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Adultt  survival 
afterr  prenatal exposure to famine 

Tessaa J. Roseboom, Jan H.P. van der Meulen, Give Osmond, 

Davidd J.P. Barker, Anita C.J. Ravelli, Otto P. Bleker 

InIn common with other living creatures the human fetus is plastic, 

itit  is able to adapt to external stimuli. 

submittedd for publication 



Summary Summary 

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

19444 — 1945 on survival. 

Methods:Methods: We followed a cohort of 2254 singletons born alive between 

Novemberr 1943 and February 1947 in one hospital in Amsterdam. 

Jesuits:Jesuits: Mortality up to age 50 was highest among those born before the 

faminee (15.2%) and among those exposed to famine in late gestation (14.6%), 

itt was lower among those exposed in mid (11.2%) or early gestation (11.5%), 

andd it was lowest among those conceived after the famine (7.2%). These 

differencess were caused by effects in mortality in the first years after birth, 

mainlyy related to nutrition and infections. There was no effect of exposure to 

faminee on mortality after the age of 18. The hazard ratio was 1.4 

(95%% confidence interval 0.8 to 2.3) for those born before the famine, 1.1 

(95%% confidence interval 0.5 to 2.3) for those exposed in late gestation, 0.8 

(95%)) confidence interval 0.3 to 1.8) for those exposed in mid gestation and 

1.11 (95% confidence interval 0.5 to 2.5) in those exposed in early gestation 

comparedd to those conceived after the famine. 

Conclusion:Conclusion: We could not demonstrate effects of prenatal exposure to famine 

onn cause-specific mortality after the age of 18. Because prenatal exposure to 

faminee is linked to cardiovascular risk factors and disease, we may expect 

increasedd cardiovascular mortality in the future. 
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Introductio n n 

Eventss in early life may influence adult survival. A study among people born 

inn the Gambia between 1949 and 1994 has shown that people born during the 

Vet'' (hungry) season were up to 10 times more likely to die prematurely in 

adulthoodd than those born during the 'dry' season. l Links between prenatal 

undernutritionn and adult survival are thought to be the result of nutritional 

programming.. Undernutrition during critical periods of fetal development may 

permanendyy alter the body's structure, physiology and metabolism, and 

therebyy increase the susceptibility to disease in adult life. 2 Because different 

tissuess have different critical periods of development in fetal life, the specific 

effectss of fetal undernutrition depend on the time in development at which it 

occurs. . 

Thee Dutch famine of 1944 - 1945 provides a unique opportunity to 

studyy the effects of prenatal exposure to famine. Since the famine period 

lastedd only 5 - 6 months, it is possible to study the effects of maternal 

malnutritionn according to its timing during gestation. Stein and Susser have 

shownn in their extensive study of its effects on human development that 

exposuree to the Dutch famine particularly in the third trimester increased 

mortalityy in the first months of life but not mortality after that period up to 18 

years.3 3 

Wee assessed whether prenatal exposure to the Dutch famine increased 

mortalityy up to age 50. Recendy, we showed that people exposed to the Dutch 

faminee in late and mid gestation have a reduced glucose tolerance at the age of 

500 4, whereas those exposed to famine in early gestation have a more 

aoHerogenicc lipid profile 5 and, at least the women, increased levels of 

abdominall  obesity. 6 Moreover, people exposed to famine in early gestation 

hadd more often coronary heart disease independent of these increased 

cardiovascularr risk factors. 7 
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Methods s 

SelectionSelection procedures 

Alll  5425 singletons born alive in the Wilhelmina Gasthuis, a university hospital 

inn Amsterdam, between 1 November 1943 and 28 February 1947 were 

candidatess to be included in the Dutch famine birth cohort. Their medical 

recordss have been kept in the 'Gemeentearchief (city archive) and provide 

informationn on the mother, the course of pregnancy, and the size of the baby 

att birth. Firsdy, we excluded 349 babies who were stillborn or part of a 

multiplee pregnancy. Secondly, we sought the medical records of all 

13800 babies born between 1 November 1944 and 28 February 1946, who were 

potentiallyy exposed to famine during gestation. Thirdly, we sought the records 

off  a random sample of 650 singletons out of the 1305 babies born in the year 

beforebefore that period (between 1 November 1943 and 31 October 1944) and of a 

randomm sample of 650 out of the 2391 babies conceived in the year after that 

periodd (born between 1 March 1946 and 28 February 1947). Of these 2680, 

277 (1.0%) were excluded because their main medical records were missing, and 

2399 (8.9%) were excluded because the gestational age at birth was less than 

2599 days, either as computed from the date of the last menstrual period, or as 

estimatedd by the obstetrician at the first prenatal visit and at the physical 

examinationn of the baby just after birth. In all, 2414 liveborn singletons were 

included. . 

Betweenn 1994 and 1996, the 'Bevolkingsregister' (population registry) of 

Amsterdamm sought information about the survival of the 2414 included 

babies.. Of these 2414, 160 (6.6%) were not registered as new-boms in 

Amsterdamm and had therefore to be excluded from the analysis. Mean birth 

weightt of these excluded babies did not differ from the other 2254 (3381 g 

versusversus 3343 g, p adjusted for exposure to famine = 0.6). 

Wee obtained the cause of death from the Central Bureau of Statistics. 

Thee causes of death were coded according to the International Classification 

off  Disease coding system used at the time of death (ICD-5 between 1941 and 

1949,, ICD-6 between 1950 and 1957, ICD-7 between 1958 and 1968, ICD-8 

betweenn 1969 and 1978, ICD-9 between 1979 and 1995, and ICD-10 from 

19966 onwards). For the purpose of our analyses, we subsequendy categorised 

themm into nutrition-related causes (ICD-9 codes 262-263), congenital 

anomaliess (ICD-9 codes 740-759), infections (ICD-9 codes 001439), 

148 8 



cardiovascularr disease (ICD-9 codes 410-414), cancer (ICD-9 codes 140-239), 

andd others. 

ExposureExposure to famine 

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

thee general population older than 21 years. The official rations reflected rather 

accuratelyy the variation over time in the total amount of food available in the 

westt of the Netherlands. 8 In addition to the official rations, food came also 

fromm other sources (e.g. church organisations, central kitchens, and the 'black 

market5),, and about twice as much food was actually available to individuals 

duringg the peak of the famine. The official rations should therefore only be 

takenn as a relative measure of nutritional intake for the population as a whole. 

Thee official rations were about 1800 calories per day in December 1943. 

Thiss figure gradually decreased to about 1400 calories in October 1944, and 

felll  below 1000 calories on 26 November 1944. The amount of protein, 

carbohydratee and fat decreased more or less proportionately. The rations 

variedvaried between 400 calories and 800 calories from December 1944 to April 

1945,, and rose above 1000 calories after 12 May 1945, one week after 

liberationn by the Allied forces. In June 1945, rations were over 2000 calories. 

Childrenn younger than 1 year were relatively protected during the famine, 

becausee official daily rations for this group were always higher than 

10000 calories. 9 

AA person was considered to be prenatally exposed if the average daily 

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

gestationn contained less than 1000 calories. Therefore, people born between 

77 January 1945 and 8 December 1945 were exposed prenatally. We defined 

periodss of 16 weeks each to differentiate between those who were exposed in 

latee gestation (born between 7 January 1945 and 28 April 1945), in mid 

gestationn (born between 29 April 1945 and 18 August 1945), and in early 

gestationn (born between 19 August 1945 and 8 December 1945). 

StatisticalStatistical methods 

Wee constructed Kaplan Meier curves as a function of age for the groups born 

before,, exposed to famine in late, mid and early gestation, and those conceived 

afterr the famine. Censoring took place when the population register had traced 
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thee person, at the age of 50, or at the date of emigration, whichever was first. 

Wee used the proportional hazards model to explore the influence of exposure 

too famine, maternal characteristics and body measures at birth on overall and 

cause-specificc mortality, always adjusting for sex. The proportional hazards 

modell  produces hazard ratios which can be taken as relative risks. 

Thee date of emigration was missing for 22 people and for these people 

thee median time from birth to emigration was imputed (6912 days). For a 

relativelyy large number of persons, we did not have data on maternal weight at 

thee end of pregnancy or on weight gain. When studying these variables, we set 

thee value of that variable with missing values to die average of the non-missing 

valuess and entered an extra variable into the regression model with a value of 1 

forr those with missing values and a value of zero for the rest. 

Results s 

Off  the 2254 people included in the Dutch famine birth cohort, 778 (35%) had 

beenn exposed to famine in utero (table 1). 257 (11.4%) of the 2254 included 

peoplee had died before die age of 50. The proportion of boys was lower in all 

threee groups exposed to famine during gestation. Weight at last prenatal visit 

wass lower in mothers exposed to famine during late or mid pregnancy. Weight 

gainn in the third trimester was lower in mothers exposed to famine during late 

gestation,, and higher in those exposed to famine in mid or early gestation. 

Babiess exposed to famine in late or mid gestation were lighter, shorter and 

thinnerr at birth, and had smaller heads than those conceived after the famine. 

Peoplee conceived after the famine had the lowest mortality up to the age 

off  50 (7.2%; see figure 1). Mortality was higher in those exposed to famine in 

earlyy gestation (11.5%) and mid gestation (11.2%). Mortality was highest in 

thosee exposed to famine in late gestation (14.6%)) and those born before the 

faminee (15.2%). As shown in figure 1, the differences in mortality were caused 

byy effects of famine on mortality in the first years of life, and these deaths 

weree mainly related to nutrition or infections (table 2). 

Mortalityy between 18 and 50 in people born before the famine or in 

peoplee exposed to famine at some time during gestation did not differ 

significandyy from that in people conceived after the famine. The hazard ratio 

wass 1.4 (95% confidence interval 0.8 to 2.3) for those born before the famine, 

1.11 (95% confidence interval 0.5 to 2.3) for those exposed in late gestation, 
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0.88 (95% confidence interval 0.3 to 1.8) for those exposed in mid gestation 

andd 1.1 (95% confidence interval 0.5 to 2.5) in those exposed in early gestation 

comparedd to people conceived after the famine. The effect of exposure to 

faminee on either mortality before or after age 18 were not different for men 

andd women (p for interaction always larger than 0.2). 

Babiess who were small at birth had a higher mortality up to age 50 (see 

figurefigure 2). The effect of size at birth was also only caused by effects on early 

mortality.. Mortality in the first 18 years increased with decreasing birth weight 

(tablee 3, p for trend adjusted for prenatal exposure to famine = 0.00), length 

(pp = 0.00) and head size (p = 0.002) but not with ponderal index (p = 0.3). 

Mortalityy past the age of 18 was unaffected by size at birth (p always > 0.2). 

Babiess whose mothers gained litde weight in the third trimester had a higher 

mortalityy in the first 18 years after birth (p = 0.00), whereas mortality after the 

firstfirst 18 years was not affected (p = 0.8). Maternal weight at the end of 

pregnancyy was not associated with mortality in the first 18 years (p = 0.2) nor 

withh mortality thereafter (p = 0.7). Parity was not associated with mortality 

beforebefore or after age 18 (p always larger than 0.8). 

Discussion n 

Wee found that pre- and postnatal exposure to famine raised mortality in early 

life,, but not thereafter. Overall mortality was highest among people who were 

bornn before the famine and among people who were exposed to famine in late 

gestation,, lower among people who were exposed to famine in mid or early 

gestation,, and lowest among people who were conceived after the famine. 

Thesee differences were caused by effects on mortality in the first years after 

birth.. Early deaths were mainly related to nutrition and infections. We could 

nott demonstrate an effect of exposure to famine on overall or cause-specific 

mortalityy in adult life, which may be due to the limited power of our study. 

Similarly,, small size at birth was related to increased mortality in early life, but 

nott to mortality after the age of 18. 

Onee should interpret our finding that people exposed to famine during 

gestationn did not experience increased mortality during adulthood taking into 

accountt that we studied a cohort in which early mortality was raised, especially 

inn those born before or during the famine. Moreover, during the famine more 
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Figuree 1. Survival (%) according to timing of exposure to famine as a function of age. 
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Figuree 2. Survival (%) according to birth weight (g) as a function of age. 

152 2 



** o m 
mm a oo 
CMM o i n 
CMM i- i *~i 

^ -- TJ- 00 r f 
mm  CM m CM 
CMM CM CM CM 
CMM CM CM CM 

i nn o 
CMM m 
CM M 

o.o. ft 
ooo & d 
^^ "ï m 

r-- CM M 
CM^ ^ 

ö ö 
i n n 

00 0 
CM' ' 
en n 

CS S 
CM M 
o o 

CM M 

>> U 

UU Ui 
CC « 
O O 

oo o OO I- «~\ 
^  ̂ & * 

ooo u-j CSJ i n 
SS ö en >o 
(f )) u i f l N 

^^  G 

SS "2 
üü fH « 
aa oc 

^^  SS i n 
SS ^  *! ^ 
TJ-- O CM O 
^^  m m CM 

§§ .s 
o, , 

G G 
0 0 

B B 
v> v> 
U U 
00 0 

G G 
O O 

'33 3 

<*">> r 2 u-i 
^^  oq ^  q 
JMM <> CN[ -o 
ï nn ^  m CM 

" ^^  Tf r n oo 
, __ cK CM' i n 
tntn  -<t t n CM 

o o 
~~ ^  — 
^^  S *n 

oo i n c* CM 
Pii  ö CM o 
coo m en CM 

' C C 

U U 

3 3 
> > 

3 3 
£ £ 
5 5 

-ü ü 

1 1 
O O 

f f 
M M 

E E 
^ ^ 
V V 
u u G G 

E E 

u u 

X X 

rf^ rf^ 

s s 
Of f 

u u 
G G 

u u 
T3 3 
C C 
O O 
O , , 



£ £ 

öö ö 
^^ C \ C> h 

ÖÖ Ö Ö -r^ 
CN N 

ü ü C C 

'S S 

0 0 

ö ö 
3 3 
CA CA 

0 0 
o. . 
u u 

<+H H 

o o 
bJO O 

e e 
S S 

' O O 
T3 3 
C C 

t ) ) 
c c 
'ë ë 
es s i£ ï ï 
O O 

> > 
0> > 
)H H 

3 3 
IA A 
0 0 
CU U 
X X 
u u 

J>, , 
CS S 
<ü <ü 

C C 

y y 

_a _a 

M M 
J3 3 
.S S 

e e 
o o 

c c 
o o 
a a 
CA CA 
<ü <ü 
OJO O 

Ö Ö 
O O 

a a 
CS S 

CA CA 

<u u 
ÖJO O 

C C 
0 0 
o o 
ca a 
CA A 

bC C 

JJ J 

(U U 
X* X* 

o o 
CN N 

00 0 

r---

i n n 

CN N 

00 0 
CN N 

00 0 

-o o 

00 0 

CN N 

^ ^ 

O O 

O O 
CN N 

CN N 

00 0 

LO O 

00 0 
en n 

p p 
1—1 1 

ö ö 

p p 
T"H H 

00 0 

ö ö 

CN N 

t~^ ^ 
CN N 

O O 

r--
ö ö 

o o 

C l l 

Ö Ö 

un n 
T — < < 

CN N 

r-; ; 
7-1 1 

CN N 

S

0 00 -st-
CNN O 

££ o C") ) 

IT)) ^ 

O O 

o o 

o o 

o o 

CO O 

Ö Ö 

O O 
,—' ' 

CN N 

LD D 

ö ö 

O O O 

Ö Ö 

CM M 

'" ' ' 

* * 

ö ö 

CN N 

CNJ J 

'"" ' ' 

CN N 

t-l l 

o o 
££ 2 

cSS C 

c c 
o o 

MM <-> 

o o 

c c 
f? ? 
0 0 

.5 5 c c 
3 3 

o o 

f f 

00 0 

CU U 
CA CA 

3 3 
CS S 
O O 

fi fi 
O O 
G G 
CS S 

a a 
u u 
ÖC C 
C C 
0 0 

co o 
c c 
O O 
a a o o 

c c 
u u 
e e « « 

13 3 
t- i i 

3 3 
u u 
CA CA 
cS S > > 0 0 

cS S 

u u 

c c 
1? ? 
o o 

C C 
3 3 

0 0 

CD D 
CA CA 

3 3 
CS S u u 



m m 
A A 

t—ii  T-i LT) T f CM CN 
**  r- '  O r-"  O O 

eii  m * os 
O NN T H V 

o o 
ö ö 

II ^ bp p 

oo o 

00 0 
(NN VO 1^ 00 *  (-

vdd ^ ö ^ ö ^ 
OO I-; Tf 
*-^^  O ' 

0OO r o C» T-H ^H 
cKK -^  o rn ö 

rnn ra o 
** ^  o i 

-o o 
G G 

rg g 
PO O 

es s 

^^  U"i -^  0O O 00 
J22 u^  O en o ei 

inn  m m 

ö ö ^^  ^ 

t t o o 

J3 3 I I 

-- I 
1 33 c* 

ïïïï o i-

3 3 
C C 

(UU ' O 
OJOO U 

8 8 
.3 3 

6 6 
o o 

s s 
133 2 

o o 

1.3 3 
«55 I-H 

uu O S 0 k 

.5 5 UU U O §^  d 



babiess were stillborn (5.8% versus 3.6 % in those conceived after the famine, 

AJJ Stolwijk, internal report, Academic Medical Centre 1995). The 'weakest' 

memberss of the cohort may have died early, and the people who survived up 

too the age of 18 may therefore have formed a more homogeneous group. 

Thesee differences in early mortality may therefore have caused a slight 

underestimationn of the effect of prenatal exposure to famine on adult 

mortality. . 

Infantt mortality has shown a decreasing trend in the Netherlands since 

thee beginning of this century. Infant mortality was 3.7% between 1936 and 

1939,, and this figure decreased to 3.1%» between 1946 and 1950. The effects 

wee found on early mortality, however, are much larger than can be explained 

byy this time trend. 

Severall  studies report an increased adult mortality in cohorts that had 

beenn born during one of the World Wars. Both men and women born during 

Worldd War I and II in Italy 10 or France H as well as men and women born 

duringg World War II in the Soviet Union11 have subsequendy experienced an 

increasedd mortality in adult life compared to people born shortly before or 

afterr the war period. People born in France or Italy during World War I had a 

22 to 4-fold increase in mortality in adulthood, whereas those born during 

Worldd War II had a IV2 to 2-fold increase. We, on the other hand, studied 

peoplee born during or immediately after World War II in the Netherlands, 

somee of whom also had been exposed to famine in utero. Not only prenatal 

exposuree to famine but also being born during wartime conditions might have 

contributedd to increases in adult mortality. Our finding that those who were 

conceivedd after the war had the highest survival is in agreement with these 

observations. . 

Theree are only two other studies that have examined the effects of 

prenatall  exposure to famine on adult mortality. One study was performed 

amongg 160000 people born in Finland during the severe famine period of 

18666 to 1868, that was the result of a series of crop failures. This study showed 

ann increase in mortality during the famine, but no effects on adult mortality 

afterr the age of 17.13 Another study, performed in the Gambia, found that 

peoplee born during the 'wet' period, during which there is a shortage of food, 

weree up to ten times more likely to die in early adulthood than people born 

duringg the rest of the year. l These two studies on the effects of prenatal 

exposuree to famine on adult mortality differ considerably from ours with 
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respectt to the characteristics of the studied populations and famine periods. 

Firsdy,, mortality in early life was much higher in the 19th century in Finland 

andd in the 20th century in the Gambia than in the Netherlands at the time of 

Worldd War II . Mortality up to age 18 varied between 4% and 11% in our 

study,, whereas it varied between 32% and 42% in the Finnish study and it was 

aroundd 35% in the Gambia. Secondly, both the Finnish and the Gambian 

studyy examined the effect of an acute deterioration of nutritional conditions 

superimposedd on chronic malnutrition. The Dutch famine however occurred 

abruptlyy in a relatively well-nourished population, lasted only 5 - 6 months, 

andd was followed by a time of rapidly increasing affluence. Thirdly, both in the 

Gambiaa and in Finland at the end of the 19th century infections were a 

commonn cause of the death in adult life, whereas cardiovascular disease and 

cancerr are the most common causes of death in adulthood in the Netherlands. 

Thee investigators of the Gambian study suggested an impaired fetal 

developmentt of the immune system in general or of the thymus in particular in 

thosee born during the wet season. 1 This interpretation corresponds to studies 

inn rats that showed a rapid growth of the thymus especially in mid and late 

gestationn u and to studies in humans that showed a decline of immune 

functionn after puberty and involution of the thymus. 15 This reduced immune 

competencee might have been especially crucial in the Gambia as mortality 

fromm infectious disease accounted for more than 55% of all death in sub-

Saharann Africa in 1990, whereas in developed countries it accounted for only 

5%.l 6 6 

Experimentss in rats have shown that undernutrition during gestation 

followedd by adequate nutrition and 'catch-up' growth after birth is associated 

withh more rapid ageing and a decreased life span 17, which suggests an 

importantt interaction between pre- and postnatal growth. One may speculate 

thatt reduced fetal growth due to fetal undernutrition generally reduces cell 

numberss and that subsequent catch-up growth is achieved by the overgrowth 

off  a limited cell mass. These findings in rats could be more relevant for some 

mortalityy patterns observed in developed countries. The extra 4 months of life 

observedd in the control rats added onto a 13 months lifespan in the group that 

caughtt up after birth would match with an extra 20 years added onto the 

lifespann of a man who dies from ischaemic heart disease at 60. 

Wee have already shown that people born during the Dutch famine 

(exposedd in late gestation) had a decreased glucose tolerance 4, and those 
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conceivedd during the famine (exposed in early gestation) had a more 

atherogenicc lipid profile 5 and, at least the women, were more obese 6 than 

peoplee who were not exposed to famine in utero. Moreover, we have also 

shownn that people exposed to famine in early gestation had more coronary 

heartt disease which could be only partly explained by their increased levels of 

cardiovascularr risk factors. 7 The people born around the time of the Dutch 

faminee are relatively young in the context of coronary heart disease. It is 

thereforee likely that the effects on coronary heart disease will become apparent 

ass they grow older. We will therefore monitor their survival in the course of 

timee to assess to what extent the association between prenatal exposure to 

faminee and cardiovascular risk factors will result in increased mortality. 
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