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The association of maternal obesity and obstetric
anal sphincter injuries at time of vaginal delivery
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BACKGROUND: The risk of third- and fourth-degree perineal laceration after vaginal delivery in patients with obesity is relatively under-
studied and has mixed findings in existing literature.
OBJECTIVE: This study aimed to examine the association of maternal obesity and obstetric anal sphincter injuries at vaginal delivery.
STUDY DESIGN: The Healthcare Cost and Utilization Project’s National Inpatient Sample was retrospectively queried to examine 7,385,341
vaginal deliveries from January 2017 to December 2019. The exposure assignment was obesity status. The main outcomes were third- and
fourth-degree perineal lacerations after vaginal delivery. Statistical analysis examining the exposure-outcome association included (1) inverse
probability of treatment weighting with log-Poisson regression generalized linear model to account for prepregnant and pregnant confounders for
the exposure and (2) multinomial regression model to account for delivery factors in the inverse probability of treatment weighting cohort. The sec-
ondary outcomes included (1) the temporal trends of fourth-degree laceration and its associated factors at cohort level and (2) risk factor patterns
for fourth-degree laceration by constructing a classification tree model.
RESULTS: In the inverse probability of treatment weighting cohort, patients with obesity were less likely to have fourth-degree lacerations and
third-degree lacerations than patients without obesity (fourth-degree laceration: 2.3 vs 3.9 per 1000 vaginal deliveries, respectively; adjusted
odds ratio, 0.62; 95% confidence interval, 0.56−0.69; third-degree laceration: 15.6 vs 20.1 per 1000 vaginal deliveries, respectively; adjusted
odds ratio, 0.79; 95% confidence interval, 0.76−0.82). In contrast, in patients with obesity vs those without obesity, forceps delivery (54.7 vs
3.3 per 1000 vaginal deliveries, respectively; adjusted odds ratio, 17.73; 95% confidence interval, 16.17−19.44), vacuum-assisted delivery
(19.8 vs 2.9 per 1000 vaginal deliveries, respectively; adjusted odds ratio, 5.18; 95% confidence interval, 4.85−5.53), episiotomy (19.2 vs 2.8
per 1000 vaginal deliveries, respectively; adjusted odds ratio, 3.95; 95% confidence interval, 3.71−4.20), and shoulder dystocia (17.8 vs 3.4
per 1000 vaginal deliveries, respectively; adjusted odds ratio, 2.60; 95% confidence interval, 2.29−2.94) were associated with more than a 2-
fold increased risk of fourth-degree perineal laceration. Among the group with obesity, patients who had forceps delivery and shoulder dystocia
had the highest incidence of fourth-degree laceration (105.3 per 1000 vaginal deliveries). Among the group without obesity, patients who had for-
ceps delivery, shoulder dystocia, and macrosomia had the highest incidence of fourth-degree laceration (294.1 per 1000 vaginal deliveries). The
incidence of fourth-degree perineal laceration decreased by 11.9% over time (P trend=.004); moreover, forceps delivery, vacuum-assisted deliv-
ery, and episiotomy decreased by 3.8%, 7.6%, and 29.5%, respectively (all, P trend<.05).
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CONCLUSION: This national-level analysis suggests that patients with obesity are less likely to have obstetric anal sphincter injuries at the
time of vaginal delivery. Furthermore, this analysis confirms other known risk factors for fourth-degree laceration, such as forceps delivery, vac-
uum-assisted delivery, episiotomy, and shoulder dystocia. However, we noted a decreasing trend in fourth-degree lacerations, which may be due
to evolving obstetrical practices.

Key words: anal sphincter tear, fourth-degree laceration, obesity, obstetric anal sphincter injuries, third-degree laceration, vaginal delivery
Introduction
Historically, the reported incidence of
perineal lacerations has been inconsis-
tent because of the lack of standardized
definitions.1,2 Obstetrical perineal lacer-
ations in general have been reported to
occur in up to 78% of vaginal deliveries.
These lacerations result from various
risk factors and, in most cases, do not
involve the anal sphincter complex.3,4

More severe lacerations that do involve
the anal sphincter complex are labeled
obstetric anal sphincter injuries
(OASIS).
In 2012, the American College of

Obstetricians and Gynecologists (ACOG)
developed a standardized definition for
perineal lacerations, including definitions
for third- and fourth-degree lacerations,
which involve the anal sphincter
complex.2,5 If not properly diagnosed
and repaired appropriately, these lacera-
tions can lead to long-term sequelae,
such as pain, fecal and gas incontinence,
dyspareunia, and reduced quality of
life.6

Many studies have reported on gen-
eral risk factors for OASIS, which
include fetal macrosomia, episiotomy,
operative vaginal delivery, prolonged
labor, primiparity, and persistent occi-
put posterior position.7−9

Of note, 1 risk factor for OASIS that
continues to be poorly understood is
maternal obesity. Although many have
shown no statistical difference in OASIS
between patients with and without obe-
sity,10−13 others have shown a decreased
risk of OASIS in patients with
obesity.14,15 In addition, some data are
suggesting that recurrent OASIS may be
more likely in patients with obesity.16

Given the high prevalence of obesity
in the United States17 and the potential
severe sequelae of OASIS, it is impor-
tant to better understand the association
between obesity and OASIS. This study
aimed to examine the association of
2 AJOG Global Reports November 2023
maternal obesity and OASIS at vaginal
delivery.

Materials and Methods
Data
The Healthcare Cost and Utilization
Project’s National Inpatient Sample
(NIS) was retrospectively queried.18 The
data are supported and distributed by
the Agency for Healthcare Research and
Quality. It approximates a stratified
sample of 20% of discharges in each
center from all the participating hospi-
tals across 48 states and the District of
Columbia. The NIS represents >95% of
hospital discharge data in the US popu-
lation.

Ethical consideration
The University of Southern California
Institutional Review Board exempted
the current study because of the use of
publicly available deidentified data.

Study population
The study population included hospital-
setting vaginal deliveries between Janu-
ary 2017 and December 2019. The start-
ing point was chosen because of the
availability of the World Health Organi-
zation’s International Classification of
Disease, Tenth Revision (ICD-10), Clin-
ical Modification (ICD-10-CM) codes
for the third-degree perineal laceration
subclassifications.

Identification of vaginal deliveries fol-
lowed previous studies.19,20 These
included diagnosis-related group codes
767, 768, 774, 775, 796, 797, 798, 805,
806, and 807; the ICD-10-CM codes
O80; and the ICD-10 Procedure Coding
System (ICD-10-PCS) codes 10D07Z3,
10D07Z4, 10D07Z5, 10D07Z6, 10D07Z7,
and 10D07Z8.

Exposure
The exposure was obesity status, identi-
fied according to the ICD-10-CM codes.
These included E66.0, E66.01, E66.1,
E66.2, E66.8, E66.9, Z68.3, Z68.4, and
O99.21. Pregnant patients with any of
these codes were assigned as the group
with obesity, and those without were
assigned as the group without obesity.
The ICD-10 codes were consistent
throughout the study period.

Outcome measures
The primary outcomes were third- and
fourth-degree perineal lacerations at the
time of vaginal delivery. These outcome
measures were identified with the ICD-
10-CM codes. The fourth-degree peri-
neal lacerations, defined as anal sphinc-
ter complex and anal epithelium injury,
were based on the ICD-10-CM codes
O70.3 and O70.4.2 The third-degree
perineal lacerations, defined as the
injury to anal sphincter complex, were
based on the ICD-10-CM code O70.2.2

The third-degree perineal lacerations
were further classified into the following
3 tiers according to the ACOG defini-
tion2: grade 3a, defined as <50% of
external anal sphincter thickness torn,
identified as the ICD-10-CM code
O70.21; grade 3b, defined as >50% of
external anal sphincter thickness torn
identified as the ICD-10-CM code
O70.22; and grade 3c, defined as the
injury to both external and internal anal
sphincter torn, identified as the ICD-
10-CM code O70.23.

Study covariates
The study covariates examined were pre-
selected in view of relevance to the expo-
sure and outcomes. These included 15
prepregnancy factors, 12 current preg-
nancy factors, and 10 delivery factors (a
total of 37 factors). The identification of
these study covariates was based on the
ICD-10-CM or ICD-10-PCS codes that
followed previous studies.21,22 The study
covariates were grouped as similar to
previous studies.19−23
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Why was this study conducted?
The risk of third- and fourth-degree perineal laceration at vaginal delivery in
patients with obesity is relatively understudied and has mixed findings in exist-
ing literature.

Key findings
In an analysis of 7,385,341 vaginal deliveries identified in the National Inpatient
Sample from 2017 to 2019, patients with obesity were less likely to have fourth-
degree and third-degree lacerations than patients without obesity (fourth-degree
laceration: 2.3 vs 3.9 per 1000 vaginal deliveries, respectively; adjusted odds ratio
[aOR], 0.62; 95% confidence interval [CI], 0.56−0.69; third-degree laceration:
15.6 vs 20.1 per 1000 vaginal deliveries, respectively; aOR, 0.79; 95% CI, 0.76
−0.82). The incidence of fourth-degree perineal laceration decreased by 11.9%
over time; moreover, forceps delivery, vacuum-assisted delivery, and episiotomy
decreased by 3.8%, 7.6%, and 29.5%, respectively.

What does this add to what is known?
Patients with obesity are less likely to have obstetric anal sphincter injuries at the
time of vaginal delivery. The decreasing trend in fourth-degree lacerations may
be due to evolving obstetrical practices of decreasing operative delivery and
episiotomy.

ajog.org Original Research
Prepregnancy factors included (1)
patient demographics (age, year, race
and ethnicity, primary payer, census-
level household income, patient location,
and region), (2) medical comorbidity
FIGURE 1
Temporal trends of obesity

The cohort-level prevalence rates of individuals with
axes are truncated for visibility. The dots represent
standard error. The lines represent the modeled val
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J O
(pregestational hypertension and preges-
tational diabetes mellitus), (3) substance
use factor (tobacco), (4) gynecologic fac-
tors (uterine myoma), and (5) previous
pregnancy factors (grand multiparity
obesity (P trend<.001) are shown. The vertical
the observed values, and the bars represent the
ue.
bstet Gynecol Glob Rep 2023.
and previous uterine scar). This study
examined race and ethnicity as this fac-
tor is associated with pregnancy and
delivery characteristics and outcomes.
Current pregnancy factors included

(1) fetal factors (multifetal pregnancy,
malpresentation, large for gestational
age [LGA], intrauterine growth restric-
tion, polyhydramnios, and oligohy-
dramnios), (2) maternal factors
(gestational diabetes mellitus, gesta-
tional hypertension, and preeclampsia),
and (3) membranous factors (prema-
ture rupture of membrane [preterm and
term] and chorioamnionitis).
Delivery factors included hospital bed

capacity, hospital location and teaching
status, gestational age at delivery, labor
obstruction, epidural anesthesia, episi-
otomy, shoulder dystocia, vacuum-
assisted delivery, and forceps delivery.

Analytical consideration
Independent prepregnancy and preg-
nancy characteristics related to obesity
were assessed with a log-Poisson regres-
sion generalized linear model in multi-
variable analysis. Multicollinearity was
assessed among the covariates. The
effect size for obesity compared with
nonobesity was expressed with adjusted
odds ratio (aOR) and a corresponding
95% confidence interval (CI).
To assess the association between

maternal obesity and the third- and
fourth-degree perineal lacerations at
vaginal delivery, we mitigated the pre-
pregnancy and pregnancy confounders
followed by accounting for delivery fac-
tors. This analytical approach was
adopted on the basis of the rationale
that (1) maternal obesity is a preexisting
event before pregnancy but may influ-
ence the subsequent pregnancy event
and (2) the third- and fourth-degree
perineal lacerations are the delivery
events that chronologically occur after
the pregnancy event.
Prepregnancy and pregnancy con-

founders between the 2 exposure groups
were balanced by creating the inverse
probability of treatment weighting
(IPTW) cohort.24 The propensity score
was computed with a log-Poisson
regression generalized linear model by
accounting for prepregnancy and
November 2023 AJOG Global Reports 3
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TABLE 1
Characteristics related to obesity (multivariable analysis)
Characteristic Obesity (�) Obesity (+) aOR (95% CI) P value

Number n=6,727,751 n=657,590

Age (y) 28 (24−32) 28 (24−33) 1.01 (1.01−1.01) <.001

Year

2017 34.2 30.8 1.00 (reference)

2018 33.2 33.9 1.10 (1.09−1.11) <.001

2019 32.3 35.3 1.14 (1.13−1.15) <.001

Race and ethnicity

White 51.7 44.5 1.00 (reference)

Black 13.1 20.4 1.47 (1.46−1.48) <.001

Hispanic 19.7 24.2 1.25 (1.24−1.26) <.001

Asian 6.3 3.1 0.58 (0.57−0.59) <.001

Native American 0.7 1.0 1.35 (1.32−1.38) <.001

Other 4.5 3.5 0.90 (0.89−0.92) <.001

Unknown 3.9 3.2 0.97 (0.96−0.99) <.001

Primary payer

Medicaid 42.2 50.0 1.00 (reference)

Private 51.4 45.2 0.90 (0.89−0.90) <.001

Self-pay 2.8 1.6 0.62 (0.61−0.63) <.001

Medicare 0.6 0.9 1.11 (1.08−1.14) <.001

No charge 0.1 <0.1 0.42 (0.37−0.48) <.001

Other 2.8 2.1 0.77 (0.75−0.78) <.001

Unknown 0.1 0.1 0.96 (0.90−1.03) .236

Household income

QT1 (the lowest) 26.9 32.4 1.00 (reference)

QT2 25.2 26.4 0.96 (0.95−0.96) <.001

QT3 24.8 24.6 0.92 (0.91−0.92) <.001

QT4 (the highest) 22.2 15.8 0.73 (0.72−0.73) <.001

Unknown 0.9 0.8 0.94 (0.92−0.97) <.001

Patient location

Large central metropolitan 32.8 35.6 1.00 (reference)

Large fringe metropolitan 23.9 22.4 1.01 (1.01−1.01) .156

Medium metropolitan 20.7 21.6 0.99 (0.98−0.99) <.001

Small metropolitan 8.8 8.4 0.92 (0.91−0.93) <.001

Micropolitan 8.1 7.1 0.87 (0.86−0.88) <.001

Not metropolitan or micropolitan 5.4 4.7 0.84 (0.83−0.85) <.001

Unknown 0.3 0.1 0.53 (0.49−0.58) <.001

Region

Northeast 15.9 14.6 1.00 (reference)

Midwest 21.8 21.7 1.08 (1.07−1.09) <.001

South 37.7 37.6 1.00 (0.99−1.01) .928

Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023. (continued)
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TABLE 1
Characteristics related to obesity (multivariable analysis) (continued)
Characteristic Obesity (�) Obesity (+) aOR (95% CI) P value

West 24.5 26.1 1.17 (1.16−1.17) <.001

Hypertensive disorder

No 89.5 72.8 1.00 (reference)

Pregestational 1.7 6.6 3.01 (2.98−3.04) <.001

Gestational 4.7 10.6 2.33 (2.31−2.35) <.001

Preeclampsia 4.1 10.0 2.29 (2.27−2.31) <.001

Diabetes mellitus

No 93.5 85.0 1.00 (reference)

Pregestational 0.5 2.1 2.32 (2.28−2.36) <.001

Gestational 6.1 12.9 1.89 (1.87−1.90) <.001

Tobacco use

No 95.0 93.5 1.00 (reference)

Yes 5.0 6.5 1.24 (1.23−1.25) <.001

Previous uterine scar

No 96.6 95.6 1.00 (reference)

Yes 3.4 4.4 1.20 (1.19−1.22) <.001

Uterine myoma

No 99.4 98.6 1.00 (reference)

Yes 0.6 1.4 1.55 (1.52−1.58) <.001

Grand multiparity

No 99.9 99.7 1.00 (reference)

Yes 0.1 0.3 1.51 (1.45−1.58) <.001

Multifetal pregnancy

No 99.3 99.1 1.00 (reference)

Yes 0.7 0.9 1.15 (1.12−1.18) <.001

Large for gestational age

No 98.6 96.3 1.00 (reference)

Yes 1.4 3.7 2.17 (2.14−2.20) <.001

Intrauterine growth restriction

No 96.9 97.5 1.00 (reference)

Yes 3.1 2.5 0.74 (0.73−0.75) <.001

Polyhydramnios

No 99.0 98.1 1.00 (reference)

Yes 1.0 1.9 1.38 (1.36−1.41) <.001

Oligohydramnios

No 97.8 96.8 1.00 (reference)

Yes 2.2 3.2 1.41 (1.39−1.43) <.001

Breech presentation

No 99.5 99.4 1.00 (reference)

Yes 0.5 0.6 1.01 (0.97−1.04) .763

Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023. (continued)
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TABLE 1
Characteristics related to obesity (multivariable analysis) (continued)
Characteristic Obesity (�) Obesity (+) aOR (95% CI) P value

PROM

No 90.8 89.6 1.00 (reference)

Preterm 2.5 3.1 1.13 (1.11−1.14) <.001

Term 6.7 7.2 1.22 (1.21−1.24) <.001

Chorioamnionitis

No 98.1 97.1 1.00 (reference)

Yes 1.9 2.9 1.33 (1.31−1.34) <.001
Data are presented as median (interquartile range) or percentage, unless otherwise indicated. A log-Poisson regression generalized linear model was used for multivariable analysis.

aOR, adjusted odds ratio; CI, confidence interval; PROM, premature rupture of membranes; QT, quartile.

Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.
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pregnancy factors. The IPTW propen-
sity score method assigned patients in
the group with obesity a weight of 1/
(propensity score) and those in the
group without obesity a weight of 1/(1-
propensity score).
Stabilized weights and threshold tech-

niques at the 1st percentile and 99th
FIGURE 2
Balance statistics before and after th
weighting

Standardized differences before and after inverse
the weighted model, all the modeled covariates
≤0.087).
d/o, disorder; IUGR, intrauterine growth restriction; LGA, large for gest

Tavakoli. Obesity and obstetric anal sphincter injuries. Am J O
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percentile were used.24 Balance statistics
between the 2 exposure groups were
assessed with a standardized difference
in the IPTW cohort, and a value of
>0.20 was interpreted as a clinical imbal-
ance between the exposure groups.25

The exposure-outcome association in
the IPTW cohort was assessed by
e inverse probability of treatment

probability of treatment weighting are shown. In
were well balanced (standardized difference,

ational age; PROM, premature rupture of membranes.

bstet Gynecol Glob Rep 2023.
adjusting for the delivery factors. These
were preselected as above (a total of 10
factors). The effect size for the group
with obesity compared with that of the
group without obesity on the outcome
measures was assessed with a multino-
mial regression model, expressed with
aOR and a corresponding 95% CI.
Various sensitivity analyses were per-

formed to assess the robustness of the
study findings. First, the exposure-out-
come association was examined per the
race and ethnicity group (White, Black,
Hispanic, and Asian). Second, the out-
come measures were assessed for the
targeted delivery factors (episiotomy,
vacuum-assisted vaginal delivery, for-
ceps delivery, and shoulder dystocia).
Third, temporal trends of obesity, third-
and fourth-degree perineal lacerations
at vaginal delivery, and targeted delivery
factors were assessed at the cohort level.
The linear segmented regression and
log transformation were used to assess
the temporal trend with year-quarter
increments.
Finally, a classification tree for

fourth-degree perineal laceration at vag-
inal delivery was constructed by recur-
sive partitioning analysis per the
exposure strata (obesity and nonobe-
sity).26 Targeted delivery factors (forces
delivery, vacuum-assisted delivery, epi-
siotomy, and shoulder dystocia) and a
selected pregnancy factor (LGA) were
entered into the modeling. These varia-
bles were preselected in the relevance of
severe perineal laceration at vaginal

http://www.ajog.org


TABLE 2
Covariate distributions in the IPTW cohort
Characteristic Obesity (�) Obesity (+) SD

Age (y) 28 (24−32) 28 (24−32) 0.008

Year 0.021

2017 33.9 33.0

2018 33.3 33.4

2019 32.8 33.6

Race and ethnicity 0.087

White 51.0 50.5

Black 13.8 15.2

Hispanic 20.1 21.2

Asian 6.0 4.3

Native American 0.7 0.8

Other 4.4 4.3

Unknown 3.9 3.8

Primary payer 0.059

Medicaid 42.9 45.3

Private 50.8 49.1

Self-pay 2.7 2.1

Medicare 0.6 0.7

No charge 0.1 <0.1

Other 2.7 2.6

Unknown 0.1 0.1

Household income 0.057

QT1 (the lowest) 27.4 28.8

QT2 25.3 26.0

QT3 24.7 25.0

QT4 (the highest) 21.6 19.4

Unknown 0.9 0.8

Patient location 0.025

Large central metropolitan 33.1 32.7

Large fringe metropolitan 23.8 23.5

Medium metropolitan 20.8 21.4

Small metropolitan 8.8 8.9

Micropolitan 8.0 8.0

Not metropolitan or micropolitan 5.3 5.3

Unknown 0.3 0.2

Region 0.016

Northeast 15.8 15.3

Midwest 21.8 22.2

South 37.7 37.8

West 24.7 24.8

Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023. (continued)
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delivery. The chi-square automatic
interaction detector method was used
with a stopping rule of a maximum of 3
layers. In the determined patterns, the
incidence rate of fourth-degree perineal
laceration was computed.
The analysis was based on the

national estimates provided by the NIS.
Statistical interpretation followed a 2-
tailed hypothesis, and a P value of <.05
was considered statistically significant.
Cases with unknown data were grouped
into 1 category in each variable. IBM
SPSS Statistics (version 28.0; IBM,
Armonk, NY), R (version 3.5.3; R Foun-
dation for Statistical Computing,
Vienna, Austria), and National Cancer
Institute’s Joinpoint Regression Pro-
gram (version 4.8.0.1) were used for all
analyses. This study followed the
Strengthening the Reporting of Obser-
vational Studies in Epidemiology
reporting guidelines to summarize the
performance of the cohort study.27

Results
Obesity-related characteristics
A total of 7,385,341 vaginal deliveries
were examined. A total of 657,590
patients with a diagnosis of obesity were
compared with 6,727,751 patients with-
out obesity. The number of individuals
with obesity has increased from 78 per
1000 vaginal deliveries in the first quar-
ter of 2017 to 100 per 1000 vaginal
deliveries in the last quarter of 2019
(relative increase, 28.2%; P trend<.001)
(Figure 1).
Patient and pregnancy characteristics

per the exposure are shown in Table 1.
In a multivariable analysis, an increas-
ing number of individuals with obesity
over time remained independent. Indi-
viduals with obesity were more likely to
be older, Black, Hispanic, Native Amer-
ican, large central metropolitan and
Western US residents, grand multipa-
rous, and smokers; have medical
comorbidities (pregestational hyperten-
sion and diabetes mellitus); and have
uterine myoma and previous uterine
scar; moreover, individuals with obesity
were less likely to be Asian or privately
insured and had a higher household
income than individuals without obesity
(all, P<.05).
November 2023 AJOG Global Reports 7
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TABLE 2
Covariate distributions in the IPTW cohort (continued)
Characteristic Obesity (�) Obesity (+) SD

Hypertensive disorder 0.070

No 88.0 85.8

Pregestational 2.1 2.9

Gestational 5.3 5.9

Preeclampsia 4.7 5.4

Diabetes mellitus 0.062

No 92.7 91.2

Pregestational 0.6 1.0

Gestational 6.7 7.8

Tobacco use 0.025

No 94.9 94.3

Yes 5.1 5.7

Previous uterine scar 0.012

No 96.5 96.3

Yes 3.5 3.7

Uterine myoma 0.020

No 99.3 99.1

Yes 0.7 0.9

Grand multiparity 0.009

No 99.9 99.8

Yes 0.1 0.2

Multifetal pregnancy 0.007

No 99.3 99.2

Yes 0.7 0.8

Large for gestational age 0.035

No 98.4 98.0

Yes 1.6 2.0

Intrauterine growth restriction 0.014

No 96.9 97.2

Yes 3.1 2.8

Polyhydramnios 0.024

No 98.9 98.7

Yes 1.1 1.3

Oligohydramnios 0.011

No 97.7 97.5

Yes 2.3 2.5

Breech presentation 0.004

No 99.5 99.5

Yes 0.5 0.5

PROM 0.014
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Pregnancy characteristics associated
with obesity included gestational hyper-
tension, preeclampsia, gestational dia-
betes mellitus, multifetal pregnancy,
LGA, polyhydramnios, oligohydram-
nios, premature rupture of membranes,
and chorioamnionitis (all, P<.05)
(Table 1).

Obesity and perineal laceration
Differences in the measured prepreg-
nancy and pregnancy confounders
between the group with obesity and the
group without obesity were balanced by
creating the IPTW cohort (Figure 2 and
Table 2). All the measured study covari-
ates were well balanced without clinical
imbalance between the exposure groups
in the IPTW cohort (standardized dif-
ference, ≤0.087). In the preweighted
model, hypertensive disorder, race and
ethnicity, and diabetes mellitus exhib-
ited a clinical imbalance between the
groups with and without obesity (stan-
dardized difference, >0.20).
Pregnant patients with obesity were

38% less likely to have fourth-degree
perineal laceration at vaginal delivery
than those without obesity (2.3 vs 3.9
per 1000 vaginal deliveries, respectively;
aOR, 0.62; 95% CI, 0.56−0.69; P<.001)
(Table 3). In contrast, in patients with
obesity vs those without obesity, forceps
delivery (54.7 vs 3.3 per 1000 vaginal
deliveries, respectively; aOR, 17.73; 95%
CI, 16.17−19.44; P<.001), vacuum-
assisted delivery (19.8 vs 2.9 per 1000
vaginal deliveries, respectively; aOR,
5.18; 95% CI, 4.85−5.53; P<.001), episi-
otomy (19.2 vs 2.8 per 1000 vaginal
deliveries, respectively; aOR, 3.95; 95%
CI, 3.71−4.20; P<.001), and shoulder
dystocia (17.8 vs 3.4 per 1000 vaginal
deliveries, respectively; aOR, 2.60; 95%
CI, 2.29−2.94; P<.001) were associated
with more than a 2-fold increased risk
of fourth-degree perineal laceration
(Table 3).
Individuals with obesity were 21%

less likely to have third-degree perineal
laceration at vaginal deliveries than
those without obesity (15.6 vs 20.1 per
1000 vaginal deliveries, respectively;
aOR, 0.79; 95% CI, 0.76−0.82; P<.001)
(Table 4). In contrast, in individuals
with obesity vs those without obesity,
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TABLE 2
Covariate distributions in the IPTW cohort (continued)
Characteristic Obesity (�) Obesity (+) SD

No 90.7 90.3

Preterm 2.6 2.7

Term 6.7 7.0

Chorioamnionitis 0.015

No 98.0 97.8

Yes 2.0 2.2
Data are presented as median (interquartile range) or percentage, unless otherwise indicated. Balance statistics with standard-
ized differences are shown in Figure 1.

IPTW, inverse probability of treatment weighting; PROM, premature rupture of membranes; QT, quartile; SD, standardized differ-
ence.
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forceps delivery (177.9 vs 18.3 per 1000
vaginal deliveries, respectively; aOR,
11.22; 95% CI, 10.65−11.82; P<.001),
vacuum-assisted delivery (78.4 vs 16.5
per 1000 vaginal deliveries, respectively;
aOR, 4.19; 95% CI, 4.05−4.32; P<.001),
and episiotomy (57.4 vs 17.2 per 1000
vaginal deliveries, respectively; aOR,
2.17; 95% CI, 2.10−2.25; P<.001) were
associated with more than a 2-fold
increased risk of third-degree perineal
laceration (Table 4).

Sensitivity analyses
In an interaction term analysis for race
and ethnicity (Table 5), the association
of obesity and decreased likelihood of
fourth-degree perineal laceration at vag-
inal delivery was more robust in His-
panic individuals (aOR, 0.50; 95% CI,
0.38−0.66) but not in Asian individuals
(aOR, 0.78; 95% CI, 0.57−1.08). In
addition, Asian patients were associated
with higher odds of fourth-degree peri-
neal laceration when they underwent
forceps delivery (aOR: 25.70 vs 14.16
−19.30) or vacuum-assisted delivery
(aOR: 6.40 vs 3.77−5.12) or when diag-
nosed with shoulder dystocia (aOR:
3.81 vs 1.89−2.63) than other race and
ethnicity patients (Table 5).
When the third-degree perineal lacer-

ations were further stratified into the
subclassification (Table 6), forceps
delivery was associated with grade 3c
perineal laceration (aOR, 25.69), fol-
lowed by grade 3b perineal laceration
(aOR, 19.10); the magnitudes of associa-
tion were higher in third-degree
laceration than in fourth-degree peri-
neal laceration (aOR, 17.73) (Table 6).
The odds of developing grade 3b or 3c
perineal laceration with vacuum-
assisted delivery were overall similar to
the odds of developing fourth-degree
perineal laceration with vacuum-
assisted delivery (aOR, 4.74−4.96 vs
5.18) (Table 6).

At the cohort level, the incidence of
fourth-degree laceration decreased by
11.9% from 4.2 to 3.7 per 1000 vaginal
deliveries during the 3-year study
period (P trend=.004) (Figure 3). The
incidence of third-degree perineal lacer-
ation remained unchanged from 20.0 to
19.7 per 1000 vaginal deliveries (P
trend=.522) (Figure 3). From 2017 to
2019, the number of patients receiving
forceps delivery, vacuum-assisted deliv-
ery, and episiotomy decreased by 3.8%
(from 8.0 to 7.7 per 1000 vaginal deliv-
eries; P trend=.039), 7.6% (from 52.3 to
48.3 per 1000 vaginal deliveries; P
trend=.019), and 29.5% (from 72.1 to
50.8 per 1000 vaginal deliveries; P
trend<.001), respectively (Figure 4).

Finally, the incidence of fourth-
degree perineal laceration at vaginal
delivery was assessed based on the com-
bination patterns of targeted risk factors
in each exposure strata. Among the
pregnant patients with obesity
(Figure 5), forceps delivery was the first
allocator of the classification tree
(43.6 vs 2.0 per 1000 vaginal deliveries).
The highest incidence rate of fourth-
degree perineal laceration in patients
with obesity was 105.3 per 1000 vaginal
deliveries, which was seen in patients
who had forceps delivery and shoulder
dystocia (Figure 5).
In addition, forceps delivery was the

first allocator of the classification tree in
patients without obesity (fourth-degree
perineal laceration: 56.3 vs 3.5)
(Figure 6). The highest incidence rate of
fourth-degree perineal laceration in
patients without obesity was 294.1 per
1000 vaginal deliveries, which was seen
in patients who had forceps delivery,
shoulder dystocia, and macrosomia
(Figure 6).

Comments
Principal findings
The first key finding of this current
national-level analysis was that obesity
was associated with a decreased likeli-
hood of OASIS at vaginal delivery. Sec-
ond, this study confirmed that surgical
interventions (operative delivery and
episiotomy) are associated with an
increased risk of OASIS, especially for-
ceps delivery. Finally, we noted a
decreasing national-level trend in
fourth-degree perineal lacerations dur-
ing the study period, which paralleled
the decreasing trend in operative vagi-
nal delivery and episiotomy.

Insights for results
There are many important considera-
tions when interpreting the results of
this study, which showed an overall
decreased likelihood of OASIS in
patients with obesity. We hypothesize
that this protective effect is likely multi-
factorial. Of note, 1 possibility for this
finding, as hypothesized in previous
studies, could be that patients with obe-
sity have softer and more elastic peri-
neal tissue, therefore making their
perineum more resistant to
tearing.14,15,28

Another contributing factor could be
that uterine contractions in patients
with obesity, which have been found to
occur less frequently and with less force,
could serve as a protective factor against
more severe lacerations.29 A final factor
that could contribute to the aforemen-
tioned findings, which our study could
not account for, is birthing position.
Certain birthing positions have been
November 2023 AJOG Global Reports 9
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TABLE 3
Outcome analysis for fourth-degree perineal laceration
Characteristic Ratea aOR (95% CI)b P value

Obesity

No 3.9 1.00 (reference) —
Yes 2.3 0.62 (0.56−0.69) <.001

Forceps delivery

No 3.3 1.00 (reference) —
Yes 54.7 17.73 (16.17−19.44) <.001

Vacuum-assisted delivery

No 2.9 1.00 (reference) —
Yes 19.8 5.18 (4.85−5.53) <.001

Episiotomy

No 2.8 1.00 (reference) —
Yes 19.2 3.95 (3.71−4.20) <.001

Shoulder dystocia

No 3.4 1.00 (reference) —
Yes 17.8 2.60 (2.29−2.94) <.001

Gestational age (wk)

<37 1.4 0.44 (0.38−0.52) <.001

37−38 2.9 0.83 (0.77−0.89) <.001

39 3.7 1.00 (reference) —
40 5.0 1.26 (1.18−1.34) <.001

≥41 6.0 1.48 (1.34−1.63) <.001

Unknown 3.4 0.95 (0.56−1.61) .838

Labor obstruction

No 3.1 1.00 (reference) —
Yes 17.8 1.66 (1.50−1.84) <.001

Epidural anesthesia

No 3.7 1.00 (reference) —
Yes 3.8 0.97 (0.67−1.41) .879

Hospital bed capacity

Small 3.6 1.00 (reference) —
Middle 3.7 1.02 (0.95−1.10) .598

Large 3.8 1.07 (0.99−1.15) .072

Hospital teaching

Rural 4.2 1.00 (reference) —
Urban nonteaching 3.9 0.98 (0.88−1.08) .645

Urban teaching 3.6 0.97 (0.89−1.06) .472
aOR, adjusted odds ratio; CI, confidence interval; IPTW, inverse probability of treatment weighting.
a Rate per 1000 vaginal deliveries in the IPTW cohort; b The IPTW cohort was created to account for the prepregnant and pregnancy confounders shown in Table 1. In the IPTW cohort, a multinomial
regression model was fitted by modeling the delivery factors as shown in the table.
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TABLE 4
Outcome analysis for third-degree perineal laceration
Characteristic Ratea aOR (95% CI)b P value

Obesity

No 20.1 1.00 (reference) —
Yes 15.6 0.79 (0.76−0.82) <.001

Forceps delivery

No 18.3 1.00 (reference) —
Yes 177.9 11.22 (10.65−11.82) <.001

Vacuum-assisted delivery

No 16.5 1.00 (reference) —
Yes 78.4 4.19 (4.05−4.32) <.001

Episiotomy

No 17.2 1.00 (reference) —
Yes 57.4 2.17 (2.10−2.25) <.001

Shoulder dystocia

No 18.8 1.00 (reference) —
Yes 49.5 1.42 (1.32−1.52) <.001

Gestational age (wk)

<37 6.2 0.35 (0.33−0.38) <.001

37−38 14.7 0.79 (0.77−0.82) <.001

39 18.9 1.00 (reference) —
40 27.8 1.41 (1.37−1.45) <.001

≥41 34.8 1.72 (1.65−1.80) <.001

Unknown 14.7 0.82 (0.63−1.06) .125

Labor obstruction

No 17.8 1.00 (reference) —
Yes 59.2 1.61 (1.53−1.70) <.001

Epidural anesthesia

No 19.6 1.00 (reference) —
Yes 21.0 1.09 (0.92−1.28) .317

Hospital bed capacity

Small 19.8 1.00 (reference) —
Middle 19.3 0.98 (0.95−1.02) .343

Large 19.6 1.03 (0.99−1.06) .110

Hospital teaching

Rural 16.5 1.00 (reference) —
Urban nonteaching 17.9 1.11 (1.05−1.16) <.001

Urban teaching 20.4 1.32 (1.26−1.38) <.001
aOR, adjusted odds ratio; CI, confidence interval; IPTW, inverse probability of treatment weighting.
a Rate per 1000 vaginal deliveries in the IPTW cohort; b The IPTW cohort was created to account for the prepregnant and pregnancy confounders shown in Table 1. In the IPTW cohort, a multinomial
regression model was fitted by modeling the delivery factors as shown in the table.
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TABLE 5
Sensitivity analysis for fourth-degree perineal laceration (race and ethnicity)

White Black Hispanic Asian

Characteristic aOR (95% CI)a aOR (95% CI)a aOR (95% CI)a aOR (95% CI)a

Obesity

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.62 (0.54−0.71)b 0.72 (0.54−0.97)b 0.50 (0.38−0.66)b 0.78 (0.57−1.08)

Forceps delivery

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 17.01 (15.04−19.25)b 19.30 (14.32−26.02)b 14.16 (10.77−18.62)b 25.70 (19.75−33.44)b

Vacuum-assisted delivery

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 5.12 (4.68−5.60)b 3.77 (2.99−4.74)b 4.67 (3.91−5.57)b 6.40 (5.31−7.72)b

Episiotomy

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 3.87 (3.56−4.20)b 5.71 (4.64−7.03)b 4.89 (4.17−5.74)b 2.04 (1.69−2.46)b

Shoulder dystocia

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 2.63 (2.22−3.12)b 1.89 (1.25−2.86)b 2.36 (1.74−3.20)b 3.81 (2.59−5.60)b

aOR, adjusted odds ratio; CI, confidence interval; IPTW, inverse probability of treatment weighting.
a The IPTW cohort was created to account for the prepregnant and pregnancy confounders shown in Table 1. In the IPTW cohort, a multinomial regression model was fitted the association between
maternal obesity and fourth-degree perineal laceration, adjusted for targeted factors (forces delivery, vacuum-assisted delivery, episiotomy, and shoulder dystocia), gestational age at delivery, labor
obstruction, epidural anesthesia, and hospital factors (bed capacity and teaching). The effect sizes for obesity and targeted factors are shown in this table; b P<.05.
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.

TABLE 6
Sensitivity analysis for third-degree subgrades

Grade 3a Grade 3b Grade 3c Grade 4

Characteristic aOR (95% CI)a aOR (95% CI)a aOR (95% CI)a aOR (95% CI)a

Forceps delivery

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 9.68 (8.50−11.02)b 19.10 (16.20−22.49)b 25.69 (20.86−31.64)b 17.73 (16.17−19.44)b

Vacuum-assisted delivery

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 3.73 (3.42−4.06)b 4.96 (4.36−5.64)b 4.74 (3.94−5.70)b 5.18 (4.85−5.53)b

Episiotomy

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.32 (1.19−1.45)b 1.38 (1.19−1.61)b 1.41 (1.15−1.74)b 3.95 (3.71−4.20)b

Shoulder dystocia

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.15 (0.96−1.37) 1.16 (0.90−1.50) 1.60 (1.13−2.25)b 2.60 (2.29−2.94)b

aOR, adjusted odds ratio; CI, confidence interval; IPTW, inverse probability of treatment weighting.
a The IPTW cohort was created to account for the prepregnant and pregnancy confounders shown in Table 1. In the IPTW cohort, a multinomial regression model was fitted the association between
maternal obesity and fourth-degree perineal laceration, adjusted for targeted factors (forces delivery, vacuum-assisted delivery, episiotomy, and shoulder dystocia), gestational age at delivery, labor
obstruction, epidural anesthesia, and hospital factors (bed capacity and teaching). The effect sizes for targeted factors are shown in this table; b P<.05.
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.
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FIGURE 3
Temporal trends of third- and fourth-degree perineal lacerations

The cohort-level incidence rates of third-degree (blue color; P trend=.522) and fourth-degree (red
color; P trend=.004) perineal lacerations are shown per 1000 vaginal deliveries. The vertical axes
are truncated for visibility. The dots represent the observed values, and the bars represent the stan-
dard error. The lines represent the modeled value.
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.

FIGURE 4
Temporal trends of surgical intervention at vaginal delivery

The cohort-level performance rates of episiotomy (red color; P trend<.001), vacuum-assisted deliv-
ery (green color; P trend=.018), and forceps delivery (blue color; P trend=.039) are shown per
1000 vaginal deliveries. The vertical axes are truncated for visibility. The dots represent the observed
values, and the bars represent the standard error. The lines represent the modeled value.
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.
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speculated to affect the risk of OASIS,30

and it is possible that patients with obe-
sity are more often opting for birthing
positions that decrease the risk of
OASIS or less likely opting for those
that increase the risk of OASIS.
Next, our study showed that Asian

patients had a disproportionally higher
risk of fourth-degree laceration when
undergoing operative delivery or when
diagnosed with shoulder dystocia than
other races and ethnicities. Asian race
has been considered a risk factor for
OASIS in several studies conducted in
Western countries.8,9,14,31 In contrast,
studies conducted in Asian countries
show that Asian race is not an indepen-
dent risk factor for OASIS.31 It remains
uncertain why there are mixed data
regarding this topic. However, our study
provides important data showing that
operative delivery and shoulder dystocia
disproportionally increase the risk of
fourth-degree laceration in Asian
patients. In addition, obesity did not
seem to have a protective effect against
fourth-degree laceration in Asians as it
does in other races and ethnicities, espe-
cially Hispanics (Table 5). Again, we
hypothesize that it can be due to differ-
ent tissue properties among different
races or perhaps racial differences in
pelvic outlet shape and size or perineal
length.31,32

Finally, our study showed a decreas-
ing trend in fourth-degree lacerations
during the study period. This trend is
reassuring and is most likely due to
more recent obstetrical practices with
fewer operative vaginal deliveries and
fewer episiotomies (Figure 4). The
decreasing trend in episiotomies is con-
sistent with the recommended practice
of restrictive episiotomy.33 The decrease
in operative delivery can be possibly
related to an increased rate of cesarean
deliveries and fewer providers currently
being trained in forceps delivery.34

Strengths and limitations
Nationwide data capturing mechanism,
contemporaneous study period, modern
analytical approach, and several sensi-
tivity tests enhanced the robustness of
study findings. Key limitations included
unmeasured bias with the lack of
November 2023 AJOG Global Reports 13
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FIGURE 5
Classification tree for fourth-degree perineal laceration (patients with obesity)

A classification tree for fourth-degree perineal laceration at vaginal delivery was constructed by recursive partitioning analysis (a maximum of 3 layers) in
the group with obesity (n=657,590). Targeted delivery factors (forces delivery, vacuum-assisted delivery, episiotomy, and shoulder dystocia) and
selected pregnancy factor (large for gestational age) were entered in the modeling. The rates of fourth-degree perineal laceration are shown per 1000
vaginal deliveries. The red values indicate the values higher than the cohort level of 2.3 per 1000 vaginal deliveries.
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.
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FIGURE 6
Classification tree for fourth-degree perineal laceration (patients without obesity)

A classification tree for fourth-degree perineal laceration at vaginal delivery was constructed by recursive partitioning analysis (a maximum of 3 layers) in
the group with obesity (n=6,727,751). Targeted delivery factors (forces delivery, vacuum-assisted delivery, episiotomy, and shoulder dystocia) and
selected pregnancy factor (large for gestational age) were entered in the modeling. The rates of fourth-degree perineal laceration are shown per 1000
vaginal deliveries. The red values indicate the values higher than the cohort level of 2.3 per 1000 vaginal deliveries.
Tavakoli. Obesity and obstetric anal sphincter injuries. Am J Obstet Gynecol Glob Rep 2023.
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information on the details of obesity
(eg, definition and cut point of body
mass index for the codes), parity, and
operative interventions (indication and
surgeon’s experience). These data may
potentially affect the exposure-outcome
association in the analysis.

In addition, neonatal information,
postdischarge data, subsequent pregnancy
information, and patient quality-of-life
metrics were important outcomes in this
type of study but were not available in the
program. The exposure and outcome
measures were solely based on adminis-
trative coding, and the accuracy of data,
November 2023 AJOG Global Reports 15
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particularly for obesity, was not assessable
without actual medical record review.
The obesity rate in this study was lower
than in other studies,35 suggesting that
the coding schema may undercapture the
obesity cases. Furthermore, ascertainment
bias and unknown generalizability in
other populations were limitations.

Clinical and research implications
There are several important implications
in this study, especially given the increas-
ing prevalence of obesity and potentially
serious sequelae of OASIS.6,35,36 Our
data, which show the most recent trend
and risk factors for OASIS, reflect cur-
rent obstetrical practices. This can be
useful for physicians to refer to when
counseling specific patients about
OASIS. In previous literature, it has been
suggested that obstetricians may be less
willing to attempt operative delivery in
patients with obesity.14 Given the
increased rate of cesarean delivery in
patients with obesity,37 these data might
make physicians more likely to consider
attempting operative delivery on patients
with obesity before escalating to cesarean
delivery. Specifically, data from Figures 5
and 6 can help physicians navigate the
risk-to-benefit ratio of operative delivery
and episiotomy in both patients with
and without obesity.
Finally, our data regarding operative

delivery and shoulder dystocia dispropor-
tionately increasing the risk of fourth-
degree laceration in Asian patients can
help guide counseling and shared deci-
sion-making in this demographic, specifi-
cally with forceps delivery.

Conclusion
The results of this nationwide assess-
ment provided important information
about obesity possibly being protective
against OASIS and how this protective
effect may be seen more in certain dem-
ographics. Further research is required
to understand exactly why obesity may
be protective and why it may be specific
to certain demographics. &

REFERENCES

1. Committee on Practice Bulletins-Obstetrics
ACOG Practice Bulletin No. 198: prevention
16 AJOG Global Reports November 2023
and management of obstetric lacerations at
vaginal delivery. Obstet Gynecol 2018;132:
e87–e102.
2. American College of Obstetricians and
Gynecologists’ Committee on Practice Bulletins
—Obstetrics. Practice Bulletin No. 165: preven-
tion and management of obstetric lacerations at
vaginal delivery. Obstet Gynecol 2016;128:e1–
e15.
3. Vale de Castro Monteiro M, Pereira GM,
Aguiar RA, Azevedo RL, Correia-Junior MD,
Reis ZS. Risk factors for severe obstetric
perineal lacerations. Int Urogynecol J
2016;27:61–7.
4. Smith LA, Price N, Simonite V, Burns EE.
Incidence of and risk factors for perineal
trauma: a prospective observational study.
BMC Pregnancy Childbirth 2013;13:59.
5. The American College of Obstetricians and
Gynecologists. Obstetrics data definitions. reVI-
TALize: obstetrics data definitions. Available at:
https://www.acog.org/practice-management/
health-it-and-clinical-informatics/revitalize-obstet-
rics-data-definitions Accessed December 31,
2022.
6. Wilson AN, Homer CSE. Third- and fourth-
degree tears: a review of the current evidence
for prevention and management. Aust N Z J
Obstet Gynaecol 2020;60:175–82.
7. Hudelist G, Gelle’n J, Singer C, et al. Factors
predicting severe perineal trauma during child-
birth: role of forceps delivery routinely com-
bined with mediolateral episiotomy. Am J
Obstet Gynecol 2005;192:875–81.
8. Groutz A, Hasson J, Wengier A, et al. Third-
and fourth-degree perineal tears: prevalence
and risk factors in the third millennium. Am J
Obstet Gynecol 2011;204. 347.e1−4.
9. Pergialiotis V, Vlachos D, Protopapas A,
Pappa K, Vlachos G. Risk factors for severe
perineal lacerations during childbirth. Int J
Gynaecol Obstet 2014;125:6–14.
10. Usha Kiran TS, Hemmadi S, Bethel J,
Evans J. Outcome of pregnancy in a woman
with an increased body mass index. BJOG
2005;112:768–72.
11. Bowers D, Cohen WR. Obesity and related
pregnancy complications in an inner-city clinic.
J Perinatol 1999;19:216–9.
12. Buhimschi CS, Buhimschi IA, Malinow AM,
Weiner CP. Intrauterine pressure during the
second stage of labor in obese women. Obstet
Gynecol 2004;103:225–30.
13. Lindholm ES, Altman D. Risk of obstetric
anal sphincter lacerations among obese
women. BJOG 2013;120:1110–5.
14. Landy HJ, Laughon SK, Bailit JL, et al.
Characteristics associated with severe perineal
and cervical lacerations during vaginal delivery.
Obstet Gynecol 2011;117:627–35.
15. Garretto D, Lin BB, Syn HL, et al. Obesity
may be protective against severe perineal lacer-
ations. J Obes 2016;2016:9376592.
16. Edwards H, Grotegut C, Harmanli OH,
Rapkin D, Dandolu V. Is severe perineal dam-
age increased in women with prior anal
sphincter injury? J Matern Fetal Neonatal Med
2006;19:723–7.
17. Ward ZJ, Bleich SN, Cradock AL, et al.
Projected U.S. State-Level prevalence of adult
obesity and severe obesity. N Engl J Med
2019;381:2440–50.
18. Agency for Healthcare Research and Qual-
ity. Overview of the national (nationwide) inpa-
tient sample (NIS). Available at: https://www.
hcup-us.ahrq.gov/nisoverview.jsp. Accessed
December 30, 2022.
19. Matsuzaki S, Mandelbaum RS, Sangara
RN, et al. Trends, characteristics, and out-
comes of placenta accreta spectrum: a national
study in the United States. Am J Obstet Gyne-
col 2021;225: 534.e1−38.
20. Matsuo K, Klar M, Youssefzadeh AC,
et al. Assessment of severe maternal morbid-
ity and mortality in pregnancies complicated
by cancer in the US. JAMA Oncol 2022;8:
1213–6.
21. Youssefzadeh AC, Mandelbaum RS,
Donovan KM, et al. Temporal trends of cesar-
ean delivery on maternal request in the United
States, 2016-2019. Eur J Obstet Gynecol
Reprod Biol 2022;279:77–83.
22. Mazza GR, Youssefzadeh AC, Klar M,
et al. Association of pregnancy characteristics
and maternal mortality with amniotic fluid
embolism. JAMA Netw Open 2022;5:
e2242842.
23. Mandelbaum RS, Matsuzaki S, Sangara
RN, et al. Paradigm shift from tubal ligation to
opportunistic salpingectomy at cesarean deliv-
ery in the United States. Am J Obstet Gynecol
2021;225: 399.e1−32.
24. Austin PC, Stuart EA. Moving towards best
practice when using inverse probability of treat-
ment weighting (IPTW) using the propensity
score to estimate causal treatment effects in
observational studies. Stat Med 2015;34:
3661–79.
25. Cohen J. 2nd ed Statistical power analysis
for the behavioral sciences, xxi. L Erlbaum
Associates; 1988. p. 567.
26. Matsuo K, Violette CJ, Mandelbaum RS,
et al. Substantial variability in ovarian conserva-
tion at hysterectomy for endometrial hyperplasia.
Am J Obstet Gynecol 2022;227: 255.e1−18.
27. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE)
Statement: guidelines for reporting observa-
tional studies. Enhancing the QUAlity and
Transparency of health Research. Available at:
https://www.equator-network.org/reporting-
guidelines/strobe/. Accessed September 14,
2023.
28. Hirayama F, Koyanagi A, Mori R, Zhang
J, Souza JP, G€ulmezoglu AM. Prevalence
and risk factors for third- and fourth-degree
perineal lacerations during vaginal delivery:
a multi-country study. BJOG 2012;119:
340–7.
29. Zhang J, Bricker L, Wray S, Quenby S.
Poor uterine contractility in obese women.
BJOG 2007;114:343–8.

http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0004
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0004
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0004
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0004
https://www.acog.org/practice-management/health-it-and-clinical-informatics/revitalize-obstetrics-data-definitions
https://www.acog.org/practice-management/health-it-and-clinical-informatics/revitalize-obstetrics-data-definitions
https://www.acog.org/practice-management/health-it-and-clinical-informatics/revitalize-obstetrics-data-definitions
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0017
https://www.hcup-us.ahrq.gov/nisoverview.jsp
https://www.hcup-us.ahrq.gov/nisoverview.jsp
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0019
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0019
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0019
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0019
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0019
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0020
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0020
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0020
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0020
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0020
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0026
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0026
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0026
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0026
https://www.equator-network.org/reporting-guidelines/strobe/
https://www.equator-network.org/reporting-guidelines/strobe/
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0029
http://www.ajog.org


ajog.org Original Research
30. Gottvall K, Allebeck P, Ek�eus C. Risk factors
for anal sphincter tears: the importance of mater-
nal position at birth. BJOG 2007;114:1266–72.
31. Wheeler J, Davis D, Fry M, Brodie P,
Homer CS. Is Asian ethnicity an independent
risk factor for severe perineal trauma in child-
birth? A systematic review of the literature.
Women Birth 2012;25:107–13.
32. Handa VL, Lockhart ME, Fielding JR, et al.
Racial differences in pelvic anatomy by
magnetic resonance imaging. Obstet Gynecol
2008;111:914–20.
33. Carroli G, Mignini L. Episiotomy for vaginal
birth. Cochrane Database Syst Rev 2009:
CD000081.
34. Merriam AA, Ananth CV, Wright JD, Sid-
diq Z, D’Alton ME, Friedman AM. Trends in
operative vaginal delivery, 2005-2013: a
population-based study. BJOG 2017;124:
1365–72.
35. Creanga AA, Catalano PM, Bateman BT.
Obesity in pregnancy. N Engl J Med
2022;387:248–59.
36. Ogden CL, Carroll MD, Kit BK, Flegal KM.
Prevalence of childhood and adult obesity in
the United States, 2011-2012. JAMA 2014;
311:806–14.
37. Berendzen JA, Howard BC. Association
between cesarean delivery rate and body mass
index. Tenn Med 2013;106:35–7.
November 2023 AJOG Global Reports 17

http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0037
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0037
http://refhub.elsevier.com/S2666-5778(23)00113-2/sbref0037
http://www.ajog.org

	The association of maternal obesity and obstetric anal sphincter injuries at time of vaginal delivery
	Introduction
	Materials and Methods
	Data
	Ethical consideration
	Study population
	Exposure
	Outcome measures
	Study covariates
	Analytical consideration

	Results
	Obesity-related characteristics
	Obesity and perineal laceration
	Sensitivity analyses

	Comments
	Principal findings
	Insights for results
	Strengths and limitations
	Clinical and research implications
	Conclusion

	References


