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Chapter 1 

INTRODUCTION 



Chapter 1 

"The baby's nourishment before birth and during infancy 
influences its susceptibility to diseases in later life" 
DJ.P. Barker 1998. ' 

An early indication that adult cardiovascular diseases might be linked to prenatal life 
came from geographical studies. In 1986 Barker reported a close geographical 
similarity between past infant mortality rates and current mortality rates from 
coronary heart disease in England and Wales.2 With his geographical studies Barker 
and his team from Southampton set a new point of departure for cardiovascular 
research.3'4 Other geographical studies had also focused on the early environment. The 
influence of poor living conditions during childhood, such as illnesses in childhood, 
child diets and child homes on adult cardiovascular disease had been identified. 567 

Barker interpreted the findings from the dominant environmental influence of mothers 
on babies during gestation, which could be the cause of cardiovascular disease in adult 
life.8 

More indications that some of the origins of cardiovascular disease can be found 
in the environment experienced in utero came from follow-up studies of historical 
birth cohorts. In Hertfordshire low birth weight was found to be associated with 
impaired glucose tolerance, non-insulin-dependent diabetes mellitus and hypertension 
in adult life. 9',0'n Further studies in Preston and Sheffield showed that people who 
were thin at birth tended to become insulin-resistant and developed the insulin 
resistance syndrome: diabetes, obesity, hypertension and abnormal lipid profile.'2,13 The 
association between small size at birth and adult disease did not depend on length of 
gestation. The conclusion was that reduced fetal growth at particular stages of 
gestation was associated with adult disease. ' 

In recent years, a growing number of independent epidemiologists in different 
countries have found size at birth to be inversely associated with cardiovascular 
mortality and cardiovascular risk factors, such as non-insulin-dependent diabetes 
mellitus, obesity, hypertension and an abnormal lipid metabolism.14'15'16 These 
associations are specific, strong and span the whole of the birth weight range.17'18'" The 
associations with size at birth and adult disease are independent of social class and 
adult life style. Adult lifestyle, however, adds to the effects established in early life.' 
For example, the prevalence of impaired glucose tolerance is highest in people who 
had a low birth weight but become obese as adults.20 

The findings of epidemiological studies are strongly supported by the results of 
animal studies.21'22 Studies in animals have shown that undernutrition in utero or 
during early postnatal life may reduce the secretion of insulin or exhibit insulin 
resistance. ^24'25 Animal experiments have also shown that rats whose mothers had 
restricted food intake during the first two weeks of pregnancy became markedly obese. 

Fetal growth depends on many factors. Fetal size is controlled more by 
environmental influence of the mother than by parental genes. The supply of nutrients 
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and oxygen to the fetus is the major influence that regulates its growth. It depends on 
the mother's body composition and size, her lifelong nutrient stores, food intake 
during pregnancy, the transport of nutrients to the placenta, the transfer across the 
placenta and the supply of nutrients to the fetus. This long and vulnerable series of 
steps is known as the fetal supply line. 28,29,30 This indicates that maternal nutrition 
during gestation is but one of the factors in the chain affecting fetal nutrition.31 

Different tissues and organs have different periods of rapid cell division which 
determine their sensitivity to nutritional insults. The effect that undernutrition in utero 
has on the structure and metabolism of the fetal body depends on its timing. The term 
"programming" is used to describe the process whereby a stimulus or input during a 
sensitive critical period of development has permanent effects on the structure, 
physiology and metabolism of the body.32 The specific adaptation effects of 
undernutrition depend on the time in development in early life at which it occurs. The 
effects of undernutrition in early life include a reduction in cell numbers, alteration in 
organ structure and changes in the patterns of hormone release and of tissue 
sensitivity to hormones.' These adaptations may permanently alter adult metabolism 
in a way that contributes to survival under conditions of undernutrition but is 
detrimental when nutrition is abundant.33 

Previous epidemiological studies have described the associations between small 
size at birth, as a proxy for poor fetal growth, and adult glucose tolerance. No human 
studies have directly linked maternal nutrition during specific periods of gestation 
with glucose tolerance in adult life. M The Dutch famine 1944-1945 provides a unique 
opportunity for studying the effects that severe maternal malnutrition during gestation 
has on adult glucose tolerance, obesity and other cardiovascular risk factors.35 

The Dutch famine occurred between the end of November 1944 and the beginning 
of May 1945 during World War II in the Western part of The Netherlands. The famine 
was severe and short in duration. 36 The detailed weekly records of the food rations 
distributed in the Western Netherlands during the famine period reflect the amount of 
food available to the population as a whole and can therefore be used to define 
whether people were exposed to maternal nutrition in fetal life or not. The birth 
records of babies born in that period are still available, and the Dutch population 
registers are, in principle, capable of finding out whether these people are still alive 
and where they live. As a consequence the Dutch famine can be considered as an 
"experiment of history" to test the fetal origins hypothesis. 

The aim of the Dutch famine study, reported in this thesis, was to examine the 
effects of nutritional deprivation at different stages of gestation on major risk factors 
for coronary heart disease in general and glucose tolerance and obesity in particular. 
We have investigated possible associations of exposure to famine during late, mid or 
early gestation with differences in body size at birth, glucose tolerance and obesity in 
adult life. Furthermore we have investigated if infant feeding in early life is associated 
with glucose tolerance, obesity, lipid profile and blood pressure in adult life. To 
answer the research questions we studied singleton people born at term in the 
Wilhelmina Gasthuis in Amsterdam shortly before, during and shortly after the Dutch 
Famine of 1944-45. Data on prenatal visits, sizes at birth and infant feeding were 
abstracted from the medical records. Glucose tolerance, obesity, blood pressure, lipid 
profile and other cardiovascular risk factors were measured around age 50. 
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Chapter 1 

In chapter 2 the food rations, composit ion and intake dur ing the Dutch famine 
period and the prenata l exposure to famine definition are described. Chapter 3 contains 
an overview of previous s tudies on the heal th effect of prenatal exposure to the Dutch 
famine. In chapter 4 the material and me thods of the current Dutch famine s tudy are 
described. In chapter 5 w e present the results of maternal malnutr i t ion on body size at 
birth. The effects of prenata l exposure to maternal malnutr i t ion on adul t glucose 
tolerance at age 50 are reported in chapter 6. In chapter 7 the effects of maternal 
malnutr i t ion on obesity at age 50 are described. The effects of infant feeding dur ing the 
first weeks after bir th on glucose tolerance, obesity, lipid profile and blood pressure at 
age 50 are described in chapter 8. In chapter 9 some methodological aspects of the s tudy 
are discussed. This chapter closes wi th the implications of the s tudy findings for the 
fetal origins hypothesis . 
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Chapter 2 

Studies on the effects of prenatal nutrition on the developing fetus need a clear 
definition of nutritional exposure in terms of timing, severity and type.' Several 
sources have described the nutritional situation during the Dutch famine of 1944-45. In 
this chapter we give an overview of the food rations and food composition shortly 
before, during and after the famine period. In subsequent sections the general food 
intake of the population of Amsterdam and the specific food rations and intake of 
pregnant women and of young children are described. In the last section of this 
chapter the definition of prenatal exposure to famine used in this thesis is given. 

1. The Dutch Famine 

During the last months of World War II until the surrender of the German forces in 
early May 1945, the Western part of the Netherlands was affected by an acute and 
severe famine. The severe famine lasted six months and is known as the Dutch Hunger 
Winter. 

On September 17, 1944 the Dutch government in London requested a railroad 
strike to support the advance of the Allied forces. At that time the Allied armies had 
already liberated the Southern part of Holland but the country above the "big rivers" 
remained under German occupation. As a reprisal for the railroad strike the German 
occupiers put on a total embargo on total transport, including that of food supplies, to 
the western Netherlands from the northern and eastern production areas. The 
embargo was also a retaliation for the support provided by the Dutch resistance to the 
Allied command of the parachute drops behind the Nazi forces in Arnhem. At the time 
of the railroad strike it seemed that the Western part of the Netherlands would soon be 
liberated. However this did not happen and the famine lasted until the liberation in 
May 1945.2 

The food situation in the cities of the Western Netherlands worsened several weeks 
after the start of the embargo when the people had consumed all the stocks of food. As 
the food situation became worse in November 1944 permission was asked to use water 
transport to bring potatoes and other food from the agricultural areas to the cities of 
the West. Unfortunately the winter in 1944 was unusually early and canals had frozen, 
so all transportation by water became impossible. During the famine period no food, 
gas, electricity and coals could be transported into the Western part of the 
Netherlands. Much farmland could not be used because the Germans had broken the 
sea dikes to delay Allied invasions.2'3 

The population in Western part of the Netherlands -about 4.2 million persons-
suffered from November 1944 until the liberation in May 1945 from an increasing lack 
of food and fuel. Food from the Red Cross brought little relief. The situation was 
deteriorating rapidly in the last month before the German surrender in May 1945. 
Deaths from malnutrition were estimated at about 22,000 in Western Netherlands.2'4 

Hunger was a factor contributing to the increased mortality due to infectious diseases 
and diseases of the digestive system.5 Mortality was increased in infants and in elderly 
people.4,6 
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Nutritional intake during the Dutch famine 

2. The Sources 

The most important and most detailed sources of information about nutrition during 
the famine period were the records of the official rations supplied during the war and 
famine period. The rations are a good reflection of the total food available in Western 
part of the Netherlands during the war period.7 The rations were determined weekly 
by the National Bureau for Food Distribution during War Time and varied according 
to age. The detailed weekly rations in terms of Calories provided by gram of protein, 
carbohydrate and fat during the famine period were obtained from the records from 
the National Bureau for Food Distribution (Table 1 and 2)8'9 Mean food rations for the 
entire war period (1940-45) were taken from the article of Dr Dols and van Arcken 
(Table 3).'° 
The report "Malnutrition and Starvation in Western Netherlands" from the nutritional 
survey by the Allied Command immediately after the liberation in 1945 has been used 
as the main source of information on food intake of pregnant women and children 
during the famine period." The Allied Command "Supreme Headquarters Allied 
Expeditionary Force" (S.H.A.E.F.) and the Dutch "Netherlands Military 
Administration" (N.M.A.) prepared Red Cross Feeding Teams and three special 
nutrition teams to assess the nutritional status of the population shortly after the 
liberation. '2'3 The procedure consisted of a one-day nutritional survey to determine the 
number of people requiring special feeding and a more detailed survey of the 
nutritional picture. The detailed nutritional survey teams were sent to the six main 
cities of Western Netherlands where the need was urgent. With a dietary history 
questionnaire the food intake during September/October 1944, February 1945, April 
1945 and May 1945 was assessed in 200 families in each city in a representative sample 
of poor, intermediate and upper class people. These months were chosen because each 
represented a change in food intake from the population (Table 4,5)." In the cities of 
The Hague and Leiden Dr Sinclear of the British nutrition research team assessed in 
more detail the food rations and intakes of the elderly, pregnant and lactating women 
and of children. (Table 6,7)." 

After the war several authors have written about food rations, composition and 
intake during the famine period. A good overview is given in an article from Smith 
(Table 8). 3'14 It was found that there was malnutrition for the majority of the people, 
including pregnant women, during the last months of the war in Western Netherlands. 
Dr Banning, chief inspector of national health, wrote several reports with special 
attention to the extra rations for sick people, pregnant and lactating women. 4'5 Dr 
Neumann, chemist, wrote about the food composition during the famine period.16 The 
Pulse Committee studied the effects of food rations on health in Holland during the 
wartime before the famine period.17 Breunis, head of the information department of the 
ministry of Food Agriculture and Fishery, wrote a general article about the food 
rations.18 Holmer, head of the obstetrics department in Leiden, wrote about the food 
situation in combination with reduced fertility and obstetrics diseases during the 
famine period." Tables of the food radons and intakes in Amsterdam of the Statistical 
Bureau of Amsterdam and the GG&GD were found at the city archives.20'2122 Dr Kruijer 
wrote about the search for food around Amsterdam during the famine period.23 24 Dr 
de Jong, historian, wrote the national history of the war in a sequence of books 
including the famine period.2'25 Dr Trienekens, historian, wrote about nutrition and food 
distribution in Holland during the famine and war period.7'26 

For the purpose of our study the official food rations are the most important and 
detailed source of information on the total nutrition that was available during the 
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famine period. The nutritional survey of the Allied team in Amsterdam provided good 
information on the general food intake in this city. More detailed information about 
the food rations of pregnant women came from the nutritional survey of the Allied 
team in The Hague and Leiden. 

3. Food rations before, during and after the famine 

Nutrition in the Netherlands in pre-war days, before 1940, was on an adequate level, 
not only in terms of the per capita consumption of calories but also with respect to 
meal patterns and quality.10 The war started for the Netherlands with the German 
invasion on 10 May 1940. The National Bureau for Food Distribution during War Time 
had started the food rationing already in 1939. The distribution was completely 
operative in the entire country by the end of April 1941. During the war the food 
situation was different from before the war because food supplies could not be 
imported from other countries and an amount of the food produced in the Netherlands 
was sent to Germany.10 

From the start of the war in 1940 a mean daily level of about 1800 Calories (7560 
KJ) per adult was maintained, with fluctuations, up to the end of 1943 (Table 3)."' In 
early 1944 food rations declined to 1600 Calories. Between July and September 1944 the 
food rations were around 1500 Calories a day. In October 1944 food rations declined 
rapidly to about 1400 Calories. The food rations and the surveys in Western part of the 
Netherlands indicate that the inhabitants suffered relatively mildly from the lack of 
caloric intake during the war years from 1940 until October 1944. ' The rations for 
infants between 4 and 20 year were containing more Calories than the rations of the 
adult population before the famine period (Table 2). Supplementary rations were given 
to men with severe and heavy labour. Sick people, expecting and nursing women and 
school children also received extra food rations.4 

After the transport embargo in September 1944 the food rations declined rapidly 
from 1400 Calories in October 1944 to 1250 Calories in the beginning of November 
1944 to below 1000 Calories (4200 kj) on 26 November 1944. During the severe famine 
period of six months the rations varied between 400 Calories and 800 Calories for adult 
people with a mean intake of 652 Calories. There were several weeks with rations of 
less than 500 Calories."'* ',22 Rations rose above 1000 Calories on 12 May 1945, after the 
liberation by the Allied forces (Table 1). The system of emergency rations from the 
National Bureau of Food Distribution started on 1 October 1944. This emergency 
rations system included an extra age group of children less than 1 year. Children 
under 3 years received higher rations, in terms of Calories and of standards for their 
age, than other age groups. The extra supplements of food for heavy and severe 
labour were stopped (Table 2). During the famine period food rations were not always 
and everywhere available for purchase and not everyone had the money to buy what 
was available. Food for the whole week was often consumed in two or three days. 
Consequently there was an enforced fast for four days until the next rations were 
available."'27'28 

There was a great improvement of the nutritional status within one month after the 
surrender of the Germans." Airdrops and the Special Red Cross Feeding Team 
supplied the people with skimmed milk powder, sugar and other foods." In June food 
intake was 2130 Calories a day. After the war food continued to be rationed. Food 
rations varied between 1940 and 2300 Calories a day for adults from July until 
December 1945 (Table 1). The last group of food products was on ration until 1950.11,2S 
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We can conclude that there was a severe nutritional deprivation during the famine. 
During the six months of the famine the rations for adult people varied between 400 
Calories and 800 Calories. The famine period was preceded and followed by relatively 
adequate nutrition. 

4. Composition of the food rations before, during and after the famine 

During the period from 1940 to 1944 the composition of the rations underwent radical 
changes. The composition of the diet changed towards a greater contribution of 
carbohydrate and a lower intake of fat.'" Already in 1941 fat intake had severely 
declined. The total protein intake had slightly declined. The decline in the intake of 
animal protein was partly compensated by an increase in the intake of vegetable 
protein.17 The main daily rations consisted of carbohydrates from bread and potatoes.16 

During the severe famine period, December 1944-April 1945, on average rations 
contained 652 Calories a day (range 364 to 843). The main composition of the rations 
was 16 gram protein (range 9 to 24), 114 gram carbohydrate (range 75 to 143) and 12 
gram fat (range 2 to 30) a day (Table 1). Figure 1 shows that during the famine period 
protein, carbohydrate and fat intake had more or less proportionally declined. Rations 
for all categories were very low between the end of November and early May 1945. 
After June 1945 all categories increased to their recommended values (figure 1). 

For purpose of comparison, the nutrient content as a percentage of nutritional 
Oxford Nutrition Survey standards was calculated."'29 According to the Oxford 
standards, adult women with normal activities need a daily nutrient intake of 2500 
Calories, which is provided by 60 gram of protein, 360 gram of carbohydrate and 85 
gram of fat. During the famine months the officially food available for adults was 26 % 
(652/2500) of the standards for Calories. The food was 27% (16g/60g) of the standards 
for protein, 32% (114g/360g) of the standards for carbohydrate and 14% (12g/85g) of 
the standards for fat. 

We can conclude that there was a general decline in the composition of food, in 
terms of protein and carbohydrate, during the famine period. The composition of the 
food for adults during the famine period was more or less proportionally reduced. 
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Food rations during Famine period 

Carbohydrate (g) 

350 

K. V *K X V % \ , V V K \ V \ . <̂ %• > ^ 'Vj- "^ > * ^ 
Month 

-Protein ^ — Fat - - - Carbohydrate 

Figure 1: The composition of food rations during the Famine period 
Source: National Bureau for Food Distribution During War Time, 1945.8'9 
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5. Food intake in Amsterdam during the famine 

Amsterdam had 800 000 inhabitants before the war. It is estimated that 775 000 people 
still lived in Amsterdam in May 1945 after evacuations and deportations. The Allied 
nutritional team assessed the food intake of the population of Amsterdam during the 
famine period. The calculations of food intake were based on the food rations and 
three other sources: the Central Kitchens food, the church organisations and food from 
variable extra sources." 

The rationing system was supplemented by a communal kitchen organisation. The 
development of these large Central Kitchens made economical use of food as well as 
fuel possible. From October 1944 the Central Kitchens distributed to all the inhabitants 
of Amsterdam and provided 0.5 litre of food, soup, porridge or stew a day for one food 
rationing coupon.211 In March 1945 331,000 people from Amsterdam used the Central 
Kitchens. There were several reasons for this high number. Since October 1944 no gas, 
the common way to prepare a meal, was provided to people's homes. Rations were not 
always available and although the food from the Central Kitchen was not very 
attractive at least food was distributed.4'11'30 

The second source of food intake was the food from the combined church 
organisations: the "Inter Kerkelijk Bureau" (I.K.B.).31 Children and sick people could, 
after being selected by a doctor, receive temporarily extra food from the I.K.B. 
Pregnant women could only receive extra food from the I.K.B. if their weight, after 
correction for the pregnancy, was more than 30% lower than the mean weight adjusted 
for height.4,31 In Amsterdam the organisation name was "Hulp Organisation 
Amsterdam". The extra food was collected in the northern and eastern provinces and 
transported, with permission of the Germans, to the Western Netherlands.2 

The last most variable source of food intake was the extra food not on rations. To 
maintain total intake levels it was necessary to use stocks of food and to make forage 
trips to the farmers.24 In addition unusual food, like tulip bulbs, was eaten. Food was 
the object of exchanges. Extra food was obtained, by those who could afford it, on the 
black market.2'11'32 

In Table 4 the best estimate of the food intake for adults in Amsterdam is given. 
The daily food intake of adults was around 1300 Calories in February and 1245 
Calories in April 1945. Food intake from extra sources was estimated to be around 400-
700 Calories a day above the official rations and Central Kitchen food. In Table 5 the 
food articles that provided these rations are given. From this table it can be concluded 
that bread, potatoes and sugar beets provided most calories of the extra food eaten. 
These estimates suggest that at the height of the famine supplements and extra-legal 
sources doubled the official food rations.7'26 However, these estimates do not reflect to 
the experience of everybody. Persons who could not afford black market food and 
persons who could not forage, share or exchange foods could possibly not double their 

L2 3.11.19 

rations. 
In conclusion we can say mean food intake estimates suggest that at the height of 

the famine extra sources doubled the food rations, although this was not true for 
everybody. 

6. Food rations and food intake of pregnant and lactating women 

Pregnant women were entitled to a supplementary ration of about 600 calories above 
the official rations. However other sources indicate that these supplementary rations 
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for pregnant were not always met during the famine period.'1'1"9 The Allied survey 
concluded that "it was not always possible to provide these supplementary rations" 
and "the standards for pregnant women were not met during the famine period"." In 
general, different investigations have revealed a great deal of variation in the 
availability of extra rations for pregnant women. 

The assignment for extra supplements to pregnant and lactating women changed 
several times during the war period. In September 1944, women received extra ration 
coupons for 26 weeks prior to birth and for 38 weeks after birth. The four-week 
coupons were valid for 4700 Calories a week, about 700 Calories a day. From 
November 1944 women only received extra supplements 16 weeks before and 16 
weeks after child birth, consisting of 4100 Calories a week, about 600 Calories a day."'15 

In September 1944 lactating mothers received an addition to the extra rations. In the 
middle of November 1945 these additional supplies for lactating women were stopped 
but infant rations were available for the mother when the child was born." 

Dols and van Arkeren presented in 1947 a table of the official rations for pregnant 
women during the famine period. These rations were 1150 Calories in January 1945 
and 1400 Calories in April 1945, which corresponds to the supplementary ration for 
pregnant women of 600 Calories (Table 8).3 

The assessment of official food rations for pregnant women made by Dr. Sinclair 
from the Allied survey results in a lower daily Caloric value of the food rations (Table 
6). Table 6 shows that food rations for pregnant women were around 836 Calories a 
day in February and 862 Calories in April 1945. This indicates that the extra rations of 
600 calories for pregnant women above the adult rations were not met. The estimates 
of Dr Sinclair may be taken as more representative since they were prepared very soon 
after the liberation and numerous local authorities were consulted.3 

Table 6 shows that in February and April 1945 the caloric value of the food 
available for pregnant women was 29% of the standard for calories, 42% of the 
standard for proteins, 32% of the standard for carbohydrates and 14% of the standard 
for fat. This was comparable with the food rations available for adults. The food 
rations for lactating women was much better than for pregnant women due to extra 
milk rations." 

We must conclude that although pregnant and lactating women were entitled to 
extra food supplements of around 600 Calories per day, different sources indicate that 
these supplementary rations were not met during the famine period."'1 

7. Food rations and food intake of young children 

During the famine period the official food rations for children under the age of 3 
were relatively better than these for other age groups." Young children were regarded 
as a group that must be protected and there was an attempt to keep the rations of these 
groups up to the general standards. Infant rations of extra milk and central kitchen 
food became available for the mothers when the child was born." 

Table 7 shows that official food rations available for children under 1 year were 
more than 100% of the standards: the ration was always above the 1000 Calories a day. 
Food composition - in protein, carbohydrate and fat - was also more than 100% of the 
standards. 

In summary, nutritional intake of children up to 1 year did not fall below the 1000 
Calories a day. Children under the age of 1 year can be regarded as relatively better off 
compared to other age groups during the severe famine. 
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8. Prenatal exposure to famine 

The material summarised in this chapter formed the basis of the exposure to 
famine definition used in this study. We have found that during the six months of the 
famine, between 26 November 1944 and 8 May 1945, the rations for adults were below 
1000 Calories (4200 KJ) and varied between 400 Calories and 800 Calories. The famine 
period was preceded and followed by relatively adequate nutrition. The calorific 
intake from protein, carbohydrate and fat decreased proportionately. Mean food intake 
estimates suggest that at the height of the famine extra sources doubled the officially 
food ration, although this was not true for all individuals. Pregnant and lactating 
women were entitled to extra food supplements of around 600 Calories a day, but 
different sources indicate that these supplementary rations were not met during the 
famine period. Children until 1 year of life can be regarded as relatively spared 
because their rations were adequate for their age. 

On the basis of these findings we defined the food intake for pregnant women 
according to the official daily rations of the general adult population. The official 
rations are a good reflection of the total food available in Western part of the 
Netherlands during the war period.33 We considered a fetus to be exposed to famine 
in utero if the average maternal daily ration during any 13-week period of gestation 
was less than 1000 Calories. 

Children born between January 7, 1945, and December 8, 1945, were thus 
considered to be exposed to famine in prenatal life. We used three 16-week periods to 
distinguish between: 

• children who were exposed during late gestation: 
born between 7 January 1945 to 28 April 1945 

• children who were exposed during mid gestation: 
born between 29 April 1945 to 18 August 1945 

• children who were exposed during early gestation: 
born between 19 August 1945 to 8 December 1945. 

Children exposed in late gestation were conceived before the famine and born during 
the famine months of the winter and spring of 1945. Children exposed in mid gestation 
were conceived before the famine and born shortly after the famine in the summer of 
1945. Children exposed in early gestation were conceived during the famine period and 
born after the famine in the end of 1945. 
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Table 1: Daily food rations by weekly periods of carbohydrate, protein, fat and Calories for 
adults. Mean estimate of maternal caloric intake according date of birth during late, mid and 
early gestation from August 1944 until December 1945 in Western Holland. 

Week Content of the daily rations Estimate of mean maternal caloric intake 
during late, mid and early gestation, 
according to date of birth 

Begin Date Carbo Protein Fat Calories Late: Mid: Early: 
hydrate (S) (S) w 27-39 W14-26 wl-13 

30-7-44 251 40 22 1401 1505 1548 1702 

6-8-44 257 42 22 1457 1494 1545 1696 

13-8-44 261 43 22 1456 1487 1540 1690 

20-8-44 261 44 23 1480 1479 1536 1685 

27-8-44 261 44 23 1480 1473 1538 1674 

3-9-44 264 41 21 1437 1466 1542 1665 

10-9-44 264 41 21 1437 1455 1544 1655 

17-9-44 261 43 21 1448 1446 1546 1635 

24-9-44 261 43 21 1448 1437 1549 1613 

1-10-44 250 40 23 1414 1437 1543 1598 

8-10-44 250 40 23 1414 1444 1527 1583 

15-10-44 241 36 22 1362 1443 1518 1568 

22-10-44 241 36 22 1362 1438 1510 1552 

29-10-44 214 40 22 1265 1430 1505 1548 

5-11-44 214 40 22 1265 1420 1494 1545 

12-11-44 169 28 20 1004 1405 1487 1540 

19-11-44 169 28 20 1004 1370 1479 1536 

26-11-44 119 19 16 729 1333 1473 1538 

3-12-44 119 19 16 729 1276 1466 1542 

10-12-44 103 15 12 629 1221 1455 1544 

17-12-44 103 15 12 629 1159 1446 1546 

24-12-44 104 17 14 643 1096 1437 1549 

31-12-44 105 17 4 543 1034 1437 1543 

7-1-45 91 17 4 488 967 1444 1527 

14-1-45 91 17 17 608 896 1443 1518 

21-1-45 112 17 17 650 838 1438 1510 

28-1-45 93 18 16 598 783 1430 1505 

4-2-45 121 24 17 750 732 1420 1494 

11-2-45 98 11 3 480 692 1405 1487 

18-2-45 98 11 3 476 652 1370 1479 

25-2-45 148 19 20 878 611 1333 1473 

4-3-45 111 14 3 544 623 1276 1466 

11-3-45 111 14 3 544 608 1221 1455 

18-3-45 131 16 3 645 602 1159 1446 

25-3-45 143 18 19 843 603 1096 1437 

1-4-45 143 18 17 826 619 1034 1437 
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Begin date Carbo

hydrate 
Protein Fat Calories Late Mid Early 

8-4-45 118 15 16 702 640 967 1444 
15-4-45 129 15 16 749 657 896 1443 
22-4-45 117 11 30 809 668 838 1438 

29-4-45 75 9 2 364 680 783 1430 
6-5-45 95 27 28 778 662 732 1420 
13-5-45 182 37 19 1042 664 692 1405 
20-5-45 247 58 49 1675 707 652 1370 
27-5-45 309 69 68 2117 799 611 1333 
3-6-45 320 65 61 2118 895 623 1276 
10-6-45 337 71 71 2319 1016 608 1221 
17-6-45 330 66 63 2188 1152 602 1159 
24-6-45 335 65 64 2199 1271 603 1096 
1-7-45 260 54 61 1825 1375 619 1034 
8-7-45 273 54 60 1879 1452 640 967 
15-7-45 292 54 54 1906 1543 657 896 
22-7-45 289 53 55 1900 1632 668 838 
29-7-45 317 62 57 2075 1716 680 783 
5-8-45 314 61 55 2028 1847 662 732 
12-8-45 310 61 52 1987 1943 664 692 

19-8-45 318 62 53 2037 2016 707 652 
26-8-45 318 62 53 2037 2044 799 611 
2-9-45 329 61 48 2030 2038 895 623 
9-9-45 329 61 48 2030 2031 1016 608 
16-9-45 361 72 50 2232 2009 1152 602 
23-9-45 361 72 50 2232 2012 1271 603 
30-9-45 344 63 46 2087 2015 1375 619 
7-10-45 344 63 46 2087 2035 1452 640 
14-10-45 343 61 48 2095 2051 1543 657 
21-10-45 343 61 48 2095 2065 1632 668 
28-10-45 352 62 48 2137 2080 1716 680 
4-11-45 352 62 48 2137 2085 1847 662 
11-11-45 368 64 50 2228 2094 1943 664 
18-11-45 368 64 50 2228 2112 2016 707 
25-11-45 375 64 49 2250 2127 2044 799 
2-12-45 375 64 49 2250 2143 2038 895 

9-12-45 359 61 47 2152 2160 2031 1016 
16-12-45 359 61 47 2152 2170 2009 1152 
23-12-45 369 61 58 2299 2163 2012 1271 
30-12-45 369 61 58 2299 2169 2015 1375 

Source: National Bureau for Food Distribution During War Time, 1945 "'* 
Example: In the week of 29 April - 5 May 1945 the contents of the weekly rations were of 75 
gram carbohydrates, 9 g proteins, 2 g fats and 364 Calories. A women delivered in this week 
had mean caloric intake of 680 Calories in late pregnancy, a mean of 783 Calories in mid 
pregnancy and a mean of 1430 Calories in early pregnancy. 
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Table 2: Mean daily food rations in Calories distributed by four-week periods in Western 
Netherlands according to age between August 1944 and December 1945. 

Period Age group (years) 

0-3 4-13 14-20 >21 

6 Aug - 2 Sep 44 
3 Sep - 30 Sep 44 

1 Oct - 28 Oct 44 
29 Oct - 25 Nov 44 
26 Nov - 23 Dec 44 
24 Dec - 20 Jan 45 
21 Jan -17 Feb 45 
18 Feb-17 Mar 45 
18 Mar -14 Apr 45 
15 Apr -12 May 45 
13 May- 2 Jun 45 

1474 1795 1790 1468 
1464 1748 1810 1443 

0-1 1-3 4-13 14-17 >18 

1440 1440 1438 1419 1388 
1345 1263 1155 1135 1135 
1173 997 725 679 679 
1082 849 616 571 571 
1158 862 665 620 620 
1136 817 636 611 611 
1491 1190 842 754 754 
1528 1313 1001 842 675 
2057 1995 1874 1807 1611 

0-3 4-5 6-17 >18 

3 Jun-7 Jul 45 1784 1861 2256 2129 
8 Jul - 4 Aug 45 1692 1849 2077 1940 

0-1 2-4 5-14 15-20 >21 

5 Aug -1 Sep 45 1726 1762 2169 2252 2022 
2 Sep - 29 Sep 45 1604 1674 2288 2475 2131 
30 Sep - 27 Oct 45 1454 1626 2210 2437 2091 
28 Oct - 24 Nov 45 1670 1742 2300 2528 2201 
25 Nov - 22 Dec 45 1726 1742 2300 2528 2201 
23 Dec - 5 Jan 46 1806 1877 2475 2643 2299 

(Source: National Bureau of Food Distribution during War Time, 1945). ' 

26 



Nutritional intake during the Dutch famine 

Table 3: The mean daily Calories and the amount of protein, carbohydrate and fat distributed 
in Western Netherlands in the period April 1941-December 1945 for adults. 

Calories Protein Carbohydrate Fat 

(S) (g) (S) 

Apr-Jun 41 
Jul-Sep 41 
Oct-Dec 41 

Jan-Mar 42 
Apr-Jun 42 
Jul-Sep 42 
Oct-Dec 42 

Jan-Mar 43 
Apr-Jun 43 
Jul-Sep 43 
Oct-Dec 43 

Jan-Mar 44 
Apr-Jun 44 
Jul-Sep 44 
Oct-Dec 44 

Jan-Mar 45 
Apr-Jun 45 
Jul- Sep 45 
Oct-Dec 45 

1828 59 289 42 
1852 57 310 38 
1828 58 308 36 

1810 57 299 38 
1699 55 277 35 
1750 56 299 32 
1876 57 326 32 

1822 52 316 32 
1724 53 317 23 
1783 53 323 26 
1784 51 321 28 

1656 45 299 26 
1585 48 288 21 
1529 45 279 22 
1035 29 176 19 

619 16 112 10 
1379 41 211 39 
2092 61 313 54 
2179 62 359 50 

Reference' 2500 60 j 360) 85 gr 

1 Reference: Oxford Nutrition Survey Standards. 
(Source: Dols and van Arckeren 1946, p358). '" 
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Table 4: Main daily Caloric intakes for adults during four selected months in Amsterdam. 

Oct 1944 Feb 1945 Apr 1945 Jun 1945 

Official ration 1283 479 659 
Central Kitchen 29 86 105 
I.K.B. -- 1 33 
Extra Food 564 724 446 

2045 

Total 1876 1290 1243 2045 

(Source: Burger Drummond and Sandstead, 1948 part II page 135)." 

Table 5: Mean daily Calorie intakes from Official rations including Red Cross food and extra 
food articles for young children and adults in Amsterdam in April 1945. 

0-1 yr 1-4 yr >18yr All ages 

Official rations Extra food: 

Bread 232 232 175 Potatoes 78 
Potatoes 96 96 96 Rye 39 
Meat 20 20 20 Wheat 86 
Cheese 20+ 16 16 16 Oats 11 
Sugar beets 156 156 156 Pulses 43 
Infant food 128 128 - Sugar beets 107 
Milk 391 280 - Tulip bulbs 6 
Sugar 35 — — Milk 

Cheese 20+ 
11 
3 

Red Cross: Butter 6 
Bread (white) - - 136 Fat 19 
Margarine 34 34 34 Vegetables 24 
Pulses - - 26 Sugar 3 
Milk powder 45 45 - Meat 3 
Rice 97 97 - Bread 1 
Oats 34 34 -
Groats 96 64 -

Total 1379 1190 659 Total extra 446 

(Source: Burger 1948 April 1945 part II, p 143-145). 
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Table 6: Official mean daily food supplies in Calories, protein, carbohydrate and fat for adult, 
pregnant and lactating women during the famine period in The Hague and Leiden. Adequacy 
expressed as percentage of Oxford Nutrition Survey Standards. 

Calories Protein Carbohydrate Fat 

Adults: 
September 1944 1212 (48%) 39 (65%) 215 (60%) 18 (22%) 
February 1945 726 (29%) 28 (47%) 117 (33%) 14 (16%) 
April 1945 757 (30%) 28 (46%) 126 (35%) 14 (16%) 

Reference1 2500 60 360 85 

Pregnant women: 
September 1944 1924 (64%) 61 (73%) 295 (68%) 50 (42%) 
February 1945 836 (28%) 35 (42%) 136 (31%) 16 (14%) 
April 1945 862 (29%) 35 (41%) 144 (33%) 14 (14%) 

Reference' 3000 84 432 102 

Lactating women: 
September 1944 2584 (80%) 85 (78%) 372 (86%) 76 (69%) 
February 1945 2068 (64%) 88 (81%) 308 (71%) 48 (43%) 
April 1945 2484 (76%) 98 (91%) 376 (87%) 58 (52%) 

Reference' 3250 108 432 111 

Reference: Oxford Nutrition Survey Standards.2* 
(Sources: Burger, Durmond, and Sandstead, 1948, Part II, p 273). ' 
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Table 7: Official mean daily food supplies for children less than 1 year and between one and 3 
years of age in The Hague and Leiden. Adequacy expressed as percentages of the Oxford 
Nutritional Survey Standards. 

Calories Protein Carbohydrate Fat 

Children 0-lyr: 
September 1944 
February 1945 
April 1945 

1380 (138%) 
1233 (123%) 
1621 (162%) 

46 (128%) 
53 (148%) 
64 (178%) 

190 (132%) 
172 (119%) 
232 (161%) 

44 (131%) 
33 (98%) 
44 (129%) 

Reference 1 1000 36 144 34 

Children 1-3 yr: 
September 1944 
February 1945 
April 1945 

1345 (101%) 
880 (66%) 
1379 (103%) 

45 (103%) 
39 (88%) 
53 (119%) 

182 (95%) 
143 (74%) 
204 (106%) 

44 (99%) 
15 (32%) 
35 (78%) 

Reference' 1500 48 216 51 

Reference of the Oxford Nutrition Survey Standards. 
(Source: Burger et al 1948 part II p 272). " 

Table 8: Official mean daily food rations for pregnant women in Western Holland. 

Calories Protein Carbohydrate Fat 

(g) (g) (g) 

December 1943 2353 67 481 54 
July 1944 2109 63 342 48 
Oct 1944 2099 62 331 51 
Jan 1945 1145 34 177 29 
April 1945 1427 35 215 42 
July 1945 2546 78 344 91 
October 1945 2808 87 428 76 
December 1945 3042 94 456 85 

(Source: Smith 1947 p 233 from Dols and van Arcken). 
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Chapter 3 

The Dutch famine is unique among other periods of famine that have occurred in the 
past, as it meets the criteria for an "experiment of history".' The famine struck at a 
circumscribed time period. During the Dutch famine there was a severe nutritional 
deprivation. The famine was short in duration and was preceded and followed by 
adequate nutrition. The Netherlands were those times a highly organized society and 
people born during the time of the Dutch famine grew up in a time of affluence. The 
population was ethnically homogenous, as almost all were Caucasians. Birth records of 
people born during the famine period still exist and long term follow-up is possible 
because all inhabitants of the Netherlands are registered in the population registers. 

It is not the first time that health effects of the Dutch famine are studied. In this 
chapter an overview is given of other epidemiological studies. We start with the early 
famine studies on birth outcomes performed shortly after the war. Stein and Süsser 
studied the mental performance in a population of men 19 years after the famine. 
Lumey studied the obstetric performance of women who had been exposed to famine 
in prenatal life. Süsser, Hoek and Brown studied the effects of the Dutch famine on the 
occurrence of schizophrenia. We end this chapter with some studies that have looked 
at associations between exposure to famine in postnatal life and outcomes later in life. 

1. The early famine studies 

The nutritional status of the Dutch population was assessed three weeks after the war 
by three nutritional teams from the Allied forces.2 They found that 200.000 to 250.000 
persons in Western Holland suffered from famine oedema. Loss of weight varied from 
20 to 25% of the total body weight. The incidence of tuberculosis, enteritis, peptic 
ulcers and hernia was greatly increased. No clear-cut signs of vitamin deficiency, 
scurvy or pellagra were seen. Pregnancy related diseases like eclampsia and toxicose 
had greatly diminished and the incidence of adult diseases as hypertension and 
obesity was decreased during the famine period.23,4 Mortality was three times higher in 
February 1945 than in preceeding years and remained twice as high in March and 
April 1945. Mortality was highest among infants and elderly people.5 

Shortly after the end of the World War II, the effects of prenatal exposure to 
famine on fetal growth were described. Impaired nutrition of pregnant women during 
the famine had resulted in a decrease in birth weight of hospital born infants of about 
200 gram in Utrecht.6 Smith found a reduction in birth weight of about 240 gram in 
Rotterdam and in The Hague.7 In The Hague 41% of the children had a birth weight 
less than 3000 gram in the first half year of 1945. This percentage was nearly doubled 
compared to the 24% found in 1942.3 In Amsterdam birth weights declined on average 
by 340 gram. The decrease in birth weight was higher in boys than in girls.8 

2. Studies by Stein and Süsser 

Zena Stein and Mervin Süsser started their study: "Famine and Human Development. The 
Dutch Hunger Winter of 1945" in the sixties.' They studied the effects of prenatal 
exposure to famine on fetal growth, mental performance, obesity and mortality at age 
19.They used available hospital records for deliveries, the records of military induction 
made of Dutch males 19 years after the famine, and the mortality information from the 
Central Bureau of Statistics.10 
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The data on delivery in hospitals in famine and non-famine cities provided 
information about the size of the baby after famine exposure. Generally the famine had 
reduced birth weight with 300 gram. They found that fetal size was reduced only by 
third trimester famine exposure. Birth weight was relatively more reduced than 
crown-to-heel length: more thin babies with reduced placental weight were born after 
third trimester famine exposure. Isolated first and second trimester exposure did not 
reduce birth weight.1"2 

The records of the military examination of all men in the Netherlands at 19 years 
of age formed the main source of data for the analysis of long-term effects of prenatal 
exposure on mental performance. At the age of 19 years there were no detectable 
adverse effects on cognitive ability. Nor was there an increased prevalence of mental 
retardation.13 Obesity rates in 19-year-old males varied by timing of prenatal exposure. 
Increased obesity rates at age 19 were seen in subjects exposed to famine in the first 
half of pregnancy and decreased obesity rates in subjects exposed in late pregnancy or 
early infancy.14 

Exposure to famine in the third trimester of gestation was followed by an excess of 
fetal deaths and deaths in the first three months of life. Famine exposure in the first 
trimester of gestation was related to an excess of premature deliveries, perinatal deaths 
and malformations of the nervous system.''10 

3. Obstetric performance of women after in utero exposure 

Lumey has studied the effects of prenatal exposure to famine on the obstetric 
performance of women. The first study of Lumey included all obstetric outcomes of 
firstborn singleton infants born in Amsterdam at the Wilhelmina Gasthuis between 
1960 and 1984 of mothers who had been born between January 1944 and July 1946 in 
the Netherlands. Famine exposure of these women as fetuses during third trimester of 
gestation had produced marked effects on their own birth weights. The second-
generation effect of in utero exposure to famine was found only in the offspring of 
mothers who were in utero exposed in the first and second trimester. Famine exposure 
of these women as fetuses, which had no effect on their own birth weights, did have a 
decreasing effect on their offspring birth weights.15'16 

The second study by Lumey and colleagues included a birth cohort of 1116 female 
infants born in the Amsterdam Wilhelmina Gasthuis university hospital between 1 
August 1944 and 15 April 1946 and their first and second born offspring.17 The 
conclusion was that a substantial 200 gram or more impact of severe in utero maternal 
undernutrition on offspring birth weight can be ruled out. There may however be 
parity specific effects. Birth weights of firstborn infants of women exposed in the first 
trimester of pregnancy were higher than non exposed firstborn children and second 
born infants of these mothers were lighter than non exposed second born children.18 " 
In a comparison within sibships it was concluded that the expected increase in 
offspring birth weight with increasing birth order was not seen after maternal 
intrauterine exposure in the first trimester of pregnancy. 20 Acute famine exposure in 
utero had no adverse consequences for subsequent fertility of the women born or 
conceived during the famine period.21 

On the basis of the maternity records of the women collected for the second 
reproductive study the effects of maternal weight gain during gestation on the size of 
the female infants were studied. Aryeh Stein described how in the presence of 
adequate preconception nutrition fetal growth is protected until maternal nutritional 

35 



Chapter 3 

deprivation becomes extreme. Last trimester weight loss or low to moderate weight 
gain of <0.5 kg/week was found to be strongly associated with the birth weight, 
length and pondéral index of the babies. It was suggested that acute maternal 
nutritional deprivation affects fetal growth only below a threshold.22 

4. Schizophrenia studies 

Ezra Süsser, Hoek and Brown studied the effect of prenatal exposure to the Dutch 
famine on schizophrenia and neurodevelopmental disorders. ° They started with the 
finding of Stein and Süsser that there was an increased prevalence of spina bifida and 
hydrocephalus in the cohort exposed to famine in the first trimester of gestation.' An 
association was found between early prenatal exposure to famine and adult 
schizophrenia and schizophrenia spectrum disorders.24,25'26 Men and women conceived 
at the height of the famine had increased risk of schizophrenia and neural tube 
defects. This increased risk was specific for schizophrenia and not observed for other 
psychiatric disorders.28 

5. Exposure to famine in postnatal life 

In some studies the relation between exposure to famine in postnatal life and later 
health effects has been described. Health effects after exposure to the Dutch famine in 
postnatal life were studied in 18,000 women born between 1911-1945 who participated 
in the DOM study in 1974. The study showed an increase of 8 months on mean age at 
menarche during the war period of 1940-1945. There was no additional increase in age 
of menarche during the Dutch famine period of 1944-45.29 The same DOM study 
showed a decreasing effect of exposure to the Dutch famine in infancy on adult height. 
Women exposed to the famine before the growing period, between the age of 0-9, and 
after the growing period, between the age of 12-16, had a smaller adult height, leg 
length and arm span width.30 

The risk of breast cancer was studied in a prospective cohort study consisting of 
62,735 women at age 55-69 years who were interviewed in 1986. The hypothesis that 
energy restriction during adolescence could be associated with a decrease in the risk of 
breast cancer was studied. This hypothesis could not be confirmed. Compared to 
residents living in the North and South of the country in 1944-45, residents of the 
Western rural area had an increase in breast cancer risk (RR=1.45 (95%CI 1.13 to 1.87)) 
and residents of the Western cities had no significant increase in breast cancer risk 
(RR=1.12 (0.91 to 1.38)).31 

Associations between exposure to famine in adolescence and young adulthood 
and adult health were studied in a cohort of 3107 people from the Longitudinal Ageing 
Study Amsterdam. Participants who were exposed to famine at ages 20-36 years were 
more likely to have cancer and depressive symptoms at ages at ages 68-84, but less 
likely to have diabetes. When subjects were exposed to famine in adolescence, at ages 
10-14 years, they had more respiratory diseases and vision problems at ages 58-62.32 
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6. Conclusion 

It can be concluded that the Dutch Famine period has been s tudied in a long tradit ion 
of scientific research. The unique short dura t ion of the famine in combinat ion wi th 
good documenta t ion of food rations and birth outcomes will cont inue to p rov ide an 
ideal envi ronment for testing n e w hypotheses . Previous studies of longterm effects of 
maternal malnutr i t ion dur ing gestation looked at bir th outcomes, menta l performance, 
schizophrenia and the effects on the birth outcomes of the next generat ion. In the n e w 
Dutch famine s tudy described in this thesis w e s tudied diabetes, obesity and other 
cardiovascular risk factors a round age 50 of m e n and w o m e n w h o were exposed to 
famine in prenata l life. 
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The Dutch Famine Birth Cohort Study is a study of persons born in the Wilhelmina 
Gasthuis in Amsterdam shortly before, during and after the Dutch Famine of 1944-45. 
Data on prenatal visits, size at birth and infant feeding were abstracted from the 
medical birth records. Information on glucose tolerance, obesity and other 
cardiovascular risk factors were measured at age 50. In the first section of this chapter 
the study design is described. The subsequent sections describe the birth records, 
population register procedure, the home interview and the visit to the Special Research 
Unit of the Academic Medical Center in Amsterdam. The definition of prenatal 
exposure to famine has already been discussed in chapter 2. 

1. Study design 

The possibility of studying long-term effects of prenatal exposure to famine on health 
and diseases later in life depended on three conditions. Firstly, the availability of birth 
records of persons born shortly before, during and shortly after the Dutch Famine in 
Western Holland. Secondly, the possibility to trace people from birth to current 
address. The third condition was the willingness of the subjects born around the 
famine period to participate in a study. 

Study design 
All persons with birth records who were born around the Dutch Famine in 1944-45 in 
Western Holland were candidates to be included in a new study. For the new Dutch 
famine study it was decided to continue with the Wilhelmina Gasthuis Famine Birth 
Cohort Study of dr Lumey.' That study had shown that the birth records of the 
obstetrics department of the Wilhelmina Gasthuis were still kept in the city archives of 
Amsterdam. The population register in Amsterdam was able to retrieve current 
addresses of persons born in Amsterdam and women of this cohort were already 
participating in the study. 

For the design of the new study some changes had to be made, which are 
described in this chapter. The study period was extended with persons born one year 
before the famine or conceived one year after the famine. The in- and exclusion criteria 
were changed as premature born children were excluded. The most important 
difference was that men were included in the cohort. 

Study participants 
All men and women who were born between November 1,1943 and February 28, 1947 
in the Wilhelmina Gasthuis in Amsterdam were eligible candidates to be included in 
the study. This population consists of three groups. Group I were all children born 
between November 1, 1943 and October 31, 1944. Group II were all children born 
between November 1, 1944 and February 28, 1946. Group III were all children born 
between March 1,1946 and February 28,1947. 

Sample size 
The power calculations were based on the 120-minute glucose concentrations after a 
standard oral glucose load as the main outcome variable. Estimates of the variance of 
the 120-minute glucose levels were derived from the pooled of data the three previous 
MRC Southampton studies (Hertfordshire, Preston and Sheffield). 
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It was estimated that a study in about 700 subjects would have a 93% power at a 
significance level of 5% to detect an increase of 10% in the 120-minute glucose in 150 
persons prenatally exposed to famine at some part during gestation compared to 250 
unexposed people. 

Based on this power calculation we planned to perform an oral glucose tolerance 
test in 700 men and women, 450 prenatally exposed persons and 250 unexposed 
persons. With a participation rate of 70% we had to interview 1000 men and women at 
their homes. 

2. The birth records 

The Wilhelmina Gasthuis was the main hospital in Amsterdam at the time of the 
famine.2 At that time, women either delivered at home or were referred to a maternity 
ward of a hospital for social or medical reasons. In those years the University 
Maternity Clinic of the Wilhelmina Gasthuis had an average of 1500 deliveries a year. 
This was around 10% of the total deliveries in Amsterdam.3 During the War the 
Wilhelmina Gasthuis continued to operate.4 In 1983 the Wilhelmina Gasthuis moved to 
the Academic Medical Center. 

Birth Ledgers 
A short record of every delivery at the maternity ward of the Wilhelmina Gasthuis was 
written down in the birth ledgers (partusboeken) of the University clinic. We used these 
birth ledgers to identify all eligible persons born in the described period. The birth 
ledgers contained only very general information on date of birth, name of the parents 
and identification numbers. Supplementary general information of the mother and 
child was retrieved from the admission ledgers (opnameboeken) of the maternity ward. 
The detailed information about mother and child was recorded in the medical records 
of the mother. Children who were admitted to the hospital after birth at home were not 
included in this study. We also did not include abortions and immature babies born 
before 28 weeks. We retrieved the birth ledgers of 5425 men and women born between 
1 November 1943 and 28 February 1947. 

Singletons and live born 
We excluded all multiple pregnancies and stillborn children. Pregnancies and birth 
weights of twin and triplets are not comparable with singletons. The information from 
the birth ledgers was used to identify a twin or stillborn baby. In total we excluded 168 
twins and triples and 181 stillborn children (Table 1). 

Random Sample 
For reasons of study efficiency we took a random sample of persons unexposed to 
famine in prenatal life. We mainly based the number of the random sample on the 
power calculations. We took a random sample of 650 live born singletons of group I 
(born between November 1, 1943 and October, 31 1944) and 650 live born singletons of 
group III (born between March 1, 1946 and February 28, 1947). Together with the 1380 
live born singletons of group II (born between November 1, 1944 and February 28, 
1946) the study cohort consisted of a total of 2680 children (Table 1). 
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Table 1: The Dutch Famine Study cohort born at the Wilhelmina Gasthuis in Amsterdam. 

Group Date of birth Born Twin Stillborn Singleton/ 
Alive 

I Nov 1,1943-Oct 31,1944 1386 50 31 650 
II Nov 1,1944 - Feb 28,1946 1487 49 58 1380 
III Mar 1,1946 - Feb 28,1947 2552 69 92 650 

Total 5425 168 181 2680 

Medical records 
For this group of 2680 children the more detailed medical records retrieved from the 
city archives (gemeentearchief) of Amsterdam where the obstetric records of the 
Wilhelmina Gasthuis are currently kept. These medical records provided detailed 
information on prenatal care, parity, date of last menstrual period and children's size at 
birth. Children were excluded from the study if the medical records were missing 
(n=27,1%). 

Prematurely born children were also excluded from the study because we wanted 
to exclude the possible effects of short duration of gestation on the studied outcomes. 
We defined prematurity as gestational age less than 259 days (37 weeks). The 
gestational age was calculated from the last menstrual period and from the 
obstetricians' estimation at the first prenatal visit in combination with the obstetricians' 
examination of the child at birth. Exclusion based on last menstruation period only 
could be incorrect due to the ammenorhea during the famine. We excluded 239 (8.9%) 
babies because the gestational age at birth was less than 37 weeks, calculated either 
from the date of the last menstrual period (n=206) or by the obstetrician's estimations 
(n=33). In total, the study sample consisted of 2414 babies born at term. 

Measurements of the medical records 
The medical records contained general information of the mother, including age and 
marital status. At the first prenatal visit in the hospital, which mostly took place at the 
end of the second trimester of gestation, information was collected on reproductive 
and medical history. At the first prenatal visit, the date of birth was estimated from the 
last menstrual period and the height of the fundus. Several pelvic measurements were 
taken. During the following prenatal visits, every 2 weeks in the last trimester, blood 
pressure and maternal weight were recorded. 

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. Maternal body height was not measured, and 
therefore we abstracted the mother's interspinous distance (distance between the 
anterior superior iliac spines) as a proxy for skeletal size. A report was made of the 
delivery and maternal diseases after delivery were described. 

The information of the child consisted of the date of birth, gender, birth weight, 
crown-to-heel length, three head circumferences and six head diameters. The pondéral 
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index was calculated as the birth weight divided by the cube of the crown-to-heel 
length. In our analyses we did not use the head circumference but the head diameter 
because there was a sudden increase of on average 0.5 cm in all head circumference 
measurements in the second half of 1946 that did not paralleled by increased head 
diameters. Head circumference was subsequently estimated by: 7t x (biparietal 
diameter+occipitofrontal diameter) x 0.5. Placental weight was not measured but the 
placental length, width and thickness were recorded. Placental area was estimated as 7C 
x length x width x 0.25. Placental length refers to the longest placental diameter and 
placental width to the longest perpendicular diameter. Congenital disorders and other 
child abnormalities were recorded. 

After a mean stay of 12 days after birth of the child the mother and child were 
discharged from hospital. At discharge type of infant feeding and weight of the child 
were recorded. Type of feeding was classified as exclusive breastfeeding, breast and 
bottle-feeding or exclusive bottle-feeding. 

Selective Fertility 
The number of births in Amsterdam in the last three months of 1945 was 50% (2024 
versus 4043) lower than in the last three months of 1944 (Table 2). After September 
1944, many women in the reproductive age did not have reproductive hormone cycles. 
Decline in libido, oligospermy and impotence were reported in men.2,5 Choices of 
couples not to conceive can also explain the reduced birth rates.6 It is possible that the 
women who became pregnant were a selective portion of each social class.7 Generally it 
was estimated that during the famine period fertility decreased by 50% compared to 
pre-famine levels.2,8 

Social economic status 
Shortly after liberation it was assessed that in Amsterdam 57% of the population were 
of poor social economic class: 36 % of the population were of middle social economic 
class and only 7% of the population were of high social economic class.2 The proportion 
of mothers from lower and middle social economic background was also relatively 
high in the Wilhelmina Gasthuis.' Hospital deliveries for patients living under poor 
housing and/or social conditions and for unmarried mothers were encouraged. 
However little is known about differences in selection patterns for deliveries in this 
hospital during the famine period. 

Information about the occupation of the head of the family was abstracted from 
the Admission card (Cribkaart) of the central admission records of the Wilhelmina 
Gasthuis. These admission cards are currently kept at the medical archive of the 
Academic Medical Center. The cards contain information on marital status and 
occupation of the head of the family which was in most cases the occupation of the 
husband. The occupation of the head of the family was later dichotomized into a 
manual or non-manual profession as had been done in the study by Stein and Süsser.6 
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Table 2: Live born deliveries in Amsterdam and in the Wilhelmina Gasthuis during the period 
1944-1946. 

Males Females Total born W.G. born 
1944: 
Jan-Mar 1944 1976 1811 3787 347 
April-June 1944 1952 1854 3806 359 
July -Sepl944 2060 1961 4021 387 
Oct-Dec 1944 2072 1971 4043 368 

Total 1944 8094 7626 15720 1332 

1945: 
Jan-Mar 1945 2126 2052 4178 295 
April-June 1945 2067 1951 4018 286 
July -Sepl945 1552 1514 3066 280 
Oct-Dec 1945 1076 948 2024 194 

Total 1945 6821 6465 13286 1055 

1946: 
Jan-Mar 1946 2270 2154 4424 499 
April-June 1946 3514 3321 6835 745 
July -Sepl946 3176 2931 6107 613 
Oct-Dec 1946 2641 2558 5199 546 

Total 1946 11601 10964 22265 2403 

Sources: Statistic Bureau of the Amsterdam 1944-1946.3 

Total number of births from the records of the Wilhelmina Gasthuis Amsterdam. 

3. Population register 

In the Netherlands all residents have to be registered in the town were they are 
currently living. An almost complete registration of the Dutch population is ensured 
because a number of official documents, like passports and driving licenses, can only 
be obtained if one is registered. 

The current addresses of persons born in the Wilhelmina Gasthuis were traced by 
the employees of the population register of Amsterdam. They started with a 
computerized search on the tapes of persons living in Amsterdam since the eighties. 
The result was that one quarter of our study sample was found on tape. For the 
persons who were not found on tape a hand search for the personal registration card 
(persoonskaart) in the population register archives was done. 

When the personal registration card was found in the archives its was checked if 
the person was still living in Amsterdam. When the person was not living in 
Amsterdam anymore a request was sent to the city where the person had moved to. 
This was repeated until the current address was found. Not all new cities were 
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registered on the personal registration cards. In case of death the date and place of 
death were recorded. In case of emigration date and country of emigration were 
recorded and checked for remigration. When a personal card was not found in the 
archives further follow-up was not possible. 

When the current address was found the population register of Amsterdam sent 
an information letter about the research project to the person. If the person refused to 
cooperate with the study, by sending back a refusal card to the population register, we 
only received the current city of residence. If the person did not send back the refusal 
card we received the complete address from the population register. 

The population register traced 2155 (89%) of the 2414 persons of our study group. 
Among the 259 who could not be traced were 130 without person cards and 129 who 
had moved away from Amsterdam without leaving the name of the new city of 
residence. Of the 2155 persons who were found, 265 (12 %) had died, 199 (9%) had 
emigrated from the Netherlands and 164 (8%) refused cooperation. The population 
register provided us with the current addresses of the remaining 1527 persons of which 
566 (37%) were still living in Amsterdam. 

4. Interview 

Subjects were contacted to participate in the study by mail. After agreement an 
appointment for a home visit was made by a research nurse. The home visit lasted on 
average one hour and a half and consisted of an interview and blood pressure, weight 
and height measurements. During the interview information was collected on four 
subjects: general information, medical information, life style factors and reproductive 
history. The interview was, where possible, based on validated questionnaires used in 
other epidemiological studies in the Netherlands or the UK.1'''0'" Non responders 
received a second invitation for participation after three months. Seven trained 
research nurses carried out the interviews, which took place between January 1995 and 
July 1996. 

Mean travel distance was 35 kilometer with a maximum of 80 kilometers from the 
Academic Medical Center in Amsterdam. We asked 1018 subjects to be interviewed. Of 
these 912 (90%) people (424 men and 488 women) agreed. Mean birth weights of the 
912 interviewed and 106 non-responders did not differ from the rest of the 2414 
subjects of the total study group. 

Measurements during interview 
Blood pressure was measured at home twice before and twice after the interview with 
a Profilomat automatic device.12 Weight and height were measured twice with a SECA 
weight scale and with a portable stadiometer. 

General information 
Information was recorded about marital status, number of children and number of 
persons currently living in the house. To measure the socio-economic status the 
education and occupational history of the subject and of the partner were collected.10 

One research nurse coded all occupations with the 5 digital occupation classification 
scheme of the Central Bureau of Statistics of 1992.13 Current socioeconomic status was 
determined from the person's or partner's occupation code, whichever was higher, 
according to the ISEI-92 index. This index reflects the education needed for an 
occupation and the income generated by it, on a scale ranging from 16 for the lowest to 
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87 for the highest status.'4 Information on the education and profession of the father 
and mother of the participant was obtained using the questions from the Dutch GLOBE 
study.15 A relatively high number of participants did not have information about their 
father. Therefore social economic status at birth was estimated for most of the 
participants from the admission cards, as described before. 

Medical Information 
Subjects were asked if a doctor had ever told them that they had - or still have - a 
myocardial infarction, stroke, diabetes, hypertension, hypercholesterolemia, 
hyperthyroidism, lung diseases or cancer. If one of these questions was positively 
answered then the age at diagnosis and current treatment were recorded. The MRC 
Hertfordshire questionnaire and the EPIC questionnaire were used as sources.9'10 

Angina pectoris was assessed with the Dutch translation of the Rose questionnaire, 
which has been used in the Zutphen Study.1617 Family history of heart disease, stroke, 
diabetes mellitus and hypertension were recorded including cause and age of death of 
the parents of the participants. Complaints of the joints or back pain were collected. 
Psychological treatment, if any, was recorded. Currently prescription medication was 
recorded including dose and usage. The prescriptions were coded by category of 
medication and grouped as effecting blood glucose, blood pressure or lipid profile. 
Current general health and the comparison of current health to last year health were 
measured by the self rated health question.18 Subjective health was measured with six 
COOP-WONCA cards." 

Life style factors 
Smoking, alcohol consumption, physical activity and weight history questions were 
based on the questions used in the EPIC study.10'20 Current or past smoking, number of 
cigarettes and number of years one was smoking cigarettes were recorded. Alcohol 
consumption was measured by number of glasses a week. Alcohol consumption was 
separately asked for beer, wine, soft alcohol and strong alcohol beverages. Physical 
activities during work and leisure time were recorded in terms of type of activities, 
duration and months per year, including activities like gardening and walking. Also 
the daily number of climbed stairs was recorded. Weight history, number of attempts 
to loose more than 5 kg, current slimming activities and the recalled weight around age 
20, before childbearing, were also recorded. 

Reproductive history 
For women age at menarche and month and year of last menstruation were recorded. 
Detailed information was collected on the reproductive history of women, including 
number of pregnancies, children, miscarriages and abortions. For each of their 
children, information was collected of birth weight and length, pregnancy duration 
and current health and level of education. For the mother information was recorded, if 
applicable, about years of birth control pills, and whether the uterus and /or ovaries 
had been extirpated. 

5. Visit to the special research unit 

During the home visits all participants were invited to the Special Research Unit of the 
Academic Medial Center in Amsterdam for more detailed research. All participants 
who visited the special research unit signed an informed consent form. During the visit 
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several detailed measurements were done after an overnight fast. Fasting blood 
samples were taken, an oral glucose tolerance test (OGTT) was performed, blood 
pressure and antropometric indicators were measured. Also an ECG and lung function 
tests were performed. The participants took an overnight urine collection with them to 
the visit. The Dutch EPIC food questionnaire, which was filled in at home, was also 
checked on completeness.21 The visits were always scheduled in the morning, 5 days a 
week including a Saturday. Six trained research nurses did the measurements and the 
nurses of the Special Research Unit performed the OGTT. The visits took place between 
March 1995 and August 1996. 

After the clinical visit the participants and their general physicians received a letter 
with the main results on diabetes mellitus, blood pressure, cholesterol levels and ECG 
abnormalities. 

In total 741 (81%) of the interviewed participants visited the Academic Medical 
Center, 356 males and 385 females. In 718 participants fasting blood samples were 
taken. In the remaining 23 persons only non-fasting blood samples were taken because 
they were treated for diabetes mellitus. 

The oral glucose tolerance test and lipid profile 
The overnight fast started at 22,00 hour the previous night. In the morning between 
8,00 and 10,00 fasting blood samples were taken for plasma glucose, insulin, 
proinsulin, 32-33-split proinsulin, lipid and lipoprotein concentrations and other 
measurements. After the fasting blood samples had been taken the prepared glucose 
drink, 75 glucose in water solution, was given to the participants who had to drink it 
within 5 minutes. After a 5-minute rest the blood pressure was taken twice. Blood 
samples were taken for plasma glucose and insulin concentrations at 30 min, 60 min 
and 120 mininutes after the start of the glucose load. Between the blood samplings 
lung function, ECG and antropometry were measured. After the 120-minute blood 
samples blood pressure was measured and participants could eat and return home. 

The OGGT was performed following WHO protocols.22 Blood samples were taken 
by venapunction. After each blood collection samples were centrifuged within 30 
minutes and pipeted in 2ml aliquots tubes. The blood and urine samples were brought 
to the general lab at the AMC for analysis or frozen minus 80 degree Celsius for later 
analyses. 

The OGTT test had to be stopped because of extreme nausea in 2 cases and 
because of vasovagal reaction in 2 cases. In another 10 subjects the 120-minute blood 
sample could not be obtained because venapunction failed. In total for 702 participants 
fasting and 120-minute glucose blood samples could be obtained. 

All glucose samples were analysed at the Department of General Clinical 
Chemistry laboratory of the Academic Medical Center. Plasma glucose was measured 
by the glucose dehydrogenase method (H747, Merk 12194, The Netherlands). HbAlc 
was measured with HPLC method Biorad. Insulin, proinsulin and 32-33 plasma split 
proinsulin were measured at the Department of Clinical Biochemistry at Addenbrooks 
Hospital in Cambridge UK. Plasma insulin was measured by the immunoenzymoetric 
assay (Medgenix Diagnostics SA, B2-6220 Fleuris, Belgium). Intact proinsulin by two-
side microtitre plate based time resolved fluorescence assay (Defia) and 32-33 split 
proinsulin by a two-side imrnunometric assay. Total cholesterol, LDL-cholesterol, 
Tryglyceride, Apolipoprotein A and apolipoprotein B were analyzed at the Special 
Laboratory of Endocrinology and Radiochemy "ENDO laboratory" of the Academic 
Medical Center. Cholesterol was measured with the cholesterol oxidase method 
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(H747, BM 1040839). Triglycerides w a s measured full enzymatic (H747 BM 195797 + 
BM 1127764). 

In the analyses the W H O definitions for defining non- insul in-dependent diabetes 
mell i tus and impaired glucose tolerance were used.22 The fasting insulin and 32-33 split 
proinsul in concentrations were used as measures of insulin resistance because they are 
thought to reflect the degree of exposure of the pancreatic ß cell to glucose and, 
therefore, to increased d e m a n d s for insulin.23 2" We have used the 30 minu te relative 
insulin increment log ([30 minute glucose-fasting insu l in ] / 30 minute glucose) as a 
measure of insulin deficiency.25 

Antropometric measurements 

Weight was measured in light clothes wi thout shoes to the nearest 100g wi th a SECA 
scale. Height w a s measured wi th the head in the horizontal Frankfort p lane us ing a 
fixed s tadiometer to the nearest 0.5 cm. Circumferences were measured wi th a flexible 
tape to the nearest 0.1 cm. Waist circumference was measured m i d w a y be tween the 
lateral iliac crest and the lowest rib. H ip circumference was measu red at the wides t 
par t of the hips, usual ly at the level of the great trochanter. The m a x i m u m head 
circumference w a s measured on the most anterior pro tuberance of the forehead and 
the most posterior pro tuberance of the occiput. All antropometr ic measurements were 
done twice and the mean w a s used in the analyses. We calculated adul t body mass 
index as the weight d iv ided by the square of height. Dur ing the s tudy time measur ing 
ins t ruments were calibrated monthly. The nurses were trained on the antropometr ic 
measur ing techniques before and dur ing the s tudy period. 
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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 

54 



Body size at birth 

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. 
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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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Abstract 

Background 

Reduced growth in utero is associated with type 2 (non-insulin-dependent) diabetes 
and impaired glucose tolerance in adult life. There is no direct evidence in human 
beings that maternal nutrition during gestation affects insulin-glucose metabolism. 
We therefore investigated glucose tolerance in people born around the time of famine 
in the Netherlands during 1944-45. 

Methods 
We included 702 people born between Nov 1, 1943, and Feb 28, 1947, in Amsterdam, 
for whom we had detailed prenatal and birth records. We compared glucose and 
insulin responses to a standard oral glucose load in participants exposed to famine at 
any stage during gestation (exposed participants) with those who were born in the 
year before or conceived in the year after the famine (non-exposed participants). 

Findings 

Glucose concentrations were increased 2 h after a standard glucose load among 
exposed participants (p=0.006), and were highest in men and women exposed during 
mid and late gestation. Mean 2 h glucose concentration among non-exposed 
participants was 5.8 mmol/L; concentrations were 0.5 mmol/L (95% CI 0.1 to 0.9) 
higher among participants exposed during late gestation, 0.4 mmol/L (0.0 to 0.8) 
higher among those exposed during mid gestation, and 0.1 mmol/L (-0.4 to 0.6) among 
those exposed during early gestation. Participants born as thin babies to mothers with 
low body weights had the highest concentrations and concentrations were especially 
high among people exposed to famine who became obese as adults. Prenatal exposure 
to famine was related to increased fasting proinsulin (p=0.05) and 2 h insulin 
concentrations (p=0.04), which suggests an association with insulin resistance. 

Interpretation 
Prenatal exposure to famine, especially during late gestation, is linked to decreased 
glucose tolerance in adults. Poor nutrition in utero may lead to permanent changes in 
insulin-glucose metabolism, even if the effect on fetal growth is small. This effect of 
famine on glucose tolerance is especially important in people who become obese. 

Introduction 

Decreased fetal growth is related to the occurrence of type 2 (non-insulin-dependent) 
diabetes mellitus in later life. In various populations and in different countries, 
decreased glucose tolerance in adults has been associated with low birth weight and 
thinness at birth. ' Associations between decreased fetal growth and impaired 
insulin-glucose metabolism have also been found in children and adolescents.9''0'"'12'13'"' 

Retarded growth in utero during sensitive periods of development leads to 
permanent long-term changes in the body's structure, physiology, and metabolism. 
The "fetal origins hypothesis" proposes that impaired glucose tolerance and type 2 
diabetes, together with the related disorders coronary heart disease and hypertension, 
are initiated by impaired fetal growth in mid to late gestation, which leads to 
disproportionate body size at birth.'5 Nutrient supply to the fetus is thought to have 
strong influence on the fetus. Nutrient supply is determined by the mother's own fetal 
and childhood growth, her nutrition before and during pregnancy, and transfer 
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capacity across the placenta. The fetal origins hypothesis is supported by studies on 
animals. If rats are undernourished during pregnancy, the offspring show persisting 
changes in insulin secretion and responsiveness to the hormone. 6'7'18' '20 

No studies directly link human maternal nutrition during specific periods of 
gestation with glucose tolerance later in life. The Dutch famine, which occurred in the 
Western part of the Netherlands at the end of World War II, provides a unique 
opportunity to study such an effect.21'22 The famine is clearly delineated in time (late 
November, 1944, to early May, 1945). The official rations varied from 400 to 800 
calories per day in the first months of 1945. We investigated glucose and insulin 
responses in people who had been exposed to famine at any point during gestation 
(exposed participants) and in those who were born in the year before or conceived in 
the year after famine (non-exposed). 

Methods 

We traced 5425 people born between November, 1943, and February, 1947 in the 
Wilhelmina Gasthuis, one of the principal hospitals in Amsterdam at that time, for 
whom we obtained detailed records of the course of gestation and birth. Most patients 
were in the lower and middle social classes, but little is known about the referral 
pattern during that period. We retrieved from the Gemeentearchief (city archive) of 
Amsterdam the medical records of the 1380 liveborn singletons who were born 
between Nov 1,1944, and Feb 28, 1946. We also retrieved details of a random sample 
of 650 liveborn singletons born between Nov 1, 1943, and Oct 31, 1944, and 650 
liveborn singletons born between March 1, 1946, and Feb 28, 1947, making a total of 
2680 children. Of these, 27 (1.0 %) were excluded because their main medical records 
were missing, and 239 (8.9 %) were excluded because the gestational age at birth was 
less than 259 days, calculated either from the date of the last menstrual period or by 
the obstetrician's estimation at the first prenatal visit and at the physical examination 
of the child at birth. Therefore, we included 2414 liveborn singletons. 

The Bevolkingsregister (population registry) of Amsterdam traced 2155 (89.3%) of 
these 2414 people, 265 had died, 199 had emigrated from the Netherlands, and 164 
refused to allow their addresses to be given to us. The population registry provided us 
with the current address of the remaining 1527. We asked 912 subjects who lived in or 
close to Amsterdam to attend the Academic Medical Center (AMC) for an oral glucose 
tolerance test during the morning after an overnight fast. In the last stage of selection, 
we invited more men and all people born in the last three months of 1945 to enrol 
because these groups seemed to be under-represented. 32 (3.5%) of these 912 were 
excluded because they had diabetes. 718 (82.0%) of the remaining 880 participants 
attended the clinic and 702 successfully completed the glucose tolerance test. Birth 
weights, according to prenatal exposure among those people, were similar to those of 
the 2414 people who were originally eligible, therefore, bias originating from the 
selection procedure is unlikely. 

We took birth measurements and maternal data from the medical records. We took 
placental length to be the longest placental diameter and width to be the longest 
perpendicular diameter. Placental area was estimated as n x length x width x 0.25. 
Head circumference was estimated as n x (biparietal diameter + occipito-frontal 
diameter) x 0.5. We calculated the pondéral index, a measure of thinness, as birth 
weight divided by the cube of length. Mother's weight was that at the last prenatal 
visit, always within 2 weeks of birth. 

Trained research nurses took all measurements during the clinic visits between 
March, 1995, and August, 1996. Blood measurements included plasma glucose and 
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insulin concentrations at 0 min, 30 min, and 120 min after a 75 g oral glucose load, and 
concentrations of fasting proinsulin and 32-33 split proinsulin. We measured plasma 
glucose by the glucose dehydrogenase method (H747, Merck 12194, Netherlands); 
plasma insulin by immunoenzymometric assay (Medgenix SA, Fleurus, Belgium); 
proinsulin by a microtitre plate time-resolved fluorescence assay (Delfia); and 32-33 
split proinsulin by a two-site immunometric assay. We used the fasting insulin and 
32-33 split proinsulin concentrations as measures of insulin resistance because they are 
thought to reflect the degree of exposure of the pancreatic ß cell to glucose and, 
therefore, to increased demands for insulin." We used the 30 min relative insulin 
increment log ([30 min insulin - fasting insulin]/30 min glucose) as a measure of 
insulin deficiency. 

We measured height with a fixed stadiometer, weight with a SECA scale, and waist 
circumference with a flexible tape measure midway between the costal margin and the 
iliac crest, and the hip circumference at the widest part of the hips, generally at the 
level of the greater trochanter. We calculated adult body-mass index as weight divided 
by the square of height. Current socioeconomic status was determined from the 
person's or their partner's occupation, whichever was highest paid, according to the 
socioeconomic index (ISEI-92). This scale represents the education needed for an 
occupation and the income generated by it, with a scale ranging from 16 for the lowest 
to 87 for the highest status. We also recorded smoking history. 

We defined the famine period according to official daily rations for the general 
population aged 21 years and older. Rations were set weekly by the authorities and 
varied according to class of labour. The calorific intake from protein, carbohydrate and 
fat decreased proportionately. Daily rations were about 1800 calories in December, 
1943, decreasing gradually to about 1400 calories by October, 1944, and fell to below 
1000 calories on Nov 26, 1944. The daily rations varied between 400 calories and 800 
calories from December, 1944, to April, 1945, and rose to more than 1000 calories after 
May 12, 1945. In June, 1945, rations were more than 2000 calories. We took fetuses to 
have been exposed to famine if the average maternal daily ration during any 13-week 
period of gestation was less than 1000 calories. Therefore, children born between Jan 
7, 1945, and Dec 8, 1945, were exposed. We used three 16-week periods to distinguish 
between children who were exposed during late gestation (Jan 7 to April 28), mid 
gestation (April 29 to Aug 18), and early gestation (Aug 19 to Dec 8). 

We analysed exposure in two groups (exposed to famine in utero or not) and also 
calculated the differences in 120 min plasma glucose concentrations between non-
exposed people and those exposed in late, mid or early gestation. We used multiple 
linear regression to analyse continuously distributed variables and multiple logistic 
regression to analyse proportions. We log transformed all glucose and insulin 
concentrations before analysis, results are given as geometric means and SD. We 
adjusted for sex and adult body-mass index in all analyses. 
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Results 

202 (28.8%) of the 702 people were born before the famine, 279 (39.70%) were exposed 
to famine during gestation, and 221 (31.4%) were conceived after the famine. 
Characteristics of mothers and babies (table 1) have been described in a detailed 
analysis of all 2414 births in the hospital (unpublished). Mothers exposed to famine in 
mid or late pregnancy weighed less than those not exposed. Babies born after famine 
exposure during mid and late gestation had lower birthweights, lengths, head 
circumferences, and placental areas than those exposed during early gestation or not 
exposed before birth. Their increased head-to-birthweight ratio suggests "brain 
sparing". Of the 702 participants, fewer men than women had been exposed to famine. 
Those exposed to famine in early gestation had higher body-mass indices as adults. 
We also found that 120 min plasma glucose concentrations increased by 2.4% (95% CI 
1.9 to 2.9) per kg /m in body mass index. Adult height, waist-to-hip ratio, current 
socioeconomic status and the frequency of current smoking were similar across 
exposure groups. 

Exposed participants had higher fasting proinsulin concentration, and higher 120 
min plasma glucose and insulin concentrations than those who not exposed (Table 2). 
The highest 120 min glucose concentrations were among participants exposed during 
mid or late gestation. After adjustment for sex and adult body-mass index, the 120 min 
plasma glucose concentration was higher by 0.5 mmol/L (0.1 to 0.9) among 
participants exposed during late gestation, 0.4 mmol/L (0.0 to 0.8) among those 
exposed during mid gestation, and by 0.1 mmol/L (-0.4 to 0.6) among those exposed in 
early gestation than among those not exposed. After adjustment for adult body- mass 
index and sex, the fasting concentration of insulin and 32-33 split proinsulin, and the 
30 min relative insulin increment were not significantly different, which suggests that 
the high unadjusted means of these variables (table 2) can be explained by the higher 
adult body-mass index. Adjustment for other confounding variables (maternal age, 
parity, current socioeconomic status and current smoking) made little difference to any 
of these results. 

84 (12.0%) of participants had impaired glucose tolerance (120 min glucose 
concentration of 7.8-11.0 mmol/L) and 27 (3.8%) had newly diagnosed type 2 diabetes 
(120 min glucose concentration > 11.1 mmol/L). Participants exposed during late 
gestation had the highest rates of impaired glucose tolerance or type 2 diabetes (21%). 

Weight of the mother at the last prenatal visit was inversely related to the 120 min 
glucose concentration: an increase in mother's weight of 1 kg was associated with a 
decrease in 120 min glucose concentration of 0.5% (0.2 to 0.8). Birth weight, body 
length, and head circumference were inversely associated and the head-to-birthweight 
ratio was positively associated with 120 min glucose concentration. These 
concentrations fell by 3.8% (1.6 to 5.9) for each SD increase in birth weight, by 4.2% (2.0 
to 6.3) for each SD increase in body length, and by 3.1% (0.9 to 5.3) for each SD increase 
in head circumference, and rose by 3.5% (1.2 to 5.9) for each SD increase in head-to-
birthweight ratio. Although pondéral index was not linearly associated with 120 min 
glucose concentrations, the participants with a pondéral index in the lower quarter of 
distribution (< 25.0 kg /m ) had significantly higher 120 min glucose concentration 
than the other participants (6.2 vs.5.9 mmol/L, p = 0.02). Placental area and 120 min 
glucose concentrations were not associated. 

The effect of prenatal famine exposure on 120 min glucose concentrations was 
larger than could be explained by the famine-related variations in birth measurements. 
The difference in birthweight between exposed and non-exposed participants was 254 
g (table 1). With this difference, a relative difference in 120 min glucose concentration 
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of about 2% (254 g x 3.8%/466 g) might be expected, whereas the observed difference 
was 9% (table 2). 

The highest 120 min glucose concentrations were among participants who were 
exposed during gestation, and who had low birth weights or became obese as adults 
(table 3). 

Discussion 

We found an association between exposure to famine during gestation and decreased 
glucose tolerance in adults about 50 years. Glucose tolerance was decreased most 
among participants who were exposed to famine during mid or late gestation. Previous 
studies in human beings of the long-term effects of maternal malnutrition have used 
body size at birth as an indirect measure of fetal nutrition. We found links between 
decreased glucose tolerance and decreased fetal growth (low birthweight, short body 
length, small head circumference, high head-to-birthweight ratio low pondéral index 
in babies born at term) and low bodyweights of the mother close to delivery. 

It has been suggested that people exposed to an adverse environment in utero may 
continue to experience a similar adverse environment after birth, and that this adverse 
prenatal environment permanently affects metabolism.27'2'2' In our study, exposed 
participants had worse glucose tolerance non-exposed participants. This finding 
strongly supports the role of poor maternal nutrition during pregnancy in permanent 
changes to fetal metabolic control systems. Our results were not affected by 
adjustment for other variables related to fetal growth, including maternal age and 
parity, or influences in adult life, including current socioeconomic and smoking staus. 

The Dutch famine affected body size at birth, especially in babies born after famine 
exposure during late gestation. Great changes in maternal nutrition are required to 
produce changes in size at birth. The effect of the Dutch famine on 120 min glucose 
concentrations was greater than can be explained by the reductions in birth size. The 
calorie intake that produced these effects is not well known, because other sources of 
food were available in addition to the official rations. 

We found that the 2 h plasma glucose concentrations were highest in exposed 
people who became obese as adults. This finding has important implications for the 
prevention of type 2 diabetes. People exposed to famine in utero should avoid obesity 
by excercise and an appropriate diet. For future generations, promotion of women's 
health before and during pregnancy will also be important. 

The underlying mechanisms that link prenatal exposure to famine with lower 
glucose tolerance remain unclear. We did not find any association of famine exposure 
during gestation and fasting insulin or 32-33 split proinsulin, measures of insulin 
resistance, or relative insulin increment, a measure of insulin deficiency. However, 
fasting proinsulin and 120 min insulin concentrations were raised in the exposed 
group, which suggests that insulin resistance might be the main determinant of the 
poor glucose tolerance associated with prenatal exposure to famine. More detailed 
studies are necessary to resolve this matter. 

Exposure to the Dutch famine in the first half of pregnancy has been shown to 
result in higher rates of obesity in young men. We found an association between 
exposure to famine in early gestation and a raised adult body-mass index, but not 
between exposure and waist-to-hip ratio. Prenatal exposure was associated with adult 
glucose tolerance at all adult body-mass indices, which suggests that this effect is not 
mediated by a high body-mass index or abdominal obesity. Future analyses of blood 
pressure, cholesterol, triglycerides will show the extent to which prenatal exposure to 
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famine is the common origin of the components of the syndrome X or insulin-
resistance-syndrome (ie, hyperinsulinemia, hypertension and hyperlipidemia). 

The direct link between maternal malnutrition and reduced glucose intolerance in 
adults fits with ideas that poor nutrition during fetal life leads to permanent changes 
in the function of pancreatic ß cells or in the sensitivity of tissues to insulin, which 
become apparent in later life-the so-called "thrifty phenotype hypothesis". The 
acuteness and the short duration of the Dutch famine as well as the lack of information 
about the exact food intake make it impossible to use the size of the effects found in 
this study to estimate the importance of maternal nutrition for public health in 
prevention of diabetes. Undernourishment for longer periods is likely, however, to 
have had more profound effects because fetal growth is determined by the mother's 
nutrition during pregnancy and by her diet and body composition before pregnancy. 
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Chapter 7 

Abstract 

Background and objective 
Young men who were conceived during the Dutch famine of 1944-45 had higher rates 
of obesity. We have now studied the effects of prenatal exposure to the Dutch famine 
on obesity in men and women aged 50 years. 

Design 
We measured body size of 741 people born at term between November 1943 and 
February 1947 in a hospital in Amsterdam. We also asked them about their body 
weight at age 20. We distinguished between people who were exposed to famine in 
late, mid or early gestation (exposed participants) and those who were born before or 
conceived after the famine period (non-exposed participants). 

Results 
The body mass index (BMI) of 50-year-old women exposed to famine in early gestation 
was increased by 7.4% (95% CI 0.7 to 14.5) compared to non-exposed women. BMI did 
not differ significantly among women exposed in mid gestation (-1.3%, -6.3 to 3.9) or 
among women exposed in late gestation (-2.1%, -7.0 to 3.1). Among 50-year-old men, 
BMI was not significantly affected by exposure to famine during any stage of 
gestation: BMI differed only by 0.5% (-4.6 to 6.0) among those exposed in early 
gestation, by -1.2% (-5.5 to 3.3) among those exposed in mid gestation, and by 0.4% 
(-3.5 to 4.5) among those exposed to famine in late gestation, compared to non-exposed 
men. Famine exposure in early gestation was also associated with an increased waist 
circumference in women (5.7 cm, 1.1 to 10.3). The results based on recalled weight at 
age 20 suggested that men and women who were exposed in early gestation were more 
obese and that those who were exposed in late gestation were less obese than those not 
exposed in utero. 

Conclusions 
Maternal malnutrition during early gestation was associated with increased BMI and 
waist circumference in 50-year-old women, but not in men. These findings suggest 
that pertubations of central endocrine regulatory systems established in early gestation 
may contribute to the development of abdominal obesity in later life. 

Introduction 

Fetal life seems to be a critical period for the development of obesity.' A study of 
about 300,000 19-year-old conscripts who were exposed in utero to the Dutch famine of 
1944-1945 showed that the effect of prenatal exposure to famine depended on its 
timing. The rate of obesity (body weight for height equal to or greater than 120% 
according to an external standard) was higher among men exposed in the first half of 
gestation (2.8%), and lower among men exposed in the last trimester gestation or the 
immediate postnatal period (0.8%), than among non-exposed men (1.8%).2'3 

However, the relationship between fetal growth and obesity in later life is a 
complicated one. The extent to which the prenatal environment contributes to this is 
unclear.4,5 Firstly, a number of studies showed that people who were heavy at birth or 
at one year tended to be slightly more obese as adults as measured by the body mass 
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index (weight divided by the square of height).6'7'8'9 Secondly, those who were light as 
babies tended to have a more truncal or abdominal fat distribution as adults, 
independently of overall fatness.10'"''2'13 This central deposition of body fat in particular 
is known to be associated with 'the metabolic syndrome', a clustering of 
dyslipidaemia, hypertension, insulin resistance and cardiovascular disease.14 Lastly, a 
study of monozygotic twins suggested that variations in birth weight within twin 
pairs, unquestionably due to environmental influences acting in utero, had a 
permanent effect on adult height rather than on obesity.15 

In general, the major increase in body fatness occurs after adolescence, more 
rapidly in women than in men, to a lifetime maximum at middle age.16 The effect of 
reduced fetal growth on body fatness may be more easily detectable in middle-aged 
people. We studied therefore again the effect of prenatal exposure to the Dutch famine 
on obesity but this time in women as well as in men who are now about 50. The Dutch 
famine occurred at the end of World War II in the west of the Netherlands and lasted 
about six months. At its peak in the first months of 1945, the official daily rations for 
the general population varied between 400 and 800 calories. All participants were 
born in a university hospital in Amsterdam, and we have detailed information about 
the course of the pregnancies and the body measures at birth. '7 

Methods 

Selection of participants 
Between 1 November 1943 and 28 February 1947, 5425 children were born in the 
Wilhelmina Gasthuis, a university hospital in Amsterdam. Most patients of this 
hospital came from lower and middle social classes, but little is known about the 
referral pattern for obsteric care during this period. We sought the birth records of the 
1380 liveborn singletons who were born between 1 November 1944 and 28 February 
1946. We also sought the records of 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 of 650 liveborn singletons born in the year thereafter (i.e. born between 1 March 
1946 and 28 February 1947). Of these 2680 babies, 27 (1%) were excluded because their 
birth record was missing and 239 (9%) were excluded because the gestational age at 
birth was below 259 days, either as computed from the date of the last menstrual 
period, or as estimated by the obstetrician at the first prenatal visit and at the physical 
examination of the baby just after birth. In all 2414 liveborn singletons were included. 

We invited 912 people who lived in or close to Amsterdam to attend the Academic 
Medical Center. Of those invited, 741 (81%) attended the clinic and underwent detailed 
anthropometry. Mean birth weights according to prenatal exposure to famine among 
this group of 741 participants did not differ from the rest of the 2414 babies who were 
not included (difference in birth weight adjusted for prenatal exposure to famine is 22 
g,p = 0.28). 

Study parameters 
We took the maternal characteristics and birth data from the medical birth records. 
We took weight at the start of the third trimester of pregnancy and at the last prenatal 
visit which was always within two weeks of 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) to the time interval between 
the weight measurements. Maternal body height was not available. As a substitute 

77 



Chapter 7 

measure of skeletal size, we used the mothers' interspinous distance, which is the 
distance between the anterior superior iliac spines. Socioeconomic status at birth was 
derived from the occupation of the head of the family, which was dichotomized into 
manual and non-manual class. 

Between March, 1995, and August, 1996, trained research nurses performed all 
measurements during the clinic visits, which took place in the morning after an 
overnight fast. They measured height with a fixed stadiometer, weight in light clothes 
with a SECA scale, and waist circumference with a flexible tape measure midway 
between the costal margin and the iliac crest, and hip circumference at the widest part 
of the hips, generally at the level of the greater trochanters. We calculated adult body 
mass index as body weight divided by the square of height. 

The participants were interviewed to obtain information about their medical 
history, and smoking habits. The participants were also asked to recall their body 
weight at the age of 20. We also recorded the reproductive history for women. 
Current socioeconomic status was determined from the subject's or partner's 
occupation, whichever was highest, according to the socioeconomic index (ISEI-92) 
with a scale ranging from 16 for the lowest to 87 for the highest status.18 This measure 
for socioeconomic status was originally derived from the education needed for an 
occupation and the income generated by it. People with schooling up to and including 
lower general secondary education were considered to have a low level of education. 
The research procedures were approved by the Medical-Ethical Committee of the 
Academic Medical Centre of the University of Amsterdam. 

Exposure to famine 
The famine period was defined solely according to official daily rations for the general 
population of 21 years and older. The rations were about 1800 calories per day in 
December 1943. This figure gradually decreased to about 1400 calories in October 1944, 
and fell below 1000 calories on 26 November 1994. The energy intake from protein, 
carbohydrate and fat were proportionately reduced. The rations varied between 400 
calories and 800 calories from December 1945 to April 1945, and rose above 1000 
calories after 12 May 1945, one week after liberation by the Allied forces. In June 1945 
rations were over 2000 calories. Children younger than 1 year were relatively protected 
during the Dutch famine, because their official daily rations never fell below 1000 
calories, and the specific nutrient components were always above the standards used 
by the Oxford Nutritional Survey." We considered a baby to be exposed to famine in 
utero if the average maternal daily ration during any 13-week period of gestation was 
below 1000 calories. Babies born between 7 January 1945 and 8 December 1945 were 
thus exposed. We used three periods of 16 weeks to distinguish between babies who 
were exposed during late gestation (born 7 January to 28 April), mid gestation (29 April 
to 18 August) and early gestation (19 August to 8 December). 

Statistical analysis 
We calculated the differences in the anthropometric measures between non-exposed 
people and those exposed in late, mid, or early gestation. We log transformed body 
mass index before analysis, because of its skewed distribution; the means and standard 
deviations are given as geometric, and the differences across exposed groups as 
relative differences in percentages. We used multiple linear regression to adjust for 
potential confounders. For a relatively large number of participants, we did not have 
data of maternal weight at the end of pregnancy, maternal weight gain in the third 
trimester of pregnancy, or socioeconomic status at birth. When adjusting for each of 
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these maternal characteristics, we set the value for that variable with missing values to 
zero and entered an extra variable into the regression model with a value of 1 for those 
with missing values for that variable and a value of 0 for the rest. 

Results 

298 (40%) of the 741 people were exposed to famine at some time during gestation 
(table 1). In our sample, there were fewer men among those exposed to famine during 
gestation. Mothers exposed in late pregnancy gained less weight in the third trimester 
than unexposed mothers did, whereas those who were exposed to famine in mid or 
early pregnancy and had an adequate diet during the rest of the pregnancy gained 
more. Mothers exposed in late or mid pregnancy weighed less at the end of pregnancy. 
Babies born after famine exposure during late or mid gestation had lower birth weights, 
lengths and head circumferences. Characteristics at adult age (socioeconomic status, 
level of education and frequency of current smoking) were similar across exposure 
groups. Women born after exposure to famine in early gestation had more frequently 
been pregnant at least once. 

At age 50, body weight, body mass index and waist circumference were raised in 
participants exposed to famine in early gestation (table 1). These effects of prenatal 
exposure to famine in early gestation were different between men and women. In 
women, body weight, body mass index, and waist circumference were all increased, 
whereas in men these measures were hardly affected (table 2). Waist-to-hip ratio was 
not significantly increased after exposure to famine in early gestation both in men and 
in women, even if we allowed for body mass index in our analyses. Height was similar 
across exposure. 

Adjustment for potentially confounding variables (maternal age, parity, weight at 
end of pregnancy, interspinous distance, socioeconomic status at birth and at present, 
and level of education) hardly changed the results. Compared to non-exposed 
participants, body mass index differed by 8.7% (95% CI 1.9 to 16.0), and the waist 
circumference by 6.3 cm (1.7 to 10.8) among women exposed to famine in early 
gestation, when adjusting for all these variables. Corresponding differences among 
men exposed in early gestation were -0.1% (-5.4 to 5.3) for body mass index, and 1.6 cm 
(—2.7 to 5.9) for waist circumference. 

Body mass index derived from weight recalled for age 20 was increased after 
exposure to famine in early gestation, and decreased after exposure to famine in late 
gestation (table 2). The effect of exposure in early gestation was larger in men and that 
of exposure in late gestation larger in women. 

Body weight and height increased significantly with birth weight both in men and 
in women, but we did not find that body mass index, waist circumference or 
waist-to-hip ratio were associated significantly with birth weight (table 3). In women 
however, body mass index and waist circumference tended to increase with birth 
weight. The results for waist circumference and waist-to-hip ratio did not change 
when we adjusted for body mass index. 

Discussion 

We found that exposure to the Dutch famine in early gestation increased body weight, 
body mass index and waist circumference in women but not in men aged 50 years. A 

79 



Chapter 7 

poor maternal diet in early gestation which was followed by adequate nutrition during 
the remaining course of gestation was linked to an increased level of obesity in 
middle-aged women. The results based on recalled body weight at age 20 were in 
agreement with the study in the 19-year-old Dutch male conscripts that indicated that 
rates of obesity were increased after exposure to the famine in early gestation and 
decreased after exposure in late gestation.2 

The number of births corresponding to conceptions during the famine period 
decreased by about 50% compared to the prefamine level.20 Therefore, women who 
conceived during this period might be a selected group. In contrast to the study of 
Dutch conscripts, we had detailed information about the mother and the pregnancy, 
and we found that the associations between famine exposure in early gestation and 
obesity at age 50 were little affected, if we adjusted for maternal characteristics that 
might be determinants of fertility. This indicates that it is unlikely that selective 
fertility fully explained the observed associations. 

The Dutch famine was a unique nutritional challenge. It started and ended 
abruptly, lasted only six months, and was preceded and followed by more or less 
adequate nutrition. Moreover, the rations for infants were relatively spared which 
confines the exposure principally to the prenatal period. The Dutch famine study is 
therefore hardly comparable to other famine periods of which the long-term effects 
have been studied. For example, a study of people born in Leningrad around the time 
of the German Siege of 1941-1944 did not find an association between prenatal 
exposure to famine and obesity. The famine in Leningrad lasted for 28 months and, 
evidently, most people were exposed during the whole period of gestation as well as 
during infancy.2' Moreover, people born in Amsterdam around the time of the Dutch 
famine grew up in a time of increasing affluence, whereas the living conditions 
remained relatively poor for those born in Leningrad. 

Body size at birth of babies who were exposed to famine in early gestation was 
little affected, and the observed associations between exposure to famine in early 
gestation and obesity in women at age 50 were independent of body size at birth. 
People born after exposure to famine in mid and late gestation were shorter and thinner 
at birth, and it was in these people that we found a decreased glucose tolerance, which 
was even larger than could be explained by the famine-related reductions in birth 
size. We could not demonstrate an effect of prenatal exposure to famine during 
gestation on adult blood pressure, although blood pressure was strongly inversely 
associated with body size at birth.22 These diverse links between prenatal exposure to 
famine and fetal growth on the one hand, and obesity, glucose tolerance and blood 
pressure in adult life on the other indicate once again that undernutrition in utero has 
a variety of long-term effects, that depend on its timing. These findings suggest that all 
these components of the 'metabolic syndrome' have an origin in fetal life, but also that 
they seem to be programmed at different times. 

Exposure to famine during early gestation affected the level of obesity and the 
distribution of body fat differently for men and women. The body-mass index and the 
waist circumference at age 50 were increased in women but not in men. These findings 
suggest that these women store fat intra-abdominally, because it has been shown that 
the waist circumference represents intra-abdominal fat mass at least as accurately as 
the waist-to-hip ratio.23'24 An increased abdominal fat deposition is linked to changes in 
sex hormones. Intra-abdominal obesity is linked to hyperandrogenicity in women, and 
to low testosterone levels in men.25 The proposed mechanisms underlying obesity are 
sometimes distinguished into two categories.26 The first refers to hypothalamic 
dysfunction, and the second to abnormalities at the level of the fat cell. Following this 
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approach, we think that our findings indicating different effects in men and women 
support the idea that the increased levels of obesity after exposure to famine in early 
gestation are due to altered function of central endocrine regulatory mechanisms 
rather than to abnormalities of the adipocyte. 

In response to the study of prenatal exposure to famine in Dutch conscripts2, a 
series of studies was performed in rats to examine these effects of famine exposure in 
early gestation in more detail. One group of investigators found that the effects of early 
gestational undernutrition on food intake, body weight and obesity were dependent 
on the animals' sex and their diet after birth.27 Male and female offspring of mothers 
who were undernourished in the first two weeks of pregnancy had a higher food 
intake and gained more weight when fed a standard laboratory diet than control 
offspring did. But when the diet was changed at 140 days after birth to a high fat diet, 
only male offspring gained weight at greater rate than control animals, which was not 
accompanied by hyperphagia. Maternal overeating after the food restriction during 
the first two weeks of pregnancy contributed to these effects. In a second study, it was 
shown by the same investigators that an enhancement of body weight and 
hyperphagia ensued in male rats but not in female rats exposed to undernutrition in 
early gestation when they were fed a high fat diet already from weaning.28 Another 
group of investigators found, using a different diet and another lineage of rats, that, 
compared with normal rats, undernutrition in the first two weeks of gestation resulted 
in a decreased weight at 53 days after birth in male rats, whereas female rats had 
normal body weight, but a higher retroperitoneal and parametrial fat pads.29 Both 
groups of investigators concluded that increases in food intake in later life alone 
cannot account for the increased level of obesity in these animals. Instead, they 
suggested several mechanisms which all relate to permanently altered regulatory 
mechanisms of energy intake and expenditure. 

In conclusion, our findings imply that permanent adaptations of central regulatory 
mechanisms occurred as a result of changes in the mother's body brought about by 
poor nutrition in early pregnancy followed by a rapid improvement later in pregnancy. 
These adaptations did not restrict linear growth but seemed to have resulted in a 
disturbed central regulation of the accumulation of body fat in later life. 
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Table 2: Differences in adult body size (95%confidence interval) according to timing of prenatal 
famine exposure compared to non-exposed participants (those born before or conceived after 
the famine). 

Exposure to famine 
in late in mid in early 
gestation gestation gestation 

men n=57 n=44 n=30 

body size at age 50 
weight (kg) 0.8 (-3.1 to 4.7) -2.3 (-6.6 to 1.9) 1.5 (-3.5 to 6.6) 
height (cm) 0.5 (-1.4 to 2.5) -1.5 (-3.7 to 0.6) 0.9 (-1.7 to 3.4) 
head (cm) 0.2 (-0.3 to 0.7) -0.3 (-0.8 to 0.2) -0.1 (-0.7 to 0.6) 
body mass index' 0.4% (-3.5 to 4.5) -1.2% (-5.5 to 3.3) 0.5% (-4.6 to 6.0) 
waist (cm) 1.8 (-1.4 to 4.9) -1.0 (-4.5 to 2.5) 1.8 (-2.4 to 6.0) 
waist-to-hip ratio 1.3 (-0.5 to 3.1) -0.4 (-2.4 to 1.6) 1.5 (-0.9 to 3.9) 

weight recalled for age 20 
weight (kg) -1.0 (-3.8 to 1.7) -1.5 (-4.6 to 1.6) 3.6 (0.0 to 7.2) 
body mass index' -1.9% (-5.2 to 1.6) -0.2% (-4.0 to 3.9) 3.8% (-0.8 to 8.5) 

n=63 n=66 n=38 

body size at age 50 
weight (kg) 
height (cm) 
head (cm) 
body mass index' 
waist (cm) 
waist-to-hip ratio 

-1.8 (-6.1 to 2.5) 
0.1 (-1.6 to 1.8) 
0.2 (-0.3 to 0.6) 

-2.1% (-7.0 to 3.1) 
-0.7 (-4.4 to 3.0) 
0.8 (-1.2 to 2.8) 

-1.5 (-5.7 to 2.8) 
-0.6 (-2.3 to 1.0) 
0.0 (-0.4 to 0.5) 

-1.3% (-6.3 to 3.9) 
0.4 (-3.2 to 4.1) 
0.9 (-1.1 to 2.9) 

7.9 ( 2.5 to 13.2) 
0.9 (-1.2 to 2.9) 
0.2 (-0.3 to 0.7) 
7.4% (0.7 to 14.5) 
5.7 (1.1 to 10.3) 
2.2 (-0.3 to 4.7) 

weight recalled for age 20 
weight (kg) -3.1 (-6.0 to-0.1) -1.3 (-4.2 to 1.5) 1.8 (-1.7 to 5.4) 
body mass index' -5.0% (-9.1 to -0.8) -0.9% (-5.0 to 3.4) 2.2% (-3.1 to 7.8 

' relative differences. 
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Table 3: Adult body size at age 50 according to birth weight. 

birth weight (g) 
<2750 -3250 -3750 >3750 p for trend 

men n=26 n=99 n=146 n=85 n=356 

weight (kg) 80.9 84.5 85.8 87.2 0.01 

height (cm) 172.9 176.1 177.3 179.6 <0.0005 
body mass index (kg/m2)1 26.9 26.9 26.8 26.9 0.9 
waist (cm) 95.8 97.6 97.3 97.3 0.9 
waist-to-hip (xlOO) 93.1 93.9 93.2 93.3 0.4 

n=46 n=150 n=128 n=61 n=385 

weight (kg) 69.9 72.9 75.2 79.5 0.002 

height (cm) 161.3 163.5 165.5 167.5 <0.0005 
body mass index (kg/m") 26.5 26.7 27.0 27.9 0.3 

waist (cm) 86.5 87.1 88.2 89.7 0.2 
waist-to-hip (xlOO) 82.3 82.0 81.9 81.5 0.7 

1 geometric means. 
' adjusted for prenatal exposure to famine. 
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Chapter 8 

Abstract 

Introduction 
Breast feeding is generally considered as the best nourishment for young infants, but 
only few studies addressed its effects on later health. We studied the association 
between the method of infant feeding in the first weeks after birth and glucose 
tolerance, plasma lipid profile, body mass and blood pressure in people who were 
between 48 and 53 years old. 

Methods 
We included persons born at term between 1 November 1943 and 28 February 1947 in 
the Wilhelmina Gasthuis in Amsterdam around the time of a severe famine (late 
November 1944 to early May 1945). The method of infant feeding was obtained from 
the medical records. 741 participants attended a special research unit of a clinic. For 
625 of these people, we had complete information about infant feeding and a blood 
sample after an overnight fast. We compared people who were at least partially bottle-
fed with those who were exclusively breastfed, always allowing for maternal and 
infant characteristics. 

Results 
People who were bottle-fed had a higher mean 120-minute plasma concentration after 
a standard oral glucose tolerance test than those exclusively breastfed (6.47 versus 5.87 
mmol/1, p= 0.007). They had a higher prevalence of new diagnosed non-insulin-
dependent diabetes mellitus (NIDDM) (9.7% vs. 2.7%, p=004). Bottle-fed people had 
increased fasting insulin and 32-33 split proinsulin concentrations, which indicates 
insulin resistance. They also had a lower HDL cholesterol concentration (1.27 vs. 1.34 
mmol/1, p=0.03) and a higher LDL/HDL ratio (3.14 vs. 2.86, p=0.01). Body mass index 
and blood pressure were not affected by the method of infant feeding. The results were 
not affected appreciably by further adjustment for potentially confounding variables. 

Conclusions 
People aged about 50 who were at least partly bottle-fed during the first weeks of their 
life had a decreased glucose tolerance and a more atherogenic lipid profile than those 
who were exclusively breastfed. The odds of having NIDDM to not having it was 
about 50% lower in those who were exclusively breastfed compared to those who were 
partially bottle-fed. Exclusive breast feeding in the group born around the famine 
period seems to have a protective effect against cardiovascular risk in later life. 

Introduction 

It is generally accepted that breast feeding has a beneficial effect on the health of 
infants and young children. The major advantage of breast feeding seems to be that it 
protects against certain infectious and allergic disorders and promotes 
neurodevelopment. ' Only a few studies however addressed its effects beyond the 
first years of life, and they showed that the method of feeding in infancy is associated 
with components of the insulin resistance syndrome including impaired glucose 
tolerance, dyslipidaemia, obesity and raised blood pressure.'' 

Firstly, a recent study in Pima Indians between 10 and 39 years, a population with 
an extremely high prevalence of non-insulin-dependent diabetes mellitus (NIDDM) 
showed that exclusive breast feeding in the first two months of life was associated 
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with a lower rate of NIDDM.7 The odds of having NIDDM to not having it was about 
60% lower in those who were exclusively breastfed compared to those who were 
exclusively bottle-fed. Secondly, it was also found that men born between 1920 and 
1930 in Hertfordshire had higher LDL cholesterol concentrations if they had been 
exclusively bottle-fed, or breastfed beyond the first year of life, whereas the cholesterol 
concentrations were unrelated to the method of infant feeding in women. Other 
studies demonstrated associations between breast feeding and lower cholesterol 
concentrations, more clearly however in women than in men. Thirdly, blood 
pressure was significantly raised in children aged 6 to 10 if they were exclusively 
breastfed for more than 15 weeks.'2 Another study indicated that blood pressure was 
higher in children and adolescents if they were breastfed for more than 3 months. 
Other studies however did not find associations between infant feeding and blood 
pressure.'4'15'16 Lastly, it was also shown that a shorter duration of breast feeding was 
associated with obesity in adolescence'7, and that the introduction of solids before 15 
weeks was associated with heavier and fatter children in the age between 6 and 10 

12 

years. 
Recently, we studied the relation between maternal nutrition during gestation and 

components of the insulin resistance syndrome in a cohort of people of about 50 years 
old. The people were born between 1943 and 1947 in a university hospital in 
Amsterdam around the time of the Dutch famine, a period of severe malnutrition in 
the last six months of World War II. We found that exposure to famine during mid and 
late gestation was linked to impaired glucose tolerance.' In the same cohort, we also 
studied the relation between the method of infant feeding during the stay in the 
hospital and the components of the insulin resistance syndrome. We compared glucose 
tolerance and plasma lipid profile, level of obesity and blood pressure in people who 
had been exclusively breastfed during the first 10 days of their lifes with those who 
were at least partly bottle-fed. 

Subjects and Methods 

The design and data collection procedure of the Dutch Famine Birth Cohort Study 
have been described in detail elsewhere.'8 We retrieved the medical records of all 1380 
singletons born alive after 37 weeks of gestation between 1 November 1944 and 28 
February 1946 in the Wilhelmina Gasthuis in Amsterdam. We also retrieved the 
medical records of random samples of 650 babies born in the year before this period 
and of 650 born in the year thereafter. Of these babies, 27 (1%) were excluded because 
their medical record could not be found, and 239 (9%) were excluded because the 
gestational age at birth was below 259 days. Therefore, 2414 were eligible to be 
included. We invited 912 people who still lived in or close to Amsterdam to visit the 
Academic Medical Center after an overnight fast. 32 (3.5%) of the 912 had been 
diagnosed with diabetes mellitus in the past. 

741 attended the clinic between March 1995 and August 1996. We took the 
method of infant feeding at the day of hospital discharge from the medical records. 
The method of infant feeding was missing in 67 people. We also considered the 
method of feeding to be missing if people had stayed in hospital less than 7 days (10 
people) or more than 31 days (16 people). Of the 648 participants with complete 
information about infant feeding, 625 had a fasting blood sample taken. Birth weights 
among these 625 participants differed neither from those among the rest of 2414 
people who were originally eligible, nor from those among the rest of the 912 people 
who were invited to attend the clinic. 
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Maternal characteristics and birth data were abstracted from the medical records. 
Socioeconomic status at birth was determined from the occupation of the head of the 
family, which was dichotomized into manual and non-manual class. Current 
socioeconomic status was determined from the person's or their partner's occupation, 
whichever was highest, according to a scale that represents the education needed for it 
and the income generated by it, ranging from 16 for the lowest to 87 for the highest 
status. 

We performed an oral glucose tolerance test, taking blood samples at 0 min, 30 
min and 120 min after a 75-g oral glucose load. The fasting insulin and 32-33 split 
proinsulin concentrations were used as a measure of insulin resistance, because they 
reflect the degree of exposure of the pancreatic beta cell to glucose and so to increased 
demands for insulin." The 30 min relative insulin increment log ((30 min insulin -
fasting insulin)/ 30 min glucose) was calculated as a measure of insulin deficiency.21 

We took fasting blood samples to measure lipid and lipoprotein concentrations. We 
measured waist circumference midway between the costal margin and iliac crest and 
hip circumference at the widest part of the hips, generally at the level of the greater 
trochanter. Body mass index was calculated as weight divided by the cube of height. 
Blood pressure was the average of four measurements in the non-dominant arm, taken 
twice before and twice after the other examinations with a automated auscultatory 
device (Profilomat), while the participants had been seated for at least 5 minutes. 

People were considered to be prenatally exposed to famine if the official daily 
rations were less than 1000 calories during any 13-week period of gestation. According 
to this definition, babies born between January 7, 1945 and April 28, 1945 were 
exposed in late gestation, babies born between April 29,1945 and August 18,1945 were 
exposed in mid gestation, and babies born between August 19, 1945 and December 8, 
1945 were exposed in early gestation. The official rations for children younger than 
one year were always higher than 1000 calories.22 Pregnant and lactating women 
received food supplements of about 4000 calories per week, but during the early 
months of 1945 these supplements were not always available.22 

We compared differences between people who were exclusively breastfed and 
those who were at least partly bottle-fed with multiple linear regression for 
continuously distributed variables and logistic regression for dichotomous variables. 
We log-transformed some continuous variables before analysis because of their 
skewed distributions; means were tabulated as geometric means and standard 
deviations, and differences between feeding methods as percentages. We always 
adjusted for sex, prenatal exposure to famine in late, mid or early gestation, maternal 
age, birth weight and length of hospital stay when testing differences. In a second step, 
we additionally adjusted for other maternal characteristics, birth characteristics, and 
adult characteristics. 

Results 

520 (83.2%) of the 625 people included in this study had been exclusively breastfed 
during their stay in hospital, 99 (15.8%) were partly bottle-fed, and 6 (1.0%) were 
exclusively bottle-fed. Babies who were exclusively breastfed were slightly more 
frequently exposed to famine during gestation than babies who were at least partly 
bottle-fed. Also, they had younger mothers who suffered less often from mastitis. All 
other characteristics did not differ appreciably according to the method of feeding 
(table 1). 
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When adjusting for sex, prenatal exposure to famine, maternal age, birth weight 
and hospital stay, we found that people who were at least partly bottle-fed had higher 
120-minute plasma glucose concentrations than those who were exclusively breastfed 
(table 2). They had also higher fasting insulin and 32-33 split proinsulin 
concentrations, which suggests some degree of insulin resistance. The 30-min relative 
insulin increment, a measure of insulin deficiency, did not differ according to the 
method of infant feeding. The prevalences of non-insulin-dependent diabetes mellitus 
(NIDDM) and impaired glucose tolerance (IGT) were more than doubled. Also fasting 
LDL cholesterol and apolipoprotein B concentrations were higher in those who were at 
least partly bottle-fed, as well as the LDL/HDL-cholesterol ratios, which all points to a 
more atherogenic lipid profile. The level of obesity and the body fat distribution in 
terms of body mass index, waist circumference and waist-to-hip ratio did not differ 
according to the method of infant feeding, neither did the systolic and diastolic blood 
pressures. 

All these results hardly changed when we also additionally adjusted for other 
maternal characteristics (parity, mastitis, level of education, socioeconomic status), 
birth characteristics (stay in incubator), and adult characteristics (socioeconomic status, 
level of education). For example, after adjustment for all these variables, 120 min 
glucose concentration was 10.1% (95% CI 2.7 to 18.1) higher, fasting insulin 
concentration was 15.8% (3.3 to 30.0) higher, fasting 32-33 split proinsulin 
concentration was 27.6% (8.5 to 50.1) higher, HDL cholesterol concentration was 0.6% 
(0.3 to 1.1) lower and LDL/HDL ratio was 11.4% (2.2 to 21.5) higher among those at 
least partly bottle-fed than among those exclusively breastfed. The odds of having IGT 
to not having it were 0.45 (0.26 to 0.78) in those who were exclusively breastfed 
compared to those who were partially bottle-fed. The odds of having NIDDM were 
0.25 (0.10 to 0.62) in those who were exclusively breastfed compared to those who 
were partially bottle-fed. Including the known NIDDM patients hardly changed these 
odds ratios. 

The differences according to the method of infant feeding with respect to the 
insulin-glucose metabolism seemed to be more or less the same in men and women. 
For example, the 120 min glucose concentration was 8.7% (-1.9 to 20.6) higher in at 
least partly bottle-fed men, and 11.4% (1.4 to 22.4) higher in at least partly bottle-fed 
women, compared with those who were exclusively breastfed. The differences with 
respect to the lipid concentrations however seemed to be, not significantly, larger 
among women than among men. We found among women that LDL cholesterol was 
0.31 mmol/1 (0.01 to 0.61) higher, HDL cholesterol was 7.8% (0.7 to 14.4) lower, 
LDL/HDL ratio was 16.2% (2.9 to 31.3) higher in those at least partly bottle-fed than in 
those exclusively breastfed. Corresponding differences in men were 0.11 mmol/1 (-0.20 
to 0.42) for LDL cholesterol, -3.8% (-11.2 to 4.3) for HDL cholesterol and 6.3% (-5.0 to 
20.7) for LDL/HDL ratio. 

Discussion 

We found that people who were at least partly bottle-fed during the first two weeks of 
life in or around the Dutch famine period had a decreased glucose tolerance and a 
more atherogenic lipid profile at the age of 50 than those who were exclusively 
breastfed. The method of infant feeding did not affect adult body mass or blood 
pressure. The deleterious effects of bottle feeding on the lipid profile seemed to be 
slightly stronger in women than in men. The results of the increased risk on diabetes 
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mellitus^ after partial breastfeeding were in agreement with the findings of the Pima 
Indians. Although the people in our group were older and the prevalence of NIDDM 
was much lower compared to the Pima Indians. The results of the atherogenic lipid 
profile were in agreement with the findings of the Hertfordshire men8, adults in 
Croatia and the 1946 cohort.™ 

This study is based on information about the method infant of feeding as it was 
noted in the medical records at discharge. We only distinguished between those who 
were exclusively breastfed and the rest, because exclusive bottle-feeding was very rare. 
The characteristics of the breast and bottle-fed group at birth and at adult age were 

remarkably similar. Conceivably, adjusting for these characteristics did not affect the 
associations between method of feeding and glucose tolerance or lipid profile. It is 
therefore unlikely that these results can be merely attributed to differences in 
biological or behavioural determinants of the method of feeding. It is also important 
to note in this respect that if the associations between infant feeding and adult health 
outcomes were confounded by for example socioeconomic status at birth or at adult 
age, or the level of education, one would have expected associations between infant 
feeding and blood pressure or body mass, neither of which were found.23 

About 40% of the people included in this study were exposed to famine in utero. 
A number of arguments indicate that it is unlikely that this exposure to undernutrition 
of the women and their babies has affected the associations found between bottle 
feeding and the reduced glucose tolerance and atherogenic lipid profile at adult age. 
Firstly, 81% of the women who were undernourished during late pregnancy were able 
to exclusively breastfeed their babies compared to 83% of the others." 's In those days, 
additional bottle-feeding was given, if weighing the newborn baby immediately before 
and after breastfeeding indicated an insufficient milk supply. Secondly, lactating 
women were entitled to additional weekly supplies.22 Moreover, a large number of 
studies have shown that women are able to produce milk with adequate content of 
protein, fat, carbohydrate, and most minerals even when their own nutrition is 
limited. Thirdly, children under 1 years were regarded as a group that must be 
protected and the official rations for this group never fell below 1000 calories, which is 
adequate according to the then prevailing standards.22 

We do not have information about the method of infant feeding after discharge 
from hospital, which took place on average 10 days after birth, and still we found 
relatively large deleterious effects on glucose tolerance and cholesterol concentrations 
in adult life. In those days, women were advised to breastfeed their babies exclusively 
for seven to nine months. 26 In our view, it is therefore likely that those who were 
exclusively breastfeeding their babies at discharge tried to maintain breastfeeding for 
at least several months. This view is in agreement with the impression of the Dutch 
paediatricians and obstetricians regarding the effect of maternal undernutrition and 
lactation. Most felt the duration of breastfeeding was not greatly affected. About 50% 
of the babies were still exclusively breastfed at the age of 3 months and about 35% at 
the age of 6 months." Bottle feeds most commonly consisted of diluted cows' milk 
(milk and water in the proportion of 1 to 1, or 2 to 1) with some added sugar, or 
buttermilk with rice flour and sugar, which gave it a more or less similar caloric 
content, but a higher protein and a lower fat content compared to human milk.2' 

Which factors could explain the effects of breast feeding on the glucose and lipid 
metabolism? Since the early seventies, a large number of studies with the baboon as 
an animal model were performed to get a better understanding of the mechanisms by 
which nutrition in human infants affects adult metabolism. "" In contrast to our 
findings, these studies showed that breast-fed baboons had a more atherogenic profile, 
especially lower HDL cholesterol concentrations, throughout their life than bottle-fed 
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ones. More detailed studies eliminated nutritional factors as cholesterol content, type 
of fat, or under- or overfeeding as mechanisms by which infant nutrition affects lipid 
metabolism in adult life. This suggests that biologically active substances like growth 
factors or hormones that are contained in breast milk permanently changed lipid 
metabolism. 

Whatever the underlying factors may be, we observed associations of infant 
feeding with glucose and lipid metabolism, but not with blood pressure or body mass. 
This discrepancy provides evidence against the hypothesis that fetal or infant 
nutrition is the 'common soil' that gives rise to the insulin resistance syndrome. It 
corresponds to our observations in the same group of people with respect to the effects 
of prenatal exposure to maternal malnutrition. We found that maternal undernutrition 
in mid and late gestation was linked to impaired glucose tolerance , undernutrition in 
early gestation to a higher body mass in women , and a more atherogenic lipid profile 
whereas blood pressure was not associated with maternal nutrition at all. 

Our results support the hypothesis that the method of infant feeding is an 
important determinant of health in adult life. Babies who were exclusively breastfed 
during the first days of their lifes had favourable outcomes with respect to glucose and 
lipid metabolism, which could relates to a lower risk of cardiovascular disease. 
However our understanding of the mechanisms linking prenatal and postnatal 
nutrition and cardiovascular disease is still poor. Because of the potential importance 
for the prevention of cardiovascular disease, it is important that the research in the 
area of infant nutrition should also focus on biological effects in later life. '" 
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Table 1: Characteristics at birth by infant feeding. 

Exclusively Partly Total 
breastfed bottlefed (s.d.) 

n=520 n=105 n=625 
men 48.8% 45.7% 48.3% 

exposed to famine 
during gestation 41.5% 37.2% 40.8% 

in late gestation 15.8% 18.1% 16.2% 
in mid gestation 15.4% 10.5% 14.6% 
in early gestation 10.4% 8.6% 10.1% 

maternal characteristics 
age (years) 28.7 31.2 29.1 (6.5) 
primiparous 32.9% 35.2% 33.3% 
low level of education 87.4 81.5 86.4 
manual class 63.5% 62.8% 63.4% 
weight gain 3rd trim, (kg) 3.5 3.6 3.5 (3.2) 
weight last pren. visit (kg) 66.2 65.3 66.1 (8.5) 
mastitis 2.7% 5.7% 3.2% 

birth characteristics 
gestational age (days) 285 285 285 (12) 
birth weight (g) 3366 3326 3359 (460) 
length of hospital stay (days) 10.2 11.8 10.4 (3.4) 
stay in incubator 1.9% 4.8% 2.4% 

adult characteristics 
social economic status 47.5 48.2 47.6 (13.6) 
low level of education" 64.2% 68.6% 65.0% 

primary school completed or lower, 
lower general secondary education completed or lower 
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Table 3: Means of adult outcomes by infant feeding and sex. 

Men Women 
exclusively 
breast 

partly 
bottle 

exclusively 
breast 

partly 
bottle 

n=254 n=48 n=266 n=57 

120 min glucose (mmol/1)' 5.80 6.27 5.93 6.64 

fasting insulin (pmol/1)' 
32-33 split proinsulin (pmol/1)' 
insulin increment 

48.5 
7.31 
3.32 

58.2 
9.14 
3.53 

44.3 
5.35 
3.40 

48.6 
6.59 
3.19 

ldl-cholesterol (mmol/1) 
hdl-cholesterol (mmol/1)' 
ldl / hdl ratio' 
triglyceride (g/1) ' 

4.08 
1.17 
3.38 
1.26 

4.14 
1.14 
3.52 
1.27 

3.84 
1.53 
2.43 
1.01 

4.16 
1.40 
2.86 
1.13 

body mass index (kg/m ) 
waist circumference (cm) 
waist / hip ratio 

26.9 
97.0 
93.3 

27.0 
98.3 
94.3 

26.7 
87.0 
81.6 

27.4 
89.0 
82.2 

diastolic RR (mm Hg) 
systolic RR (mm Hg) 

86.7 
127.6 

84.8 
125.7 

84.8 
122.8 

84.9 
124.3 

geometric mean 
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Chapter 9 

In this thesis we have reported the results of a series of analyses on the effects of 
maternal malnutrition during the Dutch famine in different periods of gestation on 
body size at birth, glucose tolerance and obesity at age 50. We have also reported the 
effects that the method of early infant feeding had on the insulin resistance syndrome 
at age 50. 

This chapter presents a comprehensive summary of the study results. We will 
discuss some potential methodological issues. Subsequently the results are put in 
perspective by a comparison with the recent literature. We end this chapter with the 
discussion of the implications of our study findings for the early origins hypothesis. 

Summary of the results 

This thesis reported on a large study of health outcomes at age 50 in a cohort that was 
in partially prenatally exposed to the effects of the Dutch famine. 

Exposure to maternal malnutrition during gestation was found to be associated 
with differences in body size at birth. Babies whose mothers were exposed to 
malnutrition in mid and late gestation were short and thin, whereas babies of mothers 
who were exposed to malnutrition only during early gestation were heavier and 
longer. Head circumferences were reduced in all babies. 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. 

Exposure to maternal malnutrition during mid and late gestation was found to be 
associated with decreased glucose tolerance at age 50. ' We also found that thinness at 
birth was associated with reduced glucose tolerance. Glucose tolerance was more 
impaired among people exposed to famine who became obese as adults. The effects of 
prenatal exposure to famine were larger than can be explained by famine related 
variations in birth weight. Poor nutrition in utero may lead to permanent changes in 
the glucose metabolism in adult life even if the effect on fetal growth is small. 

Maternal malnutrition during early gestation was associated with a higher level of 
obesity and a more central body fat distribution in 50 year old women but not in men. 
At age 20 maternal malnutrition during early gestation was associated with a higher 
level of obesity and maternal malnutrition during late gestation was associated with a 
lower level of obesity. We found no clear associations between body size at birth and 
obesity. These findings are compatible with the hypothesis that exposure to famine in 
early gestation results in a hypothalamic dysfunction which might lead to obesity in 
adult life. 

Bottle feeding in the first weeks after birth was found to be associated with an 
impaired glucose tolerance, a higher risk of non-insulin-dependent diabetes and a 
more atherogenic lipid profile but had no effect on obesity nor on blood pressure at 
age 50. These findings suggest that people born around the famine period who were 
bottle fed in the first few weeks after birth have a more cardiovascular risk in later life. 

Summarising the results we can say that maternal malnutrition at mid or late 
gestation led to thin and short babies with decreased glucose tolerance at age 50. 
Maternal malnutrition at early gestation led to heavy and long babies with increased 
obesity and body fat distribution in 50 year old women. Partial bottle feeding, 
compared to exclusive breastfeeding in early life, was associated with decreased 
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glucose tolerance, increased non-insulin-dependent diabetes mellitus and a more 
atherogenic lipid profile at age 50. 

Methodological issues 

The Dutch famine as an "experiment of history" 
Previous epidemiological studies have described associations between small size at 
birth, as a proxy for poor fetal growth, and adult glucose tolerance. No study had 
directly linked human maternal nutrition during specific periods of gestation with 
glucose tolerance and obesity in adult life. The Dutch famine proved to be an unique 
opportunity to study the effects of maternal nutrition during gestation on adult 
glucose tolerance, obesity and other cardiovascular risk factors. 

In general, a scientific experiment is a set of observations, conducted under 
controlled conditions. Usually, the term experiment is restricted to situations in which 
these conditions are manipulated by the investigator. The objective of an experiment is 
to compare differences between sets of conditions in which only the factor that is 
relevant to the outcome varies.2 The observations of the Dutch famine study originate 
from a historical disaster that afflicted the whole population in the Western part of the 
Netherlands. By comparing four groups of pregnant women we emulated an 
experimental approach. The relevant factor here is maternal nutrition during gestation. 
We studied the outcomes at birth and at adult age of fetuses who were exposed to 
famine during late, mid or early gestation compared those who were not exposed to 
famine during gestation. 

Admittedly, the experimental nature of the Dutch famine study was violated to 
some extent. Potentially important influences such as bias by selective fertility or social 
economic status could have influenced the findings of our study. 

Selective fertility 
Selective fertility means that during the famine period, in contrast to the pre- and post 
famine period, not all women in the reproductive age could become pregnant for 
physiological or behavioural reasons.3 During the severe famine months many women 
were amenorrheaic." Nine months later approximately 50% fewer children were born. 
This means that in the most severe months of the famine fewer conceptions took place 
and that the famine was affecting fertility. 

We found that women who conceived during the severe famine months were 
younger and more frequently unmarried. However these women did not differ by 
parity, weight at the last prenatal visit or by their pelvic size from women who were 
unexposed to famine during gestation. Adjusting for a large number of maternal 
characteristics that might relate to the biological and behavioural determinants of 
fertility -including age, marital status, parity and weight - the results of the described 
association between early exposure to famine and obesity in adult life were hardly 
affected. 

Socioeconomic status 
The possibility that during the respective time windows of the study different 
categories of women delivered in the Wilhelmina Gasthuis might have contributed to 
another form of bias. It has been objected that people of lower socioeconomic status 
were more severely afflicted by the famine. However, the teams of nutritional 
specialists by the Allied forces who investigated the nutritional conditions of the 
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population immediately after the liberation of the Western Netherlands did not 
observe that weight loss during the famine period was related to socio-economic 
status.5 Most people belonged to the lower and middle social classes, which reduced 
the socioeconomic heterogeneity across the exposure groups and reduced the potential 
bias by socioeconomic status. We did not find sources describing differences in the 
actual referral pattern during the famine period. Also we did not find a stronger 
association between maternal malnutrition and adult outcomes in the group of lower 
socio-economic status at birth. Furthermore, the results described in this thesis were 
not affected by adjustment for socio-economic characteristics both at birth and at adult 
age. 

Dutchfamine 
The Dutch famine period was characterised as a period of severe malnutrition. It was 
also a period of other severe circumstances like cold and stress. We can not rule out the 
possibility that the combination of maternal nutrition with the other factors during the 
famine period may have contributed to the adult outcomes. Nobody can recover the 
exact chain of events during the famine period influencing adult health outcomes. 
Consequently, we should apply appropriate caution in attributing all differences in 
adult outcomes exclusively to maternal malnutrition during gestation. 

Discussion of the results 

Results of maternal nutrition on fetal growth 
The body proportions of a newborn are thought to reflect the timing of the adverse 
environmental influences during gestation. 6'7'8 It has been suggested that 
"disproportionate or assymetrical" fetal growth retardation reflects inadequate supply 
of nutrients and oxygen (failure of the supply line) at the time of rapid increase in fetal 
weight at the second half of pregnancy.9''0 By contrast, it is suggested that 
"proportionate or symmetrical" fetal growth retardation reflects low genetic growth 
potential or adverse influences in early pregnancy during the time of cellular 
hyperplasia which set the fetus on a low growth trajectory." The idea that body 
proportions of a newborn body indicate the timing of fetal nutrition was the central 
motive to study the body proportions of newborn babies exposed at different times 
during gestations.12 

Babies whose mothers were exposed to famine in mid and late gestation appeared 
to be short and thin; their growth was disproportionately impaired. However, babies 
whose mothers were exposed to famine in early gestation and had an adequate 
nutrition in later gestation were heavier and longer. These results support the 
suggestion that disproportionate fetal growth retardation occurs after undernutrition 
in the second half of gestation. The apparent enhancement of fetal growth of those 
whose mothers were exposed to undernutrition in early gestation but experienced a 
rapid improvement of their diet in the later pregnancy is difficult to interpret. It is 
possible that it was the combination of early undernutrition with the adequate 
nutrition in the later part of gestation. Undernutrition that starts in early gestation 
generally continues at least until birth. The isolated exposure during early gestation 
however reflects common practice in sheep farming, where ewes are temporarily put 
on poor pastures early after mating in order to produce bigger lambs. 

Whatever the mechanisms underlying the effects of exposure to famine in early 
gestation, size at birth only indirectly reflects the severity and timing of the adverse 
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environmental events during gestation.13 This means that body sizes at birth, even if 
body proportions like low pondéral index are taken into account, provide no more 
than a rather crude measure of the pattern of fetal growth. 

Results of maternal malnutrition on adult disease 
It has been put forward that the results of the Dutch famine study deviate from two 
previous negative studies on the influence of prenatal exposure to famine on health in 
later life.14 A study of about 760,000 individuals, born around the Finnish famine 1866-
1868, found that nutritional deprivation in utero had no effect on survival after the age 
of 18 years.15 A second study compared 169 individuals who were exposed to 
malnutrition in utero with 192 individuals exposed in early life during the Siege of 
Leningrad 1941-1944. The authors reported no association between intrauterine 
malnutrition and glucose tolerance, obesity or other cardiovascular risk factors.'6 

We think that the Leningrad famine study is hardly comparable with the Dutch 
famine study. As indicated before, the Dutch famine happened abruptly and lasted 
only six months whereas the Leningrad Siege lasted more than two years. The Dutch 
famine period was preceded and followed by periods of relative adequate nutrition. 
During the Dutch famine the children were exposed during prenatal life but not in the 
first year of life whereas during the Leningrad Siege children were exposed during 
fetal and in infant life. Those born around the time of the Dutch famine also grew up 
later in life in times of increasing affluence whereas this was not the case in Russia. "' 
Moreover, we think that the glucose outcomes of the Leningrad study were not totally 
unaffected by malnutrition during the prenatal famine period. The investigators 
reported a mean 120-min glucose plasma concentration of 6.1 mmol/1 (95% CI 5.8-6.4) 
in the subjects who were exposed to famine in utero. This exceeds the mean of 5.7 
mmol/1 (95%CI 5.4-6.0) in those not exposed to famine in utero and born outside the 
famine area of Leningrad.19 

Implications of the results for the early origins hypothesis 

The early origins hypothesis states that a baby's nourishment before birth and in early 
life influences its susceptibility to diseases later in life. The central element of the 
hypothesis is that fetal growth is predominantly determined by the supply of nutrients 
and oxygen to the fetus, and that the fetus slows its rate of growth as an adaptation to 
a lack of supply.20 We see two implications of the findings of the Dutch Famine study 
for our understanding of the links between environmental influences during fetal and 
early life and later diseases. 

We found that fetal programming, as a result of fetal undernutrition, can occur 
without affecting the overall body size and proportions at birth. We found that the 
effects of maternal malnutrition in mid and late gestation on glucose tolerance were 
larger than could be explained by famine related variations in birth weight. In other 
words, maternal malnutrition itself is associated with impaired glucose tolerance and 
obesity even if the effect on fetal growth is small. These effects of maternal 
malnutrition on glucose tolerance and obesity in adult life might be the result of 
metabolic or endocrine adjustments to undernutrition in order to maintain fetal 
growth. 
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There has been suppor t for the idea that non-insul in dependen t diabetes melli tus, 
obesity, hyper tens ion and atherogenic lipid profile share similar envi ronmenta l 
antecedents , that is as spr inging from a c o m m o n soil. 21 O u r data suggest that this 
common soil might be sought in u tero or in early life bu t it does not assume one single 
under ly ing mechanism. P rogramming in fetal and early life could possibly contr ibute 
to bo th diabetes, obesity and atherogenic lipid profile later in life bu t these condit ions 
seem to be the result of different adapt ive processes operat ing at different t ime 
w i n d o w s dur ing fetal and early life. 

In conclusion w e can say that the results of the Dutch famine s tudy show that 
there are different cardiovascular risk factors in adul t life that are associated to 
different t ime w i n d o w s of fetal p r o g r a m m i n g by maternal nutr i t ion or infant feeding 
in early life. N e w animal and epidemiological s tudies, n o w in progress , m u s t increase 
our unde r s t and ing of the cellular and molecular processes that under l ie the 
epidemiological associations. ^23 In total, a more elaborate and detailed picture will 
emerge from the role and interaction of fetal nutr i t ion in prenatal and early life wi th 
risk factors contr ibut ing dur ing life course to the deve lopment of diseases in later life. 
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Samenvatting 

Er zijn aanwijzingen voor een verband tussen een verminderde foetale groei en hart
en vaatziekten op volwassen leeftijd. Professor Barker uit Southampton stelt dat de 
voeding die een kind tijdens de zwangerschap en kort na de geboorte krijgt de kans op 
ziekten in het latere leven beïnvloedt. Deze hypothese staat bekend als de 'fetal origins 
hypothesis': de foetale oorsprong hypothese van ziekten op volwassen leeftijd 
(hoofdstuk een). 

Maternale voeding tijdens de zwangerschap is één van de factoren die de foetale 
groei kunnen beïnvloeden. In onderzoek tot nu toe werden meestal een laag 
geboortegewicht en een lage gewicht/lengte verhouding gebruikt als indicatoren voor 
een slechte foetale groei. Deze geboortematen waren geassocieerd met verstoringen in 
de glucosetolerantie, obesitas, bloeddruk, lipidenprofiel en andere cardiovasculaire 
risicofactoren op volwassen leeftijd. Er was echter bij mensen geen onderzoek bekend 
waar de maternale voeding tijdens de zwangerschap in verband was gebracht met 
verstoringen in de glucosetolerantie en diabetes in het volwassen leven. Bij dieren was 
deze associatie wel gevonden. De omstandigheden van de zes maanden durende 
Hongerwinter van 1944-45 in Nederland boden een unieke mogelijkheid om bij 
mensen de effecten van maternale ondervoeding tijdens de zwangerschap op het 
vóórkomen van risicofactoren voor hart- en vaatziekten op volwassen leeftijd te 
bestuderen. 

Dit proefschrift gaat over het onderzoek naar de effecten van prenatale 
blootstelling aan maternale ondervoeding ten tijde van de Hongerwinter op de 
gezondheid op volwassen leeftijd. De effecten van prenatale ondervoeding tijdens 
verschillende periodes van de zwangerschap op de maten van de baby's bij de 
geboorte worden als eerste beschreven. Daarna worden de effecten van prenatale 
ondervoeding op de glucosetolerantie en op de kans op obesitas op vijftig jarige 
leeftijd beschreven. De vierde vraagstelling betrof de lange termijn effecten van borst
en flesvoeding op glucosetolerantie, obesitas, lipiden profiel en de bloeddruk op 
vijftigjarige leeftijd. 

Hoofdstuk twee geeft een overzicht van de voedselrantsoenen die beschikbaar waren 
voor vrouwen en kinderen kort voor, tijdens en na de hongerwinter in Amsterdam. 
Gedurende de Hongerwinter, tussen 26 November 1944 en 8 Mei 1945, was de 
gemiddelde dagelijkse calorie-inname voor volwassenen onder de 1000 Calorieën 
(4200 KJ) per dag. De samenstelling van de voeding, in koolhydraten, eiwitten en 
vetten, was min of meer proportioneel afgenomen. Verschillende bronnen gaven aan 
dat extra rantsoenen voor zwangere vrouwen tijdens de hongerwinter niet meer 
verstrekt konden worden. 

Op basis van deze bevindingen is bepaald of iemand prenataal is blootgesteld aan 
maternale ondervoeding. Volgens onze definitie was iemand prenataal blootgesteld 
wanneer de gemiddelde voedselrantsoenen van de moeder gedurende dertien weken 
van de zwangerschap minder bevatten dan 1000 Calorieën per dag. Kinderen die 
geboren zijn tussen 7 Januari 1945 en 8 December 1945 zijn volgens deze definitie 
prenataal blootgesteld. Deze groep is in drie gelijke deelgroepen opgesplitst. Kinderen 
die zijn blootgesteld aan de hongerwinter in het laatste gedeelte van de zwangerschap 
(geboren tussen 7 januari en 28 april 1945): kinderen die zijn blootgesteld aan de 
hongerwinter in het middelste gedeelte van de zwangerschap (geboren tussen 29 april 
en 18 augustus 1945) en kinderen die blootgesteld aan de hongerwinter in het eerste 
deel van de zwangerschap (geboren tussen 19 augustus en 8 december 1945). 
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Hoofdstuk drie geeft een overzicht van eerder epidemiologisch onderzoek naar de 
gezondheidseffecten van de Hongerwinter. Kort na de oorlog verschenen de eerste 
studies die beschreven dat de kinderen die tijdens de hongerwinter zijn geboren een 
gemiddelde daling hadden van ongeveer 250 gram in het geboortegewicht. 

Stein en Süsser vonden geen effecten van prenatale blootstelling aan 
ondervoeding op de mentale ontwikkeling of cognitieve functie van jonge mannen die 
19 jaar na de hongerwinter bij de dienstkeuring werden gemeten. Wèl vonden zij dat 
bij de mannen die waren blootgesteld aan ondervoeding in het laatste gedeelte van de 
zwangerschap minder obesitas voorkwam. Bij mannen die waren blootgesteld in het 
eerste gedeelte van de zwangerschap kwam meer obesitas voor vergeleken met niet 
blootgestelde mannen. 

Lumey vond een mogelijk tweede generatie effect van prenatale blootstelling aan 
de hongerwinter. Hij vond een lager geboortegewicht bij de eerste kinderen van 
vrouwen die vroeg in de zwangerschap waren blootgesteld aan maternale 
ondervoeding. In een nieuwe studie werd dit effect op de geboortegewichten in de 
tweede generatie niet duidelijk bevestigd. 

Süsser, Hoek en Brown vonden voor prenatale blootstelling aan ondervoeding 
vroeg in de zwangerschap een tweevoudig hoger risico van het krijgen van 
schizofrenie en storingen in het centrale zenuwstelsel op latere leeftijd. Dit was in 
dezelfde groep kinderen waar ook meer congenitale neurale buis defecten waren 
gevonden. 

Hoofdstuk vier presenteert het materiaal en de methoden die gebruikt zijn om de 
effecten te bestuderen van prenatale blootstelling aan de Hongerwinter op de 
gezondheid van volwassenen. Alle 5.425 jongens en meisjes geboren tussen 1 
november 1943 en 28 februari 1947 in het Wilhelmina Gasthuis te Amsterdam waren 
kandidaten voor het onderzoek. Van deze groep werden meerlingen, doodgeboren 
kinderen en kinderen met een zwangerschapduur van minder dan 37 weken 
uitgesloten. Ook werd een aselecte steekproef getrokken uit de kinderen die niet 
prenataal waren blootgesteld. Dat waren de kinderen geboren voor de hongerwinter of 
verwekt na de hongerwinter. 

De totale studiegroep bestond uit 2.414 kinderen van wie gedetailleerde medische 
gegevens over prenatale bezoeken en uitkomsten bij de geboorte werden opgezocht. 
Het bevolkingsregister van Amsterdam kon van deze groep 2.155 personen traceren. 
Van 1.527 personen was het huidige adres in Nederland bekend. Van de overige 
personen was 12% overleden, 9% geëmigreerd en 8% stond niet toe dat het 
bevolkingsregister het huidige adres verstrekte aan de onderzoekers. 

Tussen januari 1995 en augustus 1996 werden 912 mannen en vrouwen thuis 
bezocht voor een interview. Er werd begonnen bij de mensen uit Amsterdam en het 
onderzoek werd uitgebreid met mensen die woonachtig waren in een straal van 80 
kilometer rond Amsterdam. Het interview duurde anderhalf uur en bevatte vragen 
over de gezondheidsstatus en medicijngebruik, leefstijl en sociaal economische 
factoren. 

Iedereen die was geïnterviewd werd uitgenodigd voor een medisch onderzoek in 
het Academisch Medisch Centrum in Amsterdam. In totaal kwamen 741 participanten 
nuchter een ochtend naar de Speciale Research Unit. Tijdens dit bezoek werd een orale 
glucosetolerantietest uitgevoerd. Er werd bloed afgenomen voor diverse bepaling 
waaronder het lipidenprofiel. De bloeddruk en antropometrische maten werden 
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gemeten en een ECG en longfunctietest werden afgenomen. De deelnemers waren ten 
tijde van het onderzoek tussen de 48 en 53 jaar oud. 

Hoofdstuk vijf beschrijft het effect van maternale voeding tijdens de zwangerschap op 
de belangrijkste lichaamsmaten van een baby bij de geboorte. De prenataal 
blootgestelde kinderen zijn vergeleken met de kinderen die niet prenataal waren 
blootgesteld aan de hongerwinter. Foetussen die een slechte maternale voeding kregen 
in het laatste gedeelte van de zwangerschap hadden een gemiddelde daling van 257 
gram in het geboortegewicht, van 1 cm in de geboortelengte en van 0.7 cm in de 
hoofdomtrek. De pondéral index, het gewicht gedeeld door de lengte tot de derde 
macht, was 0.6 kg/m3 verlaagd. Blootstelling aan maternale ondervoeding in het 
middelste gedeelte van de zwangerschap leide tot een gemiddelde verlaging van 165 
gram op het geboortegewicht en 0.6 cm van de geboorte lengte en 0.9 cm van de 
hoofdomtrek. De pondéral index was 0.3 kg/m3 verlaagd. Blootstelling aan maternale 
ondervoeding in het eerste gedeelte van de zwangerschap gaf een verhoging van 79 
gram van het geboortegewicht en van 0.5 cm van de geboortelengte. Echter de 
hoofdomtrek was 0.2 cm verkleind. 

Samenvattend kan worden gesteld dat na blootstelling aan maternale 
ondervoeding in het middelste en laatste gedeelte van de zwangerschap meer dunne en 
korte babies werden geboren. Blootstelling in het eerste gedeelte van de zwangerschap 
in combinatie met adequate voeding in de rest van de zwangerschap gaf zwaardere en 
langere babies. De hoofdomtrekken waren kleiner bij alle prenataal blootgestelde 
kinderen. Blootstelling aan ondervoeding had een direct effect op de lichaamsmaten 
van een baby bij de geboorte die niet werden beïnvloed door maternale 
gewichtstoename in het laatste trimester van de zwangerschap. De effecten van 
maternale ondervoeding waren sterker aanwezig indien de placenta groot was. 

Hoofdstuk zes presenteert de effecten van prenatale ondervoeding op de 
glucosetolerantie op de leeftijd van 50 jaar. Foetussen die een slechte maternale 
voeding kregen in het laatste gedeelte van de zwangerschap hadden een stijging van 
0.5 mmol/1 van de 2 uurs glucose concentraties en foetussen die een slechte maternale 
voeding kregen in het middelste gedeelte van de zwangerschap hadden een stijging van 
0.4 mmol/1 van de 2 uurs glucose concentratie. Geconstateerd werd dat maternale 
ondervoeding in het midden en laatste gedeelte van de zwangerschap geassocieerd was 
met een verminderde glucosetolerantie. 

Het onderliggende mechanisme voor de verstoringen in de glucosestatus is 
waarschijnlijk insulineresistentie. Meer gedetailleerd onderzoek moet hierover echter 
uitsluitsel geven. Er werd tevens een verband gevonden tussen een laag 
geboortegewicht of een lage pondéral index met een verminderde glucose 
gevoeligheid. De effecten van ondervoeding tijdens de foetale periode zijn echter 
groter dan verklaard kan worden op grond van de verlaging in geboortegewicht. 
Ondervoeding tijdens de foetale periode kan leiden tot blijvende veranderingen van 
het glucosemetabolisme zelfs indien het zichtbare effect op foetale groei gering is. 
Ondervoeding tijdens het prenatale leven in combinatie met overgewicht op 
volwassen leeftijd geeft de grootste risico's op een verstoring in de glucosetolerantie en 
leidt tot een verhoogde kans op diabetes. 
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Hoofdstuk zeven beschrijft de effecten van maternale ondervoeding in de zwangerschap 
en de kans op obesitas en een centrale opslag van het vet op de buik op volwassen 
leeftijd. Vrouwen die vroeg in de zwangerschap waren blootgesteld aan ondervoeding 
hadden een gemiddelde 7,4% hogere body mass index en een 5,7 cm grotere 
tailleomvang dan niet blootgestelde vrouwen. Er waren geen aanwijzigingen dat de 
body mass index en de tailleomvang van de 50-jarige mannen beïnvloed waren door 
blootstelling aan ondervoeding in de zwangerschap. De resultaten van de schattingen 
van het lichaamsgewicht op 20 jarige leeftijd toonden aan dat de gemiddelde body 
mass index van mannen blootgesteld vroeg in de zwangerschap 3,8% was verhoogd en 
dat de body mass index van vrouwen blootgesteld laat in de zwangerschap 5,0% was 
verlaagd. De body mass index en vetverdeling waren niet of nauwelijks geassocieerd 
met de geboortegewichten. 

Deze bevindingen tonen aan dat blootstelling aan maternale ondervoeding tijdens 
de zwangerschap de body mass index en lichaamsvetverdeling bij mannen en 
vrouwen op een verschillende manier kan beïnvloeden. Een slechte voeding van de 
moeder vroeg in de zwangerschap in combinatie met een relatief adequate voeding in 
de rest van de zwangerschap leidde tot een toename van de obesitas en centrale 
vetverdeling bij vijftigjarige vrouwen maar niet bij mannen. Deze bevindingen zijn in 
overeenstemming met de hypothese dat blootstelling aan maternale ondervoeding 
vroeg in de zwangerschap resulteert in een disfunctie van de hypothalamus die kan 
leiden tot extra obesitas op volwassen leeftijd. 

De effecten van borstvoeding versus flesvoeding gedurende de eerste weken na de 
geboorte op glucosetolerantie, obesitas, plasmalipiden niveau's en bloeddruk worden 
in hoofdstuk acht gepresenteerd. Personen die gedeeltelijk of volledig flesvoeding 
ontvingen bij het ontslag uit het ziekenhuis hadden een 0,6 mmol/1 hogere 2 uurs 
glucose concentratie. Het percentage niet van insuline afhankelijke diabeten in de 
flesgevoede mensen was 9,7% tegen 2,7%. Ook hadden de flesgevoede personen een 
hogere LDL/HD1 cholesterol ratio: 3,14 versus 2,86. De body mass index en bloeddruk 
waren niet verschillend tussen de twee groepen. De resultaten werden niet beïnvloed 
door correctie voor karakteristieken van de moeder, sociaal economische status of 
andere factoren. 

Personen die gedeeltelijk of volledig met de fles werden gevoed in de eerste 
levensweken hadden later vaker een verminderde glucosetolerantie en een atherogeen 
lipidenprofiel. De kans op type 2 diabetes was verdubbeld. In deze onderzochte groep 
heeft volledige borstvoeding in de eerste weken na de geboorte mogelijk beschermend 
gewerkt tegen het optreden van hart- en vaatziekten op volwassen leeftijd. 

Hoofdstuk negen bevat een verdere discussie van de resultaten van het Hongerwinter 
onderzoek zoals beschreven in dit proefschrift. Samenvattend kan worden gesteld dat 
maternale ondervoeding tijdens verschillende trimesters van de zwangerschap en het 
krijgen van flesvoeding kort na de geboorte van invloed bleken te zijn op stoornissen 
in de glucosetolerantie, obesitas en het lipidenmetabolisme op volwassen leeftijd. 

Maternale ondervoeding in het midden en late gedeelte van de zwangerschap gaf 
een verminderde glucosetolerantie op vijftigjarige leeftijd. Maternale ondervoeding in 
het vroege gedeelte van de zwangerschap gaf meer obesitas en meer vetopslag op de 
buik bij vrouwen op vijftigjarige leeftijd. Het krijgen van volledige of gedeeltelijke 
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flesvoeding twee weken na de geboorte leidde tot een verminderde glucosetolerantie, 
meer diabetes en een atherogeen lipidenprofiel op vijftigjarige leeftijd. 

In het onderzoek vastgestelde verbanden bleken los te staan van de grootte van de 
baby bij de geboorte. Er werd een verband gevonden tussen maternale ondervoeding 
vroeg en laat tijdens de zwangerschap en respectievelijk meer obesitas en een 
verminderde glucose gevoeligheid. De grootte van de baby bij de geboorte bleek niet 
volledig de verklarende factor te zijn van de kans op diabetes of obesitas. De effecten 
waren deels onafhankelijk van de grootte van de baby. Dit betekent dat er tijdens de 
zwangerschap aanpassingen kunnen plaatsvinden op metabolisme of endocrien 
systeem van een foetus die niet volledig te herleiden zijn op het gewicht van het kind 
bij de geboorte maar wel later van invloed kunnen zijn op het risico van het krijgen 
van diabetes mellitus of obesitas. 

Diabetes, obesitas en een atherogeen lipidenprofiel komen vaak samen voor op 
oudere leeftijd. Uit de resultaten van het Hongerwinter onderzoek blijkt dat dit cluster 
van ziekten mogelijk een oorsprong heeft in de foetale periode of in het vroege leven. 
Echter het cluster van ziekten was niet te relateren aan ondervoeding in één specifieke 
periode van de zwangerschap. Mogelijk is het dus niet één metabool of endocrien 
proces in de foetale periode dat het cluster van ziekten op volwassen leeftijd kan 
beïnvloeden. 

Geconcludeerd kan worden dat de uitkomsten van dit Hongerwinter onderzoek in 
algemene zin de 'fetal origins hypothesis' bevestigen. Experimenteel onderzoek bij 
dieren naar onderliggende werkingsmechanismen van foetale ondervoeding is reeds 
gestart. In nieuw epidemiologisch onderzoek zal het van belang zijn om, de 
wisselwerking tussen de ondervoeding in de prenatale periode en de risicofactoren 
gedurende het vervolg van het leven op het krijgen van hart- en vaatziekten, verder te 
bestuderen. 
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bedanken omdat zij in twee jaar tijd de meeste adressen van de ruim tweeduizend 
geborenen wisten te achterhalen. 

De verpleegkundigen van de Speciale Onderzoeks Eenheid F5-Noord Oost van het 
AMC: Anneke, Erwin, Gerrie, Henk, Imelda, Ine, Jacqueline, Kees, Kenneth, Linda, 
Marja, Nicolette en Saskia hebben menig buisje bloed afgenomen en verwerkt. Elke 
ochtend, zelfs op zaterdag, konden we terecht op jullie afdeling en werden we bij 
toerbeurt door een van jullie bijgestaan in de uitvoering van het AMC bezoek. Later 
kregen we een vast gezicht in de persoon van Marjolein van de Zwaan. Jullie hadden 
voor iedere deelnemer een eigen persoonlijk, vriendelijk woord, bedankt jullie allen. 

Een groot aantal personen en afdelingen binnen het AMC verleenden hun 
medewerking aan het Hongerwinter onderzoek. Allereerst dr. Bob Michels die advies 
gaf over de glucose tolerantie test en hielp bij de interpretatie van de diabetes 
uitkomsten. Professor Wiersinga had de klinische verantwoordelijkheid tijdens de 
AMC bezoeken. Dr Gert van Montfrans en dr Bart Vogel trainden ons voor de 
bloeddrukmetingen en Gert van Montfrans assisteerde bij de interpretatie van de 
bloeddruk gegevens. Voor het afnemen van de ECG's werden we getraind door 
medewerkers van de afdeling Cardiologie onder coördinatie van mevrouw Biesheuvel. 
Cardioloog dr Jutta Schroeder-Tanka voorzag de klinisch beoordeelde ECG's van een 
ischémie score wat werd voorbereid door onderzoeksverpleegkundige Marjan Loep. 
Dr. CM Roos en Niesje Verhey van de afdeling Longfunctie waren zeer behulpzaam bij 
de longfunctie metingen. Niesje trainde ons niet alleen aan het begin van het 
onderzoek maar ook tussentijds werden de longfunctie metingen door haar nauwgezet 
gecontroleerd. Voor vragen over de laboratorium bepalingen konden we altijd terecht 
bij dr Jan Dols. Het Klinische lab van het AMC analyseerde de algemene bepalingen en 
gaf huisvesting aan de vriezer. Het "SLICC" laboratorium (dr Hoek en Marian Paul) 
deed de lipiden bepalingen en het "ENDO" laboratorium (dr Endert) deed de 
schildklierfunctie bepalingen. Professor Hajo van der Helm wil ik bedanken voor zijn 
zeer regelmatige belangstelling voor de voortgang van het onderzoek. IJbeltje 
Duindam assisteerde bij de financiële zaken. Maar ook dank voor de apotheek voor de 
opslag van de glucoseoplossingen, de afdeling inkoop die we meerdere malen tot 
wanhoop dreven door ontbrekende aanvraagnummers, de afdeling opname waar we 
wekelijks de ponskaartjes konden aanvragen. 

Ook buiten het AMC verleenden verschillende mensen hulp en advies: Dr Edith 
Feskens en dr Jaap Seidell, van het RIVM in Bilthoven, wil ik bedanken voor hun 
bereidwillige hulp en voor het beschikbaarstellen van gevalideerde vragen uit de 
Zutphen, MORGEN en EPIC studie voor het Hongerwinter interview. Ook maakten 
Jaap Seidell and Dr Marga Ocke het mogelijk dat de EPIC voedingsvragenlijst met 
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maaltijd foto's gebruikt kon worden in het onderzoek. Daarnaast wil ik ook dr Paul 
Deurenberg, afdeling Humane Voeding LU Wageningen bedanken voor de 
enthousiaste training van de onderzoeksverpleegkundigen in de antropometrie en het 
beschikbaar stellen van de weegschalen en handige draagbare lengtemeters voor het 
onderzoek. Dr Karien Stronks, destijds EU Rotterdam, gaf advies om de sociaal 
economische status te meten. Dr GJ Bruining en dr D Halley, Rotterdam, gaven advies 
over de afname van de "buffy coats". Dr Johannes Ruige, VU Amsterdam, bedankt dat 
wij een dagje met hem mee mochten lopen in het diabetes onderzoekscentrum in 
Hoorn. Kevin Taylor from the Department of Clinical Biochemestry, Cambrigde UK, 
for analysing the insulin and splitinsulin and professor CN Hales helped with the 
interpretation of the glucose and insulin outcomes. 

Mijn werkervaringen opgedaan tijdens het eerste hongerwinteronderzoek waren 
onmisbaar bij de uitvoering van het nieuwe onderzoek. Ik wil daarom dr L.H. Lumey 
mijn erkentelijkheid betuigen voor zijn projectleiding van het eerste 
Hongerwinteronderzoek en voor zijn inzet in binnen- en buitenland voor verdere 
studie naar de effecten van de Hongerwinter. Van verpleegkundige Gerda Stam heb ik 
veel geleerd van de wijze waarop zij praktisch het eerste hongerwinteronderzoek heeft 
uitgevoerd. Mede door haar correcte benadering waren de vrouwen in het nieuwe 
onderzoek weer bereid om mee te werken. Ook hielp zij ons op weg met de codering 
van de partusboeken. It was a pleasure to work and discuss together new study 
designs and questions with dr Sarah Santanna, dr Aryeh Stein and dr Lumey. Tussen 
de twee hongerwinter subsidies kon ik onder leiding van Professor Jan Tijssen blijven 
werken bij de vakgroep Klinische Epidemiologie en Biostatistiek. Ook begeleidde hij 
mij in de beginfase van het nieuwe Hongerwinteronderzoek. 

Medecollega's van de afdeling Klinische Epidemiologie en Biostatistiek van het AMC 
bedankt voor jullie belangstelling voor het onderzoek. Met name bedank ik Tessa 
Roseboom die als AIO het hongerwinterteam heeft versterkt. Het was zeer stimulerend 
en plezierig om samen met jou te werken aan de analyses van het onderzoek en te 
discussiëren over onze soms verschillende bevindingen van het onderzoek. Ik heb veel 
vertrouwen in een goede afronding van jouw proefschrift dat o.a. de bloeddruk, het 
lipidenprofiel en overige cardiovasculaire factoren na prenatale blootstelling aan de 
Hongerwinter gaat beschrijven. Ik wil Friedo bedanken voor zijn tips bij de start van 
de gegevensverzameling, Joke voor de tips in Word, Noor en Gre voor secretariële 
ondersteuning en Ingrid voor de handige sponsor adressenlijst. 

Louise, Karien, Perla, Hans en andere nieuwe collega's van de afdeling Sociale 
Geneeskunde wil ik bedanken voor de goede sfeer en stimulerende nieuwe 
werkomgeving. 

Ter afsluiting van deze lange lijst van personen wil ik mijn lieve familie en vrienden 
niet onvermeld laten. Ik wil beginnen met mijn ouders te bedanken voor de vele 
mogelijkheden en vrijheden die jullie mij gaven. Bedankt voor jullie steun op vele 
vlakken. Daarnaast eveneens dank aan Roger en Anita, Raimond en Maaike, Diana, 
Clothilde en de Petra's voor jullie support en vriendschap. Lest best is natuurlijk 
Moussa. Jij was het die mijn dagelijkse belevenissen snel liet relativeren en mij de 
ruimte en ondersteuning gaf om dit proefschrift te kunnen voltooien. Het is heerlijk om 
onze liefde terug te zien in Benjamin. 
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