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Abstract
Background: Obesity during pregnancy is growing in prevalence. There has been a significant
linear increase in the prevalence of obesity in American women from 35% (95% CI: 32 – 38) in
2005 to 40.5% (95% CI: 37.6 – 43.4) in 2014 (1). The increase in prevalence of obesity (body
mass index (BMI) ≥ 30 kg/m2) is also seen in women of reproductive age (2). Previous studies
suggested that the Institute of Medicine (IOM) gestational weight gain (GWG) guidelines needed
modification by obesity severity.
Objectives: The present study investigated whether the IOM guidelines for obese women needed
modification for obesity severity by determining the risk of maternal, obstetric, and neonatal
outcomes for class I, II and III obese pregnant women who either: lost weight during pregnancy,
gained below the IOM guidelines, or gained above the IOM guidelines, compared to women who
gained within the IOM guidelines (11-20 lbs).
Methods: A cross-sectional study using 2014 U.S. birth certificate data (N=646,642). Chi-square
tests examined associations between GWG categories and adverse outcomes. Log-binomial
regression models were built to examine relative risks of adverse maternal, obstetric, and
neonatal outcomes following adjustment for maternal age, education, marital status, race,
insurance status, and parity.
Results: The observed pattern of association was the same between all 3 obese classes indicating
evidence for a single GWG recommendation for all 3 classes of obesity. Obese women who lost
weight during pregnancy or gained below the IOM recommendations were at a significantly
decreased risk for caesarean delivery (RR, 95% CI class I: 0.92, 0.90-0.94; II: 0.91, 0.89-0.93;
III: 0.92, 0.90-0.93) and large-for-gestational age (LGA) births (class I: 0.80, 0.77-0.83; II: 0.76,
0.73-0.78; III: 0.73, 0.70-0.75) but had a significantly increased risk of small-for-gestational age
(SGA) births (class I: 1.34, 1.26-1.43; II: 1.381.28-1.49; III: 1.35, 1.24-1.46) compared to
women who had GWG within IOM guidelines. Obese women who gained above IOM guidelines
were at an increased risk for caesarean delivery and LGA births but are at a decreased risk for
SGA births.
Conclusion: A single GWG recommendation for all obese women is possible, but 2009 IOM
guidelines may need to be updated as current recommendations may be too high.
Word count: 350 words
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Chapter One: INTRODUCTION
The prevalence of women who are entering pregnancy obese is increasing (1, 2). There has been
a significant linear increase in the prevalence of obesity (body mass index (BMI) ≥ 30 kg/m2) in
American women from 35.7% (95% CI: 33.0 – 38.5) in 2005 to 40.5% (95% CI: 37.6 – 43.4) in
2014 (1). The increased prevalence of obesity is correspondingly seen in women of reproductive
age (1, 2). In 2014, 37% (95% CI: 33.9 – 40.3) of women 20-49 years old were estimated to be
obese in the United States compared to 25% of 20-49 year olds in 2005 (1, 3).

Obesity during pregnancy is associated with a myriad of adverse outcomes such as preeclampsia, labour induction, postpartum haemorrhage, caesarean delivery, and preterm birth (4,
5). Women who are morbidly obese (BMI ≥ 40 kg/m2), based upon their prepregnancy BMI have
7.2 times the odds (95% CI: 4.7 – 11.2) of developing pre-eclampsia, 2.0 times the odds (95%
CI: 1.7 – 2.5) of having a preterm birth, and 2.8 times the odds (95% CI: 2.0 – 3.9) of having a
caesarean delivery than women whose BMI falls in the normal range (4). It has been suggested
that restricting the amount of additional weight gained during pregnancy may help decrease the
risk of adverse pregnancy outcomes in obese women (6). The Institute of Medicine (IOM) has
developed guidelines for optimal gestational weight gain based on pre-pregnancy BMI categories
that are widely used internationally (7, 8). However, the IOM guidelines only provide one
recommendation for all obese women, even though there are 3 classes of obesity: (I (BMI 3034.9 kg/m2), II (BMI 35-39.9 kg/m2), and III (BMI ≥ 40 kg/m2)). Some studies have suggested
that the IOM recommendation of 11-20 lbs of gestational weight gain should not apply to all
obese women (9) and that weight gain less than the amount recommended in these guidelines
(and in some cases weight loss) were associated with lower rates of adverse neonatal and
1

maternal outcomes for obese women (10-14). However, these previous studies have either been
small, did not account for multiple hypothesis testing, lacked information on women in the
highest class of obesity (BMI ≥ 40 kg/m2), used a non-representative population (e.g. only
included low-income women), or used old data that may not be applicable to the current
population of reproductive women given demographic shifts in population norms (e.g. a
pregnancy dataset of births from 1959-1960). Currently it is unclear whether weight loss or
gestational weight gain less than the IOM guidelines for obese pregnant women will be
associated with less adverse maternal and neonatal outcomes. Further, more research is needed in
the use of a single IOM guideline for gestational weight gain (GWG) for all 3 obese classes.
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Chapter Two: LITERATURE REVIEW
2.1 Literature Search
A literature search was conducted between May to August 2016. The search strategy included
terms such as “gestational weight gain/weight gain”, “pregnancy”, “obesity”, “body mass index”,
and “pregnancy outcomes”. Search terms within categories were combined using the Boolean
search term ‘or’ to explode and map the keywords to MeSH headings. Search terms between
categories were combined using the Boolean term ‘and’ to give the full set of articles for the
search terms. Two online databases were searched for relevant articles: PubMed and MEDLINE
(OVID). The search of online databases was not restricted by language or date. Relevant articles
were used to conduct backward and forward citation searching to access any additional articles.

2.2 Obesity
Obesity is defined as having an excessive accumulation of body fat/adipose tissue (15). Obesity
is one of the most common, pervasive chronic diseases. It is a leading cause of mortality,
morbidity, disability, healthcare utilization and healthcare costs (15). Furthermore, the
prevalence of obesity is increasing worldwide, doubling between 1980 and 2014 (3). The
increasing rate of maternal obesity provides a major challenge to obstetric practice as maternal
obesity can result in negative outcomes for both the woman and the growing fetus (16). The most
common method of measurement of obesity is the Body Mass Index (BMI).

2.3 Body Mass Index (BMI) as a Measure of Obesity
BMI is a simple calculation using a person’s height and weight – whereby the weight in
kilograms (kg) is divided by the square of the height in metres (m) (BMI= kg/m2)(17, 18). Per
3

the World Health Organization (WHO), a BMI of <18.5 kg/m2 is considered underweight, 18.5 –
24.9 kg/m2 is healthy weight, 25.0 – 29.9 kg/m2 is overweight, 30.0 to 34.9 kg/m2 is obese class I,
35.0 – 39.9 kg/m2 is obese class II, and 40.0 or more is kg/m2 is obese class III (Figure 1).

Figure 1. Body Mass Index (BMI) classification measured in kg/m 2 represented visually in
Adobe Photoshop CC 2017

2.3.1 Strengths of the use of BMI
BMI is generally considered by some groups such as the WHO and the Centers for Disease
Control (CDC) as the best way to determine if an individual is at a healthy weight (18, 19). Its
use is popular because it is quick, effective, and applies to men, women, and children. Though it
does not measure body fat, BMI calculations are fast approximations of the degree of body
fatness (20).

2.3.2 Limitations of BMI
BMI does not measure body fatness – it provides only a quick approximation. This means that it
is possible for very muscular individuals to fall into overweight or obese categories even if they
do not have high body fat (20). However, until a better method of measuring obesity is
4

discovered BMI remains to be a very good indicator of obesity status. It is also important to note
that BMI is not a good measure in pregnant women so studies typically assess pre-pregnancy
BMI.

2.4 Effect of Obesity on Pregnancy Outcomes
There has been an increasing number of women who are entering pregnancy obese (2). Studies
have shown that maternal obesity during pregnancy is associated with an increased incidence of
adverse outcomes such as pre-eclampsia (OR 7.2; 95% CI: 4.7-11.2), gestational hypertension
(OR 3.1; 95% CI: 2.0-4.3), macrosomia (OR 2.1; 95% CI: 1.3-3.2), induction of labour (OR 1.8;
95% CI: 1.3-2.5), and caesarean delivery (OR 2.8; 95% CI: 2.0-3.9) (4, 6, 21-26). The
relationship between obesity and negative maternal and neonatal outcomes is well established.
Several studies have found associations between pregnancy weight (either pre-pregnancy BMI or
first trimester BMI) and adverse maternal and neonatal birth outcomes (4, 27-41).

A retrospective cohort study conducted by Abenhaim et al. (2006) examined the association
between pre-pregnancy BMI with obstetrical and neonatal outcomes (28). Using the McGill
Obstetrical and Neonatal Database to compare pre-pregnant BMI categories of all pregnancies
between 1987 and 1997, obstetric and neonatal outcomes were investigated (28). Data were
available for 38,305 births during this period, and 49.0% (18,643 patients) had available prepregnancy BMI data. Researchers found that overweight, obese, and morbidly obese women had
an increased risk of preeclampsia, gestational hypertension, gestational diabetes, preterm birth,
caesarean section, and macrosomia compared to women with normal BMI (28). Women who
were obese (BMI 30.0-39.9 kg/m2) had higher odds of pre-eclampsia (OR 4.65 (95% CI: 3.71 –
5

5.83)); gestational hypertension (OR 2.01 (95% CI: 1.64 – 2.45)), gestational diabetes (OR 3.22
(95% CI: 2.68 – 3.87)), preterm birth (OR 1.60 (95% CI: 1.32 – 1.94)), caesarean delivery (OR
1.85 (95% CI: 1.62 – 2.11)), and macrosomic babies (OR 2.32 (95% CI: 1.58 – 3.41)) compared
to women with normal BMI (28). While those who were morbidly obese (BMI ≥ 40 kg/m2) had
even higher odds of pre-eclampsia (OR 6.26 (95% CI: 3.48 – 11.26)), gestational hypertension
(OR 2.77 (95% CI: 1.60 – 4.78)), gestational diabetes (OR 4.71 (95% CI: 2.89 – 7.67)), preterm
birth (OR 2.43 (95% CI: 1.46 – 4.05)), and caesarean delivery (OR 2.92 (95% CI: 1.97 –
4.34))(28).

A study by Bhattacharya et al. (2007) was conducted to investigate the impact of maternal
obesity on pregnancy outcomes (4). Using a retrospective cohort study design, researchers used
data from the Aberdeen Maternity and Neonatal Databank to enroll women delivering singleton
infants between 1976 to 2005. Maternal BMI was calculated from the mothers’ height and
weight at their initial antenatal visit (4). Of the 24,241 women who were enrolled in the study,
researchers’ results showed that maternal obesity during pregnancy predisposes women to an
increased incidence of complicated pregnancies or increased obstetric interventions such as
preeclampsia (OR 7.2; 95% CI: 4.7 – 11.2), gestational hypertension (OR 3.1; 95% CI: 2.0-4.3),
macrosomia (OR 2.1; 95% CI: 1.3 – 3.2), induction of labour (OR 1.8; 95% CI: 1.3 – 2.5), and
caesarean delivery (OR 2.8; 95% CI: 2.0 – 3.9).

Other studies from many different countries consistently show the same results. Sahu et al.
(2007) explored the correlation between BMI and obstetric outcomes in India. Researchers found
that obese women had a significant risk for gestational diabetes (RR 6.5; 95% CI: 3.6 – 11.8),
6

preeclampsia (RR 3.2; 95% CI: 1.6 – 6.4), caesarean delivery (RR 2.3; 95% CI:1.6 – 6.4), and
macrosomia (RR 6.2; 95% CI: 4.4 – 8.8) (29). In Italy, a retrospective cohort study by Driul et al.
(2008) examined pre-pregnancy BMI and its association with adverse maternal and neonatal
outcomes (30). In this study of 916 singleton pregnancies, obese women had higher odds of
having a caesarean delivery (OR 2.17; 95% CI: 1.21 – 3.89), preterm birth (OR 4.86; 95% CI:
2.49 – 9.44), preeclampsia (OR 5.67; 95% CI: 2.52 – 12.82), and macrosomia (OR 2.59; 95% CI:
1.08 – 6.21) compared to women with normal BMI. According to Hauger et al. (2008) (31) in
Argentina, Leung et al. (2008) (32) in China, Roman et al. (2008) (33) and Salihu et al. (2008)
(34) in the U.S., and Khashan and Kenny (2009) (35) and Mantakas and Farrell (2010) (37) in
the U.K., increasing BMI in nulliparous pregnant women have a higher risk of caesarean
delivery, higher risk of macrosomia, and stillbirth.

In addition to adverse outcomes during birth, there have been a few studies examining the longterm effects of maternal obesity on the offspring. A study in 2015 by Hussen, Persson, and
Moradi studied the association between first trimester maternal BMI and type 1 diabetes in their
children (39). This study utilized Sweden’s comprehensive database system to follow up mothers
and their children from birth in 1994 until diagnoses of diabetes or end of follow up in 2009 (39).
Increased first trimester maternal BMI was associated with a significantly increased risk of type
1 diabetes in the children (IRR 1.33; 95% CI: 1.20 – 1.48) (39). Furthermore, an increasing body
of evidence suggests that maternal pre-pregnancy BMI is a risk factor for obesity in the offspring
(42). Obese maternal pre-pregnancy BMI is associated with higher childhood, teenage, and adult
adiposity in the offspring (42). A 2017 literature review by Godfrey et al. examined and
compiled evidence of the long-term health of the offspring influenced by maternal obesity (42).
7

Several studies have linked maternal obesity to obesity, coronary heart disease, stroke, type 2
diabetes, asthma, poorer cognitive performance, and increased risk of neurodevelopmental
disorders in the offspring (42).

2.4.1 Morbid Obesity and Adverse Pregnancy Outcomes
A retrospective case-control study by Kumari (2000) studied the effects of morbid obesity
defined by first trimester BMI ≥ 40 kg/m2(27). One hundred and eighty-eight singleton
pregnancies with BMI ≥ 40 kg/m2who delivered in an Abu Dhabi hospital between 1996 – 1998
were studied. These women were compared to a control group with normal BMI and matched
based on age and parity. Morbidly obese women with diabetes and hypertension predating the
pregnancy were excluded in analyses. Results found that morbidly obese women had
significantly increased incidence of adverse perinatal outcomes including hypertensive disorders
in pregnancy (28.8% versus 2.9%), gestational diabetes (24.5% versus 2.2%), caesarean
deliveries (15.2% versus 9.3%), and macrosomia (32.6% versus 9.3%). However, it was found
that morbidly obese women had lower rates of premature births compared to women who were
of normal BMI (0.5% versus 5.3%, p<0.001) (27).

A 2004 prospective cohort study by Cedergren investigated whether morbidly obese women had
an increased risk of pregnancy complications and adverse neonatal outcomes in singleton
pregnancies (43). Using the Swedish Birth Registry of births between 1992 to 2001, 12,698
obese women (BMI 30 – 39.9 kg/m2) and 3,480 morbidly obese women (BMI ≥ 40 kg/m2) were
compared to 535,900 normal BMI women (BMI 19.8 – 26 kg/m2) (43). Maternal weight and
height were recorded from a woman’s first visit at the maternity health centre and 90% of
8

women presented themselves in the first trimester (43). Results showed that morbidly obese
mothers had higher odds of preeclampsia (OR 4.82; 95% CI: 4.04 – 5.74), caesarean delivery
(OR 2.69; 95% CI: 2.49 – 2.90), instrumental delivery (OR 1.34; 95% CI: 1.16 – 1.56), shoulder
dystocia (OR 3.14; 95% CI: 1.86 – 5.31), meconium aspiration (OR 2.85; 95% CI: 1.60 – 5.07),
fetal distress (OR 2.52; 95% CI: 2.12 – 2.99), and large-for-gestational age (LGA) infants (OR
3.82; 95% CI: 3.50 – 4.16) (43).

A national population-based prospective cohort in Australia in 2015 examined the prevalence,
risk factors, and perinatal outcomes of super morbidly obese women (BMI ≥ 50 kg/m2) (44).
Using the Australasian Maternity Outcomes Surveillance System (AMOSS), women included in
the study were identified by participating AMOSS sites between January to October 2010 (44).
This surveillance system covers approximately 66% of all pregnant women giving birth at an
Australian hospital (44). Women were classified as super-obese if at any point during their
pregnancy they had a BMI of 50 kg/m2 or weighed more than 140 kg; the comparison group were
women who had a BMI < 50 kg/m2 or weighed less than 140 kg (44). Study investigators’
definition of super-obese of weight>140kg was clinician-informed and was regardless of the
woman’s BMI (44). Researchers observed that 2.1 out of 1000 births were to morbidly obese
women (n=370) and that these women had higher odds of gestational diabetes (OR 2.36; 95%
CI: 1.56 – 3.59), gestational hypertension (OR 9.33; 95% CI: 4.50 – 19.33), preeclampsia (OR
3.42; 95% CI: 1.85 – 6.35), induction of labour (OR 3.82; 95% CI: 2.75 – 5.28), caesarean
delivery (OR 2.33; 95% CI: 1.79 – 3.65), LGA (OR 13.44; 95% CI: 5.22 – 34.57), and ICU
admission (OR 4.56; 95% CI: 1.25 – 17.32) (44).

9

Women of reproductive age who are morbidly obese (BMI ≥ 40 kg/m2) represent an increasing
proportion of the pregnant population (2). The pregnancy risks of morbidly obese women are
still not fully understood; therefore, Lutsiv et al. (2015) conducted the first comprehensive
systematic review and meta-analysis investigating the pregnancy outcomes of Class III obese
women compared to Class I or Class I/II obese women (40). Primary outcomes were preterm
birth, small-for-gestational-age (SGA), and LGA and secondary outcomes included preeclampsia
or gestational hypertension, gestational diabetes, GWG, caesarean section, operative vaginal
delivery, antepartum haemorrhage, post-partum haemorrhage, 1 st and 2nd degree perineal
lacerations, 3rd or 4th degree perineal lacerations, duration of labour, length of hospital stay,
NICU admission, assisted ventilation, and maternal death. In the 59 studies included in this
systematic review, the authors had a sample group of 8,204,116 women with 213,111 morbidly
obese women (BMI >40 kg/m2), 1,436,586 class I/II women, and the rest were normal BMI
women. In the pooled meta-analyses data, the overall risk for preterm birth for class III obese
women was 31.0% (RR 1.31; 95% CI: 1.19 – 1.43) higher than class I obese women and 20.0%
(RR 1.20; 95% CI: 1.13 – 1.27) higher than combined class I/class II obese women. Women with
class III obesity were up to 88% (RR 1.88; 95% CI: 1.61 – 2.18) more likely to have a LGA
child, but this estimate was based off a single study. Class III obese women had higher risks for
preeclampsia (RR 2.00; 95% CI: 1.63 – 2.45), gestational diabetes (RR 1.84; 95% CI: 1.44 –
2.34); and caesarean section (RR 1.51; 95% CI: 1.41 – 1.60). It is important to also note that
Lutsiv et al. did not include the previous studies mentioned above that examined maternal
morbid obesity and pregnancy outcomes. Further, Lutsiv et al.’s estimates for their primary
outcomes were based off unadjusted estimates and certain outcomes were reported from a small
number of studies.
10

These studies suggest that obesity during pregnancy, based on prepregnancy BMI, is associated
with negative outcomes during pregnancy and delivery. Obesity has adverse effects on the health
of the mother and the baby and it is therefore important to understand ways in which to intervene
and help manage these high-risk pregnancies. Obesity and gestational weight gain are possible
modifiable risk factors that, if changed, may lead to better health for the mother and child.

2.5 Gestational Weight Gain (GWG)
The mother’s pre-pregnancy BMI can help doctors to recommend the ideal amount of GWG
throughout the pregnancy. The U.S. Institute of Medicine (IOM) (2009) developed guidelines for
optimal gestational weight gain based on the woman’s pre-pregnancy BMI and these guidelines
are widely used internationally (7). See Table 1, below for GWG recommendations based on the
mother’s pre-pregnancy BMI. It is important to note that all three obese classes are grouped
together for a single gestational weight gain recommendation of 11 – 20 pounds. The
development of these recommendations for weight gain were based on available data from Class
I obese women (based on their pre-pregnancy BMI) for the following outcomes: small for
gestational age (SGA), large for gestational age (LGA), caesarean delivery, preterm delivery, and
postpartum weight retention (8). Therefore, data for these recommendations are primarily
targeted for women with a BMI of 30.0-34.9 kg/m2 (8, 11). The committee who proposed the
2009 GWG guidelines found only 2 studies that provided data on class II and III obese women
and few women gained less than 10 pounds; therefore, the IOM had insufficient evidence to
develop more specific recommendations for GWG for women of higher obese classes (8).
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Table 1. Table of Institute of Medicine (IOM) Gestational Weight Gain Recommendations by
Pre-Pregnancy BMI (7)

Recommended
Range
Pre-pregnancy
Weight
Category

Body Mass
Index*

Underweight

Less than 18.5

28–40

Normal Weight

18.5–24.9

Overweight

25.0–29.9

Obese (classes I, II, III) 30.0 and greater

Total Weight Total Weight
(lb)
(kg)

Recommended Rates
of Weight Gain† in the
Second and Third
Trimesters
(Mean Range
[lb/wk.])

(Mean Range
[kg/wk.])

12.5 – 18

1 (1–1.3)

0.51 (0.44 – 0.58)

25–35

11.5 – 16

1 (0.8–1)

0.42 (0.35 – 0.50)

15–25

7 – 11.5

0.6 (0.5–0.7)

0.28 (0.23 – 0.33)

11–20

5–9

0.5 (0.4–0.6)

0.22 (0.17 – 0.27)

*Body mass index is calculated as weight in kilograms divided by height in metres squared.
†
Calculations assume a 1.1–4.4 lb weight gain in the first trimester.

2.5.1 Gestational Weight Gain for Obese Classes I, II, and III Should Be Different
As the IOM guidelines only provide one recommendation for all obese women, although there
are 3 classes of obesity, some studies have suggested that this recommendation should not apply
to all obese women as that weight gain less than the amount recommended in these guidelines
(and in some cases weight loss) resulted in no significant differences in adverse neonatal and
maternal outcomes for obese women (6, 10). As previously stated, the development of these
guidelines for weight gain were based on available data from Class I obese women. Therefore,
data for these recommendations are primarily targeted for women with a BMI of 30.0-34.9 kg/m2
(8, 11). The committee who proposed the 2009 GWG guidelines found only 2 studies that
provided data on class II and III obese women and few of those women gained less than 10
pounds (8). In 2009, the IOM had insufficient evidence to develop more specific
recommendations for GWG tailored to women of heavier obese classes (8). Studies suggest that
the 3 classes of obesity on the BMI scale are different enough to warrant different gestational
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weight gain recommendations (9, 12). As such, it is possible that the gestational weight gain
recommendations in the 2009 IOM guidelines are not sufficient. The current recommendations
group the 3 obese classes into one, advocating that all 3 classes gain 11-20 lbs during the
pregnancy.

2.5.2 Gestational Weight Gain Restriction Effects on Morbid Obesity Pregnancy Outcomes
There appears to be contention in the literature whether gestational weight gain restriction during
pregnancy for obese women would lead to better maternal and neonatal outcomes than gaining
the recommended 11-20 lbs (5-9 kg).

In a prospective cohort study by Claesson et al. (2008), researchers explored the restriction of
GWG in obese pregnant women to less than 15 lbs (7 kg) to see if this would yield better
maternal and neonatal outcomes (6). The researchers hypothesized that their behavioural
intervention programme that provided obese women with motivational speeches and regular
physical activity throughout pregnancy would result in reduced weight gain (6). In a nonrandomized interventional study, a total of 155 obese women accepted and completed the
intervention programme and 193 women were enrolled in the control group. The intervention
programme for the index group consisted of extra visits with a midwife for supportive
motivational talks regarding weight control and participants were also invited to an aqua aerobics
class designed for obese women. Results showed that 35.7% of women within the intervention
programme had GWG below 7 kg compared to 20.5% of women in the control group (6).
Although researchers observed a difference in the proportion of women gaining below 7kg
(p=0.003), this difference in weight gain did not lead to a difference in maternal and neonatal
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outcomes such as instrumental delivery (intervention group: 10.0% vs control group: 9.8%;
p=0.961), acute caesarean delivery (intervention group: 14.3% vs control group: 15.8%;
p=0.698), and elective caesarean delivery (intervention group: 9.7% vs control group: 5.2%;
p=0.106) (6). A limitation of this study were small sample sizes, no provided confidence
intervals, lack of randomization of the intervention, and that there were significant differences in
socio-economic status of those who participated and those who declined participation.

The findings of Claesson et al. (2008) were similar results by Johnson et al. (2013). Johnson et
al. explored pregnancy outcomes of gestational weight gain above and below the 2009 IOM
guidelines, researchers found that there were no consistent associations with insufficient weight
gain and adverse outcomes (45). Although the sample of this study was large (Total N=9,969 and
n=1,145 of obese pregnant women), this study was a secondary analysis of data that from a
previous study meant to measure supplemental vitamin C and E to prevent complications with
pregnancy-related hypertension. It is possible that women enrolled in this study altered their own
habits by virtue of participation.

Conversely, a study in 2011 by Blomberg et al investigated whether weight loss or weight gain
below the IOM guidelines in class I-III obese women would be associated with adverse maternal
and neonatal outcomes compared to weight gain within the guidelines (10). This populationbased cohort study included obese women from the Swedish Medical Birth Registry with a BMI
30 kg/m2 or higher who had given birth between 1993 and 2008 (n=46,595 women). The women
were then divided into 4 categories based on gestational weight gain: less than 0 kg (weight
loss), 0-4.9kg (low weight gain), 5-9 kg (recommended weight gain), and more than 9 kg
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(excessive weight gain) (10). Results showed that obese women who lost weight during their
pregnancy – regardless of obesity class – had a decreased risk of caesarean delivery (OR 0.77;
95% CI: 0.66 – 0.99) and LGA births (OR 0.64; 95% CI: 0.46 – 0.90) compared to women who
gained the recommended 5-9 kg. Furthermore, obese class III women with weight loss during
pregnancy compared to class III women who gained the recommended GWG were found not to
be at increased risk for preeclampsia (OR 0.74; 95% CI: 0.51 – 1.08), excessive bleeding during
pregnancy (OR 0.95; 95% CI: 0.57 – 1.59), instrumental delivery (OR 0.98; 95% CI: 0.59 –
1.63), or fetal distress (OR 0.68; 95% CI: 0.44 – 1.05) (10). Class III obese women with
excessive weight gain were also not at an increased risk of any of the evaluated outcomes when
compared to women who gained the recommended amount of weight (preeclampsia OR 1.14
(95% CI: 0.89 – 1.46); instrumental delivery OR 1.16 (95% CI: 0.81 – 1.67); caesarean delivery
OR 1.12 (95% CI: 0.94 – 1.35)) (10). However, women in class I or II who had excessive weight
gain had an increased risk of preeclampsia (class I: 1.6 (95% CI: 1.5-1.8); class II: 1.6 (1.3-1.8)),
LGA (class I: 1.9 (1.8-2.1) ; class II: 1.9 (1.6-2.2)), caesarean delivery (class I: 1.2 (1.2-1.3);
class II: 1.2 (1.1-1.3)), and fetal distress (class II: 1.20 (95% CI: 1.01 – 1.42)) (10). It is
important to note that the results of this study were most likely affected by small sample sizes
where some outcomes had data on less than 30 people.

Additionally, Oza-Frank and Keim (2013) examined associations between inadequate weight
gain among obese women and maternal and neonatal outcomes based on data from the U.S.
Collaborative Perinatal Project (11). Using data from a large prospective study (N=55,000
pregnancies) from 12 U.S. cities between 1959 to 1965, researchers analyzed only women with a
pre-pregnancy BMI of ≥30 kg/m2, resulting in a final sample size of 2,789 women. Inadequate
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weight gain, defined as less than the recommended 5kg for obese women, reduced the odds of
preeclampsia (OR: 0.56; 95% CI: 0.37 – 0.84), gestational hypertension (OR: 0.66; 95% CI:0.470.92), and LGA (OR: 0.48; 95% CI: 0.38- 0.60). Gestational weight gained below guidelines
increased the risk of SGA for class I obese women but not for class II/III obese women. Findings
from Oza-Frank and Keim suggest that class I obese women need to gain the recommended
amount of gestational weight compared to class II/III obese women to minimize the risk of SGA
infants (OR 1.86; 95% CI: 1.18-2.91). Limitations of this study is the fact that it relies on older
data from 50 years ago and since that time there have been major changes in the population’s
characteristics and more women are entering pregnancy obese (2) meaning that it is possible that
this data may no longer be valid. This study was also restricted to include only obese women
which reduced the sample size from 55,000 pregnancies to 3,000 (5% of original sample).

In a systematic review by Kapadia et al. (2015), researchers wanted to explore pregnancy
outcomes of women with gestational weight loss compared to gestational weight gain. Primary
outcomes considered were: small-for-gestational-age (SGA), large-for-gestational-age (LGA),
and preterm birth (46). Six cohort studies were included and their total sample size was 60,913
obese pregnant women. None of the studies that Kapadia et al. included in their paper examined
intentional versus unintentional gestational weight loss during pregnancy. Obese women who
had gestational weight loss during pregnancy had higher odds of SGA with a significant graded
relationship between the 3 obese categories (class I: OR 1.73; 95% CI 1.53–1.97; class II: OR
1.63; 95% CI 1.44–1.85 and class III: OR 1.39; 95% CI 1.17–1.66, respectively). Further,
gestational weight loss was also associated with lower odds of a LGA (all classes: OR 0.57; 95%
CI: 0.44 – 0.75; class I: OR 0.53 (95% CI: 0.30 – 0.95); class II: OR 0.48 (95% CI: 0.28 – 0.81);
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class III: OR 0.51 (95% CI: 0.51 (95% CI: 0.33 – 0.78)) baby compared to weight gain within
the guidelines (46). Although it is important to note that this systematic review did determine
that the risk of obstetric interventions such as caesarean delivery (all classes: OR 0.81; 95% CI:
0.74 – 0.88; class I: OR 0.65 (95% CI: 0.44 – 0.95); class II: OR 0.69 (95% CI: 0.57 – 0.84);
class III: OR 0.80 (95% CI: 0.68 – 0.95)) were lower in obese pregnant women with gestational
weight loss. Kapadia et al. (2015) noted that they would not recommend gestational weight loss
for obese women based on their findings (46). Limitations include how the authors were unable
to find studies that examined gestational weight loss during pregnancy for some of their
outcomes and how several included studies did not stratify by obesity classes.

Kapadia et al. (2015) published a second systematic review and meta-analysis asking whether it
would be safe to recommend gestational weight gain below the 2009 IOM guidelines for all
obese women (47). In this systematic review, the researchers found GWG below the guidelines
had higher odds of preterm birth (OR1.46; 95% CI: 1.07–2.00) and SGA (OR 1.24; 95% CI
1.13–1.36) and lower odds of LGA (OR 0.77; 95% CI 0.73–0.81) than women with GWG within
the guidelines. Decreased odds were seen for macrosomia (OR 0.64; 95% CI 0.54–0.77),
gestational hypertension (OR, 0.70; 95% CI 0.53– 0.93), preeclampsia (OR 0.90; 95% CI 0.82–
0.99) and caesarean delivery (OR 0.87; 95% CI 0.82–0.92). The authors advocated that
gestational weight below IOM guidelines cannot be routinely recommended but that on occasion,
this might be a solution for women based on a women’s individual health history and known risk
factors (47). Authors notes that there was not enough high quality evidence from the 18 included
studies to synthesize information regarding the risk of gestational diabetes, induction of labour,
low birth weight, and neonatal morbidity or mortality. For some of their outcomes of interest, the
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authors only had one study examining GWG below the guidelines in obese women and many did
not stratify by obese class.

2.5.3 Summary of Outcomes Associated with Obesity and Gestational Weight Gain
In summary, literature as described above has shown that GWG is associated with a myriad of
adverse outcomes such as ICU admission (48), 3rd or 4th degree perineal laceration (49),
eclampsia (4, 28), unplanned hysterectomy (50), operative vaginal deliveries (51), caesarean
delivery (50, 52), small-for-gestational age (48, 50, 52, 53), large-for-gestational age (48, 50, 52,
53), assisted ventilation (53), neonatal seizures (53), and neonatal sepsis (54).

2.6 Data Source
There are not many easily available datasets for pregnancy research with information on obesity,
gestational weight gain, and pregnancy outcomes. One database that is commonly used and is
publically available is the U.S. birth certificate dataset.

2.6.1 Validity and Reliability of the U.S. Birth Certificate Database
Birth certificate data is often used in epidemiologic studies in pregnancy research due to ease of
access to a population-based data. The usefulness of these data is largely dependent on the
accuracy and completeness of the information in the datasets. Considerations for use of datasets
include the reliability and validity of the measures. Reliability pertains to the consistency of
measurement, while validity is the extent to which the measurement corresponds to what is
actually being measured (55).
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The United States birth certificate data are publicly available for download for epidemiologic
research studies. A study by Andrade et al. (2013) examined the validity and reliability of birth
certificate data for pregnancy research (56). A retrospective study was undertaken among
mothers and infants enrolled in in participating health plans sites who gave birth between 2001 to
2007. For the infants selected for chart review, validity of the following elements on birth
certificate data were assessed: gestational age, birth weight, number of previous pregnancies and
live births, and maternal/paternal characteristics. The positive predictive value (PPV) was high
for birthweight (93%), gestational age (83%), maternal race/ethnicity (92%), infants with
cardiac defects (71%), preterm birth (87%), and NICU admission (92%) (56). Overall, it was
found that there was considerable agreement (a Positive Predictive Value (PPV) of >90%)
between birth certificate data and medical charts that served as the gold standard (56).

Several studies have also examined the reliability and validity of 2003 U.S. birth certificate data
(57-60). Findings suggested that there are item variations in validity and reliability of elements in
birth certificate data. Accurate reporting was found in birth weight, demographic characteristics,
and most delivery methods and some underreporting was found in pre-pregnancy weight,
tobacco and alcohol use, obstetric procedures, and complications of labour and delivery (58, 59,
61, 62). A study by Bodnar et al. (2014) evaluated the validity of pre-pregnancy body mass index
and gestational weight gain reported on birth certificates using medical records (63). Results
showed that birth certificate derived pre-pregnancy BMI and medical record BMI agreement was
high among normal, overweight, and obese class I, II, and III women but was only 51.7%
agreement for Class I non-Hispanic Black women (63). The variation in agreement depended on
the race/ethnicity of the mother. For gestational weight gain, agreement between birth certificate
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data and medical records varied between 40.9-83.3% of deliveries based on the pre-pregnancy
BMI category where extreme GWG having the greatest degree of misclassification (63). A 2003
validation study by Roohan et al. of 400 birth certificates in 4 New York state counties found
sensitivity to be moderate to excellent in gestational diabetes (83%), preeclampsia (62%),
smoking/tobacco use (89%), vaginal birth (100%), primary caesarean delivery (100%), repeat
caesarean delivery (98%), and low birthweight (100%) (58). In a recent validation study of the
2003 U.S. birth certificate, researchers assessed the validation of selected items to understand the
accuracy of the data in New York City and Vermont (60). Dietz et al. (2015) calculated the
sensitivity, specificity, PPV, and negative predictive value (NPV) of select variables reported on
the birth certificate using the medical records as the gold standard (60). Results showed that
overall, there was excellent specificity and NPV on most of the items on the birth certificate.
Positive predictive values were moderate to excellent for items such as insurance coverage
(91.6% for New York and 94.2% in Vermont), prior live births (98% for New York and 98% in
Vermont), delivery method (>98% for both New York and Vermont), gestational diabetes (>80%
for both New York and Vermont), and prior caesarean delivery (>95% for both New York and
Vermont).

Selected items from the birth certificate that have been validated are: maternal demographic and
characteristic data such as maternal race, education, and marital status (56, 57, 61), gestational
age (57), Medicaid coverage (60), private insurance coverage (60), pre-pregnancy diabetes (57,
58, 60), gestational diabetes (57, 60), any previous live births (56, 60), previous caesarean
section (57, 60), any hypertension in pregnancy (57, 60), gestational hypertension (57, 60),
premature rupture of membranes (PROM) (57, 58, 60), induced labor (60), instrumental delivery
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(61), parity (57), eclampsia (57, 58), augmented labor (60), delivery method (vaginal or
caesarean) (57, 58, 60), birthweight (56-58), smoking (57, 58), neonatal seizures (62).

2.7 Summary
Obesity during pregnancy is a significant risk factor for adverse maternal and neonatal outcomes.
Furthermore, the literature suggests that the 2009 IOM recommended GWG guidelines may be
insufficient for class II and III obese women and that a modification of these guidelines to
include GWG recommendations for each of the obesity classes separately may be needed.
Additional literature has also suggested the possibility of restricted GWG for obesity class II and
III for less adverse pregnancy outcomes. Previous studies within this field have been inadequate
and not all have examined the same maternal and neonatal outcomes. The studies by Claesson et
al. had a sample of 155 and Johnson et al. had a sample of 700. Although Oza-Frank and Keim
(2013) studied restricted gestational weight gain, to our knowledge there are no specific studies
are examining restricted gestational weight gain using current data. Furthermore, the information
from the Oza-Frank study was based on a cohort from 1959-1965. Since then, there have been
major changes in prenatal care and the rates of obesity in the population have increased
dramatically. Studies within this field have had small sample sizes, lack of adjustment for
possible confounders and modifying variables, use of data that is no longer valid, and

This current project to aims add some knowledge to help fill in the gaps currently in this field.
Furthermore, this current study aims to investigate this issue with a more comprehensive list of
maternal and neonatal outcomes including admission to the intensive care unit, 3rd or 4th degree
perineal laceration, eclampsia, or unplanned hysterectomy, operative vaginal deliveries and
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cesarean delivery, small for gestational age (10th percentile), LGA (90th percentile), assisted
ventilation, seizures, or sepsis.

2.8 Objective
To determine the risk of maternal, obstetric, and neonatal outcomes for class I, II and III obese
pregnant women who either: lost weight during pregnancy, gained below the IOM guidelines, or
gained above the IOM guidelines, compared to women who gained within the IOM guidelines
(11-20 lbs)
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Chapter Three: METHODOLOGY
The objective of our study was to determine whether the risk of adverse maternal and neonatal
outcomes for class I, II and III obese pregnant women who either: lose weight during pregnancy,
gained below IOM guidelines, or gained above IOM guidelines, compared to women who gained
within IOM guidelines (11-20 lbs). Utilizing a cross-sectional approach, the present study
investigated gestational weight gain (GWG) during pregnancy between the three obese classes
and its association with adverse maternal and neonatal outcomes using a large population-level
dataset of approximately 4 million live births in the United States.

Figure 2. This study utilized a cross sectional study design, depicted above, where exposure
and outcomes were assessed concurrently.
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3.1 Data Source
This study used publicly available birth certificate data downloaded from the National Bureau of
Economic Research (NBER) website: http://www.nber.org/data/vital-statistics-natality-data.html.
Specifically, this present study used data of live births from 2014. Birth certificate data in the
USA is comprehensive and includes information about parental education, ethnicity, obstetric
history, pre-pregnancy weight, weight gained during pregnancy, risk factors in the current
pregnancy, obstetric procedures, method of delivery, and neonatal outcomes. United States birth
certificate data are limited to live births occuring within the United States to U.S. residents and
non-residents. However, live births to non-residents were pre-excluded from the data file by the
Centers for Disease Control and Prevention (CDC) and National Center for Health Statistics
(NCHS). This dataset represents all live births registered within the 50 states and the District of
Columbia. The CDC and NCHS receives data as electronic files prepared from individual
records processed by each individual registration area, through the Vital Statistics Cooperative
Program. A copy of a typical birth certificate is attached in Appendix A.
In 2014, there were 3,998,076 live births registered in the United States. More than 99% of live
births in the United States are registered in birth certificate data (64). This dataset does not
include live births from US territories as these are included in a separate dataset.
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3.2 Inclusion/Exclusion Criteria
The following were the list of criteria that were used to identify inclusion in the study:
i.

Singleton pregnancy ǂ

ii.

BMI ≥ 30kg/m2

iii.

Women who delivered at term (37-40 weeks of gestation)

iv.

No missing data on mother’s height, pre-pregnancy weight, and weight at delivery

NOTES:
ǂ

The choice of including only women with singleton pregnancies was due to the higher risks

involved in pregnancies with multiples. Multiple gestation pregnancies also would have different
GWG.

After the application of study inclusion criteria, the final study sample included information on
642,646 live births.

3.3 Measures
The three classes of obesity were defined as the following: I (BMI 30-34.9 kg/m2), II (BMI 3539.9 kg/m2), and III (BMI ≥ 40 kg/m2) which were calculated based on the woman’s prepregnancy weight and height per the WHO and CDC classification (7). BMI was calculated
using self-reported pre-pregnancy weight and measured height from the birth certificate
database. GWG was calculated based on subtracting the woman’s pre-pregnancy weight from the
woman’s weight at delivery taken from their medical record. A woman’s weight at delivery was
based on the medical chart per the CDC’s instructions. For GWG categories, the current 2009

25

Institute of Medicine guidelines were followed, classifying GWG as: weight loss (<0 lbs), weight
gain below the IOM guidelines (<11 lbs), weight gain within the IOM guidelines (11-20 lbs), and
weight gain above the IOM guidelines (>20 lbs).

Outcomes of interest were organized into maternal morbidities, obstetric interventions, and
neonatal morbidities (Table 2). All outcomes were coded as either outcome absent or outcome
present. Severe maternal morbidities included the following: admission to the intensive care unit,
3rd or 4th degree perineal laceration (calculated from vaginal births), eclampsia, or unplanned
hysterectomy. Obstetric interventions included: operative vaginal deliveries (forceps or vacuum)
and caesarean delivery. Severe neonatal morbidities were defined as small for gestational age
(10th percentile) and large for gestational age (90th percentile) using the WHO Growth Standard
(65), assisted ventilation, seizures, or sepsis. Furthermore, the outcome of sepsis was based on
birth data information for antibiotics received by the newborn due to suspected neonatal sepsis.
Table 2. Outcomes of interest
Severe Maternal
Morbidities
ICU Admission
3rd or 4th Degree Perineal
Laceration*
Eclampsia
Unplanned Hysterectomy

Obstetric Interventions
Operative Vaginal Delivery*
Caesarean Delivery

Severe Neonatal
Morbidities
SGA (10th percentile)
LGA (90th percentile)
Assisted Ventilation
Seizures
Sepsis

*3rd or 4th degree perineal laceration and operative vaginal deliveries were calculated based on vaginal deliveries
Operative vaginal deliveries (vacuum or forceps)
SGA, small-for-gestational age defined as below 10th percentile
LGA, large-for-gestational age defined as above 90th percentile
ǂ
LGA and SGA based on INTERGROWTH-21st Project Growth Charts

Covariates included maternal age, maternal education, marital status, maternal race, medical
insurance, prenatal care utilization, and parity. Maternal age in the birth certificate database was
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continuous and was derived from reported date of birth. Maternal age were recoded and
categorized into: <20 years of age, 20 – 34 years old, or ≥ 35 years old. Educational attainment
of the mother were based on the checked box of the following categories: 8th grade or less, 9-12th
grade, no diploma, high school or GED completed, some college but no degree, associate degree,
bachelor’s degree, master’s degree, doctorate. Maternal education categories were collapsed into:
less than high school, high school diploma, some post-secondary with no degree/diploma, or
post-secondary with degree/diploma. Marital status was based on maternal report of marital
status of either married or unmarried. U.S. birth certificates defined maternal race based on a
checked box of 15 categories (and could check more than one race/races that the mother
identified herself). The current study collapsed maternal race into the following categories:
white, black, American Indian/Alaskan Native, Asian/Native Hawaiian/Pacific Islander,
Hispanic, or more than one race. Medical insurance was based on source of payment for the
current delivery of pregnancy and defined as the following: Medicaid, Private insurance, selfpay, or other (Indian Health Service, CHAMPUS/TRICARE, or other government). Prenatal care
was recoded in the current study using the Revised Graduated prenatal care INDEX (RGINDEX) based on the trimester that prenatla care began, number of prenatal care visits, and
gestational age into the following categories: intensive prenatal care utilization, adequate
prenatal care utilization, intermediate prenatal care utilization, inadequate prenatal care
utilization, and no prenatal care utilization (66). Parity in the current study was defined and
recoded based on the number of live births that the mother has had and categorized as either
primiparous (no previous live births) or multiparous (≥ 1 previous live births).
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Other covariates included previous caesarean history, smoking, pre-pregnancy diabetes, and
gestational diabetes. Previous caesarean, pre-pregnancy diabetes, and gestational diabetes were
reported by the mother (either yes or no). Smoking was defined and coded as either smoked
cigaretters during pregnancy as reported by the mother (anytime during 1 st, 2nd, or 3rd trimester)
or not.

3.4 Analyses
Statistical analyses were performed using STATA I/C version 14 ©. Descriptive statistics were
used to characterize the population (maternal age, maternal education, marital status, maternal
race, medical insurance, prenatal care utilization, and parity) and were reported as proportions
and 95% confidence intervals. An initial analysis was carried out to examine the association
between maternal pre-pregancy BMI and GWG using a chi-square test. Chi-square tests were
also used to examine the bivariate association between categories of GWG and adverse maternal
and neonatal outcomes for women with class I, II and III obesity individually with the outcomes
described in Table 2. Mean and median gestational weight loss (GWL) and GWG were
calculated for all obese women who lost weight during pregnancy, gained below the IOM
guidelines, gained above the IOM guidelines, and women who gained within IOM guidelines.

It is important to note however, that although outcomes were tested separately using an alphalevel of 0.05 for significance, doing this meant that at least one of the tested outcomes might not
be truly significant per the problem of multiple comparisons. In order to address the problem of
multiple hypothesis testing, a Bonferroni correction was used. The Bonferroni correction is an
adjustment to the alpha level of significance by dividing the p-critical value by the number of
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comparisons being made. The alpha-level 0.05 was divided by the 11 outcomes that were being
tested therefore, an alpha-level of 0.0045 was deemed to be significant.

Log-binomial regression models using the Poisson distribution were built to examine the relative
risks of adverse maternal and neonatal outcomes for obese women who lost weight during
pregnancy, gained below the IOM guidelines or gained above the IOM guidelines compared to
women who gained within the IOM guidelines with adjustment for maternal age, socio-economic
status using education as a proxy, marital status, parity, medical insurance coverage, and
maternal race. Variables were selected based on the literature and entered the model using
backwards selection where all pre-selected exposures and covariates entered the full model and
non-significant covariates were removed until the final model was obtained. The number needed
to treat (NNT) was calculated for all outcomes comparing the inverse of the absolute risk
reduction (ARR) of obese women who gained within IOM guidelines to a collapsed category
consisting of obese women who lost weight during pregnancy, gained below the IOM guidelines
or gained above the IOM guidelines.

3.5 Ethics
Ethics approval was obtained from the Conjoint Health Research Ethics Board (CHREB) (ethics
ID: REB16-1903).
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Chapter Four: RESULTS
Of the 3,998,076 births in 2014 in the U.S and after the application of inclusion criteria, data
were available for N=642,646 mother/infant pairs for women who had class I, II, and III obesity.
Of these, 55.4% (95% CI: 55.3 – 55.6) of women had obese Class I, 26.3% (95% CI: 26.2 –
26.4) had Class II, and 18.3% (95% CI: 18.3 – 18.3) had Class III obesity. Descriptive
characteristics of obese women in this study are presented in Table 3. The majority of births to
these women with obesity were 20-34 years old (79.7%), who had at least a high school diploma
(84.4%), some type of insurance (either Medicaid or private insurance) (92.6%), and were
primiparous (68.8%). Approximately one half of these women were married (55.6%) and were
white (49.2%).
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Table 3. Births in the United States in 2014 to obese mothers (N=642,646).
Characteristic
Maternal age
<20 years
20 – 34 years
 35 years
Maternal education
Less than high school
High school diploma
Some post-secondary, no degree/diploma
Post-secondary degree/diploma
Marital Status
Married
Unmarried
Maternal race
White
Black
American Indian/Alaskan Native
Asian/Native Hawaiian/Pacific Islander
Hispanic
More than one race
Medical Insurance
Medicaid
Private insurance
Self-pay
Other (government or other not stated)
Prenatal Care
Intensive Prenatal Care Utilization
Adequate Prenatal Care Utilization
Intermediate Prenatal Care Utilization
Inadequate Prenatal Care Utilization
No Prenatal Care Utilization
Parity
Primiparous
Multiparous

n
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% (95% CI)

26,440
511,966
104,240

4.1 (4.07 – 4.16)
79.7 (79.6 – 79.8)
16.2 (16.2 – 16.3)

99,156
184,291
165,492
188,165

15.6 (15.5 – 15.7)
28.9 (28.8 – 29.0)
25.9 (25.9 – 26.1)
29.5 (29.4 – 29.7)

357,299
285,347

55.6 (55.5 – 55.7)
44.4 (44.3 – 44.5)

316,173
120,727
7,899
14,160
166,722
13,429

49.2 (49.1 – 49.3)
18.8 (18.7 – 18.9)
1.2 (1.20 – 1.26)
2.2 (2.16 – 2.24)
25.9 (25.8 – 26.1)
2.09 (2.05 – 2.12)

326,686
268,165
17,696
25,308

50.8 (50.7 – 50.9)
41.7 (41.6 – 41.9)
2.75 (2.71 – 2.79)
3.94 (3.89 – 3.99)

414,978
129,799
50,822
24,987
6,708

66.2 (66.0 – 66.3)
20.7 (20.6 – 20.8)
8.10 (8.03 – 8.17)
3.98 (3.93 – 4.03)
1.07 (1.04 – 1.10)

200,326
441,259

31.2 (31.1 – 31.3)
68.8 (68.7 – 68. 9)

4.1 Pre-pregnancy BMI and Gestational Weight Gain
The relationship between pre-pregnancy BMI and weight gain were examined per the IOM
recommendations and it was found that most of the women (55.14%; 95% CI: 55.02 – 55.26)
gained above the IOM guidelines (Class I: 61.57%; Class II: 50.66%; Class III: 41.08%) but as
BMI severity increased, fewer women had excessive gestational weight gain (Table 4). Overall,
approximately one in five (23.48%; 95% CI: 23.39 – 23.59) women gained weight within the
IOM guidelines, and with a slightly higher proportion of women with Class II or Class III
obesity had gained weight within the guidelines. Around one in ten women lost weight during
their pregnancy, and as BMI severity increased, higher proportions of the women lost weight.
Between 10 to 20% of women gained below the IOM recommendations. The median GWG for
all 3 obese classes were calculated and displayed in Table 4 and Figure 3. The median GWG for
those who gained: below the IOM guidelines, within the IOM guidelines, and above the IOM
guidelines were the same for all 3 classes. As obesity severity increased, median gestational
weight loss (GWL) also increased.
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Table 4. Percentages of maternal BMI pre-pregnancy categories and gestational weight gain
Maternal pre-pregnancy BMI
Obesity I 30.0-34.9 (n=355,923)
Gained within IOM guidelines (11-20 lbs)
Lost weight (<0 lbs)
Gained below IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity II 35-39.9 (n=169,000)
Gained within IOM guidelines (11-20 lbs)
Lost weight (<0 lbs)
Gained below IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity III ≥40 (n=117,173)
Gained within IOM guidelines (11-20 lbs)
Lost weight (<0 lbs)
Gained below IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)

n

% (95% CI) ‡

Median
Weight
Gain
(lbs)

Mean
Weight
Gain
(lbs)

79,723
18,372
38,681
219,147

22.4 (22.3 – 22.5)
5.16 (5.09 – 5.23)
10.9 (10.8 – 10.9)
61.6 (61.4 – 61.7)

16
-1
7
33

16.1
-4.27
6.47
35.9

41,756
15,435
26,195
85,614

24.7 (24.5 – 24.9)
9.13 (9.00 – 9.27)
15.5 (15.3 – 15.7)
50.7 (50.4 – 50.9)

16
-3
7
32

15.9
-5.62
6.28
35.1

28,710
18,282
22,052
48,129

24.5 (24.3 – 24.8)
15.6 (15.4 – 15.8)
18.8 (18.6 – 19.0)
41.1 (40.8 – 41.4)

16
-5
6
31

15.8
-7.42
6.13
34.6

‡

All proportions were significant p<0.0045

Figure 3. Gestational weight gain by maternal pre-pregnancy body mass index and class of
obesity.
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Results were organized by the following categories: severe maternal morbidities, obstetric
interventions, and severe neonatal morbidities. Each section includes tables describing:
•

the proportion of outcomes with 95% confidence intervals stratified by obese classes

•

the proportion of outcomes with 95% confidence interval stratified by GWG

•

the adjusted risk ratios (95% confidence intervals) of each outcome for each GWG
category. Outcomes were stratified by pre-pregnancy BMI and a log binomial
multivariate logistic regression model of relative risks was used to compare women who
lost weight during pregnancy (<0 lbs.), gained below (<11 lbs.) IOM recommendations,
or gained above (>20 lbs.) IOM recommendations to women who gained within IOM
recommendations (11 – 20 lbs.) adjusted for maternal age, maternal education, marital
status, parity, medical insurance, and maternal race

•

the number needed to treat (NNT) or number needed to harm (NNH) for each outcome
for each obese class comparing women who gained within IOM guidelines to obese
women lost weight, gained below IOM guidelines, and gained above IOM guidelines,
combined
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4.2 Severe Maternal Morbidity
Severe maternal morbidity consists of intensive care unit (ICU) admission, 3 rd or 4th degree
perineal laceration, eclampsia, and unplanned hysterectomy. Results are presented in Tables 5 –
9.
Table 5. Percentages of severe maternal morbidity for all obese women (BMI based on preconception weight) stratified by obese class.

Outcome
Admission to
ICU
3rd/4th degree
perineal
laceration†
Eclampsia
Unplanned
hysterectomy

All Obese
Women
(N=642,646)
% (95% CI)
0.10
(0.09 – 0.11)

Class I
(BMI 30-34.9
kg/m 2)
n=355,923
% (95% CI)
0.09
(0.08 – 0.11)

Class II
(BMI 35-39.9
kg/m 2)
n=169,000
% (95% CI)
0.13
(0.12 – 0.16)

Class III
(BMI ≥40
kg/m 2)
n=117,173
% (95% CI)
0.10
(0.09 – 0.11)

1.04
(1.01 – 1.07)

1.08
(1.04 – 1.13)

1.00
(0.94 – 1.06)

0.94
(0.86 – 1.02)

0.30
(0.27 – 0.31)
0.03
(0.02 – 0.03)

0.24
(0.23 – 0.26)
0.03
(0.02 – 0.04)

0.32
(0.30 – 0.35)
0.03
(0.03 – 0.04)

0.43
(0.40 – 0.47)
0.03
(0.02 – 0.04)

GWG, gestational weight gain
*P values are from Chi-Square test. Chi Square test p-value denotes comparison between Class I, II, and III.

†3rd or 4th degree perineal laceration based only on vaginal births (n=375,531)
Bolded if significance p<0.0045
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ChiSquare
Pvalue*
<0.001
0.003
<0.001
0.867

Table 6. Percentages of severe maternal morbidity for all obese women (BMI based on preconception weight) stratified by gestational weight gain (GWG) (N=642,646).
Lost Weight
Below IOM Within IOM Above IOM
Chi(<0 lbs)
Guidelines
Guidelines
Guidelines
Square
% (95% CI)
(<11 lbs)
(11-20 lbs)
(>20 lbs)
P-value*
Outcome
% (95% CI) % (95% CI) % (95% CI)
Admission to
0.10
0.09
0.10
0.10
0.747
ICU
(0.08 – 0.14) (0.07 – 0.11) (0.08 – 0.12) (0.09 – 0.12)
3rd or 4th
0.87
0.85
0.93
1.17
degree perineal
<0.001
(0.78 – 0.98) (0.78 – 0.94) (0.87 – 1.00) (1.12 – 1.21)
laceration
0.26
0.22
0.23
0.35
Eclampsia
<0.001
(0.22 – 0.31) (0.19 – 0.25) (0.21 – 0.26) (0.33 – 0.37)
Unplanned
0.03
0.03
0.03
0.03
0.472
hysterectomy
(0.01 – 0.04) (0.02 – 0.04) (0.02 – 0.04) (0.03 – 0.04)
GWG, gestational weight gain
*P values are from Chi-Square test

Bolded if significance p<0.0045
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Table 7. Percentages of maternal outcomes by gestational weight gain by pre-pregnancy BMI.
3rd or 4th Degree
Laceration‡
% (95% CI)

ICU Admission
Maternal pre-pregnancy BMI
% (95% CI)
Obesity I 30.0-34.9
Lost weight (<0 lbs)
Gained below IOM guidelines (< 11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity II 35-39.9
Lost weight (<0 lbs)
Gained below IOM guidelines (< 11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity III ≥40
Lost weight (<0 lbs)
Gained below IOM guidelines (< 11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)

Eclampsia†
% (95% CI)

Unplanned
Hysterectomy
% (95% CI)

0.11 (0.07 – 0.16)
0.09 (0.06 – 0.12)
0.09 (0.07 – 0.11)
0.08 (0.07 – 0.10)

1.00 (0.84 – 1.19)
0.83 (0.73 – 0.96)
0.97 (0.89 – 1.06)
1.19 (1.13 – 1.25)

0.19 (0.14 – 0.20)
0.17 (0.13 – 0.21)
0.17 (0.14 – 0.20)
0.27 (0.24 – 0.29)

0.01 (0.00 – 0.04)
0.02 (0.01 – 0.04)
0.03 (0.02 – 0.04)
0.03 (0.02 – 0.04)

0.09 (0.06 – 0.12)
0.10 (0.06 – 0.16)
0.10 (0.07 – 0.14)
0.10 (0.08 – 0.12)

0.83 (0.72 – 0.95)
0.81 (0.65 – 1.02)
0.89 (0.75 – 1.04)
1.17 (1.08 – 1.28)

0.22 (0.18 – 0.26)
0.28 (0.21 – 0.37)
0.24 (0.19 – 0.31)
0.38 (0.34 – 0.42)

0.03 (0.02 – 0.05)
0.04 (0.01 – 0.08)
0.03 (0.01 – 0.06)
0.03 (0.02 – 0.05)

0.10 (0.07 – 0.16)
0.10 (0.06 – 0.14)
0.12 (0.09 – 0.17)
0.18 (0.14 – 0.22)

0.77 (0.61 – 0.97)
0.85 (0.70 – 1.04)
0.96 (0.81 – 1.14)
1.02 (0.89 – 1.16)

0.32 (0.25 – 0.40)
0.27 (0.21 – 0.34)
0.37 (0.31 – 0.45)
0.53 (0.47 – 0.59)

0.03 (0.01 – 0.06)
0.03 (0.01 – 0.06)
0.03 (0.01 – 0.05)
0.03 (0.02 – 0.05)

† Bolded if significance p<0.0045
‡ Restricted to vaginal births
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Table 8. Adjusted Risk Ratios (95% CI) of BMI weight gain and maternal morbidity.

ICU
Admission‡
RR (95% CI)

3rd or 4th
Degree
Perineal
Laceration†*
RR (95% CI)

Eclampsia‡
RR (95% CI)

Unplanned
Hysterectomy§
RR (95% CI)

1.15 (0.71-1.86)
0.79 (0.52-1.21)
1
0.94 (0.72-1.23)
0.98 (0.52-1.86)
1.09 (0.65-1.84)
1
1.18 (0.79 -1.74)
0.78 (0.75-0.82)
0.88 (0.84-0.91)
1
1.20 (1.16-1.24)

1.06 (0.86-1.27)
0.92 (0.79-1.08)
1
1.02 (0.93 -1.13)
1.06 (0.81-1.38)
1.16 (0.94-1.44)
1
1.24 (1.06 -1.46)
0.86 (0.64-1.15)
0.93 (0.72-1.22)
1
0.97 (0.78-1.20)

1.00 (0.69-1.47)
0.92 (0.68-1.24)
1
1.51 (1.25-1.81)
1.36 (0.96-1.95)
1.13 (0.82-1.56)
1
1.69 (1.34-2.13)
0.75 (0.55-1.03)
0.69 (0.51-0.94)
1
1.51 (1.25-1.81)

0.38 (0.09-1.61)
0.77 (0.36-1.67)
1
1.25 (0.77-2.01)
1.35 (0.46-3.95)
1.23 (0.49-3.12)
1
1.69 (0.83 -3.45)
1.29 (0.39-4.24)
1.69 (0.59-4.88)
1
1.83 (0.72 -4.65)

Weight
Gain
BMI
Class I
(30-34.9
kg/m2)

Lost weight
< 11 lbs
11–20 lbs
> 20 lbs
Class II
Lost weight
(35-39.9
< 11 lbs
2
kg/m )
11–20 lbs
> 20 lbs
Class III
Lost weight
2
(≥ 40kg/m ) < 11 lbs
11–20 lbs
> 20 lbs

‡ Adjusted for maternal age, maternal education, marital status, parity, medical insurance, and maternal race
† Adjusted for maternal age, maternal education, marital status, parity, medical insurance, maternal race, and operative vaginal deliveries
§ Adjusted for maternal age, maternal education, marital status, parity, medical insurance, maternal race, and mode of delivery
*Restricted to vaginal births

Bolded if significance p<0.0045

Table 9. Number Needed to Treat (NNT)/Number Needed to Harm (NNH) of adverse maternal
outcomes of women gaining within the IOM guidelines compared to women gaining outside the
IOM guidelines by obesity class.
BMI

ICU
Admission‡

3rd/4th Degree
Laceration‡

Eclampsia‡

Unplanned
Hysterectomy‡

Class I
(30-34.9 kg/m2)

9450

682

-1130

294819

Class II
(35-39.9 kg/m2)

7932

441

752

8591

Class III
(≥ 40 kg/m2)

167109

-2994

2948

7393

‡ Outcomes were not clinically relevant
Note: NNT’s are displayed as positive numbers while NNH’s are displayed as negative numbers.
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4.2.1 Admission to ICU
The rate of ICU admission among the women with obesity was 0.10% (95% CI: 0.09 – 0.11)
(Table 5). Among all obese women, bivariate analyses showed that class II obese women had
the highest proportions of ICU admission and class I obese women had the lowest proportion of
ICU admission; this was statistically significant at (p<0.001) (Table 5). The proportions of those
who were admitted to ICU did not differ statistically between obese women who lost weight
during pregnancy, gained below IOM guidelines, gained within IOM guidelines, and above IOM
GWG guidelines (Table 6). Women who lost weight, gained below IOM guidelines, or gained
above IOM guidelines did not differ significantly compared to women who gained weight within
IOM guidelines (Table 7). Adjusted risk ratios for ICU admission showed no significant
associations for any GWG categories by obese class (Table 8). The number of obese mothers
who need to gain within IOM guidelines (NNT) for the prevention of one additional woman
being admitted to ICUfor class I, II, and III – on average – are 9450, 7932, and 167109 (Table
9), which was clinically not meaningful.

4.2.2 3rd or 4th Degree Perineal Laceration
The overall proportion of women experiencing a 3rd or 4th degree perineal laceration was 0.61%
(95% CI: 0.59 – 0.63); this differed between the 3 obesity classes where the proportion of 3rd or
4th degree perineal lacerations decreased as BMI severity increased (p<0.001) (Table 5). The
relationship between 3rd and 4th degree perineal laceration and GWG categories was significant
when looking at the overall cohort of obese women as the proportion of maternal lacerations
increased as GWG increased (Table 6) but was no longer significant once it was stratified by
obese class (Table 7). The proportion of women who gained within the IOM GWG guidelines
and had a 3rd or 4th degree perineal laceration were Class I: 0.67 (0.61 – 0.72), Class II: 0.51
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(0.45 – 0.58), and Class III: 0.51 (0.44 – 0.59) (Table 6). Compared to women who lost weight,
gained below IOM guidelines, and above IOM GWG guidelines, the proportion of women who
gained within the IOM guidelines did not statistically differ when comparing within each of the
obese classes (Table 7). The adjusted risk ratios for 3rd or 4th degree perineal laceration were not
statistically significant (Table 8). NNT/NNH’s were calculated for 3rd or 4th degree perineal for
how many obese women need to gain within IOM guidelines compared to women who gain
outside of the IOM guidelines for the prevention of one additional woman from having 3rd or 4th
degree perineal lacerations (Table 9). NNT’s/NNH’s were not clinically meaningful.

4.2.3 Eclampsia
The overall proportion of women with eclampsia was 0.30% (95% CI: 0.27 – 0.31) which
differed significantly between the 3 obese classes; as BMI severity increased, the proportion of
women with eclampsia as increased (Table 5). When examining the overall cohort, there
appeared to be a statistically significant difference between women who lost weight, gained
below IOM guidelines, gained within IOM guidelines, and gained above guidelines; as GWG
increased, as did the proportion of women with eclampsia (Table 6). The proportion of those
who developed eclampsia and gained within the IOM guidelines for Class I, II, and III were 0.17
(0.14 – 0.20), 0.22 (0.18 – 0.26), and 0.37 (0.31 – 0.45), respectively. The proportion of obese
women who had eclampsia increased as BMI severity and GWG increased to 0.53% (95% CI:
0.47 – 0.59) among women with Class II obesity with gains > 20 pounds (Table 7). However,
adjusted risk ratios were not significant (Table 8). NNT’s/NNH’s were calculated for eclampsia
and presented in Table 9. NNT’s/NNH’s were not clinically meaningful.
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4.2.4 Unplanned Hysterectomy
The rate of unplanned hysterectomy was 0.03% (95% CI: 0.02 – 0.03) and bivariate analyses
showed no significant association between gestational weight gain in any obese class (Table 5).
Further analyses of the overall cohort found that women who lost weight during pregnancy,
gained below IOM guidelines, gained within IOM guidelines, or gained above IOM guidelines
also did not differ statistically (Table 6). NNT’s/NNH’s were calculated for unplanned
hysterectomies and presented in Table 9. NNT’s/NNH’s were not clinically meaningful.

4.3 Obstetric Interventions
Obstetric interventions consisted of operative vaginal deliveries (defined as vacuum and forceps)
and caesarean deliveries. Results are presented in Tables 10 – 14.

Table 10. Percentages of obstetric interventions for all obese women (BMI based on preconception weight) stratified by obese class.

Outcome
Operative
vaginal
delivery‡
Caesarean
delivery

All Obese
Women
(N=642,646)
% (95% CI)

Class I
(BMI 30-34.9
kg/m 2)
n=355,923
% (95% CI)

Class II
(BMI 35-39.9
kg/m 2)
n=169,000
% (95% CI)

Class III
(BMI ≥40
kg/m 2)
n=117,173
% (95% CI)

ChiSquare
Pvalue*

3.95
(3.88 – 4.01)

4.03
(3.95 – 3.91)

3.79
(3.67 – 3.91)

3.85
(3.70– 14.02)

0.002

41.55
(41.43–41.67)

37.18
(37.03–37.34)

43.35
(43.11–43.59)

52.18
(51.89–52.47)

<0.001

*P values are from Chi-Square test. Chi Square test p-value denotes comparison between Class I, II, and III.
‡ Operative vaginal deliveries, defined as vacuum or forceps
Bolded if significance p<0.0045

Table 11. Percentages of obstetric interventions for all obese women (BMI based on preconception weight) stratified by gestational weight gain (GWG) (N=642,646).
Lost Weight

Below IOM
41

Within IOM

Above IOM

Chi-

Outcome
Operative
vaginal
delivery‡
Caesarean
delivery

(<0 lbs)
% (95% CI)

Guidelines
(<11 lbs)
% (95% CI)

Guidelines
(11-20 lbs)
% (95% CI)

Guidelines
(>20 lbs)
% (95% CI)

Square
P-value*

3.58
(3.38 – 3.79)

3.42
(3.27 – 3.58)

3.56
(3.44 – 3.68)

4.32
(4.23 – 4.41)

<0.001

36.88
(36.47-37.29)

38.13
(37.81-38.45)

39.67
(39.42-39.92)

43.88
(43.71-44.04)

<0.001

*P values are from Chi-Square test
‡ Operative vaginal deliveries, defined as vacuum or forceps
Bolded if significance p<0.0045

Table 12. Percentages of maternal outcomes by gestational weight gain by pre-pregnancy BMI.
Maternal pre-pregnancy BMI
Obesity I 30.0-34.9
Lost weight (<0 lbs)
Gained below IOM guidelines (< 11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity II 35-39.9
Lost weight (<0 lbs)
Gained below IOM guidelines (< 11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity III ≥40
Lost weight (<0 lbs)
Gained below IOM guidelines (< 11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)

Operative Vaginal
Delivery‡

Caesarean Delivery

3.65 (3.33 – 3.99)
3.49 (3.27 – 3.72)
3.60 (3.44 – 3.76)
4.35 (4.24 – 4.46)

29.63 (28.98-30.30)
31.66 (31.20-32.13)
34.39 (34.06-34.72)
39.82 (39.61-40.02)

3.67 (3.31 – 4.07)
3.47 (3.20 – 3.76)
3.35 (3.13 – 3.59)
4.15 (3.97 – 4.34)

38.70 (38.11-39.29)
41.13 (40.86-41.81)
35.12 (34.37-35.87)
47.24 (46.91-47.58)

3.34 (2.99 – 3.72)
3.19 (2.87 – 3.53)
3.74 (3.44 – 4.07)
4.51 (4.23 – 4.80)

45.65 (44.93-46.38)
48.77 (48.11-49.43)
51.88 (51.31-52.46)
56.40 (55.96-56.84)

‡ Operative vaginal deliveries, defined as vacuum or forceps
Bolded if significance p<0.0045
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Table 13. Adjusted Risk Ratios (95% CI) of BMI weight gain and obstetric interventions
Weight
Gain
BMI
Class I
(30-34.9
kg/m2)

Lost weight
< 11 lbs
11–20 lbs
> 20 lbs
Class II
Lost weight
(35-39.9
< 11 lbs
kg/m2)
11–20 lbs
> 20 lbs
Class III
Lost weight
(≥ 40kg/m2) < 11 lbs
11–20 lbs
> 20 lbs

Operative
Vaginal
Delivery‡
RR (95% CI)

Caesarean
Delivery§
RR (95% CI)

0.99 (0.89-1.09)
1.01 (0.94-1.09)
1
1.06 (1.01-1.12)
1.10 (0.98-1.25)
1.06 (0.96-1.18)
1
1.11 (1.02-1.20)
0.92 (0.80-1.06)
0.88 (0.77-1.00)
1
1.10 (0.99-1.22)

0.92 (0.90-0.94)
0.96 (0.94-0.97)
1
1.11 (1.10-1.12)
0.91 (0.89-0.93)
0.96 (0.94-0.97)
1
1.10 (1.09-1.11)
0.92 (0.90-0.93)
0.96 (0.95-0.97)
1
1.06 (1.05-1.07)

‡ Adjusted for maternal age, maternal education, marital status, parity, medical insurance, and maternal race
§ Adjusted for maternal age, maternal education, marital status, parity, medical insurance, maternal race, and previous caesarean section
Bolded if significance p<0.0045

Table 14. Number Needed to Treat (NNT)/Number Needed to Harm (NNH) obstetric intervention
outcomes of women gaining within the IOM guidelines compared to women gaining outside the
IOM guidelines by obesity class.
BMI
Class I
(30-34.9 kg/m2)
Class II
(35-39.9 kg/m2)
Class III
(≥ 40 kg/m2)

Operative Vaginal Delivery‡§
177

Caesarean Delivery
12

170

13

728

6

‡ Operative vaginal deliveries, defined as vacuum or forceps
§ Outcomes were clinically insignificant
Note: NNT’s are displayed as positive numbers while NNH’s are displayed as negative numbers.

4.3.1 Operative Vaginal Delivery (Vacuum or Forceps)
The overall proportion of operative vaginal deliveries in obese women was 2.31% (95% CI: 2.27
– 2.34). Bivariate analyses showed that this relationship was significant between obese classes –
as BMI severity increased, there was a decrease in the proportion of operative vaginal deliveries
(Table 10). As GWG increased, the proportion of operative vaginal deliveries also increased and
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this was statistically significant (Table 11). As BMI severity and GWG increased, there was a
decrease in the proportion of operative vaginal deliveries (Table 12). Adjusted risk ratios were
not found to be statistically significant (Table 13). NNT/NNH’s were calculated for operative
vaginal delivery for each obese class and are presented in Table 14.

4.3.2 Caesarean Delivery
Overall, 41.55% of all obese women had a caesarean delivery (the rate of caesarean delivery for
obese class I: 37.18% (37.03–37.34); II: 43.35% (43.11–43.59); and III: 52.18% (51.89–52.47))
(Table 10). The proportions of caesarean deliveries by amount of gestational weight gain,
stratified by obese class can be seen in Table 10. Women – in all obese classes – who lost weight
during their pregnancy or gained below IOM guidelines had lower proportions of caesareans
while those who gained above IOM guidelines had a higher proportion of caesareans. Chi-square
tests between GWG and caesarean delivery were found to be significant (p-value <0.004) (Table
12).

The patterns of association between gestational weight gain and caesarean delivery were similar
for all 3 obesity classes (Table 13). Obese women who lost weight during pregnancy (RR
(95%CI) I: 0.92 (0.90-0.94); II: 0.91 (0.89-0.93); III: 0.92 (0.90-0.93)) or gained less weight (RR
(95%CI) I: 0.96 (0.94-0.97); II: 0.96 (0.94-0.97); III: 0.96 (0.95-0.97)) than IOM GWG
recommendations had decreased risk of caesarean delivery compared to women who gained
within IOM guidelines (Table 11). While weight gain greater than IOM guidelines were
associated with an increased risk of caesarean delivery (RR (95%CI) I: 1.11 (1.10-1.12); II: 1.10
(1.09-1.11); III: 1.06 (1.05-1.07)). The risk ratios of the relationship between GWG and
caesarean delivery is visually represented in Figure 4.
44

Figure 4. Visual representation of adjusted risk ratios for caesarean delivery by obese class
and gestational weight gain.

NNT’s and NNH’s were calculated and presented in Table 14. The number of obese mothers
who have to gain within IOM guidelines compared to losing weight, gaining below, or gaining
above IOM guidelines for the prevention of one additional woman – on average – to not have a
caesarean delivery for class I, II, and III are 12, 13, and 6, respectively.

4.4 Severe Neonatal Morbidity
Severe neonatal morbidity consisted of small-for-gestational age (SGA, defined as below 10th
percentile), large-for-gestational age (LGA, defined as above 90th percentile), assisted ventilation
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(defined > 6 hours), seizures, and suspected neonatal sepsis. Results are presented in Tables 15 –
19.

Table 15. Percentages of severe neonatal morbidity for all obese women and their neonates
(BMI based on pre-conception weight) stratified by obese class.

Outcome
Small for
gestational
age†
Large for
gestational
age§
Assisted
ventilation
Seizures
Suspected
neonatal
sepsis

All Obese
Women
(N=642,646)
% (95% CI)

Class I
(BMI 30-34.9
kg/m 2)
n=355,923
% (95% CI)

Class II
(BMI 35-39.9
kg/m 2)
n=169,000
% (95% CI)

Class III
(BMI ≥40
kg/m 2)
n=117,173
% (95% CI)

5.59
(5.52 – 5.65)

5.50
(5.41 – 5.59)

5.66
(5.53 – 5.79)

5.76
(5.60 – 5.92)

0.007

28.98
(28.87–29.09)

27.30
(27.16– 27.45)

30.08
(29.86– 30.31)

32.46
(32.19– 32.73)

<0.001

0.52
(0.51 – 0.54)
0.03
(0.03 – 0.04)

0.45
(0.43 – 0.47)
0.03
(0.03 – 0.04)

0.50
(0.47 – 0.53)
0.04
(0.03 – 0.05)

0.76
(0.71 – 0.81)
0.04
(0.03 – 0.05)

1.48
(1.45 – 1.51)

1.41
(1.37 – 1.48)

1.47
(1.41 – 1.53)

1.71
(1.64 – 1.79)

*P values are from Chi-Square test. Chi Square test p-value denotes comparison between Class I, II, and III.
† Small for gestational age (SGA) defined as birth weight below the 10th percentile
§ Large for gestational age (LGA) defined as birth weight above the 90 th percentile
Bolded if significance p<0.0045
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ChiSquare
Pvalue*

<0.001
0.752
<0.001

Table 16. Percentages of severe neonatal morbidity for all obese women (BMI based on preconception weight) stratified by gestational weight gain (GWG) (N=642,646).

Outcome
Small for
gestational
age†
Large for
gestational
age§
Assisted
ventilation
Seizures
Suspected
neonatal sepsis

Lost Weight
(<0 lbs)
% (95% CI)

Below IOM
Guidelines
(<11 lbs)
% (95% CI)

Within IOM
Guidelines
(11-20 lbs)
% (95% CI)

Above IOM
Guidelines
(>20 lbs)
% (95% CI)

7.89
(7.64 – 8.15)

6.45
(6.27 – 6.64)

5.77
(5.64 – 5.91)

4.85
(4.76 – 4.94)

<0.001

20.35
(20.00-20.71)

22.44
(22.16-22.73)

25.93
(25.70-26.15)

33.08
(32.92-33.24)

<0.001

0.56
(0.50 – 0.63)
0.02
(0.01 – 0.03)
1.40
(1.31 – 1.51)

0.47
(0.42 – 0.52)
0.03
(0.02 – 0.04)
1.36
(1.29 – 1.44)

0.48
(0.45 – 0.52)
0.03
(0.02 – 0.04)
1.34
(1.28 – 1.39)

0.54
(0.52 – 0.57)
0.04
(0.03 – 0.05)
1.58
(1.54 – 1.62)

GWG, gestational weight gain
*P values are from Chi-Square test
† Small for gestational age (SGA) defined as birth weight below the 10 th percentile
§ Large for gestational age (LGA) defined as birth weight above the 90th percentile
Bolded if significance p<0.0045
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ChiSquare
P-value*

0.003
0.028
<0.001

Table 17. Percentages of neonatal outcomes by gestational weight gain by pre-pregnancy BMI.
Maternal pre-pregnancy BMI
Obesity I 30.0-34.9
Lost weight (<0 lbs)
Gained below IOM guidelines (<11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity II 35-39.9
Lost weight (<0 lbs)
Gained below IOM guidelines (<11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)
Obesity III ≥40
Lost weight (<0 lbs)
Gained below IOM guidelines (<11 lbs)
Gained within IOM guidelines (11-20 lbs)
Gained above IOM guidelines (> 20 lbs)

SGA
10th percentile

LGA
90th percentile

Assisted
Ventilation

Neonatal Seizures

Suspected
Neonatal Sepsis

8.44 (8.01 – 8.89)
6.97 (6.70 – 7.26)
5.96 (5.77 – 6.14)
4.71 (4.60 – 4.81)

17.47 (16.90 – 18.04)
18.46 (18.07 – 18.86)
22.83 (22.53 – 23.12)
31.22 (31.03 – 31.42)

0.46 (0.38 – 0.56)
0.39 (0.34 – 0.46)
0.42 (0.38 – 0.46)
0.48 (0.46 – 0.51)

0.02 (0.01 – 0.05)
0.03 (0.02 – 0.05)
0.03 (0.02 – 0.04)
0.04 (0.03 – 0.05)

1.26 (1.11 – 1.42)
1.32 (1.22 – 1.41)
1.29 (1.22 – 1.37)
1.57 (1.51 – 1.61)

7.85 (7.39 – 8.34)
6.34 (6.02 – 6.69)
5.58 (5.32 – 5.84)
4.98 (4.80 – 5.16)

20.26 (19.61 – 20.92)
23.68 (23.16 – 24.22)
27.37 (26.94 – 27.81)
35.04 (34.71 – 35.36)

0.48 (0.39 – 0.59)
0.40 (0.33 – 0.48)
0.48 (0.42 – 0.55)
0.55 (0.51 – 0.60)

0.02 (0.01 – 0.06)
0.04 (0.02 – 0.07)
0.03 (0.02 – 0.06)
0.04 (0.03 – 0.06)

1.48 (1.31 – 1.66)
1.33 (1.32 – 1.47)
1.37 (1.27 – 1.48)
1.67 (1.59 – 1.75)

7.29 (6.88 – 7.73)
5.57 (5.22 – 5.93)
5.49 (5.18 – 5.81)
5.33 (5.08 – 5.58)

23.30 (22.67 – 23.93)
27.82 (27.22 – 28.43)
32.33 (31.78 – 32.89)
38.04 (37.60 – 38.48)

0.71 (0.61 – 0.83)
0.67 (0.58 – 0.78)
0.72 (0.63 – 0.81)
0.81 (0.74 – 0.88)

0.02 (0.01 – 0.06)
0.03 (0.01 – 0.06)
0.04 (0.02 – 0.07)
0.05 (0.03 – 0.08)

1.45 (1.30 – 1.62)
1.60 (1.45 – 1.76)
1.64 (1.51 – 1.78)
1.93 (1.82 – 2.05)

Bolded if significance p<0.0045
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Table 18. Adjusted Risk Ratios (95% CI) of BMI weight gain and neonatal outcomes.

BMI
Class I
(30-34.9
kg/m2)
Class II
(35-39.9
kg/m2)
Class
III
(≥ 40
kg/m2)

Weight
Gain

SGA (10th
percentile) §
RR (95% CI)

LGA (90th
percentile) †
RR (95% CI)

Assisted
Ventilation‡
RR (95% CI)

Seizures‡
RR (95% CI)

Suspected
Sepsis‡
RR (95% CI)

Lost weight
< 11 lbs
11–20 lbs
> 20 lbs
Lost weight
< 11 lbs
11–20 lbs
> 20 lbs
Lost weight
< 11 lbs
11–20 lbs
> 20 lbs

1.34 (1.26-1.43)
1.17 (1.11-1.23)
1
0.75 (0.72-0.78)
1.38 (1.28-1.49)
1.16 (1.08-1.25)
1
0.84 (0.79-0.89)
1.35 (1.24-1.46)
1.05 (0.96-1.15)
1
0.90 (0.84-0.97)

0.80 (0.77-0.83)
0.81 (0.79-0.83)
1
1.40 (1.38-1.42)
0.76 (0.73-0.78)
0.86 (0.84-0.88)
1
1.32 (1.30-1.35)
0.73 (0.70-0.75)
0.85 (0.83-0.87)
1
1.22 (1.20-1.25)

1.14 (0.90-1.45)
0.95 (0.78-1.15)
1
1.18 (1.04-1.34)
0.95 (0.72-1.24)
0.85 (0.67-1.8)
1
1.13 (0.95-1.33)
1.00 (0.81-1.24)
0.94 (0.77-1.16)
1
1.07 (0.90-1.27)

0.61 (0.18-2.06)
1.14 (0.54-2.38)
1
1.30 (0.79-2.14)
0.82 (0.27-2.52)
1.00 (0.42-2.42)
1
1.14 (0.60-2.18)
0.24 (0.05-1.08)
0.52 (0.19-1.47)
1
0.95 (0.48-1.88)

0.98 (0.85-1.13)
1.05 (0.94-1.17)
1
1.08 (1.01-1.16)
1.13 (0.97-1.32)
1.01 (0.88-1.15)
1
1.12 (1.02-1.24)
0.93 (0.80-1.08)
1.00 (0.87-1.15)
1
1.11 (0.99-1.24)

‡ Adjusted for maternal age, maternal education, marital status, parity, medical insurance, maternal race, infant sex, and birthweight
§ Adjusted for maternal age, maternal education, marital status, parity, medical insurance, maternal race, pre-pregnancy diabetes, and gestational
diabetes, and smoking
† Adjusted for maternal age, maternal education, marital status, parity, medical insurance, maternal race, pre-pregnancy diabetes, and gestational
diabetes
Bolded if significance p<0.0045

Table 19. Number Needed to Treat (NNT)/Number Needed to Harm (NNH) of adverse neonatal
outcomes of women gaining within IOM guidelines compared to women gaining outside the IOM
guidelines by obesity class.
BMI

SGA 10th
percentile†

LGA 90th
percentile§

Assisted
Ventilation‡

Neonatal
Seizures‡

Suspected
Neonatal
Sepsis‡

Class I
(30-34.9 kg/m2)
Class II
(35-39.9 kg/m2)
Class III
(≥ 40 kg/m2)

-149

10

1493

10316

461

772

14

2736

17136

486

244

274

2386

8786

754

† Small for gestational age (SGA) defined as birth weight below the 10th percentile
§ Large for gestational age (LGA) defined as birth weight above the 90 th percentile
‡ Outcomes were not clinically meaningful
Note: NNT’s are displayed as positive numbers while NNH’s are displayed as negative numbers.
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4.4.1 Small for Gestational Age (SGA, 10th percentile)
The overall proportion of SGA 10th percentile was 5.59% (95% CI: 5.51 – 5.65). There was no
statistical significant difference between obese classes and the proportion of SGA births (Table
15). Analyses of the overall cohort and SGA births and GWG categories were statistically
significant; as GWG increased, the proportion of SGA births decreased (Table 16). Bivariate
analyses of SGA and amount of GWG showed that the proportion of obese women who gained
within IOM guidelines for Class I, II, and III were 5.96 (5.77 – 6.14), 5.58 (5.32 – 5.84), and
5.49 (5.18 – 5.81). Women in all obese classes had a higher proportion of SGA neonates if they
lost weight or gained below IOM guidelines. While those who gained above IOM guidelines had
lower proportions of SGA infants. These were all found to be significant with chi-square tests
(p<0.001) (Table 17).

The pattern of association was the same between gestational weight gain and small for
gestational age between all 3 classes of obesity. Obese women who lost weight during pregnancy
(RR (95%CI) I: 1.34 (1.26-1.43); II: 1.38 (1.28-1.49); III: 1.35 (1.24-1.46)) or gained less weight
(RR (95%CI) I: 1.17 (1.11-1.23); II: 1.16 (1.08-1.25); III: 1.05 (0.96-1.15)) than IOM GWG
recommendations had increased risk of SGA (birthweight < 10th percentile) babies compared to
women who gained within IOM guidelines (Table 18). While weight gain greater than IOM
guidelines were associated with an decreased risk of SGA (10 th percentile) infants (RR (95%CI)
I: 0.75 (072-0.78); II: 0.84 (0.79-0.89); III: 0.90 (0.84-0.97)). On average, 149 class I obese
mothers would have to gain within IOM guidelines during pregnancy (NNH) for one additional
mother to not have a SGA neonate (Table 19). The number of obese class II and III mothers who
have to gain within IOM guidelines compared to losing weight, gaining below, or gaining above
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IOM guidelines for the prevention of one additional woman – on average – to not have a SGA
neonate are 772 and 244. The risk ratios of the relationship between GWG and SGA is visually
represented in Figure 5.

Figure 5. Visual representation of adjusted risk ratios for small for gestational age (10 th
percentile) by obese class and gestational weight gain.

4.4.2 Large for Gestational Age (LGA, 90th percentile)
Overall, the proportion of infants who were large for gestational age at the 90 th percentile was
28.98% (95 CI: 28.87 – 29.09). As BMI severity increased, the proportion of LGA 90 th
percentile also increased (p<0.001) (Table 15). The chi-square tests between LGA births and
GWG was found to be significant (p<0.001); as GWG increased, the proportion of LGA births
also increased (Table 16). The proportion of women who gained within IOM guidelines and had
a LGA infant was 28.83% (22.53 – 23.12) for class I, 27.37 (26.94 – 27.81) for class II, and
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32.33 (31.78 – 32.89) for class III (Table 17). Women who lost weight or gained below IOM
GWG guidelines had lower proportions of LGA infants while those who gained above IOM
guidelines had higher proportions. This association was seen regardless of obesity class. While
those who gained above IOM guidelines had a higher proportion of LGA births. Chi-square tests
between GWG and LGA was found to be significant (p-value <0.004).

The patterns of association between gestational weight gain and LGA births were similar for all
3 obesity classes (Table 18). Obese women who lost weight during pregnancy (RR (95%CI) I:
0.80 (0.77-0.83); II: 0.76 (0.73-0.78); III: 0.73 (0.70-0.75)) or gained less weight (RR (95%CI) I:
0.81 (0.79-0.83); II: 0.86 (0.84-0.88); III: 0.85 (0.83-0.87)) than IOM GWG recommendations
had decreased risk of LGA births compared to women who gained within IOM guidelines (Table
16). While weight gain greater than IOM guidelines were associated with an increased risk of
LGA births (RR (95%CI) I: 1.40 (1.38-1.42); II: 1.32 (1.30-1.35); III: 1.22 (1.20-1.25)).
On average, 9.57 class I obese mothers would have to gain within IOM guidelines during
pregnancy (NNT) for the prevention of one additional mother – on average – having a LGA
neonate (Table 19). The number of obese class II and III mothers who have to gain within IOM
guidelines compared to losing weight, gaining below, or gaining above IOM guidelines for the
prevention of one additional woman – on average – to not have a LGA neonate are higher: 13.92
and 273.85, respectively. The risk ratios of the relationship between GWG and LGA is visually
represented in Figure 6.
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Figure 6. Visual representation of adjusted risk ratios for large for gestational age (90 th
percentile) by obese class and gestational weight gain.

4.4.3 Assisted Ventilation
Overall, the proportion of infants of obese mothers who needed assisted ventilation was 0.52%
(95% CI: 0.51 – 0.54) (Table 15). As BMI severity increased, the proportion of neonates
needing assisted ventilation increased; assisted ventilation statistically differed between obese
classes (p<0.001). However, the proportion of neonates needing assisted ventilation was not
found to statistically differ between GWG categories (Table 16). The proportion of women who
gained within IOM GWG and had a neonate with assisted ventilation for class I, II, and III were
0.42 (0.38 – 0.46), 0.48 (0.42 – 0.55), and 0.72 (0.63 – 0.81) (Table 17). For all 3 obese classes,
those who lost weight (<0 lbs), gained below IOM guidelines, or gained above IOM guidelines
had the same proportion of neonates needing assisted ventilation as the proportion of women
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who gained within IOM guidelines. Chi-square tests were not significant between GWG and
assisted ventilation. Adjusted risk were not statistically significant (Table 18). NNT/NNH’s
were calculated for assisted ventilation for each obese class and are presented in Table 19.
NNT/NNH’s were not found to be clinically significant.

4.4.4 Neonatal Seizures
Overall, the proportion of infants of obese mothers who had neonatal seizures was 0.03% (95%
CI: 0.03 – 0.04) (Table 15). The relationship between infants with neonatal seizures did not
statistically differ between obese classes or by GWG category (Table 16). The proportion of
women who gained within IOM GWG and had a neonate with seizures for class I, II, and III
were 0.03 (0.02 – 0.04), 0.03 (0.02 – 0.04), and 0.04 (0.02 – 0.07) (Table 17). For all 3 obese
classes, those who lost weight (<0 lbs), gained below IOM guidelines, or gained above IOM
guidelines had the same proportion of neonates needing assisted ventilation as the proportion of
women who gained within IOM guidelines. Adjusted risk were not statistically significant
(Table 18). NNT/NNH’s were calculated for neonatal seizures for each obese class and are
presented in Table 19. NNT/NNH’s were not found to be clinically significant.

4.4.5 Suspected Neonatal Sepsis
Overall, the proportion of infants of obese mothers who were suspected of neonatal sepsis was
1.48% (95% CI: 1.45 – 1.51) (Table 15). As BMI severity increased and as GWG increased, the
proportion of neonates with suspected neonatal sepsis also increased (p<0.001) (Table 15 and
16). The proportion of women who gained within IOM GWG and had a neonate with suspected
sepsis for class I, II, and III were 1.29 (1.22 – 1.37), 1.37 (1.27 – 1.48), and 1.64 (1.51 – 1.78),
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respectively. In obese class I, the proportion of women who lost weight and had a neonate with
suspected sepsis was lower than those who gained within IOM guidelines while the proportion of
women in class II and III with neonates with suspected sepsis who lost weight had higher
proportions. Women in all obese classes who gained below IOM and gained above IOM had
higher proportions of infants with suspected sepsis. The differences between GWG categories
and the proportion of suspected neonatal sepsis were statistically different (p<0.001) but did not
appear to be clinically significant (Table 16). Adjusted risk were not statistically significant
(Table 18). NNT/NNH’s were calculated for suspected neonatal sepsis for each obese class and
are presented in Table 19. NNT/NNH’s were not found to be clinically significant.
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Chapter Five: DISCUSSION
5.1 Key findings
Most women who were obese did not gain within the IOM guidelines for GWG. Obese women
who lost weight during pregnancy or gained below the IOM recommendations were at a
significantly decreased risk for caesarean delivery large-for-gestational age (LGA) births but had
a significantly increased risk of small-for-gestational age (SGA) births compared to women who
had GWG within IOM guidelines. Obese women who gained above IOM guidelines were at an
increased risk for caesarean delivery and LGA births but are at a decreased risk for SGA births.
The observed pattern of association was the same between all 3 obese classes indicating evidence
for a single GWG recommendation for all 3 classes of obesity.

5.2 Amount of Gestational Weight Gain by Obese Women During Pregnancy
The results of the present study found that most obese women (class I, II, and III) had gestational
weight gain (GWG) above the IOM guidelines and only one in five obese women gained within
the IOM guidelines. These results are comparable to the findings of other studies (10, 14, 67,
68). Furthermore, 15% of obese class III women lost weight during pregnancy, consistent with
other studies (10, 14, 67, 69). Of concern, 62% of obese women in the present study gained
above the IOM recommendations, this is important as excessive GWG has repeatedly been
shown to be associated with higher risk of caesarean delivery, preeclampsia, LGA births, and
many other adverse outcomes (45, 70-74).
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5.3 Risks of Gestational Weight Loss or Gestational Weight Gain Below the Institute of
Medicine Guidelines
The results of this large population-based study found that obese women – of all classes – who
lost weight during pregnancy or gained below the IOM guidelines are at a decreased risk of
caesarean delivery and LGA age births and at no significant increased risk for ICU admission, 3rd
or 4th degree perineal lacerations, eclampsia, unplanned hysterectomies, operative vaginal
deliveries, neonates with seizures, suspected neonatal sepsis, and neonates needing assisted
ventilation >6 hours compared to obese women who had GWG within IOM guidelines.
However, obese women (class I, II, and III) who lost weight during pregnancy or gained below
the IOM guidelines are at an increased risk for small-for-gestational age (SGA) births compared
to women who had GWG within the IOM guidelines. These results are concordant with previous
studies’ findings of the decreased odds of caesarean deliveries and LGA births, and increased
odds of SGA births to women who gained below the IOM recommendations (10, 11, 46, 47).

Several studies have found results that differ from this study, that obese women who had GWG
below the IOM recommendations were not adversely associated with maternal and neonatal
outcomes (10, 11, 67, 72, 75, 76). In 2015, Bogaerts et al. examined the association between
weight loss during pregnancy for 18,053 obese women with maternal and neonatal outcomes
(75). Obese class I women who had low GWG had decreased odds of gestational hypertension
(OR for weight loss ≥5 kg: 0.31, 95% CI: 0.11 – 0.84; OR for weight loss between 0-5kg: 0.46,
95% CI: 0.21 – 0.99; OR for low GWG (0-<5kg): 0.71, 95% CI: 0.54 – 0.93)(75). Obese class II
women had lower odds of caesarean delivery for GWG below the IOM guidelines (OR for
weight loss more than 5 kg: 0.24, 95% CI: 0.07 – 0.78; OR for weight loss between 0-5kg: 0.50,
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95% CI: 0.26 – 0.97; OR for low GWG (0-<5kg): 0.55, 95% CI: 0.38 – 0.79) and obese class III
women had lower odds of delivering macrosomic infants (OR for weight loss more than 5 kg:
0.15, 95% CI: 0.05 – 0.49; OR for weight loss between 0-5kg: 0.37, 95% CI: 0.15 – 0.90; OR for
low GWG (0-<5kg): 0.67, 95% CI: 0.43 – 1.02) (75). Another study in 2016 by Cox Bauer et al.
that examined maternal and neonatal outcomes in 10,734 obese women who lost weight during
pregnancy found no significant differences in preterm birth, caesarean delivery, gestational
hypertension/preeclampsia, gestational diabetes, and macrosomic babies between women who
lost weight during pregnancy and those who gained within the IOM guidelines (76). However,
obese women in the Cox Bauer study who lost weight during pregnancy were found to have
increased odds for low birth weight babies (<2500 g) (OR 2.03; 95% CI: 1.06 – 3.89) (76). Study
findings such as those from the present study, Cox Bauer et al., Bogaerts et al., and others
suggest that a re-evaluation of the current IOM guidelines is needed.

5.4 Risks of Gestational Weight Gain Above Institute of Medicine Guidelines
Obese women – of all classes – who gained above the IOM guidelines are at an increased risk for
caesarean delivery, LGA births, and at no significant increased risk for ICU admission, 3rd or 4th
degree perineal lacerations, eclampsia, unplanned hysterectomies, operative vaginal deliveries,
neonates with seizures, suspected neonatal sepsis, and neonates needing assisted ventilation >6
hours compared to women who gain within the IOM guidelines. Conversely, obese women (class
I, II, and III) gain above the IOM guidelines are at a decreased risk for SGA births compared to
women who had GWG within the IOM guidelines. These findings were similar to previous
studies examining excessive GWG (10, 11, 54, 72).
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Women who had GWG above the IOM recommendations are more likely to have gestational
hypertension or preeclampsia during pregnancy (OR 2.35; 95% CI: 1.61 – 3.43) and macrosomic
babies (OR 3.94; 95% CI: 1.58 – 9.80) as found by a 2016 cross-sectional U.S. study (76). In
2011, a longitudinal study by Fraser et al. investigated the long-term effects of excess gestational
weight gain on maternal health (77). Using data from the Avon Longitudinal Study of Parents
and Children (ALSPAC) which is a prospective population based birth cohort study from Avon,
United Kingdom 14,541 women were recruited between 1991 to 1992 (77). Researchers wanted
to examine the associations of pre-pregnancy BMI and GWG 16 years after pregnancy and they
found that women who had GWG above the 2009 IOM guidelines had a greater mean BMI,
waist circumference, systolic blood pressure, and diastolic blood pressure (77). Fraser et al.
found that women with GWG above the IOM guidelines had greater odds of maternal obesity
later in life (OR of overweight/obesity 16 years after pregnancy: 3.58; 95% CI: 2.61 – 4.93) (77).

There have been a few longitudinal studies exploring obese mothers exceeding the IOM
guidelines and the effects on offspring. Excessive gestational weight gain during pregnancy has
been found to be associated with adverse outcomes for the offspring (78-80). Kaar et al. found
that in 313 mother/child pairs, obese mothers who gained above the IOM guidelines had
offspring (mean = 10.4 years old) with increased BMI, increased waist circumference, increased
subcutaneous adipose tissue, and increased visceral adipose tissue (80). A 2015 systematic
review by Pérez-Morales et al. concluded that mothers with GWG above the IOM guidelines had
children with greater adiposity, increased childhood obesity, and increased child BMI compared
to children of the same age whose mothers gained within IOM guidelines.
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In addition to the risks of SGA and LGA births, the present study found that obese women had
far higher proportions of caesarean and LGA births and lower proportions of SGA births than
non-obese women when stratified by GWG. It would be expected that 10% of births would be
SGA in the 10th percentile and that 10% would be LGA 90th percentile. However, findings of the
present study do not correlate with this information. Although non-obese women followed these
expected proportions, in the present study found that obese women had far higher proportions.

5.5 A Singular Gestational Weight Gain Recommendation for All Obese Women
Overall, the pattern of association for all outcomes in the present study was not different between
the obese classes signifying that it is possible to have a singular GWG recommendation. This
finding is in direct contrast to studies calling for GWG guidelines tailored to obesity severity.
Although a Swedish study by Blomberg (2011) found risks of operative vaginal deliveries,
caesarean deliveries, SGA, and LGA births similar to the present study, the author recommended
that GWG guidelines for obese women class II and III be different than class I women (10).
Blomberg stratified by obese class (defined as class I: 30-34.9 kg/m2, class II: 35-39.9 kg/m2,
class III: ≥40 kg/m2) and gestational weight gain which were defined as below 0 kg (0 lbs), 04.9kg (<11 lbs), 5-9kg (11-20 lbs), and more than 9 kg (>20 lbs) similar to what was done in the
present study and had 32, 991 obese class I, 10,068 obese class II, and 3536 obese class III
women (10). Furthermore, the author stated that it was reasonably safe for obese women in
classes II and III to lose weight during their pregnancy (10). Blomberg’s study used Sweden’s
large birth registry database of births from 1993 to 2008 to conduct her study; however, many
cells in her analyses had numbers less than 30 after stratifying on gestational weight gain and
obesity severity (10). Given that the present study had similar results to Blomberg yet endorses
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that a single GWG recommendation is possible between the 3 obese classes, the difference in
recommendations could be due to Blomberg not examining the patterns of association between
the 3 obese classes but instead looked at individual outcomes of different GWG for each BMI
category.

A 2013 study by Oza-Frank and Keim using data from a large prospective study in the U.S. from
1959 – 1965 found that obese class I women were at increased risk of SGA births (OR 2.41; 95%
CI: 1.49 – 3.87) but not women who were class II/III obese (OR 1.82; 95% CI: 0.91 – 3.64) (11).
The study by Oza-Frank and Keim found statistically significant associations between GWG
(defined as inadequate, <5kg (<l1 lbs) compared to excessive, >9 kg (>20 lbs)) and preeclampsia
(OR 0.43, 95% CI: 0.25-0.73), gestational hypertension (OR 0.55, 95% CI: 0.36-0.85), and LGA
births (OR 0.40, 95% CI: 0.30-0.53) for class I women and found no association for class II/III
obese women leading to their conclusion for obese-class specific GWG recommendations (11).
Limitations of this study is the fact that it relies on older data from 50 years ago and since that
time there have been major changes in the population’s characteristics and more women than
ever are entering pregnancy obese (2) meaning that it is possible that this data may no longer be
valid.

A systematic review by Faucher and Barger in 2015 synthesized information from 740,000 obese
women from 10 studies from 4 different countries, and concluded that GWG guidelines may
need modification based on the severity of obesity (69). Of the studies included, Faucher and
Barger found that obesity severity significantly modified associations between GWG and LGA
births, SGA births, caesarean deliveries (69). Previous studies have shown that GWG and
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maternal and neonatal outcomes were modified by obesity severity and that IOM
recommendations needed to be stratified by obesity class. However, the overall the pattern of
association was the same between all 3 obese classes in these previous studies. The present study
contrasts the findings of multiple studies calling for obese class specific GWG guideline
recommendations (13, 14, 69, 75, 81, 82).

5.6 Reconsideration of IOM GWG Guidelines for Obese Women – Should Women Gain
Less than 11-20 Pounds?
Adverse maternal and neonatal outcomes in the present study occur less frequently when
gestational weight gain is lower than current IOM recommendations for obese women. As
previously mentioned, obese women – for all classes – who lost weight or gained below the IOM
recommendations had a decreased risk of caesarean delivery and LGA birth and at no increased
risk for ICU admission, 3rd or 4th degree perineal laceration, eclampsia, unplanned hysterectomy,
operative vaginal delivery, neonate requiring assisted ventilation, neonatal seizures, or suspected
neonatal sepsis. However, obese women who gained below the IOM guidelines were at increased
risk of SGA births. This begs the question whether the current 2009 IOM GWG guidelines are
sufficient and if obese women should have lower GWG recommendations. A 2007 Swedish
population study by Cedergren explored optimal GWG for each pre-pregnancy BMI based on
risk estimates of adverse maternal and neonatal outcomes (83). Studying births between 1994 to
2004, Cedergren grouped women into 21 total weight gain classes from 0-44 lbs and compared
individuals in each weight gain grouping to other weight gain classes within each obese class
with regards to the different maternal and fetal outcomes (preeclampsia, eclampsia, postpartum
haemorrhage, shoulder dystocia, fetal respiratory disorders, fetal bacterial sepsis, etc.) (83). The
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optimal weight gain recommendation were based on odds ratios of each outcome within the
obesity classes that were below the null value of 1 (83). The optimal GWG for obese individuals
was recommended to be less than 13 lbs (83).

A study by Kominiarek et al. (2013) found that weight loss was associated with decreased odds
of caesarean sections for class I women (OR 0.21, 95%CI: 0.11−0.42), decreased odds of
delivering LGA infants in class II and III women (class II OR 0.5, 95% CI: 0.3 – 0.9; class III
OR 0.48, 95% CI: 0.3 – 0.8), and increased odds of delivering SGA infants (class I OR 1.8, 95%
CI: 1.3−2.5; class II OR 2.2, 95% CI: 1.5−3.2; class III OR 1.7, 95% CI: 1.1−2.6) (84).
Kominiarek et al. concluded that although optimal outcomes were associated with lower GWG,
further study was required before a change of the current IOM guidelines (84).

This present study provides evidence for – in addition to the current literature – to support a
reconsideration in the 2009 IOM GWG recommendation of 11-20 pounds for obese women as
adverse maternal and neonatal outcomes in the present study occur less frequently when
gestational weight gain is lower than current IOM recommendations for obese women. (6, 11,
12, 25, 26, 46, 47, 54, 67, 72, 74-76, 82, 83, 85-89).

5.7 Adherence to Gestational Weight Gain Guidelines is Low
The present study found that approximately 25% of obese women gained weight within IOM
guidelines. Low adherence to these GWG guidelines are not new. Many studies have found
similar rates of GWG within the IOM guidelines (10, 14, 69, 72, 73, 90). Results of the present
study found that most obese women – in all classes – exceeded the IOM GWG guidelines where
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up to 62% of obese women gained weight above the IOM recommendations. A reason for this
lack of adherence in GWG guidelines could be because of obese women’s lack of accurate
knowledge of their BMI and correct GWG recommendations may explain why many women are
exceeding their GWG recommendations.

In 2008, a study examined the association of misperceived BMI and excessive weight gain (91).
Researchers found that the odds of excessive GWG in overweight/obese BMI under-assessors
was 7.6 times the odds of excessive GWG compared to women who accurately assessed their
BMI (91). A study from New Zealand in 2016 investigated pregnant women’s knowledge of
their BMI and their knowledge of gestational weight gain guidelines (92). Of the 644 women in
the study, 66% correctly identified their BMI but only 31% correctly identified their correct
GWG recommendation, and women who were overweight or obese were more likely to
overestimate their GWG recommendation (92). Similar results to the New Zealand study were
found in a 2016 Australian study examining pregnant women’s awareness of the IOM GWG
guidelines (93). Lack of awareness of IOM GWG recommendations was not limited to Australia
and New Zealand. The lack of adherence to the appropriate IOM GWG recommendations was
also examined by researchers in 2 hospitals in New York (94). Researchers found that
overweight and obese pregnant women were less likely to be informed about GWG
recommendations and almost 50% of those were given recommendations inconsistent with the
IOM guidelines (94). A 2016 systematic review was published that evaluated qualitative studies
that investigated women’s perceptions, understanding, and their values regarding their GWG
(95). Findings from this systematic review suggest that although women are highly motivated in
their pregnancies to change behaviours to improve the health of their infants, many women do
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not recognize the association between excessive GWG and adverse maternal and neonatal
outcomes (95).

A systematic review was conducted in 2015 investigating the psychological factors that precede
excessive GWG (96). A number of factors were found to be associated with excessive GWG
such as weight concerns, barriers to healthy eating, negative attitudes toward weight, knowledge
about weight gain, body image dissatisfaction, inaccuracy of perceived body weight, target
weight gain greater than recommended, depression, and emotional instability (96). Additionally,
obese women identified barriers to achieving GWG within clinical guidelines such as feelings of
guilt, shame, and humiliation when discussing weight or GWG matters with healthcare
professionals, fear of judgment or cruel treatment due to past insensitive remarks by healthcare
professionals, lack of clear and consistent messaging about healthy weight gain during
pregnancy, and many other barriers (physical, social, socioeconomic) (95). A 2017 qualitative
study by Nikolopoulos et al. explored women’s perception of GWG discussions with their health
care providers during pregnancy (97). Five focus groups were conducted across Alberta and
results showed that GWG is important to women for their health and that of their baby but that
discussions about GWG with their healthcare provider are not happening (97). Women from this
study desire the opportunity to be able to discuss GWG issues, that all women should have these
GWG discussions with their doctors/healthcare providers, and that their healthcare providers
should be the ones to initiate these conversations by asking women how they feel about
discussing their weight (97). These studies highlight the need for GWG counselling by
healthcare professionals that is clear, sensitive, and provides mitigating resources for women
who may be disadvantaged.
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5.8 Solutions to Try and Improve the Rate of Adequate GWG
To come up with solutions to try and increase adequate GWG, researchers need to figure out the
differences between women who gain adequate GWG compared to women who gain inadequate
GWG. A study was done in 2015 by Deputy et al. exploring the prevalence of GWG and
examined the demographic, behavioural, psychosocial, and medical characteristics associated
with women who gain adequate GWG compared to those who gain inadequate GWG (68). Using
cross-sectional data from 2010-2011 in 28 states in the United States, the researchers estimated
that 20.9% of women gained inadequate weight, 32% gained adequate weight, and 47.2% gained
weight during pregnancy excessively (68). Most characteristics associated with weight gain
adequacy were demographic, such as racial or ethnic minority status and education, and varied
by pre-pregnancy BMI and the only behavioral characteristic that was found significant was
smoking cessation which was associated with excessive gain among normal weight and obese
women (68).

A possible solution for women to gain within the IOM guidelines and be healthy during
pregnancy could be based on a 2012 randomized control trial by Price et al. investigating the
effect of exercising in pregnancy on maternal, obstetric, and neonatal infants(98). Patients were
women with BMI <39 kg/m2, enrolled at 12-14 weeks’ gestation and randomized to either a
sedentary group or a group that had to perform aerobic exercise for 45-60 minutes 4 days a week
until 36 weeks’ gestation (98). Researchers had 31 subjects in each group and found that women
who were active – compared to sedentary women – delivered comparable sized babies (p=0.87),
had fewer caesarean deliveries (p<0.01), and recovered faster postpartum (p<0.05) (98).
However, most of the women in the study by Price et al. were mostly white and not overweight
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or obese. A study by Wang et al. in 2017 focused on overweight and obese women in a
randomized trial of exercise to prevent gestational diabetes mellitus and improve pregnancy
outcomes (99). Evidence from this study and from other studies suggest that exercise in
pregnancy is only effective if the exercise intervention is started <15 weeks’ gestation otherwise
the intervention would not work (99). Three hundred overweight and obese women at 10 weeks’
gestation were recruited and placed in either an exercise or control group where the control
group continued normal daily activities and the exercise group were asked to exercise 3 times a
week for 30 min per session via a cycling program (99). Results from the randomized trial by
Wang et al. found that the exercise group had lower incidence of gestational diabetes (22% vs
40%, p<0.001), and had significantly less gestational weight gain by 25 weeks’ gestation (4.08
kg±3.02 vs 5.98kg±2.58, p<0.001) and by the end of pregnancy(8.38 kg±3.65 vs 10.47kg±3.33,
p<0.001) (99). However, the babies born to women in the exercise group had significantly lower
birthweights (p=0.049) (99). From the studies by Price et al. and Wang et al., it seems promising
that moderate exercise during pregnancy could aid women in gaining adequate GWG but there
are not many other randomized trials exploring this intervention.

A non-invasive solution to excessive GWG that was proposed by some researchers in 2016 was
health coaching (100). Skouteris et al. tried to evaluate the efficacy of a health coaching
intervention that tried to facilitate healthy behaviours such as healthy eating and being physically
active compared to a group that received education on excessive GWG alone (100). Twohundred and sixty-one pregnant women were enrolled at 18 weeks’ gestation and were
randomized into either the health coaching group or the education group (100). The health
coaching intervention comprised of an individual one-on-one session and educational group
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sessions (total time was 6 hours over the pregnancy) (100). The education group received the
usual standard prenatal care in Australia that involved assessment of pre-pregnancy BMI and
BMI-specific GWG recommendations (100). Researchers found that there was no statistical
difference in the amount of GWG between the women who received health coaching and the
women who received standard pre-pregnancy BMI-specific GWG recommendations (100).
Although, as previously mentioned studies have shown that obese pregnant women from
Australia and New Zealand were less likely to be informed about GWG recommendations and
almost 50% of those were given recommendations inconsistent with the IOM guidelines (93, 94).

A study by Shulman and Kottke (2016) assessed whether knowledge of GWG recommendations
in pregnancy was associated with actual weight gain among women (101). Utilizing a crosssectional study with data chart linkage, researchers enrolled participants from an urban health
centre and tested women’s knowledge of how much weight should be gained during pregnancy
against the 2009 IOM guidelines. Although Shulman and Kottke’s study sample had low
knowledge of GWG guidelines, accurate knowledge of the gestational weight gain
recommendations was associated with appropriate weight gain in pregnancy (p=0.02) (101).
Additionally, women who had accurate knowledge of their own pre-pregnancy BMI (p=0.004)
and who could correctly identified their pre-pregnancy weight category (p=0.005) were
associated with appropriate GWG (101).

The lack of accurate knowledge women about their BMI and GWG recommendations based on
that BMI as described by Bookari et al., Wrotniak et al., and Shulman and Kottke highlights that
it is possible that health professionals might also need education (93, 94, 101). Considering that
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GWG gain counselling of patients would not be an intensive intervention and that Shulman and
Kottke’s study make a case for how women’s accurate knowledge of GWG might translate to
adequate GWG, more needs to be done to improve the rate of adequate GWG in obese women.
A qualitative study on clinicians’ gestational weight gain counselling and tracking by Oken et al.
tried to investigate strategies that would encourage obstetric clinicians to counsel their patients
regarding GWG (102). Clinicians in this study indicated that an electronic medical record (EMR)
based support tool would help remind them to counsel their patient about excessive weight gain
and would help improve the frequency and accuracy of GWG tracking (102). Future directions
of study could be ways to increase GWG counselling in health care practitioners as well as
increase knowledge of BMI and GWG recommendations based on BMI.

5.9 Strengths and Limitations
5.9.1 Strengths
This study has both strengths and limitations. The present study used a large population-level
dataset that is nationally representative of the United States and, therefore, is generalizable. As
birth certificate data covers almost 100% of all births that occur within the United States, nonresponse bias was not a problem of the current study and supplements the generalizability of the
findings. Due to the large sample size, this present study also had many cases even when
stratified by multiple factors and outcomes were assessed beyond what was included in the IOM
guidelines. The development of the IOM recommendations for weight gain were based on
available data from Class I obese women (based on their pre-pregnancy BMI) for the following
outcomes: small for gestational age (SGA), large for gestational age (LGA), caesarean delivery,
preterm delivery, and postpartum weight retention (8). Further, this is the first study that
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analyzed all live births of the United States to obese pregnant women rather than an individual
state. The present study also used relative risks (RR) compared to odds ratios (OR) which are not
only easier to interpret but overcomes the problem of OR that overestimates the risk of common
outcomes (103). Many studies using OR state that they found significance but in some cases this
was weak. In the study by Kapadia et al. (2015), researchers found that the odds of preterm birth
in women who gained below the IOM guidelines to be OR 1.46, 95% CI: 1.07 – 2.00 but it is
possible that this significant finding is not significant at all due to the overestimation of risks by
OR (47). This present study is the first to quantify the possible effectiveness of GWG
counselling through the NNTs of maternal and neonatal outcomes.

5.9.2 Limitations
Limitations of this present include: that the rate of GWG throughout the pregnancy could not be
assessed, certain variables could not be controlled for in the logistic regression models, possible
misclassification bias, and that the results of this study are limited to term, singleton pregnancies.

The present study did not have information to the rate of GWG in the US birth certificate
database. The rate of GWG throughout the pregnancy is important as GWG during the first
trimester is different in comparison to GWG in the second/third trimester (104-108). Studies by
Josefson et al. and Davenport et al. found that women who had excessive GWG early in the first
trimester were more likely to have neonates that had higher birth weights and body fat
percentage compared to women who had steady and moderate GWG (108, 109). Cho et al.
investigated early GWG rate and adverse pregnancy outcomes in Korean women and researchers
found that early GWG rate was associated with pregnancy induced hypertension, macrosomia,
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LGA and SGA births, and caesarean deliveries (105). A 2011 study by Durie et al examining
effect of second and third trimester rate of GWG had on maternal and neonatal outcomes such as
caesarean delivery, SGA births, LGA births, induction of labour, gestational diabetes, and NICU
admission (104). Inadequate rate of GWG in the second and third trimester were associated with
increased odds of SGA births for all BMI classes except class II and III obese women while
inadequate rate of GWG was associated with increased odds of LGA births (except in
underweight and class III obese women) (104).

Although logistic regression models were adjusted for various factors such as maternal age,
maternal education, parity, smoking status, race, etc., it remains that not all variables that were
related to certain outcomes could not be controlled for. The relationship between GWG in obese
women and ICU admission is a bit tenuous and the mechanism related to it can be undermined
by various other factors such as haemorrhage, emergency hysterectomies, and septicemia; factors
that could not all be adjusted for. An uncontrolled factor in the current study’s regression models
for 3rd or 4th degree perineal lacerations was episiotomy which has been shown to be an
important risk factor (110). Risk factors for preeclampsia/eclampsia include genetics, previous
history of preeclampsia/eclampsia, chronic hypertension, obesity, and severe anemia; some of
which were not possible to adjust for (111, 112).

Furthermore, even though there have been several validation studies on items from birth
certificate data. there is still the possibility of misclassification bias. Women are known to
underestimate their weight (113) which could mean that the present study might misclassify
women as not being obese. However, the author believes that this misclassification is non71

differential between women who gain within and outside the IOM guidelines meaning that the
overall measure of association is underestimating the true effect.

Obese women (class I, II, III) can have a singular GWG recommendation during pregnancy, but
that the current IOM recommendations may need to be updated. The present study found that
obese women who lost weight during pregnancy or gained below the IOM recommendations
were at a significant decreased risk for caesarean delivery and LGA births and at no significant
increased risk for intensive care unit (ICU) admission, 3rd or 4th degree perineal lacerations,
eclampsia, unplanned hysterectomies, operative vaginal deliveries, neonates with seizures,
suspected neonatal sepsis, and neonates needing assisted ventilation >6 hours compared to obese
women who had gestational weight gain (GWG) within the IOM guidelines. However, obese
women (class I, II, and III) who lost weight during pregnancy or gained below the IOM
guidelines are at an increased risk for small-for-gestational age (SGA) births compared to
women who had GWG within the IOM guidelines. Furthermore, obese women – of all classes –
who gain above the IOM guidelines are at an increased risk for caesarean delivery, LGA births,
and at no significant increased risk for ICU admission, 3rd or 4th degree perineal lacerations,
eclampsia, unplanned hysterectomies, operative vaginal deliveries, neonates with seizures,
suspected neonatal sepsis, and neonates needing assisted ventilation >6 hours compared to
women who gain within the IOM guidelines. Obese women (class I, II, and III) who gain above
the IOM guidelines are at a decreased risk for SGA births compared to women who had GWG
within the IOM guidelines. The patterns of association were the same for all outcomes in the
present study and contrary to current literature, the present study believes that it is possible to
have a singular GWG recommendation for all obese women. There is evidence to suggest that a
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single GWG recommendation for all obese women is possible but that the 2009 IOM guidelines
may need to be updated as current recommendations may be too high. Future studies will need to
focus on finding the ideal GWG recommendation for obese pregnant women for optimal health
outcomes and increasing GWG counselling to improve the rate of adequate GWG.

5.10 Significance
This present study helps provide evidence that a singular GWG guideline is possible for all obese
classes contrary to previous studies. Furthermore, it is possible that GWG counselling during
pregnancy with healthcare professionals can help reduce adverse maternal and neonatal
outcomes as evidenced by the NNTs as women during pregnancy are more likely to alter health
behaviours for the sake of the baby.

5.11 Conclusion
In conclusion, the present study found that women are not gaining within the IOM guidelines for
gestational weight during pregnancy but that the pattern of association of outcomes between the
three classes of obesity are the same. There is evidence for a single gestational weight gain
recommendation for all obese women.
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