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Plasmaa fibrinogen and factor VII concentrations in adults 
afterr prenatal exposure to famine 

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

Clivee Osmond, David J.P. Barker, Otto P. Bleker 

TheThe transition from undernutrition in early gestation to nutritional adequacy 

laterlater in gestation may permanently alter liver function. 
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Summary y 

Objective:Objective: To assess the effect of maternal malnutrition during different stages 

off  gestation on plasma concentrations of fibrinogen and factor VII . 

Methods:Methods: We measured plasma concentrations of fibrinogen and factor VI I 

amongg 725 people, aged 50, born around the time of the Dutch famine 

1944-1945. . 

Results:Results: After adjustment for sex, plasma fibrinogen concentrations differed by 

—0.011 g/1 (95% confidence interval —0.14 to 0.11) in those exposed in late 

gestation,, by -0.03 g/1 (95% confidence interval -0.16 to 0.11) in those 

exposedd in mid gestation, and by 0.13 g/1 (95% confidence interval —0.03 to 

0.30)) in those exposed in early gestation, compared to non-exposed people 

(thosee born before and those conceived after the famine pooled together). 

Plasmaa factor VI I concentrations differed by 0.4% (95%) confidence interval 

—5.4%% to 6.6%) in those exposed to famine in late gestation, by 1.5% 

(95%% confidence interval —4.6% to 8.1%) in those exposed in mid gestation, 

andd by -11.8% (95% confidence interval -18.4% to -4.8%) in those exposed 

inn early gestation, compared to non-exposed people. Size at birth was not 

associatedd with plasma concentrations of fibrinogen or factor VII . 

Conclusion:Conclusion: Our finding that factor VI I concentrations were significantly lower 

inn people whose mothers had been exposed to famine in early pregnancy 

suggestss that liver function may be affected by undernutrition in early 

gestation. . 
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Introduction n 

Theree is some evidence that people who were small at birth have increased 

plasmaa concentrations of clotting factors in adult life. ^ This association may 

havee contributed to the higher rates of cardiovascular disease in people whose 

fetall  growth was impaired. 3>4 A study of people born in Sheffield found that 

men,, but not women, who had been light at birth had increased 

concentrationss of fibrinogen at age 50. 2 This study also showed that 

fibrinogenn concentrations were higher in men born with a small abdominal 

circumference.. A study of 50-year-old men born in Preston found that those 

withh a large placenta in relation to their birth weight had increased 

concentrationss of fibrinogen in adult life. l On the other hand, a number of 

studiess failed to find an association between size at birth and plasma 

concentrationss of coagulation factors.57 

Bodyy proportions at birth, rather than birth weight itself, might give 

moree insight into the nature and timing of the adverse intra-uterine conditions 

thatt led to impairment of fetal growth. A reduced abdominal circumference 

hass been interpreted as an indication of reduced growth in response to fetal 

undernutritionn in late gestation.2 In order to protect the brain, the fetus 

sustainss the growth of the brain at the expense of growth of visceral organs. 

Thiss phenomenon is known as 'brain-sparing'. Because both fibrinogen and 

factorr VII are synthesised in the liver, the mechanisms that link reduced fetal 

growthh with increased concentrations of these factors have been suggested to 

involvee impairment of liver development in late gestation. 

Wee studied plasma fibrinogen and factor VI I concentrations in people 

whoo had been born around the time of the Dutch famine 1944 — 1945. The 

Dutchh famine was a 5 — 6 month period of severe food shortage at the end of 

thee World War II in the western part of the Netherlands. This acute period of 

severee famine provides a unique opportunity to study the long-term effects of 

maternall  starvation during specific stages of gestation on risk factors for 

cardiovascularr disease at adult age. 

Peoplee who were conceived during the Dutch famine - and therefore 

exposedd to famine in early gestation — had a more atherogenic plasma lipid 

profilee (high LDL and low HDL cholesterol concentrations) at age 50, and 

peoplee who were born during the famine - and therefore exposed in late 

gestationn - seemed to have lower total cholesterol concentrations. 8 These 
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findingss suggest that fetal undernutrition not only in late gestation but also in 

earlyy gestation may permanendy alter liver function. 

Methods s 

SelectionSelection procedures 

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

inn Amsterdam between 1 November 1943 and 28 February 1947 were 

candidatess to be included in the Dutch famine birth cohort. We excluded 

3499 babies who were stillborn or part of a multiple pregnancy. We retrieved 

thee medical records of all 1380 babies born between 1 November 1944 and 

288 February 1946, and of a random sample of 650 singletons out of the 

13055 babies born in the year before that period (between 1 November 1943 

andd 31 October 1944) and of a random sample of 650 out of the 2391 babies 

conceivedd in the year after that period (born between 1 March 1946 and 

288 February 1947). Of these 2680, 27 (1%) were excluded because their main 

medicall  records were missing, and 239 (8.9%) were excluded because the 

gestationall  age at birth was less than 259 days, either as computed from the 

datee of the last menstrual period, or as estimated by the obstetrician at the first 

prenatall  visit and at the physical examination of the baby just after birth. In all, 

24144 singletons born alive were included. The 'Bevolkingsregister' of 

Amsterdamm (population registry) traced 2155 (89%) of the 2414 included 

babies.. Of these, 266 had died, 199 had emigrated from the Netherlands, and 

1644 did not allow the population registry to give their address to us. We asked 

9122 who lived in or close to Amsterdam to participate, and plasma 

concentrationss of clotting factors were measured successfully in 725. Birth 

weightss according to prenatal exposure to famine in this group of 725 subjects 

(meann birth weight 3348 g) were not different from the other 1689 subjects 

(meann birth weight 3345 g). The study was approved of by the Medical Ethical 

Committeee of the Academic Medical Centre in Amsterdam, the formal 

successorr of the Wilhelmina Gasthuis, and all participants gave their informed 

consent. . 
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ExposureExposure to famine 

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

thee general population older than 21 years. In addition to the official rations, 

foodd came also from other sources (e.g. church organisations, central kitchens, 

andd the 'black market5), and about twice as much food was actually available to 

individualss during the peak of the famine. The official rations should therefore 

onlyy be taken as a relative measure of nutritional intake for the population as a 

whole. . 

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

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

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

carbohydratee and fat decreased more or less proportionately. The rations 

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

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

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

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

becausee official daily rations for this group were always higher than 

10000 calories. 9 

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

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

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

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

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

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

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

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

StudyStudy parameters 

Thee medical birth records provided information about the mother, the course 

off  pregnancy and the size of the baby and the placenta at birth. Maternal 

weightt gain in the third trimester was calculated from the difference in weight 

att the beginning and end of the third trimester divided by the duration of the 

timetime interval between the 2 measurements and multiplied by the duration of 

thee trimester (13 weeks). We calculated head circumference as It x (biparietal 
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diameterr + fronto occipital diameter) /2. The ponderal index was calculated as 

birthh weight divided by the cube of length. Placental weight was not recorded. 

Placentall  diameter refers to the largest placental width. The socio-economic 

statuss at birth was dichotomised into manual and non-manual labour 

accordingaccording to the occupation of the head of the family. 10 All subjects were 

interviewedd about their medical history, lifestyle and use of medication. 

Informationn about smoking was used to distinguish between current smokers 

orr non-smokers. Current socio-economic status was coded using ISEI-92 

accordingg to the occupation of the participants or their partner; whichever was 

highest.. n Values ranged from 16 (low status) to 87. 

Wee measured height with a fixed stadiometer and weight with a Seca 

scale.. Blood was taken after an overnight fast, with minimum haemostasis and 

analysedd for fibrinogen and factor VII concentrations. Fibrinogen was 

measuredd by the Clauss method 12, factor VII concentrations were measured 

usingg a one-stage assay with bovine adsorbent deficient plasma and rabbit 

brainn thromboplastin.13 

StatisticalStatistical methods 

Wee compared plasma concentrations of fibrinogen and factor VI I in people 

exposedd to famine in late, mid or early gestation (exposed subjects) with those 

off  people born before or conceived after the famine (unexposed subjects). 

Factorr VI I concentrations and BMI had a skewed distribution, and were log 

transformedd before analysis. The results for these variables are given as 

geometricc means and standard deviations, and differences in these variables 

aree given as relative differences expressed in percentages. We used multiple 

linearr regression analysis to adjust for confounding variables. For a relatively 

largee number of participants, information on maternal weight at the end of 

pregnancy,, weight gain or socio-economic status at birth was missing. 

Therefore,, when adjusting for one of these variables we set the value of that 

variablee for people with missing data to the mean of the non-missing values, 

andd added a separate variable indicating missing data (value one for those with 

missingg data, value zero for those with data). P-values of less than 0.05 were 

consideredd to be statistically significant, and therefore we computed 

95%% confidence intervals for our results. 
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Results s 

2900 (40%) of the 725 people studied had been exposed to famine in utero 

(tablee 1). Men were underrepresented in die groups that were exposed to 

faminee during gestation. Weight at the last prenatal visit was lower in mothers 

exposedd to famine during late pregnancy (who gave birth during the famine) 

andd in mothers exposed during mid pregnancy (who conceived before the 

faminee and gave birth after the famine). Weight gain during the last trimester 

off  pregnancy was lower in mothers exposed to famine during late pregnancy, 

andd higher in those exposed in mid pregnancy and in those exposed in early 

pregnancyy (who conceived during the famine). Babies exposed to famine in 

midd or late gestation were lighter and shorter, and had smaller heads and 

placentass than those not exposed. People exposed to famine in early gestation 

weree more obese and had higher total cholesterol concentrations and higher 

LDL/HD LL cholesterol ratios indicating a more atherogenic plasma lipid 

profilee in adult life. People exposed in late and mid gestation seemed to have 

somewhatt lower total cholesterol concentrations. 

Plasmaa fibrinogen concentrations were not statistically significandy 

affectedd by exposure to famine during any stage of gestation (table 1). After 

adjustmentt for sex, plasma fibrinogen concentrations differed by —0.01 g/1 

(95%% confidence interval -0.14 to 0.11) in those exposed in late gestation, by 

—0.033 g/1 (95% confidence interval —0.16 to 0.11) in those exposed in mid 

gestationn and by 0.13 g/1 (95% confidence interval —0.03 to 0.30) in those 

exposedd in early gestation compared to the unexposed (those born before and 

thosee conceived after the famine pooled together). Factor VI I concentrations 

weree significandy reduced after exposure to famine in early gestation, but they 

weree not affected after exposure in late or mid gestation (table 1). After 

adjustmentt for sex, plasma factor VI I concentrations differed by —11.8% 

(95%% confidence interval —18.4% to —4.8%) in those exposed in early 

gestationn whereas it only differed by 0.4% (95% confidence interval -5.4% to 

6.6%)) in those exposed to famine in late gestation, and by 1.5% 

(95%% confidence interval —4.6% to 8.1%) in those exposed in mid gestation 

comparedd to the unexposed. The effect of prenatal exposure to famine on die 

plasmaa concentrations of the coagulation factors were not different between 

menn and women (p for interaction always > 0.3). 
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Peoplee exposed to famine in early gestation had a more atherogenic lipid 

profile,, were more obese, had an increased prevalence of coronary heart 

diseasee and were more often smokers, and fibrinogen and factor VI I 

concentrationss were also associated with these measures. However, 

adjustmentss for these variables did not alter appreciably the effects that 

exposuree to famine in early gestation had on both clotting factors (adjusted 

effectt of exposure in early gestation 0.05 g/1 (95% confidence interval —0.11 to 

0.21)) on fibrinogen, and -11.1% (95% confidence interval -17.8% to -4.0%) 

onn factor VII) . 

Tablee 2. Birth outcomes and clotting factors. 
Meanss and p-value for linear trend adjusted for sex and BMI. 

Birthh weight 

(g) ) 
<2750 0 
2750-3250 0 
3251-3750 0 
>3750 0 
pp for trend 

Headd circumference 
(cm) ) 

<32 2 
32-33 3 
33-34 4 
>34 4 
pp for trend 

Ponderall  index 
(kg/m3) ) 

<25 5 
25-26 6 
26-27 7 
>27 7 
pp for trend 

Placentall  diameter/birth weight 
(cm/kg) ) 

<5.5 5 
5.5-6.0 0 
6.0-6.5 5 
>6.5 5 
pp for trend 

fibrinogen fibrinogen 

(g/1) ) 
3.14 4 
3.13 3 
3.02 2 
3.05 5 
0.67 7 

fibrinogen fibrinogen 

(g/1) ) 
3.18 8 
3.01 1 
3.01 1 
3.09 9 
0.53 3 

fibrinogen fibrinogen 

(g/1) ) 
3.10 0 
3.06 6 
3.00 0 
3.09 9 
0.96 6 

fibrinogen fibrinogen 

(g/1) ) 
3.12 2 
3.03 3 
3.06 6 
3.17 7 
0.22 2 

factorr VI I * 
(%% of standard) 

133 3 
133 3 
128 8 
125 5 
0.14 4 

factorr VI I * 
(%% of standard) 

132 2 
129 9 
129 9 
126 6 
0.26 6 

factorr VI I * 
(%% of standard) 

131 1 
129 9 
129 9 
128 8 
0.81 1 

factorr VI I * 
(%% of standard) 

125 5 
134 4 
127 7 
131 1 
0.18 8 

n n 

66 6 
238 8 
272 2 
149 9 

n n 

193 3 
238 8 
148 8 
138 8 

n n 

208 8 
126 6 
131 1 
253 3 

n n 

147 7 
155 5 
137 7 
137 7 

geometricc means 
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Absolutee body and placental size at birth were not significandy 

associatedd with fibrinogen or factor VI I concentrations in adult life (table 2). 

However,, people with the largest placenta in relation to their birth weight had 

thee highest fibrinogen concentrations (3.17 g/1 among those in the highest 

fourthh of placental to birth weight ratio compared to 3.07 g/1 among the 

others,, p = 0.03). Maternal characteristics were associated neither with 

fibrinogenn nor with factor VI I concentrations. 

Discussion n 

Peoplee exposed to famine in early gestation had slighdy but significandy lower 

factorr VI I concentrations and slighdy but non-significantiy higher fibrinogen 

concentrationss than people who were not exposed to famine during gestation. 

Wee did not find any associations between size of the baby at birth and either 

clottingg factor, although people with a large placenta in relation to their birth 

weightt had the highest fibrinogen concentrations. 

Duringg the famine, the number of conceptions was about 50% lower 

thann the pre-famine level. 10 It may be that only women with a more robust 

physiquephysique or a more unconcerned attitude towards reproduction conceived 

duringg the famine, which could have introduced systematic differences 

betweenn women who conceived during the famine and the others. Maternal 

characteristics,, such as age, parity, socio-economic status and weight at the end 

off  pregnancy, which may be proxies for physical or behavioural determinants 

off  fertility, were not associated with concentrations of both clotting factors. It 

iss therefore unlikely that the effect of exposure to famine during early 

gestationn on factor VI I concentrations can be fully explained by selective 

fertility.. Another potential bias may have originated from famine-related 

differencess in mortality, as people who died may have had different factor VI I 

concentrationss than people who survived. However, selective mortality can 

nott explain our observation of reduced factor VII concentrations because 

earlyy mortality was highest in those born before or during the famine 10-14, 

whereass we found strongest effects on factor VII concentrations among 

peoplee conceived during the famine (exposed in early gestation). 

Itt was shown that men, but not women, who had low body weight at 

onee year of age had increased concentrations of fibrinogen in adult life. ^5 This 

suggestss that postnatal growth is linked to concentrations of clotting factors in 
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adultt life, which could be used as an argument against our approach of 

consideringg people born before the famine, who were infants during the 

famine,, as non-exposed people. During the famine, however, infants were 

regardedd as a group that should be protected. Lactating women were given 

extraa rations and the supply to children under one year was always kept above 

thee nutritional standards that prevailed at that time. 9 Furthermore, the 

absencee of a difference in fibrinogen and factor VII concentrations between 

peoplee born before and people conceived after the famine is an extra 

justificationn for considering both these groups as non-exposed. 

Ourr failure to find associations between birth weight and concentrations 

off  clotting factors in adult life is consistent with most previous studies. 1>5"7 

Thiss does not contradict, however, the suggestion, based on the association of 

reducedd abdominal circumference at birth and raised fibrinogen 

concentrationss in adult life, observed in men but not in women, that impaired 

liverr growth may permanently increase fibrinogen concentrations 2, as birth 

weightt is only a crude measure of developmental impairments of fetal organs 

andd tissues. 15>16 

Itt was suggested that the association between small abdominal 

circumferencee and high fibrinogen concentrations originates through 

adaptationss made by the fetus in response to undernutrition in late gestation. 

Ourr finding of reduced factor VI I concentrations in people exposed to famine 

inn early gestation suggest that liver function might also be affected by 

undernutritionn in early gestation. The susceptibility of liver development to an 

adversee nutritional environment in early gestation is furthermore supported by 

ourr observation of a more atherogenic lipid profile in these people. 8 

Wee found that men and women with a large placenta in relation to their 

birthh weight had increased fibrinogen concentrations, which is in agreement 

withh findings in a cohort of men born in Preston. 1 A large placenta may be 

interpretedd as an adaptive response to adverse intra-uterine conditions, but 

animall  studies show that it is difficult to link this phenomenon to a specific 

stagee of gestation. 1719 People exposed to famine in late gestation had an 

increasedd placenta to birth weight ratio, but this increase was small compared 

too the normally occurring variations in body and placental size at birth. The 

expectedd increase in fibrinogen concentrations based on the famine-related 

changess in relative placental size are therefore very small (an increase in plasma 

fibrinogenn concentrations of 0.01 g/1 in those exposed in late gestation). 

87 7 



Thee reduced factor VII concentrations in people whose mothers were 

exposedd to famine in early pregnancy may be the result of reduced synthesis or 

increasedd degradation. There is evidence from animal experiments that 

undernutritionn during gestation reduces liver size 16 and permanendy alters 

liverr function, 20 In the liver, many aspects of metabolic function — including 

synthesiss of fibrinogen, factor VI I and cholesterol - are expressed in specific 

morphologicall  zones of the liver. It is thought that undernutrition during 

gestationn alters the relative numbers of hepatocytes in the perivenous and 

periportall  zones, which may explain our observation that exposure to the 

Dutchh famine in early gestation is linked to increased total cholesterol and 

somewhatt increased fibrinogen concentrations but decreased factor VII 

concentrations. . 

Exposuree in early gestation seems to have opposing effects on the risk of 

coronaryy heart disease in adult life. A more atherogenic lipid profile and 

abdominall  obesity indicate an increased risk, and decreased factor VII 

concentrationss a reduced risk.3'21 Recent studies, however, have failed to 

confirmm the positive association between factor VII and coronary heart 

disease,, that was first observed twenty years ago. 22 Whatever the effects are 

thatt undernutrition during early gestation has on cardiovascular risk, our 

resultss suggest that it may permanendy alter aspects of liver function. 
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