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Abstract

Objective—To investigate the independent impact of prepregnancy obesity on preterm delivery 

among women without chronic diseases by gestational age, preterm category and parity.

Design—A retrospective cohort study.

Setting—Data from the Consortium on Safe Labor (CSL) in the U.S. (2002–2008).

Population—Singleton deliveries at ≥ 23 weeks of gestation in the CSL (43,200 nulliparas and 

63,129 multiparas) with a prepregnancy body mass index (BMI) ≥18.5kg/m2 and without chronic 

diseases.
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Methods—Association of prepregnancy BMI and the risk of preterm delivery was examined 

using Poisson regression with normal weight as reference.

Main outcome measures—Preterm deliveries were categorized by gestational age (extremely, 

very, moderate to late) and category (spontaneous, indicated, no recorded indication).

Results—Relative risk of spontaneous preterm delivery was increased for extremely preterm 

among obese nulliparas (1.26; 95% CI, 0.94–1.70 for overweight, 1.88; 95% CI, 1.30–2.71 for 

obese class I, 1.99; 95% CI, 1.32–3.01 for obese class II/III) and decreased for moderate to late 

preterm delivery among overweight and obese multiparas (0.90; 95% CI, 0.83–0.97 for 

overweight, 0.87; 95% CI, 0.78–0.97 for obese class I, 0.79; 95% CI, 0.69–0.90 for obese class II/

III). Indicated preterm delivery risk was increased with prepregnancy BMI in a dose-response 

manner for extremely preterm and moderate to late preterm among nulliparas, as were for 

moderate to late preterm delivery among multiparas.

Conclusions—Prepregnancy BMI was associated with increased risk of preterm delivery even 

in the absence of chronic diseases, but the association was heterogeneous by preterm categories, 

gestational age and parity.
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Introduction

Preterm delivery is the leading cause of infant mortality and preterm infants are at 

substantially elevated risk of developing neonatal and long-term complications.1 Preterm 

delivery in the United States accounted for 9.8% of deliveries at 24 weeks or later in 2010.2 

Even though the death rate among extremely premature infants has recently declined,3 67% 

of U.S. infant deaths occurred among preterm infants in 2010.4

Maternal obesity has been associated with a wide range of adverse obstetric and neonatal 

outcomes,5–9 however, the association between prepregnancy obesity and preterm delivery 

varies in part due to differences in how preterm delivery etiological category (spontaneous 

versus indicated), gestational age at delivery and parity have been dealt with in prior studies. 

A recent meta-analysis10 reported 33% and 83% higher risk for preterm delivery among 

obese class II and III women, respectively and a progressively higher risk of 43–127% for 

very preterm delivery before 32 weeks of gestation among obese class I, II and III women. 

However, a decreased risk of spontaneous preterm delivery among overweight or obese class 

I women was also observed and insufficient data on etiological and gestational age 

categories of preterm deliveries, high degrees of heterogeneity, and limited covariate 

adjustment among the abstracted studies were noted.10 Nulliparous women are at greater 

risk than multiparous women for overall preterm delivery and both spontaneous and 

indicated category.11 In a U.S. study12 based on birth certificate data in Florida, the risks of 

extremely, very, and overall preterm delivery were highest among nulliparous obese women 

compared with multiparous non-obese women. In other studies, women with prepregnancy 

chronic conditions, such as hypertension, diabetes, asthma and renal disease, in particular 
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were at elevated risk of preterm delivery.13–15 Therefore, to explore the potential 

independent association between maternal obesity and preterm delivery, it is essential to 

untangle the impact of obesity from that of preexisting co-morbidity which may be weight-

related and consider subgroup characteristics, such as parity. Our objective was to 

investigate preterm delivery risk associated with prepregnancy BMI among women without 

chronic diseases by etiological and gestational age category, and parity in a large, 

contemporary U.S. cohort.

Methods

The Consortium on Safe Labor (CSL) was a retrospective cohort of deliveries at ≥23 weeks 

from 19 hospitals in the U.S. (2002–2008). Details of the cohort have been described 

elsewhere.16 In brief, maternal demographic characteristics, medical, reproductive, and 

prenatal history, intrapartum interventions, postpartum complications and neonatal 

characteristics were extracted from hospital delivery admission electronic medical records 

and discharge summaries. International Classification of Diseases, Ninth Revision (ICD-9) 

codes were abstracted for both mothers and infants. The CSL was approved by the 

institutional review boards of all participating institutions (listed in the Acknowledgements).

Among 223,394 singleton deliveries in the CSL, 148,469 (66%) had both maternal 

prepregnancy weight and height information available to calculate BMI (kg/m2). Women 

were excluded from this analysis if they had pre-existing chronic diseases including 

hypertension, diabetes, asthma, depression, human immunodeficiency virus infection and 

gastrointestinal, renal, heart, or thyroid disease recorded in their medical record or by ICD-9 

code (n=29,273), as were the 6,822 deliveries to underweight women (BMI <18.5) and 65 

deliveries with missing maternal age. One site that did not report indications for induction 

was also excluded (n=5,980). The final sample for the main analyses was 106,329 deliveries 

among 100,849 women and 95% of women contributed only one pregnancy.

Maternal prepregnancy BMI was classified into four groups: normal (BMI 18.5–24.9), 

overweight (25–29.9), obese class I (30–34.9) and obese class II/III (≥35). Gestational age at 

preterm deliveries were categorized as extremely (23–27 completed weeks), very (28–31 

weeks), and moderate to late preterm (32–36 weeks).17 We defined categories of preterm 

deliveries as follows: spontaneous delivery including spontaneous labor and preterm 

premature rupture of the membranes (PPROM); indicated delivery; and no recorded 

indication. These categories were hierarchically classified as previously reported.18 Women 

who presented in spontaneous labor were included in the spontaneous labor category even if 

they had other indications. Women with spontaneous premature rupture of membranes 

without spontaneous labor were classified as PPROM. If women did not have spontaneous 

labor or PPROM, other indications of preterm deliveries were considered. Women who had 

maternal, fetal or obstetric pregnancy complications were grouped into the indicated preterm 

delivery. The “no recorded indication” category included deliveries reported as elective 

induction as well as induced labor or cesarean deliveries with no abstracted maternal, fetal 

or obstetric indications.18
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Covariates were selected a priori: maternal age (continuous), race/ethnicity (White, Black, 

Hispanic, other/unknown), insurance type (private, public/self-pay, other/unknown), marital 

status (married, unmarried/unknown), smoking (yes, no/unknown) and alcohol use (yes, no/

unknown) during pregnancy, and study site. The delivery was the unit of analysis for all 

statistical testing. Descriptive statistics included mean and standard deviation or percentages 

by gestational age category. Significance testing for descriptive statistics used linear or 

multinomial logistic regression with generalized estimating equations to account for 

multiple deliveries from the same woman.

Analyses were stratified by parity. We calculated preterm delivery incidence and then 

performed analyses stratified by gestational age category at delivery and whether the preterm 

delivery was spontaneous or medically indicated. Lastly, we conducted a sensitivity analysis 

restricted to women who did not develop gestational hypertensive disorders or gestational 

diabetes in order to assess the risk of preterm delivery among overweight and obese women 

who did not develop common pregnancy complications that are associated with increased 

risk of preterm delivery. Specifically, modified multivariable Poisson regressions with a log 

link function19 were fitted to calculate relative risks (RRs) and 95% confidence intervals 

(CIs) of extremely, very and moderate to late preterm delivery by maternal prepregnancy 

BMI class stratified by parity, after adjusting for covariates. Genralized estimating equations 

with a first-order autoregressive covariance structure correlation matrix were used to 

estimate error variance accounting for multiple pregnancies contributed by the same woman. 

Test of linear trend was conducted using the median BMI value for each BMI group in the 

regression models. We also compared preterm precursors for delivery by gestational age 

category at delivery and parity. Finally, we plotted the proportion of precursors of preterm 

deliveries by prepregnancy BMI and gestational age category at delivery by parity. All 

statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results

Among singleton deliveries in the CSL, the percent of women who were White (52% vs 

45%) or married (62% vs 52%) were higher and having private insurance (52 % vs 63%) 

was lower among women with BMI data compared with women without BMI data, but there 

were not clinically meaningful differences with respect to the prevalence of pre-existing 

chronic diseases (20% for both) and parity (40% vs 39%). Preterm delivery was lower 

among women with BMI versus without BMI data (10.9% vs 13.4%).

In our sample of 106,329 deliveries among women without prepregnancy chronic disease 

and with normal BMI or above, 9,938 deliveries (9.3%) were preterm. Rates of extremely, 

very, and moderate to late preterm deliveries were 0.7%, 1.0% and 7.7%, respectively (Table 

1). Mothers who delivered preterm were more likely to be overweight or obese, Black or 

Hispanic, of unmarried/unknown marital status, have public insurance, be nulliparous and 

smoke or drink alcohol during pregnancy than women who delivered full term, and the 

differences tended to be larger the earlier the gestational timing of preterm deliveries (p < 

0.01 for all comparisons).
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Extremely preterm delivery was increased among overweight or obese nulliparous women 

compared with women of normal BMI for both spontaneous and indicated deliveries (Table 

2), while no increased risk was observed for multiparous women. Among very preterm 

deliveries, significant associations were only observed for indicated deliveries among 

nulliparous obese class I and multiparous obese class II/III women. The risks of indicated 

moderate to late preterm delivery were significantly elevated by the increase of 

prepregnancy obesity for both nulliparous and multiparous women in a dose-response 

fashion, while overweight or obese multiparous women had a lower risk for spontaneous 

moderate to late preterm deliveries.

In a sensitivity analysis restricted to women who did not develop gestational hypertensive 

disorders or gestational diabetes during pregnancy, nulliparous obese women remained at 

elevated risk for spontaneous and indicated extremely preterm delivery (Table S1). However, 

the risks of indicated very preterm delivery were attenuated and no longer significant. 

Similarly, multiparous obese women remained at decreased risk for spontaneous moderate to 

late preterm delivery, but the increased risks of indicated delivery at moderate to late preterm 

were attenuated among both nulliparous and multiparous women.

For all women in the cohort including non-obese, as the gestational age at delivery 

increased, the percentage of spontaneous precursors (spontaneous labor and PPROM) 

decreased and the proportion of no indication including elective delivery increased (Table 3). 

Among indicated precursors, pregnancy related hypertensive disorders including gestational 

hypertension, preeclampsia or eclampsia was the most common condition for all gestational 

age categories at preterm delivery among both parity groups except for extremely preterm 

delivery among multiparous women where fetal anomaly was the most common precursor. 

The percentage of maternal conditions increased as the gestational age at preterm delivery 

increased.

As presented in Figure 1, the composition of preterm precursors differed by prepregnancy 

obesity status for the gestational age. A distinct trend was not observed among extremely 

preterm deliveries however preeclampsia/eclampsia increased by prepregnancy BMI among 

nulliparous women. Among very preterm deliveries, spontaneous labor decreased, whereas 

preeclampsia/eclampsia increased with the increase of prepregnancy BMI among 

multiparous women. The increased proportion of indicated precursors and the decreased 

proportion of spontaneous labor with the increase of prepregnancy BMI were more 

pronounced among moderate to late preterm deliveries for both nulliparous and multiparous 

women. Preeclampsia/eclampsia accounted for a higher proportion in precursors of preterm 

delivery among nulliparous women compared with multiparous women at the same 

gestational age at delivery and obesity subgroup.

Discussion

Main findings

Among women without chronic disease, maternal obesity was associated with preterm 

delivery and those risks differed by gestational age at delivery, preterm category, and parity. 

Maternal obesity increased the risks of both spontaneous and indicated extremely preterm 
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delivery among nulliparous women. For moderate to late preterm delivery, maternal BMI 

was inversely associated with spontaneous preterm delivery among multiparous women, but 

the risk of indicated preterm delivery increased significantly regardless of parity. Much of 

the increased risk of indicated moderate to late preterm delivery were attenuated when 

excluding the subsequent development of pregnancy complications including gestational 

hypertensive disorders and gestational diabetes. The risks of extremely preterm delivery, 

both spontaneous and indicated, remained elevated among nulliparous obese women who 

did not develop these complications, however, some of the pregnancy complications might 

have developed later in gestation for some of those pregnancies.

Strengths and limitations

The major advantage of our study was the large obstetric cohort with detailed clinical data 

that allowed us to comprehensively exclude chronic diseases and to classify indicated versus 

spontaneous preterm delivery. The large sample size also enabled us to study obesity 

severity. A limitation of our study is that prepregnancy BMI was not available for 33.5% of 

singleton deliveries.likely because the information was not entered into the electronic 

medical records upon admission to labor and delivery. It is reassuring to note that in 

instances where the missing predictor variable is unrelated to the outcome, a complete case 

analysis will not be biased.20 The precursors of indicated preterm delivery were derived 

from the indications for induction and cesarean delivery. For cases in which the information 

was not provided, we used medical, obstetric, or fetal conditions in an effort to capture the 

potential reasons for delivery. However, since we categorized preterm deliveries in a 

hierarchical manner, it is not likely that the incidence of indicated preterm delivery was 

overestimated.

Interpretation

Prior studies did not comprehensively exclude women with pre-gravid chronic 

diseases,11, 21–31 even though some considered several maternal prepregnancy conditions in 

the risk assessment model26, 28–30 or sensitivity analysis,21, 22, 25 and fewer studied both 

categories (spontaneous, indicated/induced) of preterm delivery by gestational 

timing,21–23, 26 classified obesity by class11, 21, 23, 29 or stratified by parity.11, 12, 31 Among 

studies which reported overall risk of spontaneous preterm deliveries in association with 

prepregnancy obesity, some reported null associations,30 or an increased overall risk among 

obese women,21, 23 whereas others reported a decreased risk.11, 25, 29 Difference in preterm 

delivery incidence, case classification, racial composition, and study design could partly 

explain these inconsistencies. Moreover, based on our findings, relative composition of 

parity, categories of preterm delivery, and preterm precursors of the study populations might 

have influenced the conflicting results.

Our finding of increased risk of spontaneous preterm delivery at 23–27 weeks among obese 

nulliparous women is similar to a previous large California study,31 based on birth records 

linked with hospital discharge data that excluded chronic as well as gestational hypertension 

and diabetes and stratified by parity, and another Swedish study21 based on birth registry 

that included women with chronic diseases. Shaw et al.31 also reported an inverse 
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association between excess prepregnancy BMI and the risk of spontaneous moderate to late 

preterm delivery which is similar to our results.

The overall association between the risk of indicated/induced preterm delivery and 

prepregnancy obesity were positive in most of previous literature.11, 21, 22, 26, 29, 30 We 

provided novel findings on indicated preterm deliveries stratified by gestational age 

categories and parity. Several studies21, 22, 26 considered gestational age at preterm delivery 

but did not separate nulliparous and multiparous women. We found the risk of indicated 

extremely preterm delivery varied by parity, i.e. overweight and obese nulliparous women 

were at increased risk up to 2.5 fold whereas no association was observed among 

multiparous women. The attenuated associations in the sensitivity analysis restricted to 

women who did not develop pregnancy complications suggest that pregnancy complications 

might largely influence the associations between maternal obesity and indicated preterm 

delivery, although nulliparous obese women still had an increased risk of indicated 

extremely preterm delivery. Cnattingius et al.21 also observed a reduction or elimination of 

increased risks of indicated preterm delivery in their sensitivity analysis among obese 

women without pre- and gestational hypertensive disorders and diabetes. The large sample 

size enabled us to study specific classifications of preterm delivery; however, caution is 

needed to interpret the results since the number of cases of lower gestational age is still 

small.

The biological mechanisms between overweight and obesity and preterm delivery are likely 

to be complex. Intrauterine infection and maternal and fetal inflammation are proposed to be 

in the pathological pathway leading to preterm labor and PPROM.32 Chorioamnionitis is 

reported to be associated with premature rupture of membrane and preterm delivery,33 and 

more common among obese pregnant women.34 Elevated levels of maternal systemic 

inflammation markers, including plasma or serum interleukin-635, 36 and interferon-γ36 

appear to increase the odds of spontaneous preterm delivery and obese pregnant women 

without known diseases have elevated plasma C-reactive protein and interleukin-6 

concentrations.37 Furthermore, increased level of C-reactive protein and dyslipidemia early 

in pregnancy were associated with increased risk of spontaneous preterm delivery.38 These 

potential inflammatory pathways can lead to spontaneous preterm delivery through the 

maternal metabolic syndrome39 and increased systematic inflammation40 reported among 

obese pregnant women without chronic diseases.

On the other hand, prior studies have shown that shorter cervix length was associated with 

increased risk of preterm delivery.41 Mid-trimester cervix length was positively associated 

with prepregnancy BMI and shorter among nulliparous women compared with multiparous 

women.42 Hendler et al.25 proposed that a longer cervix length in obese women could 

explain the reduced risk of spontaneous preterm delivery. Taken together, these data 

correspond to our finding of decreased risk of spontaneous late preterm delivery among 

multiparous overweight and obese women. Decreased risk of spontaneous late preterm 

delivery also should be considered in relation to the concurrent increase of indicated preterm 

delivery by the severity of maternal obesity. Women who develop pregnancy complications 

might be delivered before the onset of spontaneous labor or PPROM which could lower the 

rate of spontaneous labor and PPROM among obese women at the later gestational age.43 
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However, the decreased risk of spontaneous preterm delivery between 32–36 weeks of 

gestation was not attenuated but more pronounced after we excluded women with pregnancy 

complications among multiparous women. These findings suggest that factors along the 

pathway of spontaneous labor and PPROM could differ by gestational period and interact 

differently according to the degree of maternal obesity.

Conclusion

Higher prepregnancy BMI was associated with increased risk of preterm delivery in the 

absence of chronic diseases. We provide strong evidence that maternal weight influences 

indicated preterm delivery outside of the underlying chronic conditions that tend to co-occur 

with obesity. Furthermore, by examining gestational age at delivery in detail, we were able 

to provide a more comprehensive overview of variations in risk for both spontaneous and 

indicated preterm delivery.

Optimizing maternal weight prior to pregnancy as a measure of primary prevention to reduce 

preterm delivery merits further study among overweight and obese women without chronic 

disease.
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Figure 1. 
Precursors for preterm delivery among women without prepregnancy chronic diseases by 

prepregnancy obesity, gestational weeks at delivery and parity, Consortium on Safe Labor 

2002–2008. A. Nulliparous women; B. Multiparous women

KIM et al. Page 13

BJOG. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

KIM et al. Page 14

Ta
b

le
 1

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 s

in
gl

et
on

 p
re

gn
an

ci
es

 a
m

on
g 

w
om

en
 w

ith
ou

t p
re

-p
re

gn
an

cy
 c

hr
on

ic
 d

is
ea

se
s 

by
 g

es
ta

tio
na

l w
ee

ks
 a

t d
el

iv
er

y,
 

C
on

so
rt

iu
m

 o
n 

Sa
fe

 L
ab

or
 2

00
2–

20
08

C
ha

ra
ct

er
is

ti
cs

E
xt

re
m

el
y 

pr
et

er
m

(2
3–

27
 w

ee
ks

)
V

er
y 

pr
et

er
m

(2
8–

31
 w

ee
ks

)
M

od
er

at
e 

to
 la

te
 p

re
te

rm
(3

2–
36

 w
ee

ks
)

Te
rm

(≥
 3

7 
w

ee
ks

)
P

 v
al

ue
a

n 
(%

)
75

3 
(0

.7
)

10
21

 (
1.

0)
81

64
 (

7.
7)

96
39

1 
(9

0.
7)

A
ge

 (
ye

ar
s)

, m
ea

n 
(±

SD
)

27
.6

 (
±

6.
0)

27
.3

 (
±

6.
7)

27
.1

 (
±

6.
5)

27
.4

 (
±

6.
3)

<
 0

.0
01

B
od

y 
m

as
s 

in
de

xa
<

 0
.0

01

 
N

or
m

al
36

7 
(4

8.
7)

54
0 

(5
2.

9)
47

26
 (

57
.9

)
57

73
1 

(6
0.

0)

 
O

ve
rw

ei
gh

t
20

1 
(2

6.
7)

25
9 

(2
5.

4)
19

14
 (

23
.4

)
22

47
2 

(2
3.

3)

 
O

be
se

 I
10

7 
(1

4.
2)

12
9 

(1
2.

6)
89

7 
(1

1.
0)

97
06

 (
10

.1
)

 
O

be
se

 I
I/

II
I

78
 (

10
.4

)
93

 (
9.

1)
62

7 
(7

.7
)

64
82

 (
6.

7)

R
ac

e/
et

hn
ic

ity
, n

 (
%

)
<

 0
.0

01

 
W

hi
te

20
4 

(2
7.

1)
37

2 
(3

6.
4)

36
67

 (
44

.9
)

50
34

2 
(5

2.
2)

 
B

la
ck

28
6 

(3
8.

0)
31

6 
(3

1.
0)

20
58

 (
25

.2
)

16
85

5 
(1

7.
5)

 
H

is
pa

ni
c

17
4 

(2
3.

1)
22

9 
(2

2.
4)

17
09

 (
20

.9
)

19
70

6 
(2

0.
4)

 
O

th
er

s/
un

kn
ow

n
89

 (
11

.8
)

10
4 

(1
0.

2)
73

0 
(9

.0
)

94
88

 (
9.

8)

M
ar

ita
l s

ta
tu

s,
 n

 (
%

)
<

 0
.0

01

 
M

ar
ri

ed
34

0 
(4

5.
2)

48
6 

(4
7.

6)
46

51
 (

57
.0

)
64

05
4 

(6
6.

5)

 
U

nm
ar

ri
ed

/u
nk

no
w

n
41

3 
(5

4.
9)

53
6 

(5
2.

4)
35

13
 (

43
.1

)
32

33
7 

(3
3.

6)

In
su

ra
nc

e 
ty

pe
, n

 (
%

)
<

 0
.0

01

 
Pr

iv
at

e
29

5 
(3

9.
2)

43
1 

(4
2.

2)
38

76
 (

47
.5

)
53

28
6 

(5
5.

3)

 
Pu

bl
ic

/s
el

f 
pa

y
33

9 
(4

5.
0)

43
6 

(4
2.

7)
29

49
 (

36
.1

)
27

75
4 

(2
8.

8)

 
O

th
er

s/
un

kn
ow

n
11

9 
(1

5.
8)

15
4 

(1
5.

1)
13

39
 (

16
.4

)
15

35
1 

(1
5.

9)

Pa
ri

ty
, n

 (
%

)
0.

00
5

 
N

ul
lip

ar
ou

s
37

0 
(4

9.
1)

46
0 

(4
5.

1)
33

46
 (

41
.0

)
39

02
4 

(4
0.

5)

Sm
ok

in
g 

du
ri

ng
 p

re
gn

an
cy

, n
 (

%
)

62
 (

8.
2)

97
 (

9.
5)

59
9 

(7
.3

)
45

34
 (

4.
7)

<
 0

.0
01

A
lc

oh
ol

 u
se

 d
ur

in
g 

pr
eg

na
nc

y,
 n

 (
%

)
20

 (
2.

7)
30

 (
2.

9)
14

3 
(1

.8
)

14
39

 (
1.

5)
<

 0
.0

01

a N
or

m
al

 (
18

.5
–2

4.
9 

kg
/m

2 )
; o

ve
rw

ei
gh

t (
25

–2
9.

9)
; c

la
ss

 I
 (

30
–3

4.
9)

; c
la

ss
 I

I/
II

I 
ob

es
e 

(≥
 3

5)

b P 
va

lu
es

 w
er

e 
ba

se
d 

on
 g

en
er

al
iz

ed
 e

st
im

at
in

g 
eq

ua
tio

ns
 th

at
 a

cc
ou

nt
 f

or
 m

ul
tip

le
 p

re
gn

an
ci

es
 to

 s
am

e 
w

om
en

.

BJOG. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

KIM et al. Page 15

Ta
b

le
 2

R
is

ks
 o

f 
sp

on
ta

ne
ou

s 
an

d 
in

di
ca

te
d 

pr
et

er
m

 d
el

iv
er

y 
in

 s
in

gl
et

on
 p

re
gn

an
ci

es
 a

m
on

g 
w

om
en

 w
ith

ou
t p

re
-p

re
gn

an
cy

 c
hr

on
ic

 d
is

ea
se

s 
by

 p
re

-p
re

gn
an

cy
 

ob
es

ity
, g

es
ta

tio
na

l w
ee

ks
 a

t d
el

iv
er

y 
an

d 
pa

ri
ty

, C
on

so
rt

iu
m

 o
n 

Sa
fe

 L
ab

or
 2

00
2–

20
08

O
ut

co
m

es

N
or

m
al

 B
M

I 
(1

8.
5–

24
.9

)
O

ve
rw

ei
gh

t 
(2

5–
29

.9
)

O
be

se
 I

 (
30

–3
4.

9)
O

be
se

 I
I/

II
I 

(≥
 3

5)

P
 fo

r 
tr

en
d 

b
N

 (
%

)
R

R
N

 (
%

)
R

R
 (

95
%

 C
I)

 a
N

 (
%

)
R

R
 (

95
%

 C
I)

 a
N

 (
%

)
R

R
 (

95
%

 C
I)

 a

N
ul

lip
ar

ou
s 

(n
=4

3,
20

0)

 
E

xt
re

m
el

y 
pr

et
er

m

 
 

Sp
on

ta
ne

ou
s 

c
14

4(
0.

5)
R

ef
er

en
ce

63
 (

0.
7)

1.
26

 (
0.

94
, 1

.7
0)

37
 (

1.
1)

1.
88

 (
1.

30
, 2

.7
1)

28
 (

1.
3)

1.
99

 (
1.

32
, 3

.0
1)

<
 0

.0
01

 
 

In
di

ca
te

d
42

 (
0.

2)
R

ef
er

en
ce

28
 (

0.
3)

1.
94

 (
1.

19
, 3

.1
5)

14
 (

0.
4)

2.
49

 (
1.

34
, 4

.6
2)

10
 (

0.
4)

2.
46

 (
1.

21
, 5

.0
0)

<
 0

.0
01

 
V

er
y 

pr
et

er
m

 d

 
 

Sp
on

ta
ne

ou
s 

c
19

4 
(0

.7
)

R
ef

er
en

ce
76

 (
0.

9)
1.

16
 (

0.
89

, 1
.5

1)
30

 (
0.

9)
1.

16
(0

.7
9,

 1
.7

2)
19

 (
0.

9)
1.

05
 (

0.
65

, 1
.7

0)
0.

46

 
 

In
di

ca
te

d
75

 (
0.

3)
R

ef
er

en
ce

31
 (

0.
4)

1.
15

 (
0.

76
, 1

.7
6)

19
 (

0.
6)

1.
70

 (
1.

02
, 2

.8
1)

9 
(0

.4
)

1.
12

 (
0.

56
, 2

.2
6)

0.
20

 
M

od
er

at
e 

to
 la

te
 p

re
te

rm
 e

 
 

Sp
on

ta
ne

ou
s 

c
1,

47
4 

(5
.2

)
R

ef
er

en
ce

45
8 

(5
.2

)
0.

96
 (

0.
86

, 1
.0

6)
17

4 
(5

.3
)

0.
95

 (
0.

81
, 1

.1
1)

11
4 

(5
.3

)
0.

92
 (

0.
76

, 1
.1

1)
0.

25

 
 

In
di

ca
te

d
51

3 
(1

.8
)

R
ef

er
en

ce
20

2 
(2

.3
)

1.
20

 (
1.

02
, 1

.4
1)

11
4 

(3
.5

)
1.

75
 (

1.
42

, 2
.1

5)
84

 (
3.

9)
1.

89
 (

1.
49

, 2
.3

9)
<

 0
.0

01

M
ul

ti
pa

ro
us

 (
n=

63
,1

29
)

 
E

xt
re

m
el

y 
pr

et
er

m

 
 

Sp
on

ta
ne

ou
s 

c
12

3 
(0

.4
)

R
ef

er
en

ce
82

 (
0.

5)
1.

16
 (

0.
88

, 1
.5

4)
43

 (
0.

6)
1.

19
 (

0.
84

, 1
.7

1)
27

 (
0.

5)
0.

99
 (

0.
64

, 1
.5

2)
0.

68

 
 

In
di

ca
te

d
51

 (
0.

2)
R

ef
er

en
ce

25
 (

0.
2)

0.
89

 (
0.

55
, 1

.4
5)

13
 (

0.
2)

0.
81

 (
0.

45
, 1

.4
7)

11
 (

0.
2)

0.
99

 (
0.

52
, 1

.8
9)

0.
75

 
V

er
y 

pr
et

er
m

 d

 
 

Sp
on

ta
ne

ou
s 

c
20

0 
(0

.6
)

R
ef

er
en

ce
10

7 
(0

.7
)

1.
05

 (
0.

83
, 1

.3
3)

57
 (

0.
8)

1.
13

 (
0.

84
, 1

.5
2)

41
 (

0.
8)

1.
13

 (
0.

79
, 1

.6
1)

0.
36

 
 

In
di

ca
te

d
58

 (
0.

2)
R

ef
er

en
ce

38
 (

0.
2)

1.
19

 (
0.

79
, 1

.7
8)

23
 (

0.
3)

1.
39

 (
0.

85
, 2

.2
7)

22
 (

0.
4)

1.
82

 (
1.

10
, 3

.0
0)

0.
02

 
M

od
er

at
e 

to
 la

te
 p

re
te

rm
 e

 
 

Sp
on

ta
ne

ou
s 

c
1,

88
9 

(5
.5

)
R

ef
er

en
ce

81
7 

(5
.2

)
0.

90
 (

0.
83

, 0
.9

7)
38

6 
(5

.3
)

0.
87

 (
0.

78
, 0

.9
7)

24
5 

(5
.0

)
0.

79
 (

0.
69

, 0
.9

0)
<

 0
.0

01

 
 

In
di

ca
te

d
44

5 
(1

.3
)

R
ef

er
en

ce
29

1 
(1

.9
)

1.
26

 (
1.

08
, 1

.4
6)

15
8 

(2
.2

)
1.

37
 (

1.
13

, 1
.6

5)
14

2 
(2

.9
)

1.
69

 (
1.

39
, 2

.0
5)

<
 0

.0
01

BJOG. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

KIM et al. Page 16
a A

dj
us

te
d 

fo
r 

si
te

, m
at

er
na

l a
ge

, r
ac

e/
et

hn
ic

ity
, i

ns
ur

an
ce

 ty
pe

, m
ar

ita
l s

ta
tu

s,
 p

ar
ity

 a
nd

 s
m

ok
in

g 
an

d 
al

co
ho

l c
on

su
m

pt
io

n 
du

ri
ng

 p
re

gn
an

cy
.

b Te
st

 o
f 

lin
ea

r 
tr

en
d 

w
er

e 
co

nd
uc

te
d 

by
 u

si
ng

 th
e 

m
ed

ia
n 

va
lu

e 
fo

r 
ea

ch
 o

be
si

ty
 g

ro
up

 a
nd

 f
itt

in
g 

th
is

 a
s 

a 
co

nt
in

uo
us

 v
ar

ia
bl

e 
in

 th
e 

re
gr

es
si

on
 m

od
el

s.

c Sp
on

ta
ne

ou
s 

pr
et

er
m

 b
ir

th
s 

in
cl

ud
ed

 s
po

nt
an

eo
us

 la
bo

r 
an

d 
PP

R
O

M

d Pr
et

er
m

 d
el

iv
er

y 
be

fo
re

 2
8 

w
ee

ks
 o

f 
ge

st
at

io
n 

w
as

 e
xc

lu
de

d 
in

 th
e 

de
no

m
in

at
or

 f
or

 r
at

e 
ca

lc
ul

at
io

n 
an

d 
an

al
ys

is
.

e Pr
et

er
m

 d
el

iv
er

y 
be

fo
re

 3
2 

w
ee

ks
 o

f 
ge

st
at

io
n 

w
as

 e
xc

lu
de

d 
in

 th
e 

de
no

m
in

at
or

 f
or

 r
at

e 
ca

lc
ul

at
io

n 
an

d 
an

al
ys

is
.

BJOG. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

KIM et al. Page 17

Ta
b

le
 3

Pr
ec

ur
so

rs
 f

or
 p

re
te

rm
 d

el
iv

er
y 

am
on

g 
w

om
en

 w
ith

ou
t p

re
-p

re
gn

an
cy

 c
hr

on
ic

 d
is

ea
se

s 
by

 g
es

ta
tio

na
l w

ee
ks

 a
t d

el
iv

er
y 

an
d 

pa
ri

ty

N
ul

lip
ar

ou
s

M
ul

ti
pa

ro
us

E
xt

re
m

el
y 

pr
et

er
m

(n
=3

70
) 

%
V

er
y 

pr
et

er
m

(n
=4

60
) 

%
M

od
er

at
e 

to
 

la
te

 p
re

te
rm

(n
=3

,3
46

) 
%

Te
rm

(n
=3

9,
02

4)
 %

E
xt

re
m

el
y 

pr
et

er
m

(n
=3

83
) 

%
V

er
y 

pr
et

er
m

(n
=5

61
) 

%
M

od
er

at
e 

to
 

la
te

 p
re

te
rm

(n
=4

,8
18

) 
%

Te
rm

(n
=5

7,
36

7)
 %

P
re

cu
rs

or
s 

a

Sp
on

ta
ne

ou
s 

la
bo

r
60

.0
60

.4
53

.4
50

.9
56

.4
59

.2
59

.1
54

.0

P
P

R
O

M
/P

R
O

M
13

.5
8.

9
13

.0
5.

5
15

.4
15

.4
10

.2
2.

6

In
di

ca
te

d
25

.4
29

.1
27

.3
19

.3
26

.1
26

.1
21

.5
14

.6

N
o 

in
di

ca
ti

on
1.

1
1.

5
6.

4
24

.3
2.

1
2.

1
9.

2
28

.9

10
0.

0
10

0.
0

10
0.

0
10

0.
0

10
0.

0
10

0.
0

10
0.

0
10

0.
0

Sp
ec

if
ic

 in
di

ca
ti

on
s 

b

 
C

ho
ri

oa
m

ni
on

iti
s

3.
2

3.
0

1.
5

2.
9

2.
0

1.
4

0.
7

0.
7

 
D

ec
id

ua
l h

em
or

rh
ag

e 
or

 a
br

up
tio

n
10

.6
8.

2
5.

3
2.

7
5.

0
15

.6
8.

7
4.

4

 
Pl

ac
en

ta
 p

re
vi

a
3.

2
3.

0
4.

1
1.

2
10

.0
16

.3
7.

1
1.

4

 
G

es
ta

tio
na

l h
yp

er
te

ns
iv

e 
di

se
as

e
41

.5
55

.2
56

.9
31

.1
23

.0
46

.8
37

.0
16

.4

 
 

G
es

ta
tio

na
l h

yp
er

te
ns

io
n

3.
2

2.
2

8.
3

14
.4

1.
0

0.
7

7.
5

8.
1

 
 

Pr
ee

cl
am

ps
ia

/E
cl

am
ps

ia
38

.3
53

.0
48

.5
16

.7
22

.0
46

.1
29

.4
8.

3

 
M

at
er

na
l c

on
di

tio
n 

c
9.

6
12

.7
19

.4
22

.1
7.

0
12

.8
23

.4
28

.4

 
 

G
es

ta
tio

na
l D

ia
be

te
s

7.
5

6.
0

10
.6

11
.9

2.
0

9.
2

14
.6

18
.9

 
Fe

ta
l a

no
m

al
y

37
.2

30
.6

15
.0

14
.4

35
.0

27
.7

12
.8

17
.4

 
A

nt
ep

ar
tu

m
 s

til
lb

ir
th

21
.3

14
.2

2.
5

0.
3

27
.0

10
.6

2.
4

0.
4

 
Su

sp
ec

te
d 

fe
ta

l m
ac

ro
so

m
ia

0.
0

0.
8

0.
6

5.
9

0.
0

0.
0

1.
4

5.
7

 
Fe

ta
l c

on
di

tio
n 

d
25

.5
39

.6
33

.7
38

.7
28

.0
26

.2
33

.6
25

.8

 
M

at
er

na
l f

ev
er

 o
n 

ad
m

is
si

on
2.

1
3.

7
1.

2
1.

2
1.

0
4.

3
1.

0
0.

9

 
A

dm
is

si
on

 f
or

 m
at

er
na

l r
ea

so
n,

 n
ot

 

sp
ec

if
ie

d 
e

4.
3

5.
2

2.
7

1.
2

7.
0

2.
1

3.
4

1.
1

 
A

dm
is

si
on

 f
or

 f
et

al
 r

ea
so

n,
 n

ot
 s

pe
ci

fi
ed

 e
2.

1
0.

0
0.

7
1.

1
0.

0
0.

0
0.

4
1.

7

BJOG. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

KIM et al. Page 18

N
ul

lip
ar

ou
s

M
ul

ti
pa

ro
us

E
xt

re
m

el
y 

pr
et

er
m

(n
=3

70
) 

%
V

er
y 

pr
et

er
m

(n
=4

60
) 

%
M

od
er

at
e 

to
 

la
te

 p
re

te
rm

(n
=3

,3
46

) 
%

Te
rm

(n
=3

9,
02

4)
 %

E
xt

re
m

el
y 

pr
et

er
m

(n
=3

83
) 

%
V

er
y 

pr
et

er
m

(n
=5

61
) 

%
M

od
er

at
e 

to
 

la
te

 p
re

te
rm

(n
=4

,8
18

) 
%

Te
rm

(n
=5

7,
36

7)
 %

 
H

is
to

ry
 o

f 
m

at
er

na
l o

r 
ob

st
et

ri
c 

co
nd

iti
on

 f
–

–
–

–
0.

0
0.

0
0.

3
0.

6

 
H

is
to

ry
 o

f 
fe

ta
l c

on
di

tio
n 

f
–

–
–

–
13

.0
9.

9
10

.9
19

.3

a B
ot

h 
p 

va
lu

es
 f

or
 s

ig
ni

fi
ca

nc
e 

te
st

in
g 

fo
r 

pe
rc

en
ta

ge
s 

of
 p

re
cu

rs
or

s 
(s

po
nt

an
eo

us
 la

bo
r, 

PP
R

O
M

/P
R

O
M

, i
nd

ic
at

ed
, o

th
er

s/
no

 r
ec

or
de

d 
in

di
ca

tio
n)

 a
m

on
g 

ge
st

at
io

na
l w

ee
ks

 o
f 

de
liv

er
y 

of
 n

ul
lip

ar
ou

s 
an

d 
m

ul
tip

ar
ou

s 
w

om
en

 w
er

e 
<

 0
.0

01
.

b Sp
ec

if
ic

 c
at

eg
or

ie
s 

fo
r 

th
e 

“i
nd

ic
at

ed
” 

pr
ec

ur
so

rs
 c

an
 a

dd
 u

p 
to

 m
or

e 
th

an
 1

00
%

 b
ec

au
se

 w
om

en
 c

ou
ld

 h
av

e 
m

or
e 

th
an

 o
ne

 p
re

gn
an

cy
 c

on
di

tio
n.

c M
at

er
na

l c
on

di
tio

ns
 in

cl
ud

ed
 g

es
ta

tio
na

l d
ia

be
te

s,
 p

ol
yh

yd
ra

m
ni

os
, t

hr
om

bo
em

bo
lic

 d
is

or
de

r, 
ac

tiv
e 

ge
ni

ta
l h

er
pe

s,
 a

nd
 o

th
er

 m
at

er
na

l i
nd

ic
at

io
n 

fo
r 

in
du

ct
io

n.

d Fe
ta

l c
on

di
tio

ns
 in

cl
ud

ed
 in

tr
au

te
ri

ne
 g

ro
w

th
 r

es
tr

ic
tio

n,
 a

bn
or

m
al

 a
nt

en
at

al
 te

st
in

g,
 o

lig
oh

yd
ra

m
ni

os
, R

h 
in

co
m

pa
tib

ili
ty

 a
nd

 o
th

er
 f

et
al

 in
di

ca
tio

n 
fo

r 
in

du
ct

io
n.

e A
dm

is
si

on
 f

or
 m

at
er

na
l o

r 
ob

st
et

ri
c 

or
 f

et
al

 r
ea

so
ns

 in
cl

ud
ed

 o
nl

y 
if

 th
er

e 
w

as
 n

o 
ot

he
r 

pr
eg

na
nc

y 
co

nd
iti

on
. T

he
se

 tw
o 

ca
te

go
ri

es
 a

re
 e

xc
lu

si
ve

 o
f 

ot
he

r 
in

di
ca

tio
ns

.

f H
is

to
ry

 o
f 

m
at

er
na

l o
r 

ob
st

et
ri

c 
an

d 
fe

ta
l c

on
di

tio
ns

 in
cl

ud
ed

 p
re

gn
an

cy
 c

om
pl

ic
at

io
ns

 in
 p

re
vi

ou
s 

pr
eg

na
nc

y 
su

ch
 a

s 
hi

st
or

y 
of

 f
et

al
 d

em
is

e 
or

 tr
au

m
at

ic
 f

ir
st

 d
el

iv
er

y.

BJOG. Author manuscript; available in PMC 2018 October 01.


	Abstract
	Introduction
	Methods
	Results
	Discussion
	Main findings
	Strengths and limitations
	Interpretation
	Conclusion

	References
	Figure 1
	Table 1
	Table 2
	Table 3

