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The Preterm Prediction study: Association between
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Objective: The purpose of this study was to evaluate the relationship between prepregnancy

maternal body mass index and spontaneous preterm birth and indicated preterm birth.
Study design: This was a secondary analysis of the Maternal-Fetal Medicine Units Network,
Preterm Prediction study. Patients were classified into categories that were based on their body

mass index. Rates of indicated and spontaneous preterm birth were compared.
Results: Five hundred ninety-seven (20.5%) of 2910 women were obese. Obese women had fewer
spontaneous preterm births at !37 weeks of gestation (6.2% vs 11.2%; P ! .001) and at !34

weeks of gestation (1.5% vs 3.5%; P = .012). Women with a body mass index of !19 kg/m2 had
16.6% spontaneous preterm birth, with a body mass index of 19 to 24.9 kg/m2 had 11.3%
spontaneous preterm birth, with a body mass index of 25 to 29.9 kg/m2 had 8.1% spontaneous

preterm birth, with a body mass index of 30 to 34.9 kg/m2 had 7.1% spontaneous preterm birth,
and with a body mass index of R35 kg/m2 had 5.2% spontaneous preterm birth (P ! .0001).
Indicated delivery was responsible for an increasing proportion of preterm births with increasing
body mass index (P= .001). Obese women had lower rates of cervical length !25 mm (5% vs

8%; P = .012). Multivariable regression analysis confirmed a lower rate of spontaneous preterm
birth in obese gravid women (odds ratio, 0.57; 95% CI, 0.39-0.83; P = .003).
Conclusion: Obesity before pregnancy is associated with a lower rate of spontaneous preterm birth.
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Table I Characteristics and pregnancy outcome in obese and nonobese women

Patients characteristic Obese (n = 597) Nonobese (n = 2313) P value

BMI (kg/m2)* 36.2 G 5.3 22.7 G 3.5 ! .0001
Maternal age (y)* 25.7 G 5.6 23.3 G 5.4 ! .0001
Gravidity (n)* 3.0 G 1.8 2.6 G 1.6 ! .0001
Nulliparity (%) 33 44 ! .0001
Education (y)* 12.1 G 1.7 11.8 G 2.0 ! .0001
Married (%) 33 27 .005
Previous SPB (%) 10 13 .019
Black race (%) 65 62 .15
Smoking (%) 29 31 .31
Family income !$800/mo (%) 64 61 .15
Gestation at delivery (wk)* 38.6 G 2.5 38.3 G 2.6 .005
Cesarean delivery (%) 29 15 ! .0001
Birth weight (g)* 3287 G 660 3114 G 633 ! .0001
Birth weight O4000 g (%) 10 5 ! .0001

* Data are given as mean G SD.
Obesity is defined by the National Institutes of
Health as a body mass index (BMI) of R30 kg/m2.1

The prevalence of obesity among adults in the United
States has increased from 12% in 1991 to 20.9% in
2001.2 Obesity in nonpregnant women is a known risk
factor for many disorders, including diabetes mellitus,
atherosclerosis, and certain malignancies, and it is the
second leading cause of preventable death in the United
States.3,4 Previous studies have reported the association
between maternal obesity and many adverse pregnancy
outcomes, which include fetal anomalies, miscarriages,
preeclampsia, gestational diabetes mellitus, cesarean
deliveries, shoulder dystocia, and intrauterine fetal
demise.5-14 However, evidence regarding the association
of maternal obesity and spontaneous preterm birth
(SPB) is conflicting. Although some studies suggest that
obesity does not influence the rate of preterm birth at
!37 weeks of gestation,6-8,13 other studies have found
reduced rates of preterm birth in obese and morbidly
obese patients.9,11,12,14 Finally, other studies have re-
ported increased preterm birth in obese gravidas.10 Of
note, in these retrospective studies, the main objective
was to assess the adverse effects of obesity on pregnancy;
preterm birth was one of many variables that were
studied; the type of preterm birth (ie, after spontaneous
preterm labor, preterm premature rupture of mem-
branes, or indicated labor) was not distinguished, and
confounding variables that were associated with preterm
birth were not addressed.

At the other end of the spectrum, low maternal
weight has been associated repeatedly with an increased
risk of SPB.15-20 In a previous analysis from the Preterm
Prediction Study of the Maternal-Fetal Medicine Units
Network, we evaluated clinical risk factors for preterm
birth and found a significantly increased risk of SPB
with maternal BMI at !19.8 kg/m2.19 The purpose of
this analysis was to further evaluate the relationship
between maternal BMI and the rate of spontaneous and
indicated preterm birth, after controlling for potentially
confounding factors, in a prospectively evaluated cohort
of women.

Material and methods

This was a secondary analysis of the prospective
observational Preterm Prediction Study performed by
the Maternal-Fetal Medicine Units Network of the
National Institute of Child Health and Human De-
velopment. The primary study was conducted in 10
medical centers from 1992 to 1994. The overall study
population and methods for this study has been de-
scribed previously and will be briefly reviewed.21 In-
stitutional Review Board approval was obtained at each
of the 10 centers that participated in the original
investigation. Each study participant provided informed
consent. Exclusion criteria included multifetal gestation,
prenatally detected major fetal anomalies, a history of
cervical cerclage in the current pregnancy and placenta
previa. Gestational age was based on the last menstrual
period, if the last menstrual period and the earliest
ultrasound evaluation agreed within 10 days. If not, the
earliest ultrasound evaluation was used to define gesta-
tional age. The initial study visit occurred at 23 to 24
weeks of gestation, with 3 additional visits scheduled at
2-week intervals until 31 weeks of gestation. Extensive
demographic and outcome data were collected. Samples
of maternal serum and cervical fluid, which included
Gram stain for diagnosis of bacterial vaginosis, were
collected at the initial (23-24 weeks of gestation) and the
third visit (27-28 weeks of gestation).

We performed a secondary analysis on all patients for
whom maternal height and pre-pregnancy weight were
available. Prepregnancy maternal BMI was calculated
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for each patient (weight in kilograms/height in meters2).
For some of the analyses, patients were classified as non-
obese (BMI, !30 kg/m2) or obese (BMI, R30 kg/m2),
for other analyses, women were classified into groups
according to the National Institutes of Health guide-
lines,1 underweight (BMI, !19 kg/m2), normal weight
(BMI, 19-24.9 kg/m2), overweight (BMI, 25-29.9 kg/m2),
class I obesity (BMI, 30-34.9 kg/m2), and class II or
morbid obesity (BMI, R35 kg/m2). Our primary out-
come was SPB because of premature rupture of mem-
branes or spontaneous labor before 37 weeks of
gestation. Other outcomes included SPB at !34 and
!32 weeks and the rate of indicated preterm birth.

Statistical analyses were performed with the SAS
software (version 8.2; SAS Institute Inc, Cary, NC).
Categoric variables were compared with the use of
the chi-squared and Fisher’s exact tests. The Mantel-
Haenszel chi-squared test was used to test for trends
across BMI categories. Multivariable logistic regression
was used to assess the relationship between SPB and
maternal BMI, while being controlled for potential
confounders (age, race, previous SPB, bacterial vagi-
nosis, fetal fibronectin, and cervical length [CL]).

Results

A total of 2910 of the originally enrolled 2929 patients
met eligibility requirements and were included in this
analysis. There were 597 obese women (BMI,R30 kg/m2;
20.5%). Obese women were older than nonobese
women, were more likely to be multiparous, had more
years of education, were married more often, and were
less likely to have had a previous spontaneous preterm
delivery (10% vs 13%; P = .019) than nonobese women
(Table I). However, there were no differences in the rate
of smoking, race, or family income between groups.
Obese women had larger infants (3287 G 660 g vs.
3114G 633 g; P ! .0001), delivered at a more advanced

Figure 1 The percent of spontaneous preterm birth (SPB) at
!37, at !34, and at !32 weeks of gestation in nonobese and
obese patients.
gestational age (38.6 G 2.5 weeks vs 38.3 G 2.6 weeks;
P = .005), and had more frequent cesarean deliveries
(29% vs 15%; P ! .0001). Obese patients had signifi-
cantly lower rates of SPB at !37 weeks of gestation
(6.2% vs 11.2%; P = .0003), and at !34 weeks of
gestation (1.5% vs 3.5%; P = .012; Figure 1). The odds
ratio (OR; 95% CI) of an obese patient to have a SPB
was approximately one-half that for a nonobese patient
(!37 weeks of gestation: OR, 0.5; 95% CI, 0.4-0.7; !34
weeks of gestation: OR, 0.4; 95% CI, 0.2-0.8; !32
weeks of gestation: OR, 0.5, 95% CI, 0.2-1.3).

When the patients’ BMIs were classified into groups
according to the National Institutes of Health guide-
lines,1 the risk of SPB at !37 weeks of gestation
progressively decreased with increasing BMI: under-
weight, 16.6%; normal weight, 11.3%; overweight,
8.1%; class I obesity, 7.1%; class II or morbid obesity,
5.2%; P ! .0001; Figure 2).

The total rate of preterm deliveries, which included
both spontaneous and indicated deliveries, was also
lower in obese women (11.1% vs 15.3%; P = .009). The
frequency of indicated preterm birth was comparable in
obese and nonobese patients (4.9% vs 4.0%), but
indicated preterm birth accounted for a higher percent-
age of preterm birth in the obese than nonobese patient
(44% vs 24%; P = .003). Figure 2 shows the relative
proportions of indicated preterm birth and SPB for each
BMI group. In obese patients, 18 of 29 indicated
preterm deliveries (62%) were due to maternal pre-
eclampsia, compared with 33 of 92 indicated preterm
deliveries (36%) for the nonobese women (P = .013).
Among women who were delivered at !37 weeks of
gestation, we found indicated preterm birth to be
responsible for an increasing proportion of preterm
births with increasing maternal BMI (P = .001).

Obese women had a longer CL compared with
nonobese women, (36.5 G 8.4 mm vs 34.9 G 8.1 mm;

Figure 2 The percent of spontaneous (SPB) and indicated

preterm births (PTB) at !37 weeks of gestation in various
BMI groups.
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P ! .0001; Table II). Obese women had lower rates of
CL ! 30 mm (16% vs 21%; P = .02) and CL !25 mm
(5% vs 8%; P = .012). However, fetal fibronectin
positivity and bacterial vaginosis were comparable
among obese and nonobese gravidas.

Multivariable logistic regression analysis was per-
formed to adjust for confounding variables that are
known to be associated with SPB: maternal age, parity,
education, history of SPB, black race, bacterial vagi-
nosis, fetal fibronectin positivity, and CL at 23 to 24
weeks of gestation. Obesity was associated significantly
with decreased SPB at !37 weeks of gestation (OR,
0.57; 95% CI, 0.39-0.83; P = .003). The results were
similar, but not significant, for SPB at !34 weeks of
gestation (OR, 0.58; 95% CI, 0.28-1.21; P = .15). When
BMI was included in the model as a continuous vari-
able, the adjusted odds ratio for SPB at !37 weeks of
gestation declined by 21% for each 5-unit increase in
maternal BMI (P ! .0001).

Comment

BMI, which is derived from the weight and height
measurements, is one of the best markers of nutritional
status and is used to classify populations from thin to
obese. In this study, we evaluated the entire range of
prepregnancy BMIs and compared them to the rates of
indicated preterm births and SPBs. We found that
prepregnancy obesity, defined as BMI R30 kg/m2, was
associated with fewer total preterm births and fewer
SPBs. Maternal thinness on the other hand was associ-
ated with increased preterm birth and especially SPBs. A
significantly high percentage of the preterm births of
obese women were indicated, often in association with
preeclampsia, compared with the preterm births of thin
women. An additional finding is that obese women
tended to have longer CLs than nonobese women.

In agreement with our results, Gross et al11 found
that obese patients (body weight O90 kg) had a 9.9%
rate of preterm birth at !38 weeks of gestation com-
pared with 19.9% for nonobese patients. Kumari12 ana-
lyzed 488 morbidly obese patients (BMI, R40 kg/m2)
and found an OR of 0.1 (95% CI, 0.01-0.7) for preterm
birth at !37 weeks of gestation. Sebire et al9 found that
obese gravidas (n = 287,213) had a reduced risk for
preterm birth at!32 weeks of gestation (OR, 0.81; 95%
CI, 0.69-0.95) but not at !37 weeks of gestation;
Cnattingius et al10 found an increased risk for SPB
(n = 167,750) at %32 weeks of gestation in obese
nulliparous patients (OR, 1.6; 95% CI, 1.1-1.3). Alter-
natively, Cedergren13 found an increased risk for PTB
(n = 805,275) at !37 and !32 weeks of gestation
(4.5% and 0.6% for BMI !29 kg/m2, compared with
5.4% and 0.8% for BMI 29.0-35 kg/m2).

The disparity in results between different studies may
be due to the use of population registries, to different
definitions of spontaneous and indicated preterm birth,
or to the different populations that are studied. Our
analysis has the benefit of being based on prospectively
collected data in a study that was aimed to determine
risk factors for SPB, and the results are corrected for
confounding variables that are associated with SPB.

Many studies have found an association between low
maternal weight and an increased risk of SPB.15-20

Ehrenberg et al15 recently described a population of
15,196 patients in which low BMI (!19.8 kg/m2) at
conception and low BMI at the time of birth were
associated with an increased risk for SPB. Using
a multivariable analysis in a population of 17,000
patients, Wen et al20 showed that a previous preterm
delivery and very low maternal weight had the greatest
association with preterm birth. Thus, because low
maternal weight is associated with an increased rate of
SPB, there may be a continuous inverse association
between BMI and the risk for SPB.

Obese women had lower rates of CL of !30 mm
(17% vs 21%; P = .02) and CL of!25 mm (5% vs 8%;
P = .012). Similar results were found in Thai women, in
whom the cervix was significantly longer in women with
a BMI of O26 kg/m2.22 The longer CL may explain part
of the reduced rate of SPB that is seen in obese women.

Preterm births that occur !30 weeks of gestation are
more often associated with intra-amniotic inflammation
and infection.23,24 Maternal obesity is known to be
associated with an increased production of systemic
proinflammatory cytokines.25 Thus, the reduced rate of
spontaneous preterm labor in the obese population is
not likely due to a reduced systemic inflammatory
process, but whether an actual infectious process is
involved is unknown. Some studies describe malnutri-
tion as a factor in the cause of SPB. Decreased intake of
calories, proteins, vitamins, and minerals, which often
are associated with decreased BMI, may explain the
higher rate of SPB in thin patients.16 In obese women,
the increased intake of various nutrients may be related
to a reduced rate of SPB. However, by an unknown
mechanism, obesity is associated with an increased risk

Table II Tests predictive of SPB at 24 weeks of gestation in
obese and nonobese women

Clinical characteristic
(visit 1)

Obese
(n = 595)

Nonobese
(n = 2301)

P
value

CL (mm)* 36.5 G 8.4 34.9 G 8.1 ! .0001
CL !30 mm (%) 16.5 21.0 .015
CL !25 mm (%) 5.2 8.3 .012
CL !20 mm (%) 2.7 3.2 .51
Fetal fibronectin
positive (%)

3.4 4.2 .37

Bacterial vaginosis
positive (%)

23.5 23.1 .84

* Data are given as mean G SD.
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of preeclampsia; thus, the rate of indicated preterm
births is increased in obese women.

In summary, we found a strong inverse association
between prepregnancy BMI and SPB at !37 weeks of
gestation. Further research is needed to investigate the
different mechanisms that are responsible for spontaneous
and indicated preterm birth in obese and nonobese women.
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