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Abstract

An inverse association between offspring birth weight (BW) and higher risk of parental
cardiovascular disease (CVD) mortality and morbidity has been reported. Shared
environmental, genetic and intrauterine factors may be responsible for explaining these
associations. We studied the role of parental CVD risk factors in the association between
offspring BW and CVD mortality among mothers and fathers. All births registered in Medical
Birth Registry Norway (1967–2012) were linked to three health surveys, National Educational
Registry and Cause of Death Registry. Number of births with information of parental CVD
risk factors available for the analyses was 1,006,557 (520,670 for mothers and 485,887 for
fathers). Cox proportional hazards regression models were used, following CVD deaths in
parents from 1974 to 2012. An inverse association between offspring BW and CVD mortality
was observed among both parents: hazard ratio 1.60 (1.44–1.75) for mothers and 1.16
(1.10–1.23) for fathers. 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, DBP, SBP
reduced the risk to 1.08 (1.02–1.15), 1.13 (1.06–1.19) and 1.14 (1.08–1.22), respectively.
Triglycerides and diabetes both reduced the risk to 1.15 (1.09–1.12). Our results indicate that
shared environmental factors might be important in the association. A stronger association in
mothers suggest that intrauterine factors also are at play.

Introduction

An inverse association between offspring birth weight (BW) and risk of parental cardiovas-
cular disease (CVD) mortality and morbidity has been reported in many studies.1–5

The explanatory pathway underlying these associations is not clearly established. Several
concepts have been suggested to define a specific mechanism responsible for these associa-
tions. One of the proposed concepts is the thrifty phenotype hypothesis suggested by Barker,6

posing that an adverse nutritional environment during intrauterine life marks permanent
changes in the growing fetus. These changes, in turn, increase the susceptibility of chronic
diseases such as diabetes and coronary heart disease in adult life. Experimental studies have
confirmed the importance of epigenetic modifications in the early onset of chronic diseases.7–9

Alternatively, common genetic factors (pleiotropic effect) may be responsible for the asso-
ciations.10 It is also possible that shared environmental factors partly explain the associations
between decreased fetal growth and chronic diseases later in life.11

The explanatory role of shared familial factors (gene and environment) on reduced BW
and chronic disease associations has been assessed in a number of epidemiological studies.
Regarding CVD risk, some previous studies found offspring BW and mortality associations in
fathers, as well as in mothers, supporting some importance of the genetic factors.2–4,12,13

However, some studies presented a weaker effect in fathers compared with mothers.12,14 The
impact of non-pathologic maternal constraint such as height and parity can be considered in
this regard.15 Furthermore, a recent study investigating mother–offspring and father–offspring
correlations for CVD risk factors showed similar mother/father–offspring associations for
most of the risk factors. The authors suggested that shared environmental and genetic factors
both are equally important for explaining the observed associations.16

Parental smoking is an important shared environmental risk factor that could influence
both offspring BW and own risk of CVD mortality.2,3,17 Most previous studies have reported
the role of smoking and socio-economic factors in the association between offspring BW and
maternal CVD mortality2,5,18 however; data on the role of other parental CVD risk factors in
the association is sparse. Thus, in this study, we use data from the Norwegian health surveys
and the Medical Birth Registry to investigate the importance of parental CVD risk factors in
the association between offspring BW and CVD mortality among mothers and fathers.
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Methods

Using a multigenerational database, the Medical Birth Registry of
Norway (MBRN) was linked to the three health surveys [Cohort
of Norway (CONOR), Age 40 Program and County Studies], the
National Educational Registry and the Cause of Death Registry.
All births in MBRN were linked to the health survey participants
by using a unique personal identification number.

MBRN was introduced in 1967 and encloses information
about demography, maternal diseases before and during preg-
nancy, complications during pregnancy and delivery, congenital
defects and perinatal health.19 The three large health surveys were
conducted in Norway for the screening of CVD risk factors in the
population. In the Norwegian County Study (1974–1988), inha-
bitants of three different counties between 35 and 49 years were
invited for CVD risk screening at three different time periods.20

In the Age 40 Program (1985–1999), all those aged 40–42 years
were invited regularly for cardiovascular health screening in all
Norwegian counties except Oslo.21 In the CONOR, cardiovascular
data from the different regions of Norway was collected from
1994 onwards.22 The response rate in the County Study was 86%,
whereas in the Age 40 Program and CONOR it was 70 and 56%,
respectively.23

Sample

The number of births (from 1967 to 2012) with information on
maternal and paternal CVD risk factors available for the analysis
was 1,006,557 (520,670 for mothers and 485,887 for fathers).
Births without information from both parents in the health
surveys were excluded (Fig. 1). Further, pregnancies <37 weeks
(n= 172,546), >44 weeks (n= 132,228) and offspring BW
<1000 g (n= 212) were excluded.

Birth data

Information about BW (in grams), sex, gestational age, birth
order and year of offspring birth was taken into consideration.
Congenital anomalies among the offspring were coded as ‘disease
in offspring.’ Information about maternal age, parity, diseases
before 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, hypertension,
preeclampsia, eclampsia, gestational diabetes, anemia, thrombosis
and infection) was also included in the analyses. BW was
categorized and analyzed according to the percentiles. Data on
smoking during pregnancy was recorded in the MBRN after 1999,
and it was not mandatory for mothers to report on smoking.

Assessment of CVD risk factors in parents

In the health surveys, participants were screened for the clinical
measurements including systolic (SBP) and diastolic (DBP)
blood pressure, heart rate, total serum cholesterol (TC), trigly-
cerides (TG), height and weight. In CONOR and the Age 40
Program, all biochemical measurements were done by the enzy-
matic methods. In the County Study, TC and TG were measured
by the non-enzymatic methods and later transformed to the
enzymatic method by a correction factor.24 An automatic device
was used to measure heart rate, SBP and DBP. Three recordings
were made at 1-min intervals after resting for 2min. The mean
values of the second and third recordings were used in the
analyses. Acceptable stability of BP measures over time in the
population surveys has been reported.25 Height was measured to
the nearest centimeter and body weight was measured to the
nearest half-kilogram with participants wearing light clothing

Fig. 1. Flow chart. MBRN, Medical Birth Registry of Norway; CONOR, Cohort of Norway.
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without shoes. Body mass index (BMI) was calculated as weight
(kg)/height (m2). Obesity was defined as BMI⩾ 30 kg/m2.
Hypertension was defined as SBP⩾ 140mmHg and/or
DBP⩾ 90mmHg. Information about self-reported health such as
smoking and prevalent diabetes was collected by the self-
administered questionnaire. Participants were asked ‘do you
have, or ever had diabetes’ and answers were taken as ‘yes’ or ‘no.’
Smoking status of the participants was categorized into ‘current
smoker and non-smoker.’

A sensitivity analysis was performed to examine the effect of
unmeasured confounding by smoking on the association between
offspring BW and parental CVD mortality. A subgroup
(n= 866,348) with information on lifelong smoking was used to
categorize smoking habits into ‘never smoke before’ and ‘ever
smoke before.’ Cigarette consumption was also calculated in the
same group as ‘number of pack-years’ by using the following
formula: Number of pack-years= (number of cigarettes smoke
per day/20) × number of years smoked.

Other variables

Data on parents’ education was extracted from the National
Educational Registry of Statistics Norway and was categorized as
‘<9 years,’ ‘10–12 years’ and ‘>13 years.’ Parental marital status
was categorized as married/cohabitant and others (including
unmarried, single, divorce and registered partners).

Cardiovascular mortality

The Norwegian Cause of Death Registry used the International
Classification of Diseases (ICD) 8th, 9th and 10th revision.
Cardiovascular deaths were coded as ICD 9:390–459, ICD-10:
100–199. These codes refer to diseases of the circulatory system.26

Statistical analyses

All statistical analyses were performed in STATA software version
14. Linear regressions were used to assess associations between
offspring BW and all covariates. Offspring BW was analyzed by
quintiles and by small for gestational age (SGA) (below the 10th
percentile for gestational age) compared with non-SGA. The
association between BW and CVD mortality in mothers and
fathers was measured by hazard ratio (HR) estimated in Cox
regression. The proportional hazards assumption was verified by
plotting the Schoenfeld residuals. The CVD deaths in parents
were followed from 1974 to 2012. The total person-years included
in the analysis were: 16,409,176 (mothers) and 14,766,427
(fathers). Several offspring in our study were nested within the
same parents. Therefore, offspring dependency within parent was
taken into account by the ‘robust cluster’ command in STATA
version 14. This command effectively adjusts the standard error
for within-parent correlation. The offspring were clustered on two
parents (520,670 for mothers and 485,887 for fathers). Reduction
in HR was used to assess the extent to which CVD risk factors
could explain the mortality risk associated with offspring BW. A
P-value< 0.05 was considered as significant.

Results

Table 1 shows characteristics of parents according to the quintiles
of offspring BW. Parents of offspring in the lowest BW quintiles
were comparatively younger at the time of offspring birth. They
were less likely to have married and less educated than parents of

offspring in the higher BW quintiles. Higher BW was related to a
lower proportion of smoking during pregnancy. The number of
CVD deaths in mothers and fathers were 2660 and 9160,
respectively.

A more unfavorable pattern of CVD risk factors was observed
among parents of offspring in the lowest BW quintile (Table 2).
A higher proportion of smokers and hypertensive, as well as
higher mean levels of TC, SBP, DBP and heart rate were observed
among parents of offspring in the lowest BW quintile compared
to their counterparts. A trend of higher mean TG level was
detected only among fathers of offspring in the lowest BW
quintile. The proportion of obese parents was higher among
offspring in the highest BW quintile.

An inverse association between parental CVD mortality and
offspring BW was observed among both parents (Table 3). The
age-adjusted HR for per quintile increase in BW was 0.84 (0.81–
0.86) for mothers and 0.95 (0.93–0.96) for fathers. Adjusted for
parental CVD risk factors, the effect estimates associated with per
quintile increase in BW were attenuated to 0.89 (0.86–0.92)
among mothers and 0.97 (0.95–0.98) among fathers. Further
adding maternal disease before and during pregnancy, parity,
diseases in offspring, offspring year of birth, parental marital
status and education to the model attenuated the associations a
little among both parents (model 3).

CVD risk factors explaining the association between offspring
BW and CVD mortality in parents

Table 4 states the HR of parental CVD mortality in SGA
compared with non-SGA offspring. The CVD mortality risk in
parents was first adjusted for age and then age plus TC, TG,
smoking, diabetes, SBP and DBP, one at the time. Age-adjusted
CVD mortality rate for mothers [1.60 (1.44–1.75)] and fathers
[1.16 (1.10–1.23)] of SGA offspring was higher than among
others. Among mothers, adjustment for smoking, TG and dia-
betes 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 DBP and SBP both
reduced the risk to 1.53 (1.37–1.66). Among fathers, adjustments
for smoking, DBP, SBP 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 TG
and diabetes reduced the risk to 1.15 (1.09–1.12). Smoking was
the single largest contributor to the reduction in excess CVD
mortality associated with low BW risk among both parents. The
second strongest contributors among mothers were SBP and
DBP, followed by TG and diabetes. Among fathers, the con-
tribution of other CVD risk factors in the association was found
to be very small.

In the sensitivity analyses, parental CVD mortality risk was
adjusted for ‘ever smoke 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 lifelong
smoking was found to be smaller than for current smoking.

Discussion

Our study investigated the role of parental CVD risk factors in the
association between offspring BW and CVD mortality among
parents. An inverse association was observed between offspring
BW and risk of CVD mortality among mothers, as well as among
fathers. Parental CVD risk factors may account for some of this
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association, with smoking being by far the most important con-
tributing risk factor.

Comparisons with other studies

Our results are in accordance with previous studies. A large
cohort study found an inverse relationship between offspring BW
and CVD mortality among mothers as well as among fathers.3

Furthermore, several previous studies and a meta-analysis have
reported an inverse association between BW and parental CVD
mortality, albeit with weaker strength in fathers compared with
mothers, as we observed.2–4,27 On the contrary, another cohort
study showed no consistent inverse relationship between
offspring BW and parental CVD and diabetes.28

We were able to investigate the role of parental CVD risk
factors in offspring BW and CVD mortality association among
both parents. Smoking was found to be the risk factor influencing
this association considerably among both parents. The impact of
smoking on the association is verified by other studies.2,4,5,12,29

Most of the previous studies have investigated the role of
smoking during pregnancy on BW and heart disease risk among

mothers,2,5,18,29 however only a few have investigated the role
among fathers.2,3,12 Furthermore, a detrimental effect of maternal
smoking on BW and CVD mortality association has also been
reported in more than one generation.13,14 The evidence regard-
ing impact of other paternal CVD risk factors such as BP, TC and
TG on the BW and CVD association is sparse.4,30

Furthermore, we observed that maternal CVD risk factors
such as SBP, DBP and TG contributed to offspring BW and
maternal CVD mortality association to some extent. In contrast,
paternal CVD risk factors other than smoking had only a negli-
gible impact on the association in fathers. This suggests that there
are independent maternal and paternal impacts, some of which
may be mediated through intrauterine factors.31 Although the
reduction in excess CVD mortality risk was found to be small, the
impact of other potential CVD risk factors than smoking cannot
be completely excluded, as the ones we included in our study were
measured only once during the life course. Our results suggest
that environmental factors might be important in the relationship
between offspring BW and parental CVD mortality.

An unfavorable CVD risk factor profile was observed among
parents of offspring in the lowest BW quintile. These findings are

Table 1. Characteristics of the study cohort according to quintiles of offspring birth weight born between 1967 and 2012 (n= 1,006,557)

Birth weight (g) Lowest 2nd 3rd 4th Highest Overall P-valuea

Pregnancy

Gestational age (weeks) 39.9 ± 1.6 40.0 ± 1.4 40.0 ± 1.3 40.1 ± 1.3 40.1 ± 1.2 40.0 ± 1.4 <0.001

Mothers’ diseases during pregnancy (%)b 8.8 6.1 5.7 5.5 6.1 6.4 <0.001

Mothers’ diseases before pregnancy (%)c 4.1 3.7 3.8 3.8 4.2 3.9 <0.001

Diseases in the offspring (%)d 3.1 2.3 2.3 2.3 2.3 2.5 0.020

Smoking during pregnancy (%)e 21.6 17.0 14.9 14.4 13.3 15.8 <0.001

Married couples (%) 87.7 90.1 91.4 92.6 94.1 91.2 <0.001

Mothers (n= 520,670)

Age at offspring birth (years) 25.9 ± 5.3 26.2 ± 5.2 26.6 ± 5.3 27.0 ± 5.3 27.9 ± 5.4 26.7 ± 5.4 0.004

Education (%) 0.001

⩽9 years 21.1 18.4 17.1 16.0 15.1 17.5

10–12 years 56.2 55.6 55.2 54.5 54.1 55.1

⩾13 years 22.6 25.9 27.6 29.4 30.6 27.2

CVD deaths (%) 0.73 0.54 0.47 0.43 0.39 0.53 0.002

Fathers (n= 485,887)

Age at offspring birth (years) 29.6 ± 6.3 30.0 ± 6.2 30.3 ± 6.2 30.8 ± 6.2 30.6 ± 6.3 30.5 ± 6.3 <0.001

Education (%) <0.001

⩽9 years 18.0 16.2 15.4 14.8 14.3 15.7

10–12 years 55.6 54.6 54.0 53.3 53.1 54.2

⩾13 years 26.3 29.0 30.5 31.7 32.6 30.1

CVD deaths (%) 2.1 1.9 1.7 1.7 1.7 1.8 0.001

CVD, cardiovascular disease.
aP-value for difference between the groups.
bMothers’ diseases during pregnancy: vaginal bleeding during pregnancy, glycosuria, gestational diabetes, preeclampsia, eclampsia, HELLP syndrome, anemia and infections.
cMothers’ disease before pregnancy includes: asthma, recurrent urinary tract infection, kidney disease, hypertension, diabetes (type 1 and 2), rheumatoid arthritis and heart disease.
dDisease in offspring: congenital malformations (coded in Medical Birth Registry from C01-C45).
eSubset with smoking data available after 1999 (n= 29,821).
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consistent with other studies investigating the relationship
between CVD risk factors and history of offspring BW. An
elevated SBP and insulin resistance have been reported among
mothers with a history of a low birth weight (LBW) child in
first pregnancy.32,33 Similarly, another study suggested that an
obstetric history of LBW delivery may be helpful in screening
women with an elevated level of CVD risk factors.29

Our results reported a stronger association in mothers than
fathers. Unlike our results, a previous study stated similar
mother–offspring and fathers–offspring associations for most of
the CVD risk factors, except height and SBP, which showed
stronger mother–offspring than father–offspring associations.16

The stronger association observed in mothers can be interpreted
by multiple mechanisms. One could be maternal impact due to
intrauterine exposure (e.g. nutritional factors). The direct effect of
health-related behaviors might be another explanation for this
stronger effect observed in mothers. Smoking in mothers has been
shown to be associated with lower offspring BW and with their
own risk of CVD.34,35 On the other hand, it might be possible that
paternal smoking may have an epigenetic effect whereas maternal

smoking has the additional direct effect of fetal exposure to the
anorectic properties of nicotine. Another possible factor is
assortive mating, whereby partners choose a spouse with similar
behaviors, creating an apparent ‘environmental’ effect and
inflating the observed paternal contribution. Furthermore, studies
have shown that CVD risk factors for instance blood pressure,36

dyslipidemias,37 type 2 diabetes38 and obesity have deep roots in
the influences of the previous generation.30 It might be possible
that parental CVD risk factors are themselves programmed in the
previous generation and do not necessarily reflect a genetic
predisposition.39

Strengths and limitations

The strengths of our study included a large sample size and
population-based design, giving a representative population. We
were able to use standardized measures of parental CVD risk
factors such as BMI, BP, blood lipids and smoking from survey
data. These surveys had reasonable response rates. Furthermore,
a high quality and comprehensive record about pregnancy and

Table 2. Mean values and percentages of parental cardiovascular disease risk factors according to quintiles of offspring birth weight (n= 1,006,557)

Birth weight (g) Lowest 2nd 3rd 4th Highest Overall P-valuea

Mothers (n= 520,670)

Cholesterol (mmol/l) 5.49 ± 1.0 5.45 ± 1.0 5.43 ± 1.0 5.41 ± 1.0 5.42 ± 1.0 5.44 ± 1.0 0.006

Triglycerides (mmol/l) 1.35 ± 0.8 1.35 ± 0.7 1.31 ± 0.7 1.31 ± 0.7 1.34 ± 0.8 1.32 ± 0.8 <0.001

Systolic BP (mmHg) 126.0 ± 14.4 125.4 ± 14.2 125.3 ± 14.0 125.1 ± 13.9 125.2 ± 13.9 125.4 ± 14.1 <0.001

Diastolic BP (mmHg) 76.2 ± 10.4 75.7 ± 10.3 75.5 ± 10.2 75.4 ± 10.1 75.3 ± 10.2 75.6 ± 10.2 0.009

Heart rate (beats/min) 77.3 ± 12.5 76.7 ± 12.3 76.4 ± 12.3 76.2 ± 12.1 76.0 ± 12.1 76.5 ± 12.3 0.005

BMI (kg/m2) 23.8 ± 3.81 24.1 ± 3.78 24.3 ± 3.82 24.6 ± 3.90 25.3 ± 4.16 24.4 ± 3.93 <0.001

Obese (%)b 7.3 7.8 8.7 9.7 12.9 9.3 <0.001

HTN (%)c 15.5 14.4 14.0 13.8 13.9 14.3 0.001

Smoker (%) 47.9 40.6 36.2 32.0 27.3 36.9 <0.001

DM (%) 1.04 0.51 0.40 0.44 0.54 0.58 <0.001

Fathers (n= 485,887)

Cholesterol (mmol/l) 5.87 ± 1.13 5.83 ± 1.12 5.80 ± 1.11 5.77 ± 1.11 5.74 ± 1.09 5.80 ± 1.11 <0.001

Triglycerides (mmol/l) 2.14 ± 1.41 2.10 ± 1.39 2.07 ± 1.34 2.04 ± 1.30 2.02 ± 1.27 2.07 ± 1.27 <0.001

Systolic BP (mmHg) 135.1 ± 13.6 135.0 ± 13.5 134.9 ± 13.4 134.8 ± 13.4 134.6 ± 13.4 134.9 ± 13.4 <0.001

Diastolic BP (mmHg) 81.1 ± 10.2 80.9 ± 10.1 80.7 ± 10.1 80.6 ± 10.0 80.4 ± 10.0 80.8 ± 10.1 0.001

Heart rate (beats/min) 72.3 ± 12.4 72.01 ± 12.4 71.7 ± 12.4 71.6 ± 12.3 71.4 ± 12.2 71.8 ± 12.3 0.006

BMI (kg/m2) 25.5 ± 3.1 25.5 ± 3.1 25.6 ± 3.1 25.6 ± 3.1 25.8 ± 3.2 25.6 ± 3.1 <0.001

Obese (%)b 8.5 8.6 8.8 9.0 9.9 9.0 <0.001

HTN (%)c 33.2 32.7 32.3 32.3 31.6 32.4 0.001

Smoker (%) 43.6 40.1 37.9 35.7 33.1 38.0 <0.001

DM (%) 1.06 0.90 0.90 0.76 0.81 0.89 0.002

BP, blood pressure; BMI, body mass index; DM, diabetes mellitus.
Some parent had multiple children, therefore number of births (n= 1,006,577) were clustered on two parents (mothers: n= 520,670 and fathers: n= 485,887).
aP-value for difference between the groups.
bBMI⩾ 30 kg/m2.
cHTN, hypertension (systolic BP> 140mmHg).
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births was used in our study and we were able to calculate BW for
gestational age which is a robust measure of intrauterine growth of
the fetus. Moreover, use of registry data eliminates problems related
to lost to follow-up. Our study has some limitations. Lipid levels of
the survey participants were taken in a non-fasting state. This could
increase the chances of statistical uncertainty however, previous
studies have reported only a minimal difference in lipids after
normal food intake and in the fasting state.40 It should be con-
sidered that glucose levels in parents were not assessed in the study,
however information about self-reported diabetes from the health
surveys was included in the analyses. Maternal diet is known to be
important in providing nutrients required for robust fetal growth
and paternal diet may also influence the epigenetic status of sperm.
However, it is not assessed in our study. Data on smoking during
pregnancy was not available in a high proportion of the mothers
(97%) because smoking has been registered in the MBRN only after
1999. This provides a short period for the follow-up of CVD deaths
in this subgroup. Therefore, we could not estimate an impact of

‘smoking during pregnancy’ on the studied association. However,
a positive correlation (r= 0.367) was observed between smoking
during pregnancy and smoking habits in the survey data. The data
on lifelong smoking and pack-years was available in a subgroup.
Assuming that lifelong smoking is reported reliably, the observed
HR after adjusting for ‘ever smoke before’ and ‘pack-years’ gives a
complete control of smoking in our results.

Conclusion

Cardiovascular risk factors may have a role in explaining the
association of offspring BW and parental CVD mortality, with
smoking being the most important among both parents. Although
smoking has declined in Norway in recent decades,41 it’s pre-
valence is still high. Thus, our results can be generalized to the
population at large. Our results indicate that shared environ-
mental factors might be important in the association between
offspring BW and parental CVD. Moreover, a stronger associa-
tion in mothers suggest that some of the effect may be facilitated
through intrauterine factors. Further research in this area may
give important insight into the prevention of CVD.
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Unadjusted 1.00 0.74 (0.66–0.83) 0.65 (0.57–0.73) 0.59 (0.51–0.67) 0.54 (0.47–0.62) 0.85 (0.82–0.88)

Model 1 1.00 0.76 (0.68–0.85) 0.62 (0.55–0.70) 0.56 (0.49–0.64) 0.50 (0.44–0.58) 0.84 (0.81–0.86)

Model 2 1.00 0.86 (0.77–0.96) 0.76 (0.67–0.86) 0.70 (0.61–0.80) 0.66 (0.57, 0.76) 0.89 (0.86–0.92)

Model 3 1.00 0.87 (0.76–0.95) 0.76 (0.69–0.89) 0.70 (0.65–0.85) 0.66 (0.60–0.80) 0.90 (0.87–0.93)

Fathersa (n= 485,887)

Unadjusted 1.00 0.91 (0.82–0.97) 0.84 (0.78–0.90) 0.85 (0.78–0.91) 0.84 (0.78–0.91) 0.96 (0.94–0.97)

Model 1 1.00 0.92 (0.86–0.98) 0.85 (0.79–0.91) 0.84 (0.78–0.91) 0.81 (0.75–0.88) 0.95 (0.93–0.96)

Model 2 1.00 0.98 (0.91–1.04) 0.93 (0.86–1.00) 0.92 (0.85–0.99) 0.92 (0.85–1.00) 0.97 (0.95–0.98)

Model 3 1.00 0.99 (0.92–1.06) 0.95 (0.88–1.02) 0.94 (0.85–0.99) 0.94 (0.85–1.02) 0.98 (0.96–0.99)

Model 1: adjusted for age (father and mothers).
Model 2: plus CVD risk factors (body mass index, cholesterol, triglycerides, systolic and diastolic blood pressure and smoking).
Model 3: plus maternal diseases before and during pregnancy and diseases in offspring, education and marital status.
aNumber of CVD deaths: mothers (n= 2660), fathers (n= 9160).
P-value for difference in effect between father and mother was <0.001.

Table 4. Hazard ratio (95% CI) of cardiovascular disease (CVD) deaths in
parents by small for gestational age offspring after adjusting for CVD risk
factors (n= 1,006,557)

Parental CVD risk
factors

Mothers [hazard ratio
(95% CI)]

Fathers [hazard ratio
(95% CI)]

Adjusted for age 1.60 (1.44–1.75) 1.16 (1.10–1.23)

Age + cholesterol 1.60 (1.48–1.80) 1.16 (1.09–1.23)

Age + diabetes 1.58 (1.43–1.74) 1.15 (1.09–1.23)

Age + triglycerides 1.57 (1.43–1.73) 1.15 (1.09–1.22)

Age + systolic BP 1.53 (1.37–1.66) 1.14 (1.09–1.22)

Age + diastolic BP 1.53 (1.37–1.66) 1.13 (1.08–1.21)

Age + smoking 1.36 (1.23–1.49) 1.08 (1.03–1.15)

BP, blood pressure.

6 F. Shaikh et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S2040174418000065
Downloaded from https://www.cambridge.org/core. Universitetsbiblioteket i Oslo  (UiO), on 15 Feb 2018 at 14:53:35, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S2040174418000065
https://www.cambridge.org/core


2. Davey Smith G, Hypponen E, Power C, Lawlor DA. Offspring birth
weight and parental mortality: prospective observational study and meta-
analysis. Am J Epidemiol. 2007; 166, 160–169.

3. Smith GD, Sterne J, Tynelius P, Lawlor DA, Rasmussen F. Birth weight of
offspring and subsequent cardiovascular mortality of the parents.
Epidemiology. 2005; 16, 563–569.

4. Davey Smith G, Hart C, Ferrell C, et al. Birth weight of offspring and
mortality in the Renfrew and Paisley study: prospective observational
study. BMJ. 1997; 315, 1189–1193.

5. Friedlander Y, Manor O, Paltiel O, et al. Birth weight of offspring,
maternal pre-pregnancy characteristics, and mortality of mothers: the
Jerusalem perinatal study cohort. Ann Epidemiol. 2009; 19, 112–117.

6. Hales CN, Barker DJP. The thrifty phenotype hypothesis: type 2 diabetes.
Br Med Bull. 2001; 60, 5–20.

7. Godfrey KM, Lillycrop KA, Burdge GC, Gluckman PD, Hanson MA.
Epigenetic mechanisms and the mismatch concept of the developmental
origins of health and disease. Pediatr Res. 2007; 61(Pt 2), 5r–10r.

8. Waterland RA, Michels KB. Epigenetic epidemiology of the develop-
mental origins hypothesis. Annu Rev Nutr. 2007; 27, 363–388.

9. Wang G, Walker SO, Hong X, Bartell TR, Wang X. Epigenetics and early
life origins of chronic noncommunicable diseases. J Adolesc Health. 2013;
52(Suppl. 2), S14–S21.

10. Hattersley AT, Tooke JE. The fetal insulin hypothesis: an alternative
explanation of the association of low birthweight with diabetes and
vascular disease. Lancet. 1999; 353, 1789–1792.

11. Bergvall N, Cnattingius S. Familial (shared environmental and genetic)
factors and the foetal origins of cardiovascular diseases and type 2
diabetes: a review of the literature. J Intern Med. 2008; 264, 205–223.

12. Li CY, Chen HF, Sung FC, et al. Offspring birth weight and parental
cardiovascular mortality. Int J Epidemiol. 2010; 39, 1082–1090.

13. Manor O, Koupil I. Birth weight of infants and mortality in their parents
and grandparents: the Uppsala Birth Cohort Study. Int J Epidemiol. 2010;
39, 1264–1276.

14. Naess O, Stoltenberg C, Hoff DA, et al. Cardiovascular mortality in
relation to birth weight of children and grandchildren in 500,000
Norwegian families. Eur Heart J. 2013; 34, 3427–3436.

15. Elshibly EM, Schmalisch G. The effect of maternal anthropometric
characteristics and social factors on gestational age and birth weight in
Sudanese newborn infants. BMC Public Health. 2008; 8, 244.

16. Vik KL, Romundstad P, Carslake D, Davey Smith G, Nilsen TIL.
Comparison of father-offspring and mother-offspring associations of
cardiovascular risk factors: family linkage within the population-based
HUNT Study, Norway. Int J Epidemiol. 2014; 43, 760–771.

17. Dietz PM, England LJ, Shapiro-Mendoza CK, et al. Infant morbidity and
mortality attributable to prenatal smoking in the U.S. Am J Prev Med.
2010; 39, 45–52.

18. Bonamy AK, Parikh NI, Cnattingius S, Ludvigsson JF, Ingelsson E. Birth
characteristics and subsequent risks of maternal cardiovascular disease:
effects of gestational age and fetal growth. Circulation. 2011; 124, 2839–2846.

19. Irgens LM. The Medical Birth Registry of Norway. Epidemiological
research and surveillance throughout 30 years. Acta Obstet Gynecol Scand.
2000; 79, 435–439.

20. Bjartveit K, Foss OP, Gjervig T, Lund-Larsen PG. The cardiovascular
disease study in Norwegian counties. Background and organization. Acta
Med Scand Suppl. 1979; 634, 1–70.

21. Bjartveit K, Stensvold I, Lund-Larsen PG, et al. [Cardiovascular screenings
in Norwegian counties. Background and implementation. Status of risk

pattern during the period 1986-90 among persons aged 40-42 years in 14
counties]. Tidsskr Nor Laegeforen. 1991; 111, 2063–2072.

22. Naess O, Sogaard AJ, Arnesen E, et al. Cohort profile: cohort of Norway
(CONOR). Int J Epidemiol. 2008; 37, 481–485.

23. Kjollesdal MK, Ariansen I, Mortensen LH, Davey Smith G, Naess O.
Educational differences in cardiovascular mortality: the role of shared
family factors and cardiovascular risk factors. Scand J Public Health. 2016;
44, 744–750.

24. Stocks T, Borena W, Strohmaier S, et al. Cohort profile: the metabolic
syndrome and cancer project (Me-Can). Int J Epidemiol. 2010; 39,
660–667.

25. Lund-Larsen P. Blood pressure measured with a sphygmomanometer and
with Dinamap under field conditions – a comparison. Nor J Epidemiol.
1997; 7, 235–241.

26. Norwegian Institute of Public Health. Retrieved 3 March 2017 from
https://www.fhi.no/en/hn/health-registries/cause-of-death-registry.

27. Lawlor DA, Davey Smith G, Whincup P, et al. Association between
offspring birth weight and atherosclerosis in middle aged men and
women: British Regional Heart Study. J Epidemiol Community Health.
2003; 57, 462–463.

28. Adams J, Pearce MS, White M, Unwin NC, Parker L. No consistent
association between birthweight and parental risk of diabetes and
cardiovascular disease. Diabet Med. 2005; 22, 950–953.

29. Catov JM, Newman AB, Roberts JM, et al. Association between infant
birth weight and maternal cardiovascular risk factors in the health, aging,
and body composition study. Ann Epidemiol. 2007; 17, 36–43.

30. Vik KL, Romundstad P, Nilsen TI. Tracking of cardiovascular risk factors
across generations: family linkage within the population-based HUNT
study, Norway. J Epidemiol Community Health. 2013; 67, 564–570.

31. Davey Smith G, Sterne JAC, Tynelius P, Rasmussen F. Birth character-
istics of offspring and parental diabetes: evidence for the fetal insulin
hypothesis. J Epidemiol Community Health. 2004; 58, 126–128.

32. Walker BR, McConnachie A, Noon JP, Webb DJ, Watt GC. Contribution
of parental blood pressures to association between low birth weight and
adult high blood pressure: cross sectional study. BMJ. 1998; 316, 834–837.

33. Lawlor DA, Smith GD, Ebrahim S. Birth weight of offspring and insulin
resistance in late adulthood: cross sectional survey. BMJ.. 2002; 325, 359.

34. Dior UP, Lawrence GM, Sitlani C, et al. Parental smoking during
pregnancy and offspring cardio-metabolic risk factors at ages 17 and 32.
Atherosclerosis. 2014; 235, 430–437.

35. Horta BL, Victora CG, Menezes AM, Halpern R, Barros FC. Low
birthweight, preterm births and intrauterine growth retardation in relation
to maternal smoking. Paediatr Perinat Epidemiol. 1997; 11, 140–151.

36. Havlik RJ, Garrison RJ, Feinleib M, et al. Blood pressure aggregation in
families. Am J Epidemiol. 1979; 110, 304–312.

37. Garrison RJ, Castelli WP, Feinleib M, et al. The association of total
cholesterol, triglycerides and plasma lipoprotein cholesterol levels in first
degree relatives and spouse pairs. Am J Epidemiol. 1979; 110, 313–321.

38. Thomas F, Balkau B, Vauzelle-Kervroedan F, Papoz L. Maternal effect and
familial aggregation in NIDDM. The CODIAB Study. CODIAB-INSERM-
ZENECA Study Group. Diabetes. 1994; 43, 63–67.

39. Barker DJ. Fetal origins of coronary heart disease. BMJ. 1995; 311, 171–174.
40. Langsted A, Freiberg JJ, Nordestgaard BG. Fasting verses non-fasting lipid

levels – influence of normal food intake on lipids, lipoproteins, and
apolipoproteins. Atheroscler Suppl. 2008; 9, 174.

41. SSB. Smoking habits, 2017. Retrieved 5 November 2017 from http://www.
ssb.no/en/helse/statistikker/royk.

Journal of Developmental Origins of Health and Disease 7

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S2040174418000065
Downloaded from https://www.cambridge.org/core. Universitetsbiblioteket i Oslo  (UiO), on 15 Feb 2018 at 14:53:35, subject to the Cambridge Core terms of use, available at

https://www.fhi.no/en/hn/health-registries/cause-of-death-registry
http://www.ssb.no/en/helse/statistikker/royk
http://www.ssb.no/en/helse/statistikker/royk
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S2040174418000065
https://www.cambridge.org/core

	Offspring birth weight and cardiovascular mortality among parents: the role of cardiovascular risk factors
	Introduction
	Methods
	Sample
	Birth data
	Assessment of CVD risk factors in parents

	Fig. 1Flow chart. MBRN, Medical Birth Registry of Norway; CONOR, Cohort of Norway
	Other variables
	Cardiovascular mortality
	Statistical analyses

	Results
	CVD risk factors explaining the association between offspring BW and CVD mortality in parents

	Discussion
	Comparisons with other studies

	Table 1Characteristics of the study cohort according to quintiles of offspring birth weight born between 1967 and 2012 (n�&#x003D;�1,006,557)
	Strengths and limitations

	Table 2Mean values and percentages of parental cardiovascular disease risk factors according to quintiles of offspring birth weight (n�&#x003D;�1,006,557)
	Conclusion
	Acknowledgments
	ACKNOWLEDGEMENTS
	References
	References
	References
	References
	Table 3Hazard ratio (HR) (95&#x0025; CI) of cardiovascular disease (CVD) deaths in parents according to quintiles of offspring birth weight in different multivariate models (n�&#x003D;�1,006,557)
	Table 4Hazard ratio (95&#x0025; CI) of cardiovascular disease (CVD) deaths in parents by small for gestational age offspring after adjusting for CVD risk factors (n�&#x003D;�1,006,557)


