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ABSTRACT

Background

People who had low birth weight are at increased risk of hypertension. This may reflect fetal 

programming by undernutrition. Placental size is also associated with hypertension. Maternal 

undernutrition during the Dutch famine reduced placental surface area. We examined whether 

maternal undernutrition altered the relationship between placental size and later hypertension. 

Methods

Retrospective cohort study among 860 subjects born in Amsterdam during 1943-47. 216 subjects 

were taking anti-hypertensive medication. Birth records included placental length and breadth 

from which we calculated its area. 

Results

Among men who were not in utero during the famine, hypertension was associated with a small 

placental surface area due to a small placental breadth, and with an oval-shaped surface. The OR 

for hypertension was 0.83 (95% CI: 0.70 to 1.00) for a 40 cm2 increase in surface area. Among men 

who were in utero during the famine, hypertension was associated with a large placental surface 

area due to a large placental breadth, and with a round-shaped surface. The OR for hypertension 

was 1.34 (95% CI: 0.99 to 1.80) for a 40 cm2 increase in surface area. The associations between 

placental size and hypertension in men who were and were not in utero during the famine were 

significantly different (P-values for interaction = 0.008 for placental surface area, 0.001 for the 

breadth and 0.01 for the difference in the two diameters). Among women, hypertension was not 

associated with placental size. 

Conclusions

Our study provides the first direct evidence that changes in maternal diet during pregnancy alter 

the relationship between placental size and later hypertension among men but not women. We 

suggest that among men who were not in utero during the famine hypertension was related to 

impaired implantation, whereas among men who were in utero during the famine it was related 

to compensatory expansion of the placental surface.
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INTRODUCTION

Studies around the world have reported an association between low weight at birth and high 

blood pressure and hypertension in later life1-5. This association is attributed to fetal programming, 

the process whereby malnutrition in utero permanently changes the structure and function 

of the body6. This is supported by data from experimental studies in animals7,8, as maternal 

undernutrition during gestation permanently elevates blood pressure in the adult offspring 

of both rats and sheep7,9-12. Placental weight is also associated with the risk of hypertension in 

later life; associations with low placental weight13,14 and with high placental weight relative to 

birth weight2,15 have been reported. During the wartime famine in Holland mother’s intakes of 

protein and total calories fell drastically. Previously, we demonstrated that babies who were in 

utero during the famine had a reduced area of the placental surface, measured by the length 

and breadth of the surface at birth16. In the current paper, we examine the effect of maternal 

diet during pregnancy on the relationship between placental size and hypertension in later life. 

Because boys grow faster than girls from an early stage of gestation, they are more vulnerable if 

their nutrition is compromised17-19. Furthermore, sex differences in fetal growth are likely to be 

mediated by sex differences in placental growth and development20. We therefore examined men 

and women separately.

METHODS

Study sample 

The Dutch Famine Birth Cohort consists of 2,414 men and women who were born as term 

singletons in the Wilhelmina Gasthuis in Amsterdam between 1 November 1943 and 28 February 

1947. The selection procedures for this cohort have been described in detail elsewhere21. On 

September 1st 2002, 1,423 cohort members (59%) were still living in the Netherlands with their 

current address available. All of them were invited to attend a clinic to undergo a standardized 

interview and medical examination. People who could not attend the clinic were visited at home 

or were telephoned. Those who were telephoned only underwent a standardized interview. 860 

people (60%) agreed to participate, of whom 740 visited the clinic, 70 were visited at home, and 

50 were telephoned. Mean birth weights, placental lengths, breadths, and surface areas did not 

differ between those who agreed to participate in this study and those who did not (P for birth 

weight = 0.7, P for placental length = 0.5, P for placental breadth = 0.1, P for placental area = 0.5). 

The local medical ethics committee approved the study. The study was carried out in accordance 

with the Declaration of Helsinki. Written informed consent was obtained from all participants. 

Data were collected between 2002 and 2004.
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Famine exposure 

The period of famine was defined by the official daily food rations for the general population older 

than 21 years. A person was considered to have been exposed to famine in utero if the average 

daily rations, during any 13-week period of gestation, were less than 1,000 calories. Using this 

definition, people who were born between 7 January 1945 and 8 December 1945 were considered 

to have been exposed to famine in utero. Persons who were born between 1 November 1943 and 

6 January 1945 (born before the famine) and between 9 December 1945 and 28 February 1947 

(conceived after the famine) were considered as unexposed to famine in utero and acted as the 

control group.

Study parameters 

The hospital notes recorded the mother’s parity and the size of the baby and placenta at birth. 

Placental measurements were recorded for 731 of the 860 subjects. Mean birth weights did 

not differ between subjects with and without placental measurements (P = 0.7). Because it was 

recognized that the placental surface area tends to be oval rather than round, length and breadth 

of the placental surface area, were routinely measured. Placental length was measured at the 

maximal placental diameter. Placental breadth was measured at right angles to placental length. 

They were measured to the nearest centimeter and were highly correlated (correlation coefficient 

= 0.65). The surface area of the placenta was estimated as length × breadth × π/4, assuming an 

elliptical shape. The weight of the placenta was not recorded.

During a clinic or home visit between 2002 and 2004, trained study nurses measured height and 

weight. Body mass index was calculated by dividing weight in kilograms by the square of height in 

meters. We defined hypertension by the use of anti-hypertensive medication, as was done in the 

Helsinki Birth Cohort Study15,17.

Statistical analysis 

We used logistic regression analysis to assess the association between birth weight, placental size 

(placental length, breadth, and surface area) and hypertension in later life. To examine whether 

these associations differed in the two sexes we analyzed the associations between placental size 

and hypertension among males and females who either were or were not in utero during the 

famine. We tested for interaction by introducing the cross-products of sex and famine to the 

statistical models. 
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RESULTS

The study sample comprised 860 subjects; 385 men and 475 women. Their average age at 

follow-up was 58 years. 351 subjects (146 men and 205 women) had been in utero during the 

famine. 216 subjects (94 men and 122 women) were on medication for hypertension. People on 

medication were more obese, having a mean body mass index of 30.5 kg/m2 compared to 27.9 in 

the remainder.

Table 1 shows the effects of birth weight and measures of placental size and shape on hypertension 

among men and women who were not in utero during the famine. Among men odds ratios for 

hypertension fell as placental breadth and surface area increased. Hypertension was not related to 

placental length, but odds ratios rose as the difference between the diameters (placental breadth 

and length) increased (P = 0.007), that is as the placental surface area became more oval. Odds 

ratios were 2.3 (95% CI: 1.3 to 4.3) in men in whom the difference between the length and breadth 

was three cm or more, compared with men in whom the difference was two cm or less. Among 

women odds ratios for hypertension fell with increasing birth weight, but there were no trends 

with placental size (Table 1). 
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TABLE 1 Odds ratios and 95% confidence intervals (CI) for hypertension among men and women who 
were not in utero during the famine according to birth weight and placental size.

Men Women

No of 
cases

No of  
subjects

Odds 
ratio

95% CI
No of 
cases

No of  
subjects

Odds 
ratio

95% CI

Birth weight (kg)
≤3 11 37 1.0 reference 20 57 1.0 reference

-3.5 27 95 0.9 0.4 to 2.2 30 116 0.6 0.3 to 1.3
-4 20 78 0.8 0.3 to 1.9 18 77 0.6 0.3 to 1.2
>4 8 29 0.9 0.3 to 2.6 2 20 0.2 0.0 to 1.0

Odds ratio per kg increase 0.87 0.48 to 1.60 0.52 0.28 to 0.98

P for trend 0.66 0.04
P for interaction 0.24

Placental length (cm)
≤18 15 45 1.0 reference 22 71 1.0 reference
-20 13 59 0.6 0.2 to 1.4 17 86 0.5 0.3 to 1.1
-22 20 72 0.8 0.3 to 1.7 13 52 0.7 0.3 to 1.7
>22 11 37 0.8 0.3 to 2.2 10 41 0.7 0.3 to 1.7

Odds ratio per cm increase 0.96 0.85 to 1.07 0.97 0.85 to 1.09

P for trend 0.45 0.60
P for interaction 0.90

Placental breadth (cm)
≤15 15 31 1.0 reference 15 52 1.0 reference
-17 18 65 0.4 0.2 to 1.0 18 82 0.7 0.3 to 1.5
-19 18 64 0.4 0.2 to 1.0 20 77 0.9 0.4 to 1.9
>19 8 53 0.2 0.1 to 0.5 9 38 0.8 0.3 to 2.0

Odds ratio per cm increase 0.82 0.72 to 0.94 0.97 0.85 to 1.10

P for trend <0.01 0.59
P for interaction 0.08

Placental area (cm2)
≤240 15 41 1.0 reference 21 72 1.0 reference
-280 13 45 0.7 0.3 to 1.7 15 64 0.7 0.3 to 1.6
-320 14 63 0.5 0.2 to 1.2 14 62 0.7 0.3 to 1.5
>320 17 64 0.6 0.3 to 1.5 12 51 0.7 0.3 to 1.7

Odds ratio per 40 cm2 increase 0.83 0.70 to 1.00 0.95 0.79 to 1.14

P for trend 0.05 0.55
P for interaction 0.34
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Table 2 shows the effects of birth weight and measures of placental size and shape on hypertension 

among men and women who were in utero during the famine. Among men, in contrast to the 

trends in Table 1, odds ratios for hypertension rose as placental breadth and surface area increased. 

Again hypertension was not related to placental length, but the risk of hypertension tended 

to rise as the placental surface area became rounder. The associations between hypertension 

and placental size in men who were and were not in utero during the famine were statistically 

significantly different (P-values for interaction = 0.001 for the breadth, 0.008 for placental surface 

area, and 0.01 for the difference in the two diameters). Among women who were in utero during 

the famine, hypertension was not related to birth weight or to placental size (Table 2). The 

associations between hypertension and birth weight in women who were and were not in utero 

during the famine were not statistically significantly different (P-value for interaction = 0.27). The 

sex differences in the effects of placental size on hypertension among those who were in utero 

during the famine were statistically significant (Table 2). The different trends in hypertension with 

placental breadth are shown in Figure 1. 

FIGURE 1  Odds ratios (95% confidence intervals) for hypertension for a one centimeter increase in the 
breadth diameter in men and women who were or were not in utero during the famine.
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TABLE 2  Odds ratios and 95% confidence intervals (CI) for hypertension for men and women who were in 
utero during the famine according to birth weight and placental size.

Men Women

No of 
cases

No of 
subjects

Odds 
ratio

95% CI
No of 
cases

No of 
subjects

Odds 
ratio

95% CI

Birth weight (kg)
≤3 6 38 1.0 reference 18 69 1.0 reference

-3.5 16 59 2.0 0.7 to 5.6 23 89 1.0 0.5 to 2.0

-4 6 39 1.0 0.3 to 3.3 8 40 0.7 0.3 to 1.8

>4 0 10 0.0 0.0 to --* 3 7 2.1 0.4 to 10.4

Odds ratio per kg increase 0.78 0.31 to 2.00 0.88 0.44 to 1.74

P for trend 0.61 0.71
P for interaction 0.84

Placental length (cm)
≤18 4 32 1.0 reference 16 52 1.0 reference

-20 9 44 1.8 0.5 to 6.5 14 51 0.9 0.4 to 2.0

-22 7 28 2.3 0.6 to 9.0 5 30 0.5 0.1 to 1.4

>22 3 12 2.3 0.4 to 12.5 4 20 0.6 0.2 to 2.0

Odds ratio per cm increase 1.09 0.90 to 1.31 0.92 0.80 to 1.06

P for trend 0.38 0.23
P for interaction 0.16

Placental breadth (cm)
≤15 5 27 1.0 reference 11 30 1.0 reference

-17 4 36 0.6 0.1 to 2.3 13 51 0.6 0.2 to 1.6

-19 8 37 1.2 0.3 to 4.2 10 48 0.5 0.2 to 1.3

>19 6 16 2.6 0.6 to 10.7 5 24 0.5 0.1 to 1.6

Odds ratio per cm increase 1.26 1.02 to 1.55 0.90 0.77 to 1.05

P for trend 0.03 0.18

P for interaction 0.01

Placental area (cm2)
≤240 6 34 1.0 reference 13 43 1.0 reference

-280 3 27 0.6 0.1 to 2.6 13 42 1.0 0.4 to 2.6

-320 9 38 1.4 0.5 to 4.6 7 36 0.6 0.2 to 1.6

>320 5 17 1.9 0.5 to 7.6 6 32 0.5 0.2 to 1.6

Odds ratio per 40 cm2 increase 1.34 0.99 to 1.80 0.86 0.68 to 1.08

P for trend 0.06 0.18
P for interaction 0.02

* Due to the lack of cases, 95% confidence interval could not be calculated in this subgroup.
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DISCUSSION

We found that the wartime famine in Holland changed the association between placental size and 

shape and later hypertension among men. Among men who were not in utero during the famine, 

hypertension was associated with a small placental surface area, a small placental breadth, and 

also with an oval-shaped surface. Among men who were in utero during the famine, hypertension 

was associated with a large placental surface area due to a large placental breadth, and with a 

round-shaped surface. We think that variations in placentation lead to variations in fetal nutrition 

which through several possible mechanisms lead to hypertension7. Among women hypertension 

was not associated with placental size. Hypertension in women appears to be associated with 

reduced birth weight, whereas in men it is associated with reduced size of the placenta.

Sex differences in associations with placental size 

Sex differences in the associations between placental size and hypertension were found in the 

Helsinki Birth Cohort17. In men, hypertension was associated with a large placental breadth 

in relation to birth weight, whereas in women it was associated with a small placental area. 

Among men, the associations between placental size and hypertension varied with the mother’s 

socioeconomic status, whereas among women they varied with the mother’s height. An 

interpretation of this is that the nutrition of boys in utero is more dependent on the mother’s diet 

in pregnancy, reflected in her socioeconomic status, while the nutrition of girls depends more on 

the mother’s metabolism, reflected in her height.  Our findings are consistent with this in so far as 

famine in a previously tall and well-nourished population changed the placental programming of 

hypertension in boys but not girls. Furthermore, boys may be more vulnerable if their nutrition is 

compromised. They grow faster than girls from an early stage of gestation18, and they invest less 

in placentation16,17,22. At any birth weight their placentas are smaller than those of girls, suggesting 

they are more efficient. 

Men not in utero during famine 

Studies of pregnancies complicated by pre-eclampsia show that the placental surface at birth is 

oval in shape. Pre-eclampsia has been associated with decreased placental weight and a smaller 

placental breadth, while there was no association with placental length23,24. There may be a strong 

graded relation between the risk of pre-eclampsia and placental breadth: the smaller the breadth 

the greater the risk and severity of pre-eclampsia23. This suggests that tissue along the breadth 

has a structure or function that is not shared with tissue along the length. One possibility is that 

growth along the length may align with the rostro-caudal growth of the fetus while tissue along 

the breadth may be more nutritionally sensitive23. Our findings tend to support this in that famine 
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altered the association between hypertension and the breadth rather than the length. Since pre-

eclampsia is initiated by impaired implantation25, we hypothesize that a reduced placental breadth 

and an oval shaped placental surface may be markers of disturbance in the normal processes of 

implantation. We suggest that among men who were not in utero during the famine, in whom 

hypertension was associated with a placental surface that was oval in shape, it was disturbances 

in implantation that led to hypertension in later life without, seemingly, restriction of fetal growth. 

Men in utero during famine 

Among these men, hypertension was associated with a large placental surface area that was 

round. This association has also been shown in the Helsinki Birth Cohort17 and a relation between 

higher blood pressure and a large placental surface has also been found among Indian girls26. 

Expansion of the placental surface can be a compensatory mechanism by which an undernourished 

fetus extracts more nutrients from the mother. Observations in sheep show that in response to 

undernutrition in mid gestation the fetus is able to extend the area of the placenta by expanding 

the individual cotyledons27,28. This increases the area available for nutrient and oxygen exchange, 

and results in a larger lamb than there would otherwise have been. This is profitable for the 

farmer, and manipulation of the size of the lambs by changing the pasture of pregnant ewes is 

standard practice in sheep farming. Studies in the Helsinki Birth Cohort suggest that compensatory 

placental enlargement occurs in humans and involves enhanced growth along the breadth of the 

surface15. Associations between hypertension and a large breadth were, however, found only in 

men, suggesting that compensatory expansion occurs more readily in boys17. Our findings are 

consistent with this. Compensatory growth may be beneficial in some circumstances, but if the 

compensation is inadequate and the fetus continues to be undernourished, the need to share its 

nutrients with an enlarged placenta may become an added metabolic burden for the baby. For 

boys the long-term cost of this may be hypertension, perhaps as a result of impaired development 

of low priority organs like the kidney7. 

Limitations 

We cannot exclude the possibility that the associations described in this study are epiphenomena 

rather than causal associations. Furthermore, our study was based on measurements of placental 

size recorded during routine clinical practice under difficult wartime conditions. We have 

discussed the procedures with an obstetrician who practiced in the Wilhelmina Gasthuis during 

the war. The diameters of the placental surface were measured using standardized techniques, 

but nevertheless measurement errors would have occurred. These errors would tend to attenuate 

associations between placental size and hypertension in later life. The diagnosis of hypertension 

was based on the use of medication for the disorder. This is the same criterion as used in the 

Helsinki Birth Cohort studies15,17.
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Conclusions 

Our study provides the first direct evidence that changes in maternal diet during pregnancy alter 

the relationship between placental size and later hypertension. This relationship was altered 

among men but not women. We suggest that among men who were not in utero during the 

famine, hypertension was related to impaired implantation, whereas among those who were in 

utero during the famine it was related to compensatory expansion of the placental surface.
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