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The prevalence of obesity among reproductive age women
of 20 to 34 years is 35% and 35 to 44 years is 44%.1 The
number of obese adults increased from 30.5 to 39.6% from
1999 to 2016.2 As the rates of obesity have risen, so too have
the obesity-related complications of pregnancy. Pregnant
women with obesity are at increased risk of adverse preg-
nancy outcomes such as preeclampsia and gestational dia-

betes.3 It has been demonstrated that as the class of obesity
increases so does the risk of adverse pregnancy outcomes.4,5

In addition to amplified antepartum complications in preg-
nancy, obese women are also at increased risk of postpar-
tum complications. Obese women have a two to four times
increased risk of postpartum infection after cesarean
delivery.6,7
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Abstract Objective To assess the impact of gestational weight gain >20 pounds (more than
Institute of Medicine [IOM] recommendations) on postpartum infectious morbidity in
women with class III obesity.
Methods This is a retrospective cohort of term, nonanomalous singleton pregnancies
with body mass index �40 at a single institution from 2013 to 2017. Pregnancies with
multiple gestation, late entry to care, and missing weight gain data are excluded.
Primary outcome is a composite of postpartum infection (endometritis, urinary tract,
respiratory, and wound infection). Secondary outcomes include components of
composite, wound complication, readmission, and blood transfusion. Bivariate statis-
tics compared demographics, pregnancy complications, and delivery characteristics of
women exceeding IOM guidelines (GT20) with those who did not (LT20). Regression
models were used to estimate adjusted odds of outcomes.
Results Of 374 women, 144 (39%) gained GT20 and 230 (62%) gained LT20.
Primiparous, nonsmokers more likely gained GT20 (p< 0.05). No significant difference
in other demographics. Among women who gained GT20, 10.4% had postpartum
infectious morbidity compared with 3.0% in LT20 (p< 0.01). Wound infection is more
common in the GT20 group (7.6 vs. 2%, p¼ 0.02). After adjustment, women who
gained GT20 had threefold higher odds of postpartum infectious morbidity (adjusted
odds ratio: 3.17, 95% confidence interval: 1.17, 8.60).
Conclusion Women with class III obesity who gain more than the IOM recommends
are at increased risk for postpartum infectious morbidity.
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The Institute of Medicine (IOM), now known as the U.S.
National AcademyofMedicine, recommendswomenwith any
obesity, that is, body mass index (BMI) � 30 kg/m2, gain 11 to
20 pounds in pregnancy. It estimated that approximately 50%
of obese women gain more than what is recommended by
IOM.8,9 There are limited data on the impact of gestational
weight on postpartum infection, especially among women
with class III obesity. As weight gain in pregnancy is variable
and can be potentially optimized, expanding our understand-
ing of the harms of excess weight gain in pregnancy is impor-
tant. Therefore, we aimed to assess the impact of gestational
weight gain > 20 pounds (more than IOM recommendations)
on postpartum infectious morbidity in morbidly obese wom-
en. We hypothesized that women who gain more than IOM
recommendations will be at an increased risk of postpartum
infectious morbidity.

Materials and Methods

We performed a retrospective cohort study of all singleton
pregnancies at a tertiary care center with a BMI � 40 kg/m2

(class III obesity) between July 2013 and December 2017.
Institutional Review Board approval was obtained from Duke
University (IRB# Pro00090712). All women with singleton
pregnancy and BMI � 40 kg/m2 at entry to prenatal care who
delivered at term (defined as 370/7 weeks or later) were
included. Exclusion criteria included multiple gestation, late
entry to prenatal care at >136/7 weeks, fetal anomalies, intra-
uterine demise, and missing weight or BMI data. We also
excluded womenwho lost weight in pregnancy. Trained chart
abstractorsperformed standardized chart abstraction fromthe
medical record. Data were collected on maternal demograph-
ics, medical and obstetrical history, labor and delivery events,
andweightchanges throughoutpregnancyandpostpartum.All
women were managed per local protocol for obesity in preg-
nancy including detailed anatomy ultrasound, nutrition
consultation, and counseling on recommended weight gain.
Antibiotics were administered intrapartum for standard
obstetric indications.

The exposure of interest was gestational weight gain.
Gestational weight gain was defined as weight at delivery
minus weight at entry to prenatal care. The primary outcome
was a composite of postpartum infection which included
wound infection, endometritis, urinary tract infection, and
severe respiratory infection documented >24 hours after and
within 6 weeks of delivery. Secondary outcomes included
individual components of the composite, wound seroma,
readmission, and blood transfusion.

Women who gained at or less than the IOM recommen-
dations (� 20 pounds) were compared with women who
gained more than the IOM recommendations (> 20 pounds)
using Kruskal–Wallis’, chi-square, or Fisher’s exact test as
appropriate. A planned subanalysis was also performed
among women with cesarean delivery, given the known
association of cesarean delivery and postpartum infections.
Multivariable logistic regression was used to estimate
the true effect of gestational weight gain. Covariates in
the regression model included those significant in the bivar-

iate analysis and those with known associations to the
outcome of interest. Logistic regressionwas used to estimate
adjusted odds. Variables in the original model were BMI at
delivery, parity, and tobacco use. STATA 13.1 (StataCorp,
College Station, TX) was used to perform all analyses.

Results

Of 374 women, 230 (62%) gained at or less than the IOM
recommendations and 144 (39%) gained more than IOM
recommendations. Women gaining more than IOM recom-
mendationswere less likely to bemultiparous and less likely to
use tobacco (►Table 1). No significant difference in other
baseline demographics was seen (►Table 1). While there
was no difference in median BMI at entry to care, median
BMI atdelivery (49.2 vs. 45.7, p< 0.01) andmediangestational
weight gain (29 vs. 9 pounds, p< 0.01) were both significantly
higher among women gaining more than IOM recommenda-
tions as expected. Otherwise, obstetric anddelivery character-
istics did not differ between groups (►Table 2).

Overall, 22 women (5.9%) had a postpartum infection.
Among women who gained more than IOM recommenda-
tions, 10.4% had postpartum infections compared with 3.0%
among those who gained at or less than IOM recommenda-
tions (p< 0.01). Wound infectionwas also significantlymore
common among women who gained more than IOM recom-
mendations (7.6 vs. 2%, p¼ 0.02). Among only women un-
dergoing cesarean delivery, postpartum infection occurred
more commonly among those with excess weight gain (20.8
vs. 5.4%, p< 0.01). After adjusting for mode of delivery,

Table 1 Maternal demographics

Maternal
demographics

LT20
N¼ 230 (%)

GT20
N¼ 144 (%)

p-Value

Median age (IQR) 29.3
(25.4–34.7)

29.9
(26.5–33.6)

0.70

Median BMI
at entry (IQR)

44.7
(41.6–49.4)

43.7
(41.5–47.9)

0.17

Entry BMI > 50 51 (22.1) 22 (15.3) 0.11

Entry BMI > 60 4 (1.7) 5 (3.5) 0.31

Median GA at
entry to care (IQR)

9.2
(8.0–11.6)

10.0
(8.0–11.4)

0.79

Multiparous 150 (65.2) 72 (50) < 0.01

Black race 132 (57.4) 76 (52.8) 0.40

Hispanic ethnicity 20 (8.7) 15 (10.4) 0.58

Private insurance 105 (45.7) 70 (48.6) 0.60

Tobacco use 27 (11.7) 7 (4.9) 0.03

Recreational
drug use

8 (3.5) 6 (4.2) 0.78

Chronic
hypertension

67 (29.1) 45 (31.25) 0.73

Type 2 diabetes 19 (8.3) 15 (10.4) 0.58

Abbreviations: BMI, bodymass index; GA, gestational age; GT20, gained
more than 20 pounds; IQR, interquartile range; LT20, gained 20 pounds
or less.
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chorioamnionitis, and delivery BMI, women who gained
more than IOM recommendations had threefold higher
odds of postpartum infectious morbidity (adjusted odds
ratio: 3.17, 95% confidence interval: 1.17, 8.60). When
stratifying for cesarean delivery and controlling for delivery
BMI and chorioamnionitis, women with excess gestational
weight gain had 4.51-fold increased odds of postpartum
infection (95% confidence interval: 1.47, 13.8).

Comment

Our study demonstrates women with class III obesity who
gain more weight than recommended by the IOM are at
increased risk of postpartum infection compared with class
III obese women who gain at or less than this recommenda-
tion, even when controlling for delivery BMI.

As obstetricians, we continue to grapple with the obesity
epidemic. Counseling on gestationalweight gain continues to
be an important component of thorough preconception and
prenatal counseling for obese patients. Recent studies have
revealed strategies to prevent excessive gestational weight
gain; these strategies include individualized nutrition pro-
gram, focused and supervised prenatal exercise with proper
intensity and durationmeasures, and goal-targeted behavior
modifications.10,11 These interventions reportedlywork best
to prevent excessive gestational weight gain when per-
formed simultaneously and should be routinely discussed
during prenatal visits. Weight gain in pregnancy is poten-

tiallymodifiable, and therefore,may be leveraged to improve
maternal outcomes. Several studies have demonstrated the
negative impact of excess gestational weight gain on preg-
nancy outcomes such as preeclampsia, gestational diabetes,
cesarean delivery, birth weight, and preterm birth.9,12,13

Conversely, data exploring the detriments of excess gesta-
tional weight gain on postpartum infection are scarce. Data
exist to demonstrate as BMI at the time of cesarean delivery
increases, the rate of postpartum wound complications also
increases. Smid et al compared postpartum wound compli-
cations among three BMI categories, nonobese (BMI < 30),
obese (BMI 30–45), and extreme obese (BMI > 45).5 Women
with a BMI of 30 to 45 kg2 at the time of cesarean delivery had
a 20% increased risk of wound infection, while women with
BMI of > 45 at the time of cesarean delivery had nearly four
times increased risk of wound complicationwhen compared
with nonobesewomen.5 The rate of postpartum infection for
the extreme obesity group was 9.8%, which is similar to the
infection rate we present for women who gained more than
IOM recommendation. Our study looks exclusively at class III
obesity (BMI> 40), while Smid et al defined extreme obesity
as a BMI> 45, but notably the delivery BMI for both groups in
our study was > 45. In our study, we controlled for delivery
BMI, and still noted weight gain to be associated with
postpartum infection risk.

Other studies have noted increased risk of other obstetric
infections in this population. Kabiru andRaynordemonstrated
women with BMI � 40 at their first prenatal visit whose
delivery weight was increased significantly had higher rates
of chorioamnionitis.14We did not note a difference in the rate
of chorioamnionitis in this cohort. These disparate outcomes
mayberelated todifferences in thedefinitionsofexcessweight
gain in our study (> 20 pounds) versus the aforementioned
study (> 15 pounds). This study did not comment on postpar-
tum infection rates for women with a BMI � 40 who gained
more than 15 pounds.

A strengthof this study isdemonstration for thefirst timeto
our knowledge, an association between excess gestational
weight gain and increased postpartum infection risk in mor-
bidly obese women, even when controlling for BMI. An addi-
tional strengthof this study isexclusive attention topregnancy
inwomenwith class III obesity who have been shown to be at
highest risk of postpartumwoundmorbidity.15,16 The average
gestational age at entry to care in this cohort was in first
trimester allowing a relatively accurate measurement of ges-
tational weight gain.

We also acknowledge the limitations of our study. This
study used BMI and weight at first obstetrics visit, not
prepregnancy weight and BMI. Though we did require first
visit to be in the first trimester, we did not have prepreg-
nancy data. Though oftenwomen gainminimalweight in the
first trimester, we believe this would be more likely to
contribute to underestimation of totalweight gain. Addition-
ally, we dichotomized our study population to evaluate those
who gained excess weight with those who did not because
there is no evidence to suggest that women who gain less
than IOM recommendations will have improved maternal or
fetal outcomes.3Our specific objective focused on the impact

Table 2 Pregnancy outcomes

Pregnancy
outcomes

LT20
N¼ 230 (%)

GT20
N¼ 144 (%)

p-Value

Preeclampsia 35 (15.2) 22 (15.3) > 0.99

Preeclampsia with
severe features

15 (6.52) 15 (10.4) 0.24

Gestational diabetes 27 (11.7) 13 (9.0) 0.49

Fetal growth
restriction

8 (3.5) 10 (6.9) 0.14

Fetal macrosomia 31 (13.5) 27 (18.8) 0.19

Median GA at
delivery (IQR)

39.2
(38.0–39.6)

39.3
(38.2–40.0)

0.11

Median delivery
BMI (IQR)

45.7
(43.4–50.7)

49.2
(46.8–53.6)

< 0.01

Mean total weight
gain (pounds)

7.5 31.8 < 0.01

Induction of labor 80 (34.8) 42 (29.2) 0.31

Shoulder dystocia 4 (1.7) 3 (2.1) > 0.99

Chorioamnionitis 19 (8.3) 13 (9.1) 0.85

Median neonatal
birth weight (g)

3,398 3,493 0.11

Median estimated
blood loss at
delivery (mL)

400
(250–750)

500
(250–800)

0.38

Cesarean delivery 92 (40) 72 (50) 0.06

Abbreviations:BMI,bodymass index;GA,gestational age;GT20,gainedmore
than 20 pounds; IQR, interquartile range; LT20, gained 20 pounds or less.
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of excessive weight gain, and not the impact of pregnancy
weight gain, in general, on infection risk. Further stratifying
our study population into three groups, however, could have
impacted our study results. Additionally, there are limited
data regarding weight loss during pregnancy in this popula-
tion, thus we excluded those who lost weight from the
analysis. Weight lost could have affected our outcomes by
serving as a confounder in the group, if the weight lost led
women to fall BMI< 40. Moreover, we do not include data
related to length of rupture of membranes prior to delivery,
which may contribute to postpartum infectious morbidity,
although the rate of endometritis was low in both groups.
Furthermore, therewas not a difference in the induction rate
between the two study groups and our models controlled for
mode of delivery. Our data do not identify womenwho were
induced, but subsequently, went on to have a cesarean
delivery despite this group being at high risk for postpartum
infection. Additionally, between the time frame of our study,
the CSOAP trial was published which revealed that adjunc-
tive azithromycin in the setting of nonelective cesarean
section was effective in reducing postoperative infection.17

The uptake of the findings did not occur universally at our
institution; thus, we did not have access to antibiotic spe-
cifics. This potential change in practice could have impacted
our results by broadly decreasing the infectious risk of some
study participants. Finally, the retrospective nature of this
study limits interpretation, thus we can only comment in
association and not causation.

Overall, we present an association between excess gesta-
tionalweightgainand increasedriskofpostpartuminfection in
women with class III obesity, even when controlling for deliv-
ery BMI. Though it has beenwell known that obesity functions
as a risk factor for increased risk of infection, the susceptibility
mechanism remains unclear. Similarly, the pathophysiology
behind the association between excessive weight gain and
increased risk of infection in morbidly obese women has yet
to be described in the literature. As we continue to discover
ways to reduce this risk for our patients, identifying this
underlyingmechanism could serve as a valuable use of resour-
ces and future direction for research. This study provides
supplemental information for patients regarding the impor-
tance of optimizing weight gain in pregnancy. Further studies
aimed at interventions to assist obese women stay within the
recommended gestational weight gain targets are needed.
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