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Summary

We conducted a systematic review and meta-analysis of population-based cohort
studies of maternal body mass index (BMI) and risk of adverse birth and health
outcomes in low- and middle-income countries. PubMed, Embase, CINAHL and
the British Nursing Index were searched from inception to February 2014. Forty-
two studies were included. Our study found that maternal underweight was
significantly associated with higher risk of preterm birth (odds ratio [OR], 1.13;
95% confidence interval [CI], 1.01-1.27), low birthweight (OR, 1.66; 95% CI,
1.50-1.84) and small for gestational age (OR, 1.85; 95% CI, 1.69-2.02). Com-
pared with mothers with normal BMI, overweight or obese mothers were at
increased odds of gestational diabetes, pregnancy-induced hypertension, pre-
eclampsia, caesarean delivery and post-partum haemorrhage. The population-
attributable risk (PAR) indicated that if women were entirely unexposed to
overweight or obesity during the pre-pregnancy or early pregnancy period, 14%
to 35% fewer women would develop gestational diabetes, pre-eclampsia or
pregnancy-induced hypertension in Brazil, China, India, Iran or Thailand. The
highest PAR of low birthweight attributable to maternal underweight was found
in Iran (20%), followed by India (18%), Thailand (10%) and China (8%).
Treatment and prevention of maternal underweight, overweight or obesity may
help reduce the burden on maternal and child health in developing countries.

Keywords: Low- and middle-income countries, maternal BMI, population-
attributable risk, pregnancy and health outcomes.

Abbreviations: BMI, body mass index; PAR, population-attributable risk.
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Introduction

in 2013, notably in developing countries (2). Patterns of
overweight and obesity differ between countries, regions

Obesity and overweight are recognized as a growing global
health problem (1). Worldwide, prevalence of overweight
or obesity, defined as an adult body mass index (BMI) of
25 kg m™ or greater, increased by 27.5% between 1980
and 2013 (2). The proportion of overweight among adult
women globally increased from 29.8% in 1980 to 38.0%
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and by country income, with overweight or obesity more
prevalent among men in developed countries and among
women in developing countries (2). In developing coun-
tries, the number of deaths as a result of maternal
overweight/obesity more than doubled from 336,967
deaths in 1990 to 840,427 deaths in 2010. In developed
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countries, the numbers remained almost stable (739,527
deaths in 1990 to 898,040 deaths in 2010) (3). Therefore,
developing countries face an increasing burden of over-
weight and obesity, while underweight also remains a sig-
nificant health problem among women of childbearing age.

The growing epidemic of maternal overweight/obesity
accounted for 1.1 million deaths and 2.3% of global
disability-adjusted life years (DALYs) in 1990 and 1.7
million deaths and 4.1% of DALYs in 2010 (3,4). Several
observational studies show that maternal underweight,
overweight or obesity during pre-pregnancy or early preg-
nancy are a threat to maternal and infant health (5-14). For
mothers, major adverse health outcomes are gestational
diabetes, pregnancy-induced hypertension, pre-eclampsia,
post-partum haemorrhage and caesarean delivery. Infants
of overweight or obese mothers are at increased risk of low
birthweight, preterm birth, small for gestational age and
stillbirth. However, not all studies show a statistically
significant relationship and there are no comprehensive
assessments for each of these outcomes comparing under-
weight, overweight and obese mothers with normal-weight
mothers using high quality cohort studies in developing
countries. Maternal underweight in early pregnancy is the
leading risk factor for adverse birth outcomes in developing
countries, including low birthweight (8,15), preterm birth
(15,16), small for gestational age (8,9,17) and stillbirths
(15), but previous meta-analyses have compared these
outcomes by overweight or obese versus normal-weight
mothers in both developed and developing countries sim-
ultaneously (18-20). Most systematic reviews and meta-
analyses are limited to the relationship between maternal
BMI and specific birth and maternal health outcomes, espe-
cially gestational diabetes and caesarean delivery, and
usually only in developed countries (21-23). Other mater-
nal health problems including pregnancy-induced hyper-
tension and post-partum haemorrhage have not been
studied in relation to maternal BMI. Estimating adverse
birth and maternal health risks associated with under-
weight, overweight or obesity may help inform decision-
making in clinical settings and programme development to
improve maternal and child health outcomes.

We undertook a systematic review and pooled available
evidence from cohort studies conducted in developing
countries with a reference group of normal BMI mothers to
determine the association between maternal underweight,
overweight or obesity before or during early pregnancy
(first trimester or first prenatal visit) and low birthweight,
preterm birth, small for gestational age and stillbirth. We
assessed the risk of gestational diabetes, pregnancy-induced
hypertension, pre-eclampsia, caesarean delivery and post-
partum haemorrhage for underweight, overweight and
obese mothers relative to normal-weight mothers. In addi-
tion, no previous study has estimated the population-
attributable risk (PAR) of adverse pregnancy and maternal
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health outcomes for maternal BMI at pre-pregnancy or
during early pregnancy. In order to assess the impact of
maternal BMI, we estimated the PAR for selected adverse
perinatal and maternal health outcomes by maternal BMI
categories.

Methods

The review was undertaken according to the protocol
(Supporting Information Text) and Meta-analysis of Obser-
vational Studies in Epidemiology (MOQOSE) guidelines
(Supporting Information Table S1).

Search strategy

We conducted a search for studies on pre-pregnancy and
first trimester BMI and risk of perinatal and maternal
health outcomes with the assistance of an information
specialist. We used four electronic databases: PubMed,
Embase, CINAHL and British Nursing Index. We devel-
oped search strategies consisting of a combination of free
text words, words in titles/abstracts and medical subject
headings for exposure, participants and study designs. The
full search strategies and search results for the four data-
bases are shown in the Supporting Information Tables S2,
S2, S3 and S4. Further searches for eligible studies were
conducted by reviewing references within identified papers
and relevant journals. We set no language restrictions. We
defined low- and middle-income countries based on the
World Bank criteria of 2013 (24).

Selection of studies

In the first stage of screening, two assessors (MMR and
MSR) independently screened titles and abstracts according
to the inclusion and exclusion criteria. In the second stage,
four assessors (MMR, SKA, SN and MK) screened the
full text of selected studies to assess eligibility. Studies that
were cohorts (prospective or retrospective) with pregnant
women of reproductive age (15 years or over) were
included as subjects. We included studies reporting BMI
measures (maternal normal weight, underweight, over-
weight or obesity), reflecting status preceding any signifi-
cant pregnancy weight gain (i.e. measured or reported pre-
pregnancy and/or during the first trimester or first prenatal
visit) and perinatal and maternal health outcomes. We fol-
lowed the World Health Organization (WHO), Chinese
Guidelines for Prevention and Control (GPC) (25) and
Institute of Medicine (IOM) (26) definitions for classifica-
tion of BMI. We treated BMI as our main exposure vari-
able. Height and weight were also separately treated as
exposure variables. Therefore, we ignored thresholds for
defining maternal BMI in the second screening stage in
order to cover studies that reported height or weight only
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rather than BML Birth and health outcomes were preterm
delivery (defined as a birth before 37 weeks of gestation),
low birthweight (defined as weight <2,500 g), small for
gestational age (defined as birthweight below the 10th per-
centile of the gestational age and sex), gestational diabetes,
pre-eclampsia or pregnancy-induced hypertension, caesar-
ean delivery, including both elective and emergency,
and blood loss after delivery. Studies with high-risk popu-
lations such as people living with human immunodeficiency
virus/acquired immunodeficiency syndrome, malaria, heart
disease, diabetes, pre-eclampsia or pregnancy-induced
hypertension at baseline were excluded.

Data extraction and management

Prior to tabulating the final data, a data extraction form
was designed, trialled and modified. From full-text articles
and reports using the agreed form, four review authors
(MSR, SKA, SN and MK) independently extracted data on
country of origin, year of study, study design, participants,
exposures and their time of assessment, outcomes, con-
founders and measures of association based on information
available from publications. We included five articles
written in languages other than English (Spanish, Chinese,
French and Portuguese) and consulted people proficient in
these languages. We excluded two Persian studies due to
lack of an appropriate translator with sufficient knowledge
on the topic (27,28). We resolved discrepancies through a
consensus process. We contacted authors of the original
reports about further details when information on out-
comes, exposures or study design was unclear.

Quality assessment in included studies

We used a specific checklist to assess the methodological
quality of all included cohort studies with the Newcastle-
Ottawa Scale criteria set by Wells et al. (29). Four authors
(MSR, SKA, SN and MK) independently assessed the study
quality using a predefined evaluation form for cohort
studies, which assigned a score ranging from 0 to 9. Studies
were defined as high quality if they scored 26, moderate
quality if they scored 4-5 or low quality if they scored 0-3.

Statistical analysis

We used BMI categories of normal, underweight, over-
weight and obese as defined by each study. In the meta-
analysis, we used odds ratios (OR) with 95% confidence
intervals (CI). If the OR was unavailable, we estimated the
unadjusted OR with 95% CI from raw data and then used
this estimate in the meta-analysis. A few studies did not
include results for normal versus underweight or normal
versus obese. In this case, we estimated pooled ORs using
random-effects models among those studies reporting an
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OR for underweight or obese versus normal weight and
then replaced this pooled estimation in those studies
lacking results for underweight or obese groups. This
replacement procedure increases the number of studies
and may help to improve the power in meta-analysis. We
checked the direction and consistency of ORs before and
after imputation. The direction was the same among the
studies and pooled estimation remained the same before
and after replacing these values, suggesting that the replace-
ment of exposure and outcomes did not have major effects
on these findings.

We used fixed-effects (30,31) or random-effects (32)
models to estimate summarized results on the basis of
heterogeneity (I* statistic) assessments. The I? value refers to
the percentage of variability across studies due to between-
study heterogeneity (33). We estimated the I? statistic with
P-values for each meta-analysis to describe the extent of
heterogeneity. We used fixed-effects models if I> < 50 and
random-effects models for outcomes with heterogeneity
measured above this threshold. Values of 25%, 50% and
75% were considered as low, moderate and high heteroge-
neity, respectively. We used Funnel plots and Egger’s regres-
sion asymmetry test to examine publication bias (34). To
account for these publication biases in meta-analysis, we
additionally performed trim-and-fill procedures (35).

We conducted subgroup and random-effects meta-
regression analysis to assess the effects of study design
(prospective or retrospective), sample size above or below
the median value (<3,715 or >3,715), maternal mean age
(€27 years or >27 years, the median of the sample), BMI
measurement point (pre-pregnancy or first trimester),
BMI cut-offs (WHO, GPC or IOM), confounding factors
(adjusted or unadjusted), country income categories (low-
and lower middle-income or upper middle-income coun-
tries) and geographic region (Southeast Asia, Middle East
or Central and South America). We also performed sensi-
tivity analyses to evaluate differences in pooled effects after
dropping a small number of studies that we defined as
highly influential on the basis of the variance and weight
estimates from meta-analysis.

We estimated the PAR for perinatal and maternal health
outcomes due to maternal underweight, overweight and
obesity using the estimates obtained from our meta-
analysis. The PAR estimates the fraction of adverse out-
comes that would not have occurred if the maternal
population was not underweight, overweight or obese
during the pre-pregnancy or early pregnancy period. PAR
was calculated using a modified Levin’s formula for multi-
ple exposure categories, proposed by Hanley (36,37).

The formula for the overall PAR calculation is

3 0e(OR ~1)

PAR (%)= ==
Y o POR =1 +1

x100,k=1,2,...,K
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Records identified through database
searching
(n=27,242)

Additionalrecords identified
through othersources
(n=11)

Duplicates removed

Figure 1 PRISMA flowchart for selection of
studies.
while that for the exposure-specific PAR calculation is

pr(OR, - 1)
Y p(OR—-1)+1

PARy (%) = x100,k=1,2,...,K

Where p is the proportion of exposure to the risk factor
in the total population of mothers, OR is the pooled odds
ratio of a risk factor for a specific birth or health outcome
and K is the number of categories of the risk factor. Preva-
lence data were used separately for each country and mater-
nal BMI category (underweight, overweight and obesity) to
obtain PARs for each group. We used country-specific ORs
for low birthweight, preterm birth, small for gestational
age, stillbirths, gestational diabetes, pregnancy-induced
hypertension, pre-eclampsia, caesarian delivery and post-
partum haemorrhage. These were derived from the meta-
analysis or from single studies where only one study could
be found, while data on the proportion of BMI categories
was derived from included population-based studies. We
used Stata version 12.1/MP (StataCorp, College Station,
TX, USA), for all analyses.

Results

Literature search

We initially identified 27,242 studies, of which 17,322 were
from PubMed, 9,252 from Embase, 549 from CINAHL
and 119 from the British Nursing Index (Fig. 1). After
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(n=7,169)
A 4
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(n=20,084) i (n=19,904)
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Developed countries (n = 86)
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Full-text articles assessed
for eligibility
(n=180)

and secondary data analysis (n = 13)
Others (reviews, editorials, letters to

editor, commentaries, high-risk
population such as HIV/AIDS, heart
disease, BMI measurement at second
or third trimester) (n = 37)

Studiesincludedin
qualitative synthesis
(n=42)

Studiesincludedin
quantitative synthesis
(meta-analysis)
(n=22)

excluding duplicates, 20,073 remained for title and
abstract screening. Of these, 169 full-text papers were
reviewed and 138 articles were excluded due to small
sample size (<100 women), study design (case-control,
cross-sectional or secondary data analysis), non-research
material, high-risk populations or BMI measured at second
or third trimester (Fig. 1). We also included 11 studies
identified through hand search and from reference lists. In
total, 42 studies met the inclusion criteria for our review
and 22 studies were included in the meta-analysis.

Study characteristics

The basic characteristics of the 42 studies included in our
systematic review are presented in Supporting Information
Table S6. The majority were conducted in Southeast
Asia and in upper middle-income countries (Supporting
Information Table S7). There were 34 prospective cohorts
and eight retrospective cohorts. Of the 42 studies, 16
reported preterm birth (5,9,10,13-16,38-46), 18 low
birthweight (7,10,11,14,15,39,41-45,47-53), seven small
for gestational age (9,17,39,41,44,54,55), five stillbirth
(9,15,16,44,56), 19 gestational diabetes (5,6,9,12,13,15,
17,38,40,41,43,57-64), nine pregnancy-induced hyperten-
sion (5,6,13,17,38,41,63,65,66), nine pre-eclampsia (5,9,
13,15-17,43,60,62), 10 caesarean delivery (6,9,14,15,38,
41-43,60,67), three post-partum haemorrhage (6,9,15)
and two perinatal mortality (43,44). The study-specific
proportion of BMI and events by perinatal and maternal

16, 758-770, September 2015
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Table 1 Meta-analysis summary results

Qutcomes Number  Underweight Overweight Obese
of studies
OR (95% ClI) Heterogeneity OR (95% Cl) Heterogeneity OR (95% Cl) Heterogeneity
(P-value) (P-value) (P-value)
Pregnancy outcomes
Preterm birth 11 1.13 (1.01-1.27) 81 2(<0.001) 1.05(0.91-1.20) 74.3(<0.001) 1.21(0.95-1.53) 79.3 (<0.001)
Low birthweight 8 1.66 (1.50-1.84) 0(0.9) 0.81(0.73-0.9) 0.0 (0.7) 0.75(0.65-0.86) 6.5(0.4)
Small for gestational age 5 1.85(1.69-2.02) 0(0.4) 0.74 (0.70-0.77) 35.7(0.2) 0.60 (0.39-0.92) 72.3(0.01)
Stillbirth 3 0.98 (0.37-2.58) 68 1(0.04) 1.13(0.87-1.45) 43.2(0.2) 1.563(0.63-3.71) 69.4 (0.1)
Maternal health outcomes
Gestational diabetes 13 0.47 (0.43-0.52) 0(0.6 2.18(1.90-2.51) 54.1(0.01) 3.74 (2.89-4.84) 78.6 (<0.001)
Pregnancy-induced hypertension 5 0.50 (0.40-0.61) 0 (0. 5) 2.27 (2.01-2.56) 0.1 (0.4) 5.61(4.86-6.46) 0.0(0.5)
Pre-eclampsia 8 0.70 (0.59-0.83) 21. 7( 2) 1.98 (1.64-2.40) 63.2(<0.01)  3.87(3.48-4.29) 42.8(0.1)
Caesarean delivery 7 0.62 (0.53-0.74) 93 6(<0.001) 1.32(1.10-1.58) 84.8(<0.001) 1.86(1.36-2.54) 90.4 (<0.001)
Post-partum haemorrhage 3 0.58 (0.49-0.69) 0(0.7) 3.13(1.00-9.81) 96.9 (<0.001) 3.48 (1.62-7.47) 90.5 (<0.001)

Cl, confidence interval; OR, odds ratio.

health outcomes are presented in Supporting Information
Tables S8 and S9. Only three of the 42 studies were
assessed as moderate in quality, all others were high quality
(Supporting Information Table S10).

Pooled estimation of birth and health outcomes

Pooled ORs in the 22 studies included in the meta-analysis
are presented in Table 1. Sensitivity analysis, publication
bias and trim-and-fill estimates for all outcomes are in
Supporting Information Tables S11 and S12. A total of
492,745 (range: 270-353,477) subjects with mean age 27.8
(mean age range: 24.3-32.3) were included in our meta-
analysis. In comparison with normal weight, underweight
was significantly associated with a greater risk of preterm
birth (OR, 1.13; 95% CI, 1.01-1.27), low birthweight
(OR, 1.665 95% CI, 1.50-1.84) and small for gestational
age (OR, 1.85; 95% CI, 1.69-2.02; Table 1). Both over-
weight and obesity were found to be a risk factor for
diabetes,
pre-eclampsia, caesarean delivery and post-partum haem-

gestational pregnancy-induced hypertension,
orrhage (Table 1). Maternal overweight/obesity was asso-
ciated with increased risk of stillbirths, but no increasing
trend was observed for preterm birth with increasing BMI.
Detailed country-specific pooled ORs according to perina-
tal and maternal health outcomes are presented in Support-
ing Information Tables S13 and S14. The risk of stillbirth,
gestational diabetes, pregnancy-induced hypertension, pre-
eclampsia, caesarean delivery and post-partum haemor-
rhage increased with increasing BMI. Our narrative review
results indicated that the risk of delivering babies with low
birthweight was significantly higher among underweight
(relative risk [RR], 1.30; 95% CI, 1.09-1.54) and shorter
(RR, 1.51; 95%, 1.2-1.9) women (Supporting Information
Table S15) (47,50). We also found that underweight
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women were more likely to deliver babies with small for
gestational age (Supporting Information Table S15) (5,44).
Among obese mothers, incidence of gestational diabetes
and caesarean section delivery was higher (Supporting
Information Table S15) (38,60).

Stratified analyses

We found moderate to severe heterogeneity in some peri-
natal and maternal health outcomes (Table 1). Therefore,
we conducted stratified analyses to examine the heteroge-
neity in results for preterm birth, small for gestational age,
stillbirth, gestational diabetes, pre-eclampsia, caesarean
delivery and post-partum haemorrhage. Stratified analyses
by study design, sample size, mean maternal age, BMI
measurement timing, BMI cut-offs, confounding factors,
country income category and geographic region are pre-
sented in Tables2 and 3 and Supporting Information
Tables S16 and S17. Stratifying by geographic region
revealed an increased risk in the Middle East among over-
weight mothers (OR, 1.55; 95% CI, 1.06-2.26; P =0.01)
for preterm birth compared with Southeast Asia and
Central and South America (Table 2). Obese mothers in
the Middle East were more likely to develop pre-eclampsia
compared with the other regions, but the association was
not statistically significant (P = 0.20; Table 3). In general,
the BMI thresholds of individual studies were different but
there was little evidence that the results varied by BMI
cut-off, with preterm birth as the only outcome sensitive
to the threshold definition. There was lower risk of
preterm birth in the studies using WHO BMI cut-offs
among overweight (OR, 0.86; 95% CI, 0.77-0.96;
P=0.01) and obese (OR, 0.93; 95% CI, 0.76-1.15;
P =0.01) mothers compared with studies that used GPC
and IOM cut-offs.

© 2015 World Obesity
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Table 2 Stratified analysis of selected pregnancy outcomes by BMI

Characteristics Preterm birth Low birthweight
Pooled OR (95%Cl) P-value* Pooled OR (95%Cl) P-value*
Underweight
Study design
Prospective 1.17 (0.94-1.45) 0.59 1.66 (1.46-1.88) 0.95
Retrospective 1.03 (0.80-1.33) 1.67 (1.40-1.98)
BMI measurement
Pre-pregnancy 1.13 (0.87-1.46) 0.12 1.61(1.39-1.88) 0.63
First trimester 1.07 (1.02-1.13) 1.70 (1.48-1.95)
BMI cut-off
WHO 1.27 (0.99-1.63) 0.12 1.59 (1.41-1.79) 0.83
GPC 0.98 (0.85-1.13) 1.73 (1.35-2.22)
IOM 0.88 (0.54-1.42) 1.67 (0.56-5.00)
Confounding factors
Adjusted 1.05 (0.88-1.26) 0.40 1.68 (1.37-2.06) 0.88
Unadjusted 1.18 (0.80-1.74) 1.65 (1.47-1.86)
Country income category
Low and lower middle-income 0.71(0.43-1.18) 0.10 1.67(1.14-2.44) 0.98
Upper middle-income 1.16 (1.03-1.30) 1.66(1.49-1.84)
Geographic region
Southeast Asia 1.04 (0.82-1.32) 0.62 1.64 (1.41-1.89) 0.59
Middle East 0.88 (0.54-1.42) 2.46 (1.14-5.31)
Central and South America 1.25 (0.95-1.65) 1.66 (1.44-1.92)
Overweight
Study design
Prospective 0.83 (0.76-0.90) 0.00 0.81(0.71-0.91) 0.99
Retrospective 1.15 (1.04-1.27) 0.76 (0.50-1.15)
BMI measurement
Pre-pregnancy 1.05 (0.87-1.27) 0.93 0.80 (0.67-0.96) 0.94
First trimester 1.08 (1.01-1.16) 0.80 (0.69-0.93)
BMI cut-off
WHO 0.86 (0.77-0.96) 0.01 0.74 (0.61-0.90) 0.46
GPC 1.13(1.02-1.25) 0.92 (0.72-1.17)
IOM 1.56 (1.06-2.26) 0.69 (0.22-2.20)
Confounding factors
Adjusted 1.09 (0.92-1.29) 0.39 0.83(0.74-0.95) 0.30
Unadjusted 0.94 (0.74-1.20) 0.74 (0.60-0.90)
Country income category
Low and lower middle-income 0.81(0.67-0.98) 0.15 0.81(0.71-0.92) 0.91
Upper middle-income 1.09 (0.94-1.26) 0.80 (0.66-0.96)
Geographic region
Southeast Asia 1.07 (0.94-1.21) 0.01 0.81(0.73-0.90) 0.89
Middle East 1.55 (1.06-2.26) 0.69 (0.22-2.20)
Central and South America 0.83 (0.75-0.91) 0.60 (0.15-2.42)
Obese
Study design
Prospective 0.93 (0.73-1.19) 0.01 0.73 (0.62-0.86) 0.63
Retrospective 1.44 (1.18-1.76) 0.69 (0.32-1.47)
BMI measurement
Pre-pregnancy 1.19 (0.89-1.58) 0.79 0.72 (0.52-1.00) 0.99
First trimester 1.28 (0.82-2.02) 0.74 (0.61-0.91)
BMI cut-off
WHO 0.93(0.76-1.15) 0.01 0.67 (0.52-0.86) 0.22
GPC 1.57 (1.36-1.83) 0.96 (0.68-1.35)
IOM 1.32(0.74-2.35) 0.36 (0.08-1.65)
Confounding factors
Adjusted 1.31(0.94-1.83) 0.37 0.79 (0.67-0.95) 0.22
Unadjusted 1.06 (0.89-1.26) 0.63 (0.46-0.87)
Country income category
Low and lower middle-income 1.10 (0.91-1.33) 0.78 0.73 (0.62-0.87) 0.88
Upper middle-income 1.23 (0.92-1.65) 0.67 (0.41-1.10)
Geographic region
Southeast Asia 1.35(1.10-1.66) 0.02 0.74 (0.62-0.90) 0.53

Middle East
Central and South America

1.32 (0.74-2.35)
0.80 (0.70-0.91)

0.36 (0.08-1.65)
1.05 (0.29-3.80)

*Represents the test for significance of the effect modification across strata and these P-values come from the meta-regression.
BMI, body mass index; Cl, confidence interval; GPC, Guidelines for Prevention and Control for Chinese; IOM, Institute of Medicine; OR, odds ratio; WHO, World Health

Organization.
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Table 3 Stratified analysis of selected maternal health outcomes by BMI

Characteristics Gestational diabetes Pre-eclampsia Caesarean delivery
Pooled OR (95%Cl) P-value* Pooled OR (95%Cl) P-value* Pooled OR (95%Cl) P-value*
Underweight
Study design
Prospective 0.46 (0.40-0.54) 0.36 0.75(0.54-1.03) 0.19 0.70 (0.67-0.73) 0.24
Retrospective 0.44 (0.32-0.61) 0.57 (0.40-0.79) 0.55(0.33-0.92)
BMI measurement
Pre-pregnancy 0.48 (0.38-0.59) 0.43 0.66 (0.46-0.96) 0.83 0.70 (0.47-1.03) 0.33
First trimester 0.46 (0.39-0.55) 0.67 (0.52-0.86) 0.58 (0.46-0.72)
BMI cut-off
WHO 0.46 (0.37-0.55) 0.18 0.73(0.55-0.97) 0.43 0.66 (059-0.74) 0.73
GPC 0.54 (0.45-0.64) 0.52 (0.30-0.91) 0.58 (0.28-1.18)
IOM 0.22 (0.05-0.94) 0.68 (0.36-1.28) 0.41(0.14-1.26)
Confounding factors
Adjusted 0.51(0.42-0.62) 0.30 0.74 (0.58-0.95) 0.44 0.58 (0.28-1.18) 0.64
Unadjusted 0.46 (0.39-0.54) 0.41(0.16-1.03) 0.66 (0.59-0.74)
Country income category
Low and lower middle-income 0.46 (0.33-0.66) 0.78 NA 0.70 (0.66-0.74) 0.28
Upper middle-income 0.49 (0.43-0.55) 0.68 (0.54-0.85) 0.58 (0.44-0.75)
Geographic region
Southeast Asia 0.49 (0.40-0.61) 0.59 0.48 (0.30-0.77) 017 0.62 (0.48-0.79) 0.74
Middle East 0.45 (0.36-0.58) 0.68 (0.36-1.28) 0.41(0.14-1.26)
Central and South America 0.46 (0.36-0.58) 0.76 (0.63-0.93) 0.70 (0.66-0.74)
Overweight
Study design
Prospective 2.04 (1.68-2.48) 0.33 1.67 (1.41-1.97) <0.01 1.13(0.87-1.48) 0.00
Retrospective 2.40 (1.89-3.04) 2.61(2.13-3.18) 1.55 (1.42-1.68)
BMI measurement
Pre-pregnancy 2.18 (1.89-2.51) 0.82 1.84 (1.56-2.17) 0.06 1.30 (0.94-1.80) 0.92
First trimester 2.17 (1.48-3.18) 2.55(1.43-4.57) 1.38(1.13-1.68)
BMI cut-off
WHO 2.48 (1.87-3.28) 0.37 1.58 (1.32-1.90) 0.17 1.18 (0.93-1.51) 0.18
GPC 1.98 (1.72-2.28) 2.32(1.68-3.20) 1.60 (1.50-1.69)
IOM 2.32(1.35-3.98) 2.38 (1.53-3.70) 1.30 (0.65-2.60)
Confounding factors
Adjusted 1.99 (1.82-2.19) 0.44 1.98 (1.46-2.68) 0.92 1.47 (1.24-1.74) 0.30
Unadijusted 2.46 (1.75-3.44) 1.91 (1.69-2.16) 1.25 (0.97-1.61)
Country income category
Low and lower middle-income 3.10 (2.11-4.55) 0.13 NA 1.20(0.77-1.88) 0.15
Upper middle-income 2.11(1.85-2.41) 1.98 (1.64-2.40) 1.45 (1.28-1.65)
Geographic region
Southeast Asia 2.28 (1.88-2.77) 0.75 2.30 (1.78-2.97) 0.04 1.38 (1.14-1.67) 0.44
Middle East 2.22(1.52-3.25) 2.38 (1.53-3.70) 1.30 (0.66-2.6)
Central and South America 1.97 (1.569-2.45) 1.51(1.28-1.78) 0.93 (0.61-1.41)
Obese
Study design
Prospective 3.23 (2.13-4.89) 0.30 3.59 (3.14-4.10) <0.01 1.49 (0.96-2.32) 0.02
Retrospective 4.37 (2.94-6.49) 5.37 (4.20-6.88) 2.45(2.21-2.72)
BMI measurement
Pre-pregnancy 3.54 (2.65-4.73) 0.63 3.79 (3.24-4.44) 0.04 1.87 (1.14-3.06) 0.97
First trimester 4.16 (2.22-7.79) 5.58 (4.00-7.77) 1.84(1.11-3.04)
BMI cut-off
WHO 3.85(2.33-6.37) 0.57 3.83(2.84-5.16) 0.72 1.61(1.05-2.47) 0.40
GPC 3.26 (2.45-4.32) 4.49 (3.40-5.93) 2.49 (2.24-2.78)
IOM 6.21(3.21-12.01) 4.70 (2.50-8.83) 1.61(0.81-3.22)
Confounding factors
Adjusted 3.33(2.46-4.50) 0.31 4.19 (3.21-5.48) 0.88 1.90 (1.24-2.90) 0.92
Unadijusted 4.59 (2.72-7.73) 4.28 (3.05-6.00) 1.84 (1.20-2.81)
Country income category
Low and lower middle-income 8.23 (5.26-12.87) 0.03 NA 1.82 (0.82-4.03) 0.82
Upper middle-income 3.42 (2.72-4.30) 4,12 (3.46-4.90) 1.93 (1.44-2.59)
Geographic region
Southeast Asia 4.10(2.92-5.77) 0.53 4.64 (3.63-5.93) 0.20 2.12(1.52-2.97) 0.19

Middle East
Central and South America

4.04 (1.53-10.67)
2.75 (1.94-3.91)

4.70 (2.50-8.83)
3.25 (2.71-3.89)

1.61(0.81-3.22)
0.94 (0.62-1.43)

*Represents the test for significance of the effect modification across strata and these P-values come from the meta-regression.

BMI, body mass index; Cl, confidence interval; GPC, Guidelines for Prevention and Control for Chinese; IOM, Institute of Medicine; NA, not applicable; OR, odds ratio; WHO,

World Health Organization.
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Table 4 Pregnancy and health outcomes attributed maternal body mass index (BMI)

Country Prevalence, Population-attributable risk, %
%
Preterm Low Gestational Pre- Pregnancy-induced Caesarean Post-partum
birth birthweight diabetes eclampsia hypertension delivery haemorrhage
Argentina
Underweight 59 2.7 -0.4
Overweight 19.3 -3.4 8.3
Obese 8.2 -1.7 13.5
Total BMI -2.3 21.5
Brazil
Underweight 5.61 -2.0 -11 -0.7
Overweight 25.13 16.5 4.2 15.8
Obese 17.38 20.0 32.6 41.9
Total BMI 44.9 35.7 57.0
China
Underweight 11.5 0.4 7.9 -4.3 -39 -4.6 -2.8 -1.6
Overweight 18.3 1.7 -14 13.9 141 14.4 9.3 171
Obese 6.8 3.7 -0.3 9.9 15.7 19.9 8.6 131
Total BMI 5.9 6.2 19.6 25.9 29.7 151 28.6
India
Underweight 20.9 17.5 -5.6 -6.8 -5.2 2.7
Overweight 20.9 -3.6 22.0 16.0 9.3 55.2
Obese 9.3 -2.1 33.5 25.4 13.7 17.0
Total BMI 1.9 49.9 34.6 17.7 69.6
Iran
Underweight 15.8 -1.9 19.8 -7.5 -4.0 -7.9 -9.6
Overweight 13.2 6.8 -3.5 13.5 14.4 18.6 41
Obese 3.6 1.1 -2.0 8.3 10.5 15.3 2.3
Total BMI 6.1 14.4 14.3 20.9 26.0 -3.2
Thailand
Underweight 17.7 111 9.7 -10.6 -9.9 -9.0 -7.7
Overweight 13.0 0.6 -4.5 26.9 13.5 4.8 5.3
Obese 43 0.0 2.4 14.9 16.2 4.8 3.0
Total BMI 1.7 2.7 31.2 19.8 0.6 0.6
Turkey
Underweight 1.8 -0.4
Overweight 50.0 28.5
Obese 13.6 34.7
Total BMI 62.9

Burden of maternal body mass index

The PARSs of selected adverse perinatal and maternal health
outcomes attributable to maternal BMI are presented by
country in Table 4. The PAR for maternal BMI ranged
from 14% in Iran to 63% in Turkey for gestational diabe-
tes, 26% in Iran to 57% in Brazil for pregnancy-induced
hypertension, 20% in Thailand to 36% in Brazil for pre-
eclampsia and 0.6% in Thailand to 70% in India for post-
partum haemorrhage. The highest PAR of gestational
diabetes for maternal obesity was found in Turkey (35%),
followed by India (34%), Brazil (20%) and Thailand
(15%). The PAR for maternal underweight also varied
across countries, ranging from 8% in China to 20% in Iran
for low birthweight. In India, maternal obesity before or
during early pregnancy contributed to 25% of pre-

© 2015 World Obesity

eclampsia, 14% of caesarean delivery and 17% of post-
partum haemorrhage; whereas maternal underweight
contributed to 18% of low-birthweight deliveries.

Discussion

In this systematic review and meta-analysis, we investigated
the effect of maternal BMI (underweight, overweight or
obese), before or during early pregnancy, on perinatal and
maternal health outcomes in low- and middle-income
countries. This is the first attempt to assess the proportion
of selected adverse perinatal and maternal health outcomes
attributable to maternal BMI. Most included cohort studies
were high quality. In women who were overweight or obese
during pre-pregnancy or early pregnancy, the meta-analysis
demonstrated a significantly higher risk of adverse health
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outcomes, including gestational diabetes, pregnancy-
induced hypertension, pre-eclampsia, caesarean delivery
and post-partum haemorrhage. Underweight mothers were
found to be at higher risk of delivering preterm, low-
birthweight and small-for-gestational-age babies than
normal-weight mothers. Sensitivity analyses confirmed a
similar association after dropping a small number of highly
influential studies. Higher maternal BMI contributed 10%
to 35% of adverse maternal health outcomes and under-
weight contributed 8% to 20% of adverse perinatal out-
comes, especially low birth-weight in developing countries.

The most recent Global Burden of Disease data shows
that globally almost 38 % of adult women aged 20 years or
older fell into overweight categories with a BMI between
25 and 30 kg/m? in 2013 (2). In developing countries,
overweight or obesity is more prevalent among women
than men (2); while underweight remains a significant
health problem among women (6,9,13,54). Our review
data showed that underweight is more prevalent among
women pre-pregnancy or during early pregnancy in India
(21%) (6), Thailand (18%) (15), Iran (16%) (13) and
China (11%) (9). High maternal BMI is common in Turkey
(50% of women are overweight and 14% obese) (40) and
Brazil (25% of women are overweight and 17% obese)
(54). However, some countries, including India (6), China
(9), Iran (13) and Thailand (15), are facing problems due to
low and high maternal BMI simultaneously. Our study
found a greater burden of poor maternal health attribut-
able to obesity in Brazil (20% of gestational diabetes, 33 %
of pre-eclampsia and 42% of pregnancy-induced hyperten-
sion) and India (34% of gestational diabetes, 25% of
pregnancy-induced hypertension, 14% of caesarean deliv-
ery and 17% of post-partum haemorrhage). Underweight
accounted for a major proportion of low birthweight in
Iran (20%), India (18%), China (10%) and Thailand
(10%). Our study showed that overall the highest contri-
bution of maternal BMI to the burden of gestational dia-
betes is in Turkey (63 %), followed by India (50%), Brazil
(45%), Thailand (31%), China (20%) and Iran (14%).
Pregnancy-induced hypertension due to maternal BMI is
also more prevalent in Brazil (57%) and India (35%) than
China (30%) and Iran (26%). Developing countries are
facing a double burden of adverse perinatal and maternal
health outcomes attributable to maternal BMI.

According to our results, overweight and obesity are
associated with significantly higher risk of gestational dia-
betes, pregnancy-induced hypertension, pre-eclampsia, cae-
sarean delivery and post-partum haemorrhage relative to
normal BMI mothers. Previous meta-analyses found a
similar association regarding gestational diabetes (68,69)
and caesarean delivery (21). However, these previous
papers were mainly limited to developed countries and
maternal pre-pregnancy BMI. The effect of overweight and
obesity on gestational diabetes, pre-eclampsia and caesar-

16, 758-770, September 2015

ean delivery was consistent by maternal age (aged <27
years vs. >27 years) and confounding adjustment (adjusted
vs. unadjusted) across studies. We did not find greater risk
of adverse maternal health outcomes among underweight
women, suggesting that the main contribution to greater
adverse maternal health outcomes is from overweight and
obese mothers.

Our systematic review and meta-analysis indicated that
underweight mothers have a higher risk of delivering low-
birthweight and small-for-gestational-age babies. This
finding is consistent with one meta-analysis (23), but we
cannot compare with other meta-analyses due to different
categorization of BMI. For instance, previous studies
present the results of low birthweight (20) and preterm
birth (18,19) among overweight and/or obese women com-
pared with normal-weight women. Although several epide-
miological studies indicated that maternal underweight is
still a significant problem in developing countries and the
leading risk factor for low birthweight (8,15), preterm birth
(15,16) and small for gestational age (8,17), none of these
previous meta-analyses considered underweight in their
analysis. We considered all four BMI categories in our
meta-analysis to investigate perinatal and maternal health
outcomes in connection with maternal BMI. Our study
demonstrated that the risk of stillbirth is relatively higher
among overweight and obese mothers but the association
was not statistically significant. Two previous meta-
analyses found a significantly higher risk of stillbirth
among all higher categories of maternal BMI (18,22). The
small discrepancy regarding significant association might
be due to the lack of more detailed analysis or the limited
number of studies reporting stillbirth as an outcome. To
date, there are very few epidemiological studies that
reported stillbirth in relation to maternal BMI, especially in
developing countries, and the extent of the association is
still unclear in low-income countries. Assessment of still-
birth outcomes is lacking in many epidemiological studies
of perinatal outcomes and is a neglected issue. Even Mil-
lennium Development Goal 4 excludes stillbirth as an
outcome of progress in perinatal health.

Consistent with previous studies (70-74), maternal
height was inversely associated with risk of low
birthweight. Ozaltin ef al. found that maternal height is
negatively associated with risk of child mortality, stunting,
undernutrition and wasting (72). Although it is not com-
pletely understood how maternal height might be associ-
ated with adverse birth and health outcomes, several
biomechanical, biological or environmental factors may be
involved (75-77). Small uterus size and lower blood flow,
found in short-statured women, directly imposes physical
limitations on the growth of the uterus, placenta and fetus
(70,73,74,78-80). This may lead to membrane stretching,
vaginal difficulties during labour and increased risk of
preterm birth, low birthweight and caesarean delivery.
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Chronic maternal energy and micronutrient deficiency
during early life are also an important component limiting
growth, resulting in retardation and short stature as well as
subsequent restricted fetal growth, duration of gestation or
other adverse health outcomes especially in developing
countries (74,77,78,81-83). Generally, shorter women are
more likely to pass a genetic predisposition for small
growth on to their fetus (78).

Our study found that high BMI was associated with a
larger increase in risk of gestational diabetes, hypertension
and caesarian delivery. The exact biological mechanisms by
which obesity affects the mode of delivery or development
of gestational diabetes are not well understood. Obesity
may increase adipocytes or pelvic soft issue even in the
absence of disease (84-86). Abundance of adipocytes in
obese women has been suggested as a cause of excessive
inflammatory responses and pelvic soft tissue could narrow
the diameter of the birth canal, influencing both the devel-
opment of gestational diabetes and caesarean delivery,
respectively (84-86). Thus, policymakers in developing
nations need to be aware of both maternal height as well as
the growing epidemic of overweight and obesity in popu-
lations of young women and the tide of increased maternal
risks that this epidemic will bring.

This study focused on high quality cohort studies with
large sample sizes, including both published and gray lit-
erature, and covered foreign language papers. This enabled
us to include a large number of high-quality studies, which
allowed us to draw strong conclusions. Additionally, we
used a comprehensive search strategy, performed extensive
quality assessment, followed the checklist of the MOOSE
group (87) and examined heterogeneity with stratified
analysis in order to investigate the effect of maternal BMI
before or in early pregnancy on birth and health outcomes.
However, several limitations should be considered. First,
although the WHO developed the standard cut-off points
for BMI categorization (underweight, <18.50 kg m™;
normal, 18.50-24.99 kg m™%; overweight, >25-<30 kg m™
and obese, 230 kg m™), not all studies used this categori-
zation. Different definitions and categorization can lead to
variations in ORs even within a single data set. However, in
our systematic review, almost all studies used WHO thresh-
olds except studies in China and Iran. Chinese studies
mainly used GPC thresholds for overweight (24 kg m>—
<28 kg m™2) and obesity (>28 kg m2) in Chinese adults
(25) and Iranian studies followed the categorization of
BMI from the IOM, American Academy of Pediatrics and
American College of Obstetricians and Gynecologists
(underweight, <19.8 kg m™; normal, 19.8-<26 kg m™2;
overweight, 26-29 kg m™ and obese, >29 kg m™2) (26).
Consistent with other meta-analyses, we summarized the
data according to the original studies’ definitions and clas-
sification of BMI (20,88). This minimizes the variation of
BMI cut-off points across studies and allows the definition
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of specific populations for each country. Additionally, we
performed sensitivity analyses for different BMI thresholds
for each BMI category and found little evidence that the
summary results varied by definition of BMI. Second, our
study addressed only findings related to pre-pregnancy or
first trimester BMI and excluded studies analysing data
related to second or third trimester BMI, gestational weight
gain, visceral fat or fat distribution. However, epidemio-
logical studies suggest that maternal pre-pregnancy or early
pregnancy BMI is a strong predictor of pregnancy and
maternal health outcomes (6,8,9,16). Third, not all studies
presented adjusted ORs and adjustment factors varied
across studies. We used both crude and adjusted ORs in the
same meta-analysis, so the pooled risk estimates may be
biased. However, we conducted meta-regression and sub-
group analysis by presence or absence of confounder
adjustment and did not find any significant differences in
pooled ORs. Fourth, out of 22 studies in the meta-analysis,
most of the studies were from upper middle-income coun-
tries (18 studies) and only four studies were from low- and
lower middle-income countries. Therefore, the results may
not be generalizable to low-income settings. This uneven
distribution of studies suggests a strong need to improve
research on maternal health outcomes and risk factors in
the poorest countries, particularly using well-designed pro-
spective studies.

In conclusion, maternal overweight and obesity were
associated with a significantly higher risk of gestational
diabetes, pregnancy-induced hypertension, pre-eclampsia,
caesarean delivery and post-partum haemorrhage. Being
short or underweight was associated with a significantly
higher risk of low birthweight and small for gestational
age. Although overweight and obesity were found to be
slightly protective against low-birthweight deliveries,
small for gestational age and preterm babies in low-income
countries, greater adverse maternal health outcomes were
found in these groups. Clinicians and policymakers should
counsel women pre-pregnancy or in early pregnancy on the
adverse threats of height, underweight, overweight and
obesity on their own and their infant’s health in order to
encourage informed women to optimize their BMI before
conception. Clinicians need to be aware of the importance
of management of weight in pregnancy and the proper
identification and management of BMI-related risks
during antenatal care. To prevent height-related pregnancy
burden, long-term interventions are necessary in order to
improve the height of young women before they become
pregnant. Public and private organizations in low- and
middle-income countries should jointly work together to
introduce long-term interventions including adequate
calorie/protein or micronutrient supplementation during
the pre-pubescent or adolescent period and prevent child
marriage. By acting to prevent this epidemic and to mini-
mize the associated risks, policymakers in low- and middle-
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income countries can reduce the consequences of the
epidemiological transition for pregnant mothers and
infants and can ensure that gains in maternal and child
health are not reduced during this complex phase of health
system transition.
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