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Abstract

Objective—To estimate the absolute risks of adverse maternal and perinatal outcomes based on 

small differences in prepregnancy body mass (eg, 10% of body mass or 10-20 lbs).

Methods—This population-based cohort study (n=226,958) was drawn from all singleton 

pregnancies in British Columbia (Canada) from 2004-2012. The relationships between 

prepregnancy BMI (as a continuous, non-linear variable) and adverse pregnancy outcomes were 

examined using logistic regression models. Analyses were adjusted for maternal age, height, 

parity, and smoking in pregnancy. Adjusted absolute risks of each outcome are reported according 

to incremental differences in prepregnancy BMI and weight in pounds.

Results—A 10% difference in prepregnancy BMI was associated with at least a 10% lower risk 

of preeclampsia, gestational diabetes, indicated preterm delivery, macrosomia, and stillbirth. In 

contrast, larger differences in prepregnancy BMI (20-30% differences in BMI) were necessary to 

meaningfully reduce risks of cesarean delivery, shoulder dystocia, NICU stay ≥48 hours, and in-

hospital newborn mortality. Prepregnancy BMI was not associated with risk of postpartum 

hemorrhage requiring intervention, severe maternal morbidity or maternal mortality, or 

spontaneous preterm delivery before 32 weeks of gestation.

Conclusion—These results can inform prepregnancy weight loss counseling by defining 

achievable weight loss goals for patients that may reduce their risk of poor perinatal outcomes.

Introduction

Despite the 2013 American College of Obstetricians and Gynecologists’ recommendation to 

provide preconception counseling for overweight (body mass index [BMI] 25 to <30) and 

obese (BMI ≥30) women,(1) there is insufficient data to inform such counseling. Previous 

studies have found that overweight and obese women and their fetuses are at increased risk 

of a number of important adverse outcomes compared to women at normal weights (BMI 
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18.5 to 25).(2-25) Few women, however, lose enough weight to shift entire BMI categories. 

In the non-pregnant obese population, a 10% reduction in body weight is recommended by 

the National Institutes of Health as an initial weight loss target to confer health benefits.(26) 

With regard to perinatal outcomes, the benefits of achievable magnitudes of weight loss 

have not been well-examined.

The ideal data to inform this counseling would come from randomized trials of 

preconceptional weight loss interventions. Such studies are difficult to conduct and would 

likely not have sufficient power to examine important rare outcomes, such as stillbirth.(27) 

Thus, population-based studies that compare the pregnancy outcomes of different women 

based on their prepregnancy BMIs are critical to provide estimates of the benefits of 

achievable weight loss prior to conception.

We conducted the current study to estimate the absolute risk of adverse maternal and 

newborn outcomes according to incremental differences in prepregnancy BMI. Our goal was 

to produce results that would be useful to clinicians providing preconception counseling 

about the reductions in risk associated with small, achievable amounts of weight loss.

Materials and Methods

In British Columbia, information from the antenatal, labor and delivery, and newborn 

records for all births >500 grams or ≥20 weeks of gestation is abstracted from the medical 

record into the British Columbia Perinatal Data Registry, a quality-controlled provincial 

database administered by Perinatal Services BC. Chart abstraction is standardized, and data 

quality is maintained by checks in the data entry software program, year-end checks and 

reports, and ongoing hospital and provincial-level quality checks . Abstraction is performed 

by health information management professionals, who complete a 2-year training program 

and pass a national certification examination. Validation studies have established the 

accuracy and completeness of this database.(28) The base population for this study was 

drawn from all singleton pregnancies in British Columbia from April 1, 2004 to March 31, 

2012. Pregnancies complicated by preexisting diabetes or hypertension were excluded. 

Prepregnancy weight and height are based on maternal self-report or provider assessment, 

typically documented at the first antenatal visit. The study population was restricted to 

pregnancy records with available prepregnancy maternal weight and height. Ethics approval 

was obtained from the University of British Columbia/Children's and Women's Health 

Centre of British Columbia Research Ethics Board (#H13-01707).

The following adverse maternal and perinatal outcomes were examined: 1) preeclampsia, 2) 

gestational diabetes mellitus, 3) spontaneous preterm delivery before 32 weeks (spontaneous 

onset of labour or premature rupture of membranes (PROM), restricted to live births), 4) 

indicated preterm delivery <37 weeks (induction of labor or pre-labor cesarean delivery in 

the absence of PROM, restricted to live births), 5) macrosomia (birth weight ≥4500 grams), 

6) shoulder dystocia, 7) birth injury secondary to shoulder dystocia (Erb's paralysis, 

Klumpke's paralysis, brachial plexus birth injuries, or fracture of the humerus or clavicle), 8) 

cesarean delivery, 9) postpartum hemorrhage requiring intervention to control bleeding 

(hysterectomy, blood transfusion, embolization/ligation of vessels, aspiration/dilation and 
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curettage, uterine/vaginal packing, or suturing of uterus),10) anesthesia complications 

(aspiration pneumonitis or other pulmonary complications, cardiac arrest or failure, cerebral 

anoxia, or failed or difficult intubation during labor and delivery), 11) maternal mortality/

severe morbidity (any of the following: venothromboembolic events, placental abruption, 

antepartum hemorrhage, puerperal sepsis, obstetric embolism (including amniotic fluid 

embolism and septic embolism), cardiomyopathy, renal failure, obstetric death, cardiac 

arrest, cerebrovascular hemorrhage or infarction, adult respiratory distress syndrome, or 

repair of bladder, urethra, or intestine), 12) stillbirth at ≥20 weeks, 13) neonatal intensive 

care unit (NICU) stay ≥48 hours, and 14) in-hospital newborn mortality. Outcomes were 

defined using either International Statistical Classification of Diseases and Related Health 

Problems 10th edition codes, Canadian Classification of Health Interventions codes, or 

British Columbia Perinatal Data Registry codes. A complete list of outcome codes used is 

presented in Appendix 1, available online at http://links.lww.com/xxx. Although congenital 

anomalies may be an outcome of interest, our database only includes anomalies detected at 

≥20 weeks. Because this analysis would be vulnerable to selection bias, anomalies are only 

presented descriptively in Table 1.

We examined the relationship between prepregnancy BMI and all outcomes in a crude 

analysis by BMI category according to the following categories: underweight (BMI<18.5), 

normal weight (BMI 18.5 to 25), overweight (BMI 25 to <30), class 1 obese (BMI 30 to 

<35), class 2 obese (BMI 35 to <40), and class 3 obese (BMI≥40). For each outcome, we 

performed a likelihood ratio test comparing a null logistic regression model to a model with 

only BMI. We limited additional analyses to outcomes for which there were at least 500 

cases in order to maintain stable estimates along the prepregnancy BMI continuum. For 

those outcomes with ≥500 cases, we performed logistic regression analyses modeling 

prepregnancy BMI using restricted cubic splines. This flexible modeling method allows 

smooth, curvilinear shapes, and ensures the best possible transformation at each specific 

BMI value.(29) We used the default of five knots placed at the 5th, 27.5th, 50th, 72.5th, and 

95th percentiles.

Multivariable regression models were adjusted for maternal age, parity, smoking, and 

maternal height. To avoid adjusting away part of the association between increasing 

prepregnancy BMI and adverse pregnancy outcomes that is mediated by congenital 

anomalies, we did not adjust for congenital anomalies. Models for preeclampsia and 

cesarean delivery were restricted to nulliparas because the risk factors for these outcomes 

may differ by parity. Assumptions of linearity were assessed for continuous variables. After 

performing each logistic regression analysis, the predicted odds at each BMI value were 

estimated.(30) We then applied the expit function to obtain the predicted risks. Adjusted 

risks were presented at the population average values of all confounders, so that these results 

represent the average risk of each outcome at the population level. All analyses were 

performed using STATA 12.0.(31)

For those outcomes with a significant association with prepregnancy BMI (using α=0.01 due 

to the large sample size), we also presented the adjusted absolute risk (and 95% confidence 

interval) for each value of prepregnancy BMI from 17 to 50. To demonstrate how these 

results may inform prepregnancy counseling, we produced a table in which we transformed 
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prepregnancy BMI to prepregnancy weight in pounds (ranging from 130 to 300 lbs.) further 

adjusted for height squared, and present the population-level absolute risks at the population 

average height (5’4.7”). Thisallows weight loss counseling for women of average height to 

refer to differences in prepregnancy weight, rather than differences in prepregnancy BMI, 

which may be more understandable to women.

Assuming that weight loss would reduce the risk of these adverse outcomes, the absolute 

risks presented in our tables can be used to estimate the number of women who would need 

to be at a specified lower target BMI value compared to a specified higher initial BMI value 

to prevent one adverse event. This parameter, which is the same as that used to determine 

the “number needed to treat”, is calculated as .

Results

Of the 334,861 pregnancies in the study base, 105,474 pregnancies (31.5%) with missing 

height or weight data were excluded. Pregnancies complicated by preexisting diabetes or 

hypertension [2,429 (0.7%)] were also excluded. Pregnancies with missing weight or height 

were similar to pregnancies with available data for macrosomia, cesarean delivery, maternal 

mortality/severe morbidity, and NICU stay ≥48 hours. However, pregnancies with missing 

height or weight data were less likely to be nulliparous, have gestational diabetes, or induced 

labor. Smoking in pregnancy, spontaneous preterm delivery <32 weeks, postpartum 

hemorrhage requiring intervention, maternal mortality or severe morbidity, stillbirth, and in-

hospital newborn mortality were significantly more common among those with missing 

compared with available BMI data (Appendix 2, available online at http://links.lww.com/

xxx).

After these exclusions, the final study population included 226,958 pregnancies. The 

majority of the pregnancies (63.7%) were among normal-weight women, 20.4% among 

overweight women, and 12.0% among obese women. Characteristics of the study population 

are presented by BMI category in Table 1. Maternal age, height, and congenital anomalies 

were similar across prepregnancy BMI categories. Smoking during pregnancy was least 

common among normal-weight women, and more common among underweight, 

overweight, and obese women.

In the crude analysis, increasing BMI category was associated with an increased proportion 

of pregnancies complicated by preeclampsia, gestational diabetes, indicated preterm delivery 

<37 weeks, shoulder dystocia, and cesarean delivery, with p-values <0.01(Table 2). 

Additionally, all fetal or newborn outcomes, including macrosomia, stillbirth, NICU stay 

≥48 hours, and in-hospital newborn mortality, increased with increasing BMI category. 

Interestingly, spontaneous preterm delivery <32 weeks, postpartum hemorrhage requiring 

intervention, and maternal mortality/severe morbidity were not associated with increasing 

BMI category. Birth injuries secondary to shoulder dystocia increased with increasing BMI 

category, but were too rare to be examined using logistic regression, and are thus presented 

only in this crude analysis. With only 58 cases, anesthesia complications were too rare to see 

any association with prepregnancy BMI in this crude analysis or logistic regression models.

Schummers et al. Page 4

Obstet Gynecol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://links.lww.com/xxx
http://links.lww.com/xxx


Figure 1 illustrates the estimated relationships between prepregnancy BMI and each adverse 

outcome by showing the crude and adjusted predicted risk at each BMI value. The risk of 

preeclampsia, gestational diabetes, cesarean delivery, macrosomia, and stillbirth showed an 

almost linear association with increasing BMI. In contrast, indicated preterm delivery <37 

weeks and NICU stay ≥48 hours appeared to be more common among underweight women, 

reached a nadir at approximately a BMI of 20, and then increased consistently with BMI. 

Inhospital newborn mortality increased with increasing BMI, although the magnitude of the 

increase for this rare outcome was small, and the confidence intervals were wide. Finally, 

shoulder dystocia increased sharply until a BMI of 25, and then increased slowly until a 

BMI of 30, at which point it plateaued. Interestingly, for most of these outcomes, the risk 

increased with increasing BMI even among normal-weight and overweight women. No 

significant relationships were observed between prepregnancy BMI and spontaneous 

preterm delivery <32 weeks, postpartum hemorrhage requiring intervention, or maternal 

mortality or severe morbidity. The similarities between crude and adjusted estimates 

indicate that adjustment for confounders had little effect on the estimated risks.

Table 3 quantifies the adjusted risk of each outcome according to prepregnancy BMI (with 

95% confidence intervals) calculated at the population average values of all confounders. 

Similarly, Table 4 quantifies the risk of each outcome according to prepregnancy weight in 

pounds at the population average height (5 ft. 4.7 in.). These tables can inform prepregnancy 

weight loss counseling by comparing risks of each outcome among women with different 

prepregnancy body masses. For example, 21.4% of women with a prepregnancy BMI of 40 

developed preeclampsia, 16.9% developed gestational diabetes, 53.5% had a cesarean 

delivery, 4.3% delivered a macrosomic baby, and 0.5% delivered a stillborn baby. These 

risks can be compared to risks among women with a BMI of 36, which represents a 10% 

reduction in body mass (for women of the same height). Among women with a 

prepregnancy BMI of 36, 18.0% developed preeclampsia, 14.5% developed gestational 

diabetes, 49.2% had a cesarean delivery, 3.6% had a macrosomic baby, and 0.4% delivered 

a stillborn baby. Similar comparisons can be made between any baseline BMI (using Table 

3) or weight (using Table 4) and any target BMI or weight for each outcome examined.

The number needed to “treat” (NNT) provides way to interpret our findings on a population 

level. Again, because the NIH recommends a 10% reduction in body weight to confer health 

benefits outside of pregnancy,(26) we defined “treatment” as a 10% difference in 

prepregnancy BMI. Compared to a baseline prepregnancy BMI of 40, 29.4 women would 

need to reduce their BMI to 36 to prevent 1 case of preeclampsia, 41.7 to prevent 1 case of 

gestational diabetes, and 23.3 to prevent 1 cesarean delivery. For less common outcomes, 

the NNT would be larger. For the same group, the NNT for macrosomia is 142.9 , and for 

stillbirth is 1000 . The NNT can be calculated from Tables 3 and 4 for any target body mass 

difference for all outcomes that we examined.

Discussion

This study found that prepregnancy BMI was associated with the absolute risk of many 

important obstetric outcomes, including preeclampsia, gestational diabetes, indicated 

preterm delivery, macrosomia, shoulder dystocia, cesarean delivery, stillbirth, NICU stay 
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≥48 hours, and in-hospital newborn mortality. These findings are consistent with previous 

investigations.(5-13,15,16,20) This paper adds to prior studies by examining BMI in smaller 

increments, which reflect achievable amounts of weight loss, and by estimating absolute 

risks, which are more relevant for clinical counseling than odds ratios. Clinicians can use 

Tables 3 and 4 to inform weight loss counseling and help patients set achievable weight loss 

goals to reduce their risk of poor pregnancy outcomes. The accuracy of the actual values 

decreases as women's characteristics deviate from the population averages. This is 

particularly pronounced when using the estimates based on weight for women far from the 

population average height, and less pronounced for estimates based on BMI, because height 

is an independent risk factor for some outcomes we examined.

Defining what magnitude of risk reduction is clinically meaningful is challenging. One 

approach is to define a threshold of change in risk as meaningful. If we define a 10% risk 

difference as meaningful, our study found that a 10% difference in prepregnancy BMI is 

associated with clinically meaningful risk differences for preeclampsia, gestational diabetes, 

indicated preterm delivery, macrosomia, and stillbirth. In contrast, larger differences in 

prepregnancy BMI (i.e., 20-30% differences, or shifting an entire BMI category or more) 

would be necessary to see meaningfully lower risks of cesarean delivery, shoulder dystocia, 

NICU stay ≥48 hours, and inhospital newborn mortality. We present the absolute risks so 

that clinicians and patients can determine what magnitude of expected reduction in risk is 

meaningful on an individual level. On a population level, interpreting our findings in terms 

of the number of women who would need to lose a specified amount of weight to prevent 

one adverse event illustrates the potential effectiveness of lowering prepregnancy BMI to 

reduce adverse pregnancy outcomes.

While this study confirmed the association between BMI and several perinatal outcomes, we 

found no relationship between BMI and risk of spontaneous preterm delivery <32 weeks, 

postpartum hemorrhage requiring intervention, or maternal mortality/severe morbidity. This 

was not entirely surprising, as the relationships between obesity and these outcomes are less 

certain in the literature.(3,5,8,17-19,21,23,24,32-34)

The results of our study must be interpreted in light of several limitations. Without 

longitudinal data, we cannot conclude that between-woman differences in prepregnancy 

BMI are equivalent to the same magnitudes of BMI loss for individual women. In the 

absence of data from randomized trials of weight loss interventions, studies that compare the 

outcomes of different women by prepregnancy BMIs provide the best available evidence to 

inform prepregnancy weight loss counseling.

Our database lacks information on race. The racial composition in British Columbia differs 

from that in the United States, with smaller black and Hispanic populations and larger East 

and Southeast Asian populations, although the percent of white women is comparable.

(35,36) While universally available health care may mitigate some of the difference in risks 

of adverse perinatal outcomes by race in British Columbia, we cannot rule out bias due to 

confounding by race. We also do not know if the BMI distribution is different among those 

with missing vs. available BMI information in the database. It is challenging to speculate on 

the direction and magnitude of bias introduced by missing data for BMI or race,(37) 
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however, and confirmation of our findings in a cohort with complete BMI and race data 

would be valuable.

Most reproductive-aged women report weight and height accurately, though some over- and 

underestimation of prepregnancy weight is expected.(38) Without specific information about 

the error in our database, the direction and magnitude of any mismeasurement cannot be 

determined. Finally, as there are fewer obese women in British Columbia than the United 

States,(39,40) we restricted the upper limit of BMI values examined to 50, and no estimates 

are provided for women with higher BMIs.

This population-based cohort study of the relationship between small differences in 

prepregnancy BMI and adverse pregnancy outcomes provides a unique contribution to the 

literature. By examining BMI as a continuous variable and presenting absolute risks for 

outcomes, our findings provide more clinically applicable data about the magnitude of the 

effect of different prepregnancy BMI values on the risk of adverse pregnancy outcomes. Our 

tables provide simple resources that clinicians can use for preconception weight loss 

counseling.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Précis

Small differences in prepregnancy body mass index are associated with meaningfully 

lower preeclampsia, gestational diabetes, indicated preterm delivery, macrosomia, and 

stillbirth risks, while larger differences are necessary for other outcomes.
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Figure 1. 
Crude and adjusted predicted risk per 1,000 of preeclampsia among nulliparas (A), 

gestational diabetes mellitus (B), spontaneous preterm delivery at less than 32 weeks of 

gestation (C), indicated preterm delivery at less than 37 weeks of gestation (D), 

macrosomia, birth weight greater than 4,500 grams (E), shoulder dystocia (F), cesarean 

delivery among nulliparas (G), postpartum hemorrhage requiring intervention to control 

bleeding (H), maternal mortality or severe morbidity (I), stillbirth (J), neonatal intensive 
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care unit (NICU) stay of 48 hours or longer (K), in-hospital newborn mortality according to 

prepregnancy body mass index (L), with 95% confidence intervals (CI).
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