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Abstract

Objective—To examine the effect of maternal pre-pregnant body mass index (BMI) and
recreational physical activity on perinatal mortality.

Design—A prospective cohort study.
Setting—The Norwegian Mother and Child Cohort (MoBa), 1999-2008.

Population—Singleton pregnancies without congenital anomalies (n=77 246).
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Methods—~Pre-pregnant BMI was classified as underweight (<18.5), normal weight (18.5-24.9),
overweight (25-29.9), obese (30-34.9) and morbidly obese (BMI= 35). Risk estimates were
obtained by logistic regression and adjusted for confounders.

Main outcome measures—Perinatal death (stillbirth = 22 weeks plus early neonatal death 0-7
days after birth).

Results—An increased risk of perinatal death was seen in obese (odds ratio (OR) 2.4, 95% ClI
1.7-3.4) and morbidly obese women (OR 3.3, 2.1-5.1), when compared to normal weight women.
In the group participating in recreational physical activity during pregnancy, obese women had an
OR of 3.2 (95% CI 2.2-4.7) for perinatal death relative to non-obese. In the non-active group the
corresponding OR was 1.8 (95% CI 1.1-2.8) for obese women relative non-obese. The difference
in perinatal mortality risk related to obesity between the active and non-active groups was
statistically significant (p-value for interaction = 0.046, multiplicative model).

Conclusions—Maternal obesity was associated with a two- to three-fold increased risk of
perinatal death when compared to normal weight women. For women with a BMI <30 the lowest
perinatal mortality was seen in those performing recreational physical activity at least once a
week.
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Introduction

The prevalence of overweight and obesity is increasing at an alarming rate worldwide and
on average, 15% of the adult population in Europe are obese (1). There is growing evidence
that pre-pregnant overweight and obesity represent significant risk factors for maternal and
fetal complications during pregnancy, delivery and in the neonatal period (2-4). A feared
complication is the occurrence of perinatal death comprising stillbirth (fetal death > 22
gestational weeks) and early neonatal death (death of a live born within the first seven days
after birth) (5). Perinatal death has short and long-term consequences for the health and
well-being of the mother and her family, and it represents a loss of social and economic
development (6, 7).

Previous studies have reported an increased risk of stillbirth and early neonatal death among
obese women (8-10). A similar association has been found between overweight and stillbirth
(11, 12). Several mechanisms have been proposed for the increased risk of stillbirth in these
women, however, no biological pathway has been established (13, 14).

The importance of physical activity in promoting health and well-being in the general
population has been identified as vital for public health (15), and may also have an
important role in the prevention of perinatal mortality. As there is no uniform categorizing
of physical activity, previous studies vary according to the definitions used to classify
intensity, amount and type of physical activity (16, 17). Studies have shown that moderate
physical activity early in pregnancy may improve placental growth and function, and hence
have beneficial effects on pregnancy outcomes (18, 19). Physical activity before and during
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pregnancy may also modify the risk of gestational diabetes mellitus (GDM) and
preeclampsia (15, 16, 20). Only one study has found that women practising physical activity
during pregnancy are less likely to have a stillbirth (21), but no previous study has assessed
the direct modifying effect of recreational physical activity on the relation between
overweight and perinatal mortality. The objective of our study was to examine the effect of
maternal pre-pregnant body mass index (BMI) and recreational physical activity on perinatal
mortality.

Data sources

We used data from the Norwegian Mother and Child Cohort study (MoBa) (22), with linked
data from the Medical Birth Registry of Norway (MBRN) (23), using the unique personal
identification number given to all Norwegian citizens at birth. The MBRN was established
in 1967 and is based on compulsory notification of all live- and stillbirths from 16 weeks of
gestation (12 weeks from 2001). Midwives and doctors attending the birth complete a
standardized notification form with data on demographics, maternal health before and
during pregnancy, previous reproductive history, complications during pregnancy and
delivery and pregnancy outcomes (24). MoBa is a prospective population-based pregnancy
cohort study conducted by the Norwegian Institute of Public Health (25). All pregnant
women giving birth in Norway were invited to participate early in pregnancy through a
postal invitation after signing up for the routine ultrasound examination (performed at 17-20
weeks of pregnancy). The ultrasound screening is provided free of charge and more than
95% of all pregnant women in Norway attend (23). Participants were recruited during
1999-2008 from all Norwegian hospitals and maternity units with more than 100 annual
deliveries. The proportion of women consenting to participate was 40.6% (22). The MoBa
study has collected data from numerous questionnaires during pregnancy and after delivery.

Inclusion and definitions

Singleton pregnancies without major congenital anomalies at gestational age > 22 weeks
were included. Congenital anomalies notified to the MBRN are diagnosed at birth or during
the following stay at the delivery unit, or at the neonatal intensive care units for infants
transferred to such units after birth. Diagnoses are notified as codes based on the
International Classification of Diseases (ICD) version 10 (26), or as free text, coded at the
MBRN according to the ICD10. Pregnancies with offspring major congenital anomalies
(according to European Surveillance of Congenital Anomalies) (27) were excluded from the
present study. Participants in MoBa were included if complete data on pre-pregnant weight
and height were available. Women with pre-pregnant BMI below 15, above 60 and with
maternal height below 1.40 metres were excluded, as the recorded data were considered
biologically implausible. Women contributed with their first registered pregnancy in the
MoBa cohort.

The main outcome variable was perinatal death, obtained from the MBRN, and comprised
stillbirth = 22 weeks gestation and early neonatal death (live born dying 0-7 days after birth)
(23). The main exposure was pre-pregnant BMI calculated as weight in kilograms divided
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by pre-pregnant height in meters squared, and was obtained from the first MoBa
questionnaire (Q1), completed in weeks 13-17 of pregnancy. BMI was categorized as
underweight (<18.5), normal weight (18.5-24.9), overweight (25-29.9), obese (30-34.9) and
morbidly obese (=35) (28). Normal weight women were the reference group. In the analyses
including recreational physical activity, BMI was categorized into =30 representing obesity
and < 30 being the reference group. We defined physical activity as participating in any
combination of recreational physical activities. Information on recreational physical activity
was retrieved from Q1 in which participants were asked how often they engaged in 14
different recreational activities the last three months before pregnancy and until 13-17 weeks
in pregnancy. Only women who had answered both the question on recreational physical
activity last three months before pregnancy and until week 17 in the actual pregnancy were
included. The questions were identical for the two periods and the level of each activity was
defined as never, one to three times per month, once a week, twice a week, or at least three
times per week. The following activities were included in a total score representing
recreational physical activity three months before pregnancy and during the first three
months of pregnancy: brisk walking, running/jogging/orienteering, bicycling, fitness
training/resistance training, aerobics for pregnant women, low impact aerobics, high impact
aerobics, dancing, skiing, ball games, swimming, horseback riding, strolling and other.
“Strolling” and “other” were included in the analyses, but were coded as 0 score. Women
were categorized into two categories: physically active (performing recreational physical
activity at least once a week) and non-active (performing recreational physical activity less
than once a week).

Data on maternal smoking at the beginning of pregnancy (none, sometimes, daily) was
retrieved from the MBRN. In cases with missing information, information in MoBa Q1 was
used. Maternal age (from the MBRN) represented years at the time of delivery (<20, 20-35,
>35 years), and parity (from the MBRN) number of previous births (nulliparous or
multiparous). Marital status (married/cohabitant or other) was retrieved from the MBRN.
Education level was retrieved from MoBa Q1 and represented maternal fulfilled education at
the start of pregnancy (9-12 years, 13-16, =17). Maternal medical conditions before and
during pregnancy were notified to the MBRN by check boxes or free text on the notification
form, and free text was coded at the MBRN according to the ICD-10.

Statistical analyses

Univariate logistic regression was used to estimate the association between pre-pregnant
BMI and perinatal death. Odds ratios (OR) with 95% confidence interval (CI) were
calculated for each BMI group with normal weight as the reference group. Multivariate
logistic regression models were used to adjust for maternal age at delivery, parity, marital
status, smoking and chronic hypertension. All potential confounders were modelled as
categorical factors, as shown in footnotes to Table 2. To estimate the role of recreational
physical activity as a moderator in the relationship between BMI and perinatal death, we
studied whether there was a significant interaction between BMI and physical activity in a
multiplicative model, using logistic regression analysis. Associations were considered
statistically significant at the 5% level. All statistical analyses were performed using SPSS
(Statistical Package for the Social Sciences, version 20, www.spss.com).
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The MoBa cohort included 95 200 mothers and 108 843 pregnancies were available when
analysing MoBa Q1. In the primary analyses, 77 246 pregnancies were included. As
displayed in Figure 1, women with pregestational diabetes, multiple pregnancies and women
with offspring major congenital anomalies were excluded, as these are independent factors
predisposing for perinatal death (29-31). In the logistic regression analyses, women with
missing data on smoking or chronic hypertension (2 592 mothers, 3.4%) were included by
simple imputation methods, by assigning a separate value for the missing data. Women who
had answered the questionnaire on recreational physical activity from the first version of Q1
were excluded as the questions differed from the latter version. In the analyses assessing
recreational physical activity, information on this variable was missing for 4 940 mothers
(6.4 %), giving 72 306 pregnancies for the secondary analyses.

Among the included women, 65.6 % were classified as normal weight, 3.1% as
underweight, 21.7% as overweight, 7.0% as obese and 2.6% as morbidly obese according to
their pre-pregnant BMI (Table 1). The overall perinatal mortality was 3.9 per 1000 births
(n=299). Generally, there was a significant trend towards increasing perinatal mortality with
increasing BMI (Table 2).

In the univariate analyses, obese mothers had more than doubled risk of a perinatal loss
compared to normal weight mothers, while morbidly obese mothers had a three-fold
increased risk for perinatal death (Table 2). Maternal age, parity, education, marital status,
smoking and chronic hypertension were evaluated as potential confounders for the relation
between BMI and perinatal death. However, education was not significantly related to
perinatal mortality and was not included in the final model. The final logistic regression
model only slightly changed the crude estimates (Table 2).

The levels of recreational physical activity before and during pregnancy according to
maternal BMI are illustrated in Figure 2. For women with BMI at and above 18.5, the
proportion participating in recreational physical activity decreased linearly with increasing
level of BMI (Fig 2). The level of physical activity decreased in pregnancy across all BMI
groups.

Overall, performing physical activity at least once a week was associated with a non-
significant decrease in perinatal mortality relative to not participating in physical activity,
with crude OR at 0.8 (0.6-1.1) for physical activity before pregnancy and OR 0.8 (0.7-1.1)
for physical activity during pregnancy. For physically active women in pregnancy the
absolute risks of perinatal mortality (per 1000) in underweight, normal weight, overweight
and obese women were 3.53, 2.91, 3.58 and 9.85. The corresponding absolute risks for the
non-active women were 4.76, 3.84, 3.85 and 6.78. Due to limited numbers of deaths in each
group, all confidence intervals were wide and overlapping. Hence, in women with a BMI
below 30, the lowest absolute perinatal mortality was found in women performing
recreational physical activity at least once a week during pregnancy. However, in obese
women (BMI = 30), the lowest absolute perinatal mortality was in the non-active group. The
same trend was found for women engaging in physical activity prior to pregnancy.
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Being obese (BMI =30) was associated with a 150 % excess risk of a perinatal loss relative
to women with BMI < 30 (crude OR 2.5, 95% CI 1.9-3.4). When testing the interaction
between BMI and recreational physical activity (= once a week) during pregnancy in a
logistic regression model, the interaction term was statistically significant (p-value for
interaction = 0.046, multiplicative model). Obese women in the non-active group (n=25
432) had 80% excess risk of a perinatal loss (crude OR 1.8, 95% CI 1.1-2.8), compared to
women with BMI < 30, while the corresponding excess risk for obese women performing
physical activity at least once a week during pregnancy (n=46 874) was 220% (crude OR
3.2, 95% CI 2.2-4.7). Adjusting for confounders only marginally changed the estimates
(ORs 1.7 (95% CI 1.1-2.8) and 3.1 (95% CI 2.1-4.5), respectively.

In a sensitivity analysis, we assigned all the 4 940 women with missing information on
recreational physical activity, to be in the active group and second in the non-active group.
Independent of which group they were assigned, adding the 4 940 women with missing
information on recreational physical activity did not alter our results or conclusions.

Testing the interaction between BMI and recreational physical activity before pregnancy, the
interaction term was not statistically significant (p-value for interaction = 0.172,
multiplicative model). Including recreational physical activity as a potential confounder in
the logistic regression model in addition to the previously described confounders, the
adjusted OR of a perinatal loss for women with BMI = 30 relative to BMI < 30 was 2.4
(95% CI 1.8-3.3) when adjusting for physical activity before pregnancy and 2.4 (95% ClI
1.8-3.2) when adjusting for physical activity during pregnancy.

Figure 3 shows the relationship between BMI and perinatal mortality when using four BMI
categories and stratified on recreational physical activity during pregnancy (at least once a
week, yes/no) Normal weight women performing physical activity at least once a week was
chosen as the common reference group due to the lowest absolute risk of perinatal death in
this group. For all BMI groups except the highest, the OR point estimates of a perinatal loss
were higher among the non-active than the active women, although confidence intervals
overlapped. In the highest BMI group (= 30), however, this relation was reversed. Among
the obese women, the non-active women had a lower OR point estimate of a perinatal loss
than the active women, but again, confidence intervals overlapped (Fig 3).

We compared obese women in the physically active group (n= 3 656) with the non-active
group (n=3 244) with regards to maternal age, parity, marital status, education, smoking and
maternal comorbidity. Obese women in the active group had higher proportion of
nulliparous women (p<0.001, Chi-Square test), lower proportions of women with the lowest
education and higher proportions of women with the highest education (p<0.001). Chronic
hypertension (p=0.029) and GDM (p=0.003) were less common in the active group. There
were no statistical differences with regards to smoking (p=0.836), marital status (p=0.247),
maternal age (p=0.559) or preeclampsia (p=0.460) between the active and non-active group
of obese women.

We looked closer at obese women with a perinatal loss (n=58) and obese women with no
loss (n=6842) with regards to recreational physical activity pattern before and during
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pregnancy. Among the obese women with a perinatal loss, 60% were physically active both
before and during pregnancy, 17% were physically active before pregnancy and non-active
during pregnancy, 21% were non-active both before and during pregnancy and only one
woman was non-active before pregnancy and was physically active during pregnancy. The
corresponding figures for obese women with no loss were 50%, 24%, 23% and 3%. The
differences were however not statistically significant (p=0.402, Chi-Square test).

Discussion

Main Findings

Obese mothers had a two- to three-fold increased risk of a perinatal loss when compared to
normal weight women, and recreational physical activity during pregnancy played a role in
this relation. Unexpectedly, the OR of a perinatal loss associated with BMI = 30 was higher
among women performing recreational physical activity at least once a week during
pregnancy than among non-active women, when relating to corresponding women with BMI
< 30. When using four BMI categories, women in all categories except the highest (= 30),
had lower OR point estimates of perinatal loss when they were active than non-active during
pregnancy, although the differences were not statistically significant.

Previous studies demonstrate that maternal pre-pregnancy obesity is associated with an
increased risk of perinatal loss when compared to normal weight women (4, 9, 10, 13), but
conflicting findings exist (3). We found a non-significant increase in the risk of a perinatal
loss among overweight women (BMI 25-29.9), similar to other studies (9, 10). However,
there are large population-based studies and meta-analyses that have concluded that
overweight women have an increased risk of stillbirth (4, 12, 13) and perinatal mortality
(13), illustrating the importance of large sample sizes when studying rare outcomes.

Recreational physical activity may prevent gestational diabetes and preeclampsia (15, 16,
20). Unexpectedly, we found a stronger association between obesity (BMI = 30) and
perinatal mortality among women participating in recreational physical activity during
pregnancy than among women who did not. For physical activity during pregnancy, the
associations between obesity (BMI = 30 versus < 30) and perinatal mortality differed
significantly between the active and non-active groups. Another study from the MoBa
cohort, assessing the effect of physical activity on preeclampsia, concluded that the
protective effect was strongest for women with BMI less than 25 and absent in women with
BMI >30 (32). To our knowledge, only one previous study exists (21), which has reported
an association between physical activity during pregnancy and a reduced prevalence of
stillbirth. This study did not, however, take BMI into consideration and the generalizability
of this study was limited (21). A prospective study from the Danish National Birth Cohort
that treated physical activity during pregnancy as a confounder, did not find that physical
activity significantly influenced the association between obesity and stillbirth (33).

Strengths and limitations

Data from this large prospective population-based cohort together with a long recruitment
period contribute to variability and strengthen our study (25). The MoBa study has been
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validated and represents a valid source for exposure-outcome association studies (34).
Record linkage with the MBRN with compulsory notification of perinatal deaths ensured
ascertainment of the outcome variable. Possible misclassification in exposure is non-
differential and unrelated to the outcome due to the prospective design.

There are, however, some limitations to our study. The MoBa cohort is not quite
representative for the Norwegian population, as women with lower socioeconomic status are
underrepresented (34). Although this selection bias has implications for generalizing
prevalence estimates, it does not seem to have implications for exposure-outcome
associations (34). Lack of diversity in ethnicity limits the generalizability to more
inhomogeneous populations (25). We relied on self-reported data on weight, height and
recreational physical activity. Due to social desirability, self-reported weight is likely to be
underreported and height over reported (35), causing a possible misclassification of the
exposure variable. This is likely to underestimate the true BMI and the risk associated with
overweight and obesity.

The MoBa questionnaires on recreational physical activity in week 15-17 have been
validated in a subsample of pregnant women and a significant association between self-
reported and objectively measured recreational physical activity was found (36). However,
there is evidence that physical activity is generally over reported, making underestimation of
the true effect of physical activity likely (37). An over reporting of activity with the
following underestimation of true effect would be independent of pregnancy outcome, and
non-differential. We lacked information on intensity and duration of recreational physical
activity, and according to Bouchard et al. (38), the intensity, these factors are important to
take into account when assessing the nature of recreational physical activity. Other domains
of physical activity may interfere the relationship between pre-pregnant BMI and perinatal
death. This was beyond the scope of our study, but should be included in future studies.

Despite a large sample size, the number of perinatal deaths was limited, and our numbers
were too few when analysing the potentially modifying effect of physical activity when
using more than two categories of BMI.

Interpretation

The biologic underpinnings of the excess risk of perinatal death in obese women remain
unknown though several mechanisms have been proposed (12). The presence of endothelial
dysfunction in obese women might be associated with impaired early placental function
causing stillbirth (9, 33). According to Kristensen et al. (9) a similar trend for causes of
neonatal death (0-28days) was not found. Obesity has been associated with a 5-fold increase
in risk of stillbirth due to placental dysfunction (33). In an intervention study using an
animal model, high fat diet early in life led to increases in body fat, serum leptin and
triglycerides prior to pregnancy and a three-fold increase in fetal death and decreased
neonatal survival(39). The outcome was associated with a poor development of the placental
vasculature with reduced blood flow to the placenta and reduced oxygenation of foetal
tissues. This may contribute to hypoxia, poor fetal growth and fetal and neonatal mortality,
and underlines the importance of future studies focusing on the placental effect.
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Regular physical activity during pregnancy may stimulate placental growth and be an
important mechanism for improving placental functional capacity (18, 40). A physiologic
explanation could be the link to the intermittent reductions in uterine blood flow that occurs
during sustained weight-bearing exercise and the expanded blood volume observed in
pregnant exercisers (18). However, our study suggests the possibility that the effect of
physical activity on perinatal mortality is dependent on maternal BMI. It is a possibility that
metabolic alterations in obese women make them more vulnerable and less adaptive to stress
during physical activity in pregnancy. Our results were unexpected, and need to be tested in
other studies. If replicated, investigations on the underlying mechanisms explaining the
interaction between categories of BMI and physical activity on risk of perinatal loss are
needed.

Our study underlines the importance of preventing obesity in women before conception in
order to reduce perinatal mortality in their offspring. As a predictor, obese women do seem
to have increased risk of perinatal losses, and should be monitored closely during pregnancy.
Current guidelines on physical activity in pregnancy do not differentiate between pre-
pregnant BMI categories, only between those who have been physically active before
pregnancy and those who have not (41). Given the many comorbidities associated with
obesity, guidelines on physical activity may need to be customized for obese women.

Conclusions

Pre-pregnant obesity was associated with a two- to three-fold risk increase of perinatal death
when compared to normal weight women. For women with a BMI below 30, the lowest risk
of perinatal death was found among women performing recreational physical activity. For
obese women, the risk associated with overweight was highest in those participating in
recreational physical activity during pregnancy. Our results were unexpected and need to be
replicated. The use of self-reported data may represent a bias in our study, however,
misclassifications are likely to be non-differential. Future studies should endeavour the use
of objective measures of physical activity in addition to self-reported data.
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Fig 1.
Flowchart showing inclusion of mothers in the study, The Mother and Child Cohort Study
1999-2008.
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Fig 2.

Recreational physical activity last three months before pregnancy and in the first three
months of pregnancy, according to body mass index (BMI) category (n=72 306), The
Mother and Child Cohort Study 1999-2008.
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Pre-pregnant body mass index (BMI), recreational physical activity in pregnancy and the
risk of perinatal mortality. Logistic regression analysis adjusted for maternal age, parity,
marital status, chronic hypertension and smoking (n=72 306). The Norwegian Mother and

Child Cohort Study, 1999-2008.
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Population characteristics according to pre-pregnant body mass index (n=77 246), The Norwegian Mother and
Child Cohort Study 1999-2008.

Body mass index <185 (%) 185-24.9(%) 25-29.9 (%) 30-34.9 (%) =35 (%) Total (%)
Total 2423(3,1) 50676(656) 16791(21,7) 5376(7,0) 1980 (2,6) 77 246 (100)
Maternal age

<20 years 99 (4,1) 497 (1,0) 115 (0,7) 47 (0,9) 17 (0,9) 775 (1,0)
20-35 years 2049 (84,6) 41750 (82,4) 13578(80,9) 4373(81,3) 1594(80,5) 63344 (82,0)
>35 years 275(11,3)  8429(166) 3098(185)  956(17,8) 369 (18,6) 13127 (17,0)
Parity

Nulliparous 1239(51,1) 23410(46,2) 6809 (40,6) 2161(40,2)  769(38,8) 34 388 (44,5)
Multiparous 1184 (48,9) 27266 (53,8) 9982(59,4) 3215(59,8) 1211 (61,2) 42858 (55,5)
Education

9-12 years 1000 (41,3) 15377(30,3) 6627(39,5) 2610(48,5) 1085(54,8) 26699 (34,6)
13-16 years 755(31,2) 20209 (39,9) 6547(39,0) 1846(34,3)  635(32,1) 29992 (38,8)
217 years 492 (20,3) 12438(24,6) 2832(16,9) 661 (12,3) 181(9,1) 16604 (21,5)
Missing 176 (7,3) 2652 (5,2) 785 (4,7) 259 (4,8) 79 (4,0) 3951 (5,1)
Married/cohabitant

Yes 2228(92,0) 48754(96,2) 16203 (96,5) 5135(955) 1869 (94,4) 74189 (96,0)
No 195 (8,0) 1922 (3,8) 588 (3,5) 241 (4,5) 111 (5.6) 3057 (4,0)
Maternal smoking

None 2056 (84,9) 44345(87,5) 14644 (87,2) 4713(87,7) 1747(88,2) 67505 (87,4)
Sometimes 72 (3,0) 1527 (3,0) 525 (3,1) 162 (3,0) 53 (2,7) 2339 (3,0)
Daily 227 (9,4) 3573 (7,1) 1277 (7,6) 400 (7,4) 135(6,8) 5612 (7,3)
Missing 68 (2.,8) 1231 (2,4) 345 (2,1) 101 (1,9) 45 (2,3) 1790 (2,3)
Chronic hypertension 1

No 2375(98,0) 49760(98,2) 16499(98,3) 5243(97,5) 1913(96,6) 75790 (98,1)
Yes 3(0,1) 174 (0,3) 98 (0,6) 68 (1,3) 42 (2,1) 385 (0,5)
Missing 45 (1,9) 742 (1,5) 194 (1,2) 65 (1,2) 25 (1,3) 1071 (1,4)
Gestational diabetes

mellitus

No 2420(99,9) 50428(99,5) 16600 (98,9) 5256 (97,8) 1876(94,7) 76580 (99,1)
Yes 3(0,1) 248 (0,5) 191 (1,1) 120 (2,2) 104 (5,3) 666 (0,9)
Gestational

hypertensive

disorders 2

No 2301(95,0) 47946 (94,6) 15400 (91,7) 4679 (87,0) 1651(83,4) 71977 (93,2)
Yes 77 (3,2) 1988 (3,9) 1197 (7,1)  632(11,8) 304 (154) 4198 (5,4)
Missing 45 (1,9) 742 (1,5) 194 (1,2) 65 (1,2) 25(1,3) 1071 (1,4)

lBlood pressure =140/90 mm prior to pregnancy or before week 20.

2Includes both preeclampsia/eclampsia (Blood pressure =140/90 in at least 2 readings = 6 hours apart accompanied by proteinuria (2 urinary
dipstick readings of = 1) and gestational hypertension ( Blood pressure =140/90 only during pregnancy).
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Table 2

Perinatal death in relation to pre-pregnant body mass index (BMI) (n=77 246), The Norwegian Mother and
Child Cohort Study 1999-2008.

Maternal

BMI Total No Perinatal death

Births Death (per1000) Crude OR1  95% CI Adjusted OR2 95%ClI
<18.5 2423 9(3.7) 11 0.6-2.2 11 0.6-2.2
18.5-249 50676 166 (3.3) 1.0 Reference 1.0 Reference
25.0-29.9 16791 61 (3.6) 11 0.8-1.5 11 0.8-1.5
30-34.9 5376 42 (7.8) 24 1.7-3.4 2.4 1.7-3.3
>=35 1980 21(10.6) 3.3 2151 31 1.9-4.9

1y p-value for trend = 0.001.

2Odds ratio adjusted for maternal age (<20 years, 20-35(reference), >35), parity (nulliparous/multiparous(reference)), marital status (married/
cohabitant yes(reference)/no), chronic hypertension (yes/no(reference)) and smoking (none(reference), sometimes, daily).
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