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Bloodd pressure in adults 
afterr  prenatal exposure to famine 

Tessaa J. Roseboom, Jan H.P. van der Meulen, Anita CJ. Ravelli, 

Gertt A.van Montfrans, Clive Osmond, David J.P. Barker, Otto P. Bleker 

TheThe blood pressure of the offspring depends not so much 

onon how much the mother eats during pregnancy, as on what she eats. 

Journall  of Hypertension 1999,17: 325-330. 

reproducedd with permission from Kluwer Academic Publishers 



Summary y 

Objective:Objective: To assess the effect of prenatal exposure to the Dutch famine of 

19444 - 1945, during which the caloric intake from protein, fat and 

carbohydratee was proportionally reduced, on blood pressures in adults now 

agedd about 50 years. 

Methods:Methods: We measured blood pressures at home and in the clinic among people 

bornn at term in one hospital in Amsterdam, The Netherlands, between 

Novemberr 1 1943 and February 28 1947, for whom we had detailed birth 

records.. Blood pressures of people exposed to famine during late (n ~ 120), 

midd (n = 109) or early gestation (n = 68) were compared with those of people 

bornn in die year before or conceived in the year after the famine (unexposed 

subjects,, n = 442). 

Results:Results: No effect of prenatal exposure on systolic and diastolic blood pressure 

wass observed. The mean systolic blood pressure taken in the clinic in those 

exposedd in late gestation, and adjusted for sex and age, was 1.3 mmHg higher 

thann in the unexposed group (95% confidence interval -1.9 to 4.4). The mean 

systolicc blood pressure differed by -0.6 mmHg (95% confidence interval -3.9 

too 2.7) for those exposed in mid gestation and -1.7 mmHg (95% confidence 

intervall  —5.6 to 2.2) for those exposed in early gestation. People who were 

smalll  at birth had higher blood pressures. A 1 kilogram increase in birth 

weightt was associated with a decrease of 2.7 mmHg (95% confidence interval 

0.33 to 5.1) in systolic blood pressure. Analyses of blood pressures measured at 

homee gave similar results. 

Conclusion:Conclusion: High blood pressure was not linked to prenatal exposure to a 

balancedd reduction of macro-nutrients in the maternal diet. However, it was 

linkedd to reduced fetal growth. We postulate that it might be the composition 

ratherr than the quantity of a pregnant woman's diet that affects her child's 

bloodd pressure in later life. 
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Introductio n n 

AA systematic review of the published literature has shown that low birth 

weightt is associated with high blood pressure both in children and adults. * 

Loww weight at birth is also associated with non-insulin dependent diabetes 2^, 

highh levels of serum cholesterol  4 and fibrinogen 5, and higher mortality from 

coronaryy heart disease. 6>7 All these associations are the result of reduced fetal 

growthh rather than premature birth. 5 This has led to the hypothesis that an 

adversee fetal environment is important in the development of coronary heart 

disease.. 5 It has been suggested that fetal undernutrition during sensitive 

periodss of rapid growth induces permanent changes in the structure and 

physiologyy of fetal organs.8 

Thee hypothesis regarding fetal origins is supported by data from animal 

experiments.. In rats, maternal malnutrition during pregnancy retards fetal 

growthh and raises blood pressure in the offspring. 9 So far, there have only 

beenn two studies on the relation between the maternal diet during pregnancy 

andd blood pressure in humans. One study showed that the balance between 

proteinn and carbohydrate in the maternal diet during late pregnancy was 

associatedd with the blood pressure in the offspring 40 years later. 10 This 

associationn between maternal diet and blood pressure of the offspring was 

independentt of size at birth. Another study showed that the blood pressures 

off  169 people exposed in utero to the Leningrad siege of 1941 — 44 were only 

slightlyy increased compared with those of 188 people born in the province of 

Leningradd but outside the city (134.7 versus 130.9 mmHg, p = 0.1). n 

Inn the present study, we assessed the effect of exposure to severe 

maternall  malnutrition at different periods of gestation on blood pressure. We 

studiedd people who had been born around the time of the Dutch famine in 

onee hospital in Amsterdam, The Netherlands. The birth records of these 

subjectss are still available, and provide detailed information on the mother, the 

coursee of pregnancy and body size at birth. We have already shown that the 

glucosee tolerance of these people was reduced after exposure to the famine in 

latee and mid gestation. 12 The Dutch famine occurred in the western part of 

thee Netherlands at the end of World War II , beginning suddenly in late 

Novemberr 1944 and ending in early May 1945 after the liberation of the 

Netherlandss by the Allied forces. At its peak in the first months of 1945, the 

officiall  rations available for the general population varied between 400 and 
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8000 calories. We compared blood pressures of those born in die year before 

andd diose conceived in die year after the famine (unexposed subjects) widi 

thosee exposed to famine during different periods of gestation (exposed 

subjects).. We measured blood pressures at the homes and during a visit to the 

clinic. . 

Subjectss and methods 

SelectionSelection procedures 

Thee selection procedures for the Dutch famine birth cohort study have been 

describedd in detail elsewhere. 12 All singletons born alive in the Wilhelmina 

Gasthuiss Hospital in Amsterdam between 1 November 1943 and 28 February 

19477 after a pregnancy duration of at least 259 days were candidates to be 

included.. We retrieved the medical records of 1380 babies born alive between 

11 November 1944 and 28 February 1946 and the records of random samples 

off  650 singletons born between 1 November 1943 and 31 October 1944 and 

6500 singletons born between 1 March 1946 and 28 February 1947. Of these, 

277 were excluded from the study because their main medical records were 

missing,, and 239 were excluded because the gestational age at birth was less 

thann 259 days. We thus included 2414 babies born alive. The 

'Bevolkingsregister'' (population registry) of Amsterdam traced 2155 (89%) of 

thee 2414 included babies. Of these, 265 had died, 199 had emigrated from the 

Netherlands,, and 164 did not allow the population registry to give us their 

address.. We visited 912 subjects, who lived in or close to Amsterdam, at home 

andd measured blood pressure successfully in 905 of them. We also asked them 

too attend the clinic, and 741 agreed to attend; we successfully measured the 

bloodd pressures in 739 of them. Birth weights according to prenatal exposure 

too famine in this group of 739 subjects were not different from the 

16755 babies who were not included (difference in birth weight adjusted for 

exposuree to famine is 28 g, p = 0.23). 

ExposureExposure to famine 

Wee defined the famine period according to the daily official food-rations for 

thee general population older than 21 years. The caloric intake from protein, 
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carbohydratee and fat was approximately proportionally reduced. The official 

rationss should be considered as a relative measure of the amount of food 

available.. A person was considered to be prenatally exposed if the average 

dailyy ration for people older than 21 years during any thirteen-week period of 

gestationn contained less than 1000 calories. The official daily rations for 

childrenn younger than one year were always higher than 1000 calories. 13 

Therefore,, children born between 7 January 1945 and 8 December 1945 were 

exposedd prenatally. We defined periods of 16 weeks each to differentiate 

betweenn those who were exposed in late gestation (bom between 7 January 

19455 and 28 April 1945), in mid gestation (born between 29 April 1945 and 

188 August 1945), and in early gestation (born between 19 August 1945 and 

88 December 1945). 

StudyStudy parameters 

Thee medical records provided information on maternal age, parity, date of last 

menstruall  period, mean systolic blood pressure during pregnancy and weight 

att die beginning of the third trimester and at the end of pregnancy (within 

22 weeks of birth). They also included records of the baby's sex, body measures 

att birth, and length and width of the placenta, and gave the occupation of the 

headd of the family. Maternal weight gain during the third trimester was 

calculatedd as the difference between the weights at the beginning and end of 

thee third trimester divided by the time interval between these weight 

measurementss and multiplied by the trimester duration (13 weeks). Ponderal 

indexx (birth weight divided by die cube of length) and head-to-birth weight 

ratioo and placental area (length x width x ft/4) were calculated from the 

measuress at birth. Head circumference was estimated as JI x (biparietal 

diameterr + occipitofrontal diameter)/2. The occupation of the head of the 

familyy was dichotomised into manual and non-manual labour, and used as a 

measuree of socio-economic status. u 

Bloodd pressures were measured four times at home (twice before and 

twicee after an interview), and four times at the clinic (twice before and twice 

afterr a physical examination). Blood pressure measurements were made in the 

non-dominantt arm using a validated automated auscultatory device 

(Profilomat;; Disetronic Medical Systems AG, Burgdorf, Switzerland). 15 All 

bloodd pressures were measured after 5 min rest while the participants were 
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seated.. The measurements were performed between January 1995 and August 

1996.. Unlike the blood pressure measurements taken at home, those taken in 

thee clinic were performed under standardised conditions, in the morning after 

ann overnight fast, and with the participants having not smoked or drunk 

coffeee or tea. We analysed the blood pressures measured at home and in the 

clinicc separately. We also measured height and weight (Seca scale) and we 

recordedd information on smoking, alcohol use and anti-hypertensive 

medication.. Current socio-economic status was coded using ISEI-92 according 

too the occupation of the participants or their partners, whichever had the 

highestt value on the scale. 16 The ISEI scale is a continuous measure which 

representss the education needed for an occupation and the income generated 

byy it, with a scale ranging from 16 for the lowest to 87 for the highest status. 

StatisticalStatistical methods 

Bodyy mass index had a skewed distribution and was therefore log transformed 

beforee analysis. We calculated the differences between the blood pressures of 

unexposedd subjects and those exposed in late, mid or early gestation 

separately.. We used multiple linear regression analysis to adjust for sex and age 

att blood pressure measurement, and in a second step also for gestational age, 

maternall  characteristics (age, parity, weight at the end of pregnancy, weight 

gain,, blood pressure and socio-economic status at birth), and adult 

characteristicss (body mass index, smoking, alcohol use, anti-hypertensive 

medicationn and current socio-economic status). Information on maternal 

weightt at the end of pregnancy, weight gain or socio-economic status at birth 

wass missing for a relatively large number of persons. Therefore, when 

adjustingg for these variables, we added a separate group for missing 

information,, after having categorised weight and weight gain into four equally 

sizedd groups. Parity, socio-economic status at birth, smoking and use of anti-

hypertensivee medication were adjusted for by adding a dichotomous variable 

intoo the linear regression model; the other variables were added to the model 

ass continuous variables. 
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Results s 

CharacteristicsCharacteristics of study population 

Two-hundredd and ninety-seven (40%) of the 739 subjects had been exposed to 

faminee in utero (table 1). Because it was more difficult to contact men, fewer 

menn than women were included, especially in the groups that had been 

exposedd to famine in utero. The mean systolic blood pressure measured in the 

clinicc was 3.8 mmHg higher in men than in women (95% confidence interval 

1.55 to 6.0). Mothers who were exposed to famine during late pregnancy were 

older,, less often primiparous, lighter at the end of pregnancy and they also 

gainedd less weight in the third trimester than mothers of unexposed subjects. 

Socio-economicc status at birth was similar across exposure groups. The mean 

systolicc blood pressure of the mother during pregnancy was lower in all 

exposedd groups. Babies exposed to famine in late or mid gestation were lighter 

andd shorter, and had smaller heads and smaller placentas than those not 

exposed.. They also had higher head-to-birth weight ratios, which suggests 

'brainn sparing'. Babies exposed to famine in early gestation seemed to be 

somewhatt heavier and longer, especially taking account of the smaller number 

off  men in this group. Adult body mass index was also higher in those exposed 

too famine in early gestation. Systolic blood pressure measured in the clinic 

increasedd by 1.1 mmHg (95% confidence interval 0.9 to 1.3) per unit (kg/m2) 

increasee in body mass index. Adult height, smoking, alcohol consumption, 

socio-economicc status and use of anti-hypertensive medication were similar in 

thee exposure groups. 

BloodBlood pressure measured in the clinic 

Afterr adjustment for sex and age, we found that the mean systolic blood 

pressuree of those exposed to famine in late gestation was 1.3 mmHg higher 

(95%% confidence interval —1.9 to 4.4) and the diastolic blood pressure was 

0.44 mmHg higher (95% confidence interval —1.6 to 2.5) than in those who 

weree not exposed (born before or conceived after). The corresponding 

differencess for those exposed in mid gestation were —0.6 mmHg 
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(95%% confidence interval —3.8 to 2.7) in systolic and —1.2 mmHg 

(95%% confidence interval —3.3 to 0.9) in diastolic blood pressure and for those 

exposedd in early gestation -1.7 mmHg (95% confidence interval -5.6 to 2.2) in 

systolicc and -0.7 mmHg (95% confidence interval —3.2 to 1.9) in diastolic 

bloodd pressure. 

Thee maternal characteristics (age, parity, weight at the end of pregnancy, 

weightt gain in the third trimester, mean systolic blood pressure and socio-

economicc status at birth) were not associated with the systolic blood pressure 

off  the offspring (p always >0.4). Birth weight, body length, head 

circumferencee and ponderal index were all inversely related to systolic blood 

pressure.. After adjustment for sex, we found that an increase of 1 kilogram in 

birthh weight was associated with a decrease of 2.7 mmHg (95% confidence 

intervall  0.3 to 5.1) in systolic blood pressure, an increase of 1 centimetre in 

lengthh with a decrease of 0.4 mmHg (95% confidence interval —0.1 to 0.9), an 

increasee of 1 centimetre in head circumference with a decrease of 0.9 mmHg 

(95%% confidence interval 0.1 to 1.6), and an increase of 1 kg/m3 in ponderal 

indexx with a decrease of 0.4 mmHg (95% confidence interval 0.0 to 0.9). 

Head-to-birthh weight ratio was positively associated with blood pressure, and 

ann increase of 1 cm/g was associated with an increase in systolic blood 

pressuree of 0.9 mmHg (95% confidence interval 0.0 to 1.8). Blood pressure 

wass not associated with placental area (p = 0.6). 

Thee effect of prenatal exposure to famine on systolic blood pressure in 

latee or early gestation was litde affected by adjustment for maternal 

characteristicss including maternal weight at the end of pregnancy or weight 

gainn in the third trimester (table 2). We also found that adjustments for adult 

characteristicss including body mass index and socio-economic status did not 

alterr the results. Adjustment for size at birth changed the differences in blood 

pressuree between those exposed to famine and those not exposed, to the same 

extentt as could be expected from the famine-related changes in size birth. 

Whenn we simultaneously adjusted for maternal characteristics (weight at the 

endd of pregnancy and weight gain), characteristics at birth (gestational age, 

birthh weight and socio-economic status), and adult characteristics (body mass 

index,, socio-economic status and use of anti-hypertensive medication), we 

foundd that systolic blood pressure differed by 1.5 mmHg (95% confidence 

intervall  -1.9 to 4.8) among those exposed in late gestation, by -0.9 mmHg 

(95%% confidence interval —4.2 to 2.4) among those exposed in mid gestation, 
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andd by -3.6 mmHg (95% confidence interval -7.5 to 0.4) among those 

exposedd in early gestation. Simultaneous adjustment for all these potential 

confounderss had also only small effects on differences in diastolic blood 

pressure.. Adjustment for gestational age at birth, maternal and adult 

characteristicss did not change the observed associations between size at birth 

andd blood pressure appreciably. For instance, after adjustment for all these 

characteristicss we found that an increase of 1 kilogram in birth weight was 

associatedd with a 3.9 mmHg (95% confidence interval 1.2 to 6.6) decrease in 

systolicc blood pressure. 

BloodBlood pressure measured at home 

Afterr adjustment for sex and age, the mean systolic blood pressure of those 

exposedd to famine in late gestation was 0.7 mmHg (95% confidence interval 

—2.33 to 3.7) lower and the diastolic blood pressure was 0.4 mmHg 

(95%% confidence interval —1.6 to 2.3) lower than in those who were not 

exposed.. The corresponding differences for those exposed in mid gestation 

weree -1.3 mmHg (95% confidence interval —4.3 to 1.7) in systolic and 

—1.77 mmHg (95% confidence interval —3.6 to 0.2) in diastolic blood pressure; 

forr those exposed in early gestation, —1.4 mmHg (95% confidence interval 

-5.11 to 2.2) in systolic and -0.9 mmHg (95% confidence interval -3.2 to 1.4) 

inn diastolic blood pressure. The associations between size at birth and blood 

pressuress measured at home, however, were similar to those based on blood 

pressuree measurements taken in the clinic. We found that an increase of 

11 kilogram in birth weight was associated with a decrease of 3.3 mmHg 

(95%% confidence interval 0.6 to 6.0) in systolic blood pressure after adjustment 

forr sex. 

Discussion n 

Wee could not demonstrate an effect of prenatal exposure to famine — during 

whichh the caloric intake from protein, fat and carbohydrate was approximately 

proportionallyy reduced — on systolic and diastolic blood pressure either taken 

inn the clinic or at home. However, we found, as many other studies have done, 

thatt small size at birth (low birth weight, short body length, thinness or small 
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headd size) was associated with higher blood pressure in later life. 1 The 

associationn between size at birth and blood pressure was only slightly altered 

byy adjustment for circumstances in early (gestational age at birth, maternal 

weight,, weight gain, socio-economic status at birth) or later life (body mass 

index,, smoking, alcohol use, present socio-economic status). 

Thee conditions during the Dutch famine rather closely matched the 

experimentall  set-up of animal studies on the effects of low-energy diets during 

pregnancy.pregnancy. The famine had a sudden beginning and end, and struck the entire 

population,, almost irrespective of social class. However, the number of births 

correspondingg to conceptions at the peak of the famine — and consequendy 

alsoo to exposure during early gestation — was about 50% lower than that 

correspondingg to pre-famine conceptions. 14 This famine-induced reduction in 

fertilityy invalidates the similarity between our study and experimental studies to 

somee extent, but by using the well-kept birth records we were able to take 

potentiallyy confounding factors into account. Selective fertility does not seem 

too explain our findings, since adjustments for maternal characteristics, which 

mightt be determinants of fertility (maternal age, parity, weight and socio-

economicc status), did not alter the results. 

Inn those exposed in utero to the Leningrad siege of 1941 — 1944 blood 

pressuree was increased by about 4 mmHg (p = 0.1) compared with those born 

inn the same period but outside the famine area. n Unfortunately, it is difficult 

too compare the results of that study with ours because the conditions before 

andd after the famine period in Leningrad and in the western part of the 

Netherlandss were essentially different. First, the Dutch famine had a shorter 

durationn than the famine in Leningrad (5 months versus more than 2 years in 

Leningrad),, and it was preceded and followed by more or less adequate 

nutrition.. Second, the Dutch people who were born around the time of the 

faminee grew up in a period of rapidly increasing affluence, whereas the 

standardd of living in Russia remained relatively poor and may have even 

deterioratedd in the past ten years. n 

Thee ability of a modier to supply the fetus with nutrients is not only 

determinedd by what she eats during pregnancy, but also by her own growth 

andd physical development over the years. The effects of malnutrition during a 

shortt period of gestation on fetal growth may therefore have been buffered by 

nutritionall  reserves built up in the mother's body. After chronic malnutrition, 

thesee reserves might be small or absent, and the effects of malnutrition during 
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gestationn might be more severe. This notion is in agreement with the results of 

studiess performed in Jamaica and the United Kingdom, in which women with 

loww triceps skinfold thickness, which suggests chronic malnutrition, were 

shownn to have children with higher blood pressures. 18>19 In experiments with 

rats,, undernutrition before and throughout pregnancy increased blood 

pressuree more strongly than undernutrition over short periods, also suggesting 

thatt the effect of maternal malnutrition depends on its duration. 20 

Thee official record of rations during the Dutch famine indicated that the 

caloricc content of the diet decreased strongly, but the balance between protein, 

carbohydratee and fat remained approximately the same. We could not 

demonstratee that prenatal exposure to such a balanced reduction of macro-

nutrientss had an effect on blood pressure. Recendy, it was found, however, 

thatt the blood pressures of 40-year-old men and women in Aberdeen were 

relatedd to the balance of carbohydrate and protein in their mothers' diet during 

pregnancy.. At either extreme of this balance, their blood pressures were raised, 

evenn if their growth in utero was hardly affected. t0 These findings are in 

agreementt with results of animal studies which showed that the effects of 

proteinn restriction in the diet of pregnant rats on the blood pressure of their 

offspringg are stronger than the effects of caloric restriction with a balanced 

reductionn of all macro-nutrients. 9^^2 Moreover, the effects seem to depend 

nott only on the composition of the diet with respect to macro-nutrients in 

general,, but also with respect to particular fatty acids 20 or amino acids 

(Langley-Evans,, personal communication, 1997). All this suggests that blood 

pressuree of offspring depends not so much on how much the mother eats 

duringg pregnancy as on what she eats. 

Conclusions s 

Ourr study showed that a short period of a proportionate reduction in nutrients 

hass only a small effect on fetal growth and littl e if any effect on the blood 

pressuree of the offspring. We confirmed, however, that reduced fetal growth is 

relatedd to raised blood pressure. We consider it likely that more prolonged 

periodss of undernutrition or deviations in the balance of macro-nutrients in 

thee maternal diet have an appreciable effect on blood pressure. These findings 

contrastt with findings of the glucose tolerance in the same group of people. 

Wee found that prenatal exposure to famine in late and mid gestation reduced 
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glucosee tolerance even if the effect on fetal growth was small. 12 This suggests 

thatt glucose metabolism and blood pressure are programmed in fetal life 

throughh different maternal influences. 
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