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OBJECTIVE: To examine the effect of maternal overweight
and obesity on labor progression.

METHODS:We analyzed data from 612 nulliparous women
with a term pregnancy that participated in the Pregnancy,
Infection, and Nutrition Study from 1995 to 2002. The
median duration of labor by each centimeter of cervical
dilation was computed for normal-weight (body mass in-
dex �BMI� 19.8–26.0 kg/m2), overweight (BMI 26.1–29.0
kg/m2), and obese (BMI> 29.0 kg/m2) women and used as
a measurement of labor progression.

RESULTS: After adjusting for maternal height, labor induc-
tion, membrane rupture, oxytocin use, epidural analgesia,
net maternal weight gain, and fetal size, the median dura-
tion of labor from 4 to 10 cm was significantly longer for
both overweight and obese women, compared with nor-
mal-weight women (7.5, 7.9, and 6.2 hours, respectively).
For overweight women, the prolongation was concentrated

around 4–6 cm, whereas for obese women, their labor was
significantly slower before 7 cm.

CONCLUSION: Labor progression in overweight and obese
womenwas significantly slower than that of normal-weight
women before 6 cm of cervical dilation. Given that nearly
one half of women of childbearing age are either over-
weight or obese, it is critical to consider differences in labor
progression by maternal prepregnancy BMI before addi-
tional interventions are performed. (Obstet Gynecol
2004;104:943–51. © 2004 by The American College of
Obstetricians and Gynecologists.)

The prevalence of overweight and obesity is increasing
among women of childbearing age. An estimated 22% of
nonpregnant women 18–49 years of age in the United
States are considered overweight (body mass index �BMI�
25–29.9 kg/m2) and an additional 22% are classified as
obese (BMI � 29.9 kg/m2).1 Observational studies show
that obese women have up to a 2-fold increased risk for a
cesarean delivery compared with normal-weight wom-
en.2–9 However, it is unclear what factors may contribute
to this elevated risk, because scientific evidence on the effect
of maternal prepregnancy weight status on labor progres-
sion is still limited.8,10Does the course of labor tend to differ
for overweight and obese women, compared with that of
normal-weight women? The purpose of this study was to
examine the effect of maternal overweight and obesity on
the pattern of labor progression in nulliparous womenwith
a singleton, term pregnancy.

MATERIALS AND METHODS

Women in this study were participants in the Pregnancy,
Infection, and Nutrition Study, an ongoing, prospective
cohort study designed to examine the determinants of
preterm birth.11 Between August 1995 and June 2000,
women at 24–29 weeks of gestation were recruited into
the study from the following prenatal care clinics in
central North Carolina: the University of North Caro-
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lina Hospital Residents Clinic, the University of North
Carolina Hospital Obstetrics Group, the Wake County
Department of Human Services Clinic, and the affiliated
High-Risk Clinic at Wake Medical Center Area Health
Education Center. Starting in January 2001, women at
less than 20 weeks of gestation continued to be recruited
into the study from the University of North Carolina
prenatal care clinics only.
Women were eligible to participate in the Pregnancy,
Infection, and Nutrition Study if they met the following
inclusion criteria: maternal age of at least 16 years at the
time of recruitment, singleton pregnancy, the ability to
speak English, telephone access, a prenatal visit before
study enrollment, and a plan to be delivered at either
University of North Carolina Hospitals or Wake Medi-
cal Center. Telephone interviews and self-administered
questionnaires collected data regarding sociodemo-
graphic characteristics, current pregnancy information,
reproductive and medical histories, and health behav-
iors. Delivery logs were subsequently examined to deter-
mine birth-outcome information on all participants, and
medical abstractions were performed to collect informa-
tion on maternal health complications during pregnancy
and maternal weight at each prenatal visit. All partici-
pants gave informed consent at the time of recruitment,
and the institutional review boards of the University of
North Carolina School of Medicine and Wake Medical
Center approved the study.
Between August 1995 and March 2002, the Preg-
nancy, Infection, and Nutrition Study recruited 3,625
women. Maternal prepregnancy BMI, our exposure of
interest, was computed based on the following Institute
of Medicine weight-for-height categories: normal weight
(BMI 19.8–26.0 kg/m2), overweight (BMI 26.1–29.0
kg/m2), and obese (BMI � 29.0 kg/m2).12 Participants
were eligible for this analysis if they met the following
additional inclusion criteria: nulliparous, a maternal
prepregnancy BMI of 19.8 kg/m2 or higher, and a term
delivery (N � 1,060; n � 670 �normal�, n � 135 �over-
weight�, n � 255 �obese�). Because limited information
was originally collected on intrapartum factors, medical
record abstractions were sought for 100% of the eligible
overweight and obese women and a random sample of
50% of the eligible normal-weight women (N� 710; n�
345 �normal�, n � 126 �overweight�, and n � 239
�obese�). Intrapartum data, including the results from
vaginal examination measurements, were entered di-
rectly into a custom-designed laptop medical record ab-
straction system in Microsoft Access to minimize errors
in data entry. During medical abstractions, term status
was found to have been misclassified in 3 women (1
normal and 2 overweight), whereas nulliparity was mis-
classified in 10 women (4 normal, 2 overweight, and 4

obese). Patient charts with complete information on the
index pregnancy could not be located for 56 women (31
normal, 3 overweight, and 22 obese), and 29 women
were admitted for an elective cesarean delivery without a
trial of labor (12 normal, 4 overweight, 13 obese). Thus,
our final sample consisted of 612 women (297 normal,
115 overweight, and 200 obese). The institutional review
board at the University of North Carolina School of
Public Health approved this study.
Prepregnancy weight was obtained from medical
records and based on maternal self-report. If this informa-
tion was missing or considered implausible by study inves-
tigators, then it was obtained from a self-administered
screening questionnaire at the time of recruitment. Mea-
sured weight at first prenatal visit was used in lieu of the
self-reported measure only when both were missing or
implausible and the first visit was at less than 16 weeks of
gestation. In such cases, the first measured weight between
1 and 15 weeks of gestation was used, with a correction for
the week of first weight measurement.13 If the first weight
measurement was after 15 weeks of gestation, a prepreg-
nancy weight could not be imputed. Self-reported prepreg-
nancy weights are known to correlate well with measured
weights,14–16 and every effort was made by Pregnancy,
Infection, and Nutrition Study investigators to verify self-
reported prepregnancy weights with measured weight at
first prenatal visit. Maternal height was measured and
recorded at the first prenatal visit or obtained later during
medical record abstraction.
The median duration of labor by each centimeter of
cervical dilation was computed based on data from serial
vaginal exams and used as a measurement of labor
progression, our outcome of interest. Total maternal
weight gain during pregnancy was calculated by sub-
tracting the weight at the first prenatal visit from the
weight at the last prenatal visit. Adequacy of weight gain
was determined based on Institute of Medicine weight-
for-height classifications12 and for bivariate analyses was
dichotomized as either inadequate/adequate (less than or
within the recommended range) or excessive (greater
than the upper cutoff of recommendations). For the
purposes of multivariable analysis, a continuous mea-
surement of net weight gain (total weight gain minus
infant birth weight) was included in the model in addi-
tion to infant birth weight to account for the effect of
maternal and fetal weight separately. Maternal age is
defined as age in completed years at the time of recruit-
ment. Prenatal care type refers to whether the patient
received prenatal care through the university’s obstetri-
cal group (private), the university’s resident clinics (pub-
lic), the Wake County Department of Human Services
Clinic (public), or the high-risk clinic at the Wake Med-
ical Center Area Health Education Center.
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To assess the effect of maternal prepregnancy weight
status on labor progression, we first compared various
baseline characteristics of the subjects, stratified by ma-
ternal prepregnancy BMI. For continuous variables with
a normal distribution, the mean and standard deviation
values were calculated and t tests were performed. For
continuous variables with a skewed distribution, the
median and the values at the 10th and 90th percentiles
were indicated and the Wilcoxon rank-sum test was
performed. For categorical data, percentages were calcu-
lated and the �2 test was used. Variables that were
significantly different between the two groups and asso-
ciated with the duration of labor were selected as poten-
tial confounders for multivariable analyses.
Next, we used survival analysis to quantify the dura-
tion of the first stage of labor and specifically, the median
time elapsed for women to proceed from one centimeter
of cervical dilation to the next for each BMI group.
Because continuous monitoring of cervical dilation was
not performed and women were admitted into labor at
different degrees of cervical dilation, it is impossible to
know exactly when an individual first reaches a given
level of dilation. However by considering these times as
censored, the median duration of labor can be estimated
using the interval-censored regression method.17

For each interval of cervical dilation (eg, from 3 to 4
cm), a lower and upper possible time range was com-
puted from each labor log. Thus, each individual con-
tributed an interval-censored value at a given level of
dilation. Interval-censoring can be defined as “when the
time of event occurrence is known to be somewhere
between times a and b, but we don’t know exactly
when.”18 For example, if we knew that an individual
labor took at least 2 hours to progress from 4 to 5 cm but
no longer than 5 hours, the interval �2, 5� would be used
to model the underlying distribution of the duration of
labor from 4 to 5 cm. It is well established that the
duration of labor has a skewed distribution leaning to-
ward the left (ie, some labors produce a long right tail of
the distribution). This distribution generally fits a log
normal distribution. Thus, a natural assumption for the
data comprising the time interval is that they are log
normally distributed, which was consistent with our
data.
We fitted a model with a log normal distribution and
interval-censored time-to-event data to assess the median
duration of time elapsed in hours for each centimeter of
cervical dilation during labor using the LIFEREG proce-
dure in SAS (SAS Institute, Cary, NC). Adjustment was
made for baseline characteristics that were associated
with prepregnancy BMI and the duration of labor, based
on a P value of less than .20. These covariates included

net weight gain, labor induction, oxytocin use, and fetal
size. Maternal height, the timing and use of epidural
analgesia, and the timing of membrane rupture were
included in the final adjustedmodel a priori, based on the
existing literature.19,20 Median traverse times in each
group were then estimated numerically by finding the
time for which the average fitted probability of the event
equaled 0.5. Because overweight and obese women were
oversampled in comparison with normal-weight women,
bootstrapping was used to estimate standard errors for
the median traverse times within each exposure group,
and P values were derived from the normality of the
median estimates.21

Because 18% of our study population had a first-stage
cesarean delivery, we sought to pinpoint when women
were censored out of our analysis and how this dropout
might affect our active phase median traverse times. To
this end, we first constructed a graph to depict the timing
of dropout for each body mass group, according to their
cervical dilation at cesarean delivery. Next, we re-
stricted our sample to women with a vaginal delivery
and reran our interval-censored models to compare the
median times generated from the reduced and full sam-
ple models.

RESULTS

Table 1 presents baseline sociodemographic, medical,
and behavioral characteristics of the overall study popu-
lation, stratified by maternal prepregnancy BMI. Over-
weight women were similar to normal-weight women on
most factors, but obese women had a significantly
greater proportion in the younger age categories. Obese
women tended to be single, African American, and have
completed fewer years of education. Both overweight
and obese women had a higher proportion in the exces-
sive weight gain category, compared with normal-weight
women.
Table 2 highlights the intrapartum characteristics of
the study population, stratified by maternal prepreg-
nancy BMI. Both overweight and obese women were
admitted earlier (based on cervical dilation assessment)
to labor and delivery, reported no or irregular uterine
contractions, had their labor induced, and received oxy-
tocin more often, compared with normal-weight women.
Primary emergent cesarean delivery rates were higher
for overweight (27% versus 19%, P � .08) and obese
(27% versus 19%, P � .04) women compared with
normal-weight women (Table 3). The majority of these
deliveries were performed during the first stage of labor
and based on an indication of dystocia and fetal distress.
Infants of overweight and obese women were 100 g and
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60 g heavier, respectively, than infants of normal-weight
women.
Overweight and obese women had a significantly
longer median duration of labor from 4 to 10 cm com-
pared with normal-weight women (7.5, 7.9, and 6.2
hours, respectively), after adjusting for maternal height,
net weight gain, labor induction, membrane rupture, the
timing and use of epidural analgesia, oxytocin use, and
fetal size (Table 4). Upon further examination, the
longer median duration of labor in overweight women
was mostly attributable to the slower labor progression
from 4 to 6 cm. No significant differences were seen
between normal and overweight women in the remain-
ing active phase of labor. In contrast, the longer median
duration of labor in obese women was attributable to a
significantly slower labor progression before 7 cm. At
first glance, it appears that obese women have a margin-
ally faster labor progression from 7 to 10 cm compared
with normal-weight women. However, the reported dif-

ference may not be as clinically important (ie, 28 versus
35 minutes from 7 to 8 cm for obese and normal-weight
women, respectively). These median values might also
be influenced to some degree by patient dropout due to a
first-stage cesarean delivery (Fig. 1). No difference in the
second stage of labor was seen between normal-weight
and overweight women, but obese women appear to
have a faster second stage of labor. They also had more
second-stage cesareans performed (7.0%) compared with
normal-weight women (4.7%), a difference that, along
with the first-stage cesarean deliveries, may have re-
duced our estimates. However, a mean difference of 15
minutes may not necessarily be relevant, from a clinical
perspective.
It is possible that dropout due to a cesarean delivery
before 10 cm of cervical dilation and in the second stage
of labor influenced some of our results. Thus, to assess
whether these trends persisted among vaginal deliveries,
we fitted the same models but excluded women who

Table 1. Baseline Characteristics of Term, Nulliparous Women According to Their Prepregnancy Body Mass Index
(Pregnancy, Infection, and Nutrition Study, 1995–2002)

Normal (BMI
19.8–26.0 kg/m2)

(n � 297)

Overweight (BMI
26.1–29.0 kg/m2)

(n � 115) P *

Obese (BMI �
29.0 kg/m2)
(n � 200) P †

Maternal prepregnancy body mass (kg/m2) 22.5� 1.7 27.4� 0.8 � .001 35.7� 6.4 � .001
Maternal height (in) 65.0� 2.6 64.8� 3.1 .60 64.7� 2.6 .88
Maternal age .34 .05

� 20 y 83 (28.0) 33 (28.7) 60 (30.0)
20–29 y 151 (50.8) 65 (58.5) 117 (58.5)
� 30 y 63 (21.2) 17 (14.8) 23 (11.5)
Mean � SD 24.0� 5.8 23.6� 5.8 23.0� 5.2
Maternal race .59 � .001
White 173 (58.2) 69 (60.0) 88 (44.0)
African American 100 (33.7) 39 (33.9) 104 (52.0)
Other 24 (8.1) 7 (6.1) 8 (4.0)
Marital status .38 .002
Single/divorced/widowed 156 (52.7) 55 (47.8) 133 (66.5)
Married 140 (47.3) 60 (52.2) 67 (33.5)
Maternal education .59 � .001

� 12 y 58 (19.5) 23 (20.0) 49 (24.5)
12 y 61 (20.6) 28 (24.3) 72 (36.0)
� 12 y 178 (59.9) 64 (55.7) 79 (39.5)
Mean � SD 14.0� 3.0 13.7� 3.0 12.8� 2.4
Delivery site .74 .58
University of North Carolina Hospitals 177 (59.6) 66 (57.4) 86 (43.0)
Wake Medical Center 120 (40.4) 49 (42.6) 114 (57.0)
Prenatal care type .20 � .001
Private 108 (36.5) 34 (29.6) 40 (20.0)
Public 188 (63.5) 81 (70.4) 160 (80.0)
Weight gain during pregnancy � .001 .03
Excessive 183 (69.1) 89 (85.6) 133 (78.7)
Inadequate/adequate 82 (30.9) 15 (14.4) 36 (21.3)
Mean � SD (kg) 18.2� 6.7 16.9� 6.2 13.6� 8.5

BMI, body mass index; SD, standard deviation.
Data are presented as n (%) or mean � standard deviation (t test or �2 test). Information was not available for all covariates.
* Comparison between normal-weight and overweight women.
† Comparison between normal-weight and obese women.
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delivered by cesarean (Table 5). Normal-weight and
overweight women had a similar median duration of
labor from 4 to 10 cm. However, the general trend of a
slower labor from 4 to 6 cm persisted in overweight
women. Similarly, obese womenmaintained a significant
longer median duration of labor from 4 to 10 cm, com-
pared with normal-weight women (7.0 versus 5.4 hours,
P � .001). And as seen in overweight women, the trend
of a slower labor before 7 cm persisted in obese women.
No noticeable differences were seen among groups for
the remaining active phase of labor.

DISCUSSION

Previous studies on pregnancy outcomes in obese
women have reported briefly on the prevalence of select
characteristics of labor and delivery8,10,22,23 or offered a
crude estimate of the duration of labor.8 However, few
have explored in depth the effect of maternal overweight
and obesity on labor progression after adjusting for
potential confounders in current obstetric practice. The

results from this study are consistent with those from
previous studies that showed that obese women are
more likely to have an inadequate contraction pattern
during the first stage of labor8 and to receive oxytocin for
labor induction10,23 and augmentation8,10,23 compared
with nonobese women. Oxytocin is administered to
women similarly and regardless of differences in mater-
nal weight, because of concerns of overdosing. Thus, it is
possible that the drug itself or its receptors might be
influenced by maternal BMI. However, further research
is needed to confirm such hypotheses and is beyond the
scope of this analysis.
Nonetheless, labor progression before 6 cm of cervical
dilation was significantly slower in overweight and obese
women compared with normal-weight women, even af-
ter adjusting for labor induction and oxytocin use. Sev-
eral authors have speculated that this phenomenon may
be due to the added soft-tissue deposits in the pelvis of
overweight and obese women, which coupled with a
larger fetus might necessitate more time and stronger

Table 2. Intrapartum Characteristics of Term, Nulliparous Women, According to Their Prepregnancy Body Mass Index
(Pregnancy, Infection, and Nutrition Study, 1995–2002)

Normal (BMI
19.8–26.0 kg/m2)

(n � 297)

Overweight (BMI
26.1–29.0 kg/m2)

(n � 115) P *

Obese (BMI �
29.0 kg/m2)
(n � 200) P †

Cervical dilation at admission (cm) 3.0 (1.0, 5.0) 2.5 (1.0, 6.0) .39 2.0 (0.0, 5.0) .03
Contractions present at admission .47 .01
Yes, regular 181 (60.9) 63 (54.8) 90 (45.0)
Every 1–5 min 165 (55.5) 57 (49.6) 78 (39.0)
Every 6–15 min 16 (5.4) 6 (5.2) 12 (6.0)
Yes, but unknown frequency 13 (4.4) 4 (3.5) 10 (5.0)
Yes, but irregular 31 (10.4) 9 (7.8) 30 (15.0)
No 67 (22.6) 35 (30.4) 68 (34.0)
Unknown 5 (1.7) 4 (3.5) 2 (1.0)
Labor onset .22 � .001
Spontaneous 205 (69.0) 69 (60.0) 106 (53.0)
Induction without cervical
ripening

45 (15.2) 23 (20.0) 36 (18.0)

Induction with cervical ripening 47 (15.8) 23 (20.0) 58 (29.0)
Method of cervical ripening .21 .11
Foley bulb 23 (7.7) 15 (13.0) 38 (19.0)
Prostaglandins 24 (8.1) 8 (7.0) 20 (10.0)
Received oxytocin 167 (56.2) 79 (68.7) .02 150 (75.0) � .001
Cervical dilation at oxytocin
administration (cm)

3.0 (1.0, 8.5) 3.0 (1.0, 8.5) .98 3.0 (1.0, 7.0) .84

Received epidural analgesia 200 (67.3) 81 (70.4) .64 142 (71.0) .43
Cervical dilation at epidural
analgesia placement (cm)

5.0 (3.0, 9.0) 5.0 (3.0, 9.0) .70 5.0 (3.0, 8.0) .72

Method of membrane rupture � .01 .41
Spontaneous 133 (44.8) 35 (30.7) 83 (41.5)
Artificial 159 (53.5) 80 (69.3) 117 (58.5)
Undetermined 5 (1.7) 0 (0.0) 0 (0.0)

BMI, body mass index.
Data are presented as n (%) or median (10th, 90th percentiles) (�2 test or Wilcoxon rank sum test).
* Comparison between normal-weight and overweight women.
† Comparison between normal-weight and obese women.
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contractions to progress through labor.5,8,24 Studies that
have measured suprailiac skinfold thickness confirm per-
ceptions that more maternal fat is accumulated centrally
than peripherally during pregnancy,25,26 especially
among obese women.27 Thus, it is possible that added
soft-tissue deposits in the maternal pelvis might narrow

the diameter of the birth canal and prolong labor, partic-
ularly during the second stage. However, direct evidence
of fat deposition in the pelvis of overweight and obese
women is needed to support this assertion and is beyond
the scope of this analysis. Although we did not measure
suprailiac skinfold thickness in our study, we controlled

Table 3. Pregnancy Outcomes of Term, Nulliparous Women According to Their Prepregnancy Body Mass Index (Pregnancy,
Infection, and Nutrition Study, 1995–2002)

Normal (BMI
19.8–26.0 kg/m2)

(n � 297)

Overweight (BMI
26.1–29.0 kg/m2)

(n � 115) P *

Obese (BMI �
29.0 kg/m2)
(n � 200) P †

Method of delivery .09 .07
Spontaneous vaginal 182 (61.3) 69 (60.0) 117 (58.5)
Instrument-assisted vaginal 59 (19.9) 15 (13.0) 29 (14.5)
Primary emergent cesarean 56 (18.8) 31 (27.0) 54 (27.0)
Indications for primary emergent
cesarean delivery
Failure to progress 25 (8.4) 14 (12.2) 25 (12.5)
Malpresentation 2 (0.7) 1 (0.9) 0 (0.0)
Fetal distress 21 (7.1) 13 (11.3) 21 (10.5)
Placental abruption 1 (0.3) 0 (0.0) 0 (0.0)
Failed induction 0 (0.0) 2 (1.7) 5 (2.5)
Failed forceps/vacuum delivery 5 (1.6) 1 (0.9) 2 (1.0)
Other factors 2 (0.7) 0 (0.0) 1 (0.5)
Timing of primary emergent cesarean
First-stage cesarean 42 (14.1) 26 (22.6) 40 (20.0)
Second-stage cesarean 14 (4.7) 5 (4.4) 14 (7.0)
Infant birth weight (g) 3,385� 497 3,485� 473 .07 3,445� 468 .18
Macrosomia (yes) 36 (12.1) 18 (15.6) .33 24 (12.1) .99
Gestational age at delivery (wk) 39.47� 1.3 39.53� 1.3 .66 39.6� 1.3 .21
BMI, body mass index.
Data are presented as n (%) or means � standard deviation (t test or �2 test).
* Comparison between normal-weight and overweight women.
† Comparison between normal-weight and obese women.

Table 4. Adjusted Median Duration of Time Elapsed (Hours) in Labor for Each Centimeter of Cervical Dilation for Term,
Nulliparous Women According to Their Prepregnancy Body Mass Index (Pregnancy, Infection, and Nutrition Study,
1995–2002)

Cervical dilation

Normal (BMI
19.8–26.0 kg/m2)

(n � 297)

Overweight (BMI
26.1–29.0 kg/m2)

(n � 115) P *

Obese (BMI �
29.0 kg/m2)
(n � 200) P †

From 4 to 10 cm 6.20 7.52 � .01 7.94 � .001
From 3 to 4 cm 1.58 1.43 .03 1.74 .17
From 4 to 5 cm 1.41 1.63 .06 1.69 � .01
From 5 to 6 cm 0.80 0.98 � .001 1.27 � .001
From 6 to 7 cm 0.64 0.61 .33 0.80 � .001
From 7 to 8 cm 0.58 0.60 .47 0.47 � .001
From 8 to 9 cm 0.49 0.51 .46 0.46 .02
From 9 to 10 cm 0.45 0.44 .65 0.49 .02
Second stage of labor
(geometric mean, min)

62.7 60.2 .73 47.4 .01

BMI, body mass index.
An interval-censored regression model with a log normal distribution was fitted to adjust for maternal height, membrane rupture, epidural
analgesia, timing of epidural analgesia placement, labor induction, oxytocin use, net maternal weight gain, and fetal size.
* Comparison between normal-weight and overweight women.
† Comparison between normal-weight and obese women.
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for factors such as maternal height, net maternal weight
gain, and fetal size in our analysis. Even after adjustment,
the significant trend remained before 6 cm.
The findings of this study must be interpreted with
recognition of its limitations. First, the measurement of
cervical dilation was subjective. Continuous monitoring
of cervical dilation was not performed and the measure-
ments were based on vaginal examinations performed
by several physicians. This potential misclassification
would likely be nondifferential in nature and would bias
our results toward the null. Second, there is a concern
surrounding informative censoring. Obese women were
more likely to have a first-stage cesarean delivery com-

pared with overweight and normal-weight women. As
illustrated in Figure 1, more obese women dropped out
of our interval-censored regression analysis earlier than
the other two groups. Although adjustment for selected
factors was performed to reduce selection bias in this
instance, time intervals for more advanced cervical dila-
tion were affected to an extent by dropout of women
with protracted labor in both overweight and obese
women.
Third, the recruitment period for the study excluded
women who obtained prenatal care in the third trimester
or not at all, excluding some higher-risk women and
limiting the generalizability of the findings. Lastly, be-

Fig. 1. Timing of dropout because
of cesarean delivery, according to
cervical dilation at delivery, Preg-
nancy, Infection, and Nutrition
Study, 1995–2002.
Vahratian. Labor Progression in Overweight
and Obese Women. Obstet Gynecol 2004.

Table 5. Adjusted Median Duration of Time Elapsed (Hours) in Labor for Each Centimeter of Cervical Dilation for Term,
Nulliparous Women With a Vaginal Delivery, According to Their Prepregnancy Body Mass Index (Pregnancy,
Infection, and Nutrition Study, 1995–2002)

Cervical dilation

Normal (BMI
19.8–26.0 kg/m2)

(n � 241)

Overweight (BMI
26.1–29.0 kg/m2)

(n � 84) P *

Obese (BMI �
29.0 kg/m2)
(n � 146) P †

From 4 to 10 cm 5.43 5.54 .73 6.98 � .001
From 3 to 4 cm 1.58 1.38 .11 1.27 .01
From 4 to 5 cm 1.40 1.43 .82 1.29 .24
From 5 to 6 cm 0.66 0.98 � .001 0.98 � .001
From 6 to 7 cm 0.57 0.56 .92 0.62 .13
From 7 to 8 cm 0.43 0.46 .29 0.44 .63
From 8 to 9 cm 0.42 0.39 .04 0.40 .17
From 9 to 10 cm 0.38 0.35 .11 0.35 � .01
BMI, body mass index.
An interval-censored regression model with a log normal distribution was fitted to adjust for maternal height, membrane rupture, epidural
analgesia, timing of epidural analgesia placement, labor induction, oxytocin use, net maternal weight gain, and fetal size.
* Comparison between normal-weight and overweight women.
† Comparison between normal-weight and obese women.
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cause of the observational nature of our data, we cannot
entirely exclude the possibility that important confound-
ers were omitted from the analysis or that adjustment for
confounders was incomplete. Limited information was
available on physician factors that may influence labor
progression and increase the risk for cesarean delivery.
Thus, the presence of residual confounding is possible.
Moreover, we acknowledge that the patterns observed in
our data may be in part the result of random error, given
the small numbers in some cells.
Nonetheless, this study has several strengths. Few
studies to date have examined the characteristics of labor
and delivery for overweight and obese women. In con-
trast, this study abstracted detailed intrapartum data to
examine the relationship between maternal prepregnancy
weight status and the pattern of labor progression in term,
nulliparous women. This information allowed us to docu-
ment differences in the prevalence of obstetric interventions
among normal-weight, overweight, and obese women. In
general, more advanced statistical methods were used in
this study, which further allowed us to examine labor
progression centimeter-by-centimeter.
In our study, overweight and obese women had a
significantly slower labor from 4 to 10 cm, compared
with that of normal-weight women. In particular, the
pattern of labor progression for obese women was signif-
icantly slower than that of normal-weight women before
7 cm. Given that nearly one half of women of childbear-
ing age are either overweight or obese, it is critical to
consider differences in labor progression by maternal
prepregnancy BMI before additional interventions are
performed.
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