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Abstract

Objective—Examine the effect of prepregnancy weight and maternal gestational weight gain on
postterm delivery rates.

Methods—This was a retrospective cohort study of term, singleton births (N=375,003). We
performed multivariable analyses of the association between postterm pregnancy and both
prepregnancy body mass index (BMI) and maternal weight gain.

Results—Prolonged or postterm delivery (41 or 42 weeks) was increasingly common with
increasing prepregnancy weight (p<0.001) and increasing maternal weight gain (p<0.001).
Underweight women were 10% less likely to deliver postterm than normal weight women who
gain within the recommendations (aOR 0.90 (95% CI 0.83, 0.97)). Overweight women who gain
within or above recommendations were also at increased risk of a 41 week delivery. Finally, obese
women were at increased risk of a 41 week delivery with increasing risk with increasing weight
(below, within, and above recommendations aOR 1.19, 1.21, and 1.27, respectively).

Conclusion—Elevated prepregnancy weight and weight gain both increase the risk of a postterm
delivery. While most women do not receive preconceptional care, restricting weight gain to the
within the recommended range can reduce the risk of postterm pregnancy in normal, overweight,
and obese women.
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INTRODUCTION

The percentage of pregnant women classified as obese (having a body mass index (BMI) >
29 kg/m?) at their first prenatal visit more than doubled from 1980 to 1999 with more than
35% of pregnant women obese by 1999.1 This high obesity rate has been shown to increase
the risk of maternal, labor, and neonatal adverse outcomes including preeclampsia, cesarean
section, macrosomia, shoulder dystocia, late fetal death, congenital malformations,
meconium aspiration syndrome, and increased neonatal intensive care unit admissions.2

Postterm delivery is also associated with increased risk of perinatal complications, including
perinatal mortality, birth injury, low Apgar scores, macrosomia, meconium aspiration
syndrome, NICU admission, and cesarean delivery.>-8 Although the American College of
Obstetricians and Gynecologists (ACOG) currently recommends induction of labor at 42
weeks of completed gestation as a means to reduce the risk of maternal and neonatal
complications, the risk for these complications has generally been shown to increase with
increasing gestational age after 39 or 40 weeks.>~10 Several large studies found an increase
in prolonged pregnancy (41 weeks or beyond) or postterm (42 weeks and beyond)
pregnancy in obese women but failed to control for weight gain during the
pregnancy.2-411-12

Given this background, we sought to estimate the risk of prepregnancy weight and maternal
weight gain on delivery rates at or beyond 41 weeks of gestation.

MATERIALS AND METHODS

We conducted a population-based retrospective cohort study of all live, singleton infants
born to Missouri residents between 2000 and 2006 and delivered at 37 weeks gestation and
beyond. Data were obtained from Missouri birth certificate records linked to hospital
discharge data. Both data sources were obtained by the State of Missouri with 100% linkage
prior to data sharing. If the birth certificate record and/or the hospital discharge data
indicated the presence of a condition (e.g. hypertension), then the condition was considered
present. Other factors, such as birth weight and gestational age, were only reported on the
birth record.

Exclusion criteria were 1) major congenital anomaly (8181 women), 2) maternal diabetes
mellitus (21,394), 3) maternal chronic hypertension (6658), or 4) previous cesarean delivery
(66,168). We also excluded infants with a gestational age of 43 weeks or beyond due to
potential inaccuracy (13,721). We excluded all births that were missing information on
maternal prepregnancy BMI or maternal weight gain (21,072).

The primary exposures of interest were self-reported maternal prepregnancy weight and
maternal weight gain obtained from the birth certificate. Prepregnancy weight was
categorized based on World Health Organization categories as follows: underweight (BMI
<18.5 kg/m?), normal weight (18.5-24.9 kg/m?2), overweight (25-29.9 kg/m?), and obese
(=30 kg/m?).8 Maternal weight gain was categorized based on the Institute of Medicine
(I0M) guidelines as follows: BMI <18.5 kg/m2 may gain 28-40 pounds (Ibs), BMI 18.5—
24.9 kg/m? may gain 25-35 Ibs, BMI 25-29.9 kg/m? may gain 15-25 Ibs, and BMI =30
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kg/m2 may gain 11-20 Ibs.8 To avoid confounding due to greater weight gain simply from a
longer gestation, maternal weight gain per week was calculated as maternal weight gain
divided by the length of gestation. Maternal weight gain per week was categorized as above,
below, or within the IOM guidelines based on a standard length of gestation from
conception to delivery of 38 weeks.

The primary outcome of interest was postterm delivery based on the calculated gestational
age. Given the controversy regarding the definition of postterm delivery and to maintain
clinical relevance in an era when many clinicians induce labor prior to 42 weeks of
gestation, outcomes were reported for infants born at 41 and 42 weeks of gestation.510 The
calculated gestational age is computer-generated by the State of Missouri Vital Statistics
based on the length of pregnancy, birth weight, and clinical estimate per recommendations
from the National Center for Health Statistics.13-16 The length of pregnancy is the number
of weeks between the date of last menstrual period and date of birth. If the last menstrual
period is missing, it is imputed.17-18

Several maternal socio-demographic characteristics that have been shown to be associated
with postterm gestation and maternal obesity were evaluated as potential confounders in this
study. Maternal education was categorized as high, average, or low based on age and years
of education.1® More than 12 years of education was considered high regardless of age.
Using the R-GINDEX, prenatal care was categorized as no care, inadequate, adequate,
intermediate, intensive, or missing based on when prenatal care was initiated, total number
of prenatal care visits, and gestational age at delivery.2°

Bivariate analyses were completed using Chi-square tests. Subanalyses were performed for
nulliparous and multiparous women, respectively. Multivariable logistic regression was used
to calculate adjusted odds ratios (aOR) and 95% confidence intervals (95% CI) for the
association between maternal and infant factors and delivery at 41 and 42 weeks gestation.
Interactions were noted between prepregnancy BMI and weight gain and kept in the models.
Regression models were adjusted for maternal race, age, education, smoking status, prenatal
care, insurance status, parity, and infant gender. Mulitcollinearity of prepregnancy BMI and
weight gain was ruled out based on a variance inflation factor of 1.05.

We completed stratified regression analyses to evaluate the interaction between
prepregnancy BMI and maternal weight gain. In order to assess effect magnitude,
calculations were made for the number needed to treat.2! All analyses were completed using
SAS version 9.1 (SAS Institute Inc., Cary, NC). Approval for human subjects research and a
waiver of informed consent were received from the Institutional Review Board at Saint
Louis University and the Missouri Department of Health and Senior Services, Section for
Epidemiology for Public Health Practice.

The final study cohort included 339,126 women. 287,706 (84.8%) women delivered at 37 to
40 weeks gestation. 38,028 women (11.2%) delivered at 41 weeks gestation while 13,392
women (4.0%) delivered at 42 weeks gestation. Many women were overweight or obese
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prior to pregnancy and gained more than the recommended (Table 1). Excess weight gain
occurred more often in women with elevated BMI (Table 2).

Figure 1 shows the increasing trend in delivery at 41 weeks of gestation with increasing
prepregnancy BMI and maternal weight gain overall and for nulliparous and multiparous
women (p<0.001). Although it did not reach statistical significance, 4.9% of underweight
women delivered at 42 weeks gestation versus 4.3% of normal, 4.4% of overweight, and
4.8% of obese women. The same trend held for increasing weight gain (p<0.001). Similar
trends were noted for delivery at 42 weeks’ gestation that did not reach statistical
significance (data not shown).

When controlling for potential confounders, obese women are at increased risk for postterm
delivery (Table 3). In addition, weight gain above the recommendations is also associated
with increased risk of postterm delivery except for women who are underweight.

Assuming a causal relationship between maternal prepregnancy weight/weight gain and
postterm delivery and given that the adjusted odds ratio is 1.27 for obese women who gain
within the recommendations (with a baseline risk of reaching 41 weeks’ gestation for normal
women who gain within the recommendations of 18.8%), 32 fewer obese women would
prevent one delivery at 41 weeks gestation. 40 normal weight women would need to gain
within rather than above the recommendations to prevent 1 delivery at 41 weeks gestation.

COMMENT

High gestational weight gain and elevated prepregnancy BMI were both associated with
delivery at 41 weeks of gestation, while weight gain below the IOM guidelines and low
prepregnancy BMI reduced the risk of delivery at 41 weeks gestation. Obstetric
complications have increased over the last decade as prevalence of maternal obesity has
continued to rise.1:11 Since the IOM guidelines were published, concern has been raised
about the high upper limit for weight gain recommended in the guidelines.22 Although the
recent revised guidelines narrowed the range of weight gain for obese women, the
controversy is likely to continue.23 Our study is the first to identify prolonged or postterm
delivery as a complication of elevated maternal weight gain regardless of prepregnancy
BMI. Although this risk appears to be small, given the prevalence of obesity in the
population the benefit of effective interventions may be large. For example, given a number
need to treat of 32, a 5% reduction in obesity in this population would have reduced the
number of postterm deliveries by almost 100 infants.

Although weight gain below the IOM guidelines was protective of delivery at 41 weeks
gestation for normal and underweight women, concern may exist that low weight gain leads
to increased risk of other complications. However, previous studies found that weight gain
below the IOM guidelines did not increase the risk of infant complications and was even
protective of certain adverse infant outcomes such as large-for-gestational age.24-27

The causal link between overweight women and postterm delivery is unclear and may be
related to inaccurate dates, variations in care, or an unknown biologic mechanism. Last
menstrual period may be an unreliable indicator of length of gestation, particularly in obese
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women who are at increased risk for abnormal ovulation.28-30 Thus, ultrasound dating early
in the first trimester may diminish the increased “risk” of postterm delivery in obese
women.31-32 However, inaccurate dating does not explain why women with a normal
prepregnancy weight who gain excessive weight are also at increased risk of postterm
delivery.

Obese women are at increased risk for maternal complications including chronic
hypertension and diabetes; however, we excluded women with these complications and
controlled for level of prenatal care. In addition, these patterns were similar when examining
individuals who were likely to have undergone an elective induction (data not shown).
Physicians may alter the care of obese women, avoiding inductions in the hopes of avoiding
cesarean deliveries.33 However, this again does not explain why excessive weight gain in
women with normal prepregnancy BMI also increases risk. Thus, there may be a biologic
mechanism such as those related to corticotrophin-releasing hormone levels underlying
these findings.34-3%

These analyses utilize a retrospective cohort of birth certificates and hospital discharge data;
reliability and validity, therefore, are a concern. To minimize measurement error and
misclassification bias, we used the clinical estimate of gestational age for our outcome
measure. Studies have shown that last menstrual period and ultrasound may be unreliable,
particularly in obese women, although evidence points to a lengthening of the delivery date
which would underestimate rather than overestimate gestational age at delivery biasing
towards the null with respect to the analyses presented here.36-37 The primary predictor,
prepregnancy weight based on self-report on the birth certificate, has been validated.38-39
There is some concern that overweight and obese women may underestimate their
prepregnancy weight which will lead to an overestimate of weight gain in this population.38
This study is limited to term infants because appropriate weight gain for a preterm delivery
has not been established preventing the evaluation of preterm delivery as a potential
outcome in this study. Finally, although multivariable analyses were utilized to minimize the
effect of confounders, potentially unknown or unidentified confounders may exist including
maternal medical complications such as lupus and renal disease.

51.7% of the cohort gained more than the IOM recommendations, including 44.2% of
women with normal prepregnancy weight, and national data suggests that the rate of
excessive weight gain has continued to increase.*! Effective weight loss and weight limiting
interventions have been developed and require dissemination and implementation.42-44
Given that the majority of women do not present for preconceptional counseling, efforts by
clinicians who care for pregnant women should focus on curtailing excessive weight gain
which may decrease the rate of postterm pregnancy and the resulting complications.
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Figure 1.
Figure 1a. Percent of infants born at =41 weeks of gestation across maternal BMI category

Figure 1b. Percent of infants born at =41 weeks of gestation across maternal weight gain
category
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Table 3

Model 1*

Model 2*

Delivery at 41 weeks

Delivery at 42 weeks

Prepregnancy by Weight Gain  aOR 95% CI aOR 95% CI
Underweight/Below 0.73  (0.66,0.82) 0.92  (0.79,1.09)
Underweight/Within 090 (0.83,097) 096  (0.86,1.08)
Underweight/Above 1.01  (0.92,1.10) 140  (1.24,1.58)
Normal/Below 089 (0.85,093) 092  (0.85,0.99)
Normal/Within referent referent
Normal/Above 117 (113,121) 117 (1.11,1.24)
Overweight/Below 0.97 (0.89, 1.06) 1.12 (0.98, 1.27)
Overweight/Within 1.07  (1.01,1.13) 1.07  (0.98,1.17)
Overweight/Above 1.20  (1.16,1.25) 115  (1.08,1.22)
Obese/Below 119 (1.12,1.27) 118  (1.06,1.31)
Obese/Within 121 (1.14,1.28) 128  (1.17,1.41)
Obese/Above 127  (1.22,1.33) 124  (1.16,1.33)
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*
Multivariable logistic regression adjusted for maternal race, age, education, smoking status, prenatal care, insurance status, parity, and infant

gender
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