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Karaşin1
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Abstract

OBJECTIVE: To investigate whether increased fetal adiposity diagnosed ultrasonographically is associated with labor dystocia,
increased risk of operative delivery, and shoulder dystocia. DESIGN: Prospective case-control study. SETTING: Education
and research hospital. POPULATION: 400 pregnant women between 37 and 41 weeks of gestation. METHODS: Correlation
analyses, logistic regression analyses, and ROC analyses to evaluate soft tissue thickness in relation to labor dystocia, shoulder
dystocia, and operative delivery. MAIN OUTCOME MEASURES: In addition to standard ultrasonographic measurements,
we evaluated fetal soft tissue thickness in pregnant women who started labor. RESULTS: While the vaginal delivery rate was
77.3%, a cesarean was performed in 22.7% of pregnant women. We found positively correlated with the duration of the active
phase and second stage of labor, birth weight of baby, and biometrical parameters. In addition, we examined and determined
that the cesarean section, shoulder dystocia, and labor dystocia increased as the baby adipose tissue thickness increased. We
investigated the effect of parameters on the results of the study with logistic regression analysis and possible threshold values
with ROC analysis. CONCLUSION: In our study, evaluation of the fetal adipose tissue complex during delivery was significant
in terms of labor dystocia and operative delivery. We think it may be a guide for future studies in the literature. Funding:
This study was funded by AUTHORS Keywords: Labor, Labor dystocia, Fetal adipose tissue, Antepartum ultrasonography
Tweetable Abstract: Fetal adipose tissue ultrasonographic measurement to be checked just before delivery may give clues about
the progress of labor.

INTRODUCTION

Labor is a continuous, multifaceted process divided into three stages.1 The first stage refers to the time
from the beginning of labor until the cervix is fully dilated.123 The second stage describes the time from full
cervical dilation to delivery of the baby.1456The time from the expulsion of the baby to the removal of the
placenta refers to the third stage.17

The first stage consists of two parts, latent and active. According to current studies, the latent phase defines
as 0 to 6 cm, and however, the active phase means the duration between 6 cm and full cervical dilation.138910

Based on formal Friedman’s study, the latent phase duration in nulliparas must be shorter than 20 hours
and in multiparas, faster than 14 hours after the onset of the latent phase.811 The active phase (time from
6 to 10 cm) is more rapid than the latent phase in both induced and spontaneous labors.1213 Active phase
protraction means cervical dilatation in women with [?]6 cm and dilatation duration of less than about 1 to
2 cm/hour.10 Active phase arrest defines that in a pregnant woman with a cervical dilatation of [?]6 cm and
ruptured membranes; no cervical changes for [?]4 hours despite adequate contractions or [?]6 hours even if
contractions are inadequate.381014

The optimal duration for the second stage of labor is still controversial. Based on current data, it suggested
for a nulliparous patient 3 hours and 2 hours for a multiparous woman. If regional anesthesia is performed,
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we can wait for 1 hour more.181415 Longer times may be defined as second stage arrest.

The protraction or arrest in the first or second stage of labor is a significant risk factor for the primary ce-
sarean. Maternal obesity, macrosomia, cephalopelvic disproportion, neuraxial anesthesia, occiput posterior
position, nulliparity, uterine abnormality, short stature (less than 150 cm), maternal age, post-term preg-
nancy, and hypocontractile uterine activity states are associated with prolongation and arrest of birth.1617

In the first stage of labor, especially in the active phase, oxytocin augmentation and amniotomy may be an
option for labor progression.18 But women with labor arrest in the first stage should be managed by cesarean
delivery.15When the second stage arrest diagnosed, the obstetrician should consider the options including
observation, operative vaginal delivery, and cesarean delivery if the maternal and fetal conditions permit.16

Prolonged delivery may cause some maternal and fetal complications. In the literature, the studies show
that a longer duration of the active phase and second stage of labor may be associated with risk of operative
vaginal delivery, cesarean delivery, perineal lacerations, postpartum hemorrhage, chorioamnionitis, shoulder
dystocia, increased risks for neonatal intensive care unit requirement, Apgar score decrease, hypoxic-ischemic
encephalopathy and fetal mortality.151619202122232425

Fetal soft tissue composite is in relation with gestational diabetes, macrosomia, the risk for cesarean delivery
and neonatal adiposity.2627282930

Shoulder dystocia is one of the serious obstetrical complications as it can cause permanent plexus brachialis
injury. It occurs in 0.2 percent of births. Although there are several known risk factors, the clinicians often
can not predict the shoulder dystocia. Clinicians should consider the risk factors for shoulder dystocia and
should be prepared to address this complication in all deliveries.31 Shoulder dystocia is a subjective clinical
diagnosis, but there are some studies as more objective definition criteria in the literature.3233

We have mentioned above the risk factors in prolonging labor. In this study, we will examine the relationship
between fetal adipose tissue thickness without these risk factors but associated with them, prolongation of
delivery and complications caused by this. In this context, it may be the first study in the literature regarding
the relationship between fetal adipose tissue thickness, prolonged delivery, shoulder dystocia, and cesarean
delivery.

MATERIALS AND METHODS

This article is about a prospective analysis, studied with 400 pregnant women during labor between 37 and 41
weeks, and vertex presentation. We performed this study, approved by the local ethics committee numbered
2011-KAEK-25 2019/07-17, at the Department of Obstetrics and Gynecology of the Bursa Yüksek İhtisas
Education and Research Hospital, Bursa, Turkey. All participants had a confirmed estimated date of birth
by first-trimester ultrasound, which correlated with their menstrual dates.

We considered two criteria accepted by the American College of Obstetricians and Gynaecologists (ACOG)
and Royal College of Obstetricians and Gynaecologists (RCOG) for shoulder dystocia: 1- Failure of shoulder
delivery after downward traction, 2- Deliveries requiring maneuvers in addition to gentle downward traction
on the fetal head to effect delivery.

Nonvertex presentation, preterm labor, cesarean delivery history, multiple gestations, before oxytocin initia-
tion, a nonreassuring fetal heart rate tracing, or chorioamnionitis, ablatio placenta were not included in this
study population.

Macrosomia of fetus (>4500 gram), women with gestational diabetes, women of short stature (less than 150
cm), occiput posterior fetal position, and history of dystocia, which are risk factors for the conditions we
mentioned, were also excluded from the study.

The digital cervical examination performed in the first stage, two-four hours intervals, and one-two hours
in the second stage. The results were documented according to the hours and on a partogram in addition
to these records. The time from 6 cm to 10 cm and the time from complete cervical dilation to fetal head’s
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expulsion recorded. Also, whether shoulder dystocia developed at each delivery and the type of birth was
registered.

During labor, in the protracted active phase, we administered oxytocin if not already started. However,
women with labor arrest in the active phase and the second stage had gone cesarean delivery. Otherwise,
the cesarean decision was made in cases with acute fetal distress during follow-up.

Participants had an ultrasound examination before 6 cm cervical dilation. Standard fetal biometry was
measured, including biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC),
and femur length (FL), yielding a calculated estimated fetal weight (EFW) using the Hadlock formula.34
Fetal adipose tissue components consisted of the anterior abdominal wall (AAW), thigh (femur)(FWT), and
upper arm (humerus) (HWT) adipose tissue. We defined the fetal adipose tissue composite as total adipose
tissue (TATT). Total adipose tissue components consisted of the sum of the anterior abdominal wall, thigh,
and arm adipose tissue thickness.

Fetal AAW measurement obtained at the abdominal circumference view, a plane where the junction of
the right and left fetal portal vein and stomach seen. The image included fetal skin and subcutaneous
tissue (Figure-1). Calipers were at the echogenic area between the outer skin edge and inner margin of the
anterior abdominal wall. We calculated the anterior abdominal wall thickness (AAWT) as the thickness
of this echogenic rim was measured at a point nearly 2 cm lateral to the umbilical cord insertion. Three
measurements were obtained, and the mean value was recorded.

We obtained a standard image of the FL and HL, measuring fetal thigh and arm adiposity. The calipers
placed between the bones’ outer face and the skin’s outer face in the midline. Then, another measurement
was taken from the bones’ outer edge to the inner fat surface, and the fetal adiposity was calculated by
subtracting this from the first measurement (Figure-2)(Figure-3). Standard perinatal and obstetric data
documented during the birth.

The study’s primary outcome was to investigate if fetal adiposity was associated with an increased risk of
labor protraction or arrest. Secondary outcomes included the effects of fetal adiposity on an increased risk of
unplanned intrapartum cesarean delivery, active phase, second stage durations, birth weight of baby, fetus’s
biometrical parameters, and shoulder dystocia.

Statistical analysis

For proper statistical analyses, a Windows-based SPSS 24.0 statistical analysis program was used (SPSS
Inc., USA) . We examined variables via visual (histograms, probability plots) and analytical methods
(Shapiro-Wilk’s and Kolmogorov-Smirnov test) to determine whether they were normally distributed or not.
Variables specified as mean±standard deviation (X±SD), the mean difference between groups, 95% confi-
dence interval (95%CI), median (minimum-maximum (min-max)), U value, frequency (n), and percentage
(%). Student t-test , Mann-Whitney U test, and Chi-square test were used to compare normally distributed,
undistributed, and categorical variables. Pearson and Spearman’s tests were conducted to show relationships
between normally and non-normally distributed and/or ordinal variables. The level of significance was as
p[?]0.05. For the multivariate analysis, the possible factors identified with previous analyses were further
entered into the logistic regression analysis to determine independent predictors of study outcomes. Hosmer-
Lemeshow goodness of fit statistics was for evaluating model fit. A %5 type-1 error level was accepted to infer
statistical significance. The diagnostic values of AAWT, HWT, FWT, and TATT measures in predicting
labor prolongation, arrest, and cesarean delivery were examined by ROC curve analysis. When a significant
cut-off value was observed, the sensitivity, specificity, positive and negative predictive values were presented.
While evaluating the area under the curve, a %5 type-1 error level was used to accept a statistically significant
test variable’s predictive value.

RESULTS

Demographic and clinical characteristics, as well as descriptive analyses, were represented in Table-1. A total
of 400 women were studied; 309 (%77.3) delivered vaginally, and 91 (%22.7) by cesarean section. The mean
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age of the participants was 27. The mean of the birth weight of babies was 3239.77 grams (SD: +-359.07).

Before the end of the active phase and end of the second stage, the cesarean section performed in 82 (20.5%)
and 91 (2.3%) pregnant women, respectively. However, out of 400 pregnant women, 45 were not analyzed
in terms of labor protraction or arrest diagnoses in the present study because of the cesarean section was
performed.

Correlations among outcomes and baby adipose tissue components

As shown in Table-2, regardless of the number of births of the participants, both soft tissue thickness of the
anterior abdominal wall and total adipose tissue had significantly and positively correlated with the type
of delivery, active phase, and second stage duration, birth weight of baby, biparietal diameter, abdominal
circumference, femur length, shoulder dystocia, labor protraction and labor arrest (p<0.05).

Soft tissue thickness of thigh and arm was significantly and positively correlated with the type of delivery,
active phase duration, birth weight of baby, biparietal diameter, abdominal circumference, femur length,
shoulder dystocia, labor protraction, and labor arrest (p<0.05) (Table-2).

Participants were divided into two groups as nulliparous and parous. Binominal logistic regression was used
to determine the variables that may predict labor prolongation, and labor arrest risk. According to this
analysis, while the increase in fetal abdominal adipose thickness causes prolongation and arrest in labor.
In the binary logistic regression analysis, we performed, each 1mm increase in the anterior abdominal wall
adipose tissue causes prolonged labor in nulliparous groups 3.3 times and 5.8 times in multiparous groups.
Each 1 mm increase in total adipose tissue components causes prolonged labor in nulliparous groups 2.4 times
and multiparous groups 2.9 times. Every 1 mm increase in the total amount of adipose tissue thickness causes
the arrest of labor in the nulliparous group 1.6 times; in the parous group, it increases 1.4 times (Table-3).

In the evaluation made with ROC analysis, we found that fetal adipose tissue measurements in nulliparous
and parous pregnant women had a diagnostic value in predicting the prolongation, arrest of labor, and
cesarean section separately and in total. The recommended cut-off values are shown in Table-4. According
to this analysis, the presence of total adipose tissue components of 21 mm and above in nulliparous women
may cause arrest in labor with 92% sensitivity and 74.1% specificity. In the prediction of cesarean delivery in
nulliparous women, we found this cut off value to be 19.7 mm, with 76.9% sensitivity and 67.9% specificity.
We concluded that total adipose tissue components over 21.5 mm in women parous group caused labor arrest
with 92% sensitivity and 78.7% specificity. We indicated the complete analysis in Table-4.

DISCUSSION

According to the World Health Organization, birth occurs spontaneously, between 37 and 42 weeks of preg-
nancy in the vertex position and without significant risks throughout labor progression.35Labor characterized
by regular uterine contractions results in progressive fetal descent, expulsion, and live birth. Labor abnor-
malities are categorized as labor prolongation, labor protraction, or labor arrest.

Dysfunctional labor, labor dystocia, protraction/arrest disorders are quite common among women during
labor, and almost 20 percent of all labors result in live births.36 Labor progress disorders are the most
common reason for primary intrapartum cesarean delivery.

Labor protraction and arrest situations are in relation to many different risk factors. In 2004, Algovik
M et al. has declared that genetic predisposition about labor prolongation.37 In another study, in 2012,
the effect of pelvic floor muscle strength on labor was investigated. Pelvic floor muscles were found more
substantial in the failed labor than normally progressive labor.38Maternal age is a risk factor for cesarean
section depending on prolonging labor.39 Maternal body mass index and obesity was defined as a risk factor
for labor prolongation in another article.40 As emphasized in some publications in the literature, the duration
of the first and second stages of labor was prolonged by the use of epidural analgesia.4142

The present study’s primary purpose was to determine the effect of fetal adipose tissue components on labor
progression by excluding other risk factors that cause prolongation. We planned to see the effect of fetus soft
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tissue components on the diagnosis of labor protraction or arrest. In this context, in our study, the adipose
tissue components individually and as a total composite caused an extension in the active phase and the
second stage of labor.

Shoulder dystocia is rarely seen, with an incidence of 0.2% to 3.0% of all vaginal deliveries. This wide
range is associated with the clinician’s definition of shoulder dystocia, differences in defining the degree of
reporting, and the study population.43Shoulder dystocia has been seen more frequently in pregnant women
who have delivered vaginally and have longer durations of labor.4445 In a study published in 1998 and with
722 participants, it was recognized %24 shoulder dystocia.33 In another article, the shoulder dystocia rate
detected 16 percent.32 In our study, we detected %3.3 of shoulder dystocia in all deliveries. These shoulder
dystocias were mild, easily reduced, responded promptly to McRoberts’s maneuvers alone, or combined with
suprapubic pressure and did not result in neonatal injury. Longer duration of labor has associated with
increased rates of cesarean delivery in the literature.4647

In a study performed with 4126 women in the second stage of labor, it was a higher duration of the second
stage of labor was associated with uterine atony.48 According to another study, perineal trauma, instru-
mental delivery, postpartum hemorrhage, and chorioamnionitis may be higher in pregnant women who have
prolonged labor.17

As seen from the studies mentioned above, prolongation of labor presents many fetal and maternal problems.
The prediction of labor protraction or arrest can be vital because it is necessary to determine new diagnosis
or screening methods. As in our study, the measurement of fetal fat tissue components can be a supportive
method in this regard.

Farah et al. studied ultrasonographic soft tissue measurements in detecting fetal macrosomia, gestational
diabetes, and growth restriction of the fetus.49 Sood AK et al. found a significant correlation between
humerus soft tissue and fetal weight.50 In another study detected that fetus soft tissue measurement might
help to investigate fetal macrosomia.51 In 2003, a study showing the relationship between fetus adipose tissue
components and gestational diabetes had published. According to this study mentioned, values of fetus mid-
arm, mid-thigh, subscapular and anterior abdominal fat mass were more significant in the gestational diabetes
pregnancies than normal pregnant women.52

Higgins MF et al. studied with 335 diabetic pregnancy and found that anterior abdominal wall thickness
measure significantly correlated with macrosomia in gestational diabetes mellitus.53 In another study ,mid-
thigh soft tissue thickness was measured and found significantly correlated with abdominal circumference
and baby birth weight.54

Our study aimed to show the relationship of measurement of fetal soft tissue components with active phase
and second stage of labor duration, risk of cesarean section, shoulder dystocia, birth weight, and fetal
biometric parameters. As shown, Table-2 fetus soft tissue components, both individually and in total, are
significantly and positively correlated active phase and second stage duration, birth weight of baby, risk of
cesarean delivery, biparietal diameter, abdominal circumference, femur length, and shoulder dystocia.

With the binary logistic regression analysis, we performed, we found that fetal fat tissue components caused
prolongation or arrest in labor (Table-3). At the same time, these components increase the rate of cesarean
delivery.

Also, we determined cut-off values for each of these components by performing roc analysis. In general, areas
under the process characteristic curve found high values and p values to be significant. In cases where total
adipose tissue components exceed 20-21 mm levels, labor prolonged with high sensitivity and specificity, and
the cesarean delivery rate increased. In general, the adiposity of the anterior abdominal wall tissue above
8.6 mm-9.0 mm increases labor arrest and the going to the cesarean section (Table-4).

The results of this study show us that it may be a useful method to measure fetus adipose tissue components
for an ideal follow-up of labor. Measuring these components can be considered in predicting the prolongation
of labor and problems that may develop accordingly. However, it can give an idea of the measurement of
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fetal adipose tissue components in terms of risk of going to the cesarean section and shoulder dystocia during
delivery.

Researches related to this problem are essential since prolonged labor, as we mentioned above, may cause
many neonatal and maternal problems.

A potential limitation of this study is about long-term follow-up. Our study designed not to accurately
reflect differences in clinical outcomes such as Erb’s palsy at vaginal delivery or neonatal term follow-up of
babies. In some morbidities, infants with increased adipose deposition may be at risk of suffering; however,
given their infrequent occurrence appreciating a significant difference would require a much larger cohort.

Measurement of fetal fat tissue components is not a part of routine biometric measurements. Our study could
not evaluate and analyze the relationship between adipose tissue components and biometric parameters in
detail. Perhaps these adipose tissue components prolong the labor process or increase the cesarean section’s
risk, as they affect biometric parameters. Some studies in the literature indicate that these components are
associated with gestational diabetes and macrosomia. More and more long-term studies are needed for this
analysis.

In conclusion, our study determined that labor progress is longer with increased adipose deposition of the
fetus. Fetus soft tissue thickness positively correlated with labor protraction and labor arrest. Measurement
of soft tissue components may help provide labor follow-up. Our study showed that fetuses with increased
adipose deposition were more likely to require a cesarean delivery, shoulder dystocia, and higher birth
weight. Increased fetal adiposity may be predictive of the need for unplanned cesarean delivery, estimating
fetal weight, and birth complications. It was perhaps the first study in the literature in terms of the analysis
of fetal adipose tissue components with the progression of labor. The relationship of the parameters with
the results of the study was generally found to be highly significant, but these data should be supported by
more detailed studies with more patients.
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TABLES

Table 1: Descriptive analyses of values regarding the mothers and the babies

Pregnant women (n=400)

Characteristics of Mothers X±SD/Median (min-max)
Age (year) 27 (18-44)
Nulliparous (n; %) 186; 46.5%
Parous (n; %) 214; 53.5%
Vaginal delivery (n; %) 309; 77.3%
Cesarean (n; %) 91; 22.8%
Active phase duration (min) (n=318) 95 (10-600)
Second stage duration (min) (n=309) 15 (5-150)
Characteristics of Babies
Birth weight of the baby (gr) 3239.77±359.07
Biparietal diameter (mm) 90 (76-98)
Abdominal circumference (mm) 343.65±12.28
Thigh circumference (mm) 72.50±3.33
Soft tissue thickness of the anterior
abdominal wall (mm)

7.89±1.65

Soft tissue thickness of thigh (mm) 5.54±1.29
Soft tissue thickness of arm (mm) 4.99±1.19
Total adipose tissue/composite (mm) 18.42±3.35
Presence of shoulder dystocia (n; %) 13; 3.3 %
Presence of labor protraction (n; %) 113; 28.3%
Presence of labor arrest in active phase (n;
%)

30;7.5%

Presence of labor arrest in second phase (n;
%)

8;2%

mm: millimeter, min: minute, gr: gram, n: frequency, %: percentage, X: mean, SD: standard deviation,
min: minimum, max: maximum. Descriptive analyses were presented using (X±SD), median (min-max)
and (n; %) for normally distributed, non-normally distributed and categorical variables, respectively.

Table-2: Correlations among outcomes and fetus adipose tissue components
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Soft
tissue
thickness
of the
anterior
abdomi-
nal wall
(mm)

Soft
tissue
thickness
of the
anterior
abdomi-
nal wall
(mm)

Soft
tissue
thickness
of thigh
(fe-
mur)(mm)

Soft
tissue
thickness
of thigh
(fe-
mur)(mm)

Soft
tissue
thickness
of arm
(humerus)(mm)

Soft
tissue
thickness
of arm
(humerus)(mm)

Total
adipose
tissue
thickness
(mm)

Total
adipose
tissue
thickness
(mm)

r p r p r p r p
Age
(year)

0.056 0.262 0.028 0.581 0.139 0.005# 0.085 0.088

Nulliparous/Parous-0.033 0.504 0.010 0.846 0.077 0.126 0.010 0.846
Type of
delivery
(Ceserean
increase)

0.316 <0.001# 0.327 <0.001# 0.301 <0.001# 0.384 <0.001#

Active
phase
duration
(min)
(n=318)

0.619 <0.001# 0.448 <0.001# 0.430 <0.001# 0.626 <0.001#

Second
stage
duration
(min)
(n=309)

0.189 0.001# 0.102 0.074 -0.009 0.870 0.129 0.023#

Birth
weight of
the baby
(gr)

0.220 <0.001* 0.198 <0.001* 0.182 <0.001* 0.249 <0.001*

Biparietal
diameter
(mm)

0.189 <0.001# 0.112 0.025# 0.137 0.006# 0.188 <0.001#

Abdominal
circumfer-
ence
(mm)

0.278 <0.001* 0.193 <0.001* 0.206 <0.001* 0.283 <0.001*

Thigh
circumfer-
ence
(mm)

0.157 0.002* 0.105 0.036* 0.079 0.114 0.146 0.004*

Shoulder
dystocia

0.242 <0.001# 0.196 <0.001# 0.154 <0.001# 0.253 <0.001#

Labor
protrac-
tion

0.706 <0.001# 0.572 <0.001# 0.512 <0.001# 0.728 <0.001#

Labor
arrest

0.332 <0.001# 0.342 <0.001# 0.328 <0.001# 0.391 <0.001#

min: minute, gr: gram, mm: millimeter, r: correlation coefficient value. Pearson test: p<0.05* and Spearman
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test: p<0.05#.
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Risk
Factors:
Labor
Protraction

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Parous
Group

Parous
Group

Parous
Group

Parous
Group

Table-
3:
Binary
Logis-
tic
Re-
gres-
sion
Analy-
sis in
terms
of
Labor
Pro-
trac-
tion,
Labor
Arrest,
Ce-
serean
Deliv-
ery
and
Shoul-
der
Dysto-
cia
be-
tween
Nulli-
parous
and
Parous
Groups
Risk
Factors:
Labor
Protrac-
tion
Nulli-
parous
Group
Nulli-
parous
Group
Nulli-
parous
Group
Nulli-
parous
Group
Parous
Group
Parous
Group
Parous
Group
Parous
Group
Wald
O.R.
%95
C.I. p
Wald
O.R.
%95
C.I. p
Anterior
Abdom-
inal
Wall
Adipose
Thick-
ness
19,987
3,345
1,970-
5,680
<0,001
28,677
8,897
3,998-
19,801
<0,001
Femur
Adipose
Thick-
ness
3,939
1,777
1,007-
3,136
0,047
11,717
3,349
1,676-
6,691
0,001
Humerus
Adipose
Thick-
ness
10,250
2,978
1,527-
5,808
0,001
1,933
1,519
0,843-
2,739
0,164
Total
Adipose
Tissue
Thick-
ness
43,413
2,490
1,898-
3,266
<0,001
41,035
2,933
2,110-
4,076
<0,001
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compat-
ibility.
OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.880
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.
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Risk
Factors:
Labor
Protraction

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Parous
Group

Parous
Group

Parous
Group

Parous
Group

Risk
Factors:
Labor
Arrest

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Parous
Group

Parous
Group

Parous
Group

Parous
Group

Wald O.R. %95
C.I.

p Wald O.R. %95
C.I.

p

Anterior
Abdom-
inal
Wall
Adipose
Thickness

1,219 1,239 0,847-
1,814

0,269 0,129 1,093 0,672-
1,777

0,720

Femur
Adipose
Thickness

2,684 1,539 0,919-
2,578

0,101 3,966 1,799 1,009-
3,207

0,046

Humerus
Adipose
Thickness

10,355 2,682 1,471-
4,891

0,001 2,989 1,708 0,931-
3,133

0,084

Total
Adipose
Tissue
Thickness

23,661 1,605 1,327-
1,942

<0,001 14,877 1,495 1,219-
1,833

<0,001
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Risk
Factors:
Labor
Arrest

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Parous
Group

Parous
Group

Parous
Group

Parous
Group

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.

OR:
odds
ratio;
CI: con-
fidence
interval;
Wald:
test
statistic
value.
Since
the de-
pendent
variable
consists
of 2
groups,
binary
logistic
regres-
sion
used.
Enter
method
used in
analysis.
Hosmer
and
Lemeshow
test p
values:
0.859,
0.845
(for nul-
liparous
group
and
parous
group,
respec-
tively)
and the
models
had
good
data
compatibility.
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Risk
Factors:
Labor
Arrest

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Nulliparous
Group

Parous
Group

Parous
Group

Parous
Group

Parous
Group

Table-4: ROC analyse tables

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

RF AUC
(%95)

Cut off p Sens Spes PPV NPV PLR

AAWT 0,926(0.884-
0,967)

8,6 <0.001 88,1 85,6 77,6 92,7 6,1

HWT 0,847(0,788-
0,906)

4,6 0.003 89,8 63,5 57,4 92,7 2,4

FWT 0,873(0,819-
0,926)

5,3 0.002 89,8 73,1 62,7 93,5 3,3

TATWT 0,954(0,924-
0,984)

19,8 <0.001 86,4 93,3 81,2 92 12,8

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

Nulliparous
Labor
Arrest

RF AUC
(%95)

Cut off p Sens Spes PPV NPV PLR

AAWT 0,810(0,739-
0,880)

8,6 <0.001 84 72,7 35,6 96,2 3

HWT 0,832(0,751-
0,912)

5,4 0.002 72 76,3 35,3 93,8 3

FWT 0,810(0,736-
0,885)

6,3 <0.001 60 80 35,7 91,8 3

TATWT 0,863(0,804-
0,921)

19,9 <0.001 92 74,1 37,9 97,2 3,5

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

Nulliparous
Ceserean
Delivery

RF AUC
(%95)

Cut off p Sens Spes PPV NPV PLR

AAWT 0,707(0,628-
0,785)

8,8 <0.001 65,4 67,9 43,4 82,7 2,04

HWT 0,726(0,646-
0,806)

5,6 <0.001 50,1 83,6 54,2 81,2 3,05

FWT 0,744(0,668-
0,821)

5,8 <0.001 67,3 67,2 45,3 83,8 2,05

TATWT 0,761(0,688-
0,834)

18,6 0.003 76,9 67,9 46,9 86,7 2,40

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction

Multiparous
Labor
Protraction
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Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

Nulliparous
Labor
Protraction

RF AUC
(%95)

Cut off p Sens Spes PPV NPV PLR

AAWT 0,947(0,915-
0,980)

8,6 <0.001 94,4% 90,6% 88,9 78,2 10,0

HWT 0,801(0,731-
0,870)

5,4 0.004 72,2% 76,8% 76,9 75,4 3,1

FWT 0,840(0,780-
0,900)

6,2 <0.001 68,5% 86,2% 70,4 78,8 5,0

TATWT 0,953(0,918-
0,988)

19,9 <0.001 92,6% 93,5% 93,3 84,5 14,2

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

Multiparous
Labor
Arrest

RF AUC
(%95)

Cut off p Sens Spes PPV NPV PLR

AAWT 0,795(0,720-
0,871)

8,8 <0.001 92,31% 70,95% 84,2 71,7 3,2

HWT 0,781(0,655-
0,906)

5,7 0.001 84,62% 73,74% 63,2 79,6 3,2

FWT 0,852(0,793-
0,911)

6,2 <0.001 92,31% 75,42% 65,8 78,6 3,8

TATWT 0,873(0,818-
0,927)

20,5 <0.001 92,31% 78,77% 78,9 77,7 4,3

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

Multiparous
Cesarean
Delivery

RF AUC
(%95)

Cut off p Sens Spes PPV NPV PLR

AAWT 0,731(0,656-
0,805)

8,4 <0.001 71,79% 68,60% 65,9 69,3 2,3

HWT 0,704(0,614-
0,795)

5,6 <0.001 66,67% 69,71% 54,9 78 2,2

FWT 0,711(0,625-
0,798)

6,1 <0.001 64,10% 73,71% 57,1 77 2,4

TATWT 0,782(0,709-
0,854)

19,2 <0.001 87,18% 69,71% 76,9 69,6 2,9

RF: Risk Factor, AUC: Area Under Curve, Sens: Sensitivity, Spes: Specifity, PPV: Positive Predictive Value,
NPV: Negative Predictive Value, PLR Positive Likelihood Ratio

FIGURES

Figure-1: Anterior Abdominal Wall Thickness Measurement

Figure-2: Femur Adipose Tissue Thickness Measurement

Figure-3: Humerus Adipose Tissue Thickness Measurement
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Hosted file

Figure 1-2-3 bjog in one page.docx available at https://authorea.com/users/360037/articles/
481767-fetal-adiposity-and-labor-dystocia-a-case-control-study

18

https://authorea.com/users/360037/articles/481767-fetal-adiposity-and-labor-dystocia-a-case-control-study
https://authorea.com/users/360037/articles/481767-fetal-adiposity-and-labor-dystocia-a-case-control-study

