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Stillbirth accounts for more than a third of all fetal and
infant deaths and for >50% of perinatal deaths in Europe
and North America.1-3 Although causes of stillbirth often
differ from causes of death during the first week of life,4, 5

relatively few studies have specifically focused on risk fac-
tors for stillbirth.6

An association between prepregnancy body mass index
and stillbirth has been reported, with the lowest risk
among lean women and the highest risk among obese
women.7 A Swedish registry–based study found that the
overall risk of stillbirth consistently increased with body
mass index, with a 4-fold increase in risk observed among
obese nulliparous women relative to lean nulliparous
women.8 Maternal overweight condition is, however, as-
sociated with other possible risk factors for stillbirth, such
as low social status and maternal diseases, which were
only partly accounted for in previous studies.7, 8 The rela-
tionship between weight gain during pregnancy, mater-

nal weight, and the risk of stillbirth is today relatively un-
certain.9, 10

Being overweight is common among young women
today.11, 12 If results from previous studies are confirmed,
being overweight may be one of the most important risk
factors for stillbirth in developed countries. In this large
population-based case-control study on nulliparous
women, we retrieved prospectively collected data from
unit records to investigate the association between body
mass index during early pregnancy, weight gain during
pregnancy, and the risk of antepartum death before and
after adjustment for a number of covariates.

Material and methods

Description of sample. From the Swedish Medical Birth
Register, which includes information on practically all
births in Sweden,13 we obtained information on all single
births to nulliparous women who lived and were deliv-
ered within a geographically defined area in central Swe-
den from 1987 through 1996. Among 220,712 recorded
births, there were 725 stillbirths (case group) occurring
at ≥28 weeks’ gestation. For each case patient we ran-
domly selected 2 control subjects matched for year of
birth and delivery hospital. By means of the unique na-
tional registration number assigned to all Swedish resi-
dents, the standardized antenatal and obstetric records
were retrieved from each of the 25 delivery hospital
archives and examined by one of us (Olof Stephansson)
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OBJECTIVE: This study investigated whether the risk of antepartum stillbirth increases with body mass
index during early pregnancy and also investigated the association between weight gain during pregnancy
and the risk of antepartum stillbirth.
STUDY DESIGN: This population-based case-control study included 649 women with antepartum stillbirths
and 690 control subjects among Swedish nulliparous women.
RESULTS: Compared with lean mothers (body mass index ≤19.9 kg/m2), the odds ratios for risk of antepar-
tum deaths were as follows: normal weight (body mass index, 20.0-24.9 kg/m2) odds ratio, 1.2 (95% confi-
dence interval, 0.8-1.7); overweight (body mass index 25.0-29.9 kg/m2), odds ratio, 1.9 (95% confidence in-
terval, 1.2-2.9); and obese (body mass index ≥30.0 kg/m2) odds ratio, 2.1 (95% confidence interval, 1.2-3.6).
For term antepartum death corresponding risks were even higher, with odds ratios of 1.6 (95% confidence in-
terval, 0.9-2.6) for normal weight, 2.7 (95% confidence interval, 1.5-5.0) for overweight, and 2.8 (95% confi-
dence interval, 1.3-6.0) for obese women, respectively. Maternal weight gain during pregnancy was not asso-
ciated with risk of antepartum stillbirth.
CONCLUSION: Maternal overweight condition increased the risk of antepartum stillbirth, especially term an-
tepartum stillbirth, whereas weight gain during pregnancy was not associated with risk. (Am J Obstet Gy-
necol 2001;184:463-9.)
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according to a structured protocol. Among the 725 eligi-
ble case patients, information was obtained for 702
(97%): 10 case records were missing in the archives, 
8 were incorrectly coded for delivery hospital, and 5 had
incorrect national registration numbers and were there-
fore impossible to trace. With respect to the control sub-
jects, the second control subject was included only if in-
formation was not found for the first selected control
subject. To obtain equal numbers of case patients and
control subjects (n = 702), 25 second-choice control sub-
jects were included, because 24 of the first-choice control
subjects were missing in the archives and 1 had an incor-
rect national registration number (retrieval rate of first
control information of 97%). Four case patients and 
2 control subjects had not received antenatal care, and 12
case patients and 4 control subjects did not have com-
plete antenatal records. Because risk factors for antepar-
tum and intrapartum stillbirth differ,7 the current analy-
sis was restricted to antepartum stillbirths (n = 649 case
patients and n = 690 individually matched control sub-
jects).

In antenatal records information is prospectively
recorded from the first to the last antenatal visit. At regis-
tration for antenatal care we obtained information about
maternal height, weight, number of previous miscar-
riages, induced abortions, extrauterine pregnancies, oc-
cupation, cigarette smoking, alcohol consumption, years
of involuntary childlessness, and gestational age at admis-
sion to antenatal care. History of maternal diseases at reg-
istration was noted and classified according to the
Swedish version of the International Classification of Dis-
eases, Ninth Revision.14 Information about expected date
of delivery was calculated from second-trimester ultra-
sonographic examination (generally before 19 gesta-
tional weeks) when available (94% of case patients and
control subjects); otherwise, the last menstrual period
was used.

During pregnancy we obtained information about ma-
ternal weight, blood pressure, proteinuria, blood glucose
level, glucosuria, results of 75-g oral glucose tolerance
test (when performed), and pregnancy complications.
Preeclampsia and eclampsia were diagnosed according to
the criteria given by the National High Blood Pressure
Education Program Working Group Report on High
Blood Pressure in Pregnancy.15 Mild preeclampsia was
considered to be gestational hypertension (blood pres-
sure ≥140/90 mm Hg in at least 2 readings ≥6 hours
apart, occurring after 20 weeks’ gestation) accompanied
by mild or moderate proteinuria (2 urinary dipstick read-
ings of 1+ or 2+ or 300 mg–3 g protein in a 24-hour urine
collection). Severe preeclampsia was considered to be
gestational hypertension accompanied by severe protein-
uria (2 urinary dipstick readings of 3+ or ≥3 g protein in
a 24-hour urine collection) or gestational hypertension
with a diastolic blood pressure ≥110 mm Hg (in at least 2

readings ≥6 hours apart) regardless of proteinuria.
Eclampsia was considered to be seizures in a patient with
preeclampsia that could not be attributed to other
causes. Gestational diabetes was a fasting blood glucose
level of ≥6.7 mmol/L or a 75-g oral glucose tolerance test
value of ≥9 mmol/L after 120 minutes. If the blood glu-
cose level at any time during pregnancy was >6.5
mmol/L, we considered this to represent suspected ges-
tational diabetes. We obtained information about mater-
nal age at delivery, gestational age at birth, and gesta-
tional age at diagnosed antepartum death from the
obstetric and pediatric records.

Body mass index at registration for antenatal care was
calculated as the weight in kilograms divided by the
square of height in meters. Women were categorized as
having lean weight (body mass index <20.0 kg/m2), nor-
mal weight (body mass index 20.0-24.9 kg/m2), over-
weight (body mass index 25.0-29.9 kg/m2), or obesity
(body mass index ≥30.0 kg/m2). Weight gains in kilo-
grams per week during early and late pregnancy were cal-
culated according to the method described here and clas-
sified into 7 groups. Histories of miscarriages, induced
abortions, and extrauterine pregnancies were grouped as
no event or at least one event. Occupations of case pa-
tients and control subjects were classified according to
the Swedish Socioeconomic Classification16 and grouped
as follows: blue-collar workers, low-level white-collar work-
ers, intermediate- and high-level white-collar workers, stu-
dents, and others (not in labor force, n = 51; not classifi-
able, n = 78). Maternal smoking was categorized as no
daily smoking, 1 to 9 cigarettes/d, or ≥10 cigarettes/d. Al-
cohol consumption at registration was categorized ac-
cording to whether the woman had never been or had
ever been a drinker during pregnancy. Involuntary child-
lessness was grouped as <1 year, 1 to 2 years, and ≥3 years.
First attendance for antenatal care was categorized as be-
fore gestational week 13, gestational weeks 13 through
15, and gestational week 16 onward. Maternal diseases
were grouped into pregestational diabetes (n = 15 [type
1, n = 14; type 2, n = 1]), essential hypertension (n = 41),
other systemic diseases (n = 22 [Charcot-Marie-Tooth dis-
ease, n = 2; rheumatism, n = 3; rheumatoid arthritis, n = 1;
Crohn disease, n = 3; multiple sclerosis, n = 1; psoriatic
arthritis, n = 1; ulcerative colitis, n = 5; renal disease, n =
3; and systemic lupus erythematosus, n = 3]), and infec-
tious diseases (n = 14 [human immunodeficiency virus in-
fection, n = 1; hepatitis B, n = 7; hepatitis C, n = 4; malaria,
n = 1; and lung tuberculosis, n = 1]).

Average weekly weight gains in kilograms per week
were estimated separately for early and late pregnancy
periods by means of simple linear regression. For the pur-
pose of modeling weight gain, the start of the early pe-
riod was defined as the week of gestation closest to gesta-
tional week 14, provided that it was between gestational
weeks 4 and 20. The end of the early period was de-
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fined as the week of gestation closest to gestational week
25, provided that it was between gestational weeks 18 and
31. The regression line for the early period was fitted to
all weight measurements during that period. The esti-
mated weekly weight gain was given by the estimated
slope of the fitted regression line. The method of esti-
mating average weekly weight gain for the late period was
similar, with the start week being identical to the end
week of the early period and the end week defined as the
week of gestation closest to gestational week 38, provided
that it was between gestational weeks 28 and 41. Average
weekly weight gain was not estimated if the difference be-
tween the start and end dates of the period was <3 weeks.
Among case patients we used weight information only
from before antepartum death. The effect of average
weekly weight gain during the late period was only as-
sessed in the analysis of term antepartum deaths, because
late period weight gain data were often insufficient for
preterm deaths.

The study was approved by the research ethics commit-
tee at Karolinska Institutet, Stockholm.

Statistical methods. The data were entered into the
computer in the Paradox (Inprise Corporation, Scotts
Valley, Calif) database-management system according to a
standardized protocol. The analysis was performed with
conditional logistic regression by means of the Statistical
Analysis Software routine PROC PHREG (SAS Institute,
Inc, Cary, NC), in which pairs with identical values for the
matching variables were combined into the same stra-
tum17; that is, the data were analyzed as if they were N:M
matched (each stratum contained N controls and M cases
but neither N nor M was necessarily 1). All 702 control
subjects were eligible for the analysis, but they were in-
cluded only if they belonged to a stratum that contained
≥1 case patient, which allowed 690 control subjects to be
considered for inclusion in the analysis. For each model,
observations with missing values for explanatory variables
were excluded from the analysis, although the corre-
sponding matched case patient or control subject was 
included in the analysis if the stratum contained ≥1 case
patient and ≥1 control subject with full covariate infor-
mation. Odds ratios with 95% confidence intervals were
used to estimate the relative risks.

Results

In the univariate analysis being overweight (body mass
index 25.0-29.9 kg/m2) and being obese (body mass index
≥30.0 kg/m2) carried a ≥2-fold increase in risk of antepar-
tum death relative to lean women (body mass index ≤19.9
kg/m2; Table I). Maternal weight gains during early and
late pregnancy were not associated with risk of antepartum
death, except for the lowest weight gain group (≤0.24
kg/wk) during both the early and late periods (odds ratios,
1.7 and 1.8, respectively). There was an increased risk of
antepartum death with advancing age, lower socioeco-

nomic status, cigarette smoking, involuntary childlessness
for ≥3 years, and diabetes mellitus, whereas risks associated
with a short maternal stature, essential hypertension, pre-
eclampsia or eclampsia, and suspected and manifest gesta-
tional diabetes were of borderline significance or were not
significantly increased. Previous miscarriages, induced
abortions, extrauterine pregnancies, alcohol consump-
tion, gestational week at registration, and systemic and in-
fectious diseases did not affect risk of antepartum death
(data available on request).

Maternal pregnancy weight gains for the different body
mass index groups are shown in Table II. Average weekly
weight gain in early pregnancy was lower among women
in the highest body mass index category relative to other
body mass index groups. There was no clear association
between body mass index and average weekly weight gain
during late pregnancy. Overweight and obese women
were more often blue-collar workers, were more fre-
quently cigarette smokers (especially >10 cigarettes/d),
and were more likely to have essential hypertension, ges-
tational diabetes, and preeclampsia or eclampsia (data
available on request).

On the basis of the results of the univariate analysis, mul-
tiple regression analysis was performed (Table III). Over-
weight and obese women faced a 2-fold increase in risk of
antepartum death relative to lean women. The risk of an-
tepartum death consistently increased with maternal age
and was increased among women with short stature, blue-
collar workers, low-level white-collar workers, and students.
Daily smoking was associated with a dose-dependent in-
crease in risk. It was not possible to include diabetes melli-
tus as a covariate, because the only control subject with di-
abetes mellitus had missing data for other covariates.
Involuntary childlessness, gestational week at registration,
and essential hypertension were tested but not found sig-
nificant (data available on request). Because women who
were delivered in 1992 and 1993 were also included in a
previous study,8 we performed a separate analysis in which
case patients (n = 134) and control subjects (n = 141) who
were delivered in 1992 and 1993 were excluded. Only
minor changes were seen in the estimates made with the
reduced data set (data available on request).

Early pregnancy weight gain was then included in the
analysis but was not found to be significantly associated
with risk of antepartum death (P = .23). The estimated
odds ratio for weight gain was highest for the group with
the lowest weight gain (odds ratio, 1.5; 95% confidence
interval, 0.9-2.7). When weight gain was included as a co-
variate, the odds ratio for obese women decreased from
2.1 (95% confidence interval, 1.2-3.6) to 1.7 (95% confi-
dence interval, 0.9-3.1). Thus the effect of body mass
index was to a small degree confounded by early preg-
nancy weight gain. An interaction between body mass
index and early pregnancy weight gain, however, was not
found to be statistically significant (P = .15).
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Table I. Characteristics of primiparous women with antepartum deaths and matched control subjects, crude odds ratios,
and 95% confidence intervals for risk of antepartum death, Sweden, 1987-1996

Antepartum death Control 
(n = 649) (n = 690) Odds ratio

Characteristic No. % No. % Crude 95% Confidence interval

Body mass index
≤19.9 kg/m2* 68 10.5 104 15.1 1.0 Referent
20.0-24.9 kg/m2 358 55.2 434 62.9 1.2 0.9-1.7
25.0-29.9 kg/m2 142 21.9 102 14.8 2.1 1.4-3.1
≥30.0 kg/m2 53 8.2 31 4.5 2.4 1.4-4.2
Data missing 28 4.3 19 2.8 — —

Weight gain during early pregnancy
≤0.24 kg/wk 86 13.3 71 10.3 1.7 1.0-2.8
0.25-0.34 kg/wk 84 12.9 106 15.4 1.1 0.7-1.9
0.35-0.44 kg/wk 113 17.4 134 19.4 1.2 0.7-1.9
0.45-0.54 kg/wk 124 19.1 126 18.3 1.4 0.9-2.3
0.55-0.64 kg/wk 89 13.7 93 13.5 1.4 0.8-2.3
0.65-0.74 kg/wk 40 6.2 59 8.6 1.0 0.5-1.7
≥0.75 kg/wk* 39 6.0 55 8.0 1.0 Referent
Data missing 74 11.4 46 6.7 — —

Weight gain during late pregnancy
≤0.24 kg/wk 63 9.7 47 6.8 1.8 1.1-2.9
0.25-0.34 kg/wk 62 9.6 74 10.7 1.1 0.7-1.8
0.35-0.44 kg/wk 69 10.6 99 14.4 0.9 0.6-1.4
0.45-0.54 kg/wk 91 14.0 128 18.6 0.9 0.6-1.4
0.55-0.64 kg/wk 83 12.8 112 16.2 0.9 0.6-1.4
0.65-0.74 kg/wk 52 8.0 63 9.1 1.1 0.7-1.7
≥0.75 kg/wk* 87 13.4 115 16.7 1.0 Referent
Data missing 142 21.9 52 7.5 — —

Age
≤19 y 32 4.9 45 6.5 0.9 0.6-1.5
20-24 y* 188 29.0 241 34.9 1.0 Referent
25-29 y 238 36.7 247 35.8 1.2 1.0-1.6
30-34 y 128 19.7 122 17.7 1.4 1.0-1.9
≥35 y 63 9.7 35 5.1 2.4 1.5-3.8

Height
≤159 cm 96 14.8 69 10.0 1.4 1.0-2.1
160-164 cm 164 25.3 178 25.8 0.9 0.7-1.2
165-169 cm* 195 30.1 199 28.8 1.0 Referent
≥170 cm 172 26.5 227 32.9 0.8 0.6-1.0
Data missing 22 3.4 17 2.5 — —

Occupation
Blue-collar workers 277 42.7 254 36.8 1.5 1.2-2.0
Low-level white-collar workers 113 17.4 112 16.2 1.4 1.0-2.0
Intermediate- and high-level white-collar workers* 139 21.4 194 28.1 1.0 Referent
Students 56 8.6 54 7.8 1.4 0.9-2.2
Others 64 9.9 76 11.0 1.2 0.8-1.8

Cigarette smoking at registration for antenatal care
None* 444 68.4 530 76.8 1.0 Referent
1-9 cigarettes/d 107 16.5 89 12.9 1.5 1.1-2.0
≥10 cigarettes/d 81 12.5 59 8.6 1.8 1.2-2.5
Data missing 17 2.6 12 1.7 — —

Involuntary childlessness
<1 y* 570 87.8 633 91.7 1.0 Referent
1-2 y 25 3.9 31 4.5 0.9 0.5-1.6
≥3 y 47 7.2 26 3.8 2.0 1.2-3.4
Data missing 7 1.1 0 0.0 — —

Diabetes mellitus
Yes 14 2.2 1 0.1 15.2 2.0-116.0
No* 635 97.8 689 99.9 1.0 Referent

Essential hypertension
Yes 25 3.9 16 2.3 1.7 0.9-3.2
No* 624 96.2 674 97.7 1.0 Referent

Preeclampsia or eclampsia
Mild preeclampsia 45 6.9 40 5.8 1.2 0.8-1.9
Severe preeclampsia or eclampsia 38 5.9 23 3.3 1.8 1.0-3.0
Neither* 566 87.2 627 90.9 1.0 Referent

Gestational diabetes mellitus
Suspected gestational diabetes mellitus 74 11.4 58 8.4 1.5 1.0-2.1
Manifest gestational diabetes mellitus 9 1.4 5 0.7 2.1 0.7-6.4
Neither* 566 87.2 627 90.9 1.0 Referent

Some percentages do not add to 100.0% because of rounding.
*Reference group.



To evaluate weight gain during late pregnancy we ana-
lyzed a subset of term antepartum deaths (≥37 completed
gestational weeks; Table IV). Overweight and obese
women faced an almost 3-fold increase in risk of term an-
tepartum death relative to lean women. Compared with
risk of all antepartum deaths, the age-related risks were
higher for term antepartum deaths, with a 4-fold risk in-
crease observed for those aged ≥35 years, whereas ciga-
rette smoking was no longer significantly associated with

risk when term antepartum deaths were considered.
There was no risk associated with weight gains during
early or late pregnancy (data available on request).

Next we wanted to investigate whether the effect of
being overweight on the risk of antepartum death was
mediated by increased rates of weight-related pregnancy
complications. After exclusion of case patients and con-
trol subjects with gestational diabetes, preeclampsia, and
eclampsia, the overall risk of antepartum death was in-
creased among overweight women, whereas the risk was
decreased and was no longer significant among obese
women (Table V). With respect to term antepartum
death, this analysis resulted in only minor changes in
risks.

Comment

In this investigation we found that the conditions of
overweight and obesity during early pregnancy were asso-
ciated with substantially increased risks of antepartum
death, foremost term antepartum death. In contrast to
previous investigations,7, 8 we did not find that the risk of
antepartum death was increased for women with normal
weight relative to lean women. Maternal weight gain dur-
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Table II. Body mass index and mean weight gain during
early and late pregnancy among case patients and con-
trol subjects, Sweden, 1987-1996

Mean weight gain (kg/wk)

Early pregnancy Late pregnancy 
Body mass index (kg/m2) (n = 1219) (n = 1145)

≤19.9 0.48 ± 0.19 0.53 ± 0.22
20.0-24.9 0.48 ± 0.19 0.54 ± 0.26
25.0-29.9 0.44 ± 0.23 0.55 ± 0.30
≥30.0 0.35 ± 0.23 0.50 ± 0.29
Data missing 0.41 ± 0.19 0.52 ± 0.23

Values are mean ± SD.

Table III. Adjusted odds ratios and 95% confidence in-
tervals for antepartum deaths, Sweden, 1987-1996

Odds ratio

95% Confidence 
Characteristic Adjusted interval

Body mass index
≤19.9 kg/m2* 1.0 Referent
20.0-24.9 kg/m2 1.2 0.8-1.7
25.0-29.9 kg/m2 1.9 1.2-2.9
≥30.0 kg/m2 2.1 1.2-3.6

Age
≤19 y 0.8 0.5-1.4
20-24 y* 1.0 Referent
25-29 y 1.5 1.1-2.0
30-34 y 1.6 1.1-2.3
≥35 y 2.7 1.6-4.5

Height
≤159 cm 1.5 1.0-2.2
160-164 cm 0.9 0.7-1.3
165-169 cm* 1.0 Referent
≥170 cm 0.8 0.6-1.1

Occupation
Blue-collar workers 1.6 1.2-2.2
Low-level white-collar workers 1.4 1.0-2.0
Intermediate- and high-level 1.0 Referent

white-collar workers*
Students 1.8 1.1-3.0
Others 1.1 0.7-1.7

Cigarette smoking at registration 
for antenatal care

Nonsmoking* 1.0 Referent
1-9 cigarettes/d 1.4 1.0-1.9
≥10 cigarettes/d 1.6 1.1-2.4

Case patients, n = 613; control subjects, n = 660.
*Reference group.

Table IV. Adjusted odds ratios and 95% confidence in-
tervals for term antepartum deaths, Sweden, 1987-1996

Odds ratio

95% Confidence 
Characteristic Adjusted interval

Body mass index
≤19.9 kg/m2* 1.0 Referent
20.0-24.9 kg/m2 1.6 0.9-2.6
25.0-29.9 kg/m2 2.7 1.5-5.0
≥30.0 kg/m2 2.8 1.3-6.0

Age
≤19 y 0.6 0.3-1.2
20-24 y* 1.0 Referent
25-29 y 1.5 1.0-2.2
30-34 y 2.0 1.3-3.2
≥35 y 3.6 1.8-7.2

Height
≤159 cm 1.4 0.8-2.3
160-164 cm 0.8 0.5-1.2
165-169 cm* 1.0 Referent
≥170 cm 0.6 0.4-0.9

Occupation
Blue-collar workers 2.0 1.3-3.1
Low-level white-collar workers 1.6 1.0-2.7
Intermediate- and high-level 1.0 Referent

white-collar workers*
Students 3.4 1.8-6.5
Others 1.7 0.9-3.1

Cigarette smoking at registration 
for antenatal care

Nonsmoking* 1.0 Referent
1-9 cigarettes/d 1.0 0.6-1.6
≥10 cigarettes/d 1.2 0.7-2.1

Case patients, n = 302; control subjects, n = 528.
*Reference group.



ing early and late pregnancy was not associated with risk
of antepartum death.

In this large population-based case-control study we
were able to retrieve 97% of the medical records, which
minimized the possibility of selection bias. Because expo-
sure was registered prospectively during pregnancy in the
antenatal records, recall bias is almost inconceivable.
Possible confounders, such as maternal age, socioeco-
nomic status, and smoking, were accounted for in the
analyses. The relatively homogeneous population in Swe-
den, the standardized antenatal care, and the use of uni-
form records further minimized the possibility of con-
founding related to differences in sociodemographic
factors or pregnancy management. We investigated pri-
miparous women with singleton pregnancies, and the
conclusions from this study can therefore only be inter-
preted for this group. We were restricted to data found in
the archive files and could not investigate other covari-
ates, such as energy intake or expenditure.

The mechanisms for the body mass index–related in-
creases in risks for antepartum death remain a matter of
speculation. Pregnancy complications, such as gesta-
tional diabetes and preeclampsia or eclampsia, are more
common among overweight and obese women. When
women with these complications were excluded from the
analysis, the risk of antepartum death decreased among
obese women, whereas this effect was not found for over-
weight women. Obesity is strongly associated with hyper-
lipidemia, which may directly or indirectly, through lipid
peroxidases, damage endothelial cells and promote vaso-
constriction and platelet aggregation, which in turn
could contribute to the process of preeclampsia.18 Over-
weight and obese women were more often blue-collar
workers and cigarette smokers than were lean and 
normal-weight women, which suggests that additional
weight-related differences in lifestyle, such as physical ac-
tivity and dietary factors, may have been present.

In accordance with previous investigations, we found
that pregnancy weight gain could be described by a linear

function within the second and third trimesters and that
obese women gained less weight during pregnancy.19, 20

Low maternal weight gain is an important determinant of
intrauterine growth restriction,19, 21, 22 which in turn is
closely associated with the risk of stillbirth. In this study
we used weight measurements performed by midwives
throughout the pregnancy and included no measure-
ments after the diagnosis of stillbirth. Our finding that
weight gain during pregnancy was not associated with the
risk of antepartum death is supported by a previous study
in which information about other covariates was not in-
cluded.10 A study by Taffel et al9 showed an association
between low weight gain and stillbirth, especially among
women with low prepregnancy weight. Weight gain in
that study was measured as the difference between
prepregnancy weight and weight at delivery, however,
and the possible influences of other covariates were not
considered in a multivariate analysis.

Cigarette smoking and older maternal age are recog-
nized risk factors for stillbirth.1, 5-7 When we restricted the
analysis to term antepartum death, the risk associated
with cigarette smoking disappeared, whereas the risk of a
high maternal age became more pronounced. These
findings are supported by a previous study in which the
smoking-related risk of stillbirth was largest early in the
third trimester and then gradually declined with advanc-
ing gestational age, whereas the age-related risk of fetal
death increased with gestational age.6

There is a trend toward increasing prevalences of the
conditions of overweight and obesity among women in
many developed countries, including the United States
and Sweden,11, 12, 23 and the conditions of overweight
and obesity are related to several chronic diseases. Fur-
thermore, a direct association between high body mass
index and mortality rate among women has been re-
ported.24 Our findings suggest that in Sweden being over-
weight may currently be of more importance than smok-
ing in determining the risk of antepartum death, which
further emphasizes the importance of reducing the

468 Stephansson et al February 2001
Am J Obstet Gynecol

Table V. Adjusted odds ratios and 95% confidence intervals for antepartum and term antepartum deaths among case
patients and control subjects without gestational diabetes mellitus or preeclampsia or eclampsia, Sweden, 1987-1996

All antepartum deaths* Term antepartum deaths†

Body mass index (kg/m2) Odds ratio 95% Confidence interval Odds ratio 95% Confidence interval

≤19.9‡ 1.0 Referent 1.0 Referent
20.0-24.9 1.2 0.8-1.8 1.7 1.0-3.1
25.0-29.9 2.5 1.5-4.0 3.5 1.7-7.2
≥30.0 1.5 0.7-3.0 2.9 1.1-7.7

*Case patients, n = 461; control subjects, n = 546. The estimates were adjusted for maternal age, height, occupation, smoking, and
weight gain during early pregnancy.

†Case patients, n = 225; control subjects, n = 415. The estimates were adjusted for maternal age, height, occupation, smoking, and
weight gains during early and late pregnancy.

‡Reference group.



prevalence of the overweight condition among women.
The underlying mechanisms for the association between
body mass index and risk of antepartum death are uncer-
tain and require further studies. There seems to be no
need for specific advice regarding pregnancy weight gain
and risk of antepartum death.
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