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Objective: To estimate the risk of cesarean delivery due to excess prepregnancy body mass
index (BMI) in a multistate, US population-based sample. Methods: We analyzed data from
the population-based Pregnancy Risk Assessment Monitoring System (PRAMS) on 24,423
nulliparous women with single, term infants delivered between 1998 and 2000 in 19 states.
We calculated BMI from self-reported weight and height. We assessed interactions between
prepregnancy BMI and other risk factors. We estimated weighted relative risks and 95%
confidence intervals for the association between prepregnancy BMI and cesarean section
from multiple logistic regression models adjusting for demographic and medical risk factors
from the PRAMS questionnaire or birth certificates. Results: The incidence of cesarean de-
livery increased with increased prepregnancy BMI, from 14.3% (0.8 standard error (SE))
for lean women (BMI < 19.8) to 42.6% (2.0 SE) for very obese women (BMI ≥ 35). The
risk of cesarean section differed by presence of any medical, labor and/or delivery compli-
cation. Among women with any complication, the estimated adjusted RR for cesarean de-
livery was 1.1 (95% confidence interval (CI) 1.0–1.2) among overweight women, 1.3 (95%
CI 1.1–1.4) among obese women, and 1.4 (95% CI 1.2–1.6) among very obese women
compared with normal weight women. Among women without any complications, the es-
timated adjusted RR was 1.4 (95% CI 1.0–1.8) among overweight women, 1.5 (95% CI
1.1–2.1) among obese women, and 3.1 (95% CI 2.3–4.8) among very obese women. Conclu-
sion: Excess prepregnancy weight increases the risk of cesarean delivery among nulliparous
women giving birth to single, term infants, especially among very obese women without any
complications.

KEY WORDS: cesarean; obesity; pregnancy complications.

INTRODUCTION

In 1996, the US cesarean delivery rate began
to rise, ending a decline that began in 1989 (1). Be-
tween 1996 and 2002, the overall cesarean delivery
rate increased 25%,from 20.7 to 26.1%, and the pri-
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mary cesarean section rate increased 23%, from 14.6
to 18.0% (1). Obesity among US women is also on
the rise. During the decade of the 1990s, the percent-
age of US women who were obese increased 32%,
from 25.9 to 34.0% (2). While the increasing rate in
cesarean sections reflects changes in many areas, in-
cluding demographics, physician practices, and ma-
ternal choice (1), it also may be influenced by changes
in women’s prepregnancy weight.

Studies have reported an increased risk of ce-
sarean delivery in women who are obese. Stud-
ies confined to clinic-based samples have found up
to 4 times greater odds of delivery by cesarean
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section among obese women than among normal or
lean women (3–5), or a positive linear association
between prepregnancy BMI and cesarean deliv-
ery (6, 7). Three population-based studies, two in
Sweden and another in a perinatal region of New
York State, found similar results (8–10). Obese
women are not only at increased risk of cesarean de-
livery, but they are also at increased risk of infection
and other complications from the surgery compared
to nonobese women (11).

The biological pathway through which obesity
affects the labor process is not well understood, al-
though dystocia due to increases in pelvic soft tis-
sue has been proposed (4, 9). A study of women in
a middle-class private practice found obese women
(BMI > 30) were 6 times more likely to have a
cesarean section due to cephalopelvic dispropor-
tion/failure to progress than nonobese women (4),
and another study found morbidly obese women had
2.6 greater odds of experiencing failure to progress
than nonobese women (12). While no difference has
been found in the length of the second stage of labor,
obese women are more likely to have a decreased di-
lation rate, and a longer active phase of labor and to
require oxytocin augmentation than normal weight
women (13, 14). Another pathway in which obesity
could affect the risk of cesarean delivery is by in-
creasing the risk of diabetes or hypertension, which
in turn, increases the risk of cesarean delivery.

The purpose of this study was to estimate the
risk of cesarean delivery by level of prepregnancy
body mass index (BMI) in a large multistate, US
population-based sample and to assess potential in-
teractions with other risk factors for cesarean de-
livery to better understand the mechanisms through
which obesity increases the risk of cesarean delivery.

MATERIALS AND METHODS

We analyzed data from the Pregnancy Risk
Assessment Monitoring System (PRAMS), which
was established in 1988 to provide state-specific
surveillance of maternal attitudes and experiences
before, during, and shortly after pregnancy. Cur-
rently, 32 states conduct PRAMS surveillance. Our
study used data from 19 states that had annual re-
sponse rates of 70% or higher (Alabama 1998–2000,
Alaska 1998–2000, Arkansas 1998–2000, Colorado
1998–2000, Florida 1998–2000, Hawaii 2000, Illinois
1998–2000, Louisiana 1998–2000, Maine 1998–2000,
Nebraska 2000, New Mexico 1999–2000, New York
State/excluding New York City 1998–2000, North

Carolina 1998–2000, Ohio 1999–2000, Oklahoma
1998–2000, South Carolina 1998–2000, Utah 1999–
2000, Washington State 1998–2000, and West
Virginia 1998–2000). The overall response rate was
75%, and the state’s individual response rates ranged
from 70 to 80%.

Each state used a similar methodology for con-
ducting PRAMS. Every month, a stratified system-
atic sample of 100–200 new mothers was selected
from birth certificates. Stratification variables were
determined by each state, many of which chose birth
weight. Each mother was mailed a 14-page question-
naire 1–3 months after delivery. If the mother failed
to respond, a second, and if needed, a third ques-
tionnaire was mailed to her. If the mother did not
respond to the questionnaires, attempts were made
to conduct an interview over the telephone. Each
mother’s questionnaire was linked to her child’s birth
certificate, and the final data set included informa-
tion from both the questionnaire and the birth cer-
tificate. The data were weighted to adjust for survey
design, noncoverage, and nonresponse. PRAMS was
approved by the CDC Institutional Review Board.

The analysis was limited to nulliparous women
with singleton, term (gestation ≥37 weeks) births. A
total of 26,682 women were eligible for the study.
Women with missing information on the indepen-
dent variable, prepregnancy BMI (n = 1874, 7.0%),
and/or the dependent variable, cesarean delivery
(n = 403, 1.5%), were excluded from the analysis
(total exclusions (some had missing information on
both) n = 2259, 8.4%). The final sample included
24,423 women.

The data source of the variables was either
the birth certificate or the PRAMS questionnaire.
Cesarean delivery was reported on the birth cer-
tificate. No information was available on whether
the cesarean delivery was elective or an emer-
gency. Information used to calculate prepregnancy
BMI (maternal weight in kilograms/height in m2)
was self-reported by the mother on the PRAMS
questionnaire. We used the Institute of Medicine
definitions of lean (BMI < 19.8), normal (BMI
19.8–26.0), overweight (BMI 26.1–29.0), and obese
(BMI > 29) (15). We created a category for very
obese (BMI ≥ 35).

Several confounders were considered based on a
review of the literature: age, education, race, marital
status, Medicaid recipient, maternal height, weight
gain during pregnancy, infant birth weight, gesta-
tional age, diabetes (preexisting or gestational), hy-
pertension during pregnancy, and complications of
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labor and/or delivery (3–9). Age, education, race,
marital status, complications of labor and/or delivery,
weight gain during pregnancy, infant birth weight
and gestational age were taken from the birth certifi-
cate. Medicaid recipient was reported by the woman
on the PRAMS questionnaire. Complications of la-
bor and/or delivery is a composite variable taken
from a check box on the birth certificate, “No com-
plications of labor and/or delivery.” If it is checked,
it indicates that a woman did not experience any of
the following complications: fever, meconium (mod-
erate or heavy), premature rupture of membranes,
abruptio placenta, placenta previa, other excessive
bleeding, seizures during labor, precipitous labor,
breech/malpresentation, cord prolapse, anesthetic
complication, fetal distress, dysfunctional labor, pro-
longed labor (more than 20 h) and cephalopelvic dis-
proportion. Two variables, diabetes and hyperten-
sion, were available on the PRAMS questionnaire
and the birth certificate. A positive response on the
birth certificate or the PRAMS questionnaire was
coded as a positive response for diabetes or hyper-
tension, respectively.

We examined the frequency of cesarean deliv-
ery among women in five prepregnancy BMI groups:
lean, normal, overweight, obese, and very obese.
Software for SUrvey DAta ANalysis (SUDAAN)
was used to calculate the standard errors so that
they reflected selection and response probabilities
for the survey design (16). We assessed interac-
tions between prepregnancy BMI and several vari-
ables including maternal age, maternal height, gesta-
tional weight gain, infant birth weight ≥4000 g, state
of residence, maternal race, complications of labor
and/or delivery, hypertension and diabetes. Interac-
tion terms were entered into the multivariable model
one at a time and were considered statistically sig-
nificant at p < .01. Then, adjusting for potential con-
founders, we constructed a multivariable logistic re-
gression model to estimate the association between
prepregnancy BMI and delivery by cesarean section.
The final model was evaluated for goodness of fit
using the Hosmer–Lemeshow Goodness-of-Fit Test
(17). Because the outcome variable was not rare, the
adjusted odds ratios would have overestimated the
magnitude of the association between prepregnancy
BMI and cesarean delivery. Therefore, we used the
method developed by Zhang and Yu to calculate an
estimated adjusted relative risk (18), and the Boot-
strap method with 1000 loops to calculate 95% con-
fidence intervals for the adjusted relative risks (SAS
version 8.2) (19).

A comparison of demographic variables be-
tween women with and without missing informa-
tion on prepregnancy BMI and/or cesarean deliv-
ery found that women with missing information were
more likely to be younger, black, a Medicaid recip-
ient, not married, of short stature, and to have ex-
perienced a labor and/or delivery complication. No
differences were found in diabetes, hypertension, or
infant birth weight.

RESULTS

Overall, 22.0% of nulliparous women giving
birth to a single, term infant had a cesarean sec-
tion (Table I). Almost one quarter of the women in
the sample were either overweight (10.3%), obese
(8.7%), or very obese (5.5%). The majority of
women were 20 years of age or older, had at least
12 years of education, were married, and were white.
Almost 40% were Medicaid recipients.

The frequency of cesarean delivery increased
with increased prepregnancy BMI, from 14.3% (0.8
SE) among lean women to 42.6% (2.0 SE) among
very obese women (Table II). This increasing ce-
sarean delivery rate by increasing prepregnancy BMI
was consistent within each stratum of demographic,
obstetrical, and infant variables.

Demographic variables associated with higher
rates of cesarean delivery in the univariate analysis
included older age compared to younger age, higher
education completed compared to lower, and not be-
ing a Medicaid recipient compared to being one. Ob-
stetrical and infant variables associated with higher
rates of cesarean delivery included maternal height
<62 inches, complications of labor and/or delivery,
infant birth weight <2500 g or ≥4000 g, gestational
age >40 weeks, diabetes (preexisting or gestational),
and hypertension during pregnancy.

We found no significant interactions with
prepregnancy BMI and maternal age, maternal
height, infant birthweight ≥4000 g, maternal weight
gain or state of residence. The association between
prepregnancy BMI and cesarean delivery was
modified by the “other race” category (p < .03),
but not by black or white race. Because other race
comprises less than 5% of the sample and represents
a heterogeneous group, this interaction was ignored
for the analyses and race was considered a potential
confounder. Complications of labor and/or delivery
significantly interacted with prepregnancy BMIand
cesarean delivery (p < .001). This variable is a com-
posite of various factors that may be on the causal
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pathway between obesity and cesarean deliv-
ery.Because diabetes and hypertension also may
be on the causal pathway, we added women with
either of these risk factors to the group with labor
and/or delivery complications and tested for an
interaction with prepregnancy BMI and cesarean
delivery. It was statisticallysignificant at p < .001.

Table I. Selected Characteristics of Nulliparous Women with
Single, Term Live Births, PRAMS 1998–2000

Characteristics
Weighted (%)

(n unweighted)a

Cesarean delivery
Yes 22.0 (5299)
No 78.0 (19124)

Prepregnancy BMI
Lean (<19.8) 19.0 (5060)
Normal (19.8–26) 56.4 (13441)
Overweight (26.1–29.0) 10.3 (2476)
Obese (29.1–34.9) 8.7 (2134)
Very obese (≥35) 5.5 (1312)

Age (year)
<20 24.7 (7327)
20–24 28.6 (7059)
25–29 25.1 (5547)
30–34 15.2 (3079)
35+ 6.4 (1405)

Education (year)
<12 19.2 (5086)
12 30.5 (7939)
13+ 50.3 (11000)

Marital status
Married 60.1 (13765)
Not married 39.9 (10648)

Race
White 79.2 (17403)
Black 16.4 (3975)
Other 4.4 (2951)

Medicaid recipient
No 61.9 (13613)
Yes 38.1 (10664)

Maternal height (in.)
<62 11.6 (3258)
≥62 88.4 (21165)

Weight gain during pregnancy (lb)
0–10 3.2 (860)
11–20 10.6 (2843)
21–30 28.8 (6896)
31–40 31.0 (6721)
≥41 26.3 (5731)

Complications of labor and/or deliveryb

Yes 41.1 (9620)
No 58.9 (13951)

Infant birth weight (g)
<2500 2.7 (3601)
2500–3999 87.9 (18525)
≥4000 9.3 (2163)

Gestational age (weeks)
37–40 84.4 (21008)
41–44 15.6 (3415)

Table I. Continued

Characteristics
Weighted (%)

(n unweighted)a

Diabetes (preexisting or gestational)
Yes 3.9 (944)
No 96.1 (23479)

Hypertension during pregnancy
Yes 6.5 (1979)
No 93.5 (22444)

aTotal sample size 24,423. Because of missing values, not all
variables add up to 24,423.

bIncludes fever, meconium (moderate or heavy), prema-
ture rupture of membranes, abruptio placenta, placenta
previa, other excessive bleeding, seizures during labor,
precipitous labor, breech/malpresentation, cord prolapse,
anesthetic complication, fetal distress, prolonged labor
(more than 20 h), dysfunctional labor, or cephalopelvic
disproportion.

The Hosmer–Lemeshow Goodness-of-Fit Test for
the model with the interaction suggested the model
fit the data, Chi-square 11.6, p < .16. We, therefore,
present all subsequent analyses stratified by these
two groups of women: those with complications and
those without any complications.

The unadjusted relative risk for cesarean de-
livery was greatest for very obese women with-
out any complications compared to normal weight
women without complications (RR 3.5, 95% 2.7–4.5)
(Table III). Very obese women with complications
had 1.4 times the risk of cesarean delivery (95%
CI 1.3–1.6) compared to normal weight women with
complications. After adjusting for covariates, the as-
sociation between prepregnancy BMI and cesarean
delivery remained for women with and without com-
plications, but, again, the risk was greatest among
very obese women without complications compared
to normal weight women without complications (ad-
justed estimated RR 3.1, 95% CI 2.3–4.8) (Table IV).
For both groups of women, education, marital status,
and Medicaid benefits were not associated with ce-
sarean delivery when adjusting for all other variables
in the model and thus were not retained in either final
model.

DISCUSSION

Our results confirm previous studies’ findings
that nulliparous women giving birth to single, term
infants who are overweight or obese are at increased
risk of cesarean delivery (3–7). However, we found
this increased risk was not consistent among women
with and without complications. Among women with
complications, the risk of cesarean delivery increased
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Table II. Prevalence of Cesarean Delivery Among Nulliparous Women with Single, Term Live Births by
Selected Maternal Characteristics and Prepregnancy Body Mass Index, PRAMS 1998–2000

C-section, % (SE)

Lean
(n = 5060)

Normal
(n = 13441)

Overweight
(n = 2476)

Obese
(n = 2134)

Very obese
(n = 1312)

Total 14.3 (0.8) 20.1 (0.5) 26.5 (1.4) 32.8 (1.5) 42.6 (2.0)
Age (year)

<20 10.7 (1.0) 13.5 (0.8) 17.5 (2.1) 23.9 (2.8) 33.7 (4.7)
20–24 10.5 (1.2) 16.9 (0.9) 26.9 (2.7) 26.5 (2.6) 37.7 (3.4)
25–29 14.6 (2.2) 22.3 (1.1) 23.9 (2.5) 32.1 (3.0) 40.6 (3.8)
30–34 22.4 (2.9) 26.6 (1.5) 36.7 (3.7) 40.1 (4.1) 52.4 (4.9)
35+ 23.3 (3.3) 32.8 (2.4) 42.1 (6.4) 55.0 (6.1) 57.6 (7.2)

Education (year)
<12 10.5 (1.1) 14.7 (1.0) 22.2 (3.0) 24.8 (3.3) 40.2 (5.0)
12 14.0 (1.4) 19.6 (1.0) 25.5 (2.3) 33.4 (2.6) 38.3 (3.4)
13+ 17.0 (1.4) 22.4 (0.8) 28.9 (2.0) 35.1 (2.3) 45.9 (2.9)

Marital status
Married 16.3 (1.2) 21.6 (0.7) 28.4 (1.8) 34.9 (2.0) 44.2 (2.5)
Not married 12.2 (1.2) 17.7 (0.8) 23.3 (2.0) 29.5 (2.5) 39.5 (3.4)

Race
White 15.0 (0.9) 20.2 (0.6) 25.8 (1.6) 33.6 (1.8) 43.7 (2.4)
Black 11.3 (2.5) 19.9 (1.2) 28.7 (2.8) 33.7 (3.0) 39.3 (3.7)
Other 12.9 (1.6) 18.3 (2.2) 23.6 (5.4) 13.9 (3.3) 32.7 (7.6)

Medicaid recipient
No 15.6 (1.2) 21.7 (0.7) 26.9 (1.7) 36.2 (2.1) 45.0 (2.7)
Yes 12.8 (3.0) 17.3 (0.8) 25.7 (2.1) 27.4 (2.2) 38.0 (2.9)

Maternal height (in.)
<62 17.5 (2.4) 27.4 (1.8) 33.8 (4.0) 33.6 (4.4) 50.3 (5.9)
≥62 14.0 (0.8) 19.1 (0.5) 25.3 (1.4) 32.7 (1.6) 41.6 (2.1)

Weight gain during pregnancy (lb)
0–10 19.2 (9.4) 22.7 (3.7) 35.6 (7.3) 26.3 (5.3) 32.6 (4.6)
11–20 9.8 (2.1) 16.2 (1.6) 26.0 (3.9) 24.6 (3.1) 46.9 (4.4)
21–30 13.3 (1.4) 17.8 (1.0) 22.1 (2.4) 31.4 (2.9) 45.2 (4.0)
31–40 15.5 (1.5) 20.3 (1.0) 27.1 (2.5) 43.9 (3.6) 40.5 (5.0)
≥41 16.3 (1.7) 23.8 (1.1) 28.4 (2.9) 34.3 (3.2) 48.2 (5.7)

Complications of labor and/or deliverya

Yes 33.0 (1.8) 39.5 (1.0) 47.3 (2.4) 54.5 (2.3) 58.5 (2.9)
No 4.1 (0.5) 7.3 (0.5) 10.7 (1.3) 11.5 (1.6) 25.1 (2.5)

Infant birth weight (g)
<2500 16.1 (1.4) 23.8 (1.4) 30.5 (3.2) 39.5 (3.6) 42.9 (5.6)
2500–3999 13.4 (0.8) 18.3 (0.5) 23.6 (1.4) 29.8 (1.6) 38.3 (2.2)
≥4000 29.9 (4.9) 36.4 (2.2) 46.5 (4.7) 49.5 (4.7) 67.2 (5.3)

Gestational age (weeks)
37–40 13.2 (2.8) 19.0 (0.6) 24.7 (1.4) 32.8 (1.7) 39.7 (2.2)
41–44 21.2 (0.8) 26.2 (1.5) 36.3 (3.8) 33.1 (3.5) 55.4 (4.8)

Diabetes (preexisting or gestational)
Yes 23.9 (6.0) 30.7 (3.8) 38.2 (7.3) 39.9 (6.5) 46.5 (6.0)
No 14.0 (0.8) 19.8 (0.5) 25.8 (1.4) 32.3 (1.6) 42.0 (2.1)

Hypertension during pregnancy
Yes 23.2 (4.2) 30.1 (2.6) 28.9 (4.0) 41.7 (4.2) 49.5 (4.6)
No 14.0 (0.8) 19.5 (0.5) 26.2 (1.4) 31.7 (1.6) 41.1 (2.2)

aIncludes fever, meconium (moderate or heavy), premature rupture of membranes, abruptio placenta,
placenta previa, other excessive bleeding, seizures during labor, precipitous labor, breech/malpresentation,
cord prolapse, anesthetic complication, fetal distress, prolonged labor (more than 20 h), dysfunctional labor,
or cephalopelvic disproportion.
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Table III. Risk of Delivery by Cesarean Section among Nulli-
parous Women with Single, Term Live Births, PRAMS 1998–2000

Unadjusted RR (95% CI)

Characteristics
With

complicationsa
Without

complications

Prepregnancy BMI
Lean (<19.8) 0.8 (0.7–0.9) 0.6 (0.4–0.8)
Normal (19.8–26.0) 1.0 1.0
Overweight (26.1–29.0) 1.2 (1.0–1.3) 1.4 (1.1–1.9)
Obese (29.1–34.9) 1.3 (1.2–1.5) 1.5 (1.1–2.0)
Very obese (≥35) 1.4 (1.3–1.6) 3.5 (2.7–4.5)

aIncludes any of the following: diabetes (gestational orpreexist-
ing), hypertension, fever, meconium (moderate or heavy),
premature rupture of membranes, abruptio placenta, placenta
previa, other excessive bleeding, seizures during labor, pre-

cipitous labor, breech/malpresentation, cord prolapse, anesthetic
complication, fetal distress, prolonged labor (more than 20 h),
dysfunctional labor, and cephalopelvic disproportion.

slightly as prepregnancy BMI increased. Among
women without complications, the risk greatly in-
creased among very obese women. This finding sug-
gests that, when other risk factors for cesarean sec-
tion exist, increasing prepregnancy BMI contributes
a slight additional risk compared to that for normal
weight women. Without other risk factors, being very
obese contributes greatly to the risk compared to that
of normal weight women. The magnitude of this in-
creased risk among very obese women without com-
plications may be caused by the increased volume of
soft tissue. Subtle labor complications unaccounted
for in our data may also explain the difference. For
example, obese women labor longer during the ac-
tive phase and have a decreased cervical dilation rate,
which may influence physicians’ decisions regarding
cesarean delivery (13, 14). Unfortunately, we did not
have information on the number of cesarean sec-
tions that occurred after the onset of labor. While
other studies have controlled for complications (3, 5–
7, 9), the findings of our study suggest that women
with and without complications should be analyzed
separately. In addition, our findings suggest that
obesity not only increases the risk of certain com-
plications during pregnancy that lead to increased
risk of cesarean delivery, but it also independently
increases the risk, especially among very obese
women.

A strength of this study is that we had a suf-
ficient sample size to explore potential interactions
and to create a prepregnancy BMI group for very
obese women. In addition, the measure of associa-
tion we used, an estimated relative risk instead of an
odds ratio, improves upon previous studies that may

Table IV. Risk of Delivery by Cesarean Section among Nulli-
parous Women with Single, Term Live Births, PRAMS 1998–2000

Adjusteda estimated RR (95% CI)

Characteristics
With

complicationsb
Without

complications

Prepregnancy BMI
Lean (<19.8) 0.9 (0.8–1.0) 0.7 (0.5–1.0)
Normal (19.8–26.0) 1.0 1.0
Overweight (26.1–29.0) 1.1 (1.0–1.2) 1.4 (1.0–1.8)
Obese (29.1–34.9) 1.3 (1.1–1.4) 1.5 (1.1–2.1)
Very obese (≥35) 1.4 (1.2–1.6) 3.1 (2.3–4.8)

Age (year)
<20 1.0 1.0
20–24 1.2 (1.1–1.3) 1.5 (1.2–2.0)
25–29 1.4 (1.2–1.5) 2.2 (1.6–3.0)
30–34 1.6 (1.5–1.8) 2.8 (1.7–2.3)
35+ 1.9 (1.6–2.1) 4.7 (2.1–3.9)

Race
White 1.0 1.0
Black 1.1 (1.0–1.2) 1.6 (1.3–2.0)
Other 0.8 (0.7–1.0) 0.4 (0.2–0.7)

Maternal height (inches)
<62 1.3 (1.2–1.5) 1.9 (1.5–2.5)
≥62 1.0 1.0

Weight gain during pregnancy (lb)
0–10 1.0 (0.8–1.2) 1.4 (0.7–2.4)
11–20 1.0 (0.9–1.1) 0.9 (0.6–1.3)
21–30 1.0 1.0
31–40 1.1 (0.9–1.2) 1.3 (1.0–1.6)
41+ 1.1 (1.0–1.2) 1.5 (1.2–2.0)

Infant birth weight (g)
<2500 1.1 (1.0–1.2) 1.2 (0.9–1.5)
2500–3999 1.0 1.0
≥4000 1.5 (1.3–1.6) 2.5 (1.8–3.3)

Gestational age (weeks)
37–40 1.0 1.0
41–44 1.2 (1.1–1.3) 1.3 (1.0–1.7)

aAdjusted for all variables presented in the table.
bIncludes any of the following: diabetes (gestational or preexist-
ing), hypertension, fever, meconium (moderate or heavy), pre-
mature rupture of membranes, abruptio placenta, placenta pre-
via, other excessive bleeding, seizures during labor, precipitous
labor, breech/malpresentation, cord prolapse, anesthetic comp-
lication, fetal distress, prolonged labor (more than 20 h), dys-
functional labor, and cephalopelvic disproportion.

have overestimated the association between obesity
and cesarean delivery. Finally, the 19 states repre-
sented in this PRAMS sample accounted for 37% of
all US births in 2000 (20).

The study, however, is limited by self-reported
prepregnancy weight which may be inaccurate. One
study found that underweight women tended to over-
estimate their prepregnancy weight (21), and another
study found that overweight women tended to un-
derestimate their prepregnancy weight (22). If these
reporting biases occurred in the PRAMS data, the
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associations between obesity and cesarean section
would be underestimated. Using data from birth
certificates is another limitation of this study and
having a composite variable for all complications
of labor and/or delivery limited our ability to assess
complications individually. Birth certificates have
been found to reliably report cesarean delivery
and celphalopelvic disproportion (23, 24); however,
reporting of labor and delivery complications is less
complete (23). Because we stratified on this variable,
the effect of underreporting complications would
result in an underestimated risk of cesarean delivery
among overweight or obese women without any
complications. Two additional considerations relate
to the sample. The PRAMS response rate was 75%.
The data were weighted for nonresponse, which
assumes that responders and nonresponders of
similar demographic characteristics report the same
information. We have no reason to believe that this
assumption is invalid for prepregnancy BMI. In ad-
dition, of women who did respond to PRAMS, 8.4%
were missing information on prepregnancy BMI
or cesarean delivery. Less than 10% of the sample
was excluded for missing data, therefore, the results
of this study are unlikely to be affected by these
exclusions.

In this study, obese women were more likely to
have a cesarean delivery. Why this increase is much
greater among very obese women without complica-
tions needs further study. Because obese women are
much more likely to experience infections and other
complications from cesarean delivery than nonobese
women, prevention of cesarean delivery is especially
needed for this group. Given that the antecedents of
obesity begin in childhood, prevention efforts need
to begin then and continue through the reproductive
years.
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