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Abstract
Objective—To test the hypothesis that the first stage of labor will be longer in nulliparous and
multiparous women with diabetes compared to non-diabetic counterparts.

Methods—A retrospective analysis was performed from 228,668 deliveries between 2002–2008
from the Consortium of Safe Labor (NICHD, NIH). Patients with spontaneous onset of labor from
37 0/7 – 41 6/7 weeks gestation were included (71,282) and classified as nulliparous or
multiparous. Pregnancies were further subdivided regarding presence of preexisting diabetes
(preDM) or gestational diabetes (GDM), and normal controls. Labor curves were created matching
for body mass index (BMI) and neonatal birth weight. Statistical analysis was performed on
descriptive variables using χ2 with significance designated as p<0.05.

Results—Among nulliparous patients, there were 118 women with preDM and 475 women with
GDM; 25,771 patients served as normal controls. Among multiparous women, there were 311
with preDM and 1,079 with GDM and 43,528 in the control group. Although differences in
dilatation rates were observed in nulliparous and multiparous women with and without diabetes,
labor curves were similar between the subgroups when matched for maternal BMI and birth
weight.

Conclusions—Labor curves of women with preDM and GDM approximate those of non-
diabetics, regardless of BMI, birth weight, or parity.
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Introduction
The increased risks of adverse maternal and neonatal outcomes (e.g., macrosomia, shoulder
dystocia, neonatal hypoglycemia, respiratory distress syndrome [RDS], cesarean delivery,
and preeclampsia) are well described in pregnancies complicated by diabetes. [1–5] Sheiner
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et al. [6] noted that gestational diabetes mellitus (GDM) was an independent risk factor for
failure of labor to progress during the first stage, even when adjusted for birth weight. They
also found that providers may decide to proceed to cesarean delivery more readily in women
with diabetes than in non-diabetic pregnancies having the knowledge of underlying disease.
[6] Better understanding of normal labor progression in women with risk factors for
cesarean delivery (e.g. diabetes, obesity) may allow clinicians to make better choices about
labor management and help control the rate of cesarean birth in this high risk population.
Given that obesity predisposes women to both preexisting diabetes (preDM) and GDM and
that obese and/or diabetic women have increased rates of cesarean delivery, we sought to
determine whether labor curves for pregnant women with diabetes differ from those of
healthy women when matched by parity, BMI on admission, and neonatal birth weight.

Methods
This was a retrospective cohort using the Consortium on Safe Labor database, Eunice
Kennedy Shriver National Institute of Child Health and Human Development, which
includes information on 228,668 deliveries of 233,844 neonates (including multiple
gestations) from 2002–2008, encompassing 19 hospitals from 12 institutions. The study was
approved by the MedStar Health Research Institute IRB. Detailed medical and demographic
information, labor and delivery data, as well as information on newborn outcomes were
abstracted from the electronic medical records (EMRs) from participating institutions. Data
were validated using four key variables: 1) shoulder dystocia, 2) cesarean delivery for non-
reassuring fetal heart rate tracing, 3) asphyxia, and 4) NICU admission for respiratory
conditions, and found to be highly accurate, indicating that the Consortium data from EMRs
were a reliable representation of medical charts. [7] Inclusion criteria were: term gestation
(defined as gestational age between 37 0/7 – 41 6/7 weeks), singleton pregnancy in vertex
presentation, and spontaneous labor resulting in vaginal birth of a live born neonate. We
excluded data on infants with Apgar scores <7 at 5 minutes, birth injury, known fetal growth
restriction, congenital anomalies or NICU admission (Figure 1).

Patients were stratified based on parity (nulliparous vs. multiparous), and further subdivided
into those with preDM, GDM, and normal non-diabetic controls. Maternal demographic
information was analyzed with χ2 test for categorical variables and ANOVA for continuous
variables with α=0.05.

In order to compare the labor progression between the groups, three approaches were
utilized. First, the Kruskal-Wallis ANOVA was performed to compare the duration of the
first and second stage of labor, stratified by parity status.

The second model used a repeated measure analysis with an eight-degree polynomial
regression (previously described by Zhang et al. [8]) to determine average first and second
stage labor curves stratified by parity and diagnosis of diabetes. The overall time period of
first and second stage labor curve for each group was determined by the median of each
subgroup population. Separate labor curves were created and matched for maternal BMI on
admission and neonatal birth weight at a ratio of 1:1:3 for preDM, GDM, and control
groups. As the goal of labor curve construction was to graphically estimate the pattern of
labor for these patient populations, no statistical tests analyzing the shape of the curves were
performed.

Finally, the rate of labor progression at each centimeter was evaluated with interval-
regression model described by Zhang et al. [8], which assumes the log of duration is linear
relative to the subgroup of diabetes, with normal parturients as the reference.
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A separate log-normal regression analysis was performed to assess the impact of the
following variables on duration of first and second stage of labor: parity; maternal age; BMI
on admission; gestational age at delivery; dilatation, effacement and station on admission,
oxytocin for labor augmentation, epidural use; neonatal birth weight, and type of diabetes.

Results
We excluded 4,579 (6.0%) of patients because of missing history of diabetes (4,557
patients) or those misclassified as having both GDM and preDM (22 patients). The final
analyzed cohort included 71,282 women. Baseline demographic characteristics are presented
in Table I. Among nulliparous patients, 118 had preDM, 475 had GDM, and 25,771 had
neither condition. There were 311 multiparous patients with preDM and 1,079 with GDM,
and 43,528 women with no diabetes. Patients with pregnancies complicated by either
preDM or GDM were older and tended to have higher BMIs than the control population.
Oxytocin augmentation of spontaneous labor did not differ statistically between the groups.
Nulliparous patients were more likely to undergo an operative vaginal delivery as compared
to multiparous women.

Labor curves are presented in Figures 2, 3, 4 and 5 for nulliparous and multiparous patients,
unmatched and matched for BMI at admission and neonatal birth weight. As expected,
durations of the first and second stages of labor were longer for nulliparous patients as
compared to multiparous patients (Tables II and III). The duration of the first stage reported
as median hours (90th percentile) for women matched by BMI and neonatal birth weight was
5.1 hours (10.1 hours), 4.7 hours (13.4 hours), and 5.3 hours (10.8 hours) for nulliparous
preDM, GDM and control groups, respectively; and 3.8 hours (9.1 hours), 3.2 hours (8.9
hours), and 3.2 hours (8.8 hours) for multiparous preDM, GDM and controls, respectively.
The duration of second stage of labor reported as median hours (90th percentile) was 0.9
hours (2.1 hours), 1.0 hour (3.1 hours), and 0.9 hours (2.8 hours) for nulliparous preDM,
GDM and control groups, respectively; and 0.2 hours (0.8 hours), 0.3 hours (0.9 hours), and
0.3 hours (1.0 hour) for multiparous preDM, GDM and controls, respectively. Tables II and
III summarize details of labor progression in nulliparous and multiparous patients with and
without diabetes.

Although differences in rates of dilatation were observed in nulliparous and multiparous
women with and without diabetes, labor progression was similar between the subgroups
when matched for maternal BMI and birth weight. Statistically significant differences in
labor progression were observed only when assessing the duration of the second stage of
labor in the multiparous preDM group. It is noteworthy that these patients had the highest
prepregnancy and admission BMIs compared to the other subgroups (28.6 and 33.1 kg/m2,
respectively). Tables IV and V present the rate of progression of cervical dilatation for
different subgroups.

In the log-normal regression analysis, after controlling for other variables, nulliparity had
the strongest effect with the average duration of first or second stage of labor lasting 30.5%
longer than in multiparous group (p<0.0001) (data not shown).

Discussion
The original data reporting the normal progression of labor were first published more than
50 years ago by Friedman. [9,10] Based on those patterns, abnormal active labor progression
was defined as cervical dilatation <1.2 cm/hour in nulliparous and <1.5 cm/hour in
multiparous women. A recent publication by Zhang and colleagues examined spontaneous
labor curves in nulliparous and multiparous women based on information available in the
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Consortium on Safe Labor database that reflects current obstetrical practice in the US. [8]
The analysis demonstrated that labor progress as determined by cervical dilatation from 4
cm to 6 cm was slower than previously described; the report concluded that allowing for a
longer time period to reach active labor may decrease the rate of cesarean deliveries for the
indication of arrest of dilatation.

Explanations for differences in labor curves over the past 50 years include facts that current
parturients are older and heavier and their babies are larger, all factors known to influence
the rate of labor progression and confirmed in contemporary publications. Verdiales et al.
evaluated the effect of maternal obesity on the course of labor, noting a statistically
significantly higher rate of arrest of dilatation in the obese group (BMI >35 kg/m2)
compared to normal weight parturients (BMI <26 kg/m2). [11] Vahratian and colleagues
found that the active phase of labor was significantly longer in overweight and obese women
compared to those of normal weight after adjusting for fetal weight, [12] In Naylor’s 1996
publication evaluating the relationship between birth weight and mode of delivery among
pregnant women with untreated borderline GDM, treated GDM, and controls [13], cesarean
rates remained high after adjustment for multiple variables, even though treatment of GDM
normalized birth weights. It is possible that more cesarean deliveries are performed because
GDM may affect labor progression in these individuals or due to concerns for shoulder
dystocia in this high-risk population, suggesting that practice style is a contributor to the
nationally increasing rates of cesarean delivery.

With cesarean delivery rates increased by almost 60% from 1996 to an all-time high of
32.9% in 2009 [14], definitions of “normal” labor progression have the potential of
decreasing the number of cesareans performed for dystocia of labor in the first stage. Factors
that may affect first stage of labor include premature rupture of membranes at term,
increased BMI, fetal macrosomia, nulliparity, and gestational diabetes. [6,11,12,15–17] The
mechanism of prolonged first stage of labor in parturients with increased BMI is not
completely understood, however, as demonstrated by Zhang et al. [18], may involve poor
uterine myometrium contractility as seen in obese patients. Several authors have proposed
that a larger fetus and more adipose tissue deposits in the pelvis predispose to slower
progression of labor, requiring stronger contractions and more time. Vahratian and
colleagues noted that for overweight women (BMI 26.1–29.0 kg/m2), protracted dilatation
occurred with cervical dilation 4 cm to 6 cm, while in obese women (BMI >29.0 kg/m2),
labor was prolonged before the cervix was 7 cm dilated, consistent with the current findings.
Zhang’s analysis of contemporary labor curves, not stratifying patients by BMI, noted that it
may take more than 6.5 hours (at the 95th percentile) to progress from 4 – 5 cm cervical
dilatation, and 4.5 hours from 5 – 6 cm cervical dilatation in nulliparous women. This
finding calls into question the current definition of active labor, usually defined as cervical
dilatation at 4 cm. Peisner et al. noted that among women with normal active phase
progression, approximately 50%, 74% and 89% entered active phase by 4, 5, and 6 cm
respectively. [19] These findings suggest that active phase of labor is not a specific
threshold, and “normal” labor can have a later onset but still result in a vaginal delivery of
healthy neonate.

In our analysis of spontaneous normal labor progression among women with diabetes, we
demonstrated that the rates of cervical dilatation were similar among all subgroups during
the active stage of labor. The duration of second stage of labor also was similar, except for
multiparous women with preexisting diabetes who had a longer second stage (without an
epidural), even after adjusting for neonatal birth weight and maternal BMI at the time of
admission. Analysis of overall diabetes effect (present or absent) was not statistically
significant, implying that factors other than the diabetes itself may have a more profound
effect on labor progression (data not shown). The findings of active labor progression in our
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study are similar to that of Zhang and colleagues [8]: it may take up to 6 hours at the 90th

percentile (Table II) to observe cervical change from 4 to 6 cm, regardless of parity. We also
saw that multiparous women with preexisting diabetes had a statistically significant slower
progression from 5 to 6 cm, even after accounting for maternal BMI and neonatal birth
weight.

There are several strengths and limitations of this study. The former is that the Consortium
database encompassed both academic and community hospitals covering the nine ACOG
districts in the United States and is representative of the general population. The current
study was meant only to describe spontaneous labor progression in diabetic women that
results in a vaginal delivery with normal neonatal outcomes. As with different provider
management styles, arrest of labor progression could have been diagnosed at cervical
dilatation of 4 – 6 cm, before active labor was achieved, resulting in bias due to performance
of cesarean delivery prematurely in labor that could have potentially resulted in normal
vaginal delivery if more time was allowed for labor progression. Cervical examination is a
subjective measure, and results could have been affected by the experience of the person
performing the evaluation. As several academic centers contributed to the database,
residents as well as other mid-level providers would be expected to perform cervical
examinations. Constructed labor curves were based on median cervical dilatation, and
represent the exam at the time of admission in active labor. Therefore, it was not possible to
describe the length of the latent phase from the current analysis, and explains the lack of an
obvious inflection point which would be occurring at the time of or prior to admission to
Labor and Delivery.

We used neonatal birth weight when adjusting for labor progression, understanding that
fetuses of women with diabetes have increased adipose tissue deposition. Using the ponderal
index, which takes into account the length of the neonate, may be a more appropriate
measure, however, was out of the scope of the variables available in the database. Another
limitation is that the medications used for treatment of diabetes as well as the degree of
diabetes control cannot be determined from the available data, but may have significant
clinical implications for management of the delivery by the obstetric provider.

The current study demonstrates that active labor progression is similar in nulliparous and
multiparous women with preDM and GDM as compared to normal controls matched by
neonatal birth weight, parity, and maternal BMI, and that a vaginal delivery can be achieved
even with slightly slower progression of spontaneous labor progression in women with
diabetes. Our future studies will focus on labor progression in women with diabetes who
undergo an induction of labor, further delineating risk factors for success and failure.
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Figure 1.
Patient selection diagram. GDM – gestational diabetes mellitus. PreDM – preexisting
diabetes mellitus. IUGR – intrauterine growth restriction.
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Figure 2.
Spontaneous labor progression in nulliparous women with diabetes and normal controls,
resulting in vaginal birth of live born newborns. GDM – gestational diabetes mellitus.
PreDM – preexisting diabetes mellitus.

Timofeev et al. Page 8

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2013 June 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Spontaneous labor progression in nulliparous women with diabetes and normal controls,
resulting in vaginal birth of live born newborns, matched for neonatal birth weight and
maternal BMI on admission. GDM – gestational diabetes mellitus. PreDM – preexisting
diabetes mellitus. BMI – body mass index (kg/m2).
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Figure 4.
Spontaneous labor progression in multiparous women with diabetes and normal controls,
resulting in vaginal birth of live born newborns. GDM – gestational diabetes mellitus.
PreDM – preexisting diabetes mellitus.
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Figure 5.
Spontaneous labor progression in multiparous women with diabetes and normal controls,
resulting in vaginal birth of live born newborns, matched for neonatal birth weight and
maternal BMI on admission. GDM – gestational diabetes mellitus. PreDM – preexisting
diabetes mellitus. BMI – body mass index (kg/m2).
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