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Condensation 

Labor proceeds more slowly as maternal body mass index increases, especially in 

nulliparas, suggesting that labor management be altered to allow longer time for these 

differences.   

 

Short title: Labor patterns by BMI 
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Abstract  

Objective: To compare labor patterns by body mass index (BMI). 

Study Design: 118,978 gravidas with a singleton term cephalic gestation were studied. 

Repeated-measures analysis constructed mean labor curves by parity and BMI categories 

for those that reached 10cm.  Interval censored regression analysis determined median 

traverse times adjusting for covariates in vaginal deliveries and intrapartum cesareans.       

Results: In the labor curves, the time difference to reach 10 cm was 1.2 hours from the 

lowest to highest BMI category for nulliparas.  Multiparas entered active phase by 6 cm, 

but reaching this point took longer for BMI≥40.0 (3.4hours) compared to BMI<25.0 

(2.4hours).  Progression by centimeter (P<0.001 for nulliparas) and from 4-10cm 

(P<0.001 for nulliparas and multiparas) increased as BMI increased.  Second stage length 

with and without an epidural was similar among BMI categories for nulliparas (P>0.05), 

but decreased as BMI increased for multiparas (P<0.001). 

Conclusion: Labor proceeds more slowly as BMI increases suggesting that labor 

management be altered to allow longer time for these differences.   

Key Words: Body mass index, Labor curves, Obesity, Pregnancy 
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INTRODUCTION 

 

Cesarean deliveries (CD) have reached an all-time high in the United States - estimated at 

32.9% in 2009.
1
  Explanations for these findings include delayed childbearing, more 

multiple gestations, fewer attempts at vaginal birth after CD, and increasing maternal 

body mass.
2,3

 In parallel with this effect is the obesity epidemic.  In 2007-2008, the 

prevalence of obesity among adults was 33.8%.
4
   There is a linear rise in CD as maternal 

body mass index (BMI) increases.
5,6

   The explanation for this finding is unknown, but 

several theories have been proposed, including greater fetal size, soft tissue obstruction to 

labor, poor uterine contractility, more frequent inductions as a result of pregnancy 

complications, or care-giver biases.
6-11

  

 

The Friedman curve is a well-known figure to all clinicians who participate in the 

management of labor and delivery.  However, the evaluation of labor progression is 

largely based on studies from the 1950’s which described patients from a small 

homogeneous population.
12,13

  Subsequent studies have suggested that this curve may not 

apply to current obstetrical care.
14-16

   The Consortium on Safe Labor is a multi-centered 

retrospective study of electronic obstetrical databases whereby labor progression in 

patients with contemporary obstetrical characteristics (i.e. increasing maternal age and 

BMI) and practices (i.e. a greater proportion of patients with inductions and epidurals) 

was studied.  The primary investigation from this database determined that cervical 

dilation progresses more slowly than previously described, especially at cervical dilations 

from 4 to 6 cm.
17

   Few studies have addressed the specific impact of BMI on labor 
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progression.
18-19

  The purpose of the current study was to characterize labor progression 

in gravidas with respect to their BMI at labor admission.  If differences in labor patterns 

based on maternal BMI are found, this may help optimize labor management and 

ultimately impact the CD rate. 
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MATERIALS AND METHODS 

 

The Consortium on Safe Labor abstracted detailed labor and delivery information from 

deliveries occurring between 2002-2008 from electronic medical records in 12 clinical 

centers (with 19 hospitals) across 9 American College of Obstetricians and Gynecologists 

(ACOG) US districts.  Detailed description of the study is provided elsewhere.
17,20

  Data 

on labor progression (repeated, time-stamped cervical dilation, station and effacement) 

were collected from the electronic labor database.  Labor management protocols 

including the timing and frequency of cervical exams performed during labor varied 

across institutions. The Institutional Review Boards of all participating institutions 

approved the study. 

 

There were a total of 228,668 deliveries (87% of which occurred during 2005-2007) in 

the database.  For the current study, deliveries were excluded based on the following 

criteria: unknown BMI on admission (n=48,005); multiple gestation (n=5,059); not term 

(outside gestational age of 37 
0/7

 – 41 
6/7

 weeks; n=31,149); stillbirth (n=2,046); breech 

fetal presentation (n=7,764), prior CD (n=33,020); and no documented trial of labor 

(defined as at least two cervical examinations in the obstetrical database, n=36,407).  The 

number of deliveries remaining, noting that some deliveries met more than one criterion, 

was 126,257.  To avoid intra-person correlation, we selected the first delivery from each 

participant in the study, leaving 118,978 deliveries for analysis (Figure 1).   
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Women were then grouped into either nulliparas or multiparas.   BMI categories were 

determined by World Health Organization criteria (underweight and normal <25.0 kg/m
2
, 

overweight 25.0-29.9 kg/m
2
, obese Class I 30.0-34.9 kg/m

2
, obese Class II 35.0-39.9 

kg/m
2
, and obese Class III ≥ 40 kg/m

2
).

21
  Other descriptive variables included maternal 

age, height, race, gestational age, diabetes (pregestational and gestational combined), 

cervical dilation and effacement at admission, augmentation, induction, operative vaginal 

delivery, epidural anesthesia, CD, and birth weight.  A cesarean for abnormal labor was 

one that was documented as ―failure to progress‖ or ―cephalopelvic disproportion‖ in the 

database.  Pearson Chi-Square tests were used to compare the association between 

categorical variables and BMI category, and analysis of variance to statistically compare 

the association between continuous variables and BMI category. 

 

A repeated-measures analysis with an 8
th

 degree polynomial model was used to construct 

mean labor curves by parity using cervical dilation in centimeters (cm) with PROC 

MIXED (SAS software version 9.2, Cary, N.C.).
17,22

   In this analysis, the starting point 

was set at the first time when the dilation reached 10 cm (time = 0) and the time was 

calculated backwards (e.g. 60 minutes prior to complete dilation = -60 minutes).  After 

the labor curve models had been computed, the x-axis (time) was reverted to a positive 

value (e.g. instead of -12 to 0 hours, it was transformed to 0 to12 hours).  The labor 

curves included gravidas who reached 10 cm including those who may have had a 

cesarean in the second stage.  Because a large proportion of women were not admitted to 

labor and delivery until cervical dilation was 4 cm or greater, we started our labor curves 

at 4 cm.  Gravidas dilated more than 4 cm on admission still contributed data to the labor 
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curve as long as there were at least two cervical exams in the database.  S-PLUS software 

version 6.1 was used to create the labor curve graphs.   

 

To estimate duration of labor, we used interval censored regression to determine the 

distribution of times for progression from one centimeter of dilation to the next (called 

―traverse time‖) with the assumption that the labor data were log-normally 

distributed.
23,24

   Although this analysis was also restricted to laboring gravidas, it 

included gravidas who ultimately had either a vaginal delivery or an intrapartum cesarean 

(included cesareans done in the first and second stages).  The median and 95
th

 percentiles 

were calculated for the first stage of labor and the Chi-squared test was used to test the 

significance of the BMI groups.  The median and 95
th
 percentiles for the second stage 

were derived from PROC UNIVARIATE (SAS software version 9.2, Cary, N.C).  Tests 

of a continuous BMI covariate were used in GLM (SAS software version 9.2, Cary, N.C) 

to compare the trends in labor time as BMI increased.  We compared the traverse times in 

the first stage of labor and the duration of the second stage, adjusting to the combined 

observed frequencies of  maternal age, height, race, gestational age, diabetes, induction, 

augmentation, epidural [first stage only], operative vaginal delivery [second stage only], 

and birth weight using PROC LIFEREG (SAS software version 9.2, Cary, N.C.).  Trends 

in the traverse times with BMI were obtained as tests of a continuous BMI covariate in 

the LIFEREG model.  A P value < 0.05 was considered statistically significant. 
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RESULTS 

The characteristics of the population according to parity and BMI category are presented 

in Tables 1 and 2.  The mean admission BMI was 30.5 kg/m
2
 and 7.3% of gravidas had a 

BMI ≥ 40 kg/m
2
.  Nulliparas represented 48% of the population and 22% had a CD.  As 

BMI increased, so did the occurrence of Black race, diabetes, number of cervical exams, 

induction, CD, and CD for labor abnormalities while the opposite was found for 

Caucasian race, admission cervical dilation and effacement, and operative vaginal 

delivery in nulliparas (P<0.001) and multiparas (P<0.05).  Nulliparas had decreased age, 

cervical dilation at admission, and diabetes compared to multiparas but increased 

gestational age, operative vaginal deliveries, epidurals, and CD compared to multiparas 

across all BMI categories.  

 

Figure 2 shows the mean labor curves for all nulliparas who eventually reached 10 cm 

dilation by each BMI category.  For nulliparas, there was no apparent inflection point in 

any of the BMI labor curves and as such it was difficult to separate latent from active 

phase.  The time difference to reach 10 cm was 1.2 hours from the lowest to highest BMI 

category.  Similarly, by the time the BMI < 25 kg/m
2
 category reached 10 cm, the BMI ≥ 

40 kg/m
2
 category was only at 7.5 cm.  Figure 3 shows the mean labor curves for all 

multiparas who eventually reached 10 cm dilation by each BMI category.  For 

multiparas, there was an inflection point (denoting acceleration in labor) in the curve and 

most were in active phase by 6 cm.  However, as BMI increased, it took longer to reach 6 

cm – 2.4 hours for BMI < 25 kg/m
2
 and 3.4 hours for BMI ≥ 40 kg/m

2
.  Furthermore, the 

time difference to reach 10 cm was approximately 1 hour from the lowest to the highest 
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BMI category.  Labor curves in spontaneous and induced labor for nulliparas and 

multiparas were also generated and the same result of slower labor progress with 

increasing BMI was seen (results not shown). 

 

Tables 3 and 4 give the adjusted median traverse times with 95
th

 percentiles to progress 

from centimeter to centimeter, from 4 to 10 cm, and the second stage duration with and 

without an epidural for nulliparas and multiparas, respectively.  For nulliparas, the time to 

progress from centimeter to centimeter (P<0.001) and from 4 to 10 cm (P<0.0001) 

increased with increasing BMI in both unadjusted (data not shown) and adjusted models.  

Similar observations were noted for multiparas in the time to progress from centimeter to 

centimeter (P<0.05) and from 4 to 10 cm (P<0.0001), except in progressing from 7 to 8 

and 8 to 9 cm where the length of time did not change significantly across BMI 

categories (P>0.05) in the adjusted model.  There was no significant difference in the 

second stage length with and without epidural as BMI increased for nulliparas in the 

adjusted model (P>0.05, Table 3).  Second stage length decreased as BMI increased for 

multiparas with and without an epidural (P<0.0001, Table 4).  Of note, the times to reach 

10 cm differ among the labor curves (Figures 2 and 3) and the median traverse times 

(Tables 3 and 4) because the labor curves only included gravidas who reached 10 cm 

dilation whereas the traverse times also included those gravidas having intrapartum 

cesareans.  For example, the time difference to reach 10 cm was 1.2 hours in the labor 

curves and 2.3 hours in the median traverse times (4 to 10cm) when comparing the lowest 

to highest BMI category in nulliparas. 

 

COMMENT 
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In this large multicenter study of contemporary labor practices across the United States, 

labor progressed more slowly with increasing admission BMI.  These effects were 

significant for the first stage of labor in both nulliparas and multiparas and overall was 

more pronounced for nulliparas compared to multiparas as shown in the labor curves 

(time to reach 10 cm, Figures 2 and 3) and the median traverse times to progress from 4 

to 10 cm (i.e. 5.4 hours for BMI < 25 kg/m
2
 compared to 7.7 hours for BMI ≥ 40 kg/m

2
 in 

nulliparas vs. 4.6 hours for BMI < 25 kg/m
2
 compared to 5.4 hours for BMI ≥ 40 kg/m

2
 

in multiparas).  In addition, the adjusted interval-censored regression analysis suggests 

that these findings are independent of important covariates in the labor process including 

gestational age and induction.  Furthermore, we also determined that the entry into active 

phase was delayed for multiparas as BMI increased.  Differences in the second stage 

length did not persist in the adjusted analysis suggesting that other factors besides BMI 

(i.e. birth weight) play a role in the second stage of labor in nulliparas.  We found no 

significant clinical effect (data not shown) on the median traverse times in an additional 

analysis that did not adjust for birth weight in multiparas.  

 

This information highlights the concept that contemporary labor practices should take 

into account the changing profiles of obstetrical populations, particularly increasing BMI.  

Allowing for a slower progression in labor for gravidas with a higher BMI prior to 

intervening with a CD has the important potential of decreasing the number of CD 

performed for labor abnormalities.  Other studies that have suggested greater patience in 

the labor process including extending the oxytocin augmentation time from 2 to 4 hours 

with active phase labor arrest and that 2 hours of oxytocin augmentation even with 
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adequate uterine contractility does not justify a cesarean.
25,26

  Our work supports the 

concept that greater patience in labor also applies to those with a higher BMI.  Changing 

labor practices in the gravida with a higher BMI may impact additional perinatal 

outcomes such as decreasing infectious and other operative morbidities if a safe vaginal 

delivery is achieved. 

 

Other investigations report similar findings with respect to labor progression and 

maternal weight.   In a smaller prospective study of nulliparas at term where BMI 

categories were determined by the prepregnancy weight using the same statistical 

methods (interval censored regression), the authors reported that obese and overweight 

gravidas were not only admitted earlier in labor, had more inductions, and required more 

oxytocin, but also had a longer median duration of labor in progressing from 4-10 cm 

compared to normal BMI gravidas (7.9, 7.5, and 6.2 hours respectively).
18

  This reflects a 

similar pattern described in the current study. 

 

Two studies have compared induced labor progress by maternal weight.  Term singleton 

gravidas were studied if their cervical exam on admission was <2 cm and the maternal 

weight most proximate to delivery determined the weight categories, grouped into 

quartiles (1
st
 47-72 kg, 2

nd
 72-85 kg, 3

rd
 85-103 kg, 4

th
 103-193 kg). Nulliparas in the 4

th
 

quartile for weight had a lower mean cervical dilation rate (0.63 cm/h) compared to the 

1
st
 quartile (1.0 cm/h, P=0.01), but these differences were not detected for multiparas.

19
  

However, overall labor duration increased with each weight quartile for nulliparas (12, 

13, 14, and 17 hours respectively, P<0.001) and multiparas (7.4, 8.1, 8.4, and 11 hours, 
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P=0.01).  Given that all patients had intrauterine pressure catheters and oxytocin 

protocols were standardized, the authors were able to conclude that decreased uterine 

responsiveness (measured in Montevideo units) or lower oxytocin doses did not account 

for slower labor progress or increased duration of labor as maternal weight increased.  

Furthermore, in a secondary analysis of a randomized comparator-controlled trial of 

dinoprostone and misoprostol, the median duration of active labor was 14.9 hours for a 

normal BMI, 16.0 hours for obese, and 19.3 hours for extreme obesity.
27

  Similarly, those 

in the lowest BMI category delivered 2 hours sooner than those in the overweight or 

obese category and 4 hours sooner than those in the BMI > 40 kg/m
2
 category.   

 

The labor curves in the current study reflect spontaneous as well as augmented and 

induced labor as these are common characteristics of contemporary labor management.  

We observed that nulliparas and multiparas with higher BMI’s had less cervical dilation 

and greater induction rates.  However, when we compared labor curves for spontaneous 

and induced labor by BMI category, the same result (slower labor progress with 

increasing BMI with discrete curves for each BMI category) was demonstrated (results 

not shown).  As such, we concluded that labor inductions or augmentations alone did not 

account for the slower labor progress as BMI increased.  We also included laboring 

gravidas whose delivery ultimately ended in a CD for the interval censored regression 

analysis as this is a common intervention in the labor process today as well.  We noted 

that intrapartum CD increased with BMI, particularly in nulliparas (11.7% for BMI < 25 

kg/m
2
 and 44.8% for BMI ≥ 40 kg/m

2
).  In addition, CD for labor abnormalities increased 

as BMI increased (P<0.0001).  Since patients were not allowed to labor endlessly, 
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subtracting out gravidas with a CD performed prior to reaching 10 cm from the labor 

curves (e.g. informative censoring) could have shortened the labor duration, changed 

labor curve patterns, and impacted the comparisons among BMI categories to an 

unknown degree.  However, as the rate of CD was directly related to BMI one would 

have expected this to actually decrease the differences among the labor curves by BMI 

categories, yet discrete labor curves were apparent for each BMI category. 

 

Prior studies have speculated on the potential etiology for the differences in labor 

progression with increasing BMI.
6-11

 Increased fetal size or greater induction rates seem 

plausible but these factors can be controlled in the study design or analysis.  It is possible 

that there is an underlying pharmacological mechanism such as decreased responsiveness 

to oxytocin or even an endocrinological alteration to explain these differences.  Leptin is 

a protein hormone that plays a key role in regulating energy intake and expenditure, 

including appetite and metabolism.  Longitudinal studies have demonstrated that 

maternal leptin levels not only increase with gestational age, but also with BMI.
28-31

  An 

in vitro study which evaluated leptin effects on human myometrium noted a physiologic 

inhibitory effect on contractility, suggesting that leptin may play a role in the 

dysfunctional labor process associated with maternal obesity.
32  

In fact, due to these 

effects on smooth muscle, another group of investigators has proposed leptin as a 

tocolytic in pregnancies complicated by preterm labor.
33

 

 

Although most investigations that pertain to maternal weight use a prepregnancy weight 

to calculate BMI and determine weight categories, we opted to use admission BMI for 
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our study since weight most proximate to delivery would have a greater impact on labor 

and delivery patterns.  Although statistically significant, the results of the differences in 

progression by centimeter for nulliparas and the second stage duration for multiparas 

were of marginal clinical significance (i.e. 0.17 hours for BMI < 25 kg/m
2
 compared to 

0.12 hours for BMI ≥ 40 kg/m
2
).  This latter finding may at least in part be attributable to 

the high intrapartum CD for abnormal labor in gravidas with a higher BMI.  For example, 

had all gravidas been allowed to labor into the second stage, the difference would likely 

have been larger.  Furthermore, the findings also support those of Buhimschi et al who 

found that second stage intrauterine pressure and duration in nulliparas and multiparas 

did not differ among BMI groups.
34 

 There is also more variation in the duration of 

second stage in contemporary obstetrical practice such that intervention by operative 

delivery is considered in the absence of progress irrespective of labor duration.
35

  Without 

conclusive findings in the second stage, we would suggest the clinician focus primarily 

on the marked differences in the first stage of labor with increasing BMI.  We 

acknowledge the lack of standard labor management across institutions, as well as the 

subjectivity of cervical exams as limitations in our work.  The models for determining 

traverse time allow for non-systematic error such as inter or intraobserver variability in 

the assessment of cervical dilation by increasing the standard errors of estimated 

parameters which can reduce the power to detect differences.  However, the models do 

not account for systemic variability that might be affected by BMI (i.e. more difficult 

exams in obese patients) and we also recognize this as a limitation in our study.  Finally, 

in this large dataset, many of the demographic and labor variables reported in Tables 1 
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and 2 (age, height, gestational age, epidurals) had statistically significant differences, but 

the clinical significance was not as important. 

 

We determined that as maternal BMI increases labor progresses more slowly and labor 

duration increases.  Based on our data, the effect of BMI on labor progression is clearly 

more pronounced in nulliparas.  We suggest that obstetric providers take this information 

into consideration before intervening with a CD for abnormal labor, especially in 

nulliparas in whom delivery route may have a major impact on future pregnancy 

outcomes.  Consideration should be given to extending the traditionally considered upper 

limits for duration of labor based upon maternal BMI.  
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Figure Legends 

 

Figure 1: Diagram of subject selection (new version submitted) 

 

Figure 2: Labor Curves in Nulliparas by Body Mass Index Category  

 

Figure 3: Labor Curves in Multiparas by Body Mass Index Category 
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Table 1. Maternal Demographics and Labor Characteristics for Nulliparas 

 BMI  Categories (kg/m
2
) at Admission   

Characteristic <25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0 Total 

 

P-Value
a 

Total  9097 23,588 14,719 6113 3945 57,462  

Maternal age (years)  

Mean (SD) 

24.7 

(6.1) 

25.4  

(6.1) 

25.0 

(5.9) 

24.7  

(5.7) 

24.6 

(5.5) 

25.1 

(6.0) 

<0.0001 

Maternal height (m)  

Mean (SD) 

1.65 

(0.07) 

1.63 

(0.07) 

1.63 

(0.07)  

1.63 

(0.08) 

1.62 

(0.09) 

1.63 

(0.07) 

<0.0001 

Maternal weight (kg) at labor 

admission Mean (SD) 

63.5 

(6.3) 

73.6 

(7.2) 

85.7 

(8.3) 

98.7 

(10.0) 

119.1 

(17.5) 

80.9 

(17.0) 

<0.0001 

White race  

N (%) 

4740 

(52.1) 

12,624 

(53.5) 

7295 

(49.6) 

2874 

(47.0) 

1710 

(43.4) 

29,243 

(50.9) 

 

 

<0.0001 Black race  

N (%) 

1603 

(17.6) 

3899 

(16.5) 

3231 

(22.0) 

1646 

(26.9) 

1389 

(35.2) 

11,768 

(20.5) 

Hispanic race  

N (%) 

1418 

(15.6) 

4045 

(17.2) 

2771 

(18.8) 

1120 

(18.3) 

586 

(14.9) 

9940 

(17.3) 

Gestational age (weeks)  

Mean (SD) 

39.2 

(1.1) 

39.4  

(1.1) 

39.5  

(1.1) 

39.4  

(1.2) 

39.4 

(1.2) 

39.4 

(1.1) 

<0.0001 
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 BMI  Categories (kg/m
2
) at Admission   

Characteristic <25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0 Total 

 

P-Value
a 

Diabetes  

N (%) 

188 

(2.1) 

625   

(2.7) 

550   

(3.7)  

365  

(6.0) 

352 

(8.9) 

2080 

(3.6) 

<0.0001 

Dilation at admission (cm) 

Mean (SD) 

3.2 

(2.1) 

2.9    

(2.1) 

2.7    

(2.0) 

2.6  

(2.0) 

2.3 

(1.9) 

2.9   

(2.1) 

<0.0001 

Effacement at admission (%) 

Mean (SD) 

79.8 

(22.2) 

76.6 

(22.8) 

73.0 

(24.4) 

69.6 

(26.0) 

65.0 

(27.9) 

74.7 

(24.0) 

<0.0001 

Number of cervical exams 

Mean (SD) 

7.3 

(3.1) 

7.7 

(3.3) 

8.1 

(3.5) 

8.3 

(3.8) 

8.4 

(3.9) 

7.8 

(3.4) 

<0.0001 

Induction  

N (%) 

3634 

(40.0) 

10,296 

(43.7) 

7114 

(48.3) 

3334 

(54.5) 

2415 

(61.2) 

26,793 

(46.6) 

<0.0001 

Augmentation  

N (%) 

3421 

(37.6) 

9137 

(38.7) 

5798 

(39.4) 

2253 

(36.9) 

1343 

(34.0) 

21,952 

(38.2) 

<0.0001 

Epidural analgesia  

N (%) 

7369 

(81.0) 

19,528 

(82.8) 

12,273 

(83.4) 

5049 

(82.6) 

3205 

(81.2) 

47,424 

(82.5) 

<0.0001 

Operative vaginal delivery  

N (%) 

1112 

(12.2) 

2721 

(11.5) 

1453 

(9.9) 

469  

(7.7) 

214 

(5.4) 

5969 

(10.4) 

<0.0001 
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 BMI  Categories (kg/m
2
) at Admission   

Characteristic <25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0 Total 

 

P-Value
a 

Cesarean delivery  

N (%) 

1063 

(11.7) 

4348 

(18.4) 

3846 

(26.1) 

2110 

(34.5) 

1769 

(44.8) 

13,136 

(22.9) 

<0.0001 

Cesarean performed for labor 

abnormality N(%) 

624 

(58.7) 

2647 

(60.9) 

2463 

(64.0) 

1329 

(63.0) 

1136  

(64.2) 

8199 

(62.4) 

0.0014 

Birth weight (g)  

Mean (SD) 

3166 

(408) 

3305 

(420) 

3391 

(437) 

3414 

(460) 

3424 

(471) 

3325 

(438) 

<0.0001 

BMI body mass index 

SD standard deviation 

a 
P-Values are from statistical tests (Pearson Chi-Square tests for categorical variables 

and analysis of variance for continuous variables) assessing the overall relationship 

between the characteristic and BMI category. 
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Table 2: Maternal Demographics and Labor Characteristics for Multiparas 

 BMI  Categories (kg/m
2
) at Admission   

Characteristic <25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0 Total 

 

P-value 

Total 8541 24,001 16,956 7523 4495 61,516  

Maternal age (years) 

Mean (SD) 

28.4 

(5.5) 

29.0  

(5.5) 

29.0  

(5.5) 

28.8  

(5.5) 

28.8 

(5.3) 

28.9 

(5.5) 

<0.0001 

Maternal height (m) 

Mean (SD) 

1.65 

(0.07) 

1.64 

(0.07) 

1.63 

(0.07) 

1.63 

(0.08) 

1.62 

(0.09) 

1.64 

(0.07) 

<0.0001 

Maternal weight (kg) at 

labor admission Mean (SD) 

64.0 

(6.3) 

74.1 

(7.1) 

85.9 

(8.4) 

98.8 

(8.4) 

118.1  

(17.2) 

82.2 

(16.8) 

<0.0001 

White race  

N (%) 

5297 

(62.0) 

13,929 

(58.0) 

8303 

(49.0) 

3193 

(42.4) 

1758 

(39.1) 

32,480 

(52.8) 

 

 

<0.0001 Black race  

N (%) 

1222 

(14.3) 

3706 

(15.4) 

3626 

(21.4) 

2183 

(29.0) 

1710 

(38.0) 

12,447 

(20.2) 

Hispanic race  

N (%) 

1193 

(14.0) 

4176 

(17.4) 

3756 

(22.2) 

1661 

(22.1) 

762 

(17.0) 

11,548 

(18.8) 

Gestational age (weeks) 

Mean (SD) 

39.0 

(1.0) 

39.1  

(1.0) 

39.2 

 (1.1) 

39.2  

(1.1) 

39.2 

(1.1) 

39.1 

(1.0) 

<0.0001 
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 BMI  Categories (kg/m
2
) at Admission   

Characteristic <25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0 Total 

 

P-value 

Diabetes  

N (%) 

170 

(2.0) 

759  

(3.2) 

857  

(5.1) 

535  

(7.1) 

488 

(10.9) 

2809 

(4.6) 

<0.0001 

Dilation at admission (cm) 

Mean (SD) 

4.1 

(2.2) 

3.9  

(2.1) 

3.7  

(2.1) 

3.5  

(2.1) 

3.3 

(2.1) 

3.8 

(2.1) 

<0.0001 

Effacement at admission (%) 

Mean (SD) 

78.4 

(18.9) 

75.8 

(20.1) 

72.2 

(22.3) 

69.1 

(24.0) 

65.4 

(25.3) 

73.7 

(21.7) 

<0.0001 

Number of cervical exams 

Mean (SD) 

6.2 

(2.7) 

6.5 

(2.8) 

6.7 

(3.1) 

6.9 

(3.2) 

7.1 

(3.5) 

6.6 

(3.0) 

<0.0001 

Induction   

N (%) 

3064 

(35.9) 

9571 

(39.9) 

7460 

(44.2) 

3624 

(48.2) 

2390 

(53.2) 

26,139 

(42.5) 

<0.0001 

Augmentation  

N (%) 

2890 

(33.8) 

8166 

(34.0) 

5786 

(34.1) 

2517 

(33.5) 

1468 

(32.7) 

20,827 

(33.9) 

0.37 

Epidural analgesia  

N (%) 

6083 

(71.2) 

17,629 

(73.5) 

12,225 

(72.1) 

5425 

(72.1) 

3206 

(71.3) 

44,568 

(72.5) 

0.0001 

Operative vaginal delivery  

N (%) 

334 

(3.9) 

930  

(3.9) 

620  

(3.7) 

266  

(3.5) 

130 

(2.9) 

2280 

(3.7) 

0.02 
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 BMI  Categories (kg/m
2
) at Admission   

Characteristic <25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0 Total 

 

P-value 

Cesarean delivery  

N (%) 

181 

(2.1) 

802  

(3.3) 

911  

(5.4) 

602  

(8.0) 

524 

(11.7) 

3020 

(4.9) 

<0.0001 

Cesarean performed for 

labor abnormality N(%) 

63 

(34.8) 

345 

(43.0) 

419 

(46.0) 

297 

(49.3) 

234 

(44.7) 

1358 

(45.0) 

0.0078 

Birth weight (g)  

Mean (SD) 

3213 

(405) 

3364 

(415) 

3444 

(441) 

3480 

(454) 

3498 

(485) 

3389 

(440) 

<0.0001 

BMI body mass index 

SD standard deviation 

 

a 
P-Values are from statistical tests (Pearson Chi-Square tests for categorical variables 

and analysis of variance for continuous variables) assessing the overall relationship 

between the characteristic and BMI category. 
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Table 3:   Adjusted
a
 Duration of Labor (hours) in Nulliparas by Body Mass Index 

Category                          

 Body Mass Index Categories (kg/m
2
) at Admission with Median 

Traverse Times (95
th

%) 

P-value 

for Trend 

Cervical Dilation 

(cm) 

<25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0  

3 - 4 1.7 (8.5) 1.8 (8.8) 2.0 (9.8) 2.1 (10.5)  2.3 (11.5) <0.0001 

4 - 5 1.2 (5.6) 1.3 (6.0) 1.4 (6.3) 1.5 (7.2)  1.9 (9.0) <0.0001 

5 - 6 0.8 (3.4) 0.8 (3.5) 0.9 (3.7) 1.0 (4.2)  1.2 (5.0) <0.0001 

6 - 7 0.6 (2.4) 0.6 (2.4) 0.7 (2.5) 0.7 (2.7) 0.8 (3.0) <0.0001 

7 - 8 0.5 (1.8) 0.5 (1.8) 0.5 (1.8) 0.6 (2.0) 0.6 (2.0) <0.0001 

8 - 9 0.5 (1.6) 0.5 (1.6) 0.5 (1.6) 0.5 (1.6) 0.5 (1.7) 0.0002 

 9 - 10 0.6 (1.9) 0.6 (2.0) 0.6 (2.1) 0.6 (2.2) 0.6 (2.2) <0.0001 

     4 – 10 5.4 (18.2) 5.7 (18.8) 6.0 (19.9) 6.7(22.2) 7.7 (25.6) <0.0001 

2
nd

 stage without 

epidural  

0.61 (2.5) 0.44 (1.9) 0.50 (2.1) 0.44 (1.9) 0.65 (2.7) 0.49 

 

2
nd

 stage with 

epidural  

0.75 (2.6) 0.83 (2.8) 0.79 (2.7) 0.69 (2.4) 1.18 (3.7) 0.81 

 

a
 Adjusted model controlled for age, height, race, gestational age, diabetes, induction, 

augmentation, epidural [first stage only], operative vaginal delivery [second stage only], 

and birth weight. 
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Table 4:   Adjusted
a
 Duration of Labor (hours) in Multiparas by Body Mass Index 

Category                          

 Body Mass Index Categories (kg/m
2
) at Admission with Median 

Traverse Times (95
th

%) 

P-value 

for Trend 

Cervical Dilation 

(cm) 

<25.0 25.0-29.9 30.0-34.9 35.0-39.9 ≥40.0  

 4-5 1.2 (5.4) 1.2 (5.3) 1.2 (5.6) 1.2 (5.7)  1.5 (6.8) <0.0001 

 5-6 0.7 (2.7) 0.7 (2.7) 0.7 (2.7) 0.7 (2.9)  0.7 (2.9) <0.0001 

6-7 0.5 (1.6) 0.5 (1.6) 0.5 (1.6) 0.5 (1.7) 0.5 (1.8) <0.0001 

7-8 0.4 (1.1) 0.4 (1.1) 0.4 (1.1) 0.4 (1.1) 0.4 (1.1) 0.67 

8-9 0.3 (0.9) 0.3 (0.9) 0.3 (0.9) 0.3 (0.9) 0.3 (0.9) 0.92 

9-10 0.3 (0.8) 0.3 (0.8) 0.3 (0.8) 0.3 (0.9) 0.3 (0.9) 0.02 

4-10 4.6 (17.5) 4.5 (17.4) 4.7 (17.9) 5.0 (19.0) 5.4 (20.6) <0.0001 

2
nd

 stage without 

epidural  

0.17 (1.0) 0.17 (1.0) 0.15 (0.9) 0.15 (0.9) 0.12 (0.7) <0.0001 

 

2
nd

 stage with 

epidural  

0.40 (1.7) 0.33 (1.5) 0.27 (1.2) 0.25 (1.1) 0.36 (1.6) <0.0001 

 

a
 Adjusted model controlled for age, height, race, gestational age, diabetes, induction, 

augmentation, epidural [first stage only], operative vaginal delivery [second stage only], 

and birth weight. 


