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BACKGROUND: Women with suspected large-for-gestational age (7.3%) had large-for-gestational age infants, of whom 387 (30.9%) were
fetuses have higher rates of dysfunctional labor and labor arrest diagnoses

and, consequently, higher rates of cesarean deliveries. The identification

of the factors that significantly affect labor progression of women with

large-for-gestational age infants may better inform expected duration of

labor for certain subgroups of this population.

OBJECTIVE: Because the standards for the first stage of labor when
large-for-gestational age is present have not been defined clearly, the

present study aims to evaluate labor progress of women with large-for-

gestational age infants who complete the first stage of labor after 3-cm

cervical dilation.

STUDY DESIGN: We conducted a retrospective cohort study of pa-

tients who were admitted for labor from 2004e2014 with a term vertex

singleton who achieved 10-cm cervical dilation. Labor curves were con-

structed with repeated measures regression and were compared between

patients who delivered large-for-gestational age infants (actual birth-

weight, >90th percentile for gestational age) and those who delivered

appropriate-for-gestational age infants (actual birthweight, 10e90th

percentile for gestational age). Interval-censored regression estimated

median duration of labor after 3-cm cervical dilation stratified by actual

infant birthweight and further stratified by parity (nulliparity vs multiparity),

labor onset (spontaneous [augmented and not augmented] and induced

labor), pregestational diabetes mellitus or gestational diabetes mellitus

status, and maternal body mass index (obese, �30 kg/m2 vs not obese,

<30 kg/m2). Multivariate analysis adjusted for confounding factors that

were identified by bivariate analysis.

RESULTS: Among all 17,097 women who were included, 15,843

women (92.7%) had appropriate-for-gestational age infants; 1254 women
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nulliparous; 464 women (37.0%) underwent induction of labor; 863

women (68.8%) were obese, and 158 women (12.6%) had diabetes

mellitus or gestational diabetes mellitus. Women with large-for-gestational

age infants had a slower progression from 3- to 10-cm cervical dilation

compared with those with appropriate-for-gestational age infants (median,

8.57 hours [5th, 95th percentile, 2.95, 24.86] vs 6.46 hours [5th, 95th

percentile, 2.23, 18.74]; P<.01). In the large-for-gestational age group,

dilation from 6e10 cm progressed slower in nulliparous compared with

multiparous women (3.28 hours [5th, 95th percentile, 0.71, 15.16] vs

2.03 hours [5th, 95th percentile, 0.44, 9.39]; P<.01) and in obese

compared with not obese women (2.36 hours [5th, 95th percentile, 0.51,

10.91] vs 1.79 hours [5th, 95th percentile, 0.39, 8.31]; P<.01). Labor

curves did not differ between large-for-gestational age and appropriate-

for-gestational age groups when stratified by labor onset

(nonaugmented spontaneous labor vs induced labor) or the presence of

diabetes mellitus or gestational diabetes mellitus.

CONCLUSION: After 3-cm cervical dilation, the time required to reach

the second stage of labor is greater in women with large-for-gestational

age infants compared with those with appropriate-for-gestational age

infants; these differences are most pronounced in nulliparous and obese

women with large-for-gestational age infants in the active phase of labor

(6e10 cm). Among women with large-for-gestational age infants, labor

onset and presence of diabetes mellitus or gestational diabetes mellitus

have no apparent effect on the duration of the first stage of labor after 3-

cm cervical dilation.
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arge-for-gestational age (LGA) de-
L scribes an infant with birthweight
>90th percentile for gestational age. The
multiple factors that independently
predispose women to having an LGA
infant include preexisting maternal dia-
betes mellitus (DM), uncontrolled
gestational DM (GDM), maternal pre-
pregnancy obesity, and excessive
gestational weight gain.1e3 Aside from
maternal obesity and DM status, the risk
of having an LGA infant rises with
increasing parity.3

Women with suspected LGA fetuses
have higher rates of dysfunctional labor
and labor arrest diagnoses and, conse-
quently, higher rates of cesarean
deliveries.4,5 One group previously re-
ported that labor arrest disorders and
fetal macrosomia were responsible for
18% and 10%, respectively, of the overall
increase in cesarean delivery rates that
were observed over a 7-year study
period.6 Although LGA is not itself an
indication for labor induction, US
women with suspected LGA are more
likely to undergo medically induced
labor.7 Moreover, induction of labor
among women who carry LGA infants
has been shown in some studies to be an
independent risk factor for cesarean
delivery.8e12 Despite rising rates of ce-
sarean deliveries performed in recent
years, a concomitant decrease in
maternal or neonatal morbidity or
mortality rates has not been seen.13,14

Multiple factors that include parity,
type of labor onset (induced vs sponta-
neous), maternal obesity, efficiency of
uterine contractions, uterine infection,
maternal pelvic dimensions, and fetal
position are known to influence normal
and abnormal labor progression.15e21

However, the extent to which fetal
size affects labor progression in
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Why was this study conducted?
Women with large-for-gestational age infants have higher rates of labor dystocia
and arrest diagnoses than those with appropriate-for-gestational age infants. This
study was conducted to evaluate the effect of infant birthweight and varying
maternal characteristics on labor progression in women with large-for-
gestational age infants.

Key findings
The overall duration of labor is significantly longer among women with large-for-
gestational age infants compared with women with appropriate-for-gestational
age infants, particularly in nulliparous and obese women in the active phase of
labor (6e10 cm).

What does this add to what is known?
Our results provide an update to Friedman’s early work and demonstrates sig-
nificant prolongations in the active phase of labor among women who deliver
infants with increased birthweight in the contemporary era in which labor has
been shown to progress more gradually than initially reported.

ajog.org OBSTETRICS Original Research
contemporary populations remains un-
clear.16 Identification of factors that
significantly affect labor progression of
women with LGA infants may better
inform expected duration of labor for
certain subgroups of this population.
The present study aims to evaluate
normal labor progression after 3-cm
cervical dilation among women with
LGA infants and maternal factors that
modify labor progression specific to this
population.

Materials and Methods
This was a retrospective cohort study
from 2004e2014 of all consecutive
women who were admitted for labor at
term at a single, academic teaching
hospital at Washington University in St.
Louis, MO, who completed the first stage
of labor. The study was approved by the
Washington University School of Medi-
cine Human Research Protection Office.

Eligible women for this cohort
included womenwho presented either in
spontaneous labor or for labor induction
at term with a singleton pregnancy in
cephalic presentation confirmed on ul-
trasound imaging on admission to labor
and delivery. Exclusion criteria included
women who delivered preterm, had fe-
tuses with known congenital anomalies,
or had placenta previa or other
contraindication to vaginal delivery. For
this analysis, we included only women
who achieved 10-cm cervical dilation
and excluded women who had small-
for-gestational infants, which was
defined by actual infant birthweight
<10th percentile for gestational age.
Trained obstetric research personnel

extracted detailed maternal sociodemo-
graphic information; medical, surgical
and gynecologic history; and obstetric
prenatal history, antepartum history and
intrapartum course. Gestational age at
delivery, parity, maternal comorbidities,
labor onset, cervical examination times,
dilation and station (measured on a e3
to þ3 scale), length of labor stages,
regional anesthesia, and mode of de-
livery were determined from documen-
tation in the labor and delivery records.
Term gestationwas defined as�37 weeks
0 days of gestation that was determined
by a women’s last menstrual period and/
or ultrasonographic dating. Cervical
dilation was measured in centimeters
from 0e10. The attending physician
determined management plans for both
spontaneous and induced labor. Pro-
viders at our institution consistently
practice active labor management with
cervical examinations at regular intervals
every 2 hours primarily by resident
physicians, with the use of early artificial
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rupture of membranes at cervical dila-
tion of 3-4 cm with adequate head
engagement, and with labor augmenta-
tion with oxytocin if no additional cer-
vical dilation is made after 2 hours for all
laboring patients. Actual infant birth-
weight that was obtained from the offi-
cial pediatric delivery documentation
was measured in grams approximately 1
hour after birth measured. Appropriate-
for-gestational age (AGA) was defined as
birthweight between the 10th and 90th
percentile for gestational age, and LGA
was defined as birthweight >90th
percentile for gestational age as defined
by the World Health Organization Child
Growth Standards. Additionally, birth-
weight percentile cutoffs were deter-
mined according to the reference curve
established by Duryea et al.22

Baseline characteristics of the study
sample of women were tabulated and
compared among women with AGA and
LGA infants, with AGA used as the
reference group. Categoric variables
were examined with the use of the
chi-squared or Fisher exact test.
Continuous variables were compared
with 1-way analysis of variance tests.

The primary outcome was median
time of cervical dilation from 3e10 cm
by 1-cm increments (eg, 3-4 cm), strat-
ified by infant birthweight. Median time
of cervical dilation from 6e10 cm,
which defines the active phase of labor,
was a secondary outcome. Interval-
censored regression estimated median
duration of labor, centimeter by centi-
meter, and were compared among
women with AGA and LGA infants. The
specific time of each 1-cm advancement
in cervical dilation is not known pre-
cisely because cervical dilation is
measured not continuously but rather
over discrete intervals when a cervical
examination occurs. The time interval
from 1 cervical examination to the next
for individual patients was fit to a log-
normal distribution. The median 5th
and 95th percentiles for labor duration at
each interval of dilation was then esti-
mated.23,24 Confounding factors identi-
fied by bivariate analysis were adjusted
for by multivariate analysis. Only those
variables that were statistically signifi-
cant (P<.05) were used in the final
can Journal of Obstetrics & Gynecology 640.e2
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FIGURE 1
Patient selection diagram

Flow chart of patient selection based on study exclusion and inclusion criteria.
AGA, appropriate-for-gestational age; LGA, large-for-gestational age; SGA, small-for-gestational age.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.

Original Research OBSTETRICS ajog.org
model for the primary analysis that
included maternal race, obesity (body
mass index [BMI], �30 kg/m2), DM,
parity, labor onset, Bishop score �5 at
admission, and previous cesarean
delivery.

Average labor curves were constructed
with the use of a repeated measures
regression with a ninth-order poly-
nomial model, which was determined to
be the best fit for dilation values in our
data, to compare labor progress accord-
ing to actual infant birthweight in
women with LGA vs AGA infants.25 Use
of a repeated-measures analysis reflects
correlated cervical examinations in the
same woman. The starting point for each
labor curve was set at the time that a
patient reached 10-cm cervical dilation
because all patients in this cohort
completed the first stage of labor. The
regression analysis was performed in a
reverse stepwise approach, with time to
reach a given cervical dilation calculated
backwards from 10e0 cm. This back-
ward construction was performed
because women arrived at the hospital
typically after cervical dilation had
occurred, and the exact timing of cervi-
cal progression before arrival to labor
and delivery was unknown. The curves
were then reversed after construction,
with time to a given cervical dilation
increasing from left-to-right along the x-
axis consistent with traditional repre-
sentation of time progression.

Labor curve construction and com-
parisons of median duration of labor
among women with LGA infants were
further stratified by parity (nulliparity vs
multiparity), labor onset (spontaneous
vs induced labor), presence or absence of
maternal DM and/or GDM (DM/
GDM), and obesity (nonobese defined as
BMI,<30 kg/m2, vs obese BMI,�30 kg/
m2, as measured on admission). Addi-
tional labor curves were constructed to
evaluate whether there was an additive
effect of having DM/GDM and obesity,
having DM/GDM but not being obese,
having neither DM/GDM nor obesity,
and being obese but not having DM/
GDM on labor progression in women
with LGA infants. A test of interaction
was performed to determine whether
DM significantly interacted with the
640.e3 American Journal of Obstetrics & Gynecol
effect of obesity on labor progression
among women with LGA infants. All
statistical analysis was performed with
Stata software (version 14; StataCorp,
College Station, TX) and PROC LIFE-
REG of SAS software (version 9.4; SAS
Institute Inc, Cary, NC). An alpha level
<.05 was used to determine statistical
significance.

Results
Among all 30,925 women who deliv-
ered at our institution during the
study period (Figure 1), 17,097
women met inclusion criteria and
were included in statistical analysis;
15,843 women (92.7%) had AGA in-
fants, and 1254 women (7.3%) had
ogy DECEMBER 2019
LGA infants. Sixteen percent of the
women, both among the AGA and
LGA group, were excluded before
achieving 10-cm cervical dilation for
arrest of dilation. Of the 4265 women
(13.8%) who delivered via cesarean
section before achieving 10-cm cervi-
cal dilation during the study time
period, 11.2% had LGA infants
(n¼476). Additionally, 9% of all
women who delivered during the
study period underwent cesarean sec-
tion after 10 cm (n¼2846), of whom
346 women (12.1%) had LGA infants.

Baseline characteristics for included
women are given in Table 1; probability
values were determined by nonpara-
metric tests of the medians. Among the
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TABLE 1
Baseline patient characteristics

Characteristic
Appropriate-for-
gestational infants (n¼15,843)

Large-for-gestational
age infants ( n¼1254) P value

Gestational age at delivery, wka 39 (38e40) 39 (38e40) <.01

Maternal age, yb 24.8�6.0 26.9�6.2 <.01

Black race, n (%) 10,474 (66.1) 604 (48.2) <.01

Body mass index, kg/m2b 31.8�7.3 34.7�7.8 <.01

Obesity (body mass index, �30 kg/m2)b 8,237�52.0 863�68.8 <.01

Graviditya 2 (1, 4) 3 (2, 4) <.01

Parity, n (%) <.01

Nulliparous 6,194 (39.1) 387 (30.9)

Multiparous 9,649 (60.9) 867 (69.1)

Mean birthweight, gb 3,299.6�329.5 4170.7�265.4 <.01

Bishop score on admissiona 4 (2e6) 4 (2e6) <.01

Initial dilation on presentationa 3 (2e5) 3 (2e5) .6

Initial effacement on presentationac 1.0 (0.5e2.0) 1.5 (0.5e2.0) <.01

Initial station on presentationac e3 (e3 to e1) e3 (e3 to e2) <.01

Bishop score �5 at admission, n (%) 7,520 (47.5) 530 (42.3) <.01

Labor onset, n (%) .02

Spontaneous labor 10,492 (66.2) 790 (63.0)

Induction of labor 5,351 (33.8) 464 (37.0)

Mode of delivery, n (%) <.01

Vaginal, spontaneous 12,582 (79.4) 839 (66.9)

Vaginal, operative 1,152 (7.3) 69 (5.5)

Cesarean section 2,109 (13.3) 346 (27.6)

Epidural, n (%) 13,233 (85.5) 1044 (83.3) .8

Previous cesarean delivery, n (%) 1,443 (9.1) 165 (13.2) <.01

Hypertension of pregnancy, n (%) 1,508 (9.5) 129 (10.3) .4

Diabetes mellitus, n (%)

Gestational 432 (2.7) 97 (7.7) <.01

Pregestational 156 (1.0) 61 (4.9) <.01

Tobacco use, n (%) 2,270 (14.3) 123 (9.8) <.01

Alcohol use, n (%) 195 (1.2) 5 (0.4) .01

Illicit drug use, n (%) 1,503 (9.5) 67 (5.3) <.01

Time of first stage of labor after 3-cm
cervical dilation, mina

280.5 (140.8e499.8) 328.4 (172.4e542.6) <.01

Time of second stage of labor, mina 27.5 (12.2e64.3) 38.8 (17.3e104.0) <.01

Reason for second stage cesarean delivery,
if necessary, n (%)d

Nonreassuring fetal status 110 (0.7) 12 (1.0) .29

Arrest of descent 222 (1.4) 41 (3.3) <.01

Other 1833 (11.6) 301 (24.0) <.01
a Data are given as median (interquartile range); b Data are given as mean�standard deviation; c Station was measured on ae3 toþ3 scale; effacement was measured on a 0e3 scale, with 0 as
fully 100% effaced and 3 as not at all effaced; d Indications for cesarean delivery were not mutually exclusive; multiple indications for cesarean delivery were reported in certain cases.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.
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TABLE 2
Time to reach a given cervical dilation after 3 cm

Cervical
dilation (cm)

Appropriate-for-gestational
age (n¼15,843), hr

Large-for-gestational
age (n¼1254), hr P valuea

3e10 6.5 (2.2, 18.7) 8.6 (3.0, 24.9) <.01

6e10 1.5 (0.3, 7.9) 2.2 (0.4, 11.8) <.01

3e4 0.9 (0.1, 6.0) 1.3 (0.2, 8.3) <.01

4e5 1.0 (0.2, 6.1) 1.4 (0.2, 9.2) <.01

5e6 0.6 (0.07, 4.6) 0.8 (0.09, 6.2) <.01

6e7 0.3 (0.04, 2.9) 0.5 (0.05, 3.8) <.01

7e8 0.2 (0.03, 1.8) 0.3 (0.04, 2.4) <.01

8e9 0.2 (0.03, 1.2) 0.3 (0.04, 1.9) <.01

9e10 0.2 (0.02, 1.2) 0.2 (0.03, 1.7) <.01

Note: Data are given as median hours (5th, 95th percentiles of the distribution).

a Adjustment made for race, obesity (body mass index,�30 kg/m2), diabetes mellitus, parity, labor onset, Bishop score�5 at
admission, and previous cesarean delivery.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.

FIGURE 2
Labor curves by size for gestational age, based on actual infant birthweight

Labor curves for time to progress from 0e10 cm cervical dilation in women with appropriate-for-
gestational age and large-for-gestational age infants were based on actual infant birthweight.
AGA, appropriate-for-gestational age; LGA, large-for-gestational age.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.
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women who achieved 10-cm cervical
dilation with an AGA infant, 6194
(39.1%) were nulliparous, and 5351
(33.8%) underwent induction of labor.
Among women who achieved 10-cm
cervical dilation with an LGA infant,
387 (30.9%) were nulliparous, and 464
(37.0%) underwent induction of labor.
DM/GDM was more common among
women with LGA infants than those
with AGA infants (12.6% vs 3.7%;
P<.01). The patient population at our
institution is 1 of particularly high
morbidity with a significant minority
underserved population. In our data set,
we report high rates of obesity and a
large black population. Obesity rates
were higher among women who had
LGA infants compared with those who
had AGA infants (68.8% vs 52.0%;
P<.01). Women who delivered LGA in-
fants tended to be older and of higher
parity. They were also more likely not to
be black (51.8% vs 33.9%; P<.01), spend
longer in both the first and second stages
of labor, and have a higher likelihood of
undergoing cesarean after 10-cm dila-
tion with higher rates of arrest of
descent. In fact, twice as many women
with LGA infants underwent second
stage cesarean delivery than did women
with AGA infants (28.2% vs 13.7%;
P<.01).

There was no difference in initial
dilation on presentation (P¼.6), use of
regional anesthesia (P¼.8), rates of hy-
pertensive disorders of pregnancy
(P¼.4), or nonreassuring fetal status as
the indication for second stage cesarean
section between the LGA and AGA
groups (P¼.3). Among the women who
were included, 37% in both groups
presented before 3-cm cervical dilation
(AGA, 5904 women; LGA, 459 women),
whereas 63% in each group (AGA, 9939
women; LGA, 795 women) presented
with cervical dilation �3 cm. Among
women who presented in spontaneous
labor, 31.2% and 22.3% of women in
the AGA and LGA groups, respectively,
received oxytocin augmentation.
Among women who underwent labor
induction, 89.7% and 80.9% of women
in the AGA and LGA groups, respec-
tively, received oxytocin as part of their
induction.
640.e5 American Journal of Obstetrics & Gynecol
The median time to progress from
3e10 cm was longer in the LGA group
(8.6 hours; 5th, 95th percentile, 3.0,
24.9; P<.01) than the AGA group (6.5
hours; 5th, 95th percentile, 2.2, 18.7;
Table 2; Figure 2). The median time in
hours in active labor (6e10 cm) was
ogy DECEMBER 2019
longer in the LGA group than in the
AGA group by a median 0.7 hours
(P<.01). The LGA group required a
longer time to achieve each 1-cm
increment of cervical dilation at all
intervals from 3e10 cm, compared
with the AGA group (P<.01).
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TABLE 3
Time to achieve 10 cm cervical dilation after 3 cm and 6 cm in women with
large-for-gestational age infants according to parity, labor onset, diabetes
mellitus/gestational diabetes mellitus, and obesity status

Variable

Cervical dilation, cma

3e10 6e10

Parity

Nulliparity (n¼387) 11.2 (4.2, 29.9) 3.3 (0.7, 15.2)

Multiparity (n¼867) 7.3 (2.7, 19.6) 2.0 (0.4, 9.4)

P valueb <.01 <.01

Labor onset

Spontaneous labor,
non-augmented (n¼423)

4.2 (1.6, 11.1) 2.3 (0.5, 10.5)

Spontaneous labor,
augmented with oxytocin (n¼367)

7.6 (2.9, 20.5)
P¼.2c

2.6 (0.6, 11.9)
P¼.01c

Labor induction (n¼464) 10.5 (3.9, 28.2)
P¼.06c

2.1 (0.5, 9.6)
P¼.6c

Diabetes mellitus/gestational
diabetes mellitus status

Yes (n¼158) 8.4 (3.1, 22.5) 2.5 (0.5, 11.5)

No (n¼1096) 7.4 (2.7, 19.7) 2.2 (0.5, 10.2)

P valued .4 .3

Obesity status

Body mass index, <30 kg/m2 (n¼391) 5.4 (2.0, 14.4) 1.8 (0.4, 8.3)

Body mass index, �30 kg/m2 (n¼863) 9.1 (3.4, 24.4) 2.4 (0.5, 10.9)

P valuee .2 .01
a Data given as median hours (5th, 95th percentiles of the distribution); b Adjustment for race, obesity (body mass index,�30
kg/m2), diabetes mellitus, labor onset, Bishop score�5 at admission, previous cesarean. No missing data according to parity;
c Adjustment for race, obesity (body mass index, �30 kg/m2), diabetes mellitus, parity, Bishop score �5 at admission,
previous cesarean delivery; no missing data according to labor onset; reference group for the probability values is the
nonaugmented spontaneous labor onset group; d Adjustment for race, obesity (body mass index, �30 kg/m2), parity, labor
onset, Bishop score �5 at admission, previous cesarean delivery; the presence of diabetes mellitus/gestational diabetes
mellitus was obtained from a written text field in the study database in which diabetes mellitus was listed for 158 patients
along with other pregnancy complications; for all remaining patients, diabetes mellitus/gestational diabetes mellitus was not
listed as a pregnancy complication in the database text field; e Adjustment for race, diabetes mellitus, parity, labor onset,
Bishop score�5 at admission, previous cesarean delivery; patients with missing body mass index data were counted as not
obese.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.
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Among women with LGA infants,
when stratified by parity (Table 3;
Figures 3 and 4), the overall median
time to progress from 3e10 cm and
from 6e10 cm was significantly
shorter among multiparous women
compared with nulliparous women
by a median 3.9 hours (P<.01) and
1.3 hours (P<.01), respectively. With
regard to labor onset among women
who delivered LGA infants (Table 3;
Figure 5), the spontaneously laboring,
nonaugmented women progressed
3e10 cm a median of 6.4 hours
faster than did women who underwent
labor induction, but this difference
was not statistically significant
(P¼.06). No significant difference in
time to dilate 6e10 cm (P¼.6)
was detected among spontaneously
laboring, nonaugmented women
compared with women who under-
went labor induction. However,
women with LGA infants who pre-
sented with spontaneous labor onset
and were augmented with oxytocin
(after not making cervical change on
their own after 2 hours) experienced
significantly slower labor duration in
the active phase from 6e10 cm by
DECEMBER 2019 Ameri
a median of 0.7 hours (P¼.01)
compared with women with sponta-
neous labor onset who did not require
oxytocin augmentation.

No significant difference in time to
dilate 3e10 cm (P¼.4) or 6e10 cm
(P¼.3) was identified among women
who had DM/GDM with LGA infants
compared with those women without
DM/GDM (Table 3; Figure 6). Simi-
larly, no significant difference in time
to dilate 3e10 cm was identified
among obese and not obese women
with LGA infants (P¼.2). However,
obese women with LGA infants pro-
gressed from 6e10 cm a median of 0.6
hours (P¼.01) more slowly compared
with their not obese counterparts
(Table 3; Figure 7).

Table 4 and Figure 8 demonstrate
the combined effect of obesity and
DM/GDM on labor progression.
Compared with nonobese, nondiabetic
women who delivered LGA infants,
obese nondiabetic women progressed
more slowly from 6e10 cm by a
median of 0.6 hours (P¼.01). How-
ever, diabetic women with LGA in-
fants had similar rates of progression
from 6e10 cm as did nondiabetic,
nonobese women (P¼.07), irrespective
of obesity status. Obese women with
DM/GDM had similar labor progres-
sion from 3e10 cm (median, 9.9
hours; 5th, 95th percentiles of the
distribution, 3.7, 26.1; P¼.6) and
6e10 cm (median, 2.2 hours; 5th,
95th percentiles of the distribution,
0.5, 10.6; P¼1.0) compared with
obese women without DM/GDM
(3e10 cm: median, 8.98 hours; 5th,
95th percentiles of the distribution,
3.4, 23.8; 6e10 cm: median, 2.2
hours; 5th, 95th percentiles of the
distribution, 0.5, 10.5). Diabetic
women with obesity had similar labor
progression from 3e10 cm (median,
9.1 hours; 5th, 95th percentiles of the
distribution, 3.5, 23.5; P¼.67) and
6e10 cm (median, 2.4 hours; 5th,
95th percentiles of the distribution,
0.5, 11.8; P¼.4) compared with dia-
betic women with normal weight
(BMI, <30 kg/m2; 3e10 cm: median,
9.9 hours; 5th, 95th percentiles of the
distribution, 3.8, 25.8; P¼.7; 6e10 cm:
can Journal of Obstetrics & Gynecology 640.e6
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FIGURE 3
Labor curves by size for gestational age and parity

Labor curves for time to progress from 0e10 cm cervical dilation in women with appropriate-for-
gestational age and large-for-gestational age infants were based on actual infant birthweight and
further stratified by parity (nulliparity vs multiparity).
AGA, appropriate-for-gestational age; LGA, large-for-gestational age.
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median, 2.46 hours; 5th, 95th per-
centiles of the distribution, 0.5, 12.2).
There was a significant interaction of
FIGURE 4
Labor curves among women with large

Labor curves for time to progress from 0e10
gestational age infants were based on actual inf
women.

Blankenship et al. Normal labor progression in LGA infants. Am
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DM and the effect of obesity on labor
progression among women with LGA
infants (P¼.03).
-for-gestational age infants by parity

cm cervical dilation in women with large-for-
ant birthweight in nulliparous and multiparous

J Obstet Gynecol 2019.
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Comment
Principal findings
Among those women who complete
the first stage of labor, women with
LGA infants experience relatively
slower labor progression compared
with women with AGA infants. In our
cohort, the median time to complete
the first stage of labor after 3 cm was
2.1 hours longer in women with LGA
infants compared with those with
AGA infants. Among women with
LGA infants, those who were nullipa-
rous and obese, and presented with
spontaneous labor onset but required
labor augmentation with oxytocin
experienced overall longer times to
complete the active phase of the
first stage of labor compared with
their multiparous, nonobese, non-
augmented counterparts. No signifi-
cant difference in duration of active
labor was detected among women
with induced vs spontaneous labor
onset. The probability value for labor
duration from 3e10 cm according to
type of labor onset for spontaneous vs
induced labor, however, is borderline
and approaches the threshold for
P<.05; it is thus possible that we may
be underpowered by our study sample
size to detect a statistically significant
difference for labor duration according
to induced vs spontaneous labor onset
among LGA infants. Finally, the pres-
ence of DM/GDM did not prolong
labor duration in both obese and not
obese women with LGA infants, both
during the active phase of labor from
6e10 cm and for overall duration of
the first stage of labor after 3 cm.
Results
We demonstrate that, when DM/GDM
was present with obesity, the relationship
between obesity and prolonged active
phase of labor in the first stage in women
with LGA infants was no longer signifi-
cant. The significant interaction detected
between DM and obesity confirms
obesity and DM/GDM do not have an
additive effect on the relationship be-
tween having an LGA infant and labor
progression. A biologically important
interaction is occurring among obese

http://www.AJOG.org


FIGURE 6
Labor curves among women with large-for-gestational age infants by
maternal diabetes mellitus status

Labor curves for time to progress from 0e10 cm cervical dilation in women with large-for-
gestational age infants were based on actual infant birthweight in women with and without dia-
betes mellitus.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.

FIGURE 5
Labor curves among women with large-for-gestational age infants by type
of labor onset

Labor curves for time to progress from 0e10 cm cervical dilation in women with large-for-
gestational age infants were based on actual infant birthweight in induced and spontaneously
laboring women.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.
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and diabetic women, because obesity
increases a woman’s risk of DM. How-
ever, our interaction test suggests that it
is more likely that the greater adipose
tissue deposits in the pelvis with weaker
uterine myometrium contractility pre-
disposes obese women to slower pro-
gression of labor, as supported by
previous literature, and is less likely that
the metabolic changes are associated
with DM that influence labor progres-
sion.15,25 Despite the large sample size in
our overall study population, we are
limited in the ability to detect statistical
significance with regard to DM/GDM,
given the small number of pregnant
women with both LGA infants and DM/
GDM in our sample (n¼158).

Our results validate previous work by
Dr Emanuel Friedman16e19 in the
1950se1970s who similarly demon-
strated significant prolongations in the
active phase of labor among nulliparous
and multiparous women who deliver
infants with increased birthweight.
However, our study provides a more
modern update to his early labor
curves. We redefine median labor
duration after 3 cm in the contempo-
rary era according to infant size,
because Zhang et al15 and Loughton
et al26 have shown that contemporary
populations do not demonstrate a
consistent pattern of the active phase of
labor, that they progress more gradually
than was demonstrated in Friedman’s
early work, and yet may still achieve
completion of the first stage of labor.
We also expand on previous work by
investigating further how other
maternal factors, besides parity, influ-
ence labor progression that is specific to
the LGA population. Previous studies
have identified that increasing BMI is
associated with slower overall first stage
labor progression from 4e10 cm in the
general population of women.20,27

Among women with LGA infants, we
found that the first stage of labor for
obese women was of a longer median
duration in the active phase, but not
overall from 3e10 cm, compared with
their nonobese counterparts. We
further validate previous findings by
Timofeev et al28 that women with and
without DM/GDM have similar labor
can Journal of Obstetrics & Gynecology 640.e8
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FIGURE 7
Labor curves among women with large-for-gestational age infants by
maternal obesity status

Labor curves for time to progress from 0e10 cm cervical dilation in women with large-for-
gestational age infants were based on actual infant birthweight in obese and nonobese women.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.
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curves when matched for maternal BMI
and infant birthweight; however, the
population by Timofeev et al included
only spontaneous laborers, whereas we
include both induced and spontane-
ously laboring pregnant women and
control for type of labor onset in our
analysis of women with DM/GDM
specific to the LGA population.

Strengths and limitations
Our study is strengthened by the use
of a large contemporary cohort of
women at a tertiary care center with
consecutive term births who reached
10 cm of cervical dilation to analyze
the first stage of labor after 3 cm in
women with LGA infants. Detailed
extraction of patient data, including
baseline demographics and labor var-
iables, enabled us to reconstruct labor
curves while adjusting for potential
confounding factors. The use of an
existing dataset from a single tertiary
care center with similar active labor
management practice patterns among
providers limits the differing clinical
approaches that are inherent to treat-
ing women in labor.
640.e9 American Journal of Obstetrics & Gynecol
This study is not without limita-
tions. By excluding women who did
not complete the first stage of labor,
albeit a minority of women with
similar proportions in both the AGA
and LGA groups, we introduce po-
tential selection bias because the
women who were excluded may have
had a protraction or arrest disorder,
and thereby longer labor curves,
leading to cesarean delivery. However,
their exclusion supported our objec-
tive to determine the normal course
for the first stage of labor after 3 cm in
women with LGA infants. In addition,
the study design relies on typical labor
management at our institution where
resident physicians perform serial
cervical examinations approximately
every 2 hours. Our analysis is thus
dependent on cervical examination
data recorded at these set intervals,
although interval-censored regression
accounts for limitations in the use of
the labor data with which we are un-
able to determine the precise time a
cervical dilation is achieved.
We are unable to comment on labor

progression from time of onset of
ogy DECEMBER 2019
spontaneous labor with regular painful
contractions to time of presentation for
admission for labor; the cervical dilation
at which they present for admission is
the first opportunity to capture and
thereafter analyze rates of labor pro-
gression. Additionally, we cannot
comment on labor progression before 3
cm of cervical dilation, because the ma-
jority of women presented for admission
with advanced cervical dilation. There-
fore, we cannot define the duration of
latent labor in its entirety. By excluding
data from the onset of labor to 3 cm, we
shorten the median latent phase data for
those 37% of women who presented
before 3-cm cervical dilation. Similar to
previous studies, the precision of our
estimates of labor curve comparisons
and thereby the reliability of our statis-
tical models is reduced with respect to
cervical dilation before 3 cm, given a
limited number of observations at these
earlier dilations; as such, data from
before 3-cm dilation were
excluded.20,21,27 In addition, by sum-
marily including pregnant women with
late arrivals after the onset of labor who
had already progressed >3-cm dilation,
we further shorten the overall reported
median duration of labor from 3e10
cm.

Clinical and research implications
Use of a reverse stepwise approach
with interval-censored regression to
construct labor curves backwards start-
ing from 10 cm is difficult to translate to
real-world management of labor with
forward progression in clinical practice.
However, this controversial method
established by Zhang et al15 is the most
effective method of statistical analysis
that we can use to quantify labor pro-
gression when laborers present at vari-
able cervical dilations and when the
exact timing of cervical progression
before admission for labor is unknown.
Given the retrospective study design, we
can establish only the relationship be-
tween infant size and progression of the
first stage of labor after 3 cm, but not
causality. Estimations of fetal weight
were not available for most patients,
whether based on physician assessment
via Leopold’s maneuvers on admission

http://www.AJOG.org


TABLE 4
Time to achieve 10-cm cervical dilation after 3 and 6 cm in women with large-for-gestational age infants according to
diabetes mellitus/gestational diabetes mellitus and obesity status

Cervical
dilation, cm

No diabetes mellitus/
gestational diabetes
mellitus and normal
weight (body mass index,
<30 kg/m2; n¼357)

Both diabetes mellitus/
gestational diabetes mellitus
and obesity (body mass
index, �30 kg/m2; n¼124)

Diabetes mellitus/gestational
diabetes mellitus alone
(normal weight, body mass
index, <30 kg/m2; n¼34)

Obesity alone (body mass
index, �30 kg/m2 and no
diabetes mellitus/gestational
diabetes mellitus; n¼739)

3e10, hr 5.4 (2.0, 14.5) 9.9 (3.7, 26.4) 6.3 (2.4, 16.9) 9.1 (3.4, 24.3)

P valuea Reference .8 .4 .3

6e10, hr 1.8 (0.4, 8.1) 2.3 (0.5, 10.6) 2.7 (0.6, 12.6) 2.3 (0.5, 10.7)

P valuea Reference .07 .07 .01

Note: Data are given as median hours (5th, 95th percentiles of the distribution), adjusted for race, parity, labor onset, Bishop score �5 at admission, and previous cesarean delivery.

a Based on nonobese women without diabetes mellitus/gestational diabetes mellitus as reference group.

Blankenship et al. Normal labor progression in LGA infants. Am J Obstet Gynecol 2019.
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for labor or recent ultrasound measure-
ment of fetal growth. Although only
measures of estimated fetal weight are
available for clinicians to guide intra-
partum treatment of LGA infants, con-
ducting our analysis based on postnatal
infant birthweight allows us to identify
the true biologic effect of fetal size on
labor progression. Future studies should
evaluate labor progression by estimated
FIGURE 8
Labor curves among women with larg
maternal diabetes mellitus and obesity

Labor curves for time to progress from 0e10
gestational age infants were based on actual inf
betes mellitus and/or obesity.

Blankenship et al. Normal labor progression in LGA infants. Am
fetal weight when fetal macrosomia is
suspected antenatally because this would
provide greater clinical insight into
anticipated labor progression, influence
prospective labor management in cases
of suspected fetal macrosomia, and
enable comparisonwith our labor curves
that were constructed from postnatal
infant birthweight. Future studies should
also evaluate the effect of pelvic shape,
e-for-gestational age infants by
status

cm cervical dilation in women with large-for-
ant birthweight in women with or without dia-

J Obstet Gynecol 2019.
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fetal position, and uterine infection (eg,
chorioamnionitis) on labor progression,
because these data were not available for
analysis in our models.
Conclusion
We demonstrate that, among women
with LGA infants, type of labor onset
(induced vs spontaneous) and presence
of DM/GDMdo not significantly impact
the time that is required to complete the
first stage of labor after 3 cm dilation.
However, we identify that the time
required to reach the second stage of
labor is greater in women with LGA in-
fants compared with those with AGA
infants overall. These differences are
most pronounced in women with LGA
infants in the active phase of labor who
are nulliparous, are obese, or require
oxytocin augmentation after sponta-
neous labor onset. Despite limitations
that are inherent to the available statis-
tical methods, significant trends that
were identified for first-stage labor
duration after 3 cm dilation in our study
population suggest that clinicians should
have heightened awareness to manage
the first stage of labor proactively in
nulliparous women, obese women, and
women with LGA infants who require
oxytocin augmentation after sponta-
neous labor onset. n
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