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1.  Introduction 
 
1.1  The obesity epidemic 
During the last 20-40 years, the prevalence of obesity has increased at a rate that gives cause 
for concern. The World Health Organization (WHO) has designated obesity as one of the 
most important threats to human health, both in developed and developing countries 1. Several 
chronic diseases, such as hypertension, cardiovascular disease and type 2 diabetes 1;2, and also 
increased mortality 1;3, are associated with obesity. 

1.1.2  Quantification of obesity 
Obesity is a condition of abnormal or excessive fat accumulation in adipose tissue to such an 
extent that health may be adversely affected 1. A number of different techniques have been 
developed to measure excess body fat, ranging from simple methods such as measuring waist 
circumference or skinfold thickness to more demanding methods using bioimpedance spec-
troscopy, under-water weighing or compartment models 1. It is widely accepted that body 
mass index (BMI), which is a simple index of weight-for-height and calculated as the weight 
in kilograms divided by the square of the height in metres (kg/m2) 4, correlates well with body 
fat and can be used as a population measure of obesity 1;5. A limitation of BMI is, however, 
that it does not differentiate between muscle and fat 1;5-7, and fatness in muscular individuals 
may be overestimated. Also body composition differs 1;5;6;8. Fatness in tall persons with long 
legs may typically be underestimated, whereas fatness in short persons may be over-
estimated.  

Based on its association with mortality, BMI has been categorized into underweight 
(BMI<18.5), normal weight (18.5≤BMI<25), overweight (25≤BMI<30), and obesity 
(BMI≥30) 1;9. Although the usefulness of these thresholds may differ between ethnic groups, 
there is a general consensus that a BMI of 30 or more represents considerable excess body fat 
in Caucasians 1;7, and it corresponds to about 35% body fat in young women and 25% body 
fat in young men 10;11. 

1.1.3  The metabolic syndrome 
The increased risk of cardiovascular disease and type 2 diabetes in obese individuals may be 
related to the association between obesity and the so-called metabolic syndrome 12-14. Insulin 
resistance is the main component of this syndrome, accompanied by altered lipid, glucose, 
and blood pressure regulation 12;15. One of the key components of the metabolic syndrome is 
abdominal or central obesity, which highlights the importance of also considering the distri-
bution of body fat when assessing the adverse health effects of obesity 15. Abdominal waist 
circumference and the waist/hip ratio are measures commonly used to divide obesity into an-
droid (central) and gynoid (peripheral) obesity 1. Central obesity may be a better predictor of 
cardiovascular disease than total obesity 15, but peripheral fat is thought to play an important 
role in the metabolic risk processes as well 12;14. The mechanisms whereby obesity elicits or 
worsens metabolic risk factors are not fully understood 12;13, and both measures of fat perform 
well as predictors of heart disease and diabetes 12;14.  
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1.2  Obesity in women of childbearing age 
The obesity epidemic has been especially marked in the younger age groups 16;17, and a dis-
turbingly high prevalence of obesity is now seen among childbearing women in the Western 
world. In the United States, 28% of women aged 20-39 are considered obese 16, and obesity 
among women in Europe seems to follow the same pattern, albeit with some delay. Data col-
lected on Danish women of childbearing age show a 270% increase in obesity from 1986 to 
2004 (Figure 1). In rural areas the increase may be even higher. Thus the prevalence in obe-
sity among pregnant women in the North Jutland County increased with 310% from 3.5% 
(1986) to 14.5% (2004) 18;19.   
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Figure 1. Prevalence of obesity in women of childbearing age. Four Danish data collections 18-21. 
 

A large body of evidence shows that women who are obese prior to pregnancy experi-
ence a wide range of adverse reproductive outcomes. First of all, obesity can be a barrier to 
conception, since obesity is associated with subfertility. This is most likely through a higher 
risk of chronic dysovulation and the polycystic ovary syndrome 22;23. Obesity is, on the other 
hand, perhaps also associated with a higher risk of conceiving spontaneously with dizygotic 
twins 24;25.  

1.2.1  Pregnancy complications 
Due to the strong association between obesity and type 2 diabetes and hypertension in the 
general population obese women are more prone to enter pregnancy with these conditions al-
ready present 26-28. During pregnancy obese women face a higher risk of developing gesta-
tional diabetes 29-34, gestational hypertension 31-33;35-38, as well as preeclampsia 30-35; 38-41. 

The patho-physiology behind these diseases is of the highest interest. Normal pregnancy 
is characterized by a relative state of insulin resistance, hyperlipidemia, and increases in in-
flammatory and coagulation factors 42-46. It has been suggested that women who already prior 
to pregnancy are susceptible to insulin resistance, e.g. obese women 42;47;48, may be less adapt 
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to compensate for the metabolic stressors of pregnancy and present with a number of meta-
bolic, inflammatory, and vascular abnormalities, which have been denoted ‘the metabolic syn-
drome of pregnancy’ 49-51. A growing body of evidence suggests that insulin resistance may 
play a role in the pathogenesis of the polycystic ovary syndrome, gestational diabetes, gesta-
tional hypertension, and preeclampsia, although with distinct and still uncovered pathways 
49;51-53. As such, it has been argued that gestational diabetes may unmask a latent metabolic 
syndrome. This is because gestational diabetes is a strong predictor of diabetes in later life 
52;53, especially in women with prepregnancy obesity, who face 2-3 times the risk compared to 
women of normal weight, who also experienced gestational diabetes 54. Also, gestational hy-
pertension and preeclampsia may predict later cardiovascular disease 50;55.  

Studies in late pregnancy on women without clinical diseases found obesity to be associ-
ated with a higher risk of insulin resistance, glucose intolerance, hyperlipidemia, hyperlepti-
nemia, inflammatory up-regulation, endothelial dysfunction, and elevated blood pressure 56;57. 
This suggests that some level of the metabolic syndrome may be present in obese women, 
even in the absence of clinical disease. 

1.2.2  Duration of pregnancy 
It is well-established that prolonged pregnancy is more likely to occur in obese women 
19;32;34;39;58, but findings related to preterm birth, defined as birth before 37 completed weeks 
of gestation, are more difficult to interpret. In a number of large studies, an elevated risk of 
preterm birth was found in obese women 25;30;34;39;59, but this risk was eliminated 34;59 or at-
tenuated 30 after exclusion of women with obesity-related diseases, which often lead to in-
duced delivery 60;61. Additionally, the timing of preterm birth may influence the association 
with obesity, since investigators found stronger associations between obesity and early pre-
term birth than between obesity and late preterm birth 25;30;39;59. Findings from studies that dif-
ferentiated between spontaneous preterm birth and induced preterm deliveries also indicate 
that obese women have an increased risk of preterm induced delivery, but not of spontaneous 
preterm birth 62-64. The existing data are, however, somewhat inconsistent 65-67, most likely 
because studies with more detailed information were small. Also, BMI was often dichoto-
mized or categorized in a way that precluded an accurate assessment of the risk in obese 
women 60;68-70. 

The investigation of preterm birth is also complicated by a highly multifactorial aetiol-
ogy, and little is known about the underlying pathways. Only a few studies have investigated 
the association between obesity and subtypes of spontaneous preterm birth, such as preterm 
premature rupture of membranes (PPROM) and spontaneous labor 64;71. Yet, Naeye found that 
early preterm birth complicated with acute chorionamnionitis, defined as inflammation of the 
placenta or the placental site, was increased in obese women 25. Because intrauterine infec-
tions may play a key role in the pathogenesis of PPROM 72;73, this finding should also be con-
sidered here. 
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1.2.3  Birth weight  
Prepregnancy BMI is an important predictor of birth weight. Thus, obese women are at higher 
risk of delivering a macrosomic or large-for-gestational-age (LGA) infant 26;28;30;32-34;39;40;58;74-

76, and at lower risk of delivering a small-for-gestational-age infant (SGA) 26;30;59;74. However, 
women who are morbidly obese (BMI>40) may face a higher risk of both LGA and SGA 39. 
The excess growth and fat deposits in macrosomic infants of obese women are thought to re-
sult from abnormal maternal plasma levels of glucose, amino acids, free fatty acids, and 
triglycerides, especially in late pregnancy 77. Some investigators found that the macrosomic 
effect was strongest in pregnancies complicated by gestational diabetes 78-80, while others 
suggested that the increased risk of macrosomia observed in women with gestational diabetes 
was mainly due to confounding by obesity 81;82.  

1.2.4  Congenital malformations 
A number of studies have examined the association between prepregnancy obesity and con-
genital malformations and found a higher risk of neural tube defects 83-87 and heart anomalies 
86;88 in the offspring of obese women. Furthermore, there seemed to be a dose-response asso-
ciation, with the risk increasing with the degree of obesity 86;88. The underlying biological 
mechanisms are still unknown, but a relationship to insulin resistance in obese women has 
been suggested. Thus, findings indicate that the association between obesity and malforma-
tions may be confounded by the presence of insulin resistance and hyperinsulinemia in obese 
women in early pregnancy 89;90. Also, a higher risk of renal anomalies was found in obese 
women with subfertility, suggesting an interaction between these two risk factors 91. Maternal 
folate levels may also play a role in the mechanism linking obesity and neural tube defects, as 
findings suggest that folate levels are lower in obese women than in normal-weight women 
with similar folate intakes 87;92.  

1.2.5  Fetal death 
An increased number of stillbirths in obese women was first noted in 1945 by Odell et al 93, 
who linked the finding to the increased incidence of hypertensive diseases in obese women. 
During the last 10-15 years, evidence has accumulated to support the association between 
obesity and stillbirth, defined as fetal death after 28 weeks of gestation 34;39;59;94-98. In 1993, a 
large American case-control study based on retrospective data found an increased risk of both 
antepartum and intrapartum stillbirth in obese women, when compared to lean women with a 
BMI less than 18.2, who presented the lowest absolute risk 97. A large Swedish register study 
also compared obese women with lean women (BMI<20) and found an increased risk of still-
birth, which was highest among nulliparous women 59. A subsequent case-control study of 
649 antepartum stillbirths among Swedish nulliparous women reported an increased risk 
among both overweight and obese women compared to lean women (BMI<20), which was 
highest for term antepartum stillbirth 98. When women with obesity-related diseases in preg-
nancy were excluded from the analysis, however, the relative risk among overweight women 
increased, while the relative risk in obese women was attenuated 98. Other studies compared 
obese women with normal-weight women, and the findings were consistent with earlier re-
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ports 34;39;96, although the strength of the associations were somewhat reduced, especially 
when obesity-related diseases were adjusted for 34.  

While results from studies consistently show an increased risk of stillbirth with increas-
ing BMI, the underlying mechanisms are unknown. It is still unclear whether the excess risk 
of stillbirth can be explained by obesity-related diseases or lifestyle factors in obese women. 
Also, the temporal pattern of the association between BMI and fetal death is poorly described. 
Both obesity 19;32;34;39;58 and stillbirth 99-101 are associated with prolonged pregnancy, but little 
is known about the risk of stillbirth in obese women with 40 completed weeks of gestation re-
corded. Studies of early and late spontaneous abortions in obese women have shown inconsis-
tent results, both in women receiving infertility treatment 102-106 and in the general population 
107;108.  

1.2.6  Morbidity and mortality in the offspring 
Increased perinatal mortality in offspring of obese women has been reported 25;109, but as this 
measure also includes stillbirths, these findings cannot give specific information about neona-
tal mortality. Studies of neonatal or infant mortality suggest an increased mortality in off-
spring of obese women, but the numbers of deaths were small 30;59;110;111. Specifically, an in-
creased risk of infant mortality in preterm infants of overweight mothers has been reported in 
a British study 111, based on data from the early eighties 112. This finding was subsequently 
supported by US data 25, however they were collected during the sixties. In this study, obe-
sity-related preterm birth accounted for half of a threefold increase in perinatal mortality 
across BMI groups. Very early preterm birth with acute chorionamnionitis was suggested as a 
main contributor to this excess mortality. A large Swedish register study, based on a more 
contemporary sample, did not find an association between maternal obesity and infant mortal-
ity in very preterm infants 113. Therefore, at this time, it is unclear if there is an association be-
tween excess mortality among preterm infants and maternal obesity. 

When assessing any increased risk of mortality in the offspring of obese women, the 
higher risk of intrapartum complications in this group should be accounted for. Deliveries in 
obese women are associated with a higher risk of induced labor 31;39;40, cesarean section deliv-
eries 31-33;39;40;58;109;114, and complications during labor 58;115-117. Additionally, the infant of an 
obese woman has an elevated risk of having a low Apgar score 19;34;39 and a higher risk of 
transfer to a neonatal care unit 33;34. 

The impact of maternal obesity on subsequent obesity in the offspring also needs to be 
considered. Although this association is well-known 118-120, it is still uncertain whether the in-
creased risk of obesity in childhood and adolescence originates in intrauterine life, or whether 
it can be explained by genetic and postnatal environmental factors 121.   

1.2.7  Gestational weight gain 
Studies of obesity in pregnancy must also consider gestational weight gain. Weight gain dur-
ing pregnancy reflects increases in maternal tissue, especially fat and extracellular water, but 
also the growth of the conception product. The contribution of these different components 
may vary considerably between women 122, which complicates weight gain as a predictor in 
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epidemiological studies. Low gestational weight gain is associated with birth of a small-for-
gestational age (SGA) infant 58;59, with the risk being especially high in underweight and 
normal-weight women, and somewhat attenuated in overweight and obese women 123;124. 
High gestational weight gain is associated with increased birth weight 31;123-127. Although this 
effect is also somewhat attenuated in overweight and obese women, it may lead to even 
higher rates of macrosomia in these BMI groups 123;124;127.  

Studies found that weight gains in overweight and obese women were lower than weight 
gains in normal-weight and underweight women, but also that the variation in weight gain in 
the two upper BMI groups was large 128-130. In 1990, the US Institute of Medicine introduced 
different recommendations for optimal weight gain based on a woman's prepregnant BMI. 
The recommendations focused on optimizing fetal outcomes, especially on preventing low 
birth weight, and it did not provide an upper limit for obese women 131. These recommenda-
tions have been an issue of intense debate 132-134, since high weight gain may add to maternal 
fat stores in overweight and obese women, increase the risk of cesarean deliveries 58;117;128;135, 
and increase postpartum weight retention 136-139. 

Besides being a nutritional marker, weight gain may reflect abnormal physiology during 
pregnancy. The association between low weight gain, especially among underweight and 
normal-weight women, and preterm birth is well established 63;64;67;70;140. High weight gain in 
preeclamptic women is a well-known phenomenon 141-143, while weight gain was not found to 
be associated with stillbirth 59;98;144. The understanding of these findings is still speculative 
and complicated by several methodological issues. In particular, total weight gain is con-
founded by the duration of gestation, even when it is calculated as a rate per week 145.  
 
 
1.3  Public health implications 
The high frequency of obesity in women of childbearing age has important public health im-
plications. The adverse effects of obesity on pregnancy outcomes are not only a problem for 
the women and their offspring, but also for the health care system. As a result of obesity 
among women, the system is burdened by increased health care needs ranging from in vitro 
fertilizations (IVF), extended antenatal care, labor inductions, caesarean deliveries and pro-
longed hospitalizations. Studies indicate that temporal increases in gestational diabetes and 
macrosomia are partly attributable to the increasing prevalence of obesity 110;146. 

Thus far, interventions have focused on exercise and dietary changes in obese women, 
but often without the necessary methodology to evaluate whether a beneficial effect was ob-
tained. It is well established that physical activity increases insulin sensitivity and muscular 
glucose clearance 147, and recent findings suggest that physical activity in pregnancy is asso-
ciated with lower leptin concentrations 148. In cardiovascular research an emerging body of 
evidence suggests that the high risk associated with obesity can be eliminated by being physi-
cally fit 149-153. Yet, only few studies have evaluated the effect of physical activity on obesity-
related diseases in pregnant women 154-159. Results suggest that recreational exercise in preg-
nant women is associated with a reduced risk of gestational diabetes 154-156 and preeclampsia 
157;159. This association may, however, reflect that already prior to pregnancy such women are 
most likely physically active, which was also shown to be a predictor of reduced risk 
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154;155;159. Some investigators found only a beneficial effect of recreational exercise during 
pregnancy on risk of gestational diabetes in obese women 156, while others reported similar 
beneficial effects when BMI was dichotomized into normal weight and overweight 154. A re-
duced risk of preterm birth in women engaged in recreational exercise during pregnancy has 
also been suggested 160. However, results from the studies are inconsistent, and this is partly 
due to small sample sizes. Furthermore, two cohort studies depended on retrospective data 
156;160, while three other studies were case-control studies and susceptible to both selection- 
and recall bias 154;157;159. So far, very few experimental studies of the effect of physical exer-
cise in pregnancy have been conducted, and the focus has mostly been on the regulation of 
gestational diabetes or fetal growth 161-164. Also, results from trials on gestational weight gain 
restriction in obese women are pending. Further evidence is needed to support public health 
initiatives in overweight and obese women. 
 
 
1.4  General comments on the body of evidence 
Prepregnancy weight and height are readily available exposure measures in most data collec-
tions from pregnant populations, and there are numerous studies of associations between obe-
sity and reproductive outcomes. However, all of these studies are observational studies. Many 
were too small to evaluate rare, but important outcomes, and large studies were often based 
on registers where information about potential confounders was missing. Furthermore, differ-
ences in occurrence of obesity, in ethnic composition, in disease definitions, and in antenatal 
care programmes and interventions limit comparisons across populations.  

In earlier studies, definitions of overweight and obesity varied from study to study, com-
plicating the comparison of results. Most recent studies used prepregnancy BMI, categorized 
as suggested by the WHO 1, and with normal-weight women as the reference group. Some 
important reproductive complications have, however, been linked to the metabolic syndrome 
49;51;52, thus making measurements of body fat distribution in early pregnancy relevant. Only a 
few studies have tested these measures 36;165;166. Waist circumference and BMI performed 
equally well as predictors of hypertensive disorders 36, and gestational diabetes 165. However, 
further studies are needed to determine the relevance of body fat distribution in pregnancy. 
 
 
1.5  Conclusions leading to the present study 
Intensive efforts have been dedicated to understanding metabolic abnormalities in obese 
pregnant women, but the role of obesity in the underlying biological pathways of adverse 
pregnancy outcomes is still speculative. The interpretation is complicated by the fact that life-
style and other characteristics of obese women may also play a role. Large epidemiological 
studies with comprehensive information on important covariates collected during pregnancy 
may contribute to our understanding of adverse pregnancy outcomes in obese women. 

Among the adverse pregnancy outcomes that have been related to obesity we decided to 
study fetal death. This is a rare, but severe outcome, and little is known about the temporal 
pattern of the association between BMI and fetal death, and about causes of stillbirth in obese 
women. 
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We also chose to investigate the risk of preterm birth in obese women, because the cur-
rent evidence suggested an elevated risk in obese women that may be related to specific sub-
types of preterm birth, and because data were available. Also, we wanted to investigate mor-
tality in infants of overweight and obese mothers, because prior findings needed to be clari-
fied. 

Finally, we decided to also study the interaction between obesity and recreational exer-
cise on obesity-related diseases and preterm birth. The promotion of recreational exercise in 
obese pregnant women has received a lot of attention as a potential public health priority. In-
sight into these matters gained from large epidemiological studies may be useful in the plan-
ning of future intervention studies.  
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2.  Aims 
2.1  Aims 1 
The first aim of the present work was to assess the impact of prepregnancy obesity on selected 
pregnancy outcomes. 
In particular, to study the associations between 

- prepregnancy obesity and fetal death according to gestational age, 
- prepregnancy obesity, gestational weight gain and subtypes of preterm birth, 
- prepregnancy obesity and neonatal mortality, and 
- prepregnancy obesity, recreational exercise, and risk of preterm birth and obesity-

related diseases. 
 
 

2.2  The Danish National Birth Cohort  
To fulfill these aims, we used data from the Danish National Birth Cohort (DNBC) 167. This 
cohort is a nation-wide study of 100,000 women and their offspring and was established to 
provide a data source for epidemiological studies of short- and long-term consequences of in-
trauterine exposures. The data collection also contains information about prepregnancy 
weight and height, and the cohort is a unique source for studies of short and long-term conse-
quences of maternal obesity.  
 
 
2.3  Non-participation in the Danish National Birth Cohort 
The use of data from the DNBC for studies on maternal obesity and adverse pregnancy out-
comes raises, however, some methodological questions, since only about 30% of all Danish 
pregnant women in the recruitment period were actually included in the cohort. The disap-
pointingly low participation rate was related both to non-participation by general practitioners 
and to women who declined to participate.  

Low participation is not only a problem for the DNBC. Participation rates in cohort stud-
ies in many countries have, during the last two decades, dropped from 80% down to 30-40% 
168-174. As these studies provide much of the evidence on preventable causes of diseases, it is 
important to know if this should be considered a serious problem for the estimation of expo-
sure-risk relationships.  

In the DNBC, it was decided to prioritize compliance to the follow-up, summarized by 
the advice ‘If in doubt, stay out’, which describes the recruitment policy used in the DNBC. 
Whether this policy was the right choice remains unknown. Actually, the impact of non-
participation on exposure-outcome associations (internal validity) has seldomly been exam-
ined in cohort studies. Large efforts have been made to trace or collect data on non-
participants and examine the pattern of non-participation by comparing descriptive statistics 
between participants and non-participants 173;175-183. Only one cohort study calculated relative 
risk estimates for both participants and the source population 178, but the study was too small 
to provide useful information. Moreover, no statistical methods were found in the published 
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literature that compared two non-independent estimates, e.g. the relative risks among the par-
ticipants and the source population. 

Data collections on all births in two well-defined geographical areas in Denmark, inde-
pendent of the establishment of the DNBC, offered a unique opportunity to investigate the 
impact of the low participation rate on the relative risk estimates derived from this cohort. The 
potential bias caused by non-participation is a general problem and not just a problem related 
to studies of maternal obesity. We therefore also considered the effect of non-participation on 
the risk estimates for two other well-known determinants of adverse pregnancy outcomes. 
 
 
2.4  Aims 2 
A second aim of the present work was to evaluate the consequences of the selection into the 
DNBC. 
In particular:  

- To quantify the impact of the non-participation in the DNBC on different associations 
between well-established risk factors, in particular prepregnancy BMI, and pregnancy 
outcomes.  

- To evaluate two simple methods for constructing confidence intervals for estimates of 
bias. 

 
 
Aims 1 and 2 are addressed in the following two parts “Epidemiological studies of prepreg-
nancy obesity” (Chapter 3) and “A study of the selection to the Danish National Birth Cohort” 
(Chapter 4). Each of these chapters has its own discussion section, and the thesis ends with 
the two chapters “Main conclusion” (Chapter 4) and “Perspectives” (Chapter 5).  
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3.  Epidemiological studies of prepregnancy obesity 
 
3.1  Main data sources and methods 
From 1997 to 2002, the Danish National Birth Cohort 167 included 100,000 pregnant women 
who intended to carry the pregnancy to term and spoke Danish well enough to participate in 
four computer-assisted telephone interviews, twice during pregnancy and twice after delivery. 
Approximately 50% of all general practitioners in Denmark chose to take part in the recruit-
ment. Pregnant women were approached at the first antenatal care visit, which usually oc-
curred at weeks 6 to 10 of gestation, and approximately 60% of the eligible women accepted 
the invitation.  

Based on data from the DNBC, we conducted four prospective follow-up studies on ma-
ternal obesity. Exposure information was self-reported and obtained from the first pregnancy 
interview, which occurred at approximately 16 weeks of gestation (inter-quartile range 13-19 
weeks). Danish national health registers and medical records were used for follow-up on out-
comes. The study of fetal death was carried out at a time when data were only available for 
pregnancies that occurred in a three-year period from May 1998 to May 2001. The remaining 
studies were based on the entire cohort.  
 

3.1.1  Exposure information from interviews  
Prepregnancy BMI was calculated from information about prepregnancy weight and height. 
BMI was categorized according to the definitions of the WHO as underweight (BMI<18.5), 
normal-weight (18.5≤BMI<25), overweight (25≤BMI<30), and obese (BMI≥ 30) 1.  

Gestational weight gain was based on self-reported information from 1) the first inter-
view, 2) the second interview, which was scheduled to take place in week 30 (inter-quartile 
range 29 – 33 weeks), or 3) the third interview, which was carried out 6 months after delivery. 
We relied on the well-established linear relationship between weight gain and gestational age 
from early to late pregnancy 7;63;184 and computed the average weekly gain from the difference 
between two self-reported measures in the period from gestational week 12 to gestational 
week 37. We required that these measures were at least 6 weeks apart and excluded measures 
after 37 completed weeks. We used information from the first and second interview if these 
criteria were fulfilled. Otherwise, we used data from the first and third interview or, if neces-
sary, from the second and third interview. In the analyses, weekly weight gain was catego-
rized into three groups using cut points at 275 g and 675 g. 

Recreational exercise was reported as the type of activity. Additionally, for each type of 
activity, the weekly frequency and average minutes spent on each occasion were reported. We 
combined all types of activity into a single measure of minutes of exercise per week. Women 
were categorized into three groups, which were ‘not active’, ‘1-90 minutes per week’, and ‘> 
90 minutes per week’. The threshold between the two last categories was found by calculating 
the median among those who reported some kind of exercise. 

Maternal characteristics and lifestyle exposures through the first part of pregnancy in-
cluded age, coffee consumption, smoking, alcohol intake, and socio-occupational status. Re-
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productive history included numbers and types of previous pregnancies, infertility treatment, 
and waiting time to pregnancy. Further details on the exposure variables are also given in Pa-
pers I and II. 

3.1.2  Outcome information from registers  
Pregnancy outcomes. A part of the present work was, in collaboration with PhD-student Bodil 
Hammer Bech, to document all pregnancy outcomes in the DNBC. We used the personal 
identifier from each woman to link to the Civil Registration Register, the Birth Register, and 
the National Discharge Register. These registers were used to identify live births and still-
births, and to divide all liveborn and stillborn infants into singletons, twins and triplets. In the 
National Discharge Register, we used the International Classification of Diseases 10th version 
(ICD-10) to identify spontaneous abortions (codes O021 and O028-O039), early induced 
abortions (codes O040-O049 and O060-O067), late induced abortions (codes O050-O057), 
ectopic pregnancies (codes O00-O009), and hydatidiform mole (codes O01-O019 and O020b-
O020c). If the fetal death had an operation code this was used to define the event date. Other-
wise we used the day of admission. In less than 1% of pregnancies we found either missing or 
inconsistent information in the register, or more than one fetal loss within a reliable time win-
dow according to the last menstrual period. Additionally, we used information from the preg-
nancy interviews or the case interviews, which were interviews offered to all women with a 
pregnancy termination before the second interview. Emigrants and day of emigration were 
identified in the Civil Registration System. To resolve the remaining inconsistencies, about 35 
women were finally contacted personally. Of 101,032 pregnancies included in the DNBC 
only 16 remain with an unknown pregnancy outcome. 

Gestational age as recorded in the National Discharge Register was used in the present 
work. It is a clinical evaluation of gestational age at time of birth or pregnancy termination 
and is widely based on ultrasound measures, since more than 90% of Danish pregnant women 
receive an ultrasound before 20 weeks of gestation 185. We also generated a gestational age es-
timate based solely on information about the last menstrual period, and finally also a gesta-
tional age estimate based on the last menstrual period, but accounting for irregular periods 
and length of cycle 186.  

Fetal deaths were divided into spontaneous abortions and stillbirths using 28 completed 
weeks of gestation as the threshold. We collected medical records for stillbirths nationwide to 
categorize the cause of death according to the classification suggested by Andersen et al 187, 
based on two British categorizations 188;189. Since we wanted to study stillbirth related to pla-
cental causes, we decided a priori to modify Andersen’s categorization. This modification is 
described in details in Paper I. 

Preterm birth was defined as the delivery of a liveborn infant before 37 completed weeks 
of gestation. Information from the National Discharge Register was used to categorize pre-
term births into three subtypes. Induced preterm deliveries were defined from information 
about either induction or caesarean section before the onset of labor. The remaining preterm 
births were divided into spontaneous births with a PPROM diagnosis and spontaneous births 
without a PPROM diagnosis based on the presence of the diagnosis O42 (ICD-10), which 
captured births with spontaneous rupture of membranes at any time before the onset of labor. 
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We suspected some under-reporting of PPROM in the National Discharge Register, so we 
added information from the third telephone interview where the woman was asked if the time 
between rupture of membranes and delivery was more than 24 hours. This increased the 
PPROM frequency from 23% to 27%. 

Obesity-related diseases and abruptio placentae in pregnancy were identified by ICD-10 
codes in the National Discharge Register. In accordance with Danish guidelines, hypertension 
was defined as a blood pressure of ≥ 140/90 mmHg on at least three occasions 190, and ICD-
10 codes I10 through I15, and O10, O11, and O13 were used to identify chronic and gesta-
tional hypertension. Preeclampsia was defined as hypertension in combination with proteinu-
ria of ≥ 0.3 g/l 190. In the present work, preeclampsia included eclampsia and was identified by 
the ICD-10 codes O14 or O15, while the code O45 identified abruptio placentae. Diabetes in-
cluded both pregestational and gestational diabetes and was identified by the ICD-10 codes 
E10 before or in pregnancy and O24 in pregnancy. According to Danish guidelines during the 
study period, gestational diabetes was diagnosed by use of oral glucose tolerance testing 
191;192, where the thresholds were based on international recommendations 193. Because we 
suspected some under-reporting of gestational diabetes in the register, we also relied on self-
reported information on diabetes from the telephone interviews. This increased the frequency 
of gestational diabetes from 0.9% to 1.2%.  

Neonatal and infant mortality information was obtained from the Birth Register, which 
contains information about the date of death. From the same register we also obtained infor-
mation about the date of first diagnosis of malformations.  
 

3.1.3  Validation studies 
In the study of the selection into the DNBC, which was also part of the present work, we ob-
tained independent data on a subgroup of the source population for the DNBC. These data al-
lowed us to also perform validation studies of the main exposure variables, prepregnancy 
BMI and gestational weight gain, and also of one of the main outcome variables, subtypes of 
preterm birth. The results of the validation studies can be found in appendix A and B, respec-
tively.  
 

3.1.4  Main aspects of statistical methodology and strategy of analysis 
Cox regression analysis for censored survival data was the main statistical methodology used 
in the different studies 194. In the analysis of specific pregnancy outcomes, gestational age was 
chosen as the underlying time scale, and the pregnancy outcomes not under study and emigra-
tion were treated as censoring. All Cox regression models were stratified on gestational week 
of the first pregnancy interview to improve comparability.  

The relative risk of specific pregnancy outcomes according to prepregnancy BMI was es-
timated as hazard ratios (HR) and reported with 95% confidence intervals (CI) in parentheses 
after the estimate. Hazard ratios were adjusted for a number of confounding factors, the selec-
tion of which were based on a priori knowledge about which factors might potentially con-
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found the results. We did not apply variable selection procedures to reduce the number of 
confounding factors. Interactions between BMI and the follow-up period and between BMI 
and selected confounding factors were also assessed. Finally, a number of supplementary 
analyses were conducted to assess the sensitivity of the results to alternative specifications of 
the study population and the analytic strategy. A two-sided significance level of 0.05 was 
used in all statistical tests. 

As a number of women participated in the cohort with more than one pregnancy, we used 
robust methods to obtain standard errors of the estimates. This methodology is implemented 
in STATA 8.0 Special Edition, which was used for all statistical analyses 195. Additional de-
tails on the statistical methods are given in the presentation of each of the studies below. 
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3.2  Study 1. Obesity and fetal death 

3.2.1  Material and methods 
For this study, we initially considered 63,908 pregnant women recruited to the DNBC from 
May 1, 1998, to April 30, 2001. We restricted the study population to women who partici-
pated in the first interview and provided information on BMI (n = 54,505). 

In the Cox regression analysis, the day of the first pregnancy interview was used as time 
of entry. Multiple births were included and treated as censored observations if both or just one 
baby was liveborn. Intrapartum fetal deaths due to fetal distress or obstructed labor were not 
considered as fetal deaths 196. Confounders included in the models were age, parity, socio-
occupational status, smoking, alcohol, coffee consumption, and physical exercise.  

In a separate analysis of stillbirth, the relative risk according to prepregnancy BMI was 
calculated as an odds ratio (OR) using logistic regression. We restricted this analysis to ongo-
ing singleton pregnancies at 28 completed weeks with a completed first interview prior to this 
date (n=51,655). The strategy of analysis was similar to that used in the Cox regression analy-
sis. We repeated the analysis after excluding women with obesity-related diseases. Finally, in 
a sub-population of 39,187 women without obesity-related diseases, we evaluated the associa-
tion between gestational weight gain and stillbirth. In this study, the definition of weekly 
weight gain was modified, because only women with live births were contacted for the third 
interview. Here we used the average weekly increase between self-reported weights in the 
first and second pregnancy interviews for the women who provided a first interview between 
9 and 24 completed weeks of gestation, provided a second interview between 26 and 38 com-
pleted weeks of gestation, and had at least six weeks between the two interviews. 

3.2.2  Results 
The adjusted rates of fetal death before 14 completed gestational weeks were comparable in 
the different BMI groups. In the subsequent periods, the relative risk among obese women in-
creased significantly with gestational age (p=0.001), and ended with a 360% higher risk of 
stillbirth in pregnancies exceeding 280 days (Figure 2 and Paper 1, Table 2). The higher rela-
tive risks were statistically significant from week 14 and onwards. A similar, but less pro-
nounced trend was observed among overweight women, ending with a 190% higher risk of 
stillbirth in the highest gestational age category.  

We repeated the analysis with gestational age based on the last menstrual period and 
found a slightly lower excess risk of fetal death in obese women, but otherwise the results re-
mained unchanged. We also explored the role of subfertility by restricting the analysis to 
primigravidae with a waiting time to pregnancy of six months or less and no reported infertil-
ity treatment. This restriction led to an even higher excess risk among obese women com-
pared to normal-weight women.  

In the analysis of stillbirth, we found an adjusted odds ratio of 3.2 (2.0-4.9) for obese 
women and also an increased risk among overweight women (OR 2.0 (1.4-2.9)) (Paper I, Ta-
ble 3). Excluding women with obesity-related diseases led to only minimal changes of the ad-
justed risk estimates. The adjusted odds ratio related to a gestational weight gain of 100 g per 
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week was estimated to 0.94 (0.87-1.03), and the relative risks related to overweight and obe-
sity were only slightly reduced when weight gain was included in the model.  

Finally, we considered the recorded causes of stillbirth (Paper I, Table 4). Deaths due to 
outcomes categorized as placental dysfunction were especially increased among overweight 
and obese women (crude OR 2.1 (1.0-4.4) and 5.2 (2.5-10.9), respectively). Overweight and 
obese women also faced a significantly increased risk of unexplained intrauterine fetal death, 
and the birth weights of these fetuses are further described in Appendix C, Figure C1. Addi-
tional details on methods and results of the study are given in Paper I. 
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Figure 2. Adjusted hazard ratio relative to normal-weight women by BMI category.  
n = 54,133; 674 fetal deaths. 
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 3.3.  Populations for studies of prepregnancy BMI and preterm birth 
The studies 2, 3, and 4 focused on aspects of the association between prepregnancy BMI and 
preterm birth. The studies were all based on the full recruitment period of the DNBC, but the 
size of the final study populations varied due to different exclusion criteria. Figure 3 shows 
how the study populations were derived from the DNBC. Table 1 gives the distribution of the 
confounding factors by categories of prepregnancy BMI for this group. The study on prepreg-
nancy BMI, gestational weight gain and subtypes of preterm birth is completed, and the 
reader is referred to tables in Paper II for further details on the results. The studies on neonatal 
mortality and on recreational exercise are not yet fully completed and the preliminary results 
are included in the present work.  
 
 

 
* Pregnancies terminated before 20 weeks of gestation were excluded in these preliminary analyses. 
 
Figure 3. The populations used in studies 2, 3, and 4 

The Danish National Birth Cohort 
n = 101,032 

First  interview, information on BMI, singleton birth 
n = 85,147 

Study 2 
Subtypes of          

preterm birth 
 
-Still pregnant at 22 
completed weeks. 
-First interview before 
37 completed weeks. 
n = 84,255 
 
-Information on weight 
gain. 
n = 62,167 
 

Study 3 
Neonatal mortality 

 
 
-Liveborn singletons 
 
-Infants with malforma-
tion included: 
n = 83,834 
 
-Infants with malforma-
tion excluded:  
n = 79,759 
 

Study 4 
Recreational exercise 

-Information on recreational exercise 
n = 85,046 
 
Preterm birth 
-Still pregnant at 22 completed weeks.
-First interview before 37 completed 
weeks. 
n = 84,154 
 
Obesity-related diseases 
• Gestational diabetes 

Disease-free at first interview 
n = 83,790* 

• Hypertension 
Disease-free at first interview 
n = 84,005* 

• Preeclampsia 
Disease-free at first interview 
n = 84,291* 
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Table 1. Maternal characteristics by body mass index in 85,147 participants with a 
first interview and information about prepregnancy body mass index 
             
  All pregnancies  Body mass index 
    n   %   <18.5 18.5-24.9 25-29.9   30+
          
Population 85,147   3,856 57,640 16,600  7,051
          
Age at conception          
 <25 11,013  12.9  18.7  11.9  13.7  16.2
 25-29 35,467  41.7  41.5  41.6  41.9  41.8
 30-34 28,864  33.9  30.2  34.6  33.2  31.8
 35+ 9,803  11.5  9.6  11.9  11.1  10.2
Parity            
 Primiparous 39,910  46.9  46.1  48.0  44.3  44.1
 Multiparous 45,237  53.1  53.9  52.0  55.7  55.9
Height             
 <1.60m 4,498  5.3  5.4  5.0  5.8  6.6
 1.60-1.69m 41,714  49.0  49.0  48.3  49.9  52.2
 1.70m+ 38,935  45.7  45.6  46.7  44.3  41.2
Smoking            
 Non-smoker 71,064  83.5  72.6  84.5  83.3  82.3
 0-10 cig/day 10,749  12.6  20.7  12.3  12.3  12.1
 >10 cig/day 3,246  3.8  6.7  3.2  4.4  5.6
Alcohol consumption             
 0 shots/week 46,927  55.2  60.2  53.0  56.8  66.0
 1/2 -3 shots/week 36,097  42.4  37.6  44.3  41.2  32.6
 >3 shots/week 2,039  2.4  2.2  2.7  2.0  1.4
Socio-occupational status             
 High 44,043  52.1  46.8  56.4  45.5  35.3
 Middle  32,243  38.1  39.2  35.4  43.2  47.6
 Low  8,303  9.8  14.1  8.2  11.3  17.1
Recreational exercise            
 No exercise 53,835  63.3  68.5  61.7  65.4  68.5
 1-90 min/week 15,712  18.5  15.1  18.9  18.2  17.2
 91- min/week 15,499  18.2  16.5  19.3  16.4  14.3
Hypertension         
 No 83,807  98.4 99.4 98.9 97.9  95.6
 Yes 1,340  1.6 0.6 1.1 2.1  4.4
Preeclampsia         
 No 83,278  97.8 99.1 98.3 97.1  94.7
 Yes 1,869  2.2 0.9 1.7 2.9  5.3
Diabetes         
 No 83,890  98.5 99.6 99.1 97.9  94.7
 Prepregnancy 252  0.3 0.0 0.3 0.4  0.5
 Gestational diabetes 1,005  1.2 0.4 0.6 1.7  4.9
                   

Except for first row and first column all values are column percentages. 

Missing values for smoking were 88, for alcohol consumption 84, for socio-occupational status 558, and 
for recreational exercise 101. 
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3.4  Study 2. Obesity, gestational weight gain and preterm birth 

3.4.1  Material and methods 
In this study, we initially considered 84,255 women with singleton pregnancies, who had a 
first pregnancy interview that provided information on prepregnancy BMI, and who were still 
pregnant when follow-up began at day 153 of gestation (22 completed weeks). Women with a 
first interview after day 153 of gestation entered into the analyses on the day of the first preg-
nancy interview. Follow-up ended at 37 completed weeks of gestation, so all women still 
pregnant at day 258 were censored. The follow-up period was divided into an early period 
(weeks 22-33) and a late period (weeks 34-36) to investigate if the hazard ratios varied with 
gestational age. 

We further restricted the study population to women with information about weekly ges-
tational weight gain, which was available for 62,167 pregnancies. This constituted the final 
study population. In the adjusted analysis, hazard ratios for BMI and gestational weight gain 
were mutually adjusted and also adjusted for the effect of age, height, parity, socio-
occupational status, smoking, and alcohol consumption. 

3.4.2  Results 
The overall, crude relative risk of preterm birth in obese women compared to normal-weight 
women was 1.3 (1.1-1.4) both in the initial and in the final study population. In both popula-
tions the hazard ratio was slightly higher in the early period (HR 1.6 (1.1-1.9) and HR 1.5 
(1.2-1.9), respectively). This increase in the crude risk was related exclusively to preterm 
births with PPROM and induced preterm deliveries, especially before 34 completed weeks of 
gestation, where obese women faced twice the risk (Paper II, Table 2). Low weight gain was 
also associated with an increased risk of all subtypes of preterm birth, especially early preterm 
birth.  

In the adjusted analysis, the hazard ratios for BMI were attenuated slightly, but the haz-
ard ratios for high and low weight gain were stable (Paper II, Table 2). The relative risk of 
PPROM in obese women was 1.5 (1.2-1.9), and it differed significantly from the relative risk 
of spontaneous preterm birth without PPROM, which was 0.9 (0.8-1.1). An increased risk of 
induced preterm deliveries in obese women was now only observed in the early period (HR 
1.7 (1.2-2.4)). Although overweight women did not have an increased risk of spontaneous 
preterm birth, the relative risks of the two subtypes also differed significantly in this BMI 
group. 

For all three categories of preterm birth we found a statistically significant interaction be-
tween weight gain and gestational period with a much stronger association in the early period. 
For BMI, a statistically significant interaction with gestational period was not found.  
When women with obesity-related diseases were censored at the time of diagnosis there was 
essentially no change in the results for spontaneous preterm birth, but for induced preterm de-
liveries the association with obesity was no longer present. Further details on methods and re-
sults of the study are given in Paper II. 
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These results were all obtained on the subset of women with information on gestational 
weight gain. However, the relative risk estimates in the initial and final study population were 
all very similar when adjusted for the confounding factors except gestational weight gain (Ta-
ble 2). 
 
 

Table 2. Adjusted* hazard ratios for subtypes of preterm birth by prepregnancy BMI

Initial population with a first interview† 

  With PPROM  Without PPROM Induced deliveries 
BMI category Adj. HR   95% CI   Adj. HR   95% CI   Adj. HR   95% CI  

 -18.5 1.2  0.9 - 1.6  1.1  0.9 - 1.4  1.3  1.0 - 1.6  
 18.5-24.9 1.0  ref.  1.0  ref.  1.0  ref.  
 25-29.9 1.1  0.9 - 1.3  0.8  0.7 - 0.9  1.2  1.1 - 1.4  
 30- 1.5  1.2 - 1.8  1.0  0.8 - 1.2  1.4  1.1 - 1.7  

                   

Final population with information on gestational weight gain‡ 

  With PPROM  Without PPROM Induced deliveries 
BMI category Adj. HR   95% CI   Adj. HR   95% CI   Adj. HR   95% CI  

 -18.5 1.4  1.1 - 1.9  1.2  0.9 - 1.5  1.3  0.9 - 1.7  
 18.5-24.9 1.0  ref.  1.0  ref.  1.0  ref.  
 25-29.9 1.2  1.0 - 1.4  0.8  0.7 - 0.9  1.2  1.0 - 1.4  
 30- 1.6  1.3 - 2.0  1.0  0.8 - 1.2  1.3  1.0 - 1.6  

* Adjusted for age, height, parity, socio-occupational status, smoking, and alcohol consumption. 
† Initial study population: n = 83,542; 3824 preterm births. 
‡ Final study population: n = 61,711; 3116 preterm births. 
PPROM, Preterm premature rupture of membranes; HR, hazard ratio; Adj, adjusted; CI, confidence interval; 
BMI, body mass index; ref., reference.  
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3.5  Study 3. High prepregnancy body mass index and neonatal mortality 

3.5.1  Material and methods 

The study population included 83,834 liveborn singletons of mothers in the DNBC, who par-
ticipated in the first pregnancy interview and provided information about prepregnancy BMI. 
The infants were followed until death or December 31, 2003. Cox regression models were 
used to analyze neonatal and infant mortality in this population. Thus, in the analysis, surviv-
ing infants were censored after 28 days or one year, respectively. All analyses were carried 
out both in the full study population and in a population where infants with malformations 
were excluded (n = 79,759). Only all-cause mortality was considered in these analyses. 

We first assessed the impact of the mother’s prepregnancy BMI on the child’s survival 
by computing crude and adjusted hazard ratios relative to normal-weight mothers. In the ad-
justed analysis, we corrected for the gestational age at delivery as a continuous variable. This 
analysis was repeated only among preterm infants. For all-cause mortality, we investigated if 
the association with BMI depended on parity, age, height, smoking habits, alcohol consump-
tion, socio-occupational status, physical exercise of the mother, or standardized birth weight 
for gestational age (z-score), defined according to the reference curve given by Marsal et al 
197.   

In the group of preterm infants we examined if the effect of the mother’s prepregnancy 
BMI was modified by the subtype of preterm birth. In this analysis overweight and obese 
women were combined (denoted women with a high BMI). PPROM was identified from the 
clinical diagnosis only, because women with deceased infants were not contacted for the third 
interview. Both crude hazard ratios and hazard ratios adjusted for gestational age at delivery 
were computed. All analyses were repeated after the exclusion of infants born to women with 
obesity-related diseases. 

3.5.2  Results 
We observed 309 infant deaths and 223 neonatal deaths. Neonatal mortality was increased in 
infants of overweight and obese mothers (HR 1.7 (1.2–2.3) and 1.7 (1.1–2.6), respectively), 
and infant mortality was also elevated (HR 1.6 (1.2–2.1) and 1.3 (0.9–2.0), respectively). 
These increases were considerably reduced, and no longer statistically significant, after ad-
justment for gestational age. The results were very similar when infants with malformations 
were excluded, and neonatal mortality in this group is shown in Table 3. Among preterm in-
fants, a similar mortality pattern to that of all infants was observed. Furthermore, after ad-
justment for gestational age no increased mortality was seen in preterm infants born to over-
weight or obese mothers (Table 3).  

Further adjustment for the additional variables considered had no impact on the associa-
tion between BMI and neonatal mortality. In particular, parity did not act as a confounding 
factor, nor did the effect of BMI depend on parity (p=0.50). Moreover, birth weight standard-
ized for gestational age was not associated with increased mortality when included as a con-
tinuous covariate. 
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Table 3. Crude and adjusted neonatal mortality by categories of prepreg-
nancy BMI* 

All births†    Neonatal mortality 
       Crude HR  Adjusted HR‡ 
 BMI category       n   deaths HR   95% CI   HR   95% CI 

 -18.5  3,599  6  1.2  0.5 - 2.8  1.1  0.5 - 2.6 
 18.5-24.9  54,111  74  1.0  ref.  1.0  ref. 
 25-29.9  15,512  37  1.7  1.2 - 2.6  1.3  0.9 - 2.0 
 30-  6,537  17  1.9  1.1 - 3.2  1.1  0.6 - 1.9 

Overweight and obese combined           
 25-  22,049  54  1.8  1.3 - 2.5  1.3  0.9 - 1.8 

 
All preterm births†  Neonatal mortality 
       Crude HR  Adjusted HR‡ 
 BMI category       n   deaths HR   95% CI   HR   95% CI 

 -18.5  178  5  1.5  0.6 - 3.7  1.7  0.7 - 4.2 
 18.5-24.9  2,230  43  1.0  ref.  1.0  ref. 
 25-29.9  654  27  2.2  1.3 - 3.5  1.4  0.8 - 2.2 
 30-  348  12  1.8  0.9 - 3.4  1.0  0.5 - 1.9 

Overweight and obese combined           
 25-  1,002  39  2.0  1.3 - 3.1  1.2  0.8 - 1.9 

* Infants with malformation excluded. Accounts for 4,075 infants (all births), 455 infants (preterm). 
† All births: n = 79,759; 134 neonatal deaths. Preterm births: n = 3,410; 87 neonatal deaths. 
‡ Adjusted for gestational age at birth. 
HR, hazard ratio; CI, confidence interval; BMI, body mass index; ref., reference. 

 
 
 
In the analysis of preterm infants categorized according to subtypes, we found increased 

neonatal mortality in infants of women with a high BMI and PPROM relative to infants of 
normal-weight women with PPROM (Table 4). Moreover, the association was significantly 
different from the corresponding association in infants born after spontaneous preterm birth 
without PPROM (p = 0.01). For the latter subtype no association with high BMI was seen. 
Correction for gestational age had some impact on the size of the estimates and the strength of 
the interaction (p = 0.02), but the conclusions remained unchanged (Table 4). The analyses 
with exclusion of infants born to women with obesity-related diseases yielded results very 
similar to those reported above. 

 
 
 
 



   

 25

 
Table 4. Crude and adjusted neonatal mortality in preterm infants by categories of 
prepregnancy BMI and preterm birth* 

       Crude analysis†        

 Without PPROM  With PPROM  Induced deliveries  
BMI category  HR   95% CI   HR   95% CI   HR   95% CI  

-18.4 0.5  0.1 - 3.8  3.8  0.4 - 36.3  2.6  0.8 - 9.0  
18.5-24.9 1.0  ref.  1.0  ref.  1.0  ref.  
25- 1.3  0.7 - 2.6  8.4  2.4 - 29.9  1.8  0.9 - 3.7  

       Adjusted analysis†        

 Without PPROM  With PPROM  Induced deliveries  
BMI category  HR   95% CI   HR   95% CI   HR   95% CI  

-18.4 0.5  0.1 - 3.5  7.9  0.8 - 77.0  3.4  1.0 - 11.8  
18.5-24.9 1.0  ref.  1.0  ref.  1.0  ref.  
25- 0.7  0.3 - 1.3  3.7  1.0 - 13.2  1.7  0.8 - 3.6  

* Infants with malformations excluded. Accounts for 455 infants.  
† Crude and adjusted analyses: n = 3410; 87 neonatal deaths. Adjusted for gestational age at birth. 
PPROM, preterm premature rupture of membranes; HR, hazard ratio; CI, confidence interval;  
BMI, body mass index; ref., reference. 
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3.6  Study 4. Obesity, recreational exercise and preterm birth  
Study 4 was initiated because we observed that the excess risk of induced preterm deliveries 
among obese women disappeared when obesity-related diseases were censored. Based on the 
present evidence about the beneficial effect of physical activity on insulin resistance we hy-
pothesized that women engaged in recreational exercise may have a lower risk of induced pre-
term delivery and of obesity-related diseases, and that the effect may differ between BMI 
groups. 

3.6.1  Materials and methods 
In this study, we considered 85,046 women with a singleton pregnancy and a first pregnancy 
interview that provided information on prepregnancy BMI and recreational exercise.  

We evaluated the association between recreational exercise and two subtypes of preterm 
birth using Cox regression analysis. Entry time, exit time and censoring were identical to 
those in Study 2, but no splitting of the follow-up period was introduced. The association be-
tween recreational exercise and subtypes of preterm birth was described by an adjusted hazard 
ratio. The adjustment included prepregnancy BMI and the same confounding factors as those 
considered in Study 2, except gestational weight gain. An interaction between the effects of 
BMI and exercise was also assessed, but here exercise was dichotomized as “Not active” or 
“Active”. 

Next, we evaluated the influence of BMI and exercise on gestational diabetes, hyperten-
sion, and preeclampsia in three separate Cox regression analyses. In each of these analyses the 
disease-free women were followed from the date of the first interview and until the date of 
first diagnosis or to the date of birth or termination of pregnancy. The association between 
recreational exercise and disease incidence was described by an adjusted hazard ratio. Con-
founder adjustment and the additional analysis of the potential interaction were similar to the 
methods applied in the analyses of preterm birth. Finally, the incidence of gestational diabetes 
and of hypertension was re-analyzed with date of conception as entry time, because the use of 
date of first interview may be questioned in these analyses. In all the analyses of obesity-
related diseases, we used the data file from the analysis of preterm birth, in which pregnancy 
terminations before week 20 were excluded. 

3.6.2  Results 
The analysis of preterm birth showed that women who reported any kind of physical exercise 
had a modestly decreased risk of induced preterm delivery relative to women who reported no 
exercise, but this was not seen for spontaneous preterm birth (Table 5). No evidence of an in-
teraction between the effects of prepregnancy BMI and exercise was found. For spontaneous 
preterm birth no trend in reduction of the risk across categories of exercise was observed (p = 
0.21). The trend was statistically significant for induced preterm deliveries (p = 0.02), but the 
estimates suggested a threshold effect rather than a trend with time spent on exercise.  
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Table 5. Adjusted* hazard ratios for preterm birth by categories of recrea-
tional exercise in pregnancy and prepregnancy BMI 

       
    Spontaneous  Induced  
   preterm birth  preterm delivery 

Recreational exercise   HR   95% CI    HR   95% CI 

Active versus not active  0.9  0.9 - 1.0   0.9  0.8 - 1.0 

Active versus not active within BMI categories          

 -18.5   0.9  0.6 - 1.2   0.9  0.5 - 1.5 
 18.5-24.9   0.9  0.8 - 1.0   0.9  0.7 - 1.0 
 25-29.9   1.0  0.8 - 1.2   0.9  0.7 - 1.1 
 30-   0.9  0.7 - 1.1   1.0  0.7 - 1.4 

 Interaction p-value   0.93    0.96 
      
In categories           
 Not active   1.0  ref.   1.0  ref. 
 1-90 min/week  0.9  0.8 - 1.0   0.9  0.7 - 1.0 
 91- min/week  1.0  0.9 - 1.1   0.9  0.7 - 1.0 

* Adjusted for age, height, BMI, parity, socio-occupational status, smoking, and alcohol consump-
tion. 
n = 83,448; spontaneous preterm births = 2677; induced preterm deliveries = 1146.    
HR, hazard ratio; CI, confidence interval; BMI, body mass index; ref., reference. 

 

Next we looked at the incidence of obesity-related diseases. Women who reported any 
kind of physical exercise had a decreased risk of gestational diabetes relative to women who 
reported no exercise, but this was not seen for hypertension or preeclampsia (Table 6). No 
evidence of an interaction between the effects of prepregnancy BMI and exercise was found. 
When recreational exercise was divided in three categories we found a tendency towards a 
decreasing hazard ratio with increasing exercise for gestational diabetes (test for trend, p = 
0.05), but not for hypertension (p = 0.98) and preeclampsia (p = 0.45).  

In the analyses with date of conception as entry time, we had 1329 cases of hypertension 
and 924 cases of gestational diabetes. The results were unchanged for hypertension. For ges-
tational diabetes the hazard ratios for any exercise versus no exercise became 0.8 (0.5–0.9) 
and 0.9 (0.7–1.2) for overweight and obese women, respectively, but the interaction between 
recreational exercise and BMI was also non-significant here (p = 0.13). When recreational ex-
ercise was divided into three categories, the hazard ratio for gestational diabetes was 0.9 (0.8-
1.1) in the category 1-90 min/week and 0.8 (0.7–1.0) in the category >90min/week. The test 
for trend was here statistically significant (p = 0.01). 
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Table 6. Adjusted* hazard ratios for obesity-related diseases by categories of rec-
reational exercise in pregnancy and prepregnancy BMI 
          
          
  Gestational diabetes† Hypertension§  Preeclampsia‡ 
Recreational exercise  HR   95% CI   HR  95% CI   HR   95% CI 

Active versus not active 0.9  0.8 - 1.0  1.0  0.9 - 1.1  1.0  0.9 - 1.1 

Active versus not active within BMI categories           

 -18.5  1.4  0.4 - 4.2  0.5  0.1 - 1.7  0.6  0.3 - 1.4 
 18.5-24.9  0.8  0.7 - 1.1  1.1  0.9 - 1.3  1.0  0.8 - 1.1 
 25-29.9  0.7  0.6 - 1.0  0.8  0.7 - 1.1  0.9  0.7 - 1.0 
 30-  1.1  0.8 - 1.4  1.0  0.8 - 1.3  1.1  0.9 - 1.4 

  Interaction p-value  0.34   0.34   0.23 
       
In categories             
 Not active  1.0  ref.  1.0  ref.  1.0  ref. 
 1-90 min/week 0.9  0.7 - 1.1  0.9  0.8 - 1.1  0.9  0.8 - 1.1 
 91- min/week 0.9  0.7 - 1.1  1.0  0.9 - 1.2  1.0  0.9 - 1.1 

* Adjusted for age, height, BMI, parity, socio-occupational status, smoking, and alcohol consumption. 
+ Gestational diabetes: n= 83,098; cases = 728.
§ Hypertension: n = 83,300; cases = 1044.
‡ Preeclampsia: n = 83,584; cases = 1854.
HR, hazard ratio; CI, confidence interval; BMI, body mass index; ref., reference. 
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3.7  Discussion 
Our goal was to investigate associations between prepregnancy obesity and a number of ad-
verse pregnancy outcomes, for which we concluded that further evidence was needed. The 
main findings and methodological issues will be discussed in the following section.     

3.7.1  Main findings 

Fetal death 
We found an elevated risk of fetal death among obese women and to a lesser degree among 
overweight women. A temporal trend in the risk appeared after 14 weeks of gestation and 
continued to increase throughout gestation with the highest risk of stillbirth occurring after 
week 40. Although no other studies on fetal death had previously reported an interaction be-
tween BMI and gestational age, we hypothesized the existence of this association, based on 
the inconsistent findings related to spontaneous abortions and the consistent positive findings 
related to stillbirth. The mechanisms behind this association are unknown, but several possi-
ble explanations may be put forward. During a normal pregnancy, the metabolic demands of 
the growing fetus move towards the maximum of the placenta. If the maximum amount of 
growth the placenta can tolerate is abnormally low, this point of exhaustion of the maternal-
placental unit will be reached earlier in pregnancy and may lead to severely growth-retarded 
fetuses 198. It may be speculated that the increasing risk of fetal death in obese women across 
gestation is partly due to such early exhaustion.  

Our findings of a two- to three-fold increase in the risk of stillbirth among overweight 
and obese women are similar to those reported in two recent studies 39;96, but comparisons 
with earlier studies are somewhat complicated by the different choices of a reference group 
59;97;98. The increased risks of stillbirth in overweight and obese women were essentially un-
changed when women with obesity-related diseases were excluded, and no women presenting 
with stillbirth had other clinical diseases expected to interfere with fetal survival. Thus, the 
biological mechanisms behind the excess risk of stillbirth in overweight and obese women 
remain unclear. We found that unexplained antepartum stillbirths and stillbirths due to placen-
tal dysfunction accounted for 77% of stillbirths in apparently healthy obese women, compared 
to 56% in normal-weight women. Furthermore, birth weights of unexplained antepartum still-
births in overweight and obese mothers tended to be smaller than those of normal-weight 
women at the same gestational age, suggesting the presence of some growth restriction in 
pregnancies from these BMI categories (see Appendix C). Findings suggest that early preterm 
birth, growth restriction, preeclampsia, and fetal death share common pathways 199-201. Thus, 
Smith et al. found that low levels of pregnancy-associated plasma protein A (PAPP-A), which 
is believed to reflect poor placental function in early pregnancy, was associated with all of 
these later pregnancy complications 199, especially stillbirth with placental dysfunction (HR 
46 (11.9-178.0)) 202. They suggested that suboptimal first-trimester growth, caused by either 
disorder of placentation or impaired early placental function, may precede these complica-
tions 200;203. Failure of normal placentation is already thought to be a key component of pree-
clampsia and may lead to both infarction and abruptio of the placenta in later pregnancy 49;204-

206. Obese pregnant women without a clinical disease may present with metabolic and vascu-
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lar abnormalities similar to those seen in preeclamptic women 56;57;207. One may speculate that 
endothelial dysfunction in some obese women is associated with impaired early placental 
function, which may place them at higher risk of stillbirth with placental dysfunction. 
 
Preterm birth 
Our sample size allowed for a more detailed examination of the association between maternal 
obesity and preterm birth, and we therefore followed recommendations to divide preterm birth 
into subtypes 208;209. The general value of this approach remains, however, a matter of discus-
sion 60;62;210, because the available subtypes are based on the clinical presentation of preterm 
birth and may have etiological overlaps, especially between PPROM and preterm labor.  

As such, it is noticeable that the observed risk of preterm birth with PPROM in obese 
women was increased and significantly different from the risk of preterm birth without 
PPROM in obese women, which was not elevated. This may partly be due to our identifica-
tion of preterm births with PPROM, which was primarily based on the clinical diagnosis 
given by the obstetrician. Traditionally, Danish obstetricians have restricted this diagnosis to 
preterm births with a significant amount of time between rupture of membranes and contrac-
tions. Our validation study seemed to support this (see Appendix B). We believe that our 
definition most probably led to a category of PPROM containing the severe cases that may 
not share etiology with preterm labor. Whereas an observed increase in the risk of induced 
preterm deliveries has been reported by others 62, the increased risk of PPROM in obese 
women has not previously been described. This may be a chance finding, but the observed 
heterogeneity in risk of subtypes of spontaneous preterm birth, not only in obese women but 
also in overweight women, adds to the credibility of this finding. 

It has recently been suggested that preterm birth is mediated by increased systemic in-
flammation due to a wide range of prepregnancy risk factors 211. Low-grade inflammatory up-
regulation is a component of the metabolic syndrome. When we censored women with obe-
sity-related diseases, the increased risk of induced preterm delivery in obese women disap-
peared, but the increased risk of PPROM persisted. Naeye found that half of an observed in-
crease in preterm births in obese women was associated with acute chorioamnionitis 25. Our 
results may agree with this finding, considering the suggested link between intrauterine infec-
tions and PPROM 72;73. We had self-reported, prospective data on urinary tract infections in 
pregnancy and found a higher risk in obese women compared to normal-weight women 
(crude OR 1.4 (1.3-1.5)). This is comparable to the findings of others 34;109 and suggests that 
obese women are more prone to infections in the uro-genital region. It has recently been sug-
gested that women who are more susceptible to genital infections would be at greater risk, not 
only of early preterm delivery, but also of spontaneous abortions 212. 
 
Gestational weight gain 
We considered the role of gestational weight in our studies of stillbirth and preterm birth. In 
accordance with other studies we did not find an association between gestational weight gain 
and the risk of stillbirth 59;98;144. Our findings of higher risks of preterm birth among women 
with low gestational weight gain are supported by other reports 63;64;67;69;70, but the underlying 
mechanisms are poorly understood. The reasons could well be related to causes of low weight 
gain rather than to low weight gain in itself. We found low weight gain to be an independent 
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and much stronger risk factor of early preterm birth than obesity, and it is noticeable that 
obese women had more than twice the risk of low weight gain compared to normal-weight 
women.  

Public health interventions that aim at restricting gestational weight gain in obese women 
are often discussed among health professionals, and small randomized trials are now being 
carried out 213. Such interventions may very well be a good approach to restrict macrosomia, 
gestational diabetes and postpartum weight retention in obese women, but the beneficial ef-
fects need to be documented. Because the associations observed between weight gain and 
other adverse pregnancy outcomes, such as preterm birth, may possibly reflect common 
causes, interventions aimed at restricting weight gain may not have any impact on these end-
points. 

 
Neonatal mortality 
Both neonatal and infant mortality were increased in infants of overweight and obese mothers, 
which is in accord with results from other studies 30;59;110;111. The increases were considerably 
reduced and no longer statistically significant after adjustment for gestational age. Viability in 
preterm infants showed the same pattern, and we could not repeat the findings from the Brit-
ish study where a significant increase in infant mortality persisted, even after adjustment for 
gestational age 111. Although our data suggest that the reduced viability in infants of over-
weight and obese women was mainly due to shorter gestation durations in these groups, the 
mechanisms behind this finding remain unexplained. Important predictors of neonatal sur-
vival, such as growth restriction 214-216 and inflammation 73;211;215;217, are suggested factors that 
lead to shortened durations of gestation, but the pathways are still unclear.  

We investigated viability in preterm infants across subtypes of preterm birth, partly in-
spired by the study of Naeye 25, who linked an increased perinatal mortality to chorionamnio-
nitis in obese women, but also because our own data showed a heterogeneity of risk of sub-
types of preterm birth in overweight and obese women. Again, we observed heterogeneity be-
tween subtypes, but now related to neonatal mortality. Mortality in infants of women with a 
high BMI and PPROM was significantly increased, whereas no excess mortality was seen in 
infants of women with a high BMI born after spontaneous preterm birth without PPROM. 
These findings persisted even after adjustment for gestational age, leaving us with a puzzling 
result. It may be speculated that the excess risk of PPROM in obese women accounts for a 
more severe type of PPROM that may leave the infant more susceptible to neonatal complica-
tions. This hypothesis needs, however, further investigation in a larger data set with more de-
tailed information from medical records and death certificates, which is pending. We are also 
aware that this preliminary analysis had several limitations, and the results may be a chance 
finding caused by small numbers of neonatal deaths. Small numbers were also the main rea-
son for combining overweight and obese women in one group.  
 
Recreational exercise and preterm birth 
Our preliminary investigation of recreational exercise, obesity-related diseases and preterm 
birth showed weak and mainly statistically non-significant associations, and we were unable 
to replicate the strong associations published by others 154-157;159;160. Only the risk of gesta-
tional diabetes and induced preterm delivery were slightly decreased in women reporting any 
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recreational exercise in pregnancy compared to no exercise. When exercise was included at 
three categories, we found only a weak dose-response effect of exercise on induced preterm 
delivery and gestational diabetes, but the estimates suggested a threshold effect rather than a 
trend with increasing time spent on exercise. Also, no interaction between BMI and exercise 
was observed.  

Our investigation has many limitations that may explain the null findings. Firstly, in the 
analysis of obesity-related diseases we employed a conservative approach where the date at 
which the information about recreational exercise and BMI became available was used as en-
try date. Since especially gestational diabetes occur throughout pregnancy, and may even be 
diagnosed earlier in obese women than in normal-weight women due to screening, this ap-
proach may not give a true picture of the incidence and the relative risk. For gestational diabe-
tes and hypertension we therefore considered an alternative version of the analysis where we 
used date of conception as entry time. This led to a 27% increase in the number of cases for 
both endpoints, but even here the association with recreational exercise was not as strong as 
those reported in the literature. Only for gestational diabetes did we see a slightly stronger as-
sociation than the one we first observed, and the larger number of cases led to tighter confi-
dence intervals.  

Moreover, recreational exercise, which was our preliminary measure for insulin-
sensitizing activity, was self-reported and based on a single report in the second trimester. It 
could have been improved if additional information had been included, e.g. data about occu-
pational activities. Also, the intensity of physical exercise may vary across BMI groups, 
which should ideally be taken into account when assessing any interaction between BMI and 
exercise. On the other hand, this preliminary variable was very similar to those used in other 
studies that reported an effect of any recreational exercise versus no exercise 154-157;159;160. It 
may be that populations differ with respect to other lifestyle patterns. Thus, Danish women, 
and especially those recruited to the DNBC, may on average be more active during other daily 
activities than their American counterparts. However, publication bias should also be consid-
ered. To our knowledge, the present study is by far the largest study of these associations, 
based on prospective data, and published positive findings were either based on small cohorts 
155;156;160 or retrospective case-control studies 154;157;159. The second largest study, which in-
cluded 14,000 women, looked only at the risk of gestational diabetes related to recreational 
exercise prior to pregnancy, and it did not detect an association 158.  

The observational nature of our study is also a weakness. It may be that the mere ability 
to maintain an active lifestyle in pregnancy is an independent predictor of a healthy outcome. 
A physically active lifestyle is probably not adopted by those who need it as much as those 
who have the energy and time. Experimental studies of the effect of recreational exercise are 
needed. Our findings suggest, however, that the target population for such an intervention trial 
should be carefully considered. Restricting an intervention to obese women may not be the 
best choice unless it is viewed in the context of weight control. 
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3.7.2  Methodological issues 

The Danish National Birth Cohort allowed us to explore associations between maternal obe-
sity and adverse pregnancy outcomes, with extensive adjustment for the effect of potentially 
confounding factors and with higher precision than many previous studies. There are, how-
ever, a number of methodological issues that need to be considered. 
 
Misclassification of exposures 
Prepregnancy BMI and gestational weight gain. We relied on self-reported information about 
the main exposures and potential confounders. This information was collected prospectively, 
and we therefore expected misreporting to be non-differential, which would most likely lead 
to an underestimation of the true effect. Only a small fraction of our weight gain estimates 
depended on retrospective data from the third interview. We repeated the analyses restricted 
to prospectively collected data and found similar effects of weight gain. 

The self-reported nature of prepregnancy BMI and gestational weight gain need further 
consideration. In non-pregnant individuals, self-reported weight is likely to be under-reported 
whereas height is likely to be over-reported, resulting in an underestimation of the true BMI 
218-220. A reliable validation of self-reported prepregnancy weight was not possible because 
women were recruited after conception. Prepregnancy weight as recorded by the general prac-
titioner in the medical record at the first antenatal visit is also self-reported, but all pregnant 
women are also weighed at this visit, which to some degree limits under-reporting. American 
investigators compared recorded and self-reported prepregnancy weight and found overreport-
ing in underweight women and under-reporting in overweight women 221;222. We validated 
self-reported prepregnancy BMI in 5,033 participants for whom local midwives provided the 
recorded values from the medical record (Obstetric Database, the North Jutland County). BMI 
categories agreed with those used in the analyses in 91.4% of the cases. If these results were 
generalized to the full study population, the risks based on self-reported BMI were expected 
to be underestimated by approximately 5%. Further details on the validation, which also in-
cluded prepregnancy weight and total gestational weight gain, are given in Appendix A. 

Recreational exercise. We used a combined measure of all types of reported recreational 
exercise to identify women with a sedentary lifestyle. This measure was based on a wide 
range of different kinds of activities with varying intensity and energy expenditure, which 
should ideally be taken into account. A measure for a sedentary lifestyle should also involve 
occupational exercise and other activities, such as TV watching, and these aspects will be in-
cluded in the future analyses. The questions on exercise in the DNBC were similar to those 
used in other studies of pregnant women 154;157;159;160 and were a modified version of the Min-
nesota Leisure-Time Physical Activity Questionnaire 223;224. This questionnaire has been vali-
dated 225, but not in a pregnant population. Unfortunately, the DNBC did not collect informa-
tion about prepregnancy physical activity. Findings from other observational studies of the ef-
fect of physical activity on pregnancy outcomes indicate that this is an important covariate.  
 
Misclassification of outcomes 
Gestational age. The clinical estimate of gestational age, which is widely based on ultrasound 
and by nature partly retrospective, was used in all of the main analyses, and this choice was 
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thoroughly considered. Obstetric diagnoses and decisions in the management of stillbirths and 
preterm births are highly dependent on gestational age, and the assessment of cause-specific 
stillbirth would have been especially difficult if another measure of gestational age had been 
used. Also, gestational age based on last menstrual period has been shown not only to be 
fraught with errors, but also to be biased with underestimation in preterm births compared to 
term births 226. Thus, it is recommended that gestational age based on ultrasound measure-
ments is used when assessing preterm birth 208;227. This approach has, however, been debated. 
Findings suggest that ultrasound in the second trimester may underestimate gestational age in 
early growth restricted fetuses, and such growth restriction may very well depend on expo-
sures or outcomes under study, such as smoking, preterm birth, or stillbirth 228;229. Thus, gesta-
tional age based on ultrasound may be a more precise estimate in a single pregnancy, but may 
cause differential misclassification when used in epidemiological studies. An often applied 
strategy, which is recommended by a DNBC working group, is to use gestational age based 
on the last menstrual period in all women with a regular and normal-length cycle, and to use 
gestational age derived from the clinical estimate in all other pregnancies 186;230. This ap-
proach appeared problematic in a study of maternal obesity, because obese women are much 
more prone to irregular cycles and long menstrual periods than normal-weight women 22;23. 
No method is perfect, so we repeated the analyses with gestational age based on the last men-
strual period and on the method of calculation recommended by the DNBC working group. 
The latter method produced estimates very similar to those found in the main analyses, while 
gestational age based on the last menstrual period led to slightly lower effects of BMI groups 
on all preterm birth subtypes and stillbirth. This was probably due to measurement errors. 

Fetal death and infant mortality. Ascertainment of pregnancy outcomes in the cohort was 
primarily based on national registers. The consistency between various sources of information 
was high, and we were able to completely ascertain all pregnancy outcomes in the study of fe-
tal death. Medical records of all identified stillbirths were retrieved, and only one was mis-
categorized and appeared to be a late spontaneous abortion. Because of an ongoing adminis-
trative dispute, we have not yet been able to validate the information about infant mortality in 
The National Birth Register. This information was retrieved from the Civil Registration Reg-
ister, and we did not observe any errors in life-status from this register for the 100,000 women 
in the cohort. We believe that any misclassification was minor, and, if present, it was by na-
ture non-differential, which would most likely lead to an underestimation of the true effect of 
obesity.  

Preterm birth subtypes were divided into subtypes based on register information. Our 
frequency of PPROM was in accord with several large studies 209;212, but published frequen-
cies of PPROM varied from 7.1 to 51.2% of all preterm births 60;72;209. This may reflect that 
the official definition of PPROM is ‘spontaneous rupture of membranes at any time before the 
onset of labor’ and does not include a minimum time interval between these two events 231. 
This led us to validate our subtype classification using information on 689 preterm births from 
the DNBC for which independent data on subtypes of preterm birth were available. We found 
high validity for induced preterm deliveries. For PPROM, the positive predictive value was 
also high (92%), but the sensitivity was only 50% when the definition of PPROM was strictly 
adhered to. In contrast, for PPROM with more than 12 hours between ruptures of membranes 



   

 35

and onset of contractions, the validity was high. Further details on the validation are given in 
Appendix B. We believe that we reliably identified a large proportion of the severe PPROM 
cases that may be etiologically different from preterm labor. Moreover, we believe that the re-
sults related to BMI and weight gain are valid for this type of PPROM.  

Obesity-related diseases. Information about obesity-related diseases in pregnancy was 
based on the National Discharge Register, and we found relatively low frequencies of these 
diseases. This could indicate an under-reporting of these diseases that might complicate the 
interpretation of our results. However, a recently published validation study of the National 
Discharge Register found high validity for categorizations of diseases at the level we used 232. 
The low frequency of gestational diabetes of only 1.2% requires further consideration. An-
other large ongoing Danish cohort, where all medical records are reviewed for ascertainment 
of diseases, found a frequency of diabetes during pregnancy similar to the one in the DNBC 
96. Although the diagnosis of gestational diabetes is based on international recommendations 
193, the Danish screening programme is selective 191. This is a problem when studying the in-
teraction between BMI and gestational diabetes, because the aggressiveness of screening de-
pends on BMI. Findings from a large study, which included a universal screening for gesta-
tional diabetes, suggest that the Danish prevalence is about 2.4% 192. This is similar to find-
ings in other Caucasian populations 233, and we believe that our results are robust to such 
moderate changes in the prevalence. 

 
Selection bias 
Only 30% of the eligible population was actually included in the DNBC. The impact of low 
participation is of concern for all studies using this data and also for our studies of maternal 
obesity. Therefore, as a part of the present work, we investigated this problem in a large sam-
ple of the eligible population. The results will be presented in the second part of this thesis. 

However, selection processes are also part of the inclusion and exclusion criteria of our 
studies. Firstly, we excluded all women who did not provide a first pregnancy interview 
(13%), or where information about BMI was missing (2%). Since all women had agreed to 
participate in the four interviews when they joined the cohort, we believe that these missing 
data are mainly due to failure to reach the women when the interviews were scheduled. This 
aspect of the selection to our studies has also been addressed in the second part of the thesis 
and the results suggest that the selection caused by non-compliance in the first interview did 
not induce bias in the relative risk estimates related to obesity. 

Secondly, the study on obesity, weight gain and preterm birth involved a considerable 
reduction of the study population. We estimated the effect of BMI group on preterm birth in 
the population before and after exclusions related to weight gain, and overall the results were 
similar (Table 2).  
 
Statistical issues 
The presented studies were based on prospectively collected data from what is presently the 
world’s largest cohort of a pregnant population. We used Cox regression as our main statisti-
cal model to account for varying entry times and censored observations due to competing 
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pregnancy outcomes. Moreover, this approach made it possible to study the variation in rela-
tive risk with gestational age.  

The statistical methodology and the large size of the cohort allowed us to investigate our 
research questions in greater detail than many other studies have been able to do. On the other 
hand, we experienced limited statistical power at some point in all of our analyses. Especially, 
our ability to investigate more specific aspects of the risks of stillbirth and neonatal mortality 
was reduced. We are aware that our findings related to these endpoints lack statistical preci-
sion, and the risk of chance findings has to be considered. Regrettably, higher statistical preci-
sion cannot be obtained with data from the DNBC. Collaborations with other large birth co-
horts or supplementary studies based on registers and medical records may be a solution.  
 
Confounding 
We carried out a more comprehensive correction for potential confounding factors than most 
other studies. We observed, however, that our adjusted estimates between obesity and adverse 
pregnancy outcomes were very similar to the crude estimates, suggesting that any confound-
ing was modest, at least when accounting for the factors that traditionally have been included 
in similar analyses. 

Yet, overweight and obesity are characteristics that today are present in more than one 
third of the pregnant population in many countries. Published results have uncovered a great 
variety of associations between obesity and reproductive outcomes, ranging from subfertility 
to increased risk of twinning, from stillbirth with intrauterine growth restriction to macro-
somia, and from preterm to postterm birth. This suggests that different biological mechanisms 
are playing a role and that obesity is a heterogeneous category and may therefore be an im-
precise predictor of risk. Progress in our understanding may require that obesity is supple-
mented with additional genetic, metabolic, or environmental factors.  

We focused especially on the association between insulin resistance and obesity, and an 
underlying hypothesis of the present work was that the adverse effects of obesity may be con-
founded by insulin resistance or central obesity. Regrettably, we had no information that al-
lowed us to measure these variables, such as insulin sensitivity or waist circumference meas-
ures. Instead, as a general approach, we evaluated the effect of excluding from the analyses 
subpopulations more susceptible to insulin resistance, such as women with obesity-related 
diseases or subfertile women. The findings did not indicate that insulin resistance in obese 
women could explain the excess risk of stillbirths or of spontaneous preterm births with 
PPROM. Only the increased risk of induced preterm deliveries in obese women, which is 
partly related to obesity-related diseases, was eliminated. Subsequently, we focused on recrea-
tional exercise, which may increase insulin sensitivity, and the risk of obesity-related diseases 
and preterm birth. Again the results were difficult to interpret. We acknowledge that our abil-
ity to separate the role of obesity from that of insulin resistance was limited and is subject to 
error. We did not have all the relevant information, and we were relying on an observational 
design.  
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Causality 
Obesity has many different causes ranging from disease to the joy of eating, and it is not clear 
whether obesity per se plays a causal role in the mechanisms underlying the adverse preg-
nancy outcomes we observed in obese women. Any understanding of these associations, as 
driven by excess fat tissue, is speculative. It may be that the mediating effect of obesity differs 
in specific subgroups of pregnant women. However, the present evidence cannot preclude that 
the relation we see is not caused by obesity per se. Both obesity and adverse pregnancy out-
comes may be associated with specific genotypes that are more susceptible to insulin resis-
tance and accumulation of fat tissues when exposed to a sedentary life style.  

In principle, evidence from randomised trials of women of childbearing age, optimally 
recruited prior to pregnancy, could provide valuable answers to some of these questions. On 
the other hand, it seems unrealistic to believe that such trials will have large enough sample 
sizes to allow investigations in obese women of rare, but important outcomes, such as fetal 
death, preterm birth, and neonatal mortality.  
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4.  A study of the selection into the Danish National Birth Cohort 
 
4.1  Background  
The second part of the present work investigated the consequences of the selection into the 
DNBC. This work was initiated in 1998, inspired by the observations of local midwives that 
participants in the DNBC tended to be healthier and higher educated than the general popula-
tion. From 1999 onwards, local midwives in the North Jutland County provided additional 
data about prepregnancy BMI to the local antenatal database to enable the present study when 
the DNBC had finalized the recruitment. Subsequently, these data were supplemented by data 
from the Aarhus University Hospital. The aim of this study was to investigate whether the ob-
servations of the local midwives reflected a real problem, and most importantly, if such selec-
tion would invalidate future research based on the cohort. The study became a natural part of 
the present work, in response to our concern about the impact of such selection on the results 
related to maternal obesity.  

In analytical epidemiology, it is well-accepted that non-participation in case-control stud-
ies or follow-up studies based upon historical data may lead to selection bias because the de-
cision to take part in the study may depend on both the outcome and the exposure. In a cohort 
study based upon prospective data, participants cannot base their decision to take part in the 
study upon the future outcome. For this reason non-participation has not been viewed as a se-
lection bias problem 234;235, but more as a power and external validity problem. Investigators 
have considered dropouts during follow-up and missing data potentially more harmful to the 
validity of the study and have tried to minimize these problems at the expense of representa-
tiveness and participation rates. However, participation is a decision based upon a rationale 
that may correlate with social, educational and health conditions. These conditions may again 
correlate with risk factors for the outcome under study, and some bias due to selection cannot 
be ruled out 236. 

In the present study, we use the term “selection bias” to mean that the selection into the 
study leads to effect estimates among the participants that differ from those found in the 
source population, i.e. among all those eligible for study 237. We realize that the use of the 
term selection bias in this setting is not uniformly accepted and others may prefer to interpret 
the bias as a result of unmeasured confounding. Our main concern here is, however, not to 
explain the mechanisms behind the bias, nor to discuss the terminology, but to quantify the 
size of the bias in the specific context of non-participation in the DNBC. 

The paucity of information about non-participants, and also about dropouts, may explain 
the lack of statistical methods for analysis and evaluation of selection bias. More than 25 
years ago, Greenland demonstrated that bias of the relative risk estimates due to differential 
participation may be present even with similar marginal distributions 238. This inspired Criqui 
and co-workers 239;240, and later Kleinbaum et al. 235, to propose quantitative measures for se-
lection bias. However, no methods for calculating the standard error of a bias estimate seem 
to be available. Standard methods cannot be used because members of the participant popula-
tion are also present in the source population, and the two estimated relative risks are there-
fore not independent.  
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Data from two well-established antenatal databases, independent of the DNBC’s data 
collection, allowed us to carry out a study of the selection into the DNBC, which is included 
in the present work as Paper III. In this study, we investigated the impact of non-participation 
on three well-established exposure-outcome associations, which were chosen a priori. One of 
them was related to maternal obesity. We also proposed and validated two methods for com-
puting confidence intervals for the bias estimate. In the following, we give a summary of the 
methodology and the main results of this study and refer the reader to Paper III for further de-
tails. The presentation in this thesis includes additional analyses based on the methodology 
developed in Paper III to further evaluate if the estimates obtained in the studies of obesity 
were distorted by non-participation.  
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4.2  Material and methods 

4.2.1  Data sources 
From the birth register in North Jutland we received information about all singleton births in 
this county during the DNBC’s recruitment period (n=30,628). Similarly, the Aarhus Birth 
Cohort, which is an ongoing data collection on all infants delivered at the Aarhus University 
Hospital, provided information about all singleton births of women who were residents in the 
Aarhus Municipality during pregnancy and at the time of birth (n=19,123). This made up a to-
tal of 49,751 singleton births (185 stillbirths and 49,566 live births), which corresponded to 
approximately 16% of the entire eligible population of the DNBC. We considered this popula-
tion the source population of the present investigation. By means of unique personal identifi-
ers, which was the only information obtained from the DNBC, we identified all births 
(women) in the source population who also participated in the DNBC. This made up a popula-
tion of 15,373 births corresponding to a participation rate of 31%.  

First, we studied the possible effect of this low participation rate on the following three 
associations, each of which represented different potential selection mechanisms:  

a) In vitro fertilization (IVF) and preterm birth 241.  
b) Smoking in pregnancy and birth of a small-for-gestational age infant (SGA) 242;243. 
c) Prepregnancy BMI and antepartum stillbirth.  

The results are presented in Paper III. 
As a main aim of the thesis was to examine the possible effect of selection into the DNBC 

on our findings related to maternal obesity, we later also considered the association:  
d) Prepregnancy BMI and preterm birth.  

Moreover, two additional analyses were carried out. We explored the impact of possible 
self-selection due to prior reproductive history by examining the well-established association 
between parity and macrosomia (birth weight >10 percentile) 244-246. Finally, the available 
data allowed us to investigate the impact of selection within the DNBC. Thus, we studied the 
effect of non-compliance in the first interview on the two associations related to maternal obe-
sity. 

The main exposures were prepregnancy BMI, smoking in pregnancy, IVF, and parity. A 
significant number of missing values on prepregnancy BMI reflected that the variable was 
first included in the database in the North Jutland County in September 1999. The missing 
values (18%) in this area from that point in time were due to lack of registration by the mid-
wives and not to non-responses by the pregnant women. Preterm birth was defined as the birth 
of a liveborn infant before 37 completed weeks of gestation. To identify macrosomia and 
SGA, we used as reference the results about birth weight for gestational age, presented by 
Marsal et al 197. Macrosomia was defined as birth weight above the 10th percentile, and SGA 
was defined as a birth weight more than two standard deviations below the mean. Antepartum 
stillbirth was defined as the expulsion of a dead fetus after 28 completed weeks of gestation, 
and restricted to fetal deaths occurring before the onset of labor. Paper III provides a more de-
tailed description of the data collection, and the distribution and categorization of the vari-
ables are shown in Paper III, Table 1. 
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4.2.2  Statistical methods 
To describe the pattern of participation in the DNBC, we compared maternal characteristics 
and outcomes in the source population and among participants by computing ratios of the 
relative frequencies.  

Next, we evaluated the impact of participation on the odds ratio estimates. For each 
population and for each outcome, the effect of the exposure was described by an odds ratio 
estimated by a logistic regression model, which also included the covariates of age and sub-
sample (the North Jutland County or the Aarhus Municipality). Parity and smoking were also 
included as covariates if they were not already in the model as the exposure. As a measure of 
bias we computed a relative odds ratio (ROR) as the ratio of the odds ratio among participants 
to the corresponding estimate in the source population 235;239;240.  
 

 part sourceROR OR OR=         (1) 

 
As shown below, the ROR based on the crude odds ratios could also be computed as the 

cross product ratio of the participation rates in the four exposure by outcome categories, 
which enabled identification of different participation patterns 235;239;240.  
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Two different approaches were used to derive confidence intervals for ratios of relative 

frequencies and for relative odds ratios. The first method involved the use of a simple, ap-
proximate formula for the variance of the logarithm of the ratio. For the relative odds ratio 
this formula was 
 

 ( ){ } ( ){ } ( ){ }ln ln lnpart sourceVar ROR Var OR Var OR= −  (3) 

 
The second method relied on re-sampling from the observed data using a non-parametric 

bootstrap technique. The standard error of the estimate was obtained as the standard deviation 
of the estimates in 200 bootstrap samples. Both methods are described in detail in paper III, 
which also includes the results of a simulation study that was carried out to assess the validity 
of the methods. The two methods of calculating confidence intervals gave almost identical re-
sults (Paper III, Tables 1, 2, and 3). The simulation study showed that both methods gave ap-
proximately valid confidence intervals for the considered scenarios (Paper III, Table 4). The 
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95% confidence intervals obtained from formula (3) had coverage probabilities in the range 
from 94.4% to 96.0%, while re-sampling using bootstrap gave coverage probabilities in the 
range from 95.0% to 96.6%. The confidence intervals given in the results section were all 
computed by using the formula (3). 
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4.3  Results 
Comparisons of participants in the DNBC and the source population with respect to a number 
of maternal characteristics revealed some differences (Paper III, Table 1). Very young women 
were the only group substantially underrepresented by 60%, but younger and older women, 
multiparae, and heavy smokers were also underrepresented by 20 to 30%. Underweight and 
obese women were underrepresented by 16% and 11%, respectively. Participants were more 
often non-smokers or had more often quit smoking during pregnancy. Furthermore, we found 
an overrepresentation of women with IVF pregnancies. Participants had a lower rate of pre-
term deliveries, of infants with very low Apgar scores, and of infants with SGA, but a higher 
rate of infants with a high birth weight. Thus, more that 20% of babies of participants 
weighed more than 4000 g at birth.  

Furthermore, we examined the impact of non-participation on the BMI distribution by 
looking at each of the two geographical sub-samples that made up the source population. This 
was initiated by the observation that the prevalence of obesity in the Aarhus Municipality, 
which contains a university and has a well-educated population, was less than half of the  

 
 

Table 7. Distribution of prepregnancy BMI in the source population and among partici-
pants of the Danish National Birth Cohort 
              
  The North Jutland County  

  Source population Participants             Ratios of relative frequencies 
BMI category      n %          n %  RRF   95% CI   

 <18.5 633 3.9  183 3.4  0.87  0.77 - 0.98  
 18.5-24.9 9,596 59.3  3,274 60.6 1.02 1.00 - 1.04 
 25.0-29.9 3,809 23.5  1,290 23.9  1.01  0.98 - 1.05  
 30+ 2,152 13.3  659 12.2  0.92  0.86 - 0.97  

 Missing*  14,438   4,474         

 Total 30,628   9,880         
              
  The Aarhus Municipality  

  Source population Participants          Ratios of relative frequencies 
BMI category      n %             n %  RRF   95% CI   

 <18.5 950 5.5  243 4.6  0.83  0.75 - 0.92  
 18.5-24.9 12,462 72.1  4,092 76.7  1.06  1.05 - 1.08  
 25.0-29.9 2,853 16.5  758 14.2  0.86  0.81 - 0.91  
 30+ 1,028 5.9  245 4.6  0.77  0.69 - 0.86  

 Missing† 1,830   155         

 Total 19,123   5,493         

*75% of the missing values were from the period with no registration of prepregnancy weight. 
†60% of the missing values were due to non-response, the remaining were due to item non-response.   
BMI, body mass index; RRF, ratio of relative frequencies; CI, confidence interval.   
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prevalence in the North Jutland County. We found that the ratio of relative frequencies of 
obese participants was significantly lower in Aarhus than in North Jutland (Table 7).  

Table 8 shows the adjusted odds ratios for each of the chosen associations in the source 
population and among participants in the DNBC. For associations related to prepregnancy 
overweight and obesity, the odds ratios were very similar with less than a 10% bias for all es-
timates. Underweight women in the source population faced a higher risk of preterm birth, 
whereas this was not the case among underweight participants, and this gave rise to the high-
est observed bias of 29%. For the associations not related to BMI, the two odds ratios were 
very similar, except for the association between heavy smoking and SGA, which was some-
what stronger among the participants than in the source population.  

 
 

Table 8. Relative odds ratios based on adjusted* odds ratios in the source popula-
tion and among participants 

            Adjusted 
Exposure-outcome Source population  Participants  relative odds ratios 
associations Adj. OR   95% CI   Adj. OR  95% CI   ROR   95% CI 

BMI and stillbirth                
 <18.5 0.0  n.a.  0.0 n.a.  -  - - - 
 18.5-24.9 1.0  ref.  1.0 ref.  1.00  ref. 
 25.0-29.9 2.0  1.3 - 3.1  2.1 1.0 - 4.2  1.04  0.60 - 1.82 
 30+ 2.9  1.7 - 4.8  2.8 1.2 - 6.6  0.97  0.48 - 1.96 
         
BMI and preterm birth              
 <18.5 1.5  1.2 - 1.8  1.1 0.7 - 1.6  0.71  0.48 - 1.05 
 18.5-24.9 1.0  ref.  1.0 ref.  1.00  ref. 
 25.0-29.9 1.2  1.0 - 1.3  1.2 0.9 - 1.5  1.00  0.83 - 1.20 
 30+ 1.3  1.1 - 1.5  1.2 0.9 - 1.6  0.91  0.70 - 1.18 
         
IVF and preterm birth              
 No treatment 1.0  ref.  1.0 ref.  1.00  ref. 
 IVF 1.6  1.2 - 2.0  1.6 1.0 - 2.3  1.00  0.72 - 1.38 
         
Smoking and SGA               
 Non-smoker 1.0  ref.  1.0 ref.  1.00  ref. 
 0-10 cig/day 2.6  2.3 - 2.9  2.5 1.9 - 3.2  0.97  0.79 - 1.21 
 >10 cig/day 3.7  3.2 - 4.3  4.3 3.1 - 5.9  1.16  0.88 - 1.54 

*Adjusted for age, parity and sub-sample, and for stillbirth and preterm birth also for smoking. 
Body mass index (BMI) and stillbirth: Source population = 31,663, cases = 107.  
Participants = 10,263, cases = 42. 
Body mass index (BMI) and preterm birth: Source population = 33,096; cases = 1,730.  
Participants = 10,665, cases = 527.  
In vitro fertilization (IVF) and preterm birth: Source population = 47,886, cases = 932.  
Participants = 15,150, cases = 354.  
Smoking and small-for-gestational-age infant (SGA): Source population = 48,064, cases = 1,537.  
Participants = 15,196, cases = 406.  
Adj., adjusted; OR, odds ratio; CI, confidence interval; ROR, relative odds ratio; n.a., not applicable;  
ref., reference. 
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Table 9. Participation rates and crude relative odds ratios for obesity-related asso-
ciations 

Exposure-outcome  Crude relative odds ratios
associations   Participation rates   ROR   95% CI 

BMI and stillbirth  
Still- 
birth  

Live 
birth  Total       

 <18.5  -  27%  27%  -     - -  - 
 18.5-24.9  42%  33%  33%  1.00  ref. 
 25.0-29.9  39%  31%  31%  1.01  0.58 - 1.73 
 30+  33%  28%  28%  0.94  0.47 - 1.85 

 Total  39%  32%  32%       

BMI and preterm birth  Preterm  Term  Total       
 <18.5  19%  28%  27%  0.73  0.49 - 1.09 
 18.5-24.9  32%  34%  34%  1.00  ref. 
 25.0-29.9  31%  31%  31%  1.06  0.88 - 1.26 
 30+  27%  29%  29%  1.00  0.78 - 1.29 

 Total  30%  32%  32%       

BMI and stillbirth: Source population = 31,663, cases = 107. Participants = 10,263, cases = 42.  
BMI and preterm birth: Source population = 33,096; cases = 1,730. Participants = 10,665; cases = 527.  
BMI, body mass index; CI, confidence interval; ROR, relative odds ratio; ref., reference. 

 
 
Thus, the relative odds ratios were, with a few exceptions, close to 1, and in no case did 

the data contradict the hypothesis of no selection bias. However, the confidence intervals 
were rather wide, particularly when both the exposure and the outcome were rare, and thus the 
existence of some selection bias could not be ruled out.  

The participation patterns contributing to the limited bias observed in the obesity-related 
estimates are displayed in Table 9. Although the marginal distributions showed modest under- 
and overrepresentations of obesity, preterm birth, and stillbirth, participation was non-
differential, i.e. the dependence on the outcome category was consistent across exposure cate-
gories and vice versa. However, the bias observed in underweight women was related to a low 
participation rate of only 19% in underweight women who later experienced a preterm birth. 
Patterns of participation rates for other associations are displayed in Paper III, Table 3. 

In an additional analysis, we focused on participation related to reproductive history and 
explored the association between parity and macrosomia (Table 10). We found a modest bias 
of 24%, reflecting a stronger association between parity and macrosomia within the DNBC 
than was found in the entire population. This bias was highly significant (p<0.001) because 
both the exposure and the outcome were frequent events. We only adjusted for age, smoking 
and sub-sample, but an additional analysis including adjustment for BMI (n=33,013) showed 
a slightly higher bias of 30% (p<0.001). 
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Table 10. Relative odds ratio for macrosomia† based on adjusted* odds ratios in the 
source population and among participants  

              Adjusted 
  Source population  Participants  relative odds ratio 
Parity  Adj. OR   95% CI   Adj. OR  95% CI   ROR   95% CI 

 Primiparae 1.0  ref.  1.0  ref.  1.00  ref. 
 Multiparae 1.8  1.7 - 1.9  2.2  2.0 - 2.5  1.24  1.13 - 1.35

*Adjusted for age, smoking, and sub-sample.           
†Birth weight above the 10th percentile according to the reference curve given by Marsal et al 197.   
Source population = 48,029, cases = 5,625. Participants = 15,184, cases = 1,910.  
Adj., adjusted; OR, odds ratio; CI, confidence interval; ROR, relative odds ratio; ref., reference.  

 
 
Finally, we investigated the impact of non-compliance with the first interview on the risk 

estimates related to maternal obesity. Among a total of 10,744 participants with information 
about BMI from these alternative sources, 93% participated in the first interview. Adjusted 
odds ratios for the associations between obesity and the two pregnancy outcomes were very 
similar in the two populations, indicating no differential non-compliance (Table 11).  

 
 

Table 11. Relative odds ratios based on adjusted* odds ratios among all partici-
pants and among participants with a first interview 

        Participants  Adjusted 
Exposure-outcome All participants  with a first interview  relative odds ratio 
associations Adj. OR   95% CI   Adj. OR  95% CI   ROR   95% CI 

BMI and stillbirth                 
 <18.5 -              
 18.5-24.9 1.0  ref.  1.0 ref.  1.00  ref. 
 25.0-29.9 2.1  1.0 - 4.2  2.0 1.0 - 4.3  1.00  0.80 - 1.24
 30+ 2.8  1.2 - 6.6  2.6 1.0 - 6.7  0.94  0.67 - 1.32

BMI and preterm birth                
 <18.5 1.1  0.7 - 1.6  1.1 0.7 - 1.8  1.07  0.96 - 1.18
 18.5-24.9 1.0  ref.  1.0 ref.  1.00  ref. 
 25.0-29.9 1.2  0.9 - 1.5  1.1 0.9 - 1.4  0.98  0.80 - 1.20
 30+ 1.2  0.9 - 1.6  1.2 0.9 - 1.6  1.01  0.76 - 1.33

*Adjusted for age, parity, smoking, and sub-sample.           
Body mass index (BMI) and stillbirth: All participants = 10,263, cases = 42.  
With a first interview = 9573, cases = 38.  
Body mass index (BMI) and preterm birth: All participants = 10,665; cases = 527.  
With a first interview = 9952; cases = 476.  
Adj., adjusted; OR, odds ratio; CI, confidence interval; ROR, relative odds ratio; ref., reference. 
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4.4  Discussion.  

4.4.1  Main findings 
In accordance with other studies 173;175;177-181;183, we found that participants tended to be 
somewhat healthier than the general population. Moreover, they also had slightly fewer ad-
verse pregnancy outcomes. We had specific concerns about the impact of non-participation on 
our studies related to maternal obesity. The observed over-representation of normal-weight 
women and under-representation of obese women were much more pronounced in the Aarhus 
Municipality than in the North Jutland County. This may reflect that the association between 
social status and obesity in an urban setting with a low prevalence of obesity may be different 
from that in a rural area with a higher prevalence. Differences in the relative participation rat-
es related to maternal obesity were, however, independent of the risks of stillbirth and preterm 
birth and had a limited impact on the relative risks. Although the confidence intervals of the 
bias estimates related to stillbirth were wide, we find it reassuring that all bias estimates re-
lated to maternal obesity were very close to one. These findings suggest that our studies on 
maternal obesity were not significantly influenced by non-participation. 

We also examined other associations where we expected participation patterns to depend 
on exposure and outcome, and this was confirmed. Also here, the marginal differences ap-
peared to be non-differential, but the associations between heavy smokers and SGA, and es-
pecially between underweight and preterm birth deviated from the general pattern. Although 
these deviations existed, the measured biases were not substantial in size, nor were they statis-
tically significant. Thus, the overall picture was that the effect of non–participation on the 
chosen relative risk estimates was limited, but not negligible. The chosen associations are 
only a small subset of all the associations that will be investigated in the DNBC. Our study 
does not exclude that other associations may have a larger bias due to non-participation. 

4.4.2  Methodological issues 
Detailed, independent data were not available for the entire source population of the DNBC, 
so it was not possible to base the present study on a random sample. We believe, however, 
that the representativeness of the available sample was high, since it consisted of both a large 
rural county and of the municipality that holds the second largest city in Denmark. Even in 
this sample we had limited selection because 6% of the women in the Aarhus sub-sample did 
not respond to the pregnancy questionnaires. Restricting the analysis to the North Jutland 
County, where we had more than 99% complete information on all covariates except BMI, 
did not change the findings. Here, the missing values of BMI in the period with registration 
were due to failure of the midwives to record the information. Thus, we find it unlikely that 
inclusion of this missing information would have led to other results.  
 
Confounding and selection 
We only had information about few potential confounders. Even with the restricted ability for 
adjustment we found that non–participation had a very limited impact on the risk estimates re-
lated to obesity, and also that other associations had only a small bias. In those few cases 
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where the odds ratios in the two populations seemed to differ, confounding by important un-
measured factors, such as social status, may have been the explanation. Thus, the discrepancy 
seen for the association between underweight and preterm birth may very well be a result of 
different confounder distributions among participants and in the source population. Provided 
that the information is available, the necessary further adjustment can often successfully be 
carried out within the DNBC. Some may even argue that the selection into the DNBC may 
create a cohort with less uncontrollable social confounding than the source population. It is, 
however, recognized that the mix of forces determining participation and forces determining 
disease cannot always be disentangled easily 237. Thus, it is unclear how standard methods for 
control of confounders within the study population will influence the estimated ROR. This es-
timate depends, in a complex way, on the statistical relationships between participation, con-
founders, exposure and outcome, and these relationships may be difficult to resolve in a spe-
cific situation 236;237. Progress has been made by using new methods, which rely on inverse 
probability weighting 236;237, but information about the participation process is needed. There-
fore, these methodological issues seem less relevant, as long as factors related to participation 
remain unmeasured and thus uncontrollable. We are, however, in a rather unique situation, 
since we have data from the source population. We plan to supplement these data with infor-
mation about social factors to obtain further insight into the more methodological aspects of 
selection and confounding. 

Half of the selection into the DNBC was caused by non-participation of the general prac-
titioners, and we do not believe that this selection should influence the validity of the relative 
risk estimates. On the other hand, the selection related to the decision made by the pregnant 
women after being invited to participate may constitute a problem. The concern about selec-
tion bias is especially serious if the decision to take part in the study is related to outcome. Al-
though the participants in the DNBC knew nothing about the outcome of their pregnancy, 
their decision about participation may be partly based upon their past reproductive history. 
We hypothesized that a woman who had experienced one successful pregnancy would be 
more willing to participate than a woman with a previous adverse pregnancy outcome. Fur-
thermore, such participation patterns may very well depend on exposures under study. 
Women with prior reproductive success represent a low-risk group in the next pregnancy and 
have a higher chance of giving birth to infants that reach their genetic growth potential. We 
found that the association between parity and macrosomia was somewhat stronger in the 
DNBC than in the entire population, indicating that such a selection process may be present. 
It is, however, difficult to interpret the consequences of such bias related to a covariate, which 
is typically treated as a confounding factor in the analyses. A good guess might be that such 
internal adjustment will solve most of the problem. As noted above, a better analytical ap-
proach may require information about all variables and their role in the participation process 
236, and such empirical insight is unrealistic. In the future we plan to look further into the as-
sociations between participation, previous reproductive history, and exposure in order to shed 
some light on these issues. 
 
Statistical methods 
Other cohort studies compared descriptive statistics in participants and non-participants and 
also found differences of varying sizes 173;175;177;179-183, but the impact of these differences on 
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the relative risk in participants was left to speculation. By using the relative odds ratio, we 
were able to directly quantify any deviation between the association among the participants 
and the association in the source population. It should be noted, however, that the methodol-
ogy was linked to a logistic regression model and the bias estimate was therefore based on 
odds ratios and not hazard ratios, which was the measure of relative risk in our studies of ma-
ternal obesity. We believe, however, that the bias estimate introduced here is very similar to a 
bias estimate based on hazard ratios, since the odds ratio is a good approximation to the haz-
ard ratio, as long as the outcome is infrequent and losses to follow-up are limited. Also, the 
relative nature of the bias estimate may partly offset potential differences in the two statistics. 

In our search for a method to compute confidence intervals for the bias estimate we re-
viewed studies reporting on dropouts, missing data, and non-participation in other types of 
study designs, because the same statistical problem may have been encountered here. Bias es-
timates have been presented without confidence limits, precluding inferences about bias out-
side the specific study 247-249. Yet, the interpretation of the bias estimate within the particular 
study setting may be jeopardized without a measure of the statistical error. Other studies 
tested the differences between relative risk estimates of non-participants and participants 
250;251, or presented p-values of the test for no interaction between the effect of participation 
status and exposure in the source population 252. The results were used to infer about the like-
lihood of selection bias. Such an interpretation is not warranted. The risk estimates among 
non-participants and participants may be different without bias, and they may be similar in the 
presence of bias.  

Since no useful statistical methodology was identified in our review, we used two meth-
ods for computing confidence intervals of the relative odds ratio and validated their perform-
ance in a simulation study. The first method is computationally very simple. With this 
method, confidence intervals for the bias can be computed by a hand calculator from the stan-
dard errors found in the output from a logistic regression analysis. The second method uses 
non-parametric bootstrap techniques. This method is computationally more demanding, espe-
cially with large samples or many confounding factors. The first method lacks theoretical jus-
tification if bias is present, but our small simulation study showed that both methods per-
formed equally well and gave confidence intervals with coverage close to the nominal 95%.  

To illustrate how easy it is to use the simple approach, we derived the bias estimates re-
lated to the selection within the DNBC due to non-compliance in the first interview. Although 
the confidence intervals were rather wide, the results were very similar before and after these 
exclusions, indicating that this had little impact on our results. 
 
Conclusion 
The present study is, to our knowledge, the first study to give a detailed analysis of the effects 
in cohort studies of non-participation on the relative risk estimates. The methodology that we 
developed to evaluate the uncertainty of the relative odds ratios performed well in the scenar-
ios that we considered. These were chosen to reflect situations with both considerable non–
participation and marginal differences, but we found only small to moderate effects on the 
relative risk estimates based on the DNBC. 
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5.  Main conclusion 
 
We conducted four original studies within the Danish National Birth Cohort that focused on 
maternal obesity. The main conclusions are:  

Prepregnancy obesity correlated with an increased risk of both late spontaneous abortion 
and stillbirth. The risk of fetal death increased with advancing durations of gestation, with the 
highest risk after 40 weeks of gestation. Results from this study suggested that placental dys-
function may be a contributing factor to the increased risk of stillbirth in obese women.  

Prepregnancy obesity was associated with a modestly increased risk of preterm birth, 
which could be explained by a higher risk of preterm birth due to PPROM and of early in-
duced preterm deliveries. In contrast to the increased risk of PPROM, the risk of spontaneous 
preterm labor was significantly lower and not increased in obese women. In overweight 
women, the risks of the two subtypes of spontaneous preterm birth also differed significantly. 

Neonatal mortality was increased in infants of overweight and obese mothers, but this in-
crease was attenuated and no longer statistically significant after adjustment for gestational 
age at birth. We found that viability of preterm infants born after PPROM was significantly 
reduced if they were born to mothers with a high BMI (BMI 25+) compared to normal-weight 
mothers, whereas viability of preterm infants born after spontaneous preterm labor was inde-
pendent of maternal BMI. This heterogeneity in survival was similar to the heterogeneity in 
the risk of subtypes of spontaneous preterm birth seen among overweight and obese women.  

Engagement in recreational exercise was associated with a modestly decreased risk of in-
duced preterm delivery, but not with spontaneous preterm birth. Recreational exercise was 
also associated with a slightly decreased risk of gestational diabetes, but no relation with hy-
pertension or preeclampsia was seen. These patterns seemed to be independent of prepreg-
nancy BMI; therefore the results do not indicate a specific benefit of recreational exercise in 
obese women. 

The presence of obesity-related diseases during pregnancy did not account for the in-
creased risk of stillbirth, PPROM, or neonatal mortality associated with maternal obesity. 
Thus, only the increased risk of induced preterm delivery seemed to be mediated by these dis-
eases. Whether obesity per se plays a causal role in these adverse pregnancy outcomes is still 
unknown, and the underlying biological mechanisms are not yet understood.  

 
We also investigated the impact of the low participation rate to the Danish National Birth Co-
hort.  

Although participants differed from the source population in various aspects, we found 
only minor effects on the relative risk estimates related to maternal obesity and small to mod-
erate effects on the other relative risk estimates that we considered. Our findings are related to 
specific associations in a population of pregnant women and may not necessarily apply to 
other settings. Nonetheless, the results are reassuring, as it is generally believed but never 
well demonstrated, that relative risk estimates based on a cohort study with prospective data 
are insensitive to selection caused by non-participation.  
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6.  Perspectives. 
 
A considerable proportion of Danish women are overweight or obese when they enter preg-
nancy. Due to the obesity epidemic this proportion is expected to rise in the future.  

If the associations between prepregnancy obesity and adverse pregnancy outcomes are 
causal, many countries will face a most challenging problem as the obesity epidemic evolves. 
Although it may be biologically plausible that fat tissue plays a role in the pathways of a 
number of adverse pregnancy outcomes, it is also acknowledged that this role may differ sub-
stantially between outcomes such as subfertility, macrosomia, and stillbirth. Moreover, many 
of these associations need not be causal. Our findings were related to severe and rare out-
comes, where unknown factors associated with obesity may be the true determinants.  

Public health initiatives are already aimed at restricting the number of obese individuals, 
not only in the general population, but also in specific subgroups, such as children and young 
people. From this perspective, advocating primary prevention of obesity in young women and 
weight reduction in obese women who want to become pregnant may be advisable, taking 
into account other benefits of weight reduction, physical exercise, and dietary changes. Never-
theless, such advice is offered in a context where causal inference about prepregnancy weight 
and adverse pregnancy outcomes is still speculative, and it has not been demonstrated that 
such interventions work. These limitations should be known to public health workers and also 
communicated to childbearing women who are the targets of such interventions. 

Further insight is needed into the interactions among obesity, body fat distribution, and a 
number of genetic and metabolic factors, in order to better determine the true role of obesity 
in the underlying mechanisms of adverse pregnancy outcomes. Because such data are not 
readily available, this may require new collections of biological material in pregnant popula-
tions and may also await a better understanding of the genetic contribution to obesity.  

Intervention studies that aim at reducing fat deposits and at increasing insulin sensitivity 
need to be considered in women both prior to and during pregnancy. Investigators should ac-
knowledge our limited insight and apply a more explorative approach in the design of such 
trials. Thus, it may not be the best choice to restrict the target population only to obese 
women, especially if the intervention is restricted to the pregnancy period. Although difficult 
to implement, intervention prior to pregnancy may be the most effective approach. One could 
envisage a community trial where overweight and obese women who, after their first preg-
nancy, plan to have additional children, are recruited into a life style intervention program.  

The present investigations will continue in the future. The study of neonatal mortality in 
preterm infants identified some puzzling associations that need to be replicated. We plan to 
supplement our data with another large Danish birth cohort, and to include information from 
medical records and death certificates of all deceased preterm infants, in order to further de-
scribe the relationship between maternal BMI, preterm subtype and neonatal mortality. The 
study of recreational exercise and pregnancy complications will be completed with more de-
tailed information about physical activity, and a study of maternal obesity and congenital mal-
formations in the offspring has already been initiated. Furthermore, the studies of selection 
into the DNBC will also continue. Data on social status will be included, and a detailed analy-
sis of determinants of participation will also take place. 
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7.  Summary  
Background 
The obesity epidemic has led to an increase in obese women of childbearing age. This gives 
cause for concern because prepregnancy obesity is associated with a number of adverse preg-
nancy outcomes. The newly established Danish National Birth Cohort (DNBC) has a size that 
permits an investigation of the association between maternal obesity and rare, but important 
outcomes, for which more insight is needed, such as fetal death, subtypes of preterm birth, 
and neonatal mortality. The low participation rate of 30% to the DNBC may, however, raise 
new questions related to the validity of the findings, so we also carried out a study of the con-
sequences of this selection on the estimates of relative risk. 
 
Studies of maternal obesity 
Within the DNBC we examined the association between prepregnancy body mass index 
(BMI) and the risk of fetal death (n=54,505), subtypes of preterm birth (n=62,167), and neo-
natal mortality in the offspring (n=83,834). Also, the impact of recreational exercise on the 
risk of preterm birth and obesity-related diseases was considered (n=85,046). Self-reported 
information about exposures was obtained during pregnancy by means of comprehensive 
telephone interviews. Pregnancy outcomes were obtained from registers and medical records. 
Cox regression analyses with delayed entry and time-dependent covariates were used to esti-
mate the risk of adverse pregnancy outcomes. 

Obese women (BMI≥30) faced an increased risk of both late spontaneous abortion and 
stillbirth compared to normal-weight women (18.5≤BMI<25). The risk of fetal death in-
creased with advancing gestation, with the highest risk after 40 weeks of gestation. Over-
weight women (25≤BMI<30) also experienced a higher risk of stillbirth, especially after 40 
weeks of gestation. The increased risk of stillbirth among overweight and obese women was 
partly attributable to inadequacy of placental function 

A modestly increased risk of preterm birth was observed in obese women, which could 
be explained by a higher risk of preterm birth due to PPROM and of early induced preterm 
deliveries. In contrast to the increased risk of PPROM, the risk of spontaneous preterm birth 
without PPROM was significantly lower and not increased in obese women.  

An increased neonatal mortality was observed in infants of overweight and obese moth-
ers, but when adjustment for gestational age at birth was carried out this association was re-
duced and no longer statistically significant. Neonatal mortality in preterm infants born after 
PPROM was significantly increased if they were born to mothers with a high BMI (BMI 25+) 
compared to a normal-weight mother. In contrast, neonatal mortality in preterm infants born 
after spontaneous preterm birth without PPROM did not depend on maternal BMI.  

The presence of obesity-related diseases in pregnancy did not account for the observed 
associations except for induced preterm deliveries Recreational exercise during pregnancy 
was associated with a modestly decreased risk of induced preterm deliveries, and of gesta-
tional diabetes. The observed associations between exercise and adverse outcomes did not de-
pend on prepregnancy BMI.  
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The results of these studies stress the importance of further research into the adverse ef-
fects of maternal obesity. At present, the understanding of the increased risk of these adverse 
pregnancy outcomes in obese women is still rather speculative. The findings related to neona-
tal mortality in preterm infants are new and need to be replicated. Our investigation of recrea-
tional exercise did not produce the same positive findings as reported by others. A beneficial 
effect of recreational exercise in pregnancy, if any, needs to be established in a randomized 
trial. 
 
Study of the selection to the Danish National Birth Cohort 
Based on local data collections, independent of the DNBC, we investigated the impact of low 
participation on estimation of relative risks in a subpopulation of 49,751 eligible women of 
whom 15,373 were recruited to the DNBC. Odds ratios (OR) for four well-established asso-
ciations between exposures during pregnancy and reproductive outcomes were calculated 
separately for participants and for the source population and compared by computing a rela-
tive odds ratio as OR(participants) / OR(source population). Because relevant biostatistical 
methods were incompletely developed we also evaluated two new approaches for construct-
ing confidence intervals for the relative odds ratio allowing for the dependence between the 
two odds ratios. 

The participants constituted a rather healthy sample of the eligible population, but the ad-
justed odds ratios related to maternal obesity in the source population and among participants 
were very similar, and only small to moderate differences were observed for the other relative 
risk estimates that we considered. Thus, the relative odds ratios were close to one, and the 
bias was never larger than 30%, but some of the confidence intervals were rather wide. A 
simulation study showed that the two methods for computing confidence intervals both gave 
coverage probabilities close to the 95% nominal level. 

We found that the effect of non–participation on the chosen relative risk estimates was 
limited, but not negligible. During the last decade, low participation rates have also been a 
problem for many other large cohort studies. These findings are therefore reassuring for ob-
servational epidemiology based on prospective data. 
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8.  Dansk resumé 
Baggrund 
Fedme-epidemien har medført en stigning i antallet af svært overvægtige kvinder i den føde-
dygtige alder. Dette er bekymrende, da prægravid fedme er associeret med en lang række gra-
viditets- og fødselskomplikationer.  

Den nationale fødselskohorte ‘Bedre Sundhed for Mor og Barn’ er så stor, at det er mu-
ligt at undersøge sammenhængen mellem prægravid fedme og sjældne, men alvorlige udfald 
såsom føtal død, præterm fødsel og neonatal mortalitet.  

Den lave deltagelse i ‘Bedre Sundhed for Mor og Barn’ på kun 30% aktualiserer dog en 
undersøgelse af, om denne selektion påvirker validiteten af forskningsresultaterne. Derfor 
indgik en sådan undersøgelse også i nærværende projekt.  
 
Studier af maternel fedme 
Data fra ‘Bedre Sundhed for Mor og Barn’ blev brugt til at undersøge sammenhængen mel-
lem prægravidt body mass index (BMI) og risikoen for føtal død (n=54,505), subtyper af præ-
term fødsel (n=62,167) og neonatal mortalitet (n=83,834). Også sammenhængen mellem fy-
sisk aktivitet og risikoen for præterm fødsel og fedmerelaterede graviditetskomplikationer 
blev undersøgt (n=85,046). Selvrapporterede oplysninger om eksponeringer blev indhentet 
gennem omfattende telefoninterviews, medens oplysninger om graviditetsudfald var baseret 
på registre og sygehusjournaler. Cox regressions analyser blev anvendt til at beregne risikoen 
for de udvalgte udfald. 

Svært overvægtige kvinder (BMI≥30) havde en øget risiko for såvel sene spontane abor-
ter som dødfødsler sammenlignet med normalvægtige kvinder (18.5≤BMI<25). Risikoen for 
føtal død øgedes med stigende gestationsalder og udviste den største risiko efter 40 fulde gra-
viditetsuger. Overvægtige kvinder (25≤BMI<30) havde også en øget risiko for dødfødsel, 
især efter 40 fulde uger. Den øgede risiko for dødfødsel blandt overvægtige og svært over-
vægtige kvinder var især forbundet med dysfunktion af moderkagen.  

En let øget risiko for præterm fødsel hos svært overvægtige kvinder kunne forklares af en 
højere risiko for præterm præmatur vandafgang (PPROM) og tidlige inducerede føds-
ler/kejsersnit (<34 uger). Derimod var risikoen for spontan præterm fødsel uden PPROM sig-
nifikant lavere og ikke forhøjet i forhold til normalvægtige kvinder. 

Hos børn født af overvægtige og svært overvægtige kvinder sås en forhøjet neonatal mor-
talitet, men efter korrektion for gestationsalder ved fødsel var denne association betydeligt 
svagere og ikke længere signifikant. Det samme mønster sås, når analysen var begrænset til 
præterme børn. Når fødselsmåde indgik i analyserne var den neonatale mortalitet signifikant 
forhøjet hos præterme børn født efter PPROM, hvis barnets mor havde et højt prægravidt 
BMI (BMI 25+), mens en tilsvarende stigning ikke var tilstede hos præterme børn født efter 
en spontan fødsel uden PPROM. Justering for gestationsalder ændrede ikke dette fund. 

Bortset fra forekomst af inducerede præterme fødsler syntes de fundne sammenhænge 
ikke at afspejle fedme-relaterede sygdomme i graviditeten. Motion i graviditeten var forbun-
det med et beskedent fald i risikoen for induceret præterm fødsel og gestationel diabetes. Dis-
se sammenhænge var ikke afhængig af prægravid BMI. 
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Undersøgelsernes resultater understreger betydningen af yderligere forskning i komplika-
tioner forbundet med maternel fedme. Vores nuværende forståelse af sammenhængen mellem 
fedme og graviditetskomplikationer er mangelfuld. Resultaterne vedrørende neonatal mor-
talitet hos præterme børn er ikke set tidligere og kræver at blive bekræftet i nye undersøgelser. 
En positiv effekt af motion på en række graviditetskomplikationer er beskrevet af andre, men  
i nærværende undersøgelse fandtes kun en beskeden sammenhæng og den syntes ikke re-
lateret til prægravid BMI. En eventuel gavnlig effekt af motion i graviditeten bør vurderes i en 
randomiseret undersøgelse. 
 
Et studie af selektionen til ’Bedre Sundhed for Mor og Barn’ 
Fra lokale databaser i Nordjyllands Amt og Aarhus Kommune indhentedes oplysninger om 
49,751 gravide kvinder, hvoraf 15,373 deltog i ’Bedre Sundhed for Mor og Barn’. For fire 
velkendte sammenhænge mellem eksponeringer i graviditeten og efterfølgende fødselsudfald 
beregnedes odds ratioer (OR), dels for deltagerne og dels for kildepopulationen. Disse odds 
ratioer blev sammenlignet ved at beregne en relativ odds ratio (OR(deltagere)/OR(kilde-
population)). Da der ikke eksisterede statistiske metoder til beregning af sikkerhedsintervaller 
for den relative odds ratio når to odds ratioer ikke er uafhængige, indgik en evaluering af to 
nye metoder i nærværende studie.  

Sammenligningerne viste at deltagerne i almindelighed var sundere end kildepopulatio-
nen. Dette forhold var dog uden betydning for relativ risiko estimaterne relateret til maternel 
overvægt og fedme, idet de korrigerede odds ratioer for deltagere og for hele kildepopulatio-
nen var næsten ens. For de øvrige sammenhænge var der kun små eller moderate forskelle. 
Den relative odds ratio var således tæt på 1 og afveg aldrig mere end 30%. Nogle af sikker-
hedsintervallerne var dog temmelig brede. Et simulationsstudie viste at de to metoder til be-
regning af sikkerhedsintervaller gav næsten identiske resultater, og at konfidensgraden var tæt 
på den nominelle værdi på 95%. 

Betydningen af den lave deltagelse for de udvalgte associationer syntes således beskeden. 
En lav deltagelse har i de senere år været et problem for mange store kohortestudier, så dette 
er derfor et opmuntrende resultat for observationel epidemiologi baseret på prospektivt ind-
samlede oplysninger. 
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9.  Appendixes 
Appendix A. Validation of prepregnancy BMI and gestational weight gain 
Ideally, a validation of prepregnancy weight should include measurements obtained before 
conception, but such data were not available. We validated self-reported prepregnancy 
weight, categorized prepregnancy BMI and total weight gain during pregnancy using inde-
pendently collected data obtained from the Obstetric Database in the North Jutland County. 
The values recorded in this database were from self-reported information given to the general 
practitioner at the first antenatal care visit. Because all pregnant women are also weighed at 
the first antenatal visit, this limits, to some degree, under-reporting of the recorded pre-
pregnancy weight in the medical record. 

From this database, we retrieved information on prepregnancy weight and height from 
5,033 participants in the DNBC. The overall agreement between the two sets of self-reported 
weights is displayed in Figure A1. The self-reported prepregnancy weights from the first  
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Figure A1. Self-reported prepregnancy weight (DNBC) versus recorded prepregnancy weight (Obstet-
ric Database in the North Jutland County (NJC)). Dashed line shows identity line. 
 
 
interview were, on average, 0.66 kg smaller than the recorded prepregnancy weights, and the 
standard deviation of the difference was 2.42 kg. A regression analysis of the difference 
against the average of the two estimates showed a significant trend. Thus the estimated mean 
difference was 0.40 kg for a prepregnancy weight of 50 kg and 0.96 kg for a prepregnancy 
weight of 100 kg (Figure A2). Consequently, the BMI derived from the interview data 
showed on average a slight under-reporting on the entire BMI scale, and the under-reporting 
increased with increasing BMI. However, BMI categories derived from the two BMI esti- 
mates agreed in 91.4% of the cases (Table A1). If the misclassification seen in Table A1 
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Figure A2. Difference between self-reported prepregnancy weight (DNBC) and recorded prepreg-
nancy weight (Obstetric database in the North Jutland County (NJC)) versus the average of the two re-
cordings. Full line shows the fitted regression line, dashed line represents a difference equal to 0. 
 
 
could be extended to the full study population, the relative risk estimates related to obesity, 
based on self-reported BMI, were expected to be underestimated by around 5% assuming that 
the true relative risks were of the same order of magnitude as the estimates seen in the analy-
ses.  

Also, total gestational weight gain was recorded by the midwives at admission to the 
hospital. When compared to self-reported total weight gain (data on 2,389 women) we found 
little systematic difference, but considerable variation (average difference = 0.33 kg, standard 
deviation of difference = 3.7 kg). These results were not directly applicable to our study, since 
we did not use total weight gain in the analyses.  
 
 
Table A1. BMI categories recorded in the Obstetric Database in North Jutland 
County (NJC) versus self-reported BMI categories in the DNBC

 The DNBC  
The NJC Underweight Normal weight Overweight Obese Total

Underweight 149  24 0 0  173
Normal weight 72  2932 45 0  3049
Overweight 0  173 998 23  1194
Obese 0   3  96  518   617

Total 221  3132 1139 541  5033
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Appendix B. Validation of subtypes of preterm birth 
The subtype classification of preterm birth was based on the National Discharge Register, and 
the validity of the register for this purpose is unknown. The variation in published frequencies 
of preterm premature rupture of membranes (PPROM) led us to validate our classification of 
subtypes in 689 preterm births from the DNBC for which computerized information, inde-
pendent of the hospitals’ data submission to the National Discharge Register, was available. 
At Aarhus University Hospital, trained midwives reviewed medical records and entered the 
event that initiated labor (n=215) in a research database. In two hospitals in the North Jutland 
County, the mode of delivery, and the exact hour of the onset of contractions, rupture of 
membranes, and delivery, were entered into a local obstetric database (n=474).  

In the validation sample, 44% of the preterm births were recorded as PPROM and 29% 
as induced deliveries. In the DNBC the comparable percentages were 27% and 29%, respec-
tively. For induced deliveries we found a sensitivity of 88.4% and a positive predictive value 
of 95% (Table B1). For preterm birth with PPROM the positive predictive value was also 
high (92%), but the sensitivity was only 50% when the definition of PPROM was strictly ad-
hered to.  
 

Table B1. Subtypes of preterm birth  in the DNBC and in local data collections 

 The Aarhus University Hospital and the North Jutland County 
   With Without  Induced  

The DNBC PPROM PPROM delivery Total

With PPROM 151 8 5  164
Without PPROM 148 174 18  340
Induced delivery 3  7  175   185

Total 302 189 198  689
 

This under-reporting probably reflected that Danish obstetricians are reluctant to define 
preterm births with short time spans between rupture of membranes and onset of contractions 
as PPROM. Thus, half of the PPROM cases that we failed to identify had less than a 3-hour 
interval between these two events. For PPROM with more than a 12-hour interval, the sensi-
tivity was 90% and the positive predictive value was 92% (Table B2). Furthermore misclassi-
fication was independent of the BMI group.  
 

Table B2. Subtypes of preterm birth  in the DNBC and the North Jutland County. 
PPROM with more than 12 hours between rupture of membranes and onset of con-
tractions 

             The North Jutland County Obstetric Database 
   With Without  Induced 

The DNBC PPROM PPROM delivery Total

With PPROM 91  7  1  99
Without PPROM 8  118  4  130
Induced delivery 2   2   127   131

Total 101  127  132  360
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Appendix C. Unexplained intrauterine fetal death  
Birth weights of live births and stillbirths were retrieved from the Medical Birth Register. We 
compared the birth weights of stillbirths categorized as unexplained intrauterine fetal deaths 
with those of live births with the same duration of gestation (Figure C1). The birth weights of 
stillbirths among overweight and obese mothers were almost all below the median birth 
weight for all live births, whereas birth weights of stillbirths among normal-weight mothers 
were more evenly distributed. Thus, the relative deviations from the median of live births with 
the same gestational age were, on average, -9% for overweight and obese women combined, 
and -4% for normal-weight women. The difference was not statistically significant (Mann-
Whitney test, p = 0.23). However, these observations present an opposite pattern of what is 
seen in live births, where infants of overweight and obese women are expected to be larger 
than average. 
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Figure C1. Birth weight by BMI categories of stillbirths relative to birth weight of liveborn infants 
with the same gestational age. 
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Prepregnancy Obesity and Fetal Death
A Study Within the Danish National Birth Cohort

Ellen Aagaard Nohr, MHS, Bodil Hammer Bech, MD, Michael John Davies, PhD,
Morten Frydenberg, PhD, Tine Brink Henriksen, PhD, and Jorn Olsen, PhD

Objective: To examine the association between high
prepregnancy body mass index and fetal death, allowing for
the effects of gestational age, weight gain, and maternal
diseases in pregnancy.

Methods: Prepregnancy body mass index (BMI) and fetal
death were examined in the Danish National Birth Cohort
among 54,505 pregnant women who participated in a
comprehensive interview during the second trimester. Preg-
nancy outcomes were obtained from registers and medical
records. Cox regression analyses with delayed entry and
time-dependent covariates were used to estimate the risk of
fetal death.

Results: Compared with normal-weight women (18.5 �

BMI � 25), the risks of fetal death among obese women
(BMI � 30), expressed as adjusted hazard ratios (HRs) and
95% confidence intervals (CIs) were as follows: before
week 14: 0.8 (0.5–1.4), weeks 14–19: 1.6 (1.0–2.5), weeks
20–27: 1.9 (1.1–3.3), weeks 28–36: 2.1 (1.0–4.4), weeks
37–39: 3.5 (1.9–6.4), and weeks 40�: 4.6 (1.6–13.4).
Overweight women (25 � BMI � 30) also experienced a
higher risk after 28 weeks, and especially after 40 weeks of
gestation (HR 2.9, 95% CI 1.1–7.7). Analysis of stillbirth

(fetal death at 28� completed weeks of gestation) indicated
that the effects were not due to obesity-related diseases in
pregnancy, nor was weight gain associated with stillbirth.
The increased risk of stillbirth among overweight and obese
women was partly attributable to inadequate placental
function (crude odds ratios 2.1, 95% CI 1.0–4.4, and 5.2,
95% CI 2.5–10.9, respectively).

Conclusion: Prepregnancy obesity was associated with an
increasing excess risk of fetal death with advancing gesta-
tion, and placental dysfunction may be a possible contrib-
uting factor.
(Obstet Gynecol 2005;106:250–9)

Level of Evidence: II-2

The obesity epidemic affects childbearing women
in many countries. In the United States, 54% of

women aged 20–39 are either overweight or obese,1

and Europe seems to follow a similar pattern, albeit
with some delay.2

Prepregnancy obesity, defined as a body mass index
(BMI) of 30 or above, has been associated with
several severe pregnancy and delivery complications,
including stillbirth.3–6 Stillbirth remains a serious re-
productive failure, with a frequency of 2–5 per 1,000
births, and constitutes more than half of all perinatal
deaths.7,8

Biological pathways for the excess risk are con-
jectural, and it is not possible to disentangle the
intrinsic effect of body fat from the effect of obesity as
a metabolic disorder. Diseases associated with obesity
in pregnancy that may mediate an association with
stillbirth are gestational diabetes, hypertension, and
preeclampsia. However, the metabolic and vascular
abnormalities of these conditions can be found in
obese pregnant women without a clinical disease.9,10

Both obesity and stillbirth have been associated
with prolonged pregnancy,11–13 but little is known
about the risk of stillbirth in obese women with 40
completed weeks of gestation recorded. The associa-
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tion between obesity and spontaneous abortions has
shown inconsistent results,14,15 and little is known
about the temporal pattern of the association between
BMI and fetal death.

We therefore conducted a large prospective co-
hort study to examine the association between high
prepregnancy body mass index and fetal death while
considering the effects of gestational age, weight gain,
and maternal diseases in pregnancy.

MATERIALS AND METHODS
Data were obtained from the Danish National Birth
Cohort, which is a nationwide study of pregnant
women and their offspring.16 The cohort included
women who intended to carry the pregnancy to term
and spoke Danish well enough to participate in 4
telephone interviews during pregnancy and early
motherhood. Approximately 60% of all general prac-
titioners in Denmark chose to take part in the recruit-
ment. Pregnant women were approached at the first
antenatal care visit, which usually takes place in
weeks 6–10 of gestation, and approximately 60% of
the eligible women accepted the invitation and signed
an informed consent form. Computer-assisted tele-
phone interviews were conducted by trained female
interviewers.

Of all pregnant women recruited to the Danish
National Birth Cohort from May 1, 1998, to April 30,
2001, (n � 63,908), we included women who had
participated in the first telephone interview (n �
55,432), which took place at approximately 16 weeks
of gestation (interquartile range 13–19 weeks). The
main exposure variable was prepregnancy BMI
(weight in kilograms/height in meters squared), based
on self-reported information on prepregnancy weight
and height from the first telephone interview. Body
mass index was categorized according to the defini-
tions of the World Health Organization as underweight
(BMI � 18.5), normal weight (18.5 � BMI � 25),
overweight (25 � BMI � 30), and obese (BMI 30�).2

Women with missing information on BMI were ex-
cluded from the study (n � 886, 1.6%).

The Danish person identification system was used
to link the Civil Registration Register and the Birth
Register to identify both live births and stillbirths. The
National Discharge Register was used to identify
spontaneous abortions, induced abortions, ectopic
pregnancies, and hydatidiform mole. In less than 1%
of the pregnancies, we used information on outcome
from the pregnancy interviews because of inconsis-
tencies in the National Discharge Register or because
the outcome of pregnancy was not otherwise avail-
able. We were able to retrieve outcome information
on all pregnancies in the study.

The definition of a stillbirth was a fetal death with

a gestational age of 28 completed weeks or more.
Medical records of all stillbirths were collected na-
tionwide to categorize cause of death according to the
classification of Andersen et al.17 This classification is
a hybrid of 2 British categorizations, focusing on
obstetric factors18 and fetal and neonatal factors.19

Thus, Andersen’s category “intrapartum events” in-
cludes both deaths from mechanical causes during
labor and unexplained intrapartum asphyxia. Be-
cause we wanted to study stillbirth related to placental
causes, we decided a priori to modify Andersen’s
category “feto-placental dysfunction,” which also in-
cludes umbilical cord complications. These cases
were placed in a separate category, whereas “fetal
growth restriction” (FGR), “infarction of the placenta
without FGR,” and “abruptio placenta” were com-
bined into a single category, “placental dysfunction.”
Fetal growth restriction was defined as birth weight
more than 2 standard deviations below the mean for
gestational age on Marsal et al’s reference curve.20 All
records were coded independently and blindly by 2
of the authors (E.A.N. and B.H.B.).

Gestational age as recorded in the National Dis-
charge Register was used in the main analyses. It is a
clinical evaluation of gestational age at time of birth or
pregnancy termination and is widely based on ultra-
sound measures. We excluded women with missing
information on gestational age (n � 30), and women
who participated in the first interview after termina-
tion of pregnancy, or at an estimated gestational age
less than 28 days (n � 11).

Weight gain was defined as the average weekly
increase between the self-reported weights in the first
and second pregnancy interviews for the women who
provided a first interview between 9 and 24 com-
pleted weeks of gestation, those who provided a
second interview between 26 and 38 completed
weeks of gestation, and those who had at least 6 weeks
between the 2 interviews.

Maternal characteristics and life style exposures
through the first part of pregnancy included coffee
consumption, smoking, alcohol intake, physical exer-
cise, and socio-occupational status. Physical exercise
was measured in minutes per week by combining all
kind of reported exercise. Socio-occupational status
was based on the current or most recent job within 6
months, or, if the woman was attending school, on the
type of education. The category “high” included
women in management or in jobs requiring higher
education, generally more than 4 years beyond high
school. Office workers, service workers, skilled man-
ual workers, and women in the military constituted
the “middle” category, whereas unskilled workers and
unemployed women were classified in the “low”
category. We were not able to categorize 2,357

VOL. 106, NO. 2, AUGUST 2005 Nohr et al Obesity and Fetal Death 251



women (4.3%) who were then categorized according
to their husband’s socio-occupational status. Repro-
ductive history included numbers and types of previ-
ous pregnancies, infertility treatment, and waiting
time to pregnancy. The categorization of these vari-
ables is displayed in Table 1.

Obesity-related diseases in pregnancy were iden-
tified in the National Discharge Register. Preeclamp-
sia included eclampsia and was defined from the
presence of the diagnoses O14 or O15 (International
Classification of Diseases, 10th Revision). The codes
I10 through I15 and O10, O11, and O13 were used to
identify chronic and gestational hypertension. Diabe-
tes included both pregestational and gestational dia-
betes and was identified by the codes E10 before or in
pregnancy and O24 in pregnancy. We suspected
underreporting of type 2 diabetes in the National
Discharge Register, so we also relied on self-reported
information on diabetes from the telephone inter-
views. The study was approved by the Scientific
Ethics Committee of the Cities of Copenhagen and
Frederiksberg on behalf of all the committees in
Denmark. The study was also approved by the Dan-
ish Data Protection Board.

The main outcome in the study was fetal death,
defined as either a spontaneous abortion (� 28 com-
pleted weeks of gestation) or a stillbirth (28� com-
pleted weeks of gestation). Intrapartum events were
not considered a fetal death because the etiology may
be different and highly dependent on the quality of
clinical care during labor.4,21 Multiple pregnancies
(n � 1,174) were coded as live births if both (n �
1,151) or just one (n � 10) baby was liveborn.

The relative risk of fetal death according to
prepregnancy BMI was estimated as a hazard ratio
(HR) by using a Cox regression with gestational days
as the underlying time scale and the day of the first
pregnancy interview as entry time.22 To improve
comparability we stratified the analysis by gestational
week of the first pregnancy interview. Follow-up
ended at the time of fetal death, live birth, intrapar-
tum event, induced abortion, hydatidiform mole, or
emigration. We used a 2-sided significance level of .05
in all statistical tests.

In the Cox regression analyses, a number of
potential confounders was used to adjust the effect of
BMI on fetal death. These confounders were chosen a
priori and included age, parity, height, socio-occupa-
tional status, smoking, coffee consumption, and alco-
hol consumption, because these covariates have been
considered in previous studies of stillbirth.3,4,6,23,24

Finally, physical exercise was included because it has
been suggested that the association between obesity
and stillbirth may be confounded by this variable.6

In a separate analysis of stillbirth, the relative risk

according to prepregnancy BMI was estimated as an
odds ratio (OR) using multiple logistic regression.
Only ongoing singleton pregnancies at 28 completed
weeks of gestation and with a completed first inter-
view before this point were included in these analyses.
The effect of BMI on the risk of stillbirth was esti-
mated with adjustments for the same variables as in
the Cox regression. This analysis was repeated after
exclusion of women with obesity-related diseases in
pregnancy, including preeclampsia, other hyperten-
sive disorders, and diabetes. Finally, the effect of
weight gain, included in the model as a continuous
variable, was assessed in this subsample. A likelihood
ratio test of the hypothesis of no interaction was used
to assess whether the effect of BMI on fetal death/
stillbirth was modified by categories of height, parity,
smoking, or weight gain.

Because 1,436 women contributed more than one
pregnancy to the study, we used robust methods to
obtain standard errors of the estimates that allowed
for within-cluster correlation.25 This methodology is
implemented in STATA 8.0 Special Edition (Stata
Corporation, College Station, TX), which was used
for all statistical analyses.

RESULTS
The study population consisted of 54,505 pregnancies
and 679 fetal deaths. Eight percent of the women was
categorized as obese, 19% as overweight, 68% as
normal weight, and 5% as underweight. The overall
crude risk of stillbirth was 2.8/1,000 (n � 155, 13
intrapartum events excluded) and of spontaneous
abortions during follow-up was 9.6/1,000 (n � 524).
Compared with normal-weight women, obese and
overweight women were slightly younger, smoked
more, drank less alcohol, exercised less, and had
lower socio-occupational status (Table 1). Preeclamp-
sia, other hypertensive disorders, and gestational dia-
betes were more common among overweight and
obese women. Moreover, overweight and obese women
reported longer waiting times to pregnancy and had
more frequently received infertility treatment.

The models used to describe the association
between BMI and fetal death included an interaction
term between BMI group and gestational age, which
was categorized into 6 periods as shown in Table 2.
This approach was used because an initial assessment
of the assumption of proportional hazards across
levels of BMI showed a statistically significant in-
crease of the relative risk of fetal death with gesta-
tional age for both overweight and obese women (P �
.02 and P � .001, respectively).

When stratified by gestational age in this manner,
the crude rates of fetal death before 14 completed
gestational weeks were comparable among the differ-

252 Nohr et al Obesity and Fetal Death OBSTETRICS & GYNECOLOGY



Table 1. Maternal Characteristics of 54,505 Pregnant Women* by Body Mass Index and
Fetal Death

Body Mass Index Fetal Death

< 18.5 18.5–24.9 25–29.9 > 30 SAB Stillbirth†

n 2,458 36,986 10,650 4,411 524 155
Age at conception

� 25 19.0 11.9 13.9 16.8 13.2 13.5
25–29 42.2 41.2 41.8 40.9 36.6 33.5
30–34 29.5 34.9 33.3 32.3 36.3 34.8
� 35 9.3 12.0 10.9 10.0 13.9 18.1

Parity
Primiparous 46.8 46.7 43.6 42.7 42.6 56.1
Multiparous 53.2 53.3 56.4 57.3 57.4 43.9

Height (m)
� 1.60 5.9 4.9 5.8 6.8 5.2 7.1
1.60–1.69 49.1 48.4 50.0 52.3 51.0 58.7
� 1.70 45.1 46.7 44.2 40.9 43.9 34.2

Smoking
Nonsmoker 72.5 84.1 83.3 82.1 80.5 78.1
0–10 cigarettes/d 20.9 12.5 12.3 12.4 13.7 16.1
� 10 cigarettes/d 6.6 3.3 4.4 5.5 5.7 5.8

Alcohol consumption
0 shots/wk 58.8 51.8 54.9 64.8 57.1 60.0
1/2–3 shots/wk 39.1 45.5 43.1 33.9 39.9 35.5
� 3 shots/wk 2.1 2.7 2.1 1.3 3.1 4.5

Coffee consumption
� 1 cup/d 62.4 64.1 66.2 70.0 60.9 66.5
1–4 cups/d 26.5 27.4 24.7 21.5 26.9 21.9
� 4 cups/d 11.1 8.4 9.1 8.5 12.2 11.6

Physical exercise
No exercise 69.8 62.8 65.9 69.3 65.8 62.3
1–180 min/wk 22.6 29.4 28.0 25.8 27.1 23.4
� 180 min/wk 7.7 7.8 6.1 4.9 7.1 14.3

Socio-occupational status
High 46.5 56.1 45.0 35.3 50.1 46.1
Middle 40.3 35.9 44.0 47.8 39.0 42.2
Low 13.1 8.0 10.9 16.9 10.9 11.7

First pregnancy
Yes 65.7 65.6 67.8 68.9 70.2 60.0
No 34.3 34.4 32.2 31.1 29.8 40.0

Waiting time to pregnancy
Not planned 16.0 11.3 10.6 12.2 13.6 13.5
� 6 mo 57.9 63.5 60.9 53.2 59.8 49.7
6–12 mo 13.6 13.2 14.4 15.1 13.0 16.1
� 12 mo 12.5 12.0 14.1 19.5 13.6 20.6

Infertility treatment
No 94.7 94.1 93.2 91.1 92.4 89.0
Yes 5.3 5.9 6.8 8.9 7.6 11.0

Diabetes
No 99.6 99.1 98.0 94.7 99.8 98.1
Pregestational diabetes 0.0 0.2 0.4 0.3 0.2 0.0
Gestational diabetes 0.3 0.6 1.6 5.0 0.0 1.9

Preeclampsia
No 99.0 98.3 97.1 95.6 99.4 94.8
Yes 1.0 1.7 2.9 4.4 0.6 5.2

Other hypertensive disorders
No 99.5 98.9 97.9 95.6 100.0 98.7
Yes 0.5 1.1 2.1 4.4 0.0 1.3

(continued)
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ent groups of BMI (Table 2; Fig. 1). Subsequent to
week 14, the expected decline in the absolute rate of
fetal death across gestation was more pronounced in
normal-weight women than in either overweight or
obese women. This pattern of divergence resulted in
an adjusted relative risk among obese women, which
steadily increased with gestational age and ended with
a 360% higher risk of stillbirth in pregnancies exceed-
ing 280 days (Table 2). The higher relative risks were
statistically significant from week 14 and onwards. A
similar, but less pronounced, trend from early to late
pregnancy was observed among overweight women,
ending with nearly a 190% higher risk of stillbirth in
the last gestational age category. The adjustment for a
variety of maternal characteristics and life style factors
had virtually no effect on the crude estimates (Table
2). Moreover, the effect of BMI on fetal death was not
modified by height (P � .83), parity (P � .92), or
smoking (P � .24).

A number of additional analyses were performed
to assess the robustness of these results to changes in
specific aspects of the analytic approach (data avail-
able on request). We repeated the analyses after
including intrapartum events as fetal deaths. This
resulted in a less pronounced trend with gestation in
both overweight and obese women. To evaluate the
impact of the method for calculation of gestational
age, we repeated the analyses with gestational age
based on the last menstrual period. A slightly lower
excess risk of fetal death in obese women was ob-
served, but results remained otherwise unchanged.
We also explored whether the association reflected
factors related to subfertility among overweight and
obese women by restricting the analysis to primi gravi-
dae with a waiting time to pregnancy of 6 months or less
and no reported infertility treatment. This restriction led

to an even higher excess risk among obese women
compared with women of normal weight.

Next, we focused on the overall risk of stillbirth in
51,655 singleton pregnancies (151 stillbirths), using
the same adjustments as in the analysis of fetal death
(Table 3). To evaluate whether obesity-related dis-
eases mediated the risk of stillbirth, we excluded
women with diabetes (n � 735), preeclampsia (n �
1,122), and other hypertensive disorders (n � 790)
from the sample (some had several of these diseases).
This resulted in only minimal changes of the adjusted
risk estimates. Compared with women of normal
weight, overweight women still faced twice the risk of
stillbirth, whereas obese women had a 240% increase
in risk. Also, the effect of BMI on stillbirth was not
modified by height (P � .09), parity (P � .57), or
smoking (P � .96).

Within the subset of women without obesity-
related diseases, and with weight gain data, we exam-
ined the possible effect of maternal weight gain on the
risk of stillbirth (n � 39,187). The adjusted odds ratio
related to an increased weight of 100 g per week was
estimated to be 0.94 (95% CI 0.87–1.03), and those
related to overweight and obesity were only slightly
reduced. Interaction between BMI and weight gain
was not found (P � .37).

Finally, we considered recorded causes of still-
birth. The distribution of causes according to BMI in
women without obesity-related diseases is displayed
in Table 4. Intrapartum events are included as a
separate category. The crude odds ratios showed that
unexplained intrauterine deaths and, especially,
deaths due to outcomes categorized as placental dys-
function were increased among overweight and obese
women. Adjustment for confounders did not change

Table 1. Maternal Characteristics of 54,505 Pregnant Women* by Body Mass Index and
Fetal Death (continued)

Body Mass Index Fetal Death

< 18.5 18.5–24.9 25–29.9 > 30 SAB Stillbirth†

Weight gain (g/wk)‡

� 150 5.3 3.7 8.7 21.7 9.5
150–299 14.1 11.2 15.1 20.9 17.1
300–449 29.6 28.7 24.9 22.7 29.5
450–599 30.1 31.8 24.9 17.3 24.8
600–749 13.5 16.0 15.3 9.3 11.4
� 750 7.4 8.8 11.1 8.1 7.6
Mean (g/wk) 459 487 462 347 415
Standard deviation (g/wk) 215 207 263 319 266

SAB, spontaneous abortion, defined as fetal death before 28 completed weeks of gestation.
Data are expressed as percentage or number (first row and last 2 rows). The number of missing values was less than

57 on all covariates except socio-occupational status with 218 and time to pregnancy with 158 missing values.
* The actual study population with a first interview, information on body mass index, and gestational age.
† Stillbirth defined as fetal death at 28� completed weeks of gestation.
‡ A weekly weight gain was estimated in 40,842 singleton pregnancies with a gestational age of �28 weeks.
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the results, but the limited number of cases may not
justify such detailed analysis.

DISCUSSION
The risk of fetal death was elevated among obese
women and, to a lesser degree, also among over-
weight women. A temporal trend of the risk appeared
after 14 weeks of gestation and continued to increase
across gestation, with the highest risk of stillbirth after
week 40. Weight gain in pregnancy was not signifi-
cantly associated with the risk of stillbirth for any of
the BMI groups.

Hypertensive disorders, diabetes, systemic lupus
erythematosus, chronic renal disease, thyroid disor-

ders, and cholestasis in pregnancy have been associ-
ated with stillbirth.26 A review of the medical records
of all stillbirths in the study showed that these women
were without medical diseases, except those 11
women who suffered from obesity-related diseases
and had already been excluded from the analysis. We
therefore believe that the presence of these medical
diseases cannot account for the observed association
between obesity and stillbirth.

We found that obesity was associated with a
5-fold increase in risk of stillbirth with placental
dysfunction, but the confidence interval was wide.
Biologic mechanisms behind this excess risk remain
unknown. Obese pregnant women without clinical

Table 2. Crude* and Adjusted† Relative Risk of Fetal Death Related to Prepregnancy Body Mass Index
and Stratified by Six Gestational Age Periods

Period
(Completed wks) BMI Groups

Risk
Time
(wk)

Fetal
Deaths

(n)
Crude
Rate‡ Crude HR

Adjusted
HR§ 95% CI

–13 � 18.5 1,051 9 8.6 0.7 0.7 0.3–1.7
18.5–24.9 16,388 136 8.3 1.0 1.0 Reference
25.0–29.9 4,969 42 8.5 1.1 1.0 0.7–1.5

� 30 2,231 16 7.2 0.9 0.8 0.5–1.4

14–19 � 18.5 7,449 10 1.3 1.3 1.3 0.7–2.4
18.5–24.9 117,423 122 1.0 1.0 1.0 Reference
25.0–29.9 34,347 37 1.1 1.0 1.0 0.7–1.5

� 30 14,370 25 1.7 1.7 1.6 1.0–2.5

20–27 � 18.5 17,419 10 0.6 2.1 2.1 1.1–4.0
18.5–24.9 264,741 74 0.3 1.0 1.0 Reference
25.0–29.9 76,569 26 0.3 1.2 1.2 0.8–1.9

� 30 31,601 17 0.5 1.9 1.9 1.1–3.3

28–36 � 18.5 21,291 2 0.1 0.9 0.9 0.2–3.6
18.5–24.9 322,811 36 0.1 1.0 1.0 Reference
25.0–29.9 92,935 21 0.2 2.0 1.9 1.1–3.3

� 30 38,109 9 0.2 2.1 2.1 1.0–4.4

37–40 � 18.5 5,919 2 0.3 1.0 1.0 0.2–4.0
18.5–24.9 93,909 33 0.4 1.0 1.0 Reference
25.0–29.9 26,989 16 0.6 1.7 1.7 0.9–3.0

� 30 10,937 14 1.3 3.4 3.5 1.9–6.4

� 40� � 18.5 1,163 0 0.0 0.0 0.0 —
18.5–24.9 20,591 9 0.4 1.0 1.0 Reference
25.0–29.9 6,588 8 1.2 2.6 2.9 1.1–7.7

� 30 2,818 5 1.8 4.0 4.6 1.6–13.4

Combined � 18.5 54,292 33 0.6 1.1 1.1 0.8–1.7
18.5–24.9 835,863 410 0.5 1.0 1.0 Reference
25.0–29.9 242,398 150 0.6 1.2 1.2 1.0–1.5

� 30 100,066 86 0.9 1.7 1.7 1.1–2.1

BMI, body mass index; HR, hazard ratio; CI, confidence interval.
* n � 54,505; 679 fetal deaths.
† n � 54,133; 674 fetal deaths.
‡ Events/1,000 weeks, ie, expected number of fetal deaths when 1,000 women are followed for one week.
§ Adjusted for age, height, parity, socio-occupational status, physical exercise, smoking, and alcohol and coffee consumption.
� Period starts at day 281.
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disease may present with metabolic and vascular
abnormalities similar to those seen in preeclamptic
women,9,10,27 where failure of normal placentation
may lead to both infarction and abruptio of the
placenta in later pregnancy.28–30 A recent study sug-
gested that placental dysfunction causing stillbirth
may be an endpoint for impaired placental function in
the first 10 weeks of pregnancy.31 One may speculate
that endothelial dysfunction in obese women is asso-
ciated with such impaired early placental function.

It has been suggested that rapid fetal growth due
to fetal hyperglycemia may place the fetus at risk of
death by hypoxia if the placenta cannot transfer
sufficient oxygen for metabolic requirements.5 We
would expect such stillbirths to appear as unexplained
intrauterine fetal deaths in late pregnancy, with a
particular excess risk among obese women, as found
in our study. However, even when gestational age was
taken into account, the birth weights of unexplained
intrauterine deaths among obese women were typi-
cally lower than the median birth weights of all live

births (data available on request). This suggests the
presence of some intrauterine growth restriction
rather than excess fetal growth.

Excess risk of fetal death in obese women may in
part be explained by deranged endocrinology and
impaired fertility in a subgroup of obese women.32,33

Restricting our analysis to fertile women with their
first pregnancy did not support this hypothesis.

We found no association between BMI and fetal
death in the gestation period before week 14, and it
cannot be ruled out that obesity acts as a pregnancy-
preserving factor in very early pregnancy, leading to
delayed fetal loss of less viable fetuses. A recent study
found a slightly elevated risk of first-trimester abor-
tions in obese women,14 which may suggest that
obesity is at least not protective of early fetal loss.

There are potential criticisms of this study. Self-
reported weight is likely to be underreported,
whereas height is likely to be overreported, resulting
in an underestimation of the true BMI.34 We assumed
that the large majority of the participants would
report prepregnancy weight and height as obtained
during routine antenatal care. This would reduce
underreporting because all women are weighed in
early pregnancy. For women who experienced a
stillbirth, the self-reported information on weight and
height was consistent with the information obtained
from the medical records. All information was col-
lected at the time of entry into the study and misclas-
sification is therefore likely to be nondifferential.
Information bias, if present, would most likely lead to
an underestimation of the true effect of obesity.

Information about obesity-related diseases in preg-
nancy was based on the National Discharge Register,
and we found relatively low frequencies of these dis-
eases. A validation study of the register has recently
been published, and for categorizations of diseases at the
level we used, a high validity was found.35

Recruitment to the Danish National Birth Cohort
took place in 2 steps, and each of these steps involve
a selection.16 We found, however, that the prevalence
of prepregnancy obesity in the study population was
very close to the national estimates in the general
female population aged 25–44 years, where 9.1%
were found to be obese and 20.6% to be overweight.36

Also, the absolute risk of stillbirth in singleton births
in the study was 0.32% (intrapartum events included)
and only slightly lower than the similar national
estimate of 0.37% for the years 1999–2001.37 All
comparisons are made within the cohort. Selection
bias requires selection on both the exposures and
outcomes, and the outcome was not known at the
time of recruitment. We therefore believe that the
comparisons between normal-weight and obese
women in our study were not subject to selection bias.

Fig. 1. A. Fetal death rate per 1,000 weeks by body mass
index (BMI) category. Underweight, BMI � 18.5; normal
weight, 18.5 � BMI � 25; overweight, 25 � BMI � 30;
obesity, BMI � 30; n � 54,505; 679 fetal deaths. B.
Adjusted hazard ratio relative to normal-weight women by
BMI category; n � 54,133; 674 fetal deaths.
Nohr. Obesity and Fetal Death. Obstet Gynecol 2005.
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The association between obesity and fetal death may,
however, be different in other populations with higher
overall risks of fetal death.

Three studies have reported an increased risk of
stillbirth in both normal-weight and overweight and
obese women when compared with lean women with
a BMI less than 18.2 or 20, respectively.3,4,6 However,
in the most recent study, the results became less
consistent when women with obesity-related diseases
in pregnancy were excluded.6 In a large British reg-
ister-based study, a modestly increased risk of still-
birth was found only in obese women relative to

women of normal weight (BMI 20–25) after adjust-
ment for obesity-related diseases in pregnancy.5 The
interpretation of the findings in these studies is com-
plicated by the choice of reference groups. We found
that the temporal pattern of fetal death among under-
weight women indicates a high risk of late spontane-
ous abortions, which may explain in part the subse-
quent, lower risk of stillbirth. Previous studies have
relied on retrospectively collected data on exposure,
register data, or medical records, and information on
some important confounding factors was missing. The
present study is based on prospectively collected data

Table 4. Distribution of and Crude Odds Ratios for Stillbirth, by Cause of Death, in Singleton
Pregnancies Without Obesity-Related Diseases

No. of Births BMI 25–29.9 BMI> 30

Total
BMI

< 18.5
BMI

18.5–24.9
BMI

25–29.9
BMI
> 30

Crude
OR* 95% CI

Crude
OR* 95% CI

Live births (n) 49,080 2,290 33,795 9,436 3,559
Causes of

stillbirth†

Unexplained
intrauterine
death 51 1 26 14 10 1.9 1.0–3.7 3.6 1.8–7.6

Placental
dysfunction 44 1 20 12 11 2.1 1.0–4.4 5.2 2.5–10.9

Umbilical cord
complications 18 0 11 5 2 1.6 0.4–5.1 1.7 0.2–7.9

Congenital
malformations 16 2 10 4 0 1.4 0.3–5.0 NA NA

Other causes‡ 11 0 5 4 2 2.9 0.6–13.3 3.8 0.4–23.1
Intrapartum

events 13 0 10 1 2 0.4 0.0–2.5 1.9 0.2–8.8

BMI, body mass index (BMI 18.5–24.9 used as reference); OR, odds ratio; CI, confidence interval; NA, not applicable.
* Specific type of stillbirth compared with all other births after exclusion of women with preeclampsia, other hypertensive disorders in

pregnancy, and pregestational and gestational diabetes (n � 49,233). Odds ratios for underweight women are not displayed because
of very few cases; 95% exact confidence intervals are used for causes with less than 20 cases.

† Stillbirth defined as fetal death at � 28 completed weeks of gestation.
‡ Other causes contains infections (6), other specific conditions (4), and unclassifiable (1).

Table 3. Crude and Adjusted Odds Ratios for Stillbirth* in Singleton Pregnancies According to
Prepregnancy Body Mass Index

BMI
Groups

All Pregnancies† Pregnancies Without Obesity-Related Diseases‡

Crude
Risk per

1,000
Crude

OR
Adjusted

OR§ 95% CI

Crude
Risk per

1,000
Crude
OR

Adjusted
OR§ 95% CI

� 18.5 1.7 0.8 0.8 0.3–2.2 1.7 0.8 0.8 0.3–2.3
18.5–24.9 2.2 1.0 1.0 Reference 2.1 1.0 1.0 Reference
25–29.9 4.3 2.0 2.0 1.4–2.9 4.1 1.9 2.0 1.4–3.0
� 30 6.7 3.1 3.2 2.0–4.9 7.0 3.3 3.4 2.1–5.5

BMI, body mass index; OR, odds ratio; CI, confidence interval.
* Stillbirth defined as fetal death at �28 completed weeks of gestation (13 intrapartum events excluded).
† Pregnancies exceeding �28 weeks and with a first interview prior to this point. Crude estimates: n � 51,655; 151 stillbirths. Adjusted

estimates: n � 51,300; 149 stillbirths.
‡ Exclusion of women with preeclampsia, other hypertensive disorders in pregnancy, pregestational and gestational diabetes (some had

several of these diseases). Crude estimates: n � 49,233; 140 stillbirths. Adjusted estimates: n � 48,897; 139 stillbirths.
§ Adjusted for age, height, parity, socio-occupational status, physical exercise, smoking, and alcohol and coffee consumption.
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on a large number of potential risk factors from more
than 54,000 women. The consistency between various
sources of information was high, and we were able to
obtain complete ascertainment of all pregnancy out-
comes. Furthermore, we had a complete and cause-
specific ascertainment of all stillbirths. Although the
study was large, the number of stillbirths was limited
and reduced our ability to investigate more specific
etiological hypotheses.

We found that prepregnancy obesity correlates
with an increased risk of both late spontaneous abor-
tion and stillbirth. The present evidence cannot pre-
clude the possibility that obesity and stillbirth share
common causes, and that the association we see is not
causally related to obesity per se. Advocating weight
reduction for obese women who want to become
pregnant may be advisable, taking into account other
benefits of such a weight reduction. Nevertheless,
such advice is offered in a context where causal
inference is still speculative.
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Summary 
The aim of the present study was to assess the impact of obesity and gestational weight gain 

on the risk of subtypes of preterm birth, because little is known about these associations. The 

study included 62,167 women within the Danish National Birth Cohort for whom self-

reported information about prepregnancy body mass index (BMI) and gestational weight gain 

were available. Information about spontaneous preterm birth with or without preterm 

premature rupture of membranes (PPROM) and about induced preterm deliveries was 

obtained from national registers. Cox regression analyses were used to examine associations 

of prepregnancy body mass index and gestational weight gain with subtypes of preterm birth. 

The crude risks of PPROM and of induced preterm deliveries were higher in obese women 

(BMI≥ 30) than in normal-weight women (18.5≤ BMI<25), especially before 34 completed 

weeks of gestation, when obese women had twice the risk. In the adjusted analysis the hazard 

ratios (HR) and 95% confidence intervals for PPROM and induced preterm delivery in obese 

women were 1.5 [1.2, 1.9] and 1.2 [1.0, 1.6], respectively. When obesity-related diseases 

were accounted for, no excess risk of induced preterm deliveries was seen in obese women, 

but the increased risk of PPROM was unchanged. Low weight gain was associated with an 

increased risk of all subtypes of preterm birth compared to normal weight gain, especially in 

early spontaneous preterm births, where the risk was doubled. We concluded that 

prepregnancy obesity was associated with a higher risk of PPROM and early induced preterm 

deliveries. 

 
Introduction 

Preterm birth correlates strongly with infant mortality and morbidity,1,2 and identification of 

avoidable determinants remains an important issue. Although the incidence of preterm birth 

varies considerably from 5-6% in Northern Europe to more than 20% in a number of Asian 

countries,3 it has important implications for public health worldwide.  

Prepregnancy body mass index (BMI) in combination with gestational weight gain has been 

studied extensively as possible targets of intervention designed to prevent preterm birth. The 

association between spontaneous preterm birth and underweight, either isolated or together 

with inadequate gestational weight gain, is well-established,4-7 while most studies,6-8 but not 

all,9 did not find an association between spontaneous preterm birth and obesity. However, 

many studies of this association have been small, and prepregnancy BMI was frequently 

dichotomised or categorized in a way that precluded an assessment of the risk in obese 



 

women.4,7,10,11 Large studies, based on secondary data, analysed all preterm births together 

and found an elevated risk in obese women,12-14 but the findings became inconsistent when 

women with obesity-related diseases, which often lead to induced delivery,11 were 

excluded.12,14 Current evidence suggests that obesity may be associated with induced preterm 

delivery, but not spontaneous preterm birth.  

The prevalence of obesity in childbearing women has increased dramatically in many parts of 

the world. In the United States, 28% of women aged 20-39 are obese,15 and Europe may 

follow a similar pattern with some delay.16  Inflammatory, metabolic, and vascular 

abnormalities have been found in obese pregnant women even in the absence of clinical 

disease.17 A large American study, based on data from the sixties, showed an elevated risk of 

early preterm birth with acute chorionamnionitis in obese women,18 suggesting that 

infections, and also the timing of preterm birth, may be important. It may be that obesity is 

not only a risk factor for induced preterm delivery, but also for other subtypes of preterm 

birth.  

When studying causes of preterm birth, it has been recommended to distinguish between 

available clinical subtypes, such as preterm labor, preterm premature rupture of membranes 

(PPROM), and induced preterm delivery,19,20 but large studies are needed to evaluate this with 

adequate precision, especially as these entities may have some etiological overlaps.21 Data 

from a large cohort of pregnant Danish women allowed us to divide more than 3000 preterm 

births into these subtypes. In the study reported here we examined the separate and combined 

associations of categories of prepregnancy body mass index and gestational weight gain with 

subtypes of preterm birth. 

 

Methods 

Data were obtained from the Danish National Birth Cohort (DNBC), which is a nationwide 

study of 100,000 pregnant women and their offspring.22 Approximately 50% of all general 

practitioners in Denmark agreed to take part in the recruitment from 1997 to 2002. Pregnant 

women were approached at the first antenatal care visit, which usually occurred at weeks 6 to 

10 of gestation, and approximately 60% of the eligible women accepted the invitation and 

signed a consent form. The main data collection consisted of four computer-assisted 

telephone interviews, which were conducted by trained female interviewers, twice during 

pregnancy and twice after delivery. For the present study we initially considered 86,632 

women with singleton pregnancies and a first pregnancy interview, which took place at 

approximately 16 weeks of gestation (inter-quartile range 13-19 weeks).  



 

Pregnancy outcomes were identified through register linkage to the Civil Registration 

Register, the Birth Register, and The National Discharge Register by use of the Danish person 

identification system. Outcome information from the interviews was used to clarify 

inconsistent or missing register information (< 1% of pregnancies). 

Preterm birth was defined as the delivery of a liveborn infant before 37 completed weeks of 

gestation. We used the gestational age estimate usually based on early ultrasound, which is 

recorded to the National Discharge Register at birth. Information from the same register was 

used to categorize preterm births into subtypes. Induced preterm deliveries were defined from 

information about either induction or caesarean section before the onset of labor. The 

remaining spontaneous preterm births were further divided into births with or without a 

PPROM diagnosis based on the presence of the ICD-10 code O42 in the register, which 

captured all clinical PPROM diagnoses reported by the obstetrician at birth. Although this 

ICD-10 code by definition should identify all births with spontaneous rupture of membranes 

at any time before the onset of labor, Danish obstetricians have traditionally avoided this 

diagnosis in births with a short time span between these two events. We suspected some 

underreporting of PPROM in the Danish National Register, so we added information from the 

third interview, which occurred approximately 6 months after delivery. Here the woman was 

asked if the time between rupture of membranes and delivery was more than 24 hours. This 

raised the proportion of PPROM from 23% to 27%.  

Prepregnancy BMI (weight in kilograms/height in meters squared) was calculated from self-

reported information on prepregnancy weight and height from the first pregnancy interview. 

BMI was categorized according to the WHO’s definitions as: underweight (BMI<18.5 kg/m2), 

normal weight (18.5≤ BMI<25), overweight (25≤ BMI<30), and obese (BMI 30+).16 We 

restricted the study population to women who were still pregnant at 22 completed weeks of 

gestation and who provided information on BMI (2,377 women excluded).  

Gestational weight gain was also self-reported. In the first pregnancy interview the woman 

gave information about her current weight. From the second pregnancy interview, which took 

place in week 30 (interquartile range 29-33), we had information about total weight gain at 

that time, while the third interview provided information about total weight gain in 

pregnancy. A linear relationship between weight gain and gestational age from early to late 

pregnancy is well-established.5,23,24 This association was verified in a contemporary Danish 

sample of 2,276 pregnant women who provided an average of 10 weight measurements 

during pregnancy.25 In these data we found a linear relationship from 12 to 37 completed 

weeks of gestation. In the present study we therefore used a weekly weight gain, which was 



 

defined as the average weekly gain, based on the difference between two self-reported 

measures (weight or gain) within this period. We required that these measures were at least 6 

weeks apart, and excluded measures after 37 completed weeks because weight gain is non-

linear in late gestation. We used information from first and second interview if the criteria 

were fulfilled (n=61,189). Otherwise we used data from the first and third interview (n=731) 

or, if necessary, from the second and third interview (n=247). Weekly weight gain was 

categorized into three groups (low, medium, high) using cut points at 275 g and 675 g, which 

were similar to those used in other studies.4,5  Missing information about weekly weight gain 

led to exclusions of 22,088 pregnancies. Thus, the final study population consisted of 62,167 

pregnancies.  

From the first pregnancy interview we also obtained information about parity, mother’s age, 

infertility treatment, and waiting time to pregnancy. Lifestyle exposures during the first part 

of pregnancy included smoking, alcohol intake, and socio-occupational status. Socio-

occupational status was based on the current or most recent job within 6 months, or, if the 

woman was attending school, on the type of education. The category ‘high’ included women 

in management or in jobs requiring higher education. Office workers, service workers, skilled 

manual workers, and women in the military constituted the ‘middle’ category, while unskilled 

workers and unemployed were classified in the ‘low’ category. Women who could not be 

classified in this way (4.1%) were categorized according to their husband’s socio-

occupational status, defined as above.  

Pregnancies complicated by obesity-related diseases, defined as preeclampsia, hypertension, 

and diabetes, and by abruptio placentae were identified in the National Discharge Register. 

Preeclampsia included eclampsia and was defined from the presence of the diagnoses O14 or 

O15 (ICD-10). The codes I10 through I15, O10, O11, and O13 were used to identify chronic 

and gestational hypertension, and code O45 identified abruptio placentae. Diabetes included 

pregestational and gestational diabetes and was identified by the codes E10 before or in 

pregnancy and O24 in pregnancy. We suspected underreporting of gestational diabetes in the 

National Discharge Register, so we also used self-reported information from the telephone 

interviews. This raised the proportion of women with gestational diabetes from 0.9% to 1.2%. 

The study was approved by the Scientific Ethics Committees in Denmark, and by the Danish 

Data Protection Board. 



 

 

Statistical methods 

The relative risk of prepregnancy BMI and gestational weight gain for subtypes of preterm 

birth was estimated as hazard ratios (HR) with 95% confidence intervals using a stratified 

Cox regression with gestational days as the underlying time variable and the 153rd day of 

pregnancy as entry time (22 completed weeks of gestation). To improve comparability we 

stratified by gestational week of first pregnancy interview. Follow-up ended at date of preterm 

birth, date of spontaneous abortion, date of stillbirth, date of emigration, or after 258 days of 

gestation. 

Crude effects of BMI and weight gain categories on subtype of preterm birth were estimated 

separately for the entire time period. However, the effect of weight gain varied across the 

period from week 22 to week 37. Consequently, the crude analysis was repeated in each of the 

two periods, which were defined as an early period from 22 to 33 completed weeks of 

gestation and a late period from 34 to 36 completed weeks of gestation. 

The two periods were retained in the adjusted analysis in which the effects of BMI and weight 

gain were mutually adjusted in both periods. Other covariates introduced in the adjusted 

analyses were parity, mother’s age and height, and life style exposures during the first part of 

pregnancy including smoking, alcohol intake, and socio-occupational status. In the analyses, 

the effects of the confounding factors were assumed to be independent of period. The choice 

of potential confounding factors was based on a priori knowledge that they may be causally 

related to preterm birth,4 and they were categorized as shown in Table 1. We did not apply 

variable selection procedures to reduce the number of confounding factors. Presence of 

interactions between BMI and weight gain were also assessed. 

In an additional analysis, we studied the influence of prepregnancy BMI and gestational 

weight gain when women with obesity-related diseases were censored at the date of first 

diagnosis. Also, to correct weekly weight gain for the high gains related to preeclampsia, we 

excluded preeclamptic women who had a second interview less than 2 weeks before date of 

diagnosis (190 women excluded). A correction for within-cluster correlation (robust standard 

errors) was applied in all reported analyses, since 2,980 women contributed more than one 

pregnancy to the study. We used STATA 8.0 Special Edition for all statistical analyses.26  



 

Results 

Among the 62 167 women in the study population, 5.0% had preterm births. Of these, 27% 

were spontaneous preterm births with PPROM, 44% were spontaneous preterm births without 

PPROM, and 29% were induced preterm deliveries (Table 1).  

Eight percent of the study population was categorized as obese, 20% as overweight, 68% as 

normal weight, and 4% as underweight (Table 1). The median weekly weight gain was 475 g. 

The highest proportion of women with a weight gain in the intermediate category was seen 

among underweight and normal-weight women. In overweight women, the proportions of 

both low and high gestational weight gain were relatively larger, and obese women had a 

significant shift towards restricted weight gain (Table 1). Obese and overweight women were 

slightly younger, more often multiparous, smoked more, drank less alcohol, and had lower 

socio-occupational status than normal-weight women. They reported longer waiting times to 

pregnancy and had more frequently received infertility treatment. Moreover, diabetes, 

preeclampsia, and other hypertensive disorders were more common among overweight and 

obese women.  

 The overall, crude risk of preterm birth in obese women compared to women of normal 

weight was 1.3 [1.1, 1.4]. When this hazard ratio was computed separately for early and late 

preterm births we found hazard ratios of 1.6 [1.3, 1.9] and 1.2 [1.0, 1.3], respectively. These 

increases in crude risks were related exclusively to preterm births with PPROM and induced 

preterm deliveries, especially before 34 completed weeks of gestation (Table 2). Here obese 

women faced twice the risk for these endpoints compared to normal-weight women. Low 

weight gain was associated with an increased risk of all subtypes, especially in early preterm 

births. For high weight gain an increased risk was also seen for early spontaneous births 

without PPROM and for induced preterm deliveries.  

When BMI and weight gain were mutually adjusted and also adjusted for the potential 

confounding factors the hazard ratios for both BMI and weight gain were attenuated slightly 

(Table 2). Obese women had a hazard ratio of 1.5 [1.2, 1.9] for spontaneous preterm birth 

with PPROM. This hazard ratio was significantly larger than the corresponding hazard ratio 

for spontaneous preterm birth without PPROM (0.9 [0.8, 1.1]), as testified by the non-

overlapping confidence intervals. Although overweight women did not have an increased risk 

of spontaneous preterm birth, the relative risks of the two subtypes also differed significantly 

in this BMI group. Underweight women faced an increased risk of PPROM and of late 

induced preterm deliveries.  



 

For all three categories of preterm birth we found a statistically significant interaction 

between weight gain and gestational period. The effects of both low and high gain were larger 

in early preterm birth than in late preterm birth (PPROM: p=0.05, without PPROM: p<0.001, 

induced delivery: p=0.005). No statistically significant interactions were found between BMI 

and gestational period. For induced preterm deliveries, but not for spontaneous preterm births, 

we found a statistically significant interaction between the effects of BMI group and weight 

gain (p=0.001). Before 34 weeks of gestation the risk was potentiated among obese women 

with a high weight gain, and after 34 weeks the risk was potentiated at the extremes, namely 

among underweight women with a low weight gain and obese women with a high weight gain 

(Figure 1). 

When women with obesity-related diseases and abruptio placentae were censored at the time 

of diagnosis, there was essentially no change in the results for spontaneous preterm birth (data 

not shown), but for induced preterm deliveries the effect of obesity was no longer present 

(Table 2). The association between high weight gain and induced preterm deliveries was 

substantially lowered and only statistically significant in the earlier period of gestation. This 

attenuated the interaction between weight gain and BMI group slightly.  

We carried out a number of supplementary analyses (data not shown). Exclusion of women 

with infertility treatment or a waiting time to pregnancy of more than a year had no impact on 

the associations related to PPROM and to induced preterm deliveries. We found slightly 

lower effects of both BMI and weight gain for all types of preterm birth when we repeated the 

analysis with gestational age based on the last menstrual period. Finally, we estimated the 

effect of BMI on preterm birth in the population before and after exclusions related to weight 

gain, and overall the results were similar. 

 

Discussion 

We found an increased risk of preterm birth in obese women that was exclusively related to 

preterm birth with PPROM and to early induced preterm deliveries. The findings related to 

induced preterm deliveries were expected,21 but the increased risk of PPROM in obese 

women has not previously been reported. Some studies of PPROM did not allow for an 

assessment of obesity as a risk factor,11,27,28 and others had non-significant findings.6,29  

Inasmuch as intrauterine infections may play a key role in the pathogenesis of PPROM,30,31  

the only findings that are in keeping with our results, are those by Naeye.18  He reported that 

half of an observed increase in preterm births in obese women was associated with acute 

chorioamnionitis. Our findings suggest that obese women have a slightly decreased risk of 



 

spontaneous preterm birth without PPROM, which corresponds to the findings in other 

studies.6,11  This may explain why studies of obesity and spontaneous preterm birth have given 

inconsistent results. 

Recently Goldenberg et al. suggested that preterm birth is mediated by increased systemic 

inflammation due to a wide range of prepregnancy risk factors.32 Gestational diabetes, 

preeclampsia, and hypertension are also related to increased systemic inflammation, often 

called the metabolic syndrome of pregnancy.33 Obesity, and especially central obesity, which 

is more strongly related to insulin resistance than obesity per se,34 predisposes individuals to 

these diseases.35,36  In our study, the increased risk of induced preterm delivery in obese 

women was eliminated when disease information was taken into account, but the increased 

risk of PPROM persisted. Subfertility in obese women has also been related to increased 

systematic inflammation and central obesity,37,38 but exclusion of subfertile women did not 

change our results. We had self-reported, prospective data on urinary tract infections in 

pregnancy and found a higher risk in obese women compared to normal-weight women 

(crude OR: 1.4; [1.3, 1.5]). This is comparable to the findings of others14,39 and may suggest 

that obese women are more prone to infections in the uro-genital region. 

Our findings of higher risks of preterm birth among women with low weight gain and in 

underweight women are supported by other reports,4-8 but the underlying mechanisms are 

poorly understood. Weight gain during pregnancy reflects increases in maternal tissue, 

especially fat stores and accumulated fluid, but also fetal growth. Besides being a marker for 

nutritional status, weight gain may reflect abnormal physiology leading to preterm birth. We 

found low weight gain to be an independent and much stronger risk factor of early preterm 

birth than obesity.  

This study has a number of strengths and limitations that need to be addressed. As in other 

studies we relied on self-reported information about maternal anthropometry .4,8 We validated 

self-reported prepregnancy weight and height in 5,033 participants for whom a regional 

antenatal database provided data about prepregnancy weight and height as recorded by the 

general practitioner in the medical record (Obstetric Database, North Jutland County). BMI 

categories derived from these data agreed with those used in the analyses in 91.4% of the 

cases. If these results were generalized to the full study population, the risks based on self-

reported BMI were expected to be underestimated by around 5%.  

When assessing risk of preterm birth related to gestational weight gain an adjustment for fetal 

weight gain has been discussed,4,20 because total weight gain may be biased by increased fetal 

growth in late pregnancy.4 Our measure of weekly weight gain seemed insensitive to this bias 



 

as essentially the same results were obtained when correcting for estimated fetal weight gain. 

More seriously, a valid estimate of weekly weight gain was only available for 75% of the 

initial population, but overall the estimates related to BMI were very similar when computed 

from the population before excluding women with missing information on weight gain. 

Pregnancy outcome, subtypes of preterm birth, and obesity-related diseases were obtained 

from national registers. We had complete ascertainment of all pregnancy outcomes and found 

a high consistency between various sources of information. The prevalence of obesity-related 

diseases was low, but the disease categories we used have been found to have a high 

validity.40 It may be expected that participants in the DNBC are on average healthier than the 

general pregnant population. Yet, the prevalence of prepregnancy obesity in the study was 

8.4%, which was only slightly lower than the estimate of obesity on 9.1% in the general 

female population aged 25-44.41 The overall rate of preterm birth was 5.0%, which is 

somewhat lower than the similar national rate of 5.6%.42  

As recommended we used gestational age based on ultrasound.43,44 Because this approach 

may also be prone to errors,45  we repeated the analysis with gestational age based on the last 

menstrual period. We found slightly lower effects of both BMI and weight gain for all types 

of preterm birth, probably due to measurement errors. 

We followed recommendations to divide preterm birth into subtypes,19,20,43 and our findings 

of significantly different effects of obesity between subtypes justified this choice. 21 The 

general value of this approach remains, however, a matter of discussion,11,21,46 because the 

available subtypes may have etiological overlaps, especially between PPROM and preterm 

labor. In addition, PPROM has published frequencies varying from 7.1 to 51.2% of all 

preterm births,11,19,30 most likely because the official definition of PPROM does not specify a 

minimum time interval between rupture of membranes and onset of labor.47 Our frequency 

was in accord with several large studies,19 but the variation in published frequencies led us to 

validate our subtype classification. Computerized information from three hospitals, 

independent of the data used in the DNBC, was available for 689 preterm births in the study. 

For induced preterm deliveries we found a sensitivity of 88% and a positive predictive value 

of 95%. For preterm birth with PPROM the positive predictive value was also high (92%), but 

the sensitivity was only 50%, when the definition of PPROM was followed strictly. In 

contrast, for PPROM with more than 12 hours between these two events the sensitivity was 

90%, and the positive predictive value was 92%. This underreporting of PPROM with short 

time spans between rupture of membranes and onset of contractions was expected, because 

Danish obstetricians are reluctant to code these preterm births as PPROM. Thus, half of those 



 

PPROMs that we missed had less than 3 hours between the two events. Furthermore, 

misclassification was independent of BMI group. Thus, we believe that we identified a large 

proportion of the severe PPROMs that may be etiologically different from preterm labor. We 

believe that the results related to BMI and weight gain are valid for this type of PPROM.  

We found that obesity was associated with a higher risk of preterm birth due to PPROM and 

to early induced preterm deliveries. The increased risk of PPROM in obese women is 

interesting, but the finding needs to be replicated in other populations. In our study this 

increased risk was partly offset by a slightly decreased risk of early spontaneous preterm birth 

without PPROM in obese women. The public health implications depend on neonatal 

morbidity and mortality associated with specific subtypes of preterm birth, and current 

findings are conflicting.30,48 Despite the heterogeneity across subtypes, an overall increased 

risk of preterm birth in obese women was seen, and our findings are important considering the 

increasing number of obese women in pregnant populations all over the world. 
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N % <18.5

Population 62 167 100 2751 41 991 12 270 5155
All preterm 3139 5.0 169 2054 599 317

With PPROM+ 844 1.4 47 519 174 104
Without PPROM 1371 2.2 73 958 224 116
Induced delivery 924 1.5 49 577 201 97

Weekly weight gain
-275 g 9512 15.3 15.3 11.5 19.6 36.1
276-675 g 42 447 68.3 71.0 72.2 62.1 49.6
676 g - 10208 16.4 13.7 16.3 18.3 14.2

Age at conception
<25 7757 12.5 17.8 11.5 13.2 15.6
25-29 26 152 42.1 42.3 41.9 42.6 42.4
30-34 21 181 34.1 30.3 34.9 33.0 32.0
35+ 7077 11.4 9.6 11.7 11.2 10.0

Parity
Primiparous 29 198 47.0 46.0 48.1 44.5 44.2
Multiparous 32 969 53.0 54.0 51.9 55.5 55.8

Height 
<1.60m 3226 5.2 5.2 4.9 5.6 6.2
1.60-1.69m 30 414 48.9 48.4 48.2 49.9 52.7
1.70m+ 28 527 45.9 46.4 46.9 44.4 41.1

Smoking
Non smoker 52 221 84.1 74.0 85.0 83.8 82.7
0-10 cig/day 7618 12.3 19.2 11.9 12.0 11.9
>10 cig/day 2269 3.7 6.8 3.1 4.2 5.4

Alcohol consumption 
0 shots/week 33 987 54.7 59.2 52.6 56.3 65.5
1/2-3 shots/week 26 656 42.9 38.9 44.8 41.6 33.1
>3 shots/week 1464 2.4 2.0 2.6 2.1 1.3

Socio-occupational status 
High 32 320 52.3 47.4 56.5 45.7 35.6
Middle 23 843 38.6 40.1 35.8 43.3 48.6
Low 5664 9.2 12.5 7.6 10.9 15.8

Waiting time to pregnancy 
Not planned 6810 11.0 14.8 10.8 10.3 11.9
One year or less 47 152 76.1 73.6 77.3 75.4 69.0
More than one year 8027 12.9 11.5 11.9 14.3 19.0

Infertility treatment
No 58 458 94.0 95.1 94.5 93.3 91.7
Yes 3709 6.0 4.9 5.5 6.7 8.3

Hypertension
No 61 148 98.4 99.3 98.8 97.8 95.7
Yes 1019 1.6 0.7 1.2 2.2 4.3

Preeclampsia
No 60 793 97.8 99.1 98.3 97.1 95.0
Yes 1374 2.2 0.9 1.7 2.9 5.0

Diabetes
No 61 221 98.5 99.6 99.1 97.8 94.7
Prepregnancy 203 0.3 0.0 0.3 0.4 0.5
Gestational diabetes 743 1.2 0.3 0.6 1.8 4.8

Abruptio placentae 
No 61 998 99.7 99.6 99.7 99.8 99.7
Yes 169 0.3 0.4 0.3 0.2 0.3

*The actual study population with a first interview, information on body mass index (BMI) and gestational weight gain. 
+Preterm premature rupture of membranes = PPROM
Except for population and types of preterm birth all values in the BMI columns are column percentages.

Missing values were for smoking 59, for alcohol consumption 60, for socio-occupational status 340, and for waiting 
time to pregnancy 178.

Table 1. Maternal characteristics by body mass index

All pregnancies* Body mass index
18.5-24.9 25-29.9   30+



Table 2. Crude and adjusted* hazard ratios (HR) by categories of prepregnancy body mass index and gestational weight gain 

crude+ crude+ crude+

HR HR HR HR HR HR HR

Early preterm births (week 22-33)
Prepregnancy BMI
<18.5 1.3 1.3 0.7 ; 2.4 1.3 1.3 0.7 ; 2.2 1.0 0.9 0.5 ; 1.6 0.7 0.3 ; 2.0
18.5-24.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0
25.0-29.9 0.8 0.8 0.5 ; 1.2 0.7 0.7 0.5 ; 1.0 1.2 1.1 0.8 ; 1.5 1.0 0.7 ; 1.6
30+ 2.0 1.6 1.0 ; 2.4 0.7 0.6 0.3 ; 1.0 1.9 1.7 1.2 ; 2.4 1.1 0.6 ; 2.1
Weekly weight gain
-275 g 2.2 2.1 1.5 ; 3.0 1.7 1.9 1.3 ; 2.6 1.6 1.4 1.0 ; 2.0 1.6 1.0 ; 2.5
276 -675 g 1.0 1.0 1.0 1.0 1.0 1.0 1.0
676 g - 1.3 1.2 0.8 ; 1.8 1.9 1.9 1.3 ; 2.6 2.5 2.5 1.9 ; 3.2 1.5 1.0 ; 2.4

Late preterm births (week 34-36)
Prepregnancy BMI
<18.5 1.5 1.5 1.1 ; 2.1 1.2 1.2 0.9 ; 1.5 1.5 1.5 1.1 ; 2.1 1.7 1.1 ; 2.6
18.5-24.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0
25.0-29.9 1.3 1.2 1.0 ; 1.5 0.8 0.8 0.7 ; 1.0 1.2 1.2 1.0 ; 1.4 1.0 0.8 ; 1.4
30+ 1.5 1.5 1.1 ; 1.9 1.1 1.0 0.8 ; 1.3 1.2 1.1 0.8 ; 1.4 0.8 0.5 ; 1.2
Weekly weight gain
-275 g 1.4 1.3 1.0 ; 1.6 1.0 1.0 0.9 ; 1.2 1.3 1.2 0.9 ; 1.5 1.2 0.9 ; 1.6
276 -675 g 1.0 1.0 1.0 1.0 1.0 1.0 1.0
676 g - 1.2 1.2 1.0 ; 1.5 1.0 1.0 0.9 ; 1.2 1.4 1.4 1.1 ; 1.7 1.0 0.8 ; 1.4

All preterm births (week 22-36)
Prepregnancy BMI
<18.5 1.5 1.4 1.1 ; 1.9 1.2 1.2 0.9 ; 1.5 1.4 1.3 1.0 ; 1.7 1.4 1.0 ; 2.1
18.5-24.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0
25.0-29.9 1.2 1.1 0.9 ; 1.3 0.8 0.8 0.7 ; 0.9 1.2 1.2 1.0 ; 1.4 1.0 0.8 ; 1.3
30+ 1.6 1.5 1.2 ; 1.9 1.0 0.9 0.8 ; 1.1 1.4 1.2 1.0 ; 1.6 0.9 0.6 ; 1.3
Weekly weight gain
-275 g 1.6 1.5 1.2 ; 1.7 1.1 1.1 1.0 ; 1.3 1.4 1.2 1.0 ; 1.5 1.3 1.0 ; 1.7
276 -675 g 1.0 1.0 1.0 1.0 1.0 1.0 1.0
676 g - 1.2 1.2 1.0 ; 1.5 1.2 1.1 1.0 ; 1.3 1.7 1.7 1.4 ; 2.0 1.2 0.9 ; 1.5

*Mutually adjusted and adjusted for age, height, parity, socio-occupational status, smoking, and alcohol consumption.
 +n = 62 167. Events (early; late): with PPROM = 191; 653, without PPROM = 230; 1141, indicated deliveries = 286; 638
§
 n = 61 711. Events (early; late): with PPROM = 187; 647, without PPROM = 229; 1135, indicated deliveries = 285; 633

‡ Women with obesity-related diseases and abruptio placentae censored at diagnosis. n = 60 791. Indicated deliveries (early; late) = 122; 349 
Body mass index = BMI; Preterm premature rupture of membranes = PPROM; Hazard ratio = HR; Confidence interval = CI

Induced preterm delivery
Spontaneous preterm birth Spontaneous preterm birth

with PPROM without PPROM

95% CI
adjusted§adjusted§adjusted§

95% CI 95% CI

reference reference reference

reference reference reference

reference reference reference

reference reference reference

reference reference reference

reference reference reference

reference

reference

reference
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95% CI
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Abstract 
Background: Large cohort studies provide much of the evidence on preventable causes of 

diseases, but participation rates have dropped during the last two decades. The consequences of 

this are unknown.  

Methods: The authors examined the impact of a 30% participation rate to The Danish National 

Birth Cohort (1997-2002) in a sample of 49,751 women from the source population, including 

15,373 participants. Based on local data collections, independent of the cohort, odds ratios 

(OR) for three well established associations were estimated in the source population and 

among participants and compared by a relative odds ratio (ROR = OR(participants) / 

OR(source population)). Two methods for deriving confidence intervals for the relative odds 

ratio were also assessed.  

Results: The effect of non–participation on the chosen risk estimates was small. The relative 

odds ratios were close to one and the bias was never larger than 16%, but some of the 

confidence intervals were rather wide. A simulation study showed that the two methods for 

computing confidence intervals both gave coverage probabilities close to the 95% nominal 

level.  

Conclusion: Although the findings are related to specific associations in a population of 

pregnant women, they are reassuring for observational epidemiology based on cohort studies. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Participation rates in epidemiological studies have dropped to low values in many countries.1-7 

In case-control studies and other studies where both exposure and outcome are known at 

enrollment, self-selection may lead to serious biases that compromise the validity of the study. 

Therefore many turn to prospective cohort studies that are expected to be less vulnerable to 

selection bias, although participation rates in many of these studies are less than 40 percent.3,4, 

6,7 A new trend may even be to recruit cohort members by using the internet where response 

rates are expected to be low and unknown. 

In the present article we focus on the bias that arises when the selection to a study leads to 

effect estimates among participants that differ from those found in the source population. Some 

would use the term selection bias in this context; others would see it as a consequence of 

uncontrolled confounding. Our main concern here is not to explain the mechanisms behind the 

bias, nor to discuss the terminology, but only to quantify the size of this bias in a specific 

context. 

In a cohort study based upon prospective data, participants cannot base their decision to 

participate upon the future outcome data, and the risk of bias related to this selection has 

therefore been deemed negligible.8, 9 Hence, investigators have considered drop-out during 

follow-up a much more serious threat to the internal validity of the study and have tried to 

minimize the problem at the expense of participation rates. However, the decision to participate 

in a study is based upon a rationale that may correlate with social, educational, and health 

conditions. These conditions may again correlate with risk factors for the outcome under study, 

and some bias due to this selection cannot be ruled out.10 

A low participation rate of about 30 percent has also been encountered in the newly established 

Danish National Birth Cohort (DNBC),10 which is a nation-wide study of 100,000 women and 

their offspring. The recruitment occurred at the first antenatal care visit, and about half of the 

selection was related to non-participating family doctors. The other half was related to pregnant 

women who did not accept the invitation. Also in the DNBC, it was decided to prioritize 

compliance to the follow-up over high participation rates at baseline, summarized by the advice 

‘If in doubt, stay out’. Whether this advice was the right choice remains unknown.  

In other cohorts large efforts have been made to trace or collect data on non-participants and 

examine the pattern of non-participation by comparing descriptive statistics between 

participants and non-participants,6,11-19 which does not in itself provide evidence for or against 

bias in comparative studies within the cohort. We found only one cohort study that had 

calculated relative risk estimates for both participants and the source population,14 but the 

study was too small to provide useful information. Moreover, we found no published statistical 



 

methods for comparing two non-independent estimates, e.g. the relative risks among 

participants and source population. 

Data collections on all births in two well-defined geographical areas in Denmark, independent 

of the establishment of the DNBC, gave us a unique opportunity to investigate the impact of 

the low participation rate on the relative risk estimates derived from this cohort.  

In this study, we quantified the impact of the initial selection into the DNBC on three different 

associations between well-established risk factors and pregnancy outcomes. We also evaluated 

two methods for constructing confidence intervals for estimates of bias. 

 

Material and methods 

The birth register of the North Jutland County contains information about all births in this area. 

From this data source we received information about all singleton births of women, who were 

eligible for inclusion in the DNBC during the recruitment period from 1997 to 2002 

(n=30,628). Similarly, the Aarhus Birth Cohort, which is an ongoing data collection on all 

infants delivered at the University Hospital of Aarhus, provided information about all singleton 

births of women who were residents in the Aarhus Municipality during pregnancy and at the 

time of birth (n=19,123). Thus, from these two geographical areas we obtained information 

about 49,751 singleton births (185 stillbirths and 49,566 live births). This population made up 

approximately 16 percent of the entire eligible population of the DNBC and was considered the 

source population for the present investigation. 

In this study the only information obtained from the DNBC was the unique personal identifier, 

given to all Danish citizens at birth, which is used for all public registers. We used this 

identifier to find all women (births) in the source population who also participated in the 

DNBC. This resulted in a population of 15,373 births corresponding to a participation rate of 

31 percent. 

We investigated the possible effect of this low participation rate on the following three well-

established associations, each of them representing different potential selection mechanisms: a) 

In vitro fertilization (IVF) and preterm birth,20  b) Smoking during pregnancy and birth of a 

small-for-gestational-age infant (SGA),21 and c) Prepregnancy body mass index (BMI) and 

antepartum stillbirth.22-24 

The main exposures were smoking during pregnancy, IVF in the present pregnancy, and 

prepregnancy BMI (weight in kilograms/ height in meters squared). In the North Jutland 

County information about smoking status in pregnancy was obtained by the midwives and 

reported to the database at birth together with comprehensive information related to pregnancy 



 

and delivery. In response to our request, prepregnancy weight and height as obtained at the first 

antenatal visit were also included in the database from September 1999 and subsequently 

recorded for 82 percent of all women. In the Aarhus Municipality, 94.3 percent of all women, 

who were scheduled for delivery at Aarhus University Hospital, returned a questionnaire at the 

end of the first trimester. The questionnaire included questions on smoking in pregnancy, 

prepregnancy weight, and height. Birth data were extracted from medical files by trained 

midwives. 

 Preterm birth was defined as the birth of a liveborn infant before 37 completed weeks of 

gestation. The estimate of gestational age was initially based on last menstrual period but 

corrected by early ultrasound when the two methods showed important deviations. SGA was 

defined as a birth weight more than two standard deviations below the mean for gestational age 

on the reference curve suggested by Marsal et al.25 Antepartum stillbirth was defined as the 

expulsion of a dead fetus after 28 completed weeks of gestation and restricted to fetal deaths 

occurring before the onset of labor. 

We categorized BMI according to the definitions of the World Health Organization as 

underweight (BMI<18.5), normal weight (18.5≤BMI<25), overweight (25≤BMI<30), and 

obese (30≤BMI).26 Cigarette smoking in pregnancy was divided into three categories. IVF 

included all types of assisted reproduction that involved the use of in vitro fertilization. Other 

variables in the analyses were age and parity, and the categorization of all covariates is 

displayed in Table 1. In order to further facilitate comparisons of participants and the source 

population this table also included information on smoking cessation in pregnancy, postterm 

birth, high birth weight, and Apgar score after five minutes. The study was based only on 

already existing data collections and did not involve any contact with the pregnant women. The 

study was approved by the Danish Data Protection Board. 

 

Statistical methods 

In order to describe the pattern of participation in the DNBC we first compared maternal 

characteristics and outcomes in the source population and in the participant population by 

computing ratios of the relative frequencies.  

Next, we investigated the effect of the participation on the odds ratio estimates. For each 

population and for each outcome the effect of the exposure was described by an odds ratio 

estimated by a logistic regression model adjusting for age, parity, and sub-sample (the North 

Jutland County or the Aarhus Municipality). For IVF and preterm birth and for BMI and 

stillbirth, we also adjusted for smoking. Following Austin et al.27 and Kleinbaum et al. 9 we 



 

computed a relative odds ratio (ROR) as the ratio of the odds ratio among participants to the 

corresponding estimate in the source population, i.e. Participants SourcepopulationOR OR . The ROR 

based on crude odds ratios can also be computed as the cross product ratio of the participation 

rates in the exposure by outcome categories.9,27,28  

Confidence limits were found using the two methods described below on the logarithm of the 

parameter of interest, e.g. on ( ) ( ) ( )ln ln lnParticipants SourcepopulationROR OR OR= − . A two-sided 

significance level of 0.05 was used in all statistical tests. 

 

Two methods for obtaining confidence intervals 

The basic problem was to describe the uncertainty of the difference between an estimate based 

on a total sample, T̂otθ , and the corresponding estimate obtained in a sub-sample, Ŝubθ . These 

two estimates are inherently positively correlated, and therefore the variance of the difference 

between the two estimates cannot be computed as the sum of the squared standard errors. We 

considered two methods for obtaining standard errors of the difference. 

The first method was based on the observation that, if the subsample is a random sample from 

the total sample, then for large samples we have ( ) ( ) ( )ˆ ˆ ˆ ˆVar Var VarSub Tot Sub Totθ θ θ θ− = − . A 

heuristic proof is given in the appendix. 

Although this formula does not hold in general, i.e. if the subsample is not a random sample 

from the total sample, we hoped that the approach was approximately valid. This would ensure 

that confidence intervals derived from 

 ( ) ( ) ( )2 2ˆ ˆ ˆ ˆse se seSub Tot Sub Totθ θ θ θ− = −       (1) 

would have coverage probabilities close to the nominal level. 

The second method was to use a non-parametric bootstrap method, i.e. to estimate the standard 

error by the standard deviation of estimates found by resampling from the observed data.29 In 

this study a bootstrap sample of size 200 was chosen. 

 

A small simulation study evaluating the two methods 

 The performance of the two methods was assessed in a small simulation study covering 

scenarios identical or close to the actual data included in the adjusted analyses of IVF and 

preterm birth, and of smoking and SGA.  

The simulation set-up required specification of:  



 

a) The distribution of the covariate pattern in the source population,  

b) the participation rate within each covariate pattern,  

c) how the risk of the outcome depended on the covariates both among the participants 

and among the non-participants. 

For IVF and preterm birth the relevant model involved 96=2*2*3*2*2 different covariate 

patterns. In the simulations we used the observed distribution with the modification that 

patterns with less than 20 observations were assigned a small, but positive probability obtained 

by smoothing using a Poisson regression model. For each covariate pattern the participation 

rate was selected to be identical to the observed participation rate, except for rare patterns, 

where the participation rate was found by smoothing using a logistic regression model. For the 

associations between the covariates and the risk of preterm birth among the participants and 

among the non-participants we used logistic regression models of the same form as those used 

in the analysis of the actual data. In the simulation we considered three different scenarios 

reflecting different choices of the coefficients in the logistic model describing the relation 

between the covariates and preterm birth. In the first scenario the coefficients were identical to 

the estimates found in the actual data. In the two other scenarios we modified the adjusted odds 

ratios between IVF and preterm birth in order to consider other values of ROR. Since the 

source population is a mixture of participants and non-participants, the risk of preterm birth 

will not follow a logistic regression model. No closed form expressions for the coefficients in 

the approximating logistic model exist, so these were found by calculating the expected 

probabilities and using these as weights in estimating the logistic regression model.  

For smoking and SGA the model involved two levels of exposure and 48=3*2*2*2 different 

covariate patterns. Here we also considered three scenarios established in a way similar to that 

used for IVF and preterm birth.  

For each scenario we considered source population sizes of 25,000 and 50,000. Each 

combination of scenario and sample size was simulated 5,000 times. The results of the 

simulations were summarized by the observed coverage probability of a nominal 95 percent 

confidence interval of ROR, i.e. by computing how often the true ROR was contained in the 

interval: ( )estimated exp 1.96 seROR ⋅ ± ⋅ . 

All analyses and simulations were made using STATA version 8.2.   



 

Results 

Among participants in the DNBC we found a modest overrepresentation of 25-35 year old 

women, and of women giving birth to their first or second child (Table 1). They were more 

often of normal weight, non-smokers, or had given up smoking in pregnancy. Furthermore, we 

found an overrepresentation of women with IVF pregnancies. Participants had a lower rate of 

preterm deliveries, of infants with very low Apgar scores, and of infants with SGA, whereas a 

higher rate of infants with high birth weight was found among participants. Thus, more than 20 

percent of babies of participants weighed more than 4000 g.  

Table 2 shows the adjusted odds ratios for each of the chosen associations in the source 

population and among participants in the DNBC. For IVF and preterm birth the two odds ratios 

were identical, and for BMI and antepartum stillbirth the odds ratios were very similar. The 

association between smoking and SGA was slightly stronger among the participants for women 

smoking more than 10 cigarettes per day. Overall, the two sets of estimates were remarkably 

similar, and none of the relative odds ratios deviated more than 16 percent from 1. In no case 

did the data contradict the hypothesis of identical relative risks among participants and in the 

source population, but existence of some bias related to selection could not be ruled out. 

Especially when both the outcome and the exposure were rare the confidence intervals for the 

relative odds ratio were wide. 

Participation was in general non-differential, i.e. the dependence on the outcome category was 

consistent across exposure categories, the only exception being heavy smokers where also the 

highest bias was observed (Table 3). Here the reverse pattern relative to the reference category 

was seen with a higher participation rate in births with SGA than in births without SGA. 

The two methods of calculating confidence intervals gave almost identical results (Tables 1, 2, 

and 3). The simulation study showed that both methods gave approximately valid confidence 

intervals for the considered scenarios (Table 4). The simple approach based on equation 1 gave 

95 percent confidence intervals with coverage probabilities in the range from 94.4 percent to 

96.0 percent. The non-parametric bootstrap approach with a bootstrap sample of size 200 gave 

coverage probabilities in the range from 95.0 percent to 96.6 percent. 

 

Discussion 

Our comparisons of maternal characteristics and pregnancy outcomes indicated that 

participants in the DNBC were somewhat healthier than the source population. Different 

patterns of participation were observed for the chosen associations. However, differential 

participation was modest, and the estimated effect on the risk estimates was small, even after 



 

minimal confounder adjustments. If the odds ratios in the two populations had differed more, 

confounding by important unmeasured factors, such as social status, would be a likely 

explanation. Yet, as long as such factors remain unmeasured and thus uncontrollable, any 

differential participation may leave a bias.  

We believe that our findings can be generalized to the entire DNBC, because the present study 

is based on data from both a large rural county and from the municipality that holds the second 

largest city in Denmark. Moreover, more than 99.5 percent of all births in Denmark take place 

at public hospitals. We had some selection to part of the present study because 6 percent did 

not respond to the pregnancy questionnaires in the Aarhus source population. Restricting the 

analysis to North Jutland County where we had essentially complete information on all 

covariates except BMI did, however, not change the findings. In North Jutland an 18 percent 

non-response on information about BMI was due to incomplete registration at birth by the 

midwives. We find it unlikely that missing information distorted the results.  

We chose exposures where we expected different participation rates and this was confirmed. 

These exposures represent, however, only a small subset of all the associations that will be 

investigated in the DNBC. We cannot guarantee that other associations will follow the same 

pattern. 

It has been documented numerous times that participants may differ from non-participants in 

varying aspects,6,11,13,15-19 but the impact of these differences on the internal comparisons in 

cohort studies has been left to speculation. However, more than 25 years ago Greenland 

demonstrated that even with similar marginal distributions in participants and in the source 

population bias may still be present if participation depends on both exposure and outcome.30 

The relative odds ratio and the cross product ratio of the participation rates were mainly 

developed to clarify the effect of selection, to identify different response patterns, and as a tool 

to carry out sensitivity analysis in a given setting.9,27 No method for obtaining confidence 

intervals for the relative odds ratio was presented. We reviewed studies reporting on dropouts, 

missing data, and non-participation in other types of study designs, because we found it likely 

that the same statistical problem was encountered here. Bias estimates have been presented 

without confidence limits,31-33 which complicates the interpretation. Other researchers tested 

the differences between relative risk estimates of non-participants and participants,34,35 or 

presented p-values of test for no interaction between the effect of participation status and 

exposure in the source population.36 Subsequently the test results were used to infer about the 

likelihood of bias. However, these approaches do not permit such interpretations, because the 



 

risk estimates among participants and non-participants may be different without bias, and they 

may be similar in the presence of bias.  

This lack of methodology brought us to evaluate two new approaches for computing 

confidence intervals of the relative odds ratio and to validate their performance in a small 

simulation study. The first method is computationally very simple because the standard error of 

the difference between the two estimates can be calculated by hand based on the output from 

the two regression analyses (equation 1). However, the method lacks theoretical justification if 

bias is present, and we therefore included scenarios with bias in the simulation study. The 

second method was to use non-parametric bootstrap. This method is computationally more 

demanding, especially in large studies. The simulation study showed that both methods 

performed equally well giving confidence intervals close to the nominal 95 percent. Although 

we recognize the limitation of this simulation study, it does suggest that the simple method is 

valid at least when the expected bias related to the selection is modest. 

The present study is, to our knowledge, the first study to demonstrate the effects of non-

participation in cohort studies on estimates of relative risk. We had both considerable non–

participation and differences in the marginal frequencies between the participants and source 

population, but we found only a small effect on the relative risk estimates. Although our 

findings are related to specific associations in a population of pregnant women, and therefore 

need not be generalizable to other settings, they are reassuring for one of the main arguments 

for conducting a cohort study with prospective data, namely to avoid selection bias of the 

relative risk estimates within the cohort. Avoiding selection bias related to lack of compliance 

to the follow-up is probably still a much more important issue.



 

Appendix 

We will here present a heuristic proof of the formula for the asymptotic variance of the 

difference between the estimate based on a random subpopulation and that based on the total 

population, i.e. 

 ( ) ( ) ( )ˆ ˆ ˆ ˆVar Var Varas Sub Tot as Sub as Totθ θ θ θ− = −    (1) 

First, we make a general observation. Let Z be given as the weighted average of two random 

variables X and Y using the inverse of their variances as weights: 

 ( ) ( ) ( ) ( )
11 1 1 1Var Var Var VarZ X Y X X Y Y
−− − − −⎡ ⎤ ⎡ ⎤= + +⎣ ⎦ ⎣ ⎦  

If X and Y are uncorrelated then  

( ) ( ) ( )Var Var VarX Z X Z− = −  

This surprising result follows as ( ) ( ) ( ) ( )
11 1Var Cov , Var VarZ Z X X Y
−− −⎡ ⎤= = +⎣ ⎦ and 

( ) ( ) ( ) ( )Var Var Var 2Cov ,X Z X Z Z X− = + −  

 

Now consider two subpopulations 1 and 2 and let Ŝubiθ  denote the maximum likelihood 

estimate based on the data in the ith subpopulation. If we let  

 
( ) ( ) ( ) ( )

11 1 1 1

1 2 1 1 2 2
ˆ ˆ ˆ ˆ ˆ ˆVar Var Var Varas Sub as Sub as Sub Sub as Sub Subθ θ θ θ θ θ θ

−− − − −⎡ ⎤ ⎡ ⎤= + +⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦
%

 (2) 

then it follows that ( ) ( ) ( )ˆ ˆVar Var Varas Sub as Sub asθ θ θ θ− = −% % . 

Finally, we note that if the two subpopulations are a random partitioning of the total 

population, then θ%  is asymptotically equal to the maximum likelihood based on the total 

population T̂otθ  . 

It is important to note that equation 1 does not hold in general. 
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 Table 1. Characteristics of the source population and the participants. A 16% sample of 
the Danish National Birth Cohort, 1997-2002 
                  
               Ratio of relative frequencies 
  Source population  Participants   95% CI 
           N         %        N         %  RRF    Equation‡      Bootstrap§ 
 Total 49,751   15,373            
Age                
 Under 20 857 1.7  102 0.7  0.39  0.32 , 0.46  0.32 , 0.46
 20-24 6,635 13.3  1,493 9.7  0.73  0.70 , 0.76  0.70 , 0.76
 25-29 18,909 38.0  6,349 41.3  1.09  1.07 , 1.10  1.07 , 1.10
 30-34 16,371 32.9  5,378 35.0  1.06  1.04 , 1.08  1.04 , 1.08
 35-39 6,116 12.3  1,852 12.0  0.98  0.95 , 1.02  0.94 , 1.02
 40+ 863 1.7  199 1.3  0.75  0.66 , 0.84  0.66 , 0.85
Parity*               
 Primiparae 22,193 45.7  7,719 50.4  1.10  1.09 , 1.12  1.09 , 1.12
 Second parae 17,277 35.6  5,297 34.6  0.97  0.95 , 0.99  0.95 , 0.99
 Multi-parae 9,065 18.7  2,291 15.0  0.80  0.78 , 0.83  0.78 , 0.83
Smoking cessation*               
 All smokers 12,603 100.0  3,414 100.0  1.00  0.98 , 1.02  0.98 , 1.02
 Stopped  3,154 25.0  1,014 29.7  1.19  1.13 , 1.24  1.13 , 1.24
 Continued 9,449 75.0  2,400 70.3  0.94  0.91 , 0.96  0.91 , 0.96
Smoking in pregnancy*              
 Non-smoker 39,051 80.7  12,894 84.5  1.05  1.04 , 1.05  1.04 , 1.05
 0-10 cig/day 6,622 13.7  1,768 11.6  0.85  0.81 , 0.88  0.82 , 0.88
 >10 cig/day 2,697 5.6  603 4.0  0.71  0.66 , 0.76  0.66 , 0.76
Body mass index†               
 <18.5 1,583 4.7  426 4.0  0.84  0.77 , 0.91  0.77 , 0.91
 18.5-24.9 22,058 65.9  7,366 68.6  1.04  1.03 , 1.05  1.03 , 1.05
 25.0-29.9 6,662 19.9  2,048 19.1  0.96  0.93 , 0.99  0.93 , 0.99
 30+ 3,180 9.5  904 8.4  0.89  0.84 , 0.93  0.84 , 0.93
Infertility treatment              
 No 48,518 98.1  14,939 97.7  1.00  0.99 , 1.00  0.99 , 1.00
 Yes 955 1.9  355 2.3  1.20  1.11 , 1.30  1.10 , 1.31



 

Small-for-gestational-age              
 No 47,718 96.8  14,897 97.3  1.01  1.00 , 1.01  1.00 , 1.01
 Yes 1,586 3.2  410 2.7  0.83  0.77 , 0.90  0.77 , 0.90
High birth weight               
 4000 g or less 40,167 80.9  12,127 79.1  0.98  0.97 , 0.98  0.97 , 0.98
 Over 4000 g 9,477 19.1  3,205 20.9  1.10  1.07 , 1.12  1.07 , 1.12
Preterm birth               
 No 46,753 94.7  14,563 95.0  1.00  1.00 , 1.01  1.00 , 1.01
 Yes 2,618 5.3  773 5.0  0.95  0.90 , 1.01  0.89 , 1.01
Postterm birth               
 No 44,837 90.8  13,914 90.7  1.00  0.99 , 1.00  1.00 , 1.00
 Yes 4,534 9.2  1,422 9.3  1.01  0.97 , 1.05  0.97 , 1.05
Stillbirth               
 Live born 49,566 99.6  15,311 99.6  1.00  1.00 , 1.00  1.00 , 1.00
 Antepartum 166 0.3  57 0.4  1.11  0.90 , 1.37  0.91 , 1.36
 Intrapartum 19 0.0  5 0.0  0.85  0.40 , 1.81  0.37 , 1.99
Apgar score after 5 minutes              
 7+ 48,762 98.7  15,077 98.7  1.00  1.00 , 1.00  1.00 , 1.00
 4 - 6 579 1.2  183 1.2  1.02  0.91 , 1.15  0.90 , 1.16
 0 - 3 72 0.1  10 0.1  0.45  0.25 , 0.80  0.23 , 0.87
                               
                 

Missing values were less than 447 if not otherwise specified below. 

* 1,094 missing (2%) because of a 6% non-response to the questionnaire in the Aarhus Municipality.  
† The following made up a total of 33% missing values of BMI: BMI included only from 1999 in North Jutland County 
(24%), and thereafter incomplete registration by midwives (7%). In the Aarhus Municipality a 6% non-response to the 
questionnaire accounted for 2%, and question not answered for 1%.   
‡ Computed using equation 1, see text for details. 
§ Based on a non-parametric bootstrap sample of size 200. 
RRF, ratio of relative frequencies; CI, confidence interval; body mass index, BMI         
 
 



 

Table 2. Relative odds ratios based on adjusted* odds ratios in the source population and among participants  
           

    Exposure-outcome associations   Adjusted relative odds ratio 
  Source population  Participants   95% CI 
    Adj. OR 95% CI   Adj. OR 95% CI   Adj. ROR Equation† Bootstrap‡ 
           
IVF and preterm birth§          
 No treatment 1.00 ref  1.00 ref     
 IVF 1.55 1.23 , 1.96  1.55 1.04 ; 2.31  1.00 0.72 , 1.38 0.72 , 1.38 
           
Smoking and SGA#          
 Non smoker 1.00 ref  1.00 ref     
 0-10 cig/day 2.56 2.27 , 2.90  2.50 1.95 , 3.20  0.97 0.79 , 1.21 0.80 , 1.19 
 >10 cig/day 3.70 3.16 , 4.33  4.31 3.12 , 5.95  1.16 0.88 , 1.54 0.89 , 1.52 
           
BMI and stillbirth**         
 <18.5 0.00  n.a.  0.00  n.a.     
 18.5-24.9 1.00 ref  1.00 ref     
 25.0-29.9 1.97 1.26 , 3.08  2.06 1.01 , 4.19  1.04 0.60 , 1.82 0.57 , 1.92 
 30+ 2.86 1.71 , 4.79  2.77 1.16 , 6.64  0.97 0.48 , 1.96 0.47 , 2.00 
                              
           
*Adjusted for age, parity, cohort, and for preterm birth and stilllbirth also for smoking.   
† Computed using equation 1, see text for details.   
‡ Based on a non-parametric bootstrap sample of size 200.   
§ In vitro fertilization (IVF) and preterm birth: Source population=47,886, cases=932. Participants=15,150, cases=354.  
#Smoking and small-for-gestational-age infant (SGA): Source population=48,064, cases=1,537. Participants=15,196, cases=406.  
** Body mass index (BMI) and stillbirth: Source population=31,663, cases=107. Participants=10,293, cases=42.  
Adj., adjusted; OR, odds ratio; ROR, relative odds ratio; CI, confidence interval; ref, reference; n.a., not applicable   
 



 

Table 3. Participation rates and crude relative odds ratios for three exposure-
outcome associations 
             
    Participation rates   Crude relative odds ratio 
       95% CI 
    Outcome     ROR† Equation‡  Bootstrap§ 
             
IVF and preterm birth Preterm Term Total         
 No treatment 30% 32% 32%  1.00 ref. ref. 
 IVF 34% 38% 38%  0.94 0.68 , 1.28 0.67 , 1.31 
             
 Total 30% 32% 32%         
             
             
Smoking and SGA SGA not SGA Total         
 Non-smoker 29% 33% 33%  1.00 ref. ref. 
 0-10 cig/day 23% 27% 27%  0.98 0.79 , 1.21 0.80 , 1.20 
 >10 cig/day 24% 22% 22%  1.24 0.95 , 1.63 0.96 , 1.61 
             
 Total 26% 32% 32%         
             
             
BMI and stillbirth Stillbirth Live birth Total         
 <18.5 - 27% 27%  - - , - - , - 
 18.5-24.9 42% 33% 33%  1.00 ref. ref. 
 25.0-29.9 39% 31% 31%  1.01 0.58 , 1.73 0.57 , 1.79 
 30+ 33% 28% 28%  0.94 0.47 , 1.85 0.45 , 1.93 
      -       
 Total 39% 32% 32%         
                          
             

*Based on the populations displayed in Table 2. Associations are: In vitro fertilization (IVF) and 
preterm birth, smoking and birth of a small-for-gestational-ge infant (SGA), and body mass index and 
antepartum stillbirth. 
† ROR, relative odds ratio; CI, confidence interval; ref., reference. 
‡ Computed using equation 1, see text for details. 
§  Based on a non-parametric bootstrap sample of size 200. 
 
 



 

Table 4. Simulated coverage probabilities* of 95% confidence intervals for relative odds 
ratios derived from two exposure-outcome associations 

      Source       Simulated coverage probabilities 
   population Participants   N=50,000 N=25,000 
      Adj. OR Adj. OR Adj. ROR   Equation Bootstrap Equation Bootstrap
IVF and preterm birth†         
 Scenario 1         
  No treatment ref. ref.       
  IVF 1.55 1.55 1.00  95.2% 95.6% 95.5% 96.2% 
 Scenario 2         
  No treatment ref. ref.       
  IVF 1.36 1.00 0.74  96.0% 96.6% 95.6% 96.3% 
 Scenario 3         
  No treatment ref. ref.       
  IVF 1.94 2.72 1.40  95.3% 95.4% 94.4% 95.0% 

Smoking and SGA‡         
 Scenario 1         
  Non-smoker ref. ref.       
  0-10 cig/day 2.56 2.50 0.97  95.1% 95.3% 95.1% 95.4% 
  >10 cig/day 3.69 4.31 1.17  95.1% 95.2% 95.7% 96.1% 
 Scenario 2         
  Non-smoker ref. ref.       
  0-10 cig/day 2.77 2.79 1.01  95.4% 95.6% 94.9% 95.2% 
  >10 cig/day 3.51 5.28 1.50  95.1% 95.3% 95.0% 95.4% 
 Scenario 3         
  Non-smoker ref. ref.       
  0-10 cig/day 2.77 3.32 1.20  95.3% 95.3% 95.4% 95.6% 
  >10 cig/day 3.39 2.72 0.80  95.1% 95.7% 95.2% 96.3% 

*Each coverage probability is based on 5,000 simulations. 
†In vitro fertilization (IVF) & preterm birth.  
‡Smoking & birth of a small-for-gestational-age infant (SGA). 
The simulations are described in detail in the text.      
OR, odds ratio; ROR, relative odds ratio; CI, confidence interval; ref., reference.     
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