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Chapter 5 

Abstract 

We studied babies born around the time of the Dutch famine to assess how maternal 
malnutrition at different stages of pregnancy had affected the size of their bodies and 
placentas. The Dutch famine lasted from late November 1944 to early May 1945, and 
was preceded and followed by periods of adequate nutrition. 2414 singletons born at 
term between 1 November 1943 and 28 February 1947 in the Wilhelmina Gasthuis, 
Amsterdam, the Netherlands were included in the study. Babies exposed to famine in 
late, mid and early gestation (exposed babies) were compared with babies born in the 
year before or conceived in the year after the famine (non-exposed babies). 

Compared to non-exposed babies, babies exposed to famine in late gestation had 
lower weights (-257 g, 95% CI -312 to -202), shorter bodies (-1.0 cm, -1.2 to -0.7), 
smaller head circumferences (-0.7 cm, -0.9 to -0.5) and smaller placental diameters (-0.7 
cm,-1.0 to -0.3). They were also thinner as measured by the pondéral index (-0.6 
k g / m , -0.9 to -0.3). Babies exposed in mid gestation were lighter (-165 g, -220 to -109), 
shorter (-0.6 cm, -0.9 to -0.4) and thinner (-0.3 kg/m3, -0.6 to 0.0), and they had smaller 
heads (-0.9 cm, -1.1 to -0.7). Their placentas were not affected. Babies exposed in early 
gestation were heavier (79 g, 16 to 143) and longer (0.5 cm, 0.2 to 0.8), and had smaller 
heads (-0.2 cm, -0.4 to 0.0) and placentas (-0.5, -0.9 to -0.1). Their pondéral indices did 
not differ (-0.2 kg /m , -0.5 to 0.2). The effects of prenatal exposure to famine remained 
after adjusting for maternal weight gain in last trimester and weight at the end of 
pregnancy. The effects of exposure to famine in mid and late gestation were larger in 
babies with large placentas. 

Babies whose mothers were malnourished in mid and late gestation were short and 
thin, whereas babies of mothers who were malnourished only in early gestation were 
heavier and longer. Head circumference was reduced in all exposed babies, and we 
did not find indications that "brain-sparing" had occurred. Exposure to famine had a 
direct influence on the size of the babies at birth not mediated through maternal 
weight gain. The effects of famine exposure were especially prominent in fetuses with 
large placentas. 

Introduction 

Many studies have shown associations between retarded growth in utero and 
cardiovascular disease in adult life. These observations have led to the hypothesis 
that major chronic adult diseases are "programmed" in utero. The fetal origins 
hypothesis suggests that malnutrition during sensitive periods of fetal development 
programmes long-term changes in the body structure and physiology. Fetal 
undernutrition at different stages in gestation is thought to result in specific patterns of 
fetal growth. Malnutrition during early gestation would lead to proportionately small 
babies, whereas malnutrition during late gestation would affect body proportions and 
lead to babies who are either "thin" or "short" at birth.2 If this is true then the body 
proportions at birth indicate the timing of the events that impaired fetal growth. 

One cause of fetal undernutrition is maternal malnutrition. The effect of 
malnutrition at specific stages of gestation on the pattern of fetal growth has been 
studied in animals, but little is known in humans. The Dutch famine, which occurred 
at the end of World War II from late November 1944 to early May 1945 in the Western 
part of the Netherlands, provides an opportunity to study this. The period of severe 
malnutrition during the Dutch famine was clearly delineated in time. At its peak in 
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the first months of 1945, the official daily rations for the general population of 21 years 
and older varied between 400 and 800 calories. Pregnant women were entitled to a 
supplementary ration of about 600 calories, but most sources indicated that these 
supplementary rations were not met during the peak of the famine. 

It has already been shown that infants born after famine exposure in late gestation 
were on average about 300g lighter, 1cm shorter and had 1cm smaller head 
circumferences. ' ' ' We could study the effects of the Dutch Famine on fetal growth in 
more detail, because we had access to the detailed records of the deliveries that took 
place at that time in the Wilhelmina Gasthuis, one of the principal hospitals in 
Amsterdam. We compared infants who were exposed to famine in utero at some stage 
during gestation (exposed babies) with babies born before or conceived after the 
famine (non-exposed babies). 

Subjects and Methods 

Subjects 
5425 children were born between 1 November 1943 and 28 February 1947 in the 
University Department of Obstetrics and Gynaecology of the Wilhelmina Gasthuis in 
Amsterdam. At that time, women either delivered at home supported by a midwife or 
general practitioner, or were referred to a maternity ward of a hospital for social or 
medical reasons. Most referred women originated from lower or middle social classes, 
but little is known about the actual referral pattern during the period of our study. 

We retrieved from the City archive of Amsterdam (Gemeentearchief) the medical 
records of the 1380 liveborn singletons who were born between 1 November 1944 and 
28 February 1947. We also retrieved random samples of 650 liveborn singletons born 
in the year before this period (i.e. born between 1 November 1943 and 31 October 
1944), and 650 liveborn singletons born in the year thereafter (i.e. born between 1 
March 1946 and 28 February 1947). Of these 2680 children, 27 (1%) were excluded 
because their main medical record was missing, and 239 (9%) were excluded because 
they were born prematurely with a gestational age at birth below 259 days, either as 
computed from the date of the last menstrual period, or as estimated by the 
obstetrician both at the first prenatal visit and at the physical examination of the child 
just after birth. In all, therefore, 2414 liveborn singletons were included. 

Exposure to famine 
To analyse the effects of the famine we have defined the famine period according to 
official daily rations. These were determined weekly by the authorities and varied 
according to age and class of labour. The caloric intake from protein, carbohydrate 
and fat decreased more or less proportionately. We have defined famine exposure on 
the basis of the rations for the general population aged 21 and older. These rations 
were 1750 calories per day in December 1943 (45g protein). This figure gradually 
decreased to 1400 calories (40g protein) in October 1944 and fell below 1000 calories 
(20g protein) on 26 November 1944. The rations varied between 400 calories (10 g 
protein) and 800 calories (20g protein) from December 1944 to April 1945, and rose 
above 1000 calories (35g protein) after 12 May, one week after liberation by the Allied 
Forces. In June 1945 rations were over 2000 calories (at least 65g protein). We 
considered a child to be exposed to famine in utero if the average maternal daily ration 
during any 13-week period of gestation was below 1000 calories. Children born 
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between 7 January 1945 and 8 December 1945 were thus exposed. We used three 
periods of 16 weeks to distinguish between children who were exposed during late 
gestation (born 7 January to 28 April 1945), mid gestation (29 April to 18 August 1945) 
and early gestation (19 August to 8 December 1945). 

Study parameters 
Body measurements at birth were abstracted from the medical records. Birth weight 
had been recorded to the nearest 10 g, and body length (crown-to-heel), head 
diameters and placental length and width to the nearest 0.5 cm. Placental diameter 
refers to the longest placental width. Placental weight was not recorded in the medical 
records. We calculated head circumference as it x (biparietal diameter + fronto 
occipital diameter) x 0.5. The pondéral index, a measure of thinness, was calculated as 
birth weight divided by the cube of length. 

We abstracted mother's weight measured at the last prenatal visit (considered to be 
missing if not measured within two weeks before birth). We also recorded mother's 
weight measured as close as possible to the start of the third trimester (considered to 
be missing if not measured between 36 and 160 days before birth). Maternal weight 
gain in the third trimester of gestation was estimated as the difference between these 
weights multiplied by the ratio of trimester duration (13 weeks) and the time interval 
between the weight measurements. Unfortunately, maternal body height was not 
available, and therefore we abstracted the mother's interspinous distance (distance 
between the anterior superior iliac spines) as a proxy for skeletal size. 

Statistical analysis 
We analysed famine exposure in five groups (born before, exposed during late, mid 
and early gestation, and conceived after). We used multiple linear regression to 
calculate differences between non-exposed babies (those born before or conceived after 
the famine pooled together) and babies exposed to famine in late, mid or early 
gestation. When calculating these differences, we always adjusted for maternal age, 
marital status (ever / never married), pregnancy duration, birth order (first / later 
born), and sex of the baby. In a second step, we also adjusted for maternal weight gain 
in the third trimester, maternal weight at the end of pregnancy or placental diameter. 
When adjusting for pregnancy duration, maternal weight gain and final weight, and 
placental diameter, we firstly created categorical variables with four levels and added 
an additional one for missing data, and secondly entered these categorical variables 
into the linear regression model. When testing for interaction we used the original 
variables as continuous variables. 

Results 

Of the 2414 liveborn singletons, 307 (13%) were exposed to famine in late gestation, 297 
(12%) in mid gestation, and 217 (9%) in early gestation (table 1). Mothers of children 
born after exposure in late pregnancy were slightly older than the mothers in the other 
exposure groups, and a higher proportion of them was married. Mothers exposed to 
famine in late pregnancy did not gain any weight in the third trimester, whereas 
mothers exposed in mid and early gestation gained more than non-exposed mothers 
did. Consequently, mothers exposed in late pregnancy weighed less at the last prenatal 
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visit and mothers exposed in mid and early pregnancy weighed more than non-
exposed mothers. Exposure to famine during pregnancy had an effect on the sex ratio 
of liveborn babies. The percentage of boys born alive as well as that of first-born 
children was lower especially after exposure in late gestation. Pregnancy duration at 
delivery was 2 days shorter after late exposure and 2 days longer after early exposure 
than in the non-exposed babies. 

Prenatal exposure to famine 
Prenatal exposure to famine had a strong effect on all body measures (birth weight, 
body length, head circumference and placental diameter). After adjusting for maternal 
age, marital status, pregnancy duration, birth order, and sex of the baby the results 
showed that babies who were born after exposure during late gestation were on 
average lighter, shorter and thinner. They also had smaller heads and placentas than 
babies who were not exposed (table 2). Babies who were exposed during mid gestation 
were lighter, shorter and had smaller heads than unexposed children. The diameter of 
their placentas was not different. The pondéral index was slightly reduced. Children 
who were exposed during early gestation were heavier and longer than unexposed 
children. The pondéral index was unaffected. The size of their heads as well as their 
placentas was smaller. 

Sex of the baby and birth order 
Boys were heavier (3273 versus 3414 g) and longer (50.7 vs. 49.9 cm), and had bigger 
heads (33.1 vs. 32.5 cm) and placentas (20.3 vs. 20.0) than girls (p adjusted for prenatal 
exposure to famine always < 0.008). Girls seemed to have a higher pondéral index than 
boys (p=0.07). First born children were lighter (3241 vs. 3410 g), shorter (49.4 vs. 50.5 
cm) and thinner (26.0 vs. 26.4 kg/m3) at birth than later born children (p always < 
0.001). Head circumference (32.8 vs. 32.8 cm) and placental diameter (20.2 vs. 20.1 cm) 
did not differ between first and later born children. 

The effect of prenatal exposure to famine on body measures at birth did not 
strongly differ between boys and girls, or between first and later born children. We 
found for example compared with non-exposed babies that birth weight was 289 g (95 
% CI 209 to 370) lower in boys and 233 g (157 to 308) lower in girls exposed to famine 
in late gestation, 178 g (98 to 258) lower in boys and 155 (78 to 232) lower in girls 
exposed in mid gestation, and 72 g (-19 to 164) higher in boys and 84 g (-4 to 173) 
higher in girls exposed in early gestation. Similarly compared to non-exposed babies, 
birth weight was 222 g (128 to 316) lower in first born and 275 g (206 to 344) lower in 
later born babies exposed in late gestation, 104 g (18 to 190) lower in first born and 197 
g (125 to 269) lower in later born babies exposed in mid gestation, and 93 g (-4 to 189) 
higher in first born and 74 g (-9 to 156) in later born babies exposed in early gestation. 

Maternal body size 
Birth weight, body length, head circumference and pondéral index all increased with 
maternal weight gain in the third trimester and with maternal weight at the end of 
pregnancy (table 3). The effects of prenatal exposure on body measures of the babies 
at birth were present in all strata of maternal weight gain and final weight (table 4). 
We found that the effects of prenatal exposure to famine were hardly affected by 
adjustments for maternal weight gain. When adjusting for weight gain, we found that 
birth weight for example differed by -211 g (-269 to -153) among babies exposed to 
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famine in late gestation, by -176 (-232 to -121) among babies exposed in mid gestation, 
and by 42 g (-22 to 107) among babies exposed in early gestation. Adjustment for 
maternal weight at the end of pregnancy had a stronger effect. When adjusting for 
final weight, we found that birth weight differed by -159 g (-212 to -106) among babies 
exposed in late gestation, by -93 g (-146 to -40) among babies exposed in mid gestation, 
and by 76 g (16 to 136) among babies exposed in early gestation, compared to non-
exposed babies. 

Placental diameter 
Birth weight, body length, head circumference and pondéral index were all positively 
associated with placental diameter, but these associations leveled off for higher 
placental diameters (table 3). The effects of prenatal exposure to famine in mid and late 
gestation were especially prominent among babies with large placentas (p for 
interaction 0.06, table 4). 

Discussion 

We found that prenatal exposure to the Dutch famine during gestation affected 
strongly the size of the body, the head, and the placenta in babies born at term (table 
5). Babies born after exposure to famine in late gestation had body, head and placental 
measures that were all reduced, and they were also thin. Exposure to famine in mid 
gestation had the same effect on the body measures, but it did not affect placental size. 
Babies born after exposure to famine in early pregnancy had increased birth weights 

and body lengths, but reduced heads and placentas. The increases in birth weight and 
body length seemed to be proportionate. We still found effects of prenatal exposure to 
famine when adjusting for maternal weight at the end of pregnancy or maternal 
weight gain in the third trimester of pregnancy. The effects of exposure to famine in 
late and mid gestation seemed to be less clear in babies with a small placenta. 

These findings are based on exceptionally detailed records of all deliveries that 
took place in one hospital in Amsterdam around the time of the Dutch famine of 1944-
1945. In this way, we could adjust for a number of potential confounders, which were 
unknown in previous studies of the effects of prenatal exposure to the Dutch famine 
on fetal growth. " It is important to take maternal characteristics into account as 
accurately as possible, because selective fertility and differential effects on fetal loss 
might have affected the results of our study. The number of conceptions in the first 
half of 1945 was about 50% lower than that in the year immediately before the famine, 
which can be explained by the frequently reported amenorrhea among women during 
the famine period as well as by the deliberate choice of couples to prevent pregnancies 
to occur at that time. Furthermore, the number of conceptions in the months 
immediately after the famine was about twice as high.6 We found that adjustment for 
maternal age, marital status, pregnancy duration and parity hardly affected our 
findings, which makes it unlikely that the observed effects of famine exposure during 
gestation can be solely attributed to bias originating from selective fertility. 
Unfortunately, the birth records do not contain information about the mothers' height, 
so we were unable to distinguish between thinner and fatter mothers. On the other 
hand, the interspinous distance (distance between the anterior superior iliac spines) 
was not different across the exposure groups however, which suggests that at least the 
differences in the mothers' skeletal size were small. 
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The effects of famine on frequency of spontaneous pregnancy loss are unknown, 
but the perinatal mortality (stillbirths or babies who died within first week birth) 
observed in the Wilhelmina Gasthuis was considerably higher during the famine 
period (about 70 per 1000) than in the year immediately before it (about 45 per 1000), 
whereas the perinatal mortality of those babies conceived during the famine period 
did not seem to be affected. Because it is likely that growth retarded babies had a 
higher perinatal mortality, this indicates that the effects of exposure to famine in late 
gestation on fetal growth were slightly underestimated. 

Disproportionate growth has been related to "brain-sparing" effects, which refers 
to a redistribution of blood and nutrients to spare the brain in expense of growth of the 
trunk. ' Evidence of brain sparing is mostly derived from an increase of the head-to-
weight ratio. In our group of term born singletons however, the head-to-weight ratio 
appeared to be very strongly negatively correlated with birth weight (r = -0.93), which 
undermines its interpretation as a measure of brain sparing. An alternative to the 
head-to-weight ratio is to transform birth weight in such a way that the head-to-
transformed weight ratio is independent of birth weight. We found that 0.186 is the 
coefficient when log birth weight (independent variable) is regressed on log head 
circumference (dependent variable), and consequently head-to-weight '"* is 
independent from birth weight. This alternative head-to-weight ratio decreased in all 
three exposed groups (p = 0.007 or smaller). In other words, growth of the brain 
seemed to be affected in fetuses exposed to famine in late and mid gestation at least as 
severely as that of the trunk. 

It has been shown in sheep that the effects of maternal malnutrition are stronger if 
fetal growth is more rapid." Boys are larger at birth than girls and later born children 
are larger than first born ones. We found that the effects of prenatal exposure to famine 
on body size at birth were slightly but certainly not significantly larger in boys as well 
as in later born children. In other words, we could not show that a more rapid growth 
rate, either originating from genetic (sex of the fetus) or maternal factors (higher birth 
order), makes a human fetus more vulnerable for maternal undernutitrion. 

The effects of exposure to famine in mid and late gestation were clearly present 
within all subgroups of maternal weight gain and weight at the end of pregnancy. The 
results showed that maternal malnutrition had a direct effect on fetal growth not 
mediated through its effects on maternal weight gain during gestation, and 
furthermore that this effect was only little affected by the nutrient stores in the 
mother's body. This contradicts a hypothesis proposed by Süsser that maternal 
deprivation affetcs fetal growth only below a certain threshold.7" On the other hand, 
the effects of exposure to famine in mid and late gestation on fetal growth were 
modified by the size of the placenta. The effects were especially prominent among 
babies with large placentas. The transport capacity of the placenta is an important 
determinant for the supply of nutrients to the fetus. It is therefore likely that small 
placentas restrict fetal growth and in that way lessen the effects of prenatal exposure to 
famine. Consequently, maternal malnutrition in mid and late gestation does not affect 
fetal growth, unless the transport capacity of the placenta is adequate. 

In a recent study on the influence of maternal nutrient intakes in early and late 
pregnancy on fetal growth, it was found that a high carbohydrate intake in early 
pregnancy and a low intake of animal protein in late pregnancy both suppress 
placental as well as fetal growth. We found however indications for an enhancement 
of fetal growth after exposure to maternal malnutrition in early gestation -with an even 
reduction of protein, carbohydrate and fat- followed by an unrestricted maternal diet 
in later gestation. This observation bears some resemblance with common knowledge 
in sheep farming where ewes are put on poor pastures - with an even reduction of all 
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macro-nutrients- for a short period soon after they are mated in order to produce 
heavier lambs. The effects of maternal diet on fetal growth seem therefore to depend 
not only on its timing but also on its composition. 

The relations between maternal nutrition, body composition of the mother, weight 
gain during pregnancy and the size of the baby at birth are complex. The effects of 
maternal malnutrition may result in adaptations of metabolic and endocrine 
mechanisms in placenta and fetus. These adaptations rather than a simple lack of 
nutrients may cause a slowing down of fetal growth.' Our study confirms prevailing 
ideas that maternal malnutrition during late pregnancy causes a disproportionate 
retardation of fetal growth. We found however that a short period of maternal 
malnutrition only in early pregnancy immediately followed by a rapid improvement of 
dietary intake however led to heavier and longer babies. 
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Table 2: Differences in body measures at birth (95% confidence intervals) after famine 
exposure compared to non-exposed babies (those born before or conceived after the famine), 
adjusted for maternal age, marital status, pregnancy duration, birth order and sex of the baby. 

birth weight (g) 
body length (cm) 
pondéral index (kgm ) 
head circumf. (cm) 
placental diam. (cm) 

exposure to famine 
late mid early 
pregnancy pregnancy pregnancy 

-257 (-312 to -202) -165 (-220 to -109) 79 (16 to 143) 
-1.0 (-1.2 to-0.7) -0.6 (-0.9 to -0.4) 0.5 (0.2 to 0.8) 
-0.6 (-0.9 to -0.3) -0.3 (-0.6 to 0.0) -0.2 (-0.5 to 0.2) 
-0.7 (-0.9 to -0.5) -0.9 (-1.1 to-0.7) -0.2 (-0.4 to 0.0) 
-0.7 (-1.0 to -0.3) -0.3 (-0.7 to 0.1) -0.5 (-0.9 to-0.1) 

Table 3: Body measures of the babies at birth according to maternal weight gain and final 
weight, and placental diameter (means). 

maternal weight last prenatal visit (kg) p value 
<60 -65 -70 >70 
n=475 n=512 n=492 n=654 

birth weight (g) 3065 3264 3393 3565 <0.001 
body length (cm) 49.2 49.9 50.5 51.2 <0.001 
pondéral index (kg/m ) 25.7 26.1 26.3 26.5 <0.001 
head circumference (cm) 32.2 32.7 32.9 33.3 <0.001 
placental diameter (cm) 19.5 19.9 20.4 20.5 <0.001 

maternal weight gain in third trimester (kg) 
<1.5 -3.5 -5.5 >5.5 
n=422 n=437 n=394 n=429 

birth weight (g) 3234 3321 3417 3496 <0.001 
body length (cm) 50.0 50.2 50.6 50.7 0.003 
pondéral index (kg/m ) 25.8 26.2 26.3 26.7 <0.001 
head circumference (cm) 32.7 32.8 33.0 32.9 0.002 
placental diameter (cm) 19.9 20.1 20.2 20.4 0.005 

placental diameter (cm) 
<18 -20 -22 >22 
n=515 n=712 n=529 n=301 

birth weight (g) 3076 3313 3481 3655 <0.001 
body length (cm) 49.4 50.2 50.8 51.3 <0.001 
pondéral index (kg/m ) 25.4 26.2 26.6 26.9 <0.001 
head circumference (cm) 32.3 32.8 33.2 33.4 <0.001 

P-value adjusted for famine exposure. 

60 



Body size at birth 

Table 4: Birth weight according to the timing of prenatal exposure to famine, maternal weight 
gain and final weight, and placental diameter. 

Exposure to famine Total 
born late mid early conceived 
before pregnancy pregnancy pregnancy after 

maternal weight last pren. visit (kg) 
< 60 3156 (144) 2949(113) 3032 (90) 3133 (28) 3076 (100) 3065 (475) 
- 65 3300 (169) 3164 (76) 3218 (71) 3352 (49) 3267 (147) 3264 (512) 
- 70 3370 (169) 3295 (46) 3362 (52) 3512 (49) 3416 (176) 3393 (492) 
> 70 3565 (205) 3458 (37) 3430 (45) 3701 (67) 3569 (300) 3565 (654) 

maternal weight gain in third trimester (kg) 
<1.5 3308(148) 3134 (159) 3151 (32) 3508 (6) 3309 (77) 3234(422) 
- 3.5 3334 (188) 3195 (42) 3099 (31) 3334 (27) 3384 (149) 3321 (437) 
- 5.5 3424 (149) 3370 (8) 3124 (26) 3561 (31) 3432 (180) 3417 (394) 
> 5.5 3482 (97) 2915 (2) 3399 (75) 3578 (83) 3513 (172) 3496 (429) 

placental diameter (cm) 
<18 2999(112) 2950 (84) 2997 (50) 3238 (61) 3140 (208) 3076 (515) 
- 20 3292 (210) 3114 (123) 3132 (52) 3466 (50) 3425 (277) 3313(712) 
- 22 3493 (203) 3346 (45) 3208 (42) 3625 (42) 3527 (197) 3481 (529) 
> 22 3729 (103) 3301 (28) 3578(24) 3654 (23) 3690 (123) 3655 (301) 

(means with numbers of babies between brackets). 

Table 5: Summary of the effects of prenatal famine exposure on body measures at birth. 

birth weight 
body length 
head circumference 
placental diameter 

pondéral index 
head circ. /weight 

Exposure to famine 
late mid early 
pregnancy pregnancy pregnancy 

u 1 T 
1 i Î 
i i =1 
i = i 

i =4 _ 
T T i 
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