size. [193]
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6.0 CONCLUSIONS AND IMPLICATIONS

e An intergenerational association between offspring birth weight and CVD mortality
has been observed among parents as well as among aunts and uncles. The association
in mothers was stronger compared to fathers and aunts or uncles. There were no
differences in the estimates among the four classes of aunts and uncles (maternal as

well as paternal aunts and uncles).

e The associations among parents could be explained by shared genetic factors
influencing both fetal growth and parental CVVD mortality or by shared socioeconomic

and environmental factors.

e A similar strength of association in four groups of aunts and uncles implies the
confounding role of shared genes. However, if only shared genes were important,
associations in both parents would be expected to be proportionally higher than in
uncles or aunts, which was not found in the results of this research, suggesting that

other mechanisms may be important in the association.

e A stronger mother-offspring association suggests that multiple potential mechanisms,
including intrauterine factors, contribute to the maternal association. These
mechanisms could be both genetic and environmental in origin and may act

simultaneously.

e Established CVD risk factors contributed substantially to the associations among
parents as well as aunts and uncles. Smoking was the most influential risk factor and
attenuated the associations among all familial relationships. Both genetic and
environmental pathways could be mediated by CVD risk factors, but perhaps more
clearly the environmental one. Therefore, the attenuation of estimates after adjustment
for CVD risk factors does not necessarily reflect that only genetic factors are

important for the associations.

e Both shared genetic as well as behavioural and environmental factors could be

important in the intergenerational association between offspring birth weight and CVD
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in adult family members. Moreover, effects from assortative mating and genetic

nurturing seem important in both nuclear and extended family members.

This study suggests that genetic and environmental factors are interlinked and both

could be important in the association between birth weight and CVD risk later in life.

This research work added a large-scale cohort study to the body of literature on

mechanisms underlying the association between birth weight and adult CVD.

We cannot modify an individual’s genetic predisposition to the chronic disease.

However, knowledge of heritability can assist in prospectively identifying individuals
at risk of CVD. Moreover, the influence of smoking and other CVD risk factors on the
associations suggests that public health awareness regarding reduction of these factors

in high-risk populations could also help to decrease the incidence of CVD.
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7.0 FURTURE RESEARCH

Results in other ethnic populations could add interesting insights, especially in those
populations with differing lifestyle and cultural practices from the Caucasian
populations, and where undernutrition in early life is more common and at the same

time CVDs have been increasing.

Future research in the area of ‘early origin of later diseases’ should investigate the
consequences of family structure through Mendelian randomization estimates. This
approach in pedigree data would help to address concerns regarding role of assortative

mating and genetic nurturing effects.
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Abstract

Background: A link between suboptimal fetal growth and higher risk of cardiovascular
disease (CVD) is well documented. It has been difficult to assess the contribution of
environmental versus genetic factors to the association, as these factors are closely con-
nected in nuclear families. We investigated the association between offspring birth-
weight and CVD mortality in parents, aunts and uncles, and examined whether these
associations are explained by CVD risk factors.

Methods: We linked Norwegian data from the Medical Birth Registry, the Cause of Death
Registry and cardiovascular surveys. A total of 1 353 956 births (1967-2012) were linked
to parents and one maternal and one paternal aunt/uncle. Offspring birthweight and CVD
mortality association among all relationships was assessed by hazard ratios (HR) from
Cox regressions. The influence of CVD risk factors on the associations was examined in a
subgroup.

Results: Offspring birthweight was inversely associated with CVD mortality among
parents and aunts/uncles. HR of CVD mortality for one standard deviation (SD) increase
in offspring birthweight was 0.72 (0.69-0.75) in mothers and 0.89 (0.86-0.92) in fathers. In
aunts/uncles, the HRs were between 0.90 (0.86-0.95) and 0.93 (0.91-0.95). Adjustment for
CVD risk factors in a subgroup attenuated all the associations.

Conclusions: Birthweight was associated with increased risk of CVD in parents and in
aunts/uncles. These associations were largely explained by CVD risk factors. Our findings
suggest that associations between offspring birthweight and CVD in adult relatives
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involve both behavioural variables (especially smoking) and shared genetics relating to

established CVD risk factors.

Key words: Birthweight, parents, aunts/uncles, CVD mortality

Key Messages

netic link.

¢ Offspring low birthweight (LBW) was associated with increased risk of CVD mortality in parents and in aunts/uncles.
* The established CVD risk factors contributed substantially to associations among family members with a known ge-

* Our findings suggest that associations between offspring BW and CVD in adult relatives involve both behavioural var-
iables (especially smoking) and shared genetics relating to established CVD risk factors.

Introduction

A link between suboptimal fetal growth and a higher risk of
cardiovascular disease (CVD) has been demonstrated within
individuals in several populations.'™ Some causal models
have been proposed to define a mechanism underlying this
association, including intrauterine programming by epige-
netic mechanisms®* and common genetic factors influencing
both fetal growth and adult diseases.” Alternatively, behav-
ioural/environmental factors may explain the low
birthweight(LBW) and CVD risk association.® The impor-
tance of both genetic and shared environmental factors has
been emphasized in previous research.”” Some studies re-
port stronger association in mothers than fathers, highlight-
ing the importance of intrauterine factors.'®'! Moreover, a
strong genetic correlation has been found in a genome-wide
association study between birthweight (BW) and coronary
artery disease, blood pressure and type 2 diabetes, suggest-
ing that the association between BW and adult disease may
partly be explained by shared genetic variants.'>

Family studies have reported inverse relationships be-
tween offspring BW and CVD mortality in both parents and
grandparents, which may implicate common genetic fac-
tors.'>'* As anticipated, maternal smoking during preg-
nancy was found to be a key confounding factor,"’
suggesting genetic and non-genetic mechanisms in the inter-
generational transmission of disease risk.”'®'” However, it
has been notoriously difficult to separate the contribution of
common genetic factors from shared behavioural/socioeco-
nomic circumstances within a nuclear family, because these
potential influences are closely linked.

Investigating the offspring BW and CVD mortality asso-
ciation in extended family members such as aunts/uncles
provides an alternative approach to studies investigating
parental offspring associations. Offspring in principle

share on average 50% of their genes with their parents,
and they share on average 25% of their genes with their
aunts and uncles. We assume that aunts/uncles in most
cases belong to households different from their nieces/
nephews, and therefore are less likely to share environmen-
tal factors compared with the parents and their offspring.

The objective of this study employing data from the
Norwegian Medical Birth Registry and Cause of Death
Registry was to investigate if the association observed be-
tween offspring BW and parental CVD mortality can also
be observed for aunts/uncles, and to explore to what extent
these associations are explained by known CVD risk fac-
tors such as body mass index (BMI), blood pressure, total
cholesterol and smoking. We hypothesized that if shared
genes explain the BW and CVD association, we would ex-
pect a stronger offspring BW and CVD mortality associa-
tion in parents than in aunts/uncles, and a similar pattern
of association in all four classes of aunts/uncles.

Methods

A cohort was created by linking Norwegian data from car-
diovascular health surveys, the Medical Birth Registry, the
Cause of Death Registry, the Educational Registry and a
multigenerational database containing information on fa-
milial relationships for the whole population of Norway.
We included offspring (born between 1967 and 2012) with
available information on their parents and at least one ma-
ternal and one paternal aunt/uncle. Aunts/uncles were de-
fined as full siblings of a parent (sharing both mother and
father). Offspring births with gestational age <37 /
>44 weeks or BW <1000 g were excluded. The final data-
set comprised 1 353 956 births linked to parents and one
maternal and one paternal aunt/ uncle (Figure 1).
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Number of registered births in the Medical
Birth Registry, Norway (1967-2012)
(n=2 674 898)

Births < 37 weeks=154 674
and > 44 weeks= 137 075

4{ Birth weight < 1000 =7481 ‘

Number of births available for
merging with parents (n =2 351 465)

Births do not have information
on both parents and z 1 sibling
per parent (n =986 768)

The total number of births linked with
both parents (who each have 2 1 sibling in
the population register) (n=1353 956)

Number of births do not have
information on parents and their
siblings in the health surveys
(n=1044 533)

Subgroup with number of births linked
with parents and their siblings for which
CVD risk factors data was available
Mothers (n = 318 896)

Maternal aunts/uncles (n= 142 361)
Fathers (n = 319 844)

Paternal aunts/uncles (n= 145 901)

Figure 1. Flow chart of the study population.

Measures

BW (in grams) was analysed as a continuous variable and
according to categories of offspring BW for gestational age:
small for gestational age (SGA), <10th percentile of the BW
distribution; large for gestational age (LGA), >90th percen-
tile of the BW distribution; and appropriate for gestational
age (AGA), 10th-90th percentiles of BW distribution.'®
Additional data were included for offspring (sex, year of
birth and congenital anomalies coded as ‘diseases in off-
spring’)'® and for mothers [age, parity, smoking, diseases be-
fore pregnancy (asthma, chronic hypertension, chronic renal
disease, urinary tract infection, rheumatoid arthritis, heart
disease, diabetes, epilepsy and thyroid diseases), and diseases
during pregnancy (vaginal bleeding, glycosuria, hyperten-
sion, preeclampsia, eclampsia, gestational diabetes, anaemia,
thrombosis and infection]. These maternal and offspring
factors could be important confounders for the relationship
between BW and CVD mortality in parents. However, to
make the analysis comparable between all relationships, we

adjusted model 1 for mother’s age at offspring birth in every
association. Data on age at offspring’s birth and the highest
level of education (<9years, 10-12years and >13years)
completed by 2011 were included both for parents and for
aunts/uncles.

Three large cardiovascular health surveys—the County
Study,”® the Age 40 Program>' and Cohort Norway
(CONOR)**—were conducted in Norway during 1974—
88, 1985-99 and 1994-2003, respectively. CVD risk fac-
tor data—body mass index (BMI; kg/m?), total cholesterol
(TC; mmol/L), triglycerides (TG; mmol/L), systolic and di-
astolic blood pressure (SBP and DBP; mmHg), and smok-
ing—from these health surveys were available in a
subgroup (Figure 1). We used this subgroup to examine the
role of traditional CVD risk factors on the association be-
tween offspring BW and CVD mortality in parents and in
aunts/uncles. In the subgroup, follow-up was started from
the date of CVD risk factors measurement in the popula-
tion surveys.

Outcome measure

Cause of death was acquired from the Cause of Death
Registry, Norway, using the International Classification of
Diseases (ICD) 8th, 9th and 10th revisions. The primary
outcome was mortality from CVD (ICD 8/9: 390-459,
ICD-10: 100-199). Secondary outcomes were mortality
from ischaemic heart disease (IHD) and from stroke (IHD:
ICD 8/9: 410-414, ICD 10: 120-125, stroke: ICD 8/9:
430-438,ICD 10: 160-169).

Statistical analysis

Cox proportional hazard models were used to calculate the
hazard ratio (HR) of deaths from CVD, IHD and stroke in
parents and in aunts/uncles for a one standard deviation
(SD) increase and categories of offspring BW (SGA and
LGA with AGA as the reference). Parent’s, aunt’s/uncle’s
age was the time axis for the Cox model. Follow-up started
at the date of offspring birth and continued up to the
parent’s/aunt’s/uncle’s emigration, death or end of the
study (30 December 2014). The proportional hazards as-
sumption was examined by plotting the Schoenfeld resid-
uals and was not found to be violated by visual inspection.
Total person -years included for the analysis were
30 908 031 (fathers), 31 671 408 (mothers), 29 928 884
(maternal siblings) and 30 020 262 (paternal siblings).
Several offspring in our study were nested within the same
parents, aunts/uncles. These offspring were clustered on
their parents’ and aunts’/uncles’ identity, using the ‘vce
cluster’ command in Stata. This command effectively
adjusts the standard error for within-parents and within-
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aunts/uncles correlation. Some of the aunts/uncles
appeared in the data more than once, as they could be the
sibling of several mothers or fathers in the sample.
Modelling was carried out in three stages: Model 1 was
adjusted for mother’s age at offspring birth (continuous).
Model 2 was additionally adjusted for offspring year of
birth (continuous), maternal parity (coded as 0, 1 or >2)
and maternal diseases before and during pregnancy [coded
as 0 (no) or 1 (yes) and disease in offspring at birth (coded
as 0 (no) or 1 (yes)]. Model 3 was additionally adjusted for
the education of parents, aunts and uncles and marital sta-
tus of the parents. In the subsample for which CVD risk
factor data were accessible, the association between off-
spring BW and mortality from CVD, IHD and stroke in
parents and in aunts/uncles was first adjusted for mother’s
age, which is comparable with Model 1 in the full dataset.
The association was then additionally adjusted for CVD
risk factors (BMI, TC, TG, SBP, DBP and smoking) and
education of parents, aunts and uncles. To examine specif-
icity of outcomes, whether the paternal association appears
to reflect socioeconomic/behavioural confounding, we re-
peated our analysis with lung cancer mortality as outcome.

Results

Mean follow-up time (=SD) for the parents and aunts/
uncles was 47 * 5years. Mean age (years) at the follow-
up was 54 = 9.8 (fathers), 52 * 9.7 (mothers), 55 *
10.4 (maternal siblings), 56 * 10.7 (paternal siblings).
During follow-up, 0.29 % of mothers and 1.20 % of
fathers died of CVD. The parents, aunts and uncles of the
SGA offspring were comparatively younger and less edu-
cated than the other two groups. Maternal smoking during
pregnancy was associated with lower offspring BW in the
subgroup where these data were available. The maximum
age of aunts and uncles at follow-up was 74 years. During
follow-up, 0.55 % of maternal aunts and 1.68 % of
maternal uncles died of CVD. The respective percentages
for paternal aunts and uncles were 0.60 % and 1.86 %
(Table 1).

Parental mortality in relation to offspring BW

An inverse association between offspring BW and age-
adjusted mortality from CVD, IHD and stroke was ob-
served among mothers and fathers, but was stronger
among mothers (Table 2). For all separate causes of death,
adding offspring year of birth, maternal parity, maternal
‘disease before and during pregnancy’ and ‘disease in off-
spring’ to the model minimally attenuated the associations
in mothers and fathers (Model 2). The effect estimates for
1-SD increase in offspring BW were attenuated marginally

in the parents when marital status and educational level
were included in Model 3 (Table 2). The age-adjusted HR
(95% CI) for CVD mortality in mothers and fathers of
SGA offspring compared with AGA offspring were 2.02
(1.85-2.21) and 1.33 (1.26-1.40), respectively. In LGA
offspring a reduced hazard for CVD mortality was ob-
served among mothers and fathers [HR for mothers, 0.74
(0.63-0.86); for fathers, 0.84 (0.78-0.90)]. For IHD and
stroke mortality, similar trends in SGA and LGA offspring
were observed in both parents (Table 3). We also analysed
data according to the sex of the offspring. No difference in
association was observed in either parent (Supplementary
Table 1a and b, available as Supplementary data at IJE
online).

Aunts’ and uncles’ mortality in relation to
niece/nephew BW

Mortality from CVD and IHD was inversely associated
with offspring BW for all four classes of aunts/uncles
(Table 2). For stroke mortality, there was no strong evi-
dence that the four classes of aunts/uncles differed from
each other and, individually, there was evidence weakly
suggesting a negative association for all four. The strength
of association was smaller in all aunts /uncles than that ob-
served among mothers. Mortality associations in aunts/
uncles were only slightly weaker than in the fathers (with
largely overlapping CI). Adjustment for offspring year of
birth, maternal parity, maternal diseases before and during
pregnancy and disease in offspring (Model 2) minimally
changed the hazard ratio for CVD and IHD mortality in all
aunts/uncles. Estimates were attenuated a little in all four
classes of aunts/uncles when their educational status was
added as a covariate (Model 3). For CVD and IHD mortal-
ity, a higher hazard was observed in aunts/uncles of SGA
offspring whereas a reduced hazard was noted in aunts/
uncles of LGA offspring. For stroke mortality, results were
mostly in the same direction as for CVD and IHD, but con-
siderably weaker, with 95% CI including the null
(Table 3).

In the subsample with data on CVD risk factors, an in-
verse association between offspring BW and CVD mortal-
ity was noted among parents and among aunts/uncles.
These results were roughly comparable to the age-adjusted
results in the whole dataset (Tables 2 and 3). Adjustment
for CVD risk factors attenuated the associations in all rela-
tionships substantially (Table 4, Figure 2), but additional
adjustment for education made a small difference to esti-
mates. For lung cancer mortality, the patterns of results ob-
served in parents, aunts and uncles were similar to those
observed for CVD mortality (Supplementary Table 2,
available as Supplementary data at IJE online).
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Table 1. Characteristics of offspring, parents and aunts/uncles according to the categories of offspring birthweight
SGA? AGAP LGA® Overall P-value
Offspring (n =135 368) (n=1083163) (n =135 425) (n=1353956)
Birthweight (grams) 2.750%+262 3.592%335 4.467+270 3.596x501 <0.001
Male (%) 132 981 137 383 139 635 698 589 0.482
(51.1) (51.2) (51.1) (51.1)
Gestational age (weeks) 39.7 £1.6 399 1.4 40.0 =1.3 39.9 1.3 <0.001
Congenital diseases 3.8 3.0 3.3 3.1 <0.001
Mothers (n =135 368) (n=1083163) (n =135 425) (n=1353956)
Age at offspring birth (years) 26.4+5.3 27.4+5.1 28.7+5.0 27.4+5.2 <0.001
Disease during pregnancy 11.8 6.3 6.8 6.9 <0.001
Diseases before pregnancy 6.7 6.5 8.3 6.7 <0.001
Education >13 years 29.6 38.4 42.3 36.5 <0.001
Mortality:
CVD 0.59 0.27 0.17 0.29 <0.001
IHD 0.22 0.09 0.05 0.10 <0.001
Stroke 0.23 0.10 0.07 0.11 <0.001
Smoking during pregnancy? 28.0 17.1 12.7 17.3 <0.001
Maternal aunts (n=62577) (n =499 003) (n =62 538) (n =624 118)
Age at offspring birth (years) 29.5+7.5 30.4+7.4 31.7+£7.4 30.5+£7.4 0.002
Education >13 years 30.5 36.7 39.4 36.3 <0.001
Mortality:
CVD 0.72 0.54 0.47 0.55 <0.001
IHD 0.33 0.21 0.16 0.22 <0.001
Stroke 0.21 0.18 0.16 0.18 <0.001
Maternal uncles (n=67201) (n = 542 436) (n =67 691) (n =677 328)
Age at offspring birth (years) 29.7+7.5 30.6x7.4 31.6+7.4 30.6+7.6 <0.001
Education >13 years 24.9 29.6 30.9 29.3 <0.001
Mortality:
CVD 2.18 1.66 1.36 1.68 <0.001
IHD 1.35 0.97 0.79 0.99 <0.001
Stroke 0.35 0.28 0.20 0.28 <0.001
Fathers (n =135 368) (n=1083163) (n =135 425) (n=1353956)
Age at offspring birth (years) 29.6+5.7 30.5%5.6 31.7%£5.5 30.5%5.6 <0.001
Education >13 years 24.8 31.3 33.4 30.8 <0.001
Mortality:
CVD 1.71 1.17 0.89 1.20 <0.001
IHD 0.74 1.08 0.55 0.75 <0.001
Stroke 0.28 0.17 0.12 0.17 <0.001
Paternal aunts (n=64031) (n=1515151) (n = 65 088) (n =644 052)
Age at offspring birth (years) 30.6x7.6 31.3x7.7 32.1+7.8 31.3%7.7 0.004
Education >13 years 29.4 34.2 35.4 33.70 <0.001
Mortality:
CVD 0.92 0.57 0.45 0.60 <0.001
IHD 0.37 0.22 0.12 0.23 <0.001
Stroke 0.33 0.16 0.19 0.18 <0.001
Paternal uncles (n =69 867) (n =556 695) (n =69 679) (n =696 241)
Age at offspring birth (years) 30.6x7.6 31.2%7.7 32.1+7.9 31.2%7.7 0.043
Education >13 years 24.9 28.1 28.4 27.9 <0.001
Mortality:
CVD 2.49 1.81 1.38 1.86 <0.001
IHD 1.58 1.06 0.81 1.11 <0.001
Stroke 0.32 0.30 0.31 0.30 <0.001

2SGA (less than 10th percentile of offspring birthweight).

PAGA (10th-90th percentile of offspring birthweight).

‘LGA (more than 90th percentile of offspring birthweight).

dInformation on smoking during pregnancy was available in 369 844 mothers. P-value for continuous variables calculated by one-way ANOVA and for cate-

gorical variables by chi square test. Continuous variables are given as mean * SD and categorical variables are given as percentages.
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Table 2. Hazard ratio (95% Cl) of deaths in parents and in aunts/uncles for 1-SD increase in offspring birthweight

Hazard ratio (95% CI)

Number of deaths Model 1 Model 2 Model 3
Mothers®
CVD 3875 0.72 (0.69-0.75) 0.74 (0.71-0.78) 0.77 (0.74-0.80)
IHD 1351 0.69 (0.64-0.74) 0.72 (0.67-0.77) 0.75 (0.70-0.81)
Stroke 1429 0.69 (0.64-0.75) 0.71 (0.66-0.76) 0.73 (0.68-0.78)
Maternal aunts®
CVD 3090 0.90 (0.86-0.95) 0.92 (0.88-0.97) 0.94 (0.90-0.99)
IHD 1246 0.87 (0.80-0.94) 0.88 (0.81-0.95) 0.91 (0.84-0.98)
Stroke 977 0.92 (0.85-1.00) 0.94 0.86-1.03) 0.96 (0.88-1.05)
Maternal uncles®
CVD 10 359 0.91 (0.88-0.93) 0.92 (0.90-0.95) 0.94 (0.91-0.96)
IHD 6250 0.88 (0.85-0.91) 0.90 (0.87-0.93) 0.92 (0.89-0.95)
Stroke 1628 0.90 (0.85-0.96) 0.93 (0.81-0.99) 0.94 (0.89-1.01)
Fathers®
CVD 16 020 0.89 (0.86-0.92) 0.90 (0.88-0.92) 0.92 (0.90-0.94)
IHD 10 090 0.88 (0.87-0.90) 0.90 (0.87-0.92) 0.92 (0.90-0.94)
Stroke 2338 0.84 (0.80-0.89) 0.86 (0.81-0.91) 0.88 (0.83-0.93)
Paternal aunts®
CVD 3768 0.91 (0.88-0.95) 0.92 (0.89-0.96) 0.95 (0.91-0.98)
IHD 1437 0.91 (0.86-0.97) 0.92 (0.86-0.98) 0.94 (0.88-1.01)
Stroke 1225 0.89 (0.84-0.96) 0.91 (0.85-0.97) 0.92 (0.86-0.98)
Paternal uncles®
CVD 12 697 0.93 (0.91-0.95) 0.94 (0.92-0.97) 0.95 (0.93-0.98)
IHD 7639 0.92 (0.89-0.95) 0.93 (0.91-0.96) 0.95 (0.92-0.98)
Stroke 1835 0.96 (0.90-1.02) 0.97 (0.91-1.03) 0.98 (0.92-1.05)

Model 1 was adjusted for maternal age at offspring birth. Model 2 was adjusted for Model 1 plus offspring year of birth, parity of mother, mother’s diseases be-

fore and during pregnancy, diseases in offspring. Model 3 was adjusted for Models 1 and 2 plus parental marital status and education level in parents, aunts and

uncles. P-value for difference in effect between mother’s and father’s mortality from CVD for 1-SD increase in offspring birthweight was <0.001. P-values for dif-

ference in effect between maternal aunts’ and uncles’ and between paternal aunts” and uncles” mortality from CVD for 1-SD increase in offspring birthweight

were both >0.37.

*Number of offspring linked with parents (z=1 353 956), maternal aunts (7 =624 118), maternal uncles (n =667 328), paternal aunts (n =644 052), paternal

uncles (7 =696 241).

Discussion

We have shown an inverse association between offspring
BW and mortality from CVD and IHD in parents and in
their siblings (aunts/uncles). The association was stronger
in mothers than in fathers or in aunts/uncles. There were
no differences in the estimates among the four classes of
aunts/uncles, and the associations among fathers were only
slightly stronger than those in aunts/uncles. The associa-
tions were to a large extent explained by CVD risk factors.

Comparison of results with previous studies and
potential mechanisms

The relationship between lower offspring BW and increased
risk of CVD among parents and aunts/uncles may support a
genetic basis for the association. The relationship observed in
parents is consistent with previous studies including both

23,24

mothers and fathers, and with studies indicating a stron-

ger association in mothers than in fathers.'** In contrast,

another study reported similar father-offspring and mother-
offspring associations for cardiovascular risk factors.*® To our
knowledge, the association between niece/nephew BW and
CVD mortality in aunts/uncles has not previously been ex-
plored. Therefore, direct comparison of our results with other
studies is not possible. However, a number of multigenera-
tional studies, reporting a strong association between grand-
child BW and mortality in grandparents, support a genetic
influence on the association between BW and CVD."*™"

CVD has a substantial genetic component and several
genes, particularly those encoding glucokinase,’ clotting
factors®” and angiotensinogen,”® have mutations that are
associated with both restricted fetal growth and risk of
CVD. A recent study also confirmed genetic influence on
the association between LBW and adult hypertension.”’
Additionally, it has been proposed that shared environ-
mental factors, such as smoking, diet and socioeconomic
position (SEP), also may contribute to the negative associa-
tion between BW and CVD risk.*°
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Table 3. Hazard ratio (95% Cl) of deaths in parents and in aunts/ uncles according to the categories of offspring birthweight

Hazard ratio (95% CI)

Model 1 Model 2 Model 3
Number of AGA? SGAP LGA® SGAP LGA® SGAP LGA®
deaths

Mothers?

CVD 3875 1.00  2.02(1.85-2.21) 0.74 (0.63-0.86) 1.87 (1.71-2.05) 0.76 (0.65-0.88) 1.74 (1.59-1.91) 0.80 (0.69-0.93)

IHD 1351 1.00 2.18(1.88-2.53) 0.65 (0.49-0.86)
Stroke 1429 1.00 2.18(1.89-2.53) 0.83(0.65-1.05)
Maternal aunts®

CVD 3090 1.00  1.21(1.07-1.35) 0.96 (0.83-1.12)
IHD 1246 1.00 1.43(1.20-1.71) 0.81 (0.62-1.05)
Stroke 977 1.00  1.14(0.93-1.41) 0.92(0.70-1.20)

Maternal uncles?

CVD 10 359 1.00 1.18(1.10-1.26) 0.92 (0.84-1.00)
IHD 6250 1.00  1.30(1.19-1.42) 0.86 (0.77-0.96)
Stroke 1628 1.00 1.18(1.01-1.39) 0.85(0.64-1.01)
Fathers?

CVD 16 020 1.00 1.33(1.26-1.40) 0.84 (0.78-0.90)
IHD 10 090 1.00 1.33(1.25-1.42) 0.84(0.77-0.92)
Stroke 2338 1.00 1.53(1.35-1.73) 0.78 (0.64-0.95)
Paternal aunts®

CVD 3768 1.00 1.16 (1.04-1.29) 0.79 (0.69-0.91)
IHD 1437 1.00 1.20(1.02-1.42) 0.70 (0.55-0.88)
Stroke 1225 1.00 1.16 (0.96-1.40) 0.85 (0.68-1.07)
Paternal uncles?

CVD 12 697 1.00 1.18(1.07-1.21) 0.87(0.81-0.94)
IHD 7639 1.00 1.22(1.04-1.21) 0.94 (0.84-1.01)
Stroke 1835 1.00 1.09 (0.88-1.23) 0.81 (0.66-0.99)

1.99(1.72-2.30) 0.66 (0.50-0.88) 1.81 (1.57-2.10) 0.70 (0.52-0.92)
2.05(1.77-2.38) 0.85(0.67-1.08) 1.93(1.67-2.24) 0.88(0.69-1.12)

1.18(1.05-1.33) 0.97(0.84-1.13) 1.13(1.01-1.27) 1.00 (0.86-1.16)
1.37(1.15-1.63) 0.84(0.65-1.10) 1.28 (1.08-1.53) 0.88 (0.68-1.15)
1.09 (0.72-1.23) 0.94(0.74-1.24) 1.03 (0.84-1.28) 0.96 (0.75-1.28)

1.15(1.08-1.25) 0.94(0.86-1.02) 1.11(1.04-1.19) 0.95 (0.88-1.04)
1.23(1.13-1.35) 0.90(0.80-1.01) 1.18(1.08-1.29) 0.91 (0.82-1.02)
1.11(0.95-1.33) 0.80(0.63-1.00) 1.07(0.91-1.25) 0.81 (0.64-1.02)

1.25(1.19-1.32) 0.88(0.82-0.95) 1.19(1.13-1.26) 0.91 (0.85-0.97)
1.26 (1.18-1.35) 0.88(0.80-0.96) 1.20(1.12-1.27) 0.90 (0.82-0.98)
1.45(1.28-1.64) 0.81(0.67-0.99) 1.38(1.22-1.57) 0.84 (0.69-1.02)

1.11(0.99-1.23) 0.83(0.72-0.95) 1.05(0.94-1.17) 0.85 (0.74-0.97)
1.18(0.99-1.40) 0.72(0.57-0.91) 1.11(0.94-1.32) 0.74 (0.58-0.92)
1.14 (0.94-1.38) 0.88(0.70-1.10) 1.10(0.91-1.33) 0.89 (0.71-1.12)

1.11(1.04-1.18) 0.91(0.84-0.98) 1.08 (1.02-1.15) 0.92 (0.86-1.00)
1.16 (1.07-1.25) 0.93(0.85-1.03) 1.12(1.04-1.21) 0.94 (0.86-1.04)
1.03(0.88-1.22) 0.85(0.70-1.06) 1.00 (0.84-1.18) 0.86 (0.70-1.06)

Model 1 was adjusted for maternal age at offspring birth. Model 2 was adjusted for Model 1 plus offspring year of birth, parity of mother, mother’s diseases be-

fore and during pregnancy, diseases in offspring. Model 3 was adjusted for Model 2 plus parental marital status and education level in parents, aunts and uncles.

*AGA (10th-90th percentile of the birthweight).
"SGA (less than 10th percentile of the birthweight).
‘LGA (more than 90th percentile of the birthweight).

dNumber of offspring linked with parents (7 =1 353 956), maternal aunts (7 = 624 118), maternal uncles (= 667 328), paternal aunts (1 = 644 052), paternal

uncles (7=696 241).

To investigate the significance of shared familial factors,
we extended our analyses and assessed the role of CVD
risk factors in the relationship. The attenuation of off-
spring BW and CVD mortality association in parents and
in aunts/uncles after adjustment for CVD risk factors sug-
gests a contribution of familial factors shared not only in a
nuclear family, but also in extended families. The impact
of CVD risk factors such as blood pressure, lipids and obe-
sity may support a role of shared genes, as these factors are
genetically influenced.*'** However, the contribution of
health-related behaviours such as smoking®* may indicate
the importance of shared environmental factors in the as-
sociation. Smoking behaviour has been linked to genetic
variants,® but there is little evidence on shared genetic fac-
tors linking smoking and LBW. Furthermore, a role of edu-
cation in BW and CVD mortality association was observed

in all familial relationships. Studies have shown a higher
obesity and diabetes risk in parents of offspring with
higher BWs.?¢*® However, we observed an increased
CVD mortality among parents of SGA offspring but not
with LGA offspring.'®3*%" These may be two different
mechanisms. It might be possible that parental diabetes/
obesity is more relevant to LGA offspring and CVD to
SGA offspring.

Multiple potential mechanisms may explain the associa-
tions observed between offspring BW and CVD mortality
in parents and aunts/uncles. Genetic confounding is one
possible explanation, but for a purely genetic model we ex-
pect similar strength of associations in parents and half of
this strength in aunts/uncles relationships. However, we
found a stronger association in mothers than in fathers
and aunts/uncles, suggesting that multiple potential
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Table 4. Hazard ratio (95% CI) of deaths in parents and in aunts/uncles according to offspring birthweight after adjusting for CVD

risk factors and education. Subsample with CVD risk factors available

Hazard ratio (95% CI)

Number of 1-SD increase in SGAP
deaths offspring BW*
Age-adjusted® Plus CVD risk  Plus education®  Age-adjusted® Plus CVD risk  Plus education®
factors! factors?

Mothers
CVD 1325 0.70 (0.65-0.76) 0.79 (0.73-0.84) 0.80 (0.74-0.85) 2.00 (1.72-2.32) 1.58 (1.36-1.84) 1.55(1.33-1.80)
IHD 480 0.71 (0.63-0.79) 0.81(0.72-0.90) 0.82(0.73-0.91) 1.99(1.57-2.53) 1.50(1.18-1.91) 1.46 (1.15-1.85)
Stroke 493 0.65(0.57-0.73) 0.74 (0.65-0.83) 0.74 (0.66-0.84) 2.22(1.74-2.83) 1.76 (1.38-2.24) 1.72(1.35-2.19)
Maternal aunts’
CVD 483 0.98 (0.91-1.14) 1.00(0.93-1.24) 1.00(0.91-1.10) 1.00 (0.79-1.25) 0.91(0.72-1.14) 0.90 (0.71-1.13)
IHD 291 1.00 (0.86-1.33) 1.00(0.91-1.35) 1.02(0.92-1.37) 1.22(0.70-2.12) 1.43(0.81-1.30) 1.42(0.81-1.47)
Stroke 162 1.00 (0.82-1.26) 1.01(0.86-1.19) 1.02(0.87-1.20) 0.87(0.55-1.37) 0.77(0.49-1.22) 0.76 (0.48-1.20)
Maternal uncles’
CVD 1268 0.90 (0.84-0.97) 0.94 (0.87-1.01) 0.94 (0.88-1.01) 1.19(1.01-1.43) 1.09 (0.91-1.31) 1.08 (0.90-1.30)
IHD 861 0.87 (0.80-0.96) 0.90(0.82-0.99) 0.90 (0.82-0.99) 1.23 (1.00-1.50) 1.20(0.93-1.49) 1.18(0.95-1.42)
Stroke 218 0.85 (0.73-1.00) 0.89 (0.75-1.05) 0.89 (0.75-1.05) 1.14(0.74-1.74) 1.00 (0.63-1.56) 1.00 (0.63-1.55)
Fathers’
CVD 4700 0.91 (0.88-0.95) 0.96 (0.92-1.00) 0.96 (0.92-1.00) 1.30(1.06-1.59) 1.22(1.06-1.58) 1.22(1.02-1.52)
IHD 3024 0.91 (0.87-0.96) 0.96 (0.91-1.01) 0.96 (0.92-1.01) 1.22(1.08-1.38) 1.11(0.98-1.26) 1.10(0.97-1.24)
Stroke 697 0.86 (0.77-0.95) 0.90 (0.81-0.99) 0.90 (0.81-0.99) 1.36 (1.07-1.73) 1.25(0.98-1.59) 1.25(0.98-1.59)
Paternal aunts
CVD 1055 0.85(0.78-0.92) 0.86 (0.78-0.93) 0.86 (0.79-0.93) 1.21(1.09-1.33) 1.10(1.00-1.22) 1.09 (0.99-1.21)
IHD 320 0.86 (0.78-0.94) 0.87(0.79-0.96) 0.87(0.79-0.96) 1.13(0.88-1.45) 1.11(0.87-1.43) 1.09 (0.85-1.40)
Stroke 167 0.84 (0.69-0.94) 0.85(0.69-0.94) 0.85(0.69-0.94) 1.89(1.13-3.14) 1.91(1.15-3.18) 1.90 (1.15-3.16)
Paternal uncles
CVD 1115 0.90 (0.81-1.00) 0.92 (0.83-1.03) 0.92 (0.83-1.04) 1.29(1.07-1.56) 1.25(1.03-1.51) 1.24(1.02-1.50)
IHD 716 0.88 (0.81-0.96) 0.90(0.83-0.98) 0.91 (0.83-0.98) 1.32(1.03-1.68) 1.27(0.99-1.62) 1.25(0.98-1.60)
Stroke 170 0.84 (0.68-1.04) 0.85(0.69-1.06) 0.86 (0.69-1.06) 1.40 (0.91-2.16) 1.36(0.88-2.10) 1.35(0.86-2.08)

*BW (birthweight).
PSGA (less than 10th percentile of offspring birthweight). Reference category is AGA (10th-90th percentile of birthweight).
“Adjusted for mother’s age.

dCVD risk factors (BMI, cholesterol, triglycerides, systolic and diastolic blood pressure and current smoking(coded as yes/no).

€Adjusted for mother’s age, CVD risk factors and education.

fNumber of offspring linked with mothers (n =318 896), maternal aunts (z=71 727), maternal uncles (7 =70 634), fathers (n =319 844), paternal aunts

(n=73 420), paternal uncles (n =72 481).

mechanisms are involved in the mother-offspring associa-
tion. First, intrauterine factors leading to LBW in offspring
through malnutrition, poor placental growth and maternal
pelvic restriction is one possibility.*'™** Second, a dual
action of maternal genes, contributing to fetal growth
both by gene inheritance and by affecting the intrauterine
environment, could be another mechanism.** Third,
maternal health-related behaviours such as smoking may
have a direct impact on offspring BW and the mother’s
own risk of CVD.

We expect the genetic association for fathers to be twice
that for aunts/uncles, and presumably the environmental/
behavioural association would also be stronger. However,
the associations in fathers were only a little stronger
than those for aunts/uncles. This reflects that unobserved

behavioural confounders, such as alcohol intake and physi-
cal activity, may be important in the paternal association.
A similar trend of associations with lung cancer mortality
also reflects the significance of behavioural confounders in
the paternal association. Furthermore, the similar strength
of associations with all classes of aunts/uncles is indicative
of a genetic link. These associations may also be partly
explained by environmental mechanisms, as parents and
their siblings share similar home environments, dietary
habits and health-related behaviours during early life.
However, previous studies investigating offspring BW and
parental sibling characteristics have suggested that mater-
nal aunts but not uncles share important links with off-
spring BW. They propose that genetic effects from mothers

are more important than paternal effects.*>*¢
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Figure 2. Hazard ratio (95% Cl) of CVD deaths in mothers, fathers, aunts and uncles in small-for-gestational-age offspring after adjustment for CVD
risk factors. Number of offspring linked with mothers (n =318 896), maternal aunts (n=71 727), maternal uncles (n =70 634), fathers (n=319 844), pa-

ternal aunts (n=73 420), paternal uncles (n=72 481).

A recent large-scale pedigree analysis suggests that assor-
tative mating generates substantial apparent heritability with
respect to mortality.*” Assortative mating might contribute to
the mortality associations in our study. Another explanation
could be the genetic nurturing phenomenon, suggesting that
genetic and environmental mechanisms are interlinked and
genetic effects can exert their impact through an environmen-
tally mediated channel.*® The complete separation of envi-
ronmental and genetic components that influence CVD
mortality is difficult, and an interaction between these factors
may further complicate our understanding.

Strengths and weaknesses

Our study is based on data from the nationwide registers,
providing a large sample size and comprehensive popula-
tion coverage. We established a dataset of offspring,
parents and their siblings (aunts/uncles), which provides an
opportunity to study the association between BW and
CVD mortality in family members at different degrees of
relatedness. The ability to include data on CVD risk factors
adds novelty to the study. We also calculated BW for gesta-
tional age, which gives a precise measure of intrauterine fe-
tal growth. Moreover, detailed information on maternal
health before and during pregnancy was also included
from the registry data. Diet and physical activity, which
could be important in the relationship between BW and
CVD mortality, were not included in our study. Education
level was included as an indicator of SEP. The data on
smoking in pregnancy were collected in the Medical Birth

Registry from 1998 onwards. Thus, only a few participants
with short follow-up have this information, and the effect
of smoking during pregnancy cannot be estimated.

Conclusion

We show that offspring BW was associated with increased
risk of CVD in parents and in aunts/uncles, and that estab-
lished CVD risk factors contributed substantially to associ-
ations among family members with a known genetic link.
This suggests that both behavioural factors, especially
smoking, and shared genetic factors in extended family
members, involving these established CVD risk factors,
play roles in the associations.

Supplementary Data

Supplementary data are available at IJE online.

Funding

This work was supported by a grant from the University of Oslo,
Norway. D.C and G.D.S work in a unit funded by the UK Medical
Research Council [MC_UU_00011/1] and the University of Bristol.

Acknowledgments

@.N. had the original idea and undertook the record linkage of the
siblings. F.S. analysed the data and interpreted the results. All
authors were involved in critical evaluation of the draft and ap-
proved the final version. Ethical approval for this study was
obtained from the Regional Ethical Committee, Norway. Following

6102 48090100 L€ UO Jasn sadudlog Y)leaH pue auipaly Jo Atelqi] “Aleaqi o|sQ 4o Ausiaaiun Aq #6G9€5G/9G LZAp/all/€601 0L /1opAdeISqe-ajoiie-aoueApe/ali/wod dnoojwapese//:sdiy wolj papeojumoq


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyz156#supplementary-data

10

International Journal of Epidemiology, 2019, Vol. 00, No. 00

cohorts from the CONOR were used in the analyses: The Tromso
Study (IV and V), Troms and Finnmark Health Study, Nord-
Trendelag Health Study (HUNT), Oslo Health Study, Oppland and
Hedmark Health Study (OPPHED) and Hordaland Health Study
(HUSK).

Conflict of interest: None declared.

References

1.

10.

11.

12.

13.

14.

15.

16.

Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds S]J.
Weight in infancy and death from ischaemic heart disease.
Lancet 1989;2:577-80.

Barker DJ, Bagby SP. Developmental antecedents of cardiovas-
cular disease: a historical perspective. ] Am Soc Nephrol 2005;
16:2537-44.

Waterland RA, Michels KB. Epigenetic epidemiology of the de-
velopmental origins hypothesis. Annu Rev Nutr 2007;27:
363-88.

Hales CN, Barker D. The thrifty phenotype hypothesisType 2 di-
abetes. Br Med Bull 2001;60:5-20.

Hattersley AT, Tooke JE. The fetal insulin hypothesis: an alter-
native explanation of the association of low birthweight with di-
abetes and vascular disease. Lancet 1999;353:1789-92.

Bergvall N, Cnattingius S. Familial (shared environmental and
genetic) factors and the fetal origins of cardiovascular diseases
and type 2 diabetes: a review of the literature. | Intern Med
2008;264:205-23.

Ben-Shlomo Y, Kuh D. A life course approach to chronic disease
epidemiology: conceptual models, empirical challenges and in-
terdisciplinary perspectives. Int | Epidemiol 2002;31:285-93.
Hiibinette A, Cnattingius S, Ekbom A, de Faire U, Kramer M,
Lichtenstein P. Birthweight, early environment, and genetics: a
study of twins discordant for acute myocardial infarction.
Lancet 2001;357:1997-2001.

Drake AJ, Walker BR. The intergenerational effects of fetal pro-
gramming: non-genomic mechanisms for the inheritance of low
birthweight and cardiovascular risk. J Endocrinol 2004;180:
1-16.

Davey Smith G, Hart C, Ferrell C. Birthweight of offspring and
mortality in the Renfrew and Paisley study: prospective observa-
tional study. BMJ 1997;315:1189-93.

Davey Smith G, Harding S, Rosato M. Relation between infants’
birthweight and mothers’ mortality: prospective observational
study. BMJ 2000;320:839-40.

Horikoshi M, Beaumont RN, Day FR et al. Genome-wide associ-
ations for birthweight and correlations with adult disease.
Nature 2016;538:248.

Smith GC, Wood AM, White IR, Pell JP, Hattie J. Birthweight
and the risk of cardiovascular disease in the maternal grandpar-
ents. Am | Epidemiol 2010;171:736-44.

Naess O, Stoltenberg C, Hoff DA et al. Cardiovascular mortality
in relation to birthweight of children and grandchildren in 500,
000 Norwegian families. Eur Heart | 2013;34:3427-36.
McCarron P, Davey Smith G, Hattersley AT. Type 2 diabetes in
grandparents and birthweight in offspring and grandchildren in the
ALSPAC study. | Epidemiol Community Health 2004;58:517-22.
Drake AJ, Liu L. Intergenerational transmission of programmed
effects: public health consequences. Trends Endocrinol Metab
2010;21:206-13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30

31.

32.

Gluckman PD, Hanson MA, Beedle AS. Non-genomic transge-
nerational inheritance of disease risk. BioEssays 2007;29:
145-54.

Chiavaroli V, Marcovecchio ML, de Giorgis T, Diesse L,
Chiarelli F, Mohn A. Progression of cardio-metabolic risk fac-
tors in subjects born small and large for gestational age. PLoS
One 2014;9:¢104278.

LM. The Medical
Epidemiological research and surveillance throughout 30 years.
Acta Obstet Gynecol Scand 2000;79:435-39.

Bjartveit K, Foss OP, Gjervig T, Lund-Larsen PG. The cardiovas-
cular disease study in Norwegian counties. Background and or-
ganization. Acta Med Scand Suppl 1979;634:1-70.

Bjartveit K, Stensvold I, Lund-Larsen PG, Gjervig T, Kruger O,
Urdal P. [Cardiovascular screenings in Norwegian counties.

Irgens Birth Registry of Norway.

Background and implementation. Status of risk pattern during
the period 1986-90 among persons aged 40-42 years in 14 coun-
ties]. Tidsskrift for Den Norske Laegeforening: tidsskrift for
Praktisk Medicin, ny Rackke 1991;111:2063-72.

Naess O, Sogaard AJ, Arnesen E et al. Cohort Profile: Cohort of
Norway (CONOR). Int ] Epidemiol 2008;37:481-835.

Davey Smith G, Whitley E, Gissler M, Hemminki E. Birth
dimensions of offspring, premature birth, and the mortality of
mothers. Lancet 2000;356:2066-67.

Smith GCS, Pell JP, Walsh D. Pregnancy complications and ma-
ternal risk of ischaemic heart disease: a retrospective cohort
study of 129290 births. Lancet 2001;357:2002-06.

Davey Smith G, Hypponen E, Power C, Lawlor DA.
Offspring birthweight and parental mortality: prospective ob-
servational study and meta-analysis. Am | Epidemiol 2007;
166:160-69.

Vik KL, Romundstad P, Carslake D, Davey Smith G, Nilsen T.
Comparison of father-offspring and mother-offspring associa-
tions of cardiovascular risk factors: family linkage within the
population-based HUNT Study, Norway. Int | Epidemiol 2014;
43:760-71.

Kupferminc M]J, Eldor A, Steinman N e# al. Increased frequency
of genetic thrombophilia in women with complications of preg-
nancy. N Engl | Med 1999;340:9-13.

Zhang XQ, Varner M, Dizon-Townson D, Song F, Ward K. A
molecular variant of angiotensinogen is associated with idio-
pathic intrauterine growth restriction. Obstetr Gynecol 2003;
101:237-42.

Warrington NM, Beaumont RN, Horikoshi M et al. Maternal
and fetal genetic effects on birthweight and their relevance to
cardio-metabolic risk factors. Nat Genet 2019;51:804-14.

. Kivimaki M, Lawlor DA, Davey Smith G et al. Substantial inter-

generational increases in body mass index are not explained by
the fetal overnutrition hypothesis: the Cardiovascular Risk in
Young Finns Study. Am | Clin Nutr 2007;86:1509-14.

Garrison R], Castelli WP, Feinleib M et al. The association of to-
tal cholesterol, triglycerides and plasma lipoprotein cholesterol
levels in first degree relatives and spouse pairs. Am | Epidemiol
1979;110:313-21.

Harrap SB, Stebbing M, Hopper JL, Hoang HN, Giles GG.
Familial patterns of covariation for cardiovascular risk factors in
adults: The Victorian Family Heart Study. Am | Epidemiol
2000;152:704-15.

6102 48090100 L€ UO Jasn sadudlog Y)leaH pue auipaly Jo Atelqi] “Aleaqi o|sQ 4o Ausiaaiun Aq #6G9€5G/9G LZAp/all/€601 0L /1opAdeISqe-ajoiie-aoueApe/ali/wod dnoojwapese//:sdiy wolj papeojumoq



International Journal of Epidemiology, 2019, Vol. 00, No. 00

1

33.

34.

35.

36.

37.

38.

39.

40.

An P, Rice T, Gagnon | et al. Familial aggregation of resting
blood pressure and heart rate in a sedentary population. The her-
itage family study. Am | Hypertens 1999;12:264-70.

Huxley R. Smoking, birthweight, and mortality across genera-
tions. Eur Heart | 2013;34:3398-99.

Loukola A, Hillfors J, Korhonen T, Kaprio J. Genetics and
smoking. Curr Addict Rep 2014;1:75-82.

Kong L, Nilsson IAK, Gissler M, Lavebratt C. Associations of
maternal diabetes and body mass index with offspring birth-
weight and prematurity. JAMA Pediatr 2019;173:371-78.

Li C-Y, Sung F-C, Hsieh P-C, Lee M-D, Lu T-H, Chen H-F.
Offspring birthweight and risk of mortality from diabetes in
mothers. | Epidemiol Commun Health 2011;65:775-79.

Tyrrell JS, Yaghootkar H, Freathy RM, Hattersley AT, Frayling
TM. Parental diabetes and birthweight in 236 030 individuals in
the UK Biobank Study. Int ] Epidemiol 2013;42:1714-23.
Morken NH, Halland F, DeRoo LA, Wilcox AJ, Skjaerven R.
Offspring birthweight by gestational age and parental cardiovas-
cular mortality: a population-based cohort study. BJOG 2018;
125:336-41.

Davey Smith G, Sterne J, Tynelius P, Lawlor DA, Rasmusser F.
Birthweight of offspring and subsequent cardiovascular mortal-
ity of the parents. Epidemiology 2005;16:563-69.

41.

42.

43.

44,

45.

46.

47.

48.

Martyn CN, Barker DJ, Osmond C. Mothers’ pelvic size, fetal
growth, and death from stroke and coronary heart disease in
men in the UK. Lancet 1996;348:1264-68.

Bukowski R, Davis KE, Wilson P. Delivery of a small for gesta-
tional age infant and greater maternal risk of ischemic heart dis-
ease. PLoS One 2012;7:¢33047.

Ramakrishnan U, Martorell R, Schroeder DG, Flores R. Role of
intergenerational effects on linear growth. | Nutr 1999;129:
5445-49s.

Manor O, Koupil L. Birthweight of infants and mortality in their
parents and grandparents: the Uppsala Birth Cohort Study. Int |
Epidemiol 2010;39:1264-76.

Ounsted M, Scott A, Ounsted C. Transmission through the fe-
male line of a mechanism constraining human fetal growtht. Int
J Epidemiol 2008;37:245-50.

Cnattingius S. Commentary: On ‘Transmission through the fe-
male line of a mechanism constraining human fetal growth>—
does it exist? Int | Epidemiol 2008;37:250.

Ruby JG, Wright KM, Rand KA et al. Estimates of the heritabil-
ity of human longevity are substantially inflated due to assorta-
tive mating. Genetics 2018;210:1109-24.

Kong A, Thorleifsson G, Frigge ML et al. The nature of nurture:
Effects of parental genotypes. Science 2018;359:424-28.

6102 48090100 L€ UO Jasn sadudlog Y)leaH pue auipaly Jo Atelqi] “Aleaqi o|sQ 4o Ausiaaiun Aq #6G9€5G/9G LZAp/all/€601 0L /1opAdeISqe-ajoiie-aoueApe/ali/wod dnoojwapese//:sdiy wolj papeojumoq






10. APPENDIX

ANTENATAL FORM (1967-2012) - THE MEDICAL
BIRTH REGISTRY OF NORWAY






0202/10/02 Y-Hed-NdgN Hasuoiny

1INeu3IS

L00C-8/€C -0red

Jsuomy
(subip 1) oz 6LY
80V L0vY  "ou Q] [euonyeN
sJayjop sweu |} s Jayie ypiq Jo ajep sJayjed
lev SOA [ g W
7 i ) oy pajejal sjpuaited aly
Ayedidiunw s Jayjop giy Moy ‘sehky  oN'] m
- Mmopim/palesedas/padloAlq &y Juelgeyo) W
(sweuing) sweu usplep 219yMas|3 gy ' - . . o snjejs [ejew M.
_ SIBYO [ ] 9|Buis/paeWIUN ] palep 1 s Jayjon w
uonepodsuel Bung [ggy Sy eV 4 2
l S
pauue|d Jou ‘BWoY I iy
. pauueld ‘ewoy 1y Q<_ cov LoV
uonnyipsul apisyno yuig i aweu uonnysu| :ou uoiNiIsu|

SSalppe pue sweu ||} s JayYioj

SIAOVINYVISIN ‘SHLYIFGTILS ‘SHLYIg

SM3IIM 21 4314V ADNVNOIUd d3131dINOD NO LHOd3d




0202/10/02 Q-Hed-NYgN HesLony

15 :Ajep 'sbio ojul
aw Wed pakojdwg o9 Jo "'ON SOWIIBWOS Geg ¢éRoueubaud jo Bunjows 0} Jussuoo jJou ss80Q lecq
199 awny pahojdw3 ;g Ared ggg ON geg JO pua ayj je - Jayjow 0} usAIB ojul USHLAN @mm__
*0)@ aul| paAldwsa JON ¢gg
‘apeu) ‘ssauisng sog Aep 'sbio ‘9s19Aal
10 "ON SOWIIBWOS g ¢Aoueubaud jo Je)s je | UO SUORONISUL 83S —JUBSUOD
:uonjednooo ojul juaw/hojdw uoyednaso g4d s Jayjow uo pauonipuon
sJayjopy | ©F YU9SUOD JOU SB0Qzeg  SAYION AleQgsg  ON jgg  fows Jayjow pig uonednasQ pue Buijows
8. Ul Ajioads 4aylo g u_v
4. ul 8. Ul Aj108ds ‘suonosjul gog BWOIPUAS dT13Hzpg  SOJ8gelp [euoleIsen jaqg S
. -
Ajioads — soA ‘ — — —
o@m_ pajeal} ‘siIsoquiody | mvmﬂ S¥Mpe>elsdwelosald vy BlINS02A|9) geg SUON e
ON | | IP/BGEL <qH Gpg ©I0A8S eIsdwe(osdId grg M 8 <Buipes|g geg %
60 o 61 eisdwejosaid ger -cL b — 9Le [
Koueubaud IP/B0'6 >AH 4yg Yoy el [o®8ld geg AM 8¢-CL PUIPd3IY eg ) @
d | £ A - :Koueubaud Burinp 5
Bunnp uoiesipa eisdwe|o3 evd [UO UOISUSUBAAH geg M gl >bulpasg geg suonipuo? |edadg B
o
<
9seasIp MesH g uoRoBUI ©
- — snuype 10e4 Ateuun o
Led 0 p1oe Jljo4 _
cg oo o - PIOIEWINAUY E2g BuLinosy gzg w
999 6cg 3zg  SUIWEBYA BINIA | «du 2 A 674 =3
Boud me g dk uolsuspeadAy Uealeseeo BUON ] |5
ubel -uBo Z odA) sejeqeIq jzg snonald g >
d Buung alojeg oIoIuD zzg W
Koueubaid Burnp | 8dA} seleqelq gzg ABIo||V &7 )
ON ozg aseasip 814 o
10 310}3(Q SUOI}IPUOd - - B :Aoueubaid aiojeq =
Jo uoneayioadsg ;Juswajddns Auejaip Jejnbay Asded3 gzg el ! BWWSY /19 suonipuod |eidadg P
Ay1oads — pauLIJUOD Ji ‘SOA [ ] ¢sonsoubelp g Awoeds ‘sep [ ¢sonsoubeip SoA ]
o 7€ |ejeusud je sbuipuly g |ejeuaad oLg ajep enp g0g <¢Ppawliopad
N L |eaiBojoyied ON [ | BYlo punos-eJjn ON L] punoses|n
L09
909 gog ulepsoun [
(s¥m g| Jopun) (sdm €z-21) (s10w o= zog
sabeleosi|y uloqyns / sebeleosiy 10 SHM ) uloq|is SUMIg A1 UIBSD | | Buipaalq jo Aep is}
syMiq/saloueubaid snoiraid s.aayjop :pouiad jenssusw jseq]




020Z/10/02 O-Med-NygW HesLony

Ayoads ‘J1ay10 ¢eh

280
sisdag L]

9180 SAISUSIUI JOYION [y

pa.ligjsuel} JBYION gy

wnyedjsod eisdwe|og 629

SISOQUIOIY L §jy

O G'8E<Joned

9UONg;5

Jayjow - suonesdwos AiaAijap-ia}y

pauleIspoolg ¢,k

pajo8jul
SNOIOPOIEIN 4

uoluwelpAyobiio e

uoluwelpAyAjod 5

G680
:pJod [ealiquin jo yibuaT

Jouy} BUINUBD) o

Bulliod Jo W} JBYIO £gn

SaI[EWOUR [9SSOA Gy
juswiyoene |esaydiisad &9

JUSWYOENE SNOJUBWBIOA {on

290
:eyuaoe|d Jo ybiap

UOJOEIIX® [ENUBIN /o)

abepaing 090

uonoJeyu] [
a19|dwoou| ]

anpisal
leueiquiajy 899

PaIN0|0oSIA ¢, [BWION ¢, 5 [ew.IoN ggo lewuoN 89
. 28U punol pajIo S)0[9 POO|g A=

pINy onoIUWY HOSUPUNOIPEIOD 195 p109 [ea1IquIn 1019 POOI8 650 ejusde|d

950

soljayisorUe [B1auds) gy

uonenIyu| joy

|leuldg %o

auIPIYIRd gy

BUON 9v0 ggo

ueYI0 gy IP0Iq [BONIBOBIE g |BpuSpPNd jgo [enpid3 [g5  SPIXO SNOIN v0 oi1sabjeue / soiayisaeUy
6 JSEYNIETS)
Kianijop (1€ 90169p) ~ Jepjnoys psjeolldwod:¢s
Buunp eisdwepdgyy amdn. J9RUIYdS jigy -
pajejnuwis - (2-1 oa160p) UoIONIISqO |edlUBYIBNZeD
SUOI}OBIJUOD PBONPaYsyy W 00S1-00S el sino
1BYI0 6a ainydni [esuuad gg Uve<
980 eixAydse suuenesu abey.iowseHgen O sueiquew 1o aumdnys

Auoje auualn & Buiusiealy] zyo

ssaboid MOIS 35 pJoo jo sdejold 7o

jsuen ‘lw 00SL<

abeyliowseHgey

sejusoeld ondniqy geq

elnald ejusoeld 4g9

sinoy yz-zh

auelquisw Jo ainydnygen

BUON gzo

suoljesidwo)

qUIq Jnoge =3

¥80

suoesjdwod

uonoss Aousbiswe pswioped || _

G20

0) uonoas Ao pawiopad | |

pesy uo sdsdlo [

1449
uonoesXa by

Awojoisid3; 74

Jojoeldixa wn 30m>ON]O

SOA ON _ BUON; |2
1930 / K1anljop N L ainpeooid [2ns e olleydad ‘sdealo} 18YOg 5 .
Bulinp suonipuod | ¢AIBAIEP 0} Joud pauue|d UoOSS U} SEA\ ¢ed .
Jo uoneoyoads uonoas ueasesae) | :AIaAIjap Yo93aliq Je adUeISISSY _ olleyded sdedio} MOTgi5  yonuanssyul
20, Ut Ayoads “1N0giy | O, Ul Aoads ‘sisio [ | _
800 .
WISHSOdg)d Awojoluwy NEG_ ueasesoeg (| O« ! Ayoads “1oUi0 500
209 ewJouge ‘oleydan ;2
S}08Jep YMIgyin UI0IAXO Euu_ paonpuy [ | ! 35 SIRAER0 w0 ajeydad
» N 010 900 asloAsuel] go3 )
Mo[aq paqLosap se ‘suoneolidwoes uipuejbelsold ggy ~ snoauejuods | | [BWION}0D

uoI}oNpUI 10/PUE UOIJUSAIB}UI 10} UOIIRIIpU|

poyjaw uonoanpuj 7 inoge| jo uondaouj

yosaig 200

uojejuasaid




0202/10/0Z Q-Hed-NYdN Hasuony

L.a  pIYo 0.a Jayjoy :PIBM OLIEIPOd / PIem AuIBlen 690/89a
:9)ep pabieyssiqg :ueroisAyd 10U pJo29Yy
29d n_
:ueidisAyd Aq pajsjdwod aq 03 — s}0949p yjiq pue s SOA Dmmm_z U
asoubelp |ejeuoau ‘saunful jo uonesydadg :s)93j9p yuig jo subig
asneo JsYl0yeq

[e01B0|oISAUd g swiesl) dvdod gsa Aunlur snxa|d g6g

uoneZIUNWWI HY 794 uoisnysuel | gaq juswieal) Auojendsay yeq sisaled [eloed yoq

s|qnedwooul 09V ag Juswiealy b esa sonoigiue onews)sAg ggg ainjoel} JIBYI0 gga

:9sned ‘snuvdj9| :pajeas ‘snisjo| :S9pO02 juswijeal ] 9B|NJIAB|D "JOBIH Zdq

Jayjo ‘suoljosjul [eleuladsg SHj [ejeuosN jyg  obeyliowsy [elueloenU| s5q mojid yim
‘ . . . auopN 9¢d
|elI8}oBg ‘SUONJOBUI [BleUddnsq 80UBUNSAY gy 8WOIpUAS uonelldsy zyg pajeal) eise|dsAp juiol diH geg L
pajeal} UoIOajUI [BUWIBP/[OABNg7G uolssaidap [BigaIaDgpg  SWOIPUAS ssansip “dsey g (IP/B G°€L>qH) elweeue Buo) ggqg (ueroepad / ueroisAyd
Aq pajsjdwod aq o])
pajeal; sniAlouNuo)gyg uoljell [eigala) vya eaudAyoe} 'Jsuel] gyq (//loww z>) "09A|60dAH ,¢q :sasouBeIp [e}euosN
:aleQ
Ayads 1oUOgsg s10848p YMigeea 6za
aInjew-aldzec
suonoBUI [e1eULad §Eq ' deea %4 . unyo SOA [ Jszc®N [ ]
swajqoud Aiojeuidsay;eq :1ajsued} Joj uohjedipui awieu) o0} patiajsuel | :JluUn |ejeuoau 0} paLiassuel]
¥ead 'suln €2d :sInoH
9zd:owl | pa1se| oy [eALLIE J8)e pead szq umouun yjesp Jo swl] gzqg .d, ul yyesp jo asned \m_omam .
G¢a:.ale sinoy |eAlle a10jeq pead zq Inoge| Buunp paid sra wmm_tmow_E\C._OQ___HWN_‘D uloq aAI T
:19)e| paia P2 ulym palp ‘yuig aAI | :osje djou ‘usoqjiys 104 Jinoge| aiojeq paldgiq-usoqjilys 104 :Sem piydo ayL
X8S Ulepadun L -ulog|is Jo4
c€La 600 ‘1e10
GLd :ulw g :y1bug) La %0a IF10H0
XOHOA-SYOOHNg  :90UBISHUNDIIO PESH «d, ut Aytoads ‘urepisoun 4 soa “ON yuIq 81NN $oa 00 oy
via ‘U | _
21a 0ia dleWadgpg  OleN0g g eMISp aIbuIs gog Loa

:2109s Jebdy :y1bug) |10 | ybiam s.piiyo x9S a|diyinw 104 Ayjeanyd :yuig jo ajeq

PIlYo 8y} Inoqy — A




0202/10/0Z Q-Hed-NYdN Hasuony






THE AGE 40 PROGRAM - QUESTIONNAIRE






spkelsen. Dersem enkelte spersmdl er uklare, lar du dem sth ubesvart (il do mgHer fram, og drafier dem med persenalet
soim gjenmombprer undersdkelsen. Alle svar vil bl behandler strengt forerolig,

Det wifelve skjemaer vil Bli lest av en maskie, Bruk bl eller sovt jorge ved wifylting, Der e vikiig at dw gdr fram sfik:

*® jcle smd hoksene setter du kryss for det svarel som passer best for deg

* j de store hoksene skriver du tall eller blokkbokstaver = NB! innenfor rammen for hoksen.

o e @ e | 1121314]51617181910]  oketmver JAIBIC

s perreskjemact er en viktig del av helseundersakelsen. Vennligst f¥l] ut skjemaet pd forhdnd og ta det med (] helseunder

Med vennlig hilsen

T
Statens dclscanderaphbelsor ¥ Tawewmelbeloetionealen
1. EGEN HELSE 4. MUSKEL/SKJELETT-PLAGER
Hyvordan er helsen din na? (Selt bare eff kryss) Har du i Iopet av det siste aret veert plaget med I MEI
Déarlig Ikke helt god God Sveert god smerter Pg{eller stivhet i muskler og ledd som :
r‘ . :I s D 4 E ) har vart i minst 3 maneder sammenhengende?.......cooue. ._| |_
Hvis MEI, g til avsnitt 5, SOSIALE FORHOLD,
Aldar farsie Hyis JA, svar pd folgende:
Har du, eller har du hatt: 9en
Hwor har du hatt disse plagene? J&  NEl
Hijarteinfarkt. . ...
MARKE ..ot :| D
Angina pectors (hjertekrampe) . Skuldra {aKSIBE) .. 0 O
BIBUBT ceev o ceroenieies s s S 5 L B2 B O O
«Hierneslaghjernebledning {«drypp») : Handleddhander oo R 1 1]
BEYSL MAGE oot e s E D
EITE FB1 AV FYDDEN ot emrene e neee e 8
Diabetes [sukkersyke) | T A BOBEEIYGGEN 1 eorrevvnirsemssenis s reeasss s resmasen s ssnns e bes s smaness |_ H
Hefbar e e |: D
Far du smerter eller ubehag | brystet nar du: Jn ME -
BUFIBET. i e e e E L|
Gar i bakker, rapper allar fort pa flat mark? ..., |_| —|
Ak, FEIIBE |_ '—|
Hvis du far slike smerter, pleier du da a: T
Huvor lenge har plagene vart sammenhengende?
Stoppe? Sakine farten? Fortseite | samme takt? Swar for det ormrdde! var plagene har vart lengst,
[ [z []s
Hvis under 1 r, oppgi antali mnd. ... Antall mnd.
Dersam du stopper, forsvinner smertene da Fl N|_E||
etter mindre enn 10 minutter? . )
JA Nia Huiz 1 &r ellar mer, oppgi amall & ..., Antall &r
Kan slike smerter like gjerne opptre mens -
2
AU BF 1 HGT ortscrrs s tscrssrrmmrsssesssrrnmessssonn |—| D Har plagene redusert din arbeidsevne det siste aret?
Gjelder ogsa hjemmearbeidende. Sett bare eft kryss.
2. HVORLEDES FOLER DU DEG? Neifubetydelly | noengrad | betydelig grad vat ikka
Har du de siste to ukene folt deg: HEN e mE 14
MNet Lit mye
) ] Tkke i
MWarves og urolig? ........... | |
gl C U [ Har du vasrt sykmaldt pga. disse JA - NEL arbeid
Plaget av angsi? E |_ plagene det Siste Aret? ...en s —| |_J ]
1 JA  NEI
Trygg 0@ rolig?. oo [ O [] 90
Har plagene fort til redusert aktivitet | fritida? ........
IFEBEIT oo, [ [ ] e
B [ 5. SOSIALE FORHOLD
Nedforideprimert? ... [ [l [l
a i — Mottar du nd noen av felgende ylelser? Jh MEI
ENSOM7 e [] | ]
1 . p; Syketrygd (SYKMEIGE . oooo oo HEN
ABMNGSPENGET e 0O
3. SYKDOM | FAMILIEN aspeng
LHarapensjon (hel eller delvis).............. A D D
Har en eller flere av foreldre eller sesken
hatt hjerteinfarkt (sir pa hjertet) eller Arbeidsletighatstrya . .ocoooooooooooo oo O™
angina pectoris (hjertekrampe)}? e e
L
Har en eller flere foreldre/sasken hatt: Er husarbeid i hjemmet hovedyrket ditt? JA  NMEI
{Svar ME/ hvis lenne! arbeid utenam
Hjerteinfarkt for de fyla 60 &8rT e, I L husarbeid er 18 timer sfler Mer o Wke) e eoeessssseee ] L

Hjemeslag'hjernebledning fer de fylte 70 &% ...




6. UTDANNING

Hvilken utdanning er den hoyeste du har fullfort?
Saff bare elt kryss,

Mindre enn 7 &r grunnskol2 ... s s
Girunnskola 7-10 &r, framhaldsskole,

folkehogskole

Realskale, middeiskola, yrkasskols,

1-2 &rig videregiende skola

Artium, gk.gymnas, allmannfaglig retning
i videragdende skole

Hegskole/universitet, mindre enn 4 ar

Hogskole/universitet, 4 &r ellar mer

Hvor ofte bruker du disse matvarene?
Sett kryes 1 de rutene som beskriver diff forbruk best,

Flmeg agig 150 130,
kg ik prmnd

Fisk (middag, palegg) [
Fruktigront B
Halmalk, kefir, yvoghurt ... [

Skummet melk {surfsat).. |_|
1

L
[
Lattmelk, lattyoghurt |:|
L
2

Hva slags smer eller margarin bruker du
vanligvis PA BREDET?
Sett kryss | den rula som passer hest.

Bruker ikke smanmargarn
Maiarismear

Hard margarin

Blat {s0i) margarin
Smar/margarin blanding

Lettmargarinfetismar (Brelett)

Hva slags fett bruker du/dere vanligvis TIL MATLAGING?
Seif kryss | den ruta som passer best

Srar/margarin
Mk {soft) margarinolje
Bara olje

Yat ikke

8. KAFFE /TE / ALKOHOL

Hvor mange kopper kaffe/te drikker du daglig?
Betlt @ fwvis du ikie drikker kaffesde daglig.
Antall kopper daglig
Kokekaffe Annen kaffe Te

Er du total avholdsmannf-Kvinne? ...

Hvor mange ganger | méneden drikker du
vanligvis alkohol? Ragn ikke med fettal
Satt i vis mindre enn 1 gang | mad. ... Antall ganger

Hvor mange glass el, vin eller brennevin
drikker du VANLIGVIS | Izpet av to uker?
Ragn ikke mad latal, Selt 0 hwis du ke drikier aliohal,

Glass Glass Glass
al vin brennavin

9. RAYKING

Hwvor lenge er du vanligvis daglig
tilstede i roykiylt rom?.............

Antall hgle timer
Seit @ hvis du ikke oppholder dag [ reykfielt rom,

Reyker du selv: JA  NEI
1 g | T e e L SR ok it [
Sigarersigarilios daglio? e D |_.|
R A I R S [
Al reykt daghig oo {Sett kryss)

Hvis du har roykt daglig tidligere, hvor
lenge er det siden du sluttet?.........ovevec Antall 4r

Hvis du reyker daglig na eller har reykt
tidligera:

Hwor manga sigaretter reyker aller raykia
du vanligwis daglig? ...t eeeeernnveeas Anfall sigaretter

Huar gammal var du da du begynte &
rehe A R e e Aldar i dr

Hwor mange ar til sammen har du reykt
a1 | e e R b et R S R Antail dr

10, MOSJON

Hvardan har din fysiske aktivitet i fritiden veert
det sisle aret?
Tenk deg ef Lhentlig giennomsnitt far drat.
Arbeidsvei regnes som fritid, Besvar begge sparsmélens.
Timer pr, uke
Ingen Linder 1 1-2 3 og mer

Lail akiiviet ; sl

fikke sveltrandpustan) ... J _| J ]

Hard fysisk aktivitet —

fevaltandpustan ... .—| —| :| J
1 2 $ 4

Bevegelse og kroppsliy anstrengelse | din fritid. Hvis aktiviteten
varierer meget f.eks. mellom sommer og vinter, sé ta et gjennom-
snitt. Spersmalet gjelder bare det siste dret.
Sett kryss | den rula som passer bost,

Laser, ser pa fiernsyn eller annen

stillesittande baskjahligalsa? ... .cess s, |_| 1

Spaserer, sykler eller beveger deg pé "
annen mate minst 4 meri uka? .o |_| 2
{Her skal ou ogsd ragna med gang aller

sykiing i arbeidsstedet, sgndagstiurar mm.}

Dirlver ﬁosmnsldre!l. tyngre hagearbeid e..7 .. |:| a
(Mark at akviteten skal vare minst 4 imer i uka)

Trener hardt eller driver konkurransaidratt
regelmessig og flare ganger i UKAT? ... irrreens ,,'—l 4

11. ENDRING AV HELSEVANER

Dette gielder din interesse
for 4 endre halsevaner,

Ravkesparsmalet basvares
barg av dem som reyker, JA NEI JA NEI JA NEI

Har du de siste 12 mnd. forsokt 4: L |_—| :| |: |:| ]

Om 5 ar, tror du at du har
endret vaner pa noen av i ek 45 NEI JA - NE

disse amradene? ... L L1 L] 1 [ [

Heyaste Laveste
Ansla din heyeste og laveste vekt vekt vekt
i lopet av de siste 5 ar. (Hela k)
(5e bort fra vekt under svangarskap)

Spise Trimme Slutte
sunnere mer i ravke




12. MEDISIN MOT HGYT BLODTRYKK
Bruker du medisin mot hoyt blodtrykk?
N& For, men Ikke nd  Aldrl brukt

R [z [s

Hvis du bruker medisin na, hvilke(t) merke(r) bruker du?

ke shiiv i digse rulene

13. MEDISIN MOT HOYT KOLESTEROL

Bruker du kolesterolsenkende medisiner MA? .o
Hvis MEI, ga til 14. ETTERUNDERSBKELSE.

Hvor gammel var du da du begynte med
kolesterolsenkende medisiner? ... ... Alder i dr

Hvis du bruker kolesterclsenkende medisiner, hva
var grunnen til at du begynte med slik medisin?
(Sett kryss | de rulene som passer far deg.)

Hijertainfarkt

Angina pectors (hjertekrampe, brystkrampe)

Heyl innbold av kolastarol 1 blodet

Hjanasykdom i familien ({oreldre, seskan) ...

Hjemaslag'hjermebladning’ =drypp»
Dérlig bledsirkulasjon | bena
tareforkalkning, <raykebans)

Andre Arsaker

Skriv hwilke &rsaker her:

ke skeiv | disse ruleng JA

Jeg er usikker pd &rsaken ...

Hvilke kolesterolsenkende medisiner bruker du NA
og hvilken dose bruker du?

Hvilka(t) markeir) bruker du?

ke skriv | disse rutane

14. ETTERUNDERSGEKELSE

Hvis denne helseundersokelsen viser at du ber undersekes
naermera, hvilken allmennpraktiserende lege/kommunelege
ansker du da & bli henvist til?

Oppgi legens nave:

Ihkke skriv | disse rutene

0 O

15. TIL KVINNER SOM DELTAR | HELSE-
UNDERSOKELSEN

Hvor gammel var du da du fikk menstruasjon

allar farste Qang? ... s ATA0 | &7

Har du for tiden regelmessig menstruasjon?
Regn den for regelmeassig kvis den ike har veert
hborte mer enn 3 mnd, sammenhengende Siste 3.

Til deg som svarte JA: Omirent hvor mange
dager etter starten pa siste menstruasjon T
skjer helseundersekelsen? (Satif bare eff kryss)

Unaers|_| g14 | 15-21]_

Hvis du for tiden lkke har regelmessig menstruasjon,
ber vi deg ylle ut nedenfar {Seit bare elf kryss)
Menstruasjonen sluttet av seq selv for minst
6 mnd. siden {overgangsalder)

Menstruasjonen slutiet etter undedivs-
oparasjan, strdlebahandling aller callagift

Usikker pd om menstruasjonen har sluttet
(mulig overgangsaldar)

Gravid i mincire ann 6 manedear

Gravid | 6 ménader allar mar

Har nylig fedt eller ammer, ag har ikke fatt
menstruasjonen tilbake .. :

Helt tregelmessige menstruasmner
med sveart korte sller sveer lange pauseT........ccecve

Ingan elier uregelmessig menstruasjon
pé grunn av hormonbahandling

Har aldri hatl menstruasioner

Hvis du ikke lenger har menstruasjon, hvor

gammel var du da den sluttet? .........ccceeeee v ceme DB T SF

Hvar mange barn (levande bam) har du fedt?  Andal barn

Hvor lenge har du ammet dine barn til sammen?
(faks. 3 barn: T+ & + 10 = 17 méneder} Antall mnd.

Bruker du nd, eller har du tidligere brukt & Far, men

ikke né
P-pille (ogsd minipitie) eller p-sprayia......... |_|

VARG SPIFBT oo e D

Hormanspiral (pris ¢a., ke 1000} e, U

Bstrogan/progesteron
{tablettar, plaster, sprovie) |:|

Bstrogan (kram efler stikkpitar) ... D

Til deg som bruker p-pille, harmonspiral (ikke vanlig spiral)
eller hormoner | overgangsalderen NA;

Huiika(f) markea(r) bruker du?

L

ke sk i disse rufene

Qmtrent hvor lenge har du brukt det du bruker na?

Antal &r Huis mindre ann et &r: ... Ménedlar

Mer enn 21 dagar D

Aldri
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THE COUNTY STUDIES - QUESTIONNAIRE






A JAINE|
Har De, eller har De hatt:
Hjertein{arkt? e ST NG A BeE # EEEa
Angina pectoris (hjertekrampe)? .. . . .
Annen hjertesykdom ? ... . . ... . ... %
Areforkalkning i bena? . . ... .. .... %
Hierneslag? . ... ....... .. ......w
Suldbarsgbee® oy i5 0 5 0w s
Er De under behandling for:
Heoyt blodtrykk T . . . .. .. .....
Bruker De !
NIEFEQINEERIN'T 1 1 o i ale 0 Foursen, = 9
B JANE

Far De smerter eller ubehag i brystet nar De:
Gar i bakker,trapper eller fort pa flat mark? «
Gar i vanlig takt pa flat mark ?

ngasg%% 2r s;::t;fr’er ellj.r ube.hng i brystet

1 Stanse ? |, ... ..., . ......... %
2 Saktne farten? :
3 Fortsette ( samme takt?

Hvis De stanser eller saktner farten,
forsvinner sm e da:

1 Etter mindre enn 10 minutter ? . ... 4
2 Etter .mer enn 10 minutter ? | | .
Far De smerter i tykkleggen nar De
Gar? ... viw e e 3 e A8 i
Evdd wottl siad 2l 5B D BB bimbang i 'UB
Hvis De far leggsmerter, besvar da :

Forverres smertene ved raske,re,
tempo eller | bakker ? T

Gir smertene seg nér De stopper ? . . 48
Har De vanligvis:
Hoste om morgenen? . . . .. ... ... &

Oppspytt fra brystet om morgenen? ..

C JA

evegelse og kroppsllg anstrengelse i
ere s
Hvis aitlwteten varjerer meget f.elks.
mellom sommer og vinter s ta e
gJe.nnomsnlbt.

Spersmalet gjelder bare det siste 3ret.
Seit kryss i den ruten hver .JA"passer best.

1 Leser, ser pa fjernsyn eller il
stillesittende beskjeftigelse T .. . .. #

2 Spaserer, sykler eller beveger De
afmen maf:ermst 1( lrnergl ukenT p&
Heri medregnes 2 gang eller sykling
(hl -rquutcdefc:g;ssaa?dagswm.r m.em. )

3 Driver mosjonsidrett, tyngre ha e-
arbeid e. LI Y 9 9
Merk at VIrltlornhe.‘bGn slal vare rnmat

D
Raeyker De daglig for tiden ?

E:.:v:\rr_aaeizlvar «JA" pd forrige sparsmail,

Royker De sigaretter daglig? . £Csuney
(héndrullede eller fabri Ir.kframstllE-E.')

Hvis De ikke royker sigaretter na, besvar da.

Hyns De svarte , JA hvor lenge er det
siden De sluttet

1 Mindre enn 3 m3ineder?
2 3 maneder - 41&8F7?

3 1 - 5 &1

A Merenna BarY |, .0 aeess

Besvares av dem som royker n3 eller har
rpykt tidligere :

Hvor mange nr {;.lsammo_n har De
reykt daglig ? eTTwE B

Hver wmange sigaretter rﬂ ker eller
rovkte D6 daglig ! Y artall pr. dag t
(handrullede + fabrlkkfram stilte)

Rayker De noe annet enn sigaretter daglig?
Sigarer eller serutter /cigarillos? |
pre? ...... ¥ e e carm a e e wom s

Hvis De reyker pipe hVar mange pakker

tobalkck (Sogramrbru er De i pipa P'e uke ?

et
Oppai gjennomsnittlig antall pakker pr.uke..

E

Kan De vanligvis komme hjem {ra arbeidet
Eiver: dagg T L10ws chadin ball SEiawd ok
Hver helg? . .. ...

Har De i pernoder Iengre arbeudsdager
enn vanlig? ., ..

(f.eks. under senong{ﬂske onnearbeid)

Har De i lopet av siste &ret hatt:
Sett kryss i den ruten hvor.JA" passer best.

1 Overveiende stillesittende arbeid? .. =
(fekl skru've.bordar'b.) urmakerarb., mgnt.crin91

2 Arbeid som krever at De gar mye T .
(f.eks. akspedi torarb., lotk industriarb., undervien.)

3 Arbeid hvor De gir og lofter mye? . |
(f..k’ postbud, tyngre industnarb , bygningsard )

4 Tungt kroppsarbeid ® . ... .. A
r‘ eks. skogsarbeid, tungt. jordbriksare tur-gt.
Bygnr n.aurb\

Har De i lepetavde siste 12 mnd mttet
te fra hjemstedet pd grunn av
orandrmgl arbeidssituasjonen? . ... ... ™

Er husmorarbeld Deres hovedyrke 7 . . .. . ™

Har De i lopet av de slste 12 mnd f3tt
arbeidsledighetst rygd ?

.............

Er De for tiden sykmeldt eller far De
attforingspenger? ..

Har De {ull eller delvis u-f‘;arepenslon T..

4 timer 1| ulcer.

4 Trener hardt eller driver konkurranse -
tdrﬁ.tt%regelmessag og flere ganger
i uken

G El

Hmr noen | Deres husstand (utenom
Dem selv ) vaert innkalt Lil n@rmere wunder-
sekelse hos distriktslegen etter fo,,ﬂge
hierte-kar undersolkeise ?

F

Har en eller {lere av foreldre eller sosken
hatt hjerteinfackt (sar pd hjertet)
eller angina pectoris (hjertekrampa) ?

E.s- to eller flere av Deres besteforeldre
v flnsk =t 7 | | i

Er to eller 1Fle,re av Deres besbeforeure
av Samisk mEL T . . i

W S




MELDING OM SKJERMBILDEFOTOGRAFERING
OG HJERTE-KARUNDERS@KELSE

(Gjelder bare den person brevet er adressert til)

Skjermbildefotograferingen kommer na til
Deres distrikt.

Tid og sted for Deres frammete vil De finne
nedenfor.

Ogsa denne gangen vil en del av befolkningen
fa tilbud om hjerte-karundersekelse. De tilherer

denne gruppe. En orientering om undersekelsen

er gitt i vedlagte brosjyre.

r o Vennligst fyll ut sperreskjemaet pa baksiden
og ta det med til undersekelsen. Ta ogsd med
tuberkulinkort eller helsebok, om De har.
Fraveer bes eventuelt meldt p4 vedlagte seddel.
Med hilsen
L =] HELSERADET FYLKESLEGEN
STATENS SKJERMBILDEFOTOGRAFERING
Fedt dato Personnr, Kommune Kretsnr.
Ferste
bokstav
Metested Kjenn etternavn Dag og dato Klokkeslett =—
8
@
[ SKRIV IKKE HERI
TSN e — | | L L L I,L | L 1 1 iy 1 1 y 1 e
17 8 18 24 25 ao a1 32




CONOR - QUESTIONNAIRE






y
Pl oo

VARIABEL/
VARIABLE SPORRESKJEMA NORSK (NORWEGIAN) QUESTIONNAIRE IN ENGLISH
EGEN HELSE YOUR OWN HEALTH
al 1. Hvordan er helsen din na? Sett bare ett kryss 1. What is your current health status? Tick one only
Darlig Poor
Ikke helt god Not so good
God Good
Sveert god Very good
a2 1toa2 10 2. Har du eller har du hatt? 2. Do you have, or have you had?
Ja Nei Alder l.gang Yes No Age first time
Hjerteinfarkt Heart attack
Angina pectoris Angina pectoris
(hjertekrampe) (heart cramp)
Hjerneslag/ Cerebral stroke/
Hjerneblodning Brain haemorrhage
Astma Asthma
Diabetes (sukkersyke) Diabetes
3. Har du i lepet av siste dret veert plaget med smerter
a4 og/eller 3. Have you during the last year suffered from pain and/or
stivhet i muskler og ledd som har vart i minst 3 maneder
sammenhengende? stiffness in muscles and joints that have lasted for at least 3 month
Ja Yes
Nei No
a5 1toa5 7 4. Har du de to siste ukene folt deg: 4. Have you in the last two weeks felt :
Nei Litt Engoddel Svert
mye No Alittle Alot Very much
Nerves og urolig Nervous or worried
Plaget av angst Anxious
Trygg og rolig Confident and calm
Irritabel Irritable
Glad/optimistisk Happy/Optimistic
Nedfor/deprimert Down/Depressed
Ensom Lonely
FYSISK AKTIVITET PHYSICAL ACTIVIYY
5a. Hvordan har din fysiske aktivitet i fritiden vaert det siste
a6_1to a6_2 aret? 5a. How has your physical activity during leisure time been over t|

Tenk deg et ukentlig gjennomsnitt for dret. Arbeidsvei regnes
som fritid.

Timer per uke i gjennomsnitt
Ingen Underl 1-2 3el
mer
Lett aktivitet (ikke
svett/andpusten)

Think of your weekly average for the year. Time spent going to or froi
Hours per week

None Lessthanl 1-2 3 ormu
Light activity
(not sweating or out of breath)



Hard fysisk aktivitet
(svett/andpusten)

Hard physical activity
(sweating/out of breath)

5 b. Angi bevegelse og kroppslig anstrengelse i din fritid.

a6_3 Hyvis aktiviteten 5 b. Please note physical activity during the past year in your spai
varierer meget f.eks mellom sommer og vinter, sa ta et
gjennomsnitt. If activity varies between summer and wintertime,
Spersmilet gjelder bare det siste dret. note a mean value.
(Sett ett kryss i den ruta som passer best) (Tick one only)
Lese, ser pa fjernsyn eller annen stillesittende beskjeftigelse? Reading, watching TV or any other sedentary activity?
Spaserer, sykler eller beveger deg pa annen méte minst 4 timer i
uka? Walking, cycling, or other activity, other for at least 4 hours a week?
(Her skal du regne med gang eller sykling til arbeidsstedet,
sondagsturer m.m) (Count also walking back and forth from work)
Driver mosjonsidrett, tyngre hagearbeid e.1? Light sports, heavy gardening?
(Merk at aktiviteten skal vare minst 4 timer i uka) (At least 4 thours perweek)
Trener hardt eller driver konkurranseidrett regelmessig og flere
ganger i uka Hard exercise, competitive sports? Regularly and several times a wee
ROYKING SMOKING
a7_2 6 . Hvor lenge er du vanligvis daglig til stede i reykfylt rom? | 6 . How many hours a day do you normally spend in smoke-filled
Sett 0 hvis du ikke oppholder deg i roykfylt rom. Write 0 if you don 't spend time in smoke-filled rooms
Antall timer........... Number of hours...........
a7_3 7. Rokte noen av de voksne hjemme da du vokste opp? 7. Did any of the adults smoke at home when you grew up?
Ja Yes
Nei No
8. Bor du/har du bodd sammen med noen daglig-reykere
a7 4 etter fylte 20 ar? 8. Do you now, or have you ever lived together with a daily smokei
Ja Yes
Nei No
a8 0toa8 3 9. Reyker du selv ? 9. Do you smoke ?
Ja Nei Yes No
Sigaretter daglig Cigarettes daily
Sigarer/sigarillos daglig Cigars/cigarillos daily
Pipe daglig Pipe daily
10. Hvis du har reykt daglig tidligere, hvor lenge er det
a9 siden du sluttet? 10. If you previously smoked daily, how long is it since you quit?
......... ar .........number of years
all 11. Hvis du reker daglig na eller har roykt tidligere: 11. If you smoke daily now or previously:
Hvor mange sigaretter reyker eller roykte du vanligvis
daglig? How many cigarettes do you,or did you usually smoke per day?
Antall sigaretter................ Number of cigarettes................
all 12. Hvor gammel var du da du begynte & royke? 12. How old were you when you began smoking?
........... ar eee...oyear
al2 1 13. Hvor mange ar til sammen har du reykt daglig ? 13. How many years in all have you smoked daily ?




KAFFE, TE OG ALKOHOL

COFFEE, TEA AND ALCOHOL

al3_1toal3_2
al3 4

14.a Hvor mange kopper kaffe drikker du daglig?
Sett 0 hvis du ikke drikker kaffe daglig

Kokekaffe, antall kopper.....
Annen kaffe, antall kopper

14.a How many cups of coffee do you usually drink daily ?
Write 0 if you do not drink coffee daily

Boiled coffee (coarsely ground), number......

Coffee other, number...........

al3 5toal3 8

14.b Hva slags kaffe drikke du vanligvis?
Sett kryss

Filter-/pulverkaffe

Kokekaffe/trykkanne

Annen kaffe (espresso og lignende)
Drikker ikke kaffe

14.b What type of coffee do you usually drink?
Please tick

Filter/instant coffee

Boiled coffee (coarsely ground)

Other (espresso etc)

Do not drink coffee

al3 9toal3_10

14c. Hvor mange kopper kaffe/te drikker du daglig?
Sett 0 hvis du ikke drikker kaffe/te daglig

Antall kopper kaffe.............

Antall kopper te............

14c. How many cups of coffee/tea do you usually drink daily?
Write 0 if you do not drink coffee/tea daily

Number of cups with coffee.............

Number of cups with tea............

al4_1and al4_1_2
(al4_1 made of 14_1_1
and 14 1 2)

15 a. Hvor mange ganger i mineden drikker du vanligvis
alkohol?

Regn ikke med lettel. Sett 0 hvis mindre enn 1 gang i maneden.
Antall ganger.............

15 a. How many times a month do you usually drink alcohol?
Do not count low-alcohol beer. Put 0 if less than once a month.
Number of times.............

al4_1andal4_1_1
(al4_1 made of 14 _1_1
and 14_1_2)

15 b. Omtrent hvor ofte har du i lopet av det siste aret
drukket alkohol?

(Lettol og alkoholfritt ol regnes ikke med)
4-7 ganger i uka

2-3 ganger i uka

Ca l.gang i uka

2-3 ganger pr méaned

Omtrent] gang i mnd.

Noen fé ganger siste ar

Har ikke drukket alkohol siste ar

Har aldri drukket alkohol

15 b. Approximately how often during the past 12 months have yo
(Do not count low-alcohol beer)

4-7 times a week

2-3 times a week

App. | time a week

2-3 times a month

Appr. 1 time a month

A few times last year

Have not drunk alcohol the last year

Have never drunk alcohol

ald 4 1,a14 5 1

16 a. Hvor mange glass ol, vin eller brennevin
drikker du vanligyvis i lepet av to uker?
Regn ikke med lettol. Sett 0 hvis du ikke drikker alkohol.

@l.....glass Vin.....glass Brennevin.....glass

16 a. How many glasses of beer, wine or spirits
do you usually drink during a two-weeks period?
Do not count low-alcohol beer. Put 0 if you do not drink alcohol.

Beer.....glasses  Wine.....glasses Spirits.....glasses

Til dem som har drukket siste ar
16 b. Nér du har drukket alkohol, hvor mange glass/og eller

For those who have consumed alcohol during the past year

al4 2 drinker 16 b. When you drank alcohol, how many glasses
har du vanligvis drukket? did you usually drink ?
Antall............. Number of glasses.............
16 c. Omtrent hvor mange ganger i lopet av det siste aret
al4_3 har du drukket si mye 16 c. Approximately how often during the past 12 months have yo'
som minst 5 glass og/eller drinker i lopet av et dogn? corresponding to at least 5 glasses of spirits in 24 hours?
Antall ganger........... Number of times...........
16 d. Nar du drikker alkohol, drikker du da vanligvis: (Sett
al4_4,al4 5, ett eller flere kryss). 16 d. When you drink alcohol, do you usually drink: (Tick one orn
al4 6,a14 6 1 4]} Vin Brennevin Beer Wine Spirits (hard liquor)




ald 7

17. Er du total avholdsmann/-kvinne?

17. Are you a total abstainer from alcohol ?

Ja Yes
Nei No
SKOLEGANG EDUCATION

al5, al5_2
(made of al5_1 and
al5_2)

18 a. Hvilken utdanning er den heyeste du har fullfert?

Mindre enn 7 &r grunnskole
Grunnskole 7-10 ar, framhaldsskole, folkehoyskole

Realskole, middelskole, yrkesskole, 1-2 arig videregdende skole
Artium, ekonomisk gymnas, allmennfaglig retning i
videregdende skole

Hogskole/universitet, mindre enn 4 ar
Hogskole/universitet, 4 ar eller mer

18 a. What is the highest level of education you have completed?

Less than 7 year of primary school
7-10 years primary/secondary school
Technical school, middle school, vocational school, 1-2 years senior h

High school diploma (3-4 years)
College/university, less than 4 years
College/university, 4 or more years

al5,al5_1
(made of al5_1 and
al5_2)

18 b. Hvor mange ars skolegang har du gjennomfert?

(Ta med alle ar du har gatt pd skole eller studert)
Antall ar.............

18 b. How many years education have you completed all together?

(Count every year you went to school)
Number of years.............

SYKDOM I FAMILIEN

ILLNESS IN THE FAMILY

alé

19. Har en eller flere av foreldre eller sesken hatt
hjerteinfarkt (sir pa hjertet)

eller angina pectoris (hjertekrampe)?

Ja

Nei

Vet ikke

19. Have one or more of your parents or siblings had a heart attac
or angina pectoris?

Yes

No

Don't know

b15_1 to b15_30

20. Kryss for de slektninger som har eller har hatt noen av
sykdommene:

Mor Far Bror Sester

Barn

Hjerneslag eller
hjernebledning
Hjerteinfarkt for 60

ars alder

Astma

Kreftsykdom

Sukkersyke (diabetes)
Alder da de fikk sukkersyke

20. Tick for those relatives who have or have had:

Mother Father Brother Sister Child
Cerebral stroke or

brain haemorrhage

Myocardial infarction

before age 60

Asthma

Cancer

Diabetes

Age when diabetes was first diagnosed

LOKALMILJ®O OG BOLIG RESIDENLY
bl 21. T hvilken kommune bodde du da du fylte 1 ar? 21. In which muncipality did you live at the age of 1 year?
Hvis du ikke bodde i Norge, oppgi hvilket land i stedet for
fylke. If you did not live in Norway, give country of residence instead of mun
b2 22. Hvilken type bolig bor du i? 22. What type of dwelling do you live in?
Enebolig/ villa Villa/detached house
Gardsbruk Farm
Blokk/terrasseleilighet Flat/apartment
Rekkehus/2-4mannsbolig Terraced/semi-detached house
Annen bolig/institusjon/omsorgsbolig Other/institution/care home
b3 23. Hvor stor er din boenhet? 23. How large is your home?




b29

24. Er det heldekkende tepper i stua?

24. Do you have wall-to-wall carpets in the living-room?

Ja Nei Yes No
b30 25. Er det Kkatt i boligen? 25. Is there a cat in your home?
Ja Nei Yes No
FAMILIE OG VENNER FAMILY AND FRIENDS
26a. Hvem bor du sammen med? Sett ett kryss for hvert
Sjekke sporsmdl og angi antall. 26 a. With whom do you live? Tick one for each question and write
Ja Nei
Antall Yes No Numb
Ektefelle/samboer Spouse/Partner
Andre personer over 18 ar Other persons older than 18 years
Personer under 18 ar Persons younger than 18 years
b4_1to b4_6 26 b. Bor du sammen med noen? 26 b. Do you live with anyone?
Ja Yes
Nei No
Hvis JA: If YES:
Ja Nei
Antall Yes No Number
Ektefelle/samboer Spouse/Partner
Andre personer, 18 ar og eldre Other persons older than 18 years
Personer under 18 ar Persons younger than 18 years
b4_7 and b4_8 26 ¢ (kun pa eldreskjema) 26 c (only at the questionary for the elderly)
Bor du ? Sett kryss Where do you live ? Please tick
Hjemme Home
Institusjon/bofellesskap Institution
Bor du sammen med? Do you live with?
Ja Nei Yes No
Ektefelle/samboer? Spouse/Partner?
Andre personer? Other persones?
b31 27. Hvor mange av barna har plass i barnehage? 27. How many of the children attend day care/kindergarten/nurse
28. Hvor mange gode venner har du? Regn med de du kan
b5 snakke fortrolig 28. How many good friends do you have with whom you can talk ¢
med og som kan gi deg hjelp nér du trenger det? and who can provide help if you need it?
(Tell ikke med de du bor sammen med, men ta med andre
slektninger) (Do not count people you live with, but do include other relatives)
b6 29. Foler du at du har nok gode venner? 29. Do you feel that you have enough good friends?
Ja Yes
Nei No
30. Hvor ofte tar du vanligvis del i foreningsvirksomhet som
b7 for eksempel 30. How often do you usually take part in organised activities, e.g.

syklubb, idrettslag, politiske lag, religiose eller andre
foreninger?
Aldri, eller noen fa ganger i aret

1-2 ganger i maneden (for dr 1996), 1-3 ganger i maneden (etter

ar 1996)

sewing circles, sports clubs, political meetings, religious or other o
Never, or just a few times a year

1-2 times a month (before year 1996), 1-3 times a month (after year 1¢



Omtrent 1 gang i uken
Mer enn en gang i uken

Approximately once a week
More than once a week

ARBEID WORK
b8 _1to b8_4 31. Hva slags arbeidssituasjon har du na? 31. What is your current work situation?
Lonnet arbeid Paid work
Heltids husarbeid Full-time housework
Utdanning, militertjeneste Under education, military service
Arbeidsledig, permittert Unemployed, on leave without payment
b9 and b9 _1 32a. Hvor mange timer lonnet arbeid har du i uka? 32 a. How many hours of paid work do you have per week?
................... timer tieeiereeenee......number of hours
b9 32 b. Er du i inntektsgivende arbeid? 32 b. What is your current work situation — paid work?

Ja, full tid
Ja, deltid
Nei

Yes, full-time
Yes, part time
No

b10_1,b10 2, b10 3
b10_4,b10 5,b10 6
b10_7

33. Mottar du noen av felgende ytelser?

Sykepenger (er sykemeldt)

Alderstrygd, fortidspensjon (AFP) eller etterlattepensjon
Rehabiliterings-/attforingspenger

Uforepensjon (helt eller delvis)

Dagpenger under arbeidsledighet

Solsialhjelp/stenad

Overgangsstenad for enslige forsergere

33. Do you receive any of the following?
Sickness benefit?

Old-age pension?

Rehabilitation benefit?

Disability pension?

Unemployment benefits?

Social welfare benefits?

Social benefit-single parent?

b11 34. Har du skiftarbeid, nattarbeid eller gar vakter? 34. Do you worKk shifts or nights?
Ja Yes
Nei No
35. Hvis du er i lennet eller ulennet arbeid, hvordan vil du
b12 beskrive arbeidet ditt? 35. If you have paid or unpaid work, which statement describes yc
For det meste stillesittende arbeid? Mostly sedentary work?
(f.eks1 skrivebordsarbeid, montering) (e.g. office work, mounting)
Arbeid som krever at du gar mye? Work that requires a lot of walking?
(f-eks ekspeditorarbeid, lett industriarbeid, undervisning) (e.g. shop assistant, light industrial work, teaching)
Arbeid der du gér og lefter mye? Work that requires a lot of walking and lifting?
(f.eks postbud, pleier, bygningsarbeider) (e.g. postman, nursing, construction)
Tungt kroppsarbeid?(f.eks skogsarbeid, tungt jordbruksarbeid,
tungt bygningsarbeid) Heavy manual labour? (e.g. forestry, heavy farmwork, heavy construci
36. Kan du selv bestemme hvordan arbeidet ditt skal legges
b32 opp? (Sett bare ett kryss) 36. Do you_decide yourself how your work will be done? (Tick one

Nei, ikke i det hele tatt

I liten grad

Ja, stort sett

Ja, det bestemmer jeg selv

Not at all

Very little

Yes, sometimes

Yes, my own decision

b33_1,b33 2,b33 3

37a. Har du noen av felgende yrker ?

(heltid eller deltid) Sett kryss for hvert sporsmal
Ja Nei

Sjafor

Bonde/gardbruker

37 a. Do you have any of the following occupations ?

(full time or part time) Tick one for each question
Yes No

Driver

Farmer



Fisker

Fisherman

b33_4,b33 5

37b. Hvilket yrke/tittel har eller hadde du pa dette
arbeidsstedet?

(spersmalet henviser til et mellomliggende sporsmal (ikke
CONOR)om

den virksomhet man har arbeidet i lengst tid siste 12 mnd)
(For eksempel; sekretcer, lcerer, industriarbeider, barnepleier,
mobelsnekker,

avdelingsleder, selger sjéfor e.l)

37 b. What occupation/title did you have at this work?

(the question refers to another question (not CONOR) about the occup
where they worked the longest period during the past year)

Ex secretary, teacher, industrial worker, nursing, carpenter, |
eader, salesman, driver etc)

SYKDOM OG SKADER

YOUR OWN ILLNESS and INJURIES

b13 1,b13 2,b13 3
b13_4,b13 5,b13 6

b13 7,b13 8

38. Har du noen gang hatt:
Sett et kryss for hvert sporsmdl. Oppgi ogsa alder ved
hendelsen.
Hvis det har skjedd flere ganger, hvor gammel var du siste
gang.
Ja Nei
Aldersiste gang
Larhalsbrudd
Brudd ved handledd/underarm
Nakkesleng (whiplash)
Skade som forte til syke-
husinnleggelse

38. Have you ever had:
Tick one for each question. State age at event.
If it has happened several times, write age at the last event.

Yes No Age at lasttime
Hip fracture
Wrist/forearm fracture
Whiplash
Injury requiring hospital
admission

b14_1,bl4_2,bl4 3

39. Har du eller har du hatt?

39. Do you have or have you ever had?

b14_4,b14_5 Kryss av ja eller nei for hvert sporsmal Tick yes or no for each question
Ja
Nei Yes No
Hoysnue Hay fever
Kronisk bronkitt/emfysem Chronic bronchitis/emphysema
Benskjerhet (osteoporose) Osteoporosis
Fibromyalgi/fibrositt/kronisk)smertesykdom Fibromyalgia/fibrositis/chronic pain syndrome
Psykiske plager som du har sekt hjelp for Psychological problems for which you have sought help
b17 40. Hoster du omtrent daglig i perioder av aret? 40. Do you cough almost daily for some periods of the year?
Ja Nei Yes  No
b18 41. Hvis ja: 41. If yes,
Er hosten vanligvis ledsaget av oppspytt? do you bring up phlegm?
Ja Nei Yes  No
42. Har du hatt slik hoste si lenge som i en 3 maneders
b19 periode i 42. If you cough almost daily for some periods of the year, have yo
begge de to siste ar? kind of cough for as long as 3 months in each of the last two years'
Ja Nei Yes No
b20 43. Hvor ofte er du plaget av sevnleshet? 43. How often do you suffer from sleeplessness?
Aldri, eller noen fa ganger i aret Never, or just a few times a year
1-2 ganger i maneden (for ar 2000), 1-3 ganger i maneden (etter
ar 2000) 1-2 times a month (before year 2000), 1-3 times a month (after year 2(
Omtrent 1 gang i uken Approximately once a week
Mer enn | gang i uken More than once a week
b21 44. Har du siste aret veert plaget av sevnleshet 44. Have you in the last twelve months suffered from sleeplessness

som har gitt utover arbeidsevnen? Ja
Nei

to the extent that it has affected your ability to work ? Yes




BRUK AV MEDISINER USE OF MEDICATION

b16_1,b16_2 45. Bruker du? 45. Do you take?
Na For, men ikke na
Aldri brukt Currently Previously Never
Kolesterolsenkende medisin Lipid lowering drugs
Medisin mot heyt blodtrykk Medications for high blood pressure
b16_19 to b16_24 46a. Har du i lepet av det siste aret brukt noen av felgende | 46 a. Have you for any length of time in the past year used any of
midler daglig eller nesten daglig? medications every day or almost daily?
Angi hvor mange mdneder du brukte dem. Sett 0 hvis du ikke
har brukt noen av midlene. Indicate how many months you have used the medication. Write 0 if yc
Legemidler Medications:
Smertestillende Painkillers ~ ......... months.
Sovemedisin Sleeping pills ... months.
Beroligende midler Tranquilizers  ......... months.
Midler mot depresjon Antidepressants ...months.
Allergimedisin Allergy pills ~ ......... months.
Astmamedisin Asthma medication ......... months.

Med medisiner mener vi her medisiner som er kjopt pd apotek. | Only medication bought at pharmacy .

Kosttilskudd og vitaminer regnes ikke med. Do not include dietary supplements
b16_3 to b16_8 46 b. Hvor ofte har du i lepet av de siste 4 ukene 46 b. How often during the last 4 weeks
brukt felgende medisiner? have you taken any of the following medication?
(Sett ett kryss per linje) Tick one per line
Daglig Hver uke,
Sjeldnere enn Har ikke brukt Daily ~ Weekly Less that
men ikke daglig  hver
uke siste 4 uker but not daily weekly
Smertestillende uten resept Painkillers without prescription
Smertestillende pa resept Painkillers on prescription
Sovemedisin Sleeping pills
Beroligende medisin Tranquilizers
Antidepressiva Antidepressants
Annen medisin pa resept Other medication on prescription

46c¢. Fyll inn navn pa medisin, arsak til bruk og tiden den

b16_9 1to bl6_18_3 ble brukt fra sp 46b 46.c Fill in name of medication, reason for use and time used from

Brand name Reason for use For how long

Navn pa medisin Grunn til bruk Hvor

lenge brukt up to 1 year/1 year or |

Inntil et

ar/ett ar eller mer
1.

2 2.

3 3.

4 4.

5 5.

6 6.

KOSTTILSKUDD DIETARY SUPPLEMENTS

47 a. Har du i lepet av det siste aret brukt noen av felgende
b16_25 to b16_27 midler 47 a. Have you for any length of time in the past year taken any of

daglig eller nesten daglig? following daily or almost daily?




Angi hvor mange mdneder du brukte dem. Sett 0 hvis du ikke
har brukt noen av midlene.

Indicate how many months you have used them. Write 0 if you did no

Jerntabletter . Iron tablets L months
Vitamin D-tilskudd .. Vitamin D supplements ... months
Andre vitamintilskudd . Other vitamin supplements ... months
Tran Cod liver oil ....months
b16_28, b16_29 47 b. Bruker du felgende kosttilskudd? 47 b. Do you take any of the following?
Ja, daglig Iblant
Nei Yes, daily ~ Sometimes No

Tran, trankapsler,
Fiskeoljekapsler
Vitamin- og/eller
mineraltilskudd

Cod liver oil, capsules
Fish oil capsules
Vitamin and or
mineral supplements

RESTEN AV SKJEMAET SKAL BARE BESVARES AV
KVINNER

THE REST OF THE FORM SHOULD ONLY BE FILLED IN BY

48. Hvor gammel var du da du fikk menstruasjon forste

b22 gang? 48. How old were you when you started menstruating?
........... ar ee.....year
49. Hvis du ikke lenger har menstruasjon, hvor gammel var
b23 du da den sluttet? 49. If you no longer menstruate, how old were you when you stopg
........... ar ee......year
b24 50. Er du gravid na?
Ja Nei Usikker Over fruktbar
alder 50. Are you pregnant at the moment?
Yes No Unsure Postmenopausal
b25 51. Hvor mange barn har du fedt tidligere? 51. How many children have you given birth to?

......... children

b26_1 to b26_12

52. Hvis du har fedt, fyll ut for hvert barn barnets fodselsar
og omtrent antall

méaneder du ammet hvert barn.

Barn Fodselsar Antall
maneder med amming

AR

52. If you have given birth, what year was the child born and how
months did you breastfeed each child

Child Year born Number of months with breastfe:

AR

b27 1tob27 4

53. Bruker du eller har du brukt:
Na For
Aldri

P-pille (ogsa minipille)

P-sproyte

Hormonspiral (ikke vanlig spiral)
@strogen (tabletter eller plaster)
Ostrogen (krem eller stikkpiller)

53. Do you use or have you ever used:

Now Previously Nev
Contraceptive pills (OC) (incl. minipill)
Contraceptive injections
Hormonal intrauterine device
Estrogen (tablets or patches)
Estrogen (cream or suppositories)

b28_1to b28 5

54. Hvis du brukte p-pille, minipille, p-sproyte,
hormonspiral eller estrogen,
hvilket merke bruker du?

54. If you use contraceptive pills, hormonal intrauterine device, or
what brand do you currently use?
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Sem AS

Fastsatt av Sosialdepartementet 1993

Blankett 1

Legeerkleaering om dgdsfall/melding om unaturlig dgdsfall

Jfr. lov om leger av 13/6 1980 §§ 40 og 41.
Blanketten fylles ut i samsvar med rettledningen pa baksiden og leveres rekvirenten (den som har plikt til & melde dedsfallet) i forseglet konvolutt som
i byene adresseres til skifteretten og pa landet til lensmannen pa dedsstedet. Kopi av legeerkleeringen sendes den lokale politimyndighet, hvis

dodsfallet kan veere unaturlig. (Se rettledning pa baksiden.)

Avdades slektsnavn, for- og mellomnavn Kjenn [ Fedt dag, mnd., ar | Personnr.
Fylles ut av
M Statistisk
:l 2K Sentralbyra
Bosted, kommune I'gate og husnr. Ipostadresse
Dadssted, kommune Dad utenfor institusjon .
Under transport Dad i sykehus eller
1 |_| Hjemme 2 |_| Annet sted 3 |_|til sykehus 4 |_| annen institusjon
For dede i sykehus eller annen institusjon: Institusjonens navn Ded dag, mnd., ar
Hvis sykehus: Avdeling. For annen institusjon: Type institusjon
Yrke (eget, eventuelt forsgrgerens)
Ekteskaplig status For barn dode innen T Timer T Minutter
24 timer etter fodselen,
1 [Jugitt 2[lait  3[ |Enke,-mann 4 [ skilt 5 [ | Separert | hvor lenge varte livet?
Navn og adresse pa den lege som har behandlet avdede under siste sykdom
3 o
Opplysning om dgdsarsaken
Alle rubrikker ma fylles ut. (Se rettledning pa baksiden.)
Omtrent tid
mellom
I. Sykdom eller tilstand som direkte (umiddelbart) sykdommens
. begynnelse og
har fort til deden. doden
(Her skal ikke fores dedsmaten f.eks. hjerte-
svikt, hjertelammelse, asteni, men den sykdom,
skade eller komplikasjon som umiddelbart frem-
kalte doden.). ... a)
Som skyltdtes (var en folge av)
Oppgi den eller de sykelige tilstander, skader b)
eller misdannelser som har fert til (14 bak) den Som skyltdtes (var en felge av)
dedsarsak som er nevnt ovenfor.
Den tilstand som innledet sykdomsforlepet, fores
SISt ... c)
Il.  Andre vesentlige tilstander som kan ha bidratt til
dadens inntreden, men som ikke star i direkte
arsaksforhold til den sykdom eller tilstand som
har fremkalt deden.
Dersom deden | Dato skaden (ulykken) skjedde Sted Yrkesulykke?
skyldtes skade
(uI))l/kke) eller [ived hjemmet [ Annet sted [ua [INei
folger av Hvordan skjedde ulykken?
denne:
Spesielle omstendigheter ved dedsfallet/foretatte undersokelser tyder pa (sett kryss)
Misbruk av Ukjent Plutselig/ Dodsfall i
I_I Drap |_| Selvmord |_| narkotika |_| Medisinsk feil arsak I_I uventet | I_I fengsel/arrest I_I Ukjent lik |_| Yrkessykdom
Ble det foretatt operasjon? Dato operert Viktigste funn
Ja [INei
Opplysningene under | bygger pa Vil den oppgitte dedsarsak senere bli revurdert?
I_I Obduksjon |_| Unders. for deden I_I Syning av liket I_I Ja |_| Nei I_I Vet ikke
Undertegnede lege som har synet liket og som har Melding om unaturlig dedsfall er sendt/gitt muntlig til politiet/lensmannen

[[] behandlet den dede under siste sykdom (sett event. kryss),
erkleerer herved at dedsarsaken er den ovenfor nevnte.

Ja_ [ INei
Undertegnede lege erklaerer herved at det ikke er grunn til &
anta at deden er voldt ved en straffbar handling. (Erkleeringen
gis bare nar kremasjon onskes eller liket fores ut av riket.)

Dato Lege

Adresse:

Dato Lege

Adresse:

I. Forevist skifteretten/lensmannen og sendes
den offentlige lege/politiet pa dedsstedet

II. Forevist politiet og sendes den offentlige
lege pa dedsstedet

I1l. Off. lege/helserad (stempel)

Dato For skifteretten/lensmannen Dato

Adresse: Adresse:

For politimesteren

1S-1025 B



—+

Rettledning for legen ved utfylling av meldingen

En dgdsmelding er et dokument som har rettslig betyd-
ning. Alle opplysninger mé derfor gis med stgrste ngyaktig-
het, og meldingen ma fylles ut med tydelig skrift.

For de enkelte rubrikker ma fglgende iakttas:

Avdgdes navn: Bade slektsnavn, for- og mellomnavn skri-
ves helt ut. For barn som dgr fgr det har fatt navn, oppgis
foreldrenes (morens) slektsnavn.

Bosted: Her oppgir hvor den dgde var registrert bosatt.
Personer som pa grunn av utdanning eller arbeid midlerti-
dig oppholder seg borte fra hjemmet, regnes som bosatt pa
hjemstedet. Personer som dgr i sykehus, fengsel o.l., regnes
som bosatt der de hadde sitt bosted fgr anbringelsen. For
barn fgdt pa sykehus/klinikk, som dgr umiddelbart etter
fedselen, oppgis foreldrenes (morens) bosted. Personer som
ved dgden var anbragt i andre institusjoner (aldershjem,
skolehjem o.1.) eller i privat pleie, regnes som bosatt der.
Norsk personell ved norske diplomatiske stasjoner i utlandet
regnes forsatt som bosatt i den kommunen de hadde sitt
bosted ved utreisen.

Dgdssted: Her oppgis kommune, og det krysses av hvor
dgden inntradte (hjemme, annet sted, under transport til
sykehus, i sykehus eller annen institusjon). Ved dgdsfall i
sykehus oppgis sykehusets navn og avdeling, ved dgdsfall i
annen institusjon oppgis navn, type og postadresse.

Yrke: Oppgis avdgdes yrke eller levevei. For yrkesaktive
og tidligere yrkesaktive oppgis hovedyrket, for arbeidslgse
vanlig yrke. For pensjonister og trygdede oppgis tidligere
yrke med tilfgyelse «thv». For forsgrgede oppgis forsgrge-
rens, eventuelt forsgrgelsesmaten.

Dgdsarsaken: (det vises ogsa til s@rskilt rettledning)

Under la) skal fgres den sykdom, komplikasjon eller til-
stand som direkte fremkalte dgden. I de fleste tilfelle vil
denne umiddelbare dgdsérsak skyldes eller veere en fglge av
en eller flere sykdommer, skader eller tilstander. Disse fores
under b) og ¢), og den tilstand som etter legens mening star-
tet arsakskjeden fgres sist. Hvis den sykdom eller tilstand
som fgres opp under la) beskriver hendelsesforlgpet full-
stendig, er det ikke ngdvendig a fylle ut b) og c).

Arsakssammenhengen mellom Ia, b og ¢ omfatter ikke
bare den etiologiske eller patogenetiske sammenheng, men
ogsa sekvenser der grunnlidelsen antas a ha fort til den di-
rekte dgdsarsak p.g.a. funksjonsnedsettelse eller andre for-
styrrelser.

Under II fgres andre vesentlige tilstander som bidro til den
dgdelige utgang, men som ikke sto i direkte arsaksforhold til
den sykdom eller tilstand som fremkalte dgden.

Hvis mulig oppgis om tilstanden var akutt eller kronisk og
hvor lenge hver tilstand har vart. Ved sykdomsbetegnelser
hvor lokalisasjon ikke gar fram av sykdommens navn, eks.
ved kreft og tuberkulose, ma sykdommens anatomiske sete
oppgis.

Ved unaturlig dgd skal legen opplyse om det forelig(%er
drap, selvmord eller ulykke. Utfgrlige opplysninger om den
ytre arsak bes gitt uansett om dgden er en umiddelbar fglge
av skaden eller av den patologiske tilstand som skaden kan
ha fort til.

Ved unaturlig dgd skal legen sende skriftlig melding til
politiet/lensmannen pa dgdsstedet, jfr. § 41 i lov om leger av
13/6 1980 nr. 42 og forskrifter for legens melding om
unaturlig dgdsfall o.l. Se forgvrig sarskilt rettledning
nedenfor.

Rettledning for legen ved melding om unaturlig dgdsfall

Legeloven § 41 bestemmer at den lege som skal gi erkle-
ring om dgdsfall, uten opphold skal underrette politiet der-
som det er grunn til 4 regne med at dgdsfallet kan vere
unaturlig. P4 samme mate meldes funn av ukjent lik, og
dgdsfall i fengsel eller i politi- eller militeerarrest. Unnlatelse
av 4 melde fra er straffbar. Meldeplikten gar foran taushets-

likt.

P Melding til politiet om unaturlig dgdsfall skal fgrst skje
muntlig eller telefonisk sa snart som mulig. Deretter skal
sendes skriftlig melding. Denne er en kopi av legeerklerin-
gen om dgdsfall, for at legene skal slippe et ekstra meldings-
skjema. Pa skjemaet er det en del spgrsmal som knytter seg
til unaturlig dgdsfall. Opplysningene her hgrer med til den
vanlige legeerklering om dgdsfall.

Grensen mellom naturlig og unaturlig dgd er ikke sparp.
Det kan ofte vare uklart om et dgdsfall er naturlig eller
unaturlig. Arsaksforholdene er ofte usikre, og kan hyppig
bare bringes pa det rene ved etterforskning eller ved sak-
kyndig likundersgkelse.

Legen behgrer ikke ta et bestemt standpunkt til om det
foreligger naturlig eller unaturlig dgd, til arsaks- eller skyld-
forhold e.l. Hans plikt til & gi muntlig melding til politiet
inntrer nar han skjgnner at det kan foreligge unaturlig dgd.
Nar han sa gir skriflig melding, kan legen gi uttrykk for at
svaret er usikkert ved a sette spgrsmalstegn istedenfor kryss
ved de spgrsmél som gjelder unaturlig dgd eller ved 4 krysse
av i rubrikken for ukjent arsak. Et dgdfall vil kunne falle inn
under flere rubrikker; et narkotikadgdsfall kan samtidig vere
et selvmord, en ulykke eller et uaktsomt drap, og det kan
inntreffe under anholdelse eller i arrestrom.

Har legen gitt muntlig melding, bgr i alle tilfeller skriftlig
melding sendes, ogsd om dgdsfallet ikke lenger antas & vere
unaturlig.

Oversendelse av dgdsmeldinger

Ved begravelse skal skifteretten (lensmannen) etter 4 ha
fylt ut skjema for melding til soknepresten, (jfr. Justisdepar-
tementets rundskriv av 1. desember 1938) sende denne lege-
erklering direkte (i posten) til den offentlige lege pa dgds-
stedet.

Ved kremasjon eller hvis liket skal fores ut av riket, skal
skifteretten (Ilensmannen) etter a ha fylt ut skjema for mel-
ding til soknepresten (jfr. Justisdepartementets rundskriv av
1. desember 1938) oppfordre rekvirenten til a bringe lege-
erkleringen videre til politiet, som gir ham (henne) serskilt
erklering om at det fra politiets side ikke er noe til hinder
for kremasjon eller at liket fgres ut av riket.

Politiet sender deretter legeerkleringen direkte (i posten)
til den offentlige lege pa dgdsstedet.

Den offentlige lege skal sende de dgdsmeldingene han
mottar til Statistisk Sentralbyrd, postboks 8131 Dep., Oslo.
Fra byene skal meldingene sendes den 1. i hver maned, fra
landdistriktene kvartalsvis innen 8 dager etter kvartalets
utlgp (jfr. arlig rundskriv fra Helsedirektgren).

Denne blankett fas ved henvendelse til den offentlige lege,
som far det ngdvendige antall fra fylkeslegen. Fylkeslegen
rekvirerer skjema fra Sosial- og helsedirektoratet, postboks
7000 St. Olavs plass, 0130 OSLO.

Leveringsadresse: Universitets gt. 2.



ERRATA

LIST OF CORRECTIONS






ERRATA

Regarding paper I, “Offspring birth weight and cardiovascular mortality among parents: the

role of cardiovascular risk factors”.

The number of offspring excluded with < 37 weeks (172,546), > 44 weeks (132,228) and <
100 g (212) in the flow chart was incorrect.

The correct number of the offspring excluded were: < 37 weeks (154,674), > 44 weeks
(137,075) and < 1000 g (7,481).

Page 31: The flow chart of paper | (with corrections).
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