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ATERNAL OVERWEIGHT

and obesity has, due to

the high prevalence

and associated risks,
replaced smoking as the most impor-
tant preventable risk factor for ad-
verse pregnancy outcomes in many
countries.!

Preterm birth, defined as a delivery
of a liveborn infant before 37 gesta-
tional weeks, is the leading cause of in-
fant mortality, neonatal morbidity, and
long-term disability among nonmal-
formed infants,? and these risks in-
crease with decreasing gestational age.’
Two reviews reported that women with
obesity grades 2 to 3 (body mass in-
dex [BMI, calculated as weight in ki-
lograms divided by height in meters
squared] =35) have increased risks
of very and moderately preterm deliv-
ery (<32 weeks and 32-36 weeks,
respectively),*” while associations be-
tween overweight (BMI 25-<30) and
obesity grade 1 (BMI 30-<35) and pre-
term delivery are less consistent.”” Two
studies have also recently reported an
increased risk of extremely preterm de-
livery (< 28 weeks) among obese
(BMI=30) women.%°

Obesity increases the risk of medi-
cally indicated preterm delivery,*” partly
or substantially through obesity-
related maternal disorders including
preeclampsia.®” Whether obesity influ-
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Importance Preterm birth is a leading cause of infant mortality, morbidity, and long-
term disability, and these risks increase with decreasing gestational age. Obesity in-
creases the risk of preterm delivery, but the associations between overweight and obe-
sity and subtypes of preterm delivery are not clear.

Objective To study the associations between early pregnancy body mass index (BMI)
and risk of preterm delivery by gestational age and by precursors of preterm delivery.

Design, Setting, and Participants Population-based cohort study of women with
live singleton births in Sweden from 1992 through 2010. Maternal and pregnancy char-
acteristics were obtained from the nationwide Swedish Medical Birth Register.

Main Outcomes and Measures Risks of preterm deliveries (extremely, 22-27 weeks;
very, 28-31 weeks; and moderately, 32-36 weeks). These outcomes were further char-
acterized as spontaneous (related to preterm contractions or preterm premature rup-
ture of membranes) and medically indicated preterm delivery (cesarean delivery be-
fore onset of labor orinduced onset of labor). Risk estimates were adjusted for maternal
age, parity, smoking, education, height, mother's country of birth, and year of
delivery.

Results Among 1599551 deliveries with information on early pregnancy BMI, 3082
were extremely preterm, 6893 were very preterm, and 67 059 were moderately pre-
term. Risks of extremely, very, and moderately preterm deliveries increased with BMI
and the overweight and obesity-related risks were highest for extremely preterm de-
livery. Among normal-weight women (BMI 18.5-<25), the rate of extremely preterm
delivery was 0.17%. As compared with normal-weight women, rates (%) and ad-
justed odds ratios (ORs [95 % Cls]) of extremely preterm delivery were as follows: BMI
25 to less than 30 (0.21%; OR, 1.26; 95% Cl, 1.15-1.37), BMI 30 to less than 35
(0.27%; OR, 1.58; 95% Cl, 1.39-1.79), BMI 35 to less than 40 (0.35%; OR, 2.01;
95% Cl, 1.66-2.45), and BMI of 40 or greater (0.52%; OR, 2.99; 95% Cl, 2.28-
3.92). Risk of spontaneous extremely preterm delivery increased with BMI among obese
women (BMI=30). Risks of medically indicated preterm deliveries increased with BMI
among overweight and obese women.

Conclusions and Relevance In Sweden, maternal overweight and obesity during
pregnancy were associated with increased risks of preterm delivery, especially ex-
tremely preterm delivery. These associations should be assessed in other populations.
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ences the risk of spontaneous preterm
delivery is less clear,*” and a potential
association may differ by length of ges-
tation. For example, obesity could be
related to infection and inflammation,
which is more associated with ex-
tremely preterm delivery than with the
moderately preterm subset.'*!
Between 1992 and 2010, the nation-
wide Swedish Medical Birth Register in-
cluded information on early preg-
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nancy BMI and gestational age for more
than 1.5 million deliveries. Using this
data set, we were able to disentangle
risks of preterm delivery by gestation
and by spontaneous and medically in-
dicated preterm deliveries among
women with overweight and different
grades of obesity.

METHODS
Study Population

The Swedish Medical Birth Register in-
cludes information on more than 98%
of births in Sweden from 1973 for-
ward.'? Information on live births is in-
cluded from 22 completed weeks and
information on stillbirths is included
from 28 completed weeks (1973
through 2007) or from 22 completed
weeks (2008 forward). We included
pregnancies with live singleton births,
as multiple pregnancies are at a sub-
stantially increased risk of preterm
delivery and preterm birth may be a
consequence of stillbirth. Because in-
formation on maternal height and
weight is included from 1992 for-
ward, we restricted our study period to
1992 through 2010.

The Swedish Medical Birth Register
includes prospectively collected infor-
mation from standardized prenatal, ob-
stetric, and neonatal records available
at all prenatal clinics and hospitals, and
copies of these forms are forwarded to
the Birth Register after delivery. The
study was approved by the research eth-
ics committee at Karolinska Institutet,
Stockholm, Sweden.

In Sweden, the general policy is that
women undergo a first prenatal visit at
8 to 12 gestational weeks.'? Maternal
height and smoking status are self-
reported and maternal weight is mea-
sured in light indoor clothing. Eight to
10 visits are recommended in low-risk
pregnancies. Blood pressure, protein-
uria, and glucosuria are checked
throughout the course of visits and all
women are screened for gestational dia-
betes (predominantly by using capil-
lary glucose, measured 4-6 times dur-
ing pregnancy starting with the first
prenatal visit). Information about ma-
ternal age and parity is collected at de-
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livery. Information about gestational
length at first prenatal visit was avail-
able from 1996 forward (using infor-
mation on dates at first prenatal visit
and delivery and gestational age at de-
livery). Using the person-unique na-
tional registration numbers, informa-
tion about each mother’s country of
birth and level of education was
achieved by cross-linking the Swedish
Medical Birth Register to the nation-
wide Swedish Population and Educa-
tion Registers.

BMI was calculated from informa-
tion on height and weight at the first
prenatal visit. BMI was used to charac-
terize the women as underweight
(BMI<18.5), normal (18.5-<<25), over-
weight (25-<30), obese grade 1 (30-
<35), obese grade 2 (35-<<40), or obese
grade 3 (=40).

Information about maternal diseases
or pregnancy complications was classi-
fied by the woman’s physician at the time
of hospital discharge according to the
Swedish version of the International
Classification of Diseases, Ninth and
Tenth Revisions (ICD-9 and ICD-10, re-
spectively). Information about obesity-
related maternal disorders included
pregestational hypertension (self-
reported by checking a box at the first
prenatal visit or by ICD-9 codes 401-
405, 642C, and 642H, and ICD-10 codes
110-115,010, and O11), pregestational
diabetes (insulin-dependent or nonin-
sulin-dependent, ICD-9 codes 250 and
648A and ICD-10 codes E10-E14 and
0240-0243), preeclampsia (including
eclampsia, ICD-9 codes 642E-642G and
ICD-10 codes O14 and O15), and ges-
tational diabetes (ICD-9 code 648W and
ICD-10 code O244).

Gestational age was determined using
the following hierarchy: early second
trimester ultrasound (1506897
[81.1%]), date of last menstrual pe-
riod reported at the first prenatal visit
(244638 [13.2%]), and from a postna-
tal assessment (106287 [5.7%]). In
Sweden, an ultrasonic scan, generally
performed in the 18th week of gesta-
tion or earlier, is offered to all preg-
nant women and accepted by 95%.'* In-
formation on expected date of delivery,

©2013 American Medical Association. All rights reserved.

Downloaded From: http://jama,jamanetwork.com/ by Henry L ahore on 03/21/2015

both by ultrasound and by date of last
menstrual period, was available in
76.2% (1416 413) of all deliveries.

Definition of Outcome

Delivery was categorized as extremely,
very, and moderately preterm (22-27,
28-31, and 32-36 completed weeks,
respectively).”” Based on information
from checked boxes recorded in the ob-
stetrical record before delivery, pre-
term deliveries were further stratified
as either spontaneous or medically in-
dicated, the latter defined as perfor-
mance of a cesarean delivery before on-
set of labor or induction of labor.
Spontaneous preterm deliveries were
stratified into preterm premature rup-
ture of the membranes (ICD-9 code
658B and ICD-10 code O42) or pre-
term labor.

Statistical Analysis

Rates of extremely preterm deliveries
(by percent) were calculated as the pro-
portion of all deliveries that were ex-
tremely preterm. When calculating rates
of very (28-31 weeks) and moderately
(32-36 weeks) preterm deliveries, de-
liveries before 28 weeks and before 32
weeks were excluded in the denomi-
nators, respectively. Logistic regres-
sion analysis was used to estimate the
associations between BMI in early preg-
nancy and risks of preterm delivery. In
all analyses, odds ratios (ORs) with 95%
CIs were calculated using the general-
ized estimating equation method be-
cause observations were not indepen-
dent in women who delivered more
than once during the study period. Pre-
dictors included BMI categories and po-
tential confounders (maternal age, par-
ity, cigarette smoking, education,
maternal height, mother’s country of
birth, and year of delivery). Variables
were categorized as in TABLE 1 and
TABLE 2.

We calculated ORs and 95% Cls for
deliveries in the extremely, very, and
moderately preterm categories. The ad-
justed absolute risks attributable to dif-
ferent BMI categories were estimated as
PoX (OR-1), in which py s the crude ab-
solute risk among mothers with nor-
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mal BMI. We also investigated poten-
tial differences in risks by methods used
to estimate gestational age and BMI-
related risks of preterm delivery in a
subsample in whom BMI was re-
corded in the first trimester (ie, within
14 completed gestational weeks).
Next, we estimated ORs and 95% Cls
of extremely, very, and moderately
spontaneous preterm deliveries (in-

cluding separate analyses for preterm
delivery due to premature rupture of the
membranes and spontaneous labor) and
medically indicated preterm deliver-
ies. Finally, we estimated risks of pre-
term delivery after excluding pregnan-
cies with obesity-related maternal
diseases (ie, pregestational hyperten-
sion, preeclampsia, and pregesta-
tional and gestational diabetes).

]
Table 1. Maternal Clinical Characteristics and Rates of Preterm Singleton Deliveries in

Sweden 1992-2010

Weeks Gestation, No. (%)

No. of [ 1
Women 22-27 28-31 32-36
(n=1857822)2 (n=4250)° (n=8638)° (n=80531)P
Body mass index
<18.5 41486 85 (0.20) 216 (0.52) 2382 (5.78)
18.5-<25 1014513 1703 (0.17) 4001 (0.40) 40766 (4.04)
25-<30 385599 818 (0.21) 1695 (0.44) 16143 (4.21)
30-<35 114421 306 (0.27) 648 (0.57) 5380 (4.74)
35-<40 32677 114 (0.35) 232 (0.71) 1743 (5.39)
=40 10855 56 (0.52) 101 (0.94) 645 (6.03)
Data missing 258271 1168 (0.45) 1745(0.68) 13472 (5.28)
Height, cm
<155 54637 171 (0.31) 374 (0.69) 3496 (6.46)
155-164 607 971 1331 (0.22) 2902 (0.48) 28778 (4.77)
165-174 891337 1563 (0.18) 3627 (0.41) 34649 (3.91)
=175 163870 251 (0.15) 525 (0.32) 5323 (3.26)
Data missing 140007 934 (0.67) 1210 (0.87) 8285 (6.01)
Parity
1 802870 2273 (0.28) 4722 (0.59) 42434 (5.33)
2-3 939284 1607 (0.17) 3299 (0.35) 32213 (3.45)
=4 115668 370 (0.32) 617 (0.54) 5884 (5.13)
Cigarette smoking
No 1544424 2771 (0.18) 6235 (0.40) 62448 (4.07)
1-9 cigarettes/d 146 829 389 (0.26) 894 (0.61) 7485 (5.14)
=10 cigarettes/d 68542 245 (0.36) 487 (0.71) 4134 (6.10)
Data missing 98027 845 (0.86) 1022 (1.05) 6464 (6.72)
Hypertensive disease
No 1794592 3498 (0.19) 6303 (0.35) 70384 (3.94)
Preeclampsia 51561 635 (1.23) 2038 (4.00) 8925 (18.26)
Pregestational hypertension 11669 117 (1.00) 297 (2.57) 1222 (10.86)
Diabetic disease
No 1832612 41883 (0.23) 8370 (0.46) 77747 (4.27)
Gestational diabetes 17278 42 (0.24) 122 (0.71) 1388 (8.11)
Pregestational diabetes 7932 25(0.32) 146 (1.85) 1396 (17.99)
Year of delivery
1992-1996 529004 1112 (0.21) 2478 (0.47) 23553 (4.48)
1997-2001 424305 967 (0.23) 2026 (0.48) 18387 (4.36)
2002-2006 482 492 1133 (0.23) 2268 (0.47) 21015 (4.39)
2007-2010 422 021 1038 (0.25) 1866 (0.44) 17576 (4.19)

aThe study population included 1857 822 deliveries of live singleton infants. Information about early pregnancy BMI
was available in 86% (1599 551 deliveries) of all deliveries.

DThe rates of delivery at 22 to 27 weeks were calculated by comparison with all other deliveries, the rates of delivery at
28 to 31 weeks were calculated by comparison with deliveries at 28 weeks or later, and the rates of delivery at 32 to
36 weeks were calculated by comparison with deliveries at 32 weeks or later. Rates of preterm deliveries in propor-
tion to the total number of women in the study were 0.23% for the 4250 born at 22 to 27 weeks, 0.47% for the 8638
born at 28 to 31 weeks, and 4.36% for the 80531 born at 32 to 36 weeks.
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Because information about BMI in
early pregnancy was missing in 14% of
all deliveries, supplemental analyses af-
ter multiple imputations were per-
formed. BMI category was imputed
using an ordinal logistic regression
model with gestational age, maternal
age, parity, calendar year of birth, and
presence of the different obesity-
related maternal diseases as predic-
tors. After BMI category was imputed,
missing values for the categorical vari-
ables of height, smoking, education, and
mother’s country of birth were im-
puted sequentially with ordinal logis-
tic regression models where the vari-
ables in the sequence already imputed
were added as predictors in the impu-
tation model. Ten imputed data sets
were created and analyzed by logistic
regression applying the generalized es-
timating equation method when esti-
mating parameters and covariance ma-
trices, which then were analyzed by the
procedure MIANALYZE. We re-
stricted these analyses to risks of ex-
tremely, very, and moderately pre-
term delivery and risk of spontaneous
extremely, very, and moderately pre-
term delivery.

A potential effect modification of
height on the associations between BMI
and risks of preterm delivery was also
investigated. Analyses were stratified by
maternal height, and ORs of ex-
tremely, very and moderately preterm
delivery were calculated per unit ef-
fect of BMI. Underweight women were
excluded.

A 2-tailed P-value of less than .05
(corresponding with 95% ClIs of ORs
not including unity) was used as the
threshold for statistical significance. All
statistical analyses were performed with
SAS statistical software version 9.3,
using procedures GENMOD, MI, and
MIANALYZE (SAS Institute, Inc).

RESULTS

The Birth Register recorded informa-
tion for 1 863 768 live singleton births
between 1992 and 2010. After exclud-
ing 3942 births to women with an in-
complete national registration num-
ber and 2004 women with missing data
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on gestational age, the study popula-
tion included 1 857 822 deliveries of live
singleton infants. Information about
early pregnancy BMI was available in
86% (1599 551 deliveries) of all deliv-
eries (Table 1 and Table 2).

During the study period, there were
93419 (5.03%) preterm (=36 weeks)
deliveries. Overall rates of extremely
(22-27 weeks), very (28-31 weeks), and
moderately (32-36 weeks) preterm de-
liveries were 0.23%, 0.47%, and 4.36%,
respectively. Preterm delivery rates in-
creased with BMI among overweight
and obese women and were also in-
creased among short women (<155
cm). Higher rates of preterm delivery
were seen among teenage and older
women (=35 years), women having
their first or at least their fourth child-
birth, smokers, women with low edu-
cation, and women born outside of Nor-
dic countries. Maternal diseases,
especially preeclampsia and pregesta-
tional hypertension, were associated
with increased rates of preterm deliv-
ery (Table 1 and Table 2).

Rates of overweight and obesity were
increased among short, older, multipa-
rous (=4), and lower-educated women.
Rates of overweight and obesity were
substantially increased in women with
hypertensive or diabetic diseases.
Women with missing information on
smoking, education, or country of birth
also had high rates of missing informa-
tion on BMI. Women with obesity-
related diseases did not have high rates
of missing information on BMI (eTable
1, available at http://www.jama.com).

BMI and Risks of Preterm Delivery
by Gestational Age

Compared with women having nor-
mal BMI, risks of extremely, very, and
moderately preterm deliveries in-
creased with BMI (FIGURE). The over-
weight and obesity-related risks were
highest for extremely preterm deliv-
ery and lowest for moderately preterm
delivery. Among normal-weight women
(BMI, 18.5-24.9), the rate of ex-
tremely preterm delivery was 0.17%.
Compared with normal-weight women,
rates and adjusted ORs (AORs) of ex-
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]
Table 2. Maternal Demographic Characteristics and Rates of Preterm Singleton Deliveries in
Sweden 1992-2010

Weeks Gestation, No. (%)

No. of [ 1
Women 22-27 28-31 32-36
(n=1857822)2  (n=4250)° (n=8638)°  (n=80531)b
Age,y
=19 36035 141 (0.39) 232 (0.65) 2102 (5.89)
20-24 280341 645 (0.23) 1265 (0.45) 13328 (4.79)
25-29 616455 1191 (0.19) 2580 (0.42) 25829 (4.22)
30-34 603 441 1267 (0.21) 2693 (0.45) 24 237 (4.04)
=35 321550 1006 (0.31) 1868 (0.58) 15035 (4.72)
Education, y
=9 185791 615 (0.33) 1128 (0.61) 9572 (5.20)
10-11 381530 976 (0.26) 1964 (0.52) 18083 (4.78)
12 445972 984 (0.22) 1994 (0.45) 19531 (4.41)
13-14 272545 569 (0.21) 1189 (0.44) 10874 (4.02)
=15 537102 967 (0.18) 2126 (0.40) 20552 (3.85)
Data missing 34882 139 (0.40) 237 (0.68) 1919 (5.56)
Mother’s country of birth
Nordic® 1546445 3238 (0.21) 7020 (0.45) 66519 (4.33)
Non-Nordic 291432 909 (0.31) 1446 (0.50) 12716 (4.40)
Data missing 19945 103 (0.52) 172 (0.87) 1296 (6.59)

2The study population included 1857 822 deliveries of live singleton infants. Information about early pregnancy BMI
was available in 86% (1599 551 deliveries) of all deliveries.

DThe rates of delivery at 22 to 27 weeks were calculated by comparison with all other deliveries, the rates of delivery at
28 to 31 weeks were calculated by comparison with deliveries at 28 weeks or later, and the rates of delivery at 32 to
36 weeks were calculated by comparison with deliveries at 32 weeks or later. Rates of preterm deliveries in propor-
tion to the total number of women in the study were 0.23% for the 4250 born at 22 to 27 weeks, 0.47% for the 8638
born at 28 to 31 weeks, and 4.36% for the 80531 born at 32 to 36 weeks.

CIncludes Sweden, Denmark, Finland, Iceland, and Norway.

tremely preterm delivery were as fol-
lows: BMI 25 to less than 30 (0.21%:;
AOR, 1.23;95% CI, 1.13-1.35), BMI 30
to less than 35 (0.27%; AOR, 1.53; 95%
CI, 1.35-1.74), BMI 35 to less than 40
(0.35%; AOR, 1.97; 95% CI, 1.62-
2.40), and BMI of 40 or greater (0.52%;
AOR, 2.91;95% (I, 2.21-3.83). Com-
pared with normal-weight women, un-
derweight women (BMI<18.5) had
slightly increased risks of very and mod-
erately preterm deliveries. Supplemen-
tal analyses using multiple imputa-
tion of participants with missing values
on BMI and covariates resulted in mod-
est changes in risks, which were most
pronounced for extremely preterm de-
livery; risks were slightly increased in
underweight women and attenuated in
obese women, especially in women with
grade 3 obesity (Figure).

We also analyzed risks of preterm de-
livery in a subsample from which we
had information on gestational age es-
timated both by ultrasound and by the
last menstrual period (76% of all de-
liveries). When gestational age was es-
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timated by ultrasound, the BMI-
related risks of extremely preterm
deliveries were essentially similar to
those presented in the Figure. When the
last menstrual period was used, the risks
of preterm delivery related to over-
weight and obesity were slightly lower
(eTable 2).

Among women with information
about gestational length at first prena-
tal visit (recorded from 1996 for-
ward), 90% underwent their first pre-
natal visit in the first trimester (within
14 completed weeks). Compared with
results presented in the Figure, simi-
lar associations between BMI and risks
of extremely, very, and moderately pre-
term delivery were obtained when only
women with information on BMI re-
corded in the first trimester were in-
cluded in the analyses (eTable 3).

In analyses of BMI and risk of pre-
term delivery stratified by maternal
height, the results suggested no effect
modification by height for extremely
preterm delivery. The overall esti-
mated risks for very and moderately
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preterm delivery were almost identi-
cal to the effect of BMI in the central
50% of the height distribution, while
slightly stronger and weaker associa-
tions were observed among tall and
short women, respectively (eTable 4).

BMI and Obstetric Precursors
of Preterm Delivery

For the 1599 551 deliveries with data
on early pregnancy BMI, information
about precursors of preterm delivery
was available in 1573003 (98%) de-
liveries. Compared with women with
normal BMI, risks of spontaneous ex-
tremely preterm delivery increased with
increasing obesity (TABLE 3). Using
multiple imputation resulted in attenu-
ated risks for women with severe obe-

sity (BMI=35). Risks of spontaneous
very or moderately preterm delivery
were generally not associated with
obesity.

Compared with women with nor-
mal BMI, women with grade 2 and
grade 3 obesity had increased risks of
extremely preterm delivery because of
premature rupture of the membranes
and spontaneous labor (eTable 5). Risks
of moderately preterm delivery due to
premature rupture of the membranes
modestly increased with BMI, but there
were no associations between BMI and
risks of very or moderately spontane-
ous preterm labor. When women with
obesity-related disorders (hyperten-
sive and diabetic diseases) were ex-
cluded, BMI-related rates and ORs of

spontaneous extremely, very, and mod-
erately preterm delivery were essen-
tially unchanged (eTable 6).

Compared with women of normal
BMI, risks of medically indicated ex-
tremely, very, and moderately pre-
term deliveries increased with BMI
(TABLE 4). When pregnancies with obe-
sity-related disorders were excluded
(4.6% of the study population), the
number of medically indicated ex-
tremely and very preterm deliveries
were reduced by 60%, the number of
medically indicated moderately pre-
term deliveries was reduced by 45%,
and the BMI-related risks of medically
indicated preterm deliveries were elimi-
nated or were substantially reduced
(Table 4).

Figure. Maternal BMI in Early Pregnancy and Risks of Preterm Delivery

Risk of preterm delivery by maternal BMI (reference, BMI 18.5-<25)
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A, Odds ratios (ORs) were estimated both from the data set with complete covariate information and after multiple imputation of missing values. ORs were adjusted
for maternal age, parity, smoking, education, maternal height, maternal country of birth, and year of delivery. B, Absolute risks attributable to body mass index (BMI)
were estimated from ORs in the complete case analysis. Y-axis scale shown in blue indicates range from 0% to 0.5%.
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]
Table 3. Maternal BMI in Early Pregnancy and Risks of Spontaneous Preterm Delivery

BMI Categories, Adjusted OR (95% CI)2

<18.5 18.5-<25 25-<30 30-<35 35-<40 =40

Extremely preterm delivery®

No. (%) 58 (0.14) 1200 (0.12) 536 (0.14) 181 (0.16) 74 (0.23) 38 (0.35)

Complete analysesP 1.03 (0.78-1.37) 1 [Reference] 1.12 (1.00-1.24) 1.22 (1.04-1.44) 1.73(1.35-2.21) 2.71 (1.95-3.78)

Multiple imputation analyses® 1.19 (0.92-1.54) 1 [Reference] 1.12(1.01-1.24) 1.21 (1.03-1.43) 1.57(1.24-1.99) 2.07 (1.58-2.70)
Very preterm delivery®

No. (%) 144 (0.35) 2246 (0.22) 822 (0.21) 288 (0.25) 96 (0.30) 29 (0.27)

Complete analyses® 1.36 (1.13-1.64) 1 [Reference]  0.95(0.88-1.04) 1.08 (0.95-1.22) 1.25(1.01-1.54) 1.08 (0.74-1.58)

Multiple imputation analyses®  1.35 (1.14-1.60) 1 [Reference] 0.96 (0.88-1.04) 1.07 (0.94-1.21) 1.19(0.97-1.47) 1.02 (0.75-1.40)
Moderately preterm delivery®

No. (%) 1858 (4.52) 30425 (3.02) 11353 (2.97) 3508 (3.09) 1077 (3.34) 374 (3.50)

Complete analyses® 1.41 (1.34-1.49) 1 [Reference]  0.99 (0.97-1.01) 1.02 (0.98-1.06) 1.08 (1.01-1.15)  1.14 (1.02-1.27)

Multiple imputation analysesd  1.31 (1.21-1.41) 1 [Reference]  0.98 (0.96-1.01)  1.01 (0.98-1.05) 1.06 (1.00-1.13)  1.13 (0.95-1.33)

Abbreviations: BMI, body mass index; OR, odds ratio.

aAdjusted for maternal age, parity, cigarette smoking, education, maternal height, maternal country of birth, and year of delivery. BMI was calculated as weight in kilograms divided
by height in meters squared. Data are shown as adjusted OR (95% Cl) unless otherwise indicated.
Extremely preterm delivery, 22 to 27 weeks; very preterm delivery, 28 to 31 weeks; and moderately preterm delivery, 32 to 36 weeks.

€ Analyses only include observations with complete information about covariates. In analyses of extremely preterm deliveries, the total number of deliveries was 1544 662. The
numbers of deliveries in each BMI category were 39543 (BMI <18.5), 981657 (BMI, 18.5-<25), 371519 (BMI, 25-<30), 110044 (BMI, 30-<35), 31438 (BMI, 35-<40), and
10461 (BMI =40). The number of events in the analysis of extremely preterm spontaneous delivery was 1967. In analyses of very preterm deliveries, the total number of deliveries
was 1541 746. The numbers of deliveries in each BMI category were 39466 (BMI <18.5), 980046 (BMI, 18.5-<25), 370745 (BMI, 25-<30), 109752 (BMI, 30-<35), 31 330
(BMI, 35-<40), and 10407 (BMI =40). The numbers of events in the analysis of very preterm spontaneous delivery was 3440. In analyses of moderately preterm deliveries, the
total number of deliveries was 1535 173. The numbers of deliveries in each BMI category were 39271 (BMI <18.5), 976 229 (BMI, 18.5-<25), 369 120 (BMI, 25-<30), 109 133
(BMI, 30-<35), 31 106 (BMI, 35-<40), and 10314 (BMI =40). The number of events in the analysis of moderately preterm spontaneous delivery was 46 680.

dindicates analyses with all observations using multiple imputation for observations with missing values.

DISCUSSION
In our nationwide cohort study of more
than 1.5 million deliveries with infor-
mation on early pregnancy BMI, we
found that maternal overweight and
obesity during pregnancy were associ-
ated with increased risk for preterm de-
livery. The highest risks were ob-
served for extremely preterm deliveries.
Specifically, compared with normal-
weight women (BMI, 18.5-<25),
women with grade 2 and 3 obesity
(BMI=35) had 0.2% to 0.3% higher
rates of extremely preterm delivery and
0.3% to 0.4% higher rates of very pre-
term delivery. As previously re-
ported,®"! this study also found that
risk of moderately preterm delivery was
increased among underweight women.
To our knowledge, this is the first
study investigating the effect of over-
weight and obesity on risks of sponta-
neous and medically indicated ex-
tremely preterm deliveries. Overweight
and obesity were associated with in-
creased risks of medically indicated pre-
term deliveries at all gestational ages,
while a dose-response relation be-
tween severity of obesity and risk of
spontaneous preterm delivery was re-
stricted to extremely preterm deliv-

ery. When pregnancies with obesity-
related disorders were excluded, there
were reductions in rates and risks of
medically indicated but not spontane-
ous preterm deliveries. This is in line
with results from previous investiga-
tions,®’ suggesting that obesity-
related excess risks of medically indi-
cated preterm deliveries may largely be
due to obesity-related pregnancy dis-
orders. In addition, the association be-
tween BMI and risk of moderately pre-
term delivery was larger in short women
than in taller women. As the BMI-
related increased risk of moderately pre-
term delivery was largely restricted to
medically indicated preterm delivery,
high BMI may be associated with higher
risks of medically indicated moder-
ately preterm delivery in short women
than in taller women.

In spontaneous preterm deliveries,
there are increased levels of inflamma-
tory proteins (cytokines) such as in-
terleukin 6, interleukin 18, and tu-
mor necrosis factor (TNF) o.'® These
cytokines are associated with cervical
ripening and may also cause both weak-
ening of the membranes and preterm
myometrial contractions, probably
through stimulation of prostaglandin
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production and matrix-degrading en-
zymes.''"18 Mechanisms by which ma-
ternal stress, smoking, vaginal bleed-
ing, and infections influence risk of
preterm delivery involve maternal sys-
temic or intrauterine inflammation."
Maternal obesity is associated with in-
flammatory up-regulation through in-
creased production of adipokines by
adipose tissue and enhanced systemic
secretion of proinflammatory cyto-
kines.* In pregnancy, visceral fat mass
is increased, particularly in obese
women,” and adipokines from vis-
ceral fat are known to increase sys-
temic inflammation.?* Additional
mechanisms that may contribute to pre-
term delivery in obese women include
endothelial dysfunction, insulin resis-
tance, oxidative stress, and lipotoxic-
ity.'*# Visceral fatness is also accom-
panied by decreased insulin sensitivity
and elevated levels of glucose.** The Hy-
perglycemia Adverse Pregnancy Out-
come study® clearly demonstrated in-
creasing risks of preterm delivery with
increasing maternal glucose levels in
women without diabetes.

Intrauterine bacterial infection is con-
sidered the most important risk factor
for spontaneous extremely preterm de-
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livery and often precedes both pre-
term premature rupture of the mem-
branes and spontaneous preterm
labor.'"!'® Most of these infections are
subclinical and can lead to chorioam-
nionitis or induce other inflammatory
responses.'!'® Naeye reported that over-
weight and obesity were associated with
increased rates of chorioamnionitis in
preterm deliveries, and that this in-
crease was larger at 24 to 30 weeks than
at 31 to 37 weeks.” Obese women have
increased risks of genital*” and uri-
nary tract infections,”® which are rec-
ognized risk factors for chorioamnio-
nitis. We hypothesize that an elevated
inflammatory state may make obese
women more prone to chorioamnion-
itis induced by subclinical infections,
which further enhance inflammation
and increase their risk of spontaneous
extremely preterm delivery.
Strengths of our study include its
large size, which allowed us to study
risks of subgroups of preterm delivery

and to study these risks in relatively
small groups of women, such as in
women with obesity grade 3 (BM1=40).
The inclusion of virtually all births in
Sweden during the study period and the
prospective data collection limits the
possibilities of selection and recall bias.
Besides the adjustment for confound-
ers, standardized health care and the
relatively homogeneous Swedish preg-
nant population should limit the pos-
sibilities of residual confounding and
increase internal validity. Information
about BMI, expected date of delivery,
and whether delivery was spontane-
ous or medically indicated was re-
corded before delivery, and any mis-
classification should be nondifferential
with respect to outcomes or expo-
sures.

Information on gestational age was
primarily based on early second tri-
mester ultrasound measurements of
fetal dimensions, and assessment of
gestational age may have been more

accurate with the use of first trimester
ultrasonic scans.?® Sarris et al®°
reported no influence of BMI on first
trimester fetal growth, but we are
unaware of any study investigating
the corresponding association in the
early second trimester. If maternal
obesity is associated with excessive
fetal growth early in the second tri-
mester, we may have overestimated
gestational age in obese women and
therefore underestimated obesity-
related risks of preterm delivery.
When the last menstrual period was
used to estimate gestational age, we
found slightly lower risks of preterm
delivery, compared with when infor-
mation from early second trimester
ultrasonic scans was used. However,
using the last menstrual period to
estimate gestational age may not be an
ideal option since menstrual irregu-
larities are more common in obese
women than in women of normal
weight.”!

Table 4. Maternal BMI in Early Pregnancy and Risks of Medically Indicated Preterm Delivery

BMI Categories

<18.5 18.5-<25 25-<30 30-<35 35-<40 =40
All Women

Extremely preterm delivery@

No. (%) 17 (0.07) 395 (0.04) 226 (0.06) 108 (0.09) 35 (0.11) 17 (0.16)

Adjusted OR (95% CI)° 1.05 (0.63-1.74) 1 [Reference]  1.51 (1.27-1.79)  2.48 (1.99-3.1) 2.74 (1.92-3.92) 3.84 (2.32-6.38)
Very preterm delivery@

No. (%) 60 (0.15) 1517 (0.15) 745 (0.19) 324 (0.28) 121 (0.37) 71 (0.66)

Adjusted OR (95% CI)° 0.97 (0.74-1.28) 1 [Reference]  1.29 (1.18-1.41)  1.91(1.68-2.17)  2.52(2.08-3.06) 4.16 (3.23-5.36)
Moderately preterm delivery?@

No. (%) 448 (1.09) 9006 (0.89) 4310 (1.13) 1725 (1.52) 618 (1.91) 256 (2.40)

Adjusted OR (95% Cl)° 1.24 (1.12-1.37) 1 [Reference]  1.22 (1.18-1.27) 1.62 (1.54-1.71)  2.00 (1.84-2.18) 2.45 (2.15-2.79)

Women Without Hypertensive or Diabetic Diseases

Extremely preterm delivery?

No. (%) 11 (0.03) 168 (0.02) 84 (0.02) 34 (0.03) 11 (0.04) 4 (0.05)

Adjusted OR (95% Cl)° 1.51 (0.78-2.90) 1 [Reference]  1.27 (0.96-1.67)  1.69 (1.15-2.5) 1.91 (1.02-3.56) 2.06 (0.75-5.64)
Very preterm delivery?

No. (%) 38 (0.10) 673 (0.07) 263 (0.07) 97 (0.09) 19 (0.07) 17 (0.19)

Adjusted OR (95% Cl)° 1.43 (1.02-1.99) 1 [Reference]  0.98 (0.84-1.13)  1.15(0.92-1.44) 0.75(0.47-1.2)  1.94 (1.18-3.19)
Moderately preterm delivery®

No. (%) 300 (0.76) 5438 (0.56) 2215 (0.61) 745 (0.72) 233 (0.83) 87 (0.98)

Adjusted OR (95% CI)P 1.40 (1.24-1.59) 1 [Reference]  0.99 (0.94-1.04)  1.07 (0.99-1.16)  1.11(0.97-1.28) 1.23(0.99-1.53)

Abbreviations: BMI, body mass index; OR, odds ratio.

aExtremely preterm delivery, 22 to 27 weeks; very preterm delivery, 28 to 31 weeks; and moderately preterm delivery, 32 to 36 weeks.

IDAdjusted for maternal age, parity, cigarette smoking, education, maternal height, maternal country of birth, and year of delivery. Analyses only include observations with complete
information about covariates. In analyses of all women, the total numbers of deliveries and the number of deliveries in each BMI category were as reported in Table 2. In the
analyses of all women, the number of events (medically indicated preterm deliveries) were 769 for extremely preterm delivery, 2725 for very preterm delivery, and 15727 for
moderately preterm delivery. In analyses of women without obesity-related disorders, the number of events were 301 for extremely preterm delivery, 1070 for very preterm de-
livery, and 8633 for moderately preterm delivery. In analyses of women without obesity-related disorders, the numbers of women with extremely preterm delivery were: 1 473 521
(total), 38 546 (BMI <18.5), 949 485 (BMI, 18.5-24.9), 350 248 (BMI, 25-<30), 99 528 (BMI, 30-<35), 27 074 (BMI, 35-<39), and 8640 (BMI =40); for women with very preterm
delivery, 1471188 (total), 38477 (BMI <18.5), 948 147 (BMI, 18.5-24.9), 349643 (BMI, 25-<30), 99 318 (BMI, 30-<35), 26 999 (BMI, 35-<39), and 8604 (BMI =40); and for
women with moderately preterm delivery, 1466 574 (total), 38 308 (BMI <18.5), 945272 (BMI, 18.5-24.9), 348 583 (BMI, 25-<30), 98 954 (BMI, 30-<35), 26 893 (BMI, 35-<39),

and 8564 (BMI =40).
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Information on maternal height was
self-reported. Women tend to overre-
port height and the magnitude of an
overreporting bias varies from 0.25 cm
in US women® to 4 cm in Brazilian
women.*” Information on weight was
based on measured weights, which is
an advantage because self-reported
weight is usually underestimated.’?
However, weight was measured at the
first prenatal visit (for 90% in the first
trimester), and the median gestational
weight gain during the first trimester
is estimated at 0.17 kg per week,**
roughly corresponding with a 2 kg in-
crease in weight during the first trimes-
ter. Thus, measurement errors in weight
and height may have led us to slightly
overestimate or underestimate BMI-
related risks of preterm delivery.

Missing data may introduce bias
when it is not random with respect to
the outcome or covariates. Multiple im-
putation is one of a few techniques
available to assess the potential bias in-
troduced by missing data. Results from
supplemental analyses using multiple
imputation indicate that in our popu-
lation, missing data were not likely to
have resulted in substantial selection
bias.

Information about weight at deliv-
ery was available in a subset of the
population, but we decided not to study
associations with weight gain. It was re-
cently demonstrated that conven-
tional measures of gestational weight
gain may introduce reverse causation
bias in studies of preterm delivery.*
This is because preterm delivery, espe-
cially extremely preterm delivery, short-
ens the time women have to gain weight
during pregnancy. Estimating the rate
of weight gain by dividing the differ-
ence between delivery and booking
weights (or self-reported prepreg-
nancy weights) by gestational age is also
suboptimal. Weight gain during preg-
nancy is not linear, the denominator for
women with preterm delivery would be
small, and their rates of weight gain
would appear spuriously high. This
might induce a biased positive rela-
tion between the rate of weight gain and
extremely preterm delivery.®

MATERNAL OBESITY AND RISK OF PRETERM DELIVERY

Our results showing dose-response
associations between maternal over-
weight and obesity and risks of pre-
term delivery, especially of extremely
preterm delivery, suggest that mater-
nal overweight and obesity may have
serious long-term consequences for in-
fant health. These results can be gen-
eralized to other populations with simi-
lar or higher rates of maternal obesity
or preterm delivery inasmuch as the un-
derlying pathways linking maternal
obesity and preterm delivery are com-
mon across populations. In the United
States, where preterm delivery rates are
twice as high as in Sweden,'® the ma-
jority of women are either overweight
(26.0%) or obese (27.4%) in early preg-
nancy,*® and severe obesity (BMI=35)
is much more common than in Swe-
den.* In 2008, extremely (<28 weeks)
preterm births accounted for 0.60% of
all live single births and 25% of all US
infant deaths among singletons,* and
extremely preterm birth is also the lead-
ing cause of long-term disability.>’
Considering the high morbidity and
mortality among extremely preterm in-
fants, even small absolute differences
in risks will have consequences for in-
fant health and survival. Even though
the obesity epidemic in the United
States appears to have leveled off,* there
is a sizeable group of women entering
pregnancy with very high BMI. Our re-
sults need to be confirmed in other
populations given their potential pub-
lic health relevance. Identifying the
pathways through which maternal obe-
sity influences offspring health is also
needed to provide critical information
to specifically target the women at high-
est risk of preterm delivery.
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