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ABSTRACT 

The fetal origin hypothesis suggests that birth 
weight is related to several adult diseases. One 
hypothesis is that low birth weight is associated 
with increased risk of hypertension. In the pre-
sent study we analyzed the association between 
self-reported birth weight and risk of hyperten-
sion with detailed confounder control, and the 
modification on this association by familial obe-
sity and own weight history during childhood 
and youth. Methods: In 1999 the Danish Nurse 
Cohort study included 31,642 females aged 44 
years or more of whom 76% replied to questions 
on birth weight, weight history, familial obesity 
disposition, parents socioeconomic status and 
presence of hypertension. Results: In total 14% 
reported birth weights below 3000 g. The uni-
variate hazard ratio of hypertension for those 
born with birth weight < 3000 g was 1.24 (95% CI 
(1.13 - 1.36)) compared to those with birth weight 
> 3000 g. The association remained stable after 
adjustment for important confounders, as life-
style, weight history and socioeconomic status 
during upbringing. Conclusion: Our results sup-
port the hypothesis that low birth weight is as-
sociated with hypertension in adult life, also 
after considering several confounding factors 
and weight history later in life. Furthermore, the 
previous weight history might have an influence 
on the association between birth weight and the 
risk for adult hypertension. 
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1. INTRODUCTION 

The association between birth weight and risk of hy-
pertension has been investigated in many previous stud-
ies [1-15] and the result suggesting an inverse associa-
tion, has been remarkable robust. Barker extended his 
hypothesis with the “thrifty phenotype-hypothesis” that 
further suggested a connection between birth weight, 
hypertension and weight history later in life [1,5,8,16- 
18]. The hypothesis suggested that an adaption to un-
dernutrition in fetal life possibly changes the organism 
permanently with metabolic and endocrine consequences. 
It is supposed to be an epigenetic process involving the 
fetal renin-angiotensin system. These changes should be 
beneficial if nutrition remains scarce in childhood. But if 
nutrition in childhood becomes plentiful, however, these 
changes predispose to several chronic diseases, among 
other hypertension [1,8,16,18]. Despite the consistency 
of results on the association between birth weight and 
hypertension, a large pooling analysis based on 55 stud-
ies still questioned the relation and suggested that the 
inverse association was cased by random error, selective 
emphasis of particular results and inappropriate adjust-
ment for current weight and for confounding factors, that 
would had led to an overestimation of the association 
between birth weight and adult hypertension [2]. Re-
sponds to that critical view accentuated that the effect of 
birth weight is conditioned by events occurring later in 
life, like weight history [18,19]. Furthermore, Tu et al. 
had questioned the use of current weight as a confounder, 
but suggested it as a covariate and additionally claimed 
that the evidence for the association between birth weight 
and hypertension is a statistical artifact [4]. *Conflict of interest: all authors declare: no support from any organization 

for the submitted work. On this background, the purpose of the present study  
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was to examine associations between birth weight and 
adult hypertension, while considering the weight history 
between birth and adulthood, the familial predisposition 
to obesity and several important covariates known to 
influence the association between birth weight and hy-
pertension in adulthood. 

2. MATERIAL AND METHODS 

2.1. Population 

This study was based on data from the Danish Nurse 
Cohort study. In 1993, 23,190 female Danish nurses, all 
members of the Danish Nurse association and above the 
age of 44 years, received a comprehensive questionnaire 
concerning reproduction lifestyle and health, and 19,898 
(86%) answered. In 1999, 31,642 nurses were investi-
gated. This group included nurses also invited in 1993, 
and in addition nurses who between 1993 and 1999 
turned 45 years of age. In total 24,155 (76%) answered 
the 1999 questionnaire of whom 20,791 had information 
of birth weight and hypertension. In total 15,322 nurses 
answered both the 1993 and 1999 questionnaire. 

2.2. Cases and Exposure 

Cases with hypertension were identified from the 1999 
questionnaire by self-reported confirmation on having 
hypertension and the year it was diagnosed was consid-
ered the time of event. Participants with missing infor-
mation on presence or absence of hypertension were ex-
cluded. 

To be able to identify the incident hypertension cases 
during 1993-1999; those with full information, in both 
the 1993 and 1999, on hypertension and in 1999 on birth 
weight were extracted (n = 12,089), 2730 (17.8%) had 
missing information on birth weight and 721 (4.7%) 
missed information on hypertension.  

Birth weight was recorded either with exact informa-
tion of grams at birth or with information on category 
and birth weight, i.e. <3 kg, 3 - 4.5 kg, >4.5 kg. In total 
4199 participants gave their exact birth weights and 7890 
participants filled in the weight category of their birth 
weight. 

In total 2812 of the 1999 participants and 2187 of 
these participants in both 1993 and 1999 reported hyper-
tension. Of them, 1043 were diagnosed in the period 
between 1993 and 1999. 

2.3. Confounders 

Information on confounders was obtained from the 
1993 questionnaire. They comprise age, information on 
smoking (no, past, current 1 - 15 cigarettes/day, current 
>15 cigarettes/day), alcohol consumption (0, 1 - 14, 14 - 
21, >21 units/week), leisure time physical activity (heavy  

> 4 hours/week, moderate > 4 hours/week, inactive < 4 
hours/week), body mass index (BMI) (<18.5, 18.5 - 25, 
25 - 30 kg/m2) and a detailed variable on mothers and 
fathers education and relation to the labor marked (3 
classes of salaried staff, skilled and unskilled worker, 
unemployed, under education, self-employed, indeter-
minable status, former, retirement pensioner, other pen-
sioner, housewife, assisting spouse, dead) when the nurses 
were 18 years old. 

Information on weight history was obtained from the 
1999 questionnaire. It comprised three possible catego-
ries, i.e. were you heavier, slimmer or as most when you 
were a child (until 13 years), a teenager (from 13 to 19 
years old) and as a young adult (from 19 to 25 years). 
Further, subjects were questioned about their weight and 
height at the age of 25 years. Also, pictograms were pro-
vided showing nine female and nine male figures of in-
creasing size. Nurses were asked to select the figure that 
best represented the size of their mother and father at the 
age of around 40 years. A parent was considered over-
weight if nurses identified the top three figures as repre-
senting their size. A variable on familial predisposition to 
obesity was generated if one of the parents were pointed 
out as overweight in the pictogram and own body mass 
at the age of 25 years exceeded 25 kg/m2. 

2.4. Statistical Analyses 

The distribution of background variables were assessed 
by chi-square tests. For calculation of risk associated 
with birth weight Cox proportional Hazard model were 
used. Age was used as underlying time for calculating 
hazard ratios for hypertension with low birth weight 
compared to normal or high birth weight. Time of event 
was defined as the self-reported year hypertension was 
diagnosed. 

Distribution of birth weight according to hypertension, 
lifestyle and weight history was tabulated and chi-square 
test was calculated. 

Cox proportional hazard models calculated univariate 
hazard ratios. Models were conducted with two end- 
point definitions, considering all reported cases of hy-
pertension since the participant was born or only the in-
cident cases of hypertension in 1993-1999 as a subpopu-
lation. Otherwise participants were censored at end of 
follow-up in 1999. Cox models of the two endpoint defi-
nitions of hypertension were fitted in two times nine 
multivariate models corrected for various confounding 
factors in 1993, i.e. lifestyle, parent’s socio-economic 
status and weight history. Information on weight history 
comprises family obesity predisposition, child weight, 
teenage weight and young adult weight. 

If there were no significant differences between the 
results with the two endpoint definitions, we found it 
acceptable to use the largest group, i.e. all cases until 1999. 
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To test for effect modification of weight history, Cox 
models where fitted to analyze effect on birth weight on 
all cases of hypertension. The analyses were stratified 
according to the various variables on weight history. In-
teraction models between all measures of weight history 
and birth weight were fitted. 

Additionally, the birth weight variable and the three 
weight history variables were combined and three sets of 
Cox models where fitted to calculate risk of hypertension 
with different levels of birth weight and weight history 
compared to normal birth with normal weight history. 

Missing values were excluded from analysis. For 
every Cox model the proportional hazard assumption 
was checked graphically and with Schoenfield residuals. 
Analyses were performed in Stata Version 8.0. 

3. RESULTS 

Among nurses participating in 1993 and 1999, 1908 
(15.8%) reported a birth weight at or below 3000 g. 

Nurses with low birth weight were often slimmer as 
child-, teen- and young-adults and were less physically 
active, whereas no differences were seen in relation to 
consumption of alcohol, smoking habits or familial obe-
sity disposition Table 1. 

The results were not significantly different in the 
analyses based on results from all cases of hypertension 
until 1999 compared to those based on the incident cases 
of hypertension between 1993 and 1999. Therefore, we 
found it acceptable too base results on all reported cases 
until 1999. 

 
Table 1. Lifestyle and weight history according to birth weight. 

Birth weight 
Participants in 1993 and 1999 

More than 3000 g, n = 10,181, n(%) Less than 3000 g, n = 1908, n(%) 

Hypertension (all 1999) 
Incident cases (1993-1999) 

1767 (17.4) 
849 (9.2) 

420 (22.0) 
194 (11.5) 

Physical activity, p < 0.01   
Hard > 4 hrs/wk 
Light > 4 hrs/wk 
Sedentary < 4 hrs/wk 

2894 (27.6) 
7037 (67.1) 
560 (5.3) 

492 (25.0) 
1347 (68.3) 
134 (6.8) 

Body mass index, p < 0.01   

<18.5 kg/m2 
18.5 - 25 kg/m2 
25 - 30 kg/m2 
>30 kg/m2 

222 (2.1) 
7442 (70.7) 
2346 (22.3) 
516 (4.9) 

62 (3.1) 
1402 (70.4) 
426 (21.4) 
103 (5.2) 

Alcohol, p = 0.10   

0 units/wk 
1 - 14 units/wk 
14 - 21 units/wk 
>21 units/wk 

1532 (15.0) 
6373 (62.6) 
1312 (11.2) 
970 (9.5) 

326 (16.8) 
1170 (60.3) 
241 (12.4) 
202 (10.4) 

Smoking, p = 0.22   

No 
Past 
Current 1 - 15 cigarettes 
Current > 15 cigarettes 

3521 (35.1) 
2967 (29.6) 
1886 (18.8) 
1655 (16.5) 

665 (34.7) 
535 (28.0) 
395 (20.6) 
319 (16.7) 

Familial obesity, p = 0.5   

No 
Yes 

9586 (95.9) 
410 (4.1) 

1779 (96.2) 
70 (3.8) 

Child weight, p < 0.01   
As most 
Bigger than most 
Slimmer than most 

7179 (68.3) 
1013 (9.6) 
2319 (22.1) 

1139 (57.6) 
149 (7.5) 
688 (34.8) 

Teen weight, p < 0.01   

As most 
Bigger than most 
Slimmer than most 

7650 (72.8) 
1288 (12.3) 
1572 (15.0) 

1356 (68.6) 
203 (10.3) 
417 (21.1) 

Young weight, p < 0.01   

As most 
Bigger than most 
Slimmer than most 

8236 (78.2) 
630 (6.0) 
1670 (15.9) 

1438 (72.5) 
115 (5.8) 
430 (21.7) 

BMI 25 years, p < 0.01   

<18.5 kg/m2 
18.5 - 25 kg/m2 
>25 kg/m2 

707 (8.7) 
7080 (86.6) 
385 (4.7) 

212 (14.0) 
1220 (80.5) 
83 (5.5) 

Abbreviations: hrs: hours; wk: week; BMI: body mass index. 
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Compared to nurses who reported a normal or a high 

birth weight, a birth weight equal to or less than 3000 g 
was associated with a 25% higher risk of developing 
hypertension (Odds ratio (OR) = 1.24 (95% confidence 
intervals (CI) 1.13, 1.36)). The association remained sta-
ble after adjustment for various confounders Table 2. 

Effect Modification 

When stratifying the results according to familial obe-
sity predisposition, the association between birth weight 
and risk for hypertension was significant only for the 
women without familial predisposition (OR = 1.27 (95%  

CI: 1.15, 1.41)). Looking only at women having a famil-
ial obesity predisposition, the risk was no longer signifi-
cant (OR = 0.99 (95% CI: 0.64, 1.52)). 

Women’s own weight history modified the associa-
tions in such a way, that the highest risk for attaining 
adult hypertension was seen for those who were born 
with low birth weight and became bigger than most later 
on, especially in the teenage- and young-adult years. 
However, also the women reporting a lower weight dur-
ing growth had a higher risk of hypertension. The highest 
risk was found for those deviating from a normal weight 
history and born with low birth weight Table 3. 

 
Table 2. Risk of hypertension with birth weight at or below 3000 g compared to above 3000 g, considering two hypertension defini-
tions and various models and control for confounders at all cases of hypertension in 1999 and incident cases 1993-1999. 

Participants in 1993 and 1999 
All hypertension cases until 1999 

Birth weight  
Incident hypertension cases 93 - 99,  

after information on confounding factors 

n of total Odds ratio (95% CI) n of total Odds ratio (95% CI) 

2812/20,7911 
2187/12,0892 
1989/11,0023 
1974/10,9504 
1948/10,8085 
1946/10,7926 
1962/10,8807 
1964/10,8818 
1969/10,9069 
1491/852010 

1849/10,36011 

1.24 (1.13, 1.36) 
1.26 (1.14, 1.40) 
1.23 (1.10, 1.38) 
1.26 (1.13, 1.41) 
1.26 (1.13, 1.41) 
1.25 (1.12, 1.40) 
1.24 (1.10, 1.39) 
1.26 (1.11, 1.39) 
1.25 (1.12, 1.40) 
1.25 (1.09, 1.42) 
1.27 (1.13, 1.42) 

1435/20,791 
1043/10,945 

951/9964 
944/9920 
935/9795 
932/9778 
938/9856 
939/9856 
940/9877 
730/8520 
886/9397 

1.16 (1.02, 1.33) 
1.20 (1.03, 1.41) 
1.18 (1.00, 1.39) 
1.21 (1.03, 1.43) 
1.21 (1.03, 1.43) 
1.20 (1.02, 1.42) 
1.18 (1.00, 1.40) 
1.19 (1.01, 1.41) 
1.20 (1.01, 1.41) 
1.25 (1.04, 1.50) 
1.22 (1.03, 1.45) 

1The 1999 population univariate; 2The population investigated both in 1993 and 1999 univariate; 3Adjusted for smoking, alcohol and physical activity; 4Ad-
justed for smoking, alcohol, physical activity and BMI; 5Adjusted for smoking, alcohol, physical activity and BMI and mother’s work; 6Adjusted for smoking, 
alcohol, physical activity and BMI and father’s work; 7Adjusted for smoking, alcohol, physical activity and BMI and child weight; 8Adjusted for smoking, 
alcohol, physical activity and BMI and teen weight; 9Adjusted for smoking, alcohol, physical activity and BMI and young adult weight; 10Adjusted for smoking, 
alcohol, physical activity and BMI at 25 years; 11Adjusted for smoking, alcohol, physical activity and genetic obesity disposition. 

 
Table 3. Proportional hazard ratios with 95% confidence intervals (CI) of hypertension at different levels of birth weight and weight 
history as child, teenager and young adult compared to normal birth weight with normal weight history, 1999 population. 

 Hazard ratios (95% CI) and numbers 

Birth/Child weight As most Slimmer than most Bigger than most 

<3000 g 
1.23 (1.08, 1.39) 

n = 1896 
1.43 (1.23, 1.65) 

n = 1183 
1.43 (1.05, 1.95) 

n = 267 

>3000 g 
1 (ref) 

n = 11,541 
1.12 (1.02, 1.24) 

n = 3936 
1.33 (1.16, 1.51) 

n = 1840 

Birth/Teen age weight As most Slimmer than most Bigger than most 

<3000 g 
1.29 (1.13, 1.42) 

n = 2203 
1.39 (1.13, 1.65) 

n = 776 
1.50 (1.16, 1.94) 

n = 365 

>3000 g 
1 (ref) 

n = 12,257 
1.20 (1.13, 1.42) 

n = 2860 
1.20 (1.06, 1.36) 

n = 2189 

Birth/Young adult weight As most Slimmer than most Bigger than most 

<3000 g 
1.31 (1.17, 1.46) 

n = 2349 
1.27 (1.05, 1.55) 

n = 779 
1.77 (1.28, 2.36) 

n = 222 

>3000 g 
1 (ref) 

n = 13,182 
1.17 (1.05, 1.31) 

n = 2930 
1.61 (1.40, 1.87) 

n = 1223 
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4. DISCUSSION 

Our results are in support of previous findings that a 
low birth weight is associated with hypertension in adult 
life. This association, however, was seen only among 
those who did not have a familial predisposing to obesity. 
A deviation from a normal weight development during 
childhood and adolescence was furthermore associated 
with an increased risk of adult hypertension, independ-
ently of familial obesity and childhood socioeconomic 
condition. Indeed, we found an almost 25% higher risk 
for hypertension for those women who were born with a 
birth weight at or below 3000 g, compared to those with 
a birth weight above 3000 g, a result that remained re-
markably stable after controlling for potential confound-
ers. The inverse correlation between birth weight and 
hypertension remained stable when controlling for smok-
ing, alcohol, physical activity and mothers and fathers 
work. This finding is in accordance with other studies [3, 
8,10,14,17,20,21]. 

4.1. Genetic Factors 

When stratifying according to whether nurses had par-
ents with overweight, we found that a low birth weight 
was related to hypertension among the women with 
normal weight parents only, suggesting that a low birth 
weight did not influence adult hypertension among those 
prone to obesity, because of their familial obesity pre-
disposition. It has been shown, that those women with 
familial predisposition to obesity are more sensitive to 
dietary obesity and this general sensitivity to become 
obese may mask associations between birth weight and 
adult hypertension [22]. No former studies have investi-
gated how genetic susceptibility to obesity may influence 
the association between birth weight and adult hyperten-
sion, but in a historical cohort study Poulter et al. aimed 
to exclude genetic factors in general by investigating 492 
twins [12]. In this study monozygotic and dizygotic 
twins did show a similar association. They therefore ex-
cluded that confounding by genetic—or environmental— 
factors were the main explanations for the inverse asso-
ciation between birth weight and blood pressure [12]. 

4.2. Child, Teen and Adult Weight History 

We did find a tendency for a relation between low 
birth weight, the weight history later in life and the risk 
for hypertension. In general the risk for hypertension was 
increasing for those who were bigger than most—espe-
cially in the teenage- and young-adult weight. This in-
creased risk was even more pronounced for those born 
with a low birth weight. Other studies support this [1,5, 
11,23]. 

4.3. Limitations 

We did not have data for gestational age. However, 
others have additionally adjusted for gestational age and 
found similar results with and without such adjustments 
even if stronger inverse associations were found for 
those born at term than those preterm. In this context it 
has been suggested, that the birth weight at term reflects 
underlying processes of fetal growth impairment more 
than the birth weight for those born preterm [14]. Poten-
tially therefore, the fact that we could not adjust for ges-
tational age, may have led to an underestimation of the 
true associations. 

Another potential weakness is that we do not know 
how many were born as twins or triplets. These are more 
often born preterm and with a lower weight for gesta-
tional age. Again, this would have attenuated rather than 
accentuated our findings. All variables included (birth 
weight, hypertension and the different confounder vari-
ables) were self-reported. Assuming that such recall bias 
is random, this would also have led to an attenuation of 
our results. Furthermore, we believe the self-reported 
data in the present study indeed has high validity, as 
suggested by a previous study that validated the birth 
weight recordings from this cohort and found a sensitiv-
ity of 91.9% for normal birth weight (3000 - 4499 g) and 
of 74% at low birth weight (under 3000 g). The positive 
predictive values were 92.5% for normal birth weight, 
and 70.8% for low birth weight [24]. These findings are 
similar to those found in the American Nurse Cohort 
Study II [13]. 

The questionnaire comprised three rather subjective 
categories on weight during childhood and adolescence. 
Residual confounding is a possibility and cannot be ex-
cluded. However, previous studies did not adjust at all 
for weight fluctuations during childhood and adolescence, 
and hence, this is the first attempt to try and control for 
this. 

As regards the self-reported hypertension diagnosis, 
we believe that nurses, who have easily access to health 
care, may be more likely to be diagnosed with hyperten-
sion, if affected, than people in general. They also tech-
nically know how to diagnose hypertension. It is there-
fore less likely that errors in reporting explain our re-
sults. 

4.4. Strengths 

Our cohort represents a homogeneous sample of women 
including more than 20,000 participants. We have made a 
detailed confounder control, both in relation to socio- 
economic status at time of birth and to current lifestyle. 
Indeed our results still show a statistically strong inverse 
relation between birth weight and hypertension as adults. 
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4.5. Conclusion 

Our results support the hypothesis that low birth weight 
is associated with hypertension in adult life, also after 
considering confounding factors. A stronger association 
between birth weight and hypertension was found for 
women who did not follow a normal weight-pattern in 
childhood and adolescence, indicating that non-normal 
weight gain during childhood, adolescence and early 
adulthood increase the adulthood hypertension-risk, com-
pared to those born with normal birth weight and normal 
growth pattern. Hence, the present study suggests that 
the previous weight history might influence the associa-
tion between birth weight and hypertension later in life. 
Also, the association between birth weight and hyperten-
sion was observed among those with a familial predispo-
sition to obesity only, suggesting that a high sensitivity 
towards obesity may mask or overrule potential associa-
tions between birth weight and adult hypertension, and 
that such associations therefore can be observed among 
individuals without predisposed to obesity, only. 
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