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Abstract

Background

Obesity prevalence is increasing in many countries in the world, including Asia. Maternal

obesity is highly associated with fetal and neonatal deaths. This study investigated whether

maternal obesity is a risk factor of fetal death (measured in terms of miscarriage and still-

birth) and neonatal mortality in South and South-East Asian countries.

Methods

This cross-sectional study pooled the most recent Demographic and Health Surveys (DHS)

from eight South and South-East Asian countries (2014–2018). Multivariate logistic regres-

sion was deployed to check the relationships between maternal obesity with fetal and neo-

natal deaths. Finally, multilevel logistic regression model was employed since the DHS data

has a hierarchical structure.

Results

The pooled logistic regression model illustrated that maternal obesity is associated with

higher odds of miscarriage (adjusted odds ratio [aOR]: 1.26, 95% CI: 1.20–1.33) and still-

births (aOR: 1.46, 95% CI: 1.27–1.67) after adjustment of confounders. Children of obese

mothers were at 1.18 (aOR: 1.18, 95% CI: 1.08–1.28) times greater risk of dying during the

early neonatal period than mothers with a healthy weight. However, whether maternal obe-

sity is statistically a significant risk factor for the offspring’s late neonatal deaths was not con-

firmed. The significant association between maternal obesity with miscarriage, stillbirth and

early neonatal mortality was further confirmed by multilevel logistic regression results.
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Conclusion

Maternal obesity in South and South-East Asian countries is associated with a greater risk

of fetal and early neonatal deaths. This finding has substantial public health implications.

Strategies to prevent and reduce obesity should be developed before planning pregnancy to

reduce the fetal and neonatal death burden. Obese women need to deliver at the institu-

tional facility centre that can offer obstetrics and early neonatal care.

Introduction

Preventable obesity has almost tripled since 1975, and the World Health Organization (WHO)

estimated that 1.9 billion adults were overweight in 2016, of which 650 million were obese

[1,2]. In Asia and the Pacific, the prevalence of overweight and obesity has increased by

approximately 18% from 1990 to 2013 [3]. Among the South Asian nations, Afghanistan, Bhu-

tan, Maldives and Pakistan showed a higher rate of increase in the prevalence of obesity and

overweight (30% and higher); while Malaysia, Singapore and Thailand from Southeast Asia

experienced obesity prevalence in more than 30% of the total population in 2013 [3]. Globally,

it was estimated that 40% and 15% of women aged 18 years and above were overweight and

obese, respectively, in 2016 [2].

Obesity, a global issue that countries are struggling to address [3], is associated with miscar-

riage and has been identified as a major health concern in low and middle-income countries

(LMICs) [4]. Obesity, among females especially, has attracted researchers for many reasons.

Primarily, maternal weight, obesity, or reediness impacts fertility among women; secondly, it

could lead to fetal and neonatal death [1,4,5].

The neonatal period is said to be the most vulnerable time for a child. In the early 1990s, 38

deaths per 1000 births occurred; in 2019, the rate decreased to 17 per 1000 live births. How-

ever, around 6700 neonatal deaths occur daily in the world [6]. Therefore, neonatal death is a

concern for policymakers and researchers around the world. Baroni et al. [7] investigated the

neonatal mortality rates in Brazil, whereas Liu et al. [8] and Abdul-Mumin et al. [9] investi-

gated the key reasons for neonatal death and preterm birth in China and Ghana. Regional

investigations have identified that preterm birth, intrapartum complications and pneumonia

(in case of China), and preterm birth complications and birth asphyxia (in case of Ghana) are

the leading causes of neonatal deaths [8,9]. On a global scale, the major causes of neonatal

death include preterm birth, severe infections and asphyxia [10]. Maternal obesity posed a risk

for neonatal deaths during the first two days in Sub-Saharan Africa [11]. Systematic review

with meta-analyses has also found that many risks are associated with the mother’s Body Mass

Index (BMI) [12]. In Columbia, the BMI of a mother is associated with an infant’s weight [5].

Maternal obesity poses more than double the risk of stillbirth in Denmark [13]. Multi-country

analysis has found that the rates of stillbirth and neonatal mortality in south Asia are almost

double the rates in Sub-Saharan Africa [14].

Previous researchers have mostly considered a single outcome variable; in some cases, two

variables were considered to examine the association between maternal obesity with other var-

iables of interest, including miscarriage, stillbirth [4] and neonatal death [8,9]. In contrast, this

research has taken a holistic approach to compare and contrast how maternal obesity is related

to pre and post-birth maternal and neonatal risk factors by including multiple outcome vari-

ables together. Accordingly, this research investigates the association between maternal health

conditions in terms of weight with miscarriage, stillbirth and neonatal death. The findings of
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the study contribute to the existing literature in three ways. First, this research has taken multi-

ple variables together, which is rarely observed in the previous literature. Second, this study

shows a varied level of impacts of maternal obesity on the selected parameters. The regional

coverage is also an addition. Third, the research findings would provide insights into the possi-

ble further amendments needed to initiate and implement nationwide programs targeting obe-

sity, especially for women, which would be helpful for national-level policymakers.

Methodology

Data source and settings

The data collected from the Demographic and Health Surveys (DHS) website (https://www.

dhsprogram.com) have been used in this study. DHS is a nationally representative cross-sec-

tional household survey typically conducted in a 5-year interval in selected LMICs. The DHS,

well known for its high data quality, uses a standardised questionnaire to facilitate compari-

sons between cross-country.

Study participants

This research selected and pooled the most recent surveys from eight out of 15 countries of

South and South-East Asia available in the DHS database. These countries include Cambodia

(2014), East Timur (2014), India (2015–16), Myanmar (2015–16), Nepal (2016), Maldives

(2016–17), Bangladesh (2017–18) and Pakistan (2017–18). The remaining seven countries

were excluded from the analysis due to publicly inaccessible, inadequate and/or obsolete data.

Initially, the sample was composed of 228,111 women of reproductive age who gave birth in

the last five years of the survey. From this number, the following were excluded from the

study: women who had twin children (3913); women who were currently pregnant (19,452);

mother had flagged BMI (197); and mother’s BMI information was missing (10,654). Hence,

the final sample limits to 193,895 mothers aged 15–49 years old (Fig 1).

Outcome variables

The endpoint of the study was the measurement of fetal and neonatal death.

Fetal death

The general outcome was used to derive the fetal death, which included miscarriage and still-

birth depending on the weeks of gestational age. According to the WHO definition, stillbirth

refers to a baby born dead after 28 weeks of gestation. However, several developed countries

use 20–24 weeks of gestation as the lower limit of stillbirth [15], which presents a problem in

differentiating miscarriage and stillbirth based on gestational time. In this study, following an

assessment conducted in Latin America [16], miscarriage is defined as a fetal loss on or before

20 weeks of gestation, and stillbirth is the fetal loss after 20 weeks of pregnancy.

Early and late neonatal death

This study considered the WHO definition of neonatal death, which occurs from birth to 28

days of infant life. Neonatal death can be further classified into early neonatal death (death

between 0 and 7 completed days of birth) and late neonatal death (death between 8 and 28

completed days of birth) [17,18].
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Exposure variable

Maternal weight status was the exposure of interest, and it was ascertained through the

mother’s BMI. BMI was calculated as the ratio of weight in kilograms (kg) divided by height

in metres-squared (m2), and it was categorised into four groups following the WHO guide-

lines [2]. Given that the target population of this study was drawn from South and South-

East Asia, we used the cut off points of BMI for Asians, which are categorised as: under-

weight (BMI< 18.50), healthy weight (BMI 18.50 to <23), overweight (BMI 23 to <27) and

obese (BMI� 27) [19]. The reason for using separate a BMI calculator for Asian and less-

developed countries has been discussed in prior studies where the authors considered ethni-

cal diversity that results in small body size and lower gestational weight gain compared to

developed countries [20,21].

Confounders

The study tried to keep most potential confounders after conducting a detailed literature

review [11,16,22–24]. Bivariate analysis was conducted, and later, the covariates were included

in the fully adjusted model if found significant at 5% or less. The present study attempts to

incorporate most of the social, demographic and economic variables used in other studies,

such as age, education, employment status, household wealth, civil status, area of residence,

age at first marriage, number of children, age at first birth, and place of delivery.

Fig 1. Distribution of the study participants and year of the survey across eight countries.

https://doi.org/10.1371/journal.pone.0256725.g001
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Estimation strategy

The authors constructed a pooled dataset of eight South and South-Eastern countries and sub-

sequent observations of 193,895 women of reproductive age and their children born in the last

five years of the survey. The DHS data involve multistage sampling, unequal sampling proba-

bilities, and stratification. Therefore, before performing any statistical analysis, this study

weighted the data using sampling weights, primary sampling unit, strata and cluster to restore

the representatives of the survey and futher to calculate standard errors and reliable estimates

as per the DHS framework to approximate level-weights [25]. STATA command “svy set” was

used for this analysis to address the complex survey design. All analyses such as summary sta-

tistics, cross-tabulation and regression were conducted using the STATA software, version 14.

To summarise the characteristics of the cohorts, this study first conducted descriptive statistics

in the form of frequency (n) and percentage (%). Later, the study reported the frequencies of

maternal BMI categories, stillbirth, miscarriage, early neonatal mortality, late neonatal mortal-

ity and other covariates. Chi-square tests or t-tests were used to assess the bivariate relationship

between all outcome variables with the mother’s BMI and other covariates.

This study explored the association between maternal weight status with fetal and neonatal

death using the multivariable logistic regression model due to the dichotomous nature of the

dependent variables. In the logistic model, the following statistical model is developed to cap-

ture the association:

Yi ¼ /0 þ b1MBMIi þ b2SDi þ . . . . . . . . . . . . . . . ::þ εi ð1Þ

In Eq 1, Yi represents the vector of all dependent variables, such as miscarriage, stillbirth,

early neonatal death and late neonatal death.MBMIi is the mother’s BMI. Finally, SDi repre-

sents the vector of the socio-economic and demographic characteristics, and εit is the error

term. To avoid the possible multicollinearity issue, a variance inflation factor test was con-

ducted (not shown). No correlation was found among the explanatory variables. The logistic

regression model results were expressed as unadjusted and adjusted Odd Ratio (aOR), and a

p-value at<0.05 level was found to be statistically significant.

Since the DHS data has a hierarchical structure, in this study, multivariable multilevel logis-

tic regression analysis was also applied to determine the effects of each independent variable of

miscarriage, stillbirth, early neonatal mortality and late neonatal mortality. This study consid-

ered two-level multi-level analysis: level 1 and 2 indicated individual level and country level,

respectively. The multilevel analysis was conducted separately in two regression models for

each outcome variables: miscarriage, stillbirth, early neonatal mortality and late neonatal mor-

tality. Model 1 represented a null model was fitted without independent variables to test ran-

dom variability in the intercept. Null model also used to estimate the intra-class correlation

coefficient (ICC). Model 2, a mixed model, included all independent variables which were

found to be statistically significant (<0.05) in the bivariate analysis, was examined the effects

of all considered independent variables simultaneously.

This study estimated both fixed and random effect parameters from multivariate multilevel

modelling. The fixed and random effect models measured the adjusted odds ratios and coun-

try-level variance, respectively. Furthermore, Intraclass correlation coefficient (ICC), calculat-

ing the variance in percentage explained by the country-level factors, were used to measure the

random effects.

We explored the interactions of exposure variable of mother’s BMI with potential con-

founding variables of age, area of residence, and mother’s education for four outcome variables

(e.g., miscarriage, stillbirth, early neonatal mortality and late neonatal mortality). However,
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no statistically significant associations were found. Therefore, results are not reported in the

paper.

Results

Table 1 summarises miscarriage, stillbirth, early neonatal mortality, late neonatal mortality,

mother’s BMI and socio-demographic characteristics of the study participants. A total of

193,895 women were included in the analysis. Among the participants, 10.50% reported fetal

death, of which 9.14% and 1.36% reported miscarriage and stillbirth, respectively. Early neona-

tal death was reported by 4.42%, whereas late neonatal death was less than 1%. The descriptive

statistics also revealed the prevalence of overweight (19.64%) and obese (9.77%) mothers.

The bivariate relationship between the mother’s BMI and each outcome variable, miscar-

riage, stillbirth, early neonatal mortality, late neonatal mortality and other covariates achieved

through the Chi-square tests or t-tests are displayed in Table 2. The bivariate analyses showed

that all the outcome variables were significantly associated with the mother’s BMI and all the

other confounders except employment status at a 5% level of significance. This study incorpo-

rated employment status in the multivariate regression model to check whether employment

status was associated with outcome variables at any level.

Table 3 presents the pooled estimates of the association between a mother’s BMI with fetal

and neonatal death. To facilitate interpretation, the present study displayed the results in the

form of unadjusted and adjusted odds ratios of outcome variables with a change in the level of

mother’s BMI. The adjusted model demonstrated that the mother’s BMI was a significant pre-

dictor of miscarriage, stillbirth and early neonatal death. The adjusted model reveals that the

odds of miscarriage among the overweight and obese mothers were 1.08 (aOR:1.08, 95% CI:

1.04–1.13) and 1.26 (aOR: 1.26, 95% CI: 1.20–1.33) times higher, respectively, compared with

mothers possessing healthy weight. Mothers with obesity were more likely to report stillbirth

(aOR:1.46, 95% CI: 1.27–1.67) than those with healthy BMI ranges. The mothers with obesity

had elevated odds (aOR: 1.18, 95% CI: 1.08–1.28) of having early neonatal death. No signifi-

cant association was found between maternal obesity and late neonatal death.

Table 4 illustrates the results of multivariate multilevel logistic regression analysis for null

and country-level factors for measuring the random effect of country and fixed effects of fac-

tors associated with miscarriage, stillbirth, early neonatal mortality and late neonatal mortality

in eight south and south-east Asian countries.

The null model (Model 1) of miscarriage described that significant variation exists in the

odds across the countries (τ = 0.72; 95% CI: 0.44–1.18; p<0.001). The variance estimate was

greater than zero, it indicates that there were country differences in miscarriage among

women in South and South-East Asian countries, and thus multilevel analysis should be con-

sidered as an appropriate approach for further analysis. Likewise, after controlling the effect of

independent variables at the country level, the variance at the country level had a significant

impact (τ = 0.70; 95% CI: 0.43–1.15; p<0.001) in Model 2. The null model (Model 1) demon-

strated that, overall, 13.59% variation in the odds of miscarriage was reported that involved

cluster difference of the characteristics (ICC = 13.59%). The variation between clusters

declined to 12.92% in Model 2. The result of Model 2 exposed that the adjusted odds of miscar-

riage among obese mothers were 1.19 (aOR: 1.19; 95% CI: 1.13–1.26) times higher compared

to mothers with a healthy weight.

Concerning the second outcome variable, stillbirth, both the null model (Model 1) and

mixed model (Model 2) confirmed significant variation (variance estimate greater than zero)

in the odds across the country (τ = 1.01; 95% CI: 0.60–1.69; p<0.001 and τ = 0.99; 95% CI:

0.58–1.66; p<0.001 respectively). The variation of odds between the clusters declined from
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Table 1. Weighted background characteristics of the study participants.

Frequency (n) Weighted percentage (%)

Outcome variable

Miscarriage

no 17,768 90.86

yes 176,127 9.14

Stillbirth

no 191,279 98.64

yes 2,616 1.36

Early neonatal mortality

no 185,189 95.58

yes 8,706 4.42

Late neonatal mortality

no 192,406 99.25

yes 1,489 0.75

Exposure variable

Mothers’ BMI

Underweight 43,540 23.41

Healthy weight 94,913 47.18

Overweight 37,920 19.64

Obesity 17,522 9.77

Confounding variables

Age

<20 years 6,754 3.78

20–29 123,232 66.01

30–39 56,632 27.12

40 and over 7,277 3.09

Education

No formal education 52,259 25.75

Primary 30,708 15.55

Secondary 89,614 46.49

Higher 21,314 12.21

Employment status

No occupation 140,002 73.63

Employed 53,893 26.37

Wealth index

Poorest 46,225 22.71

Poor 43,680 20.96

Middle 39,073 19.95

Richer 34,537 19.29

Richest 30,380 17.10

Civil status

Non-partnered 4,429 1.97

Married 189,466 98.03

Area of residence

Urban 50,798 29.73

Rural 143,097 70.27

Age at first marriage

<18 years 69,295 37.62

(Continued)
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23.73% to 22.95% from Model 1 to Model 2 (ICC = 23.73% and ICC = 22.95%, respectively).

The result from the mixed-model showed that mothers with obesity were more likely to report

stillbirth (aOR:1.31, 95% CI: 1.14–1.51) compared with those with a healthy BMI range.

In the case of early neonatal mortality, variation in the odds across the country was greater

than zero which confirms that there were country differences in early neonatal mortality

among women in south and south-east Asia. The variance at the country level reduced from

null model (τ = 0.39; 95% CI: 0.23–0.57; p<0.001) to mixed model (τ = 0.37; 95% CI: 0.21–

0.64; p<0.001). The variation of odds between the clusters declined from 4.42% to 3.96% from

Model 1 to Model 2. The mixed model results revealed that the mothers with obesity had ele-

vated odds (aOR: 1.20, 95% CI: 1.10–1.31) of having early neonatal death compared with

mothers possessing healthy weight. However, no significant association was found in the

mixed model between maternal obesity and late neonatal death.

Discussion

This study examined the association between maternal obesity with fetal and neonatal death.

The present study constructed a pooled data of eight South and South-East Asian countries

and used multivariable logistic regression for estimation to derive the association. The study

also performed multilevel logistic regression to assess the country level variation. In both cases,

maternal obesity is associated with an increased risk of miscarriage, stillbirth and early neona-

tal death.

In this study, maternal obesity was associated with greater odds of miscarriage, which was

in line with previous studies conducted in Nepal [4], Brazil [16], London [26], North England

[27] and in the United Kingdom [28,29]. A pooled analysis of a systemic review has found a

higher miscarriage rate in obese mothers than in mothers with normal BMI [30]. In another

systematic analysis, Marchi et al. found an even greater risk of miscarriage in pregnant moth-

ers with obesity than those with optimum weight [31]. Obesity comprises an array of other

risk factors that possibly result in preterm pregnancy loss. Early research has shown that obe-

sity increases the risk of neural tube defect and hypertensive disorder of pregnancy, which

Table 1. (Continued)

Frequency (n) Weighted percentage (%)

18 or over 124,600 62.38

Number of children

None 1,392 0.70

1–3 162,610 85.78

4–6 26,846 12.26

6+ 3,047 1.26

Age at first birth

<18 years 26,032 14.02

18–29 years 143,678 74.60

30–40 19,579 9.42

over 40 4,606 1.96

Place of delivery

Home 29,199 13.23

Public health centre 83,507 40.16

Private health center 41,265 25.13

Others: NGOs 39,924 21.48

https://doi.org/10.1371/journal.pone.0256725.t001
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Table 2. Bivariate analysis between maternal obesity with fetal and neonatal death in the south and south-east Asia.

Miscarriage (n = 17,768) P value Stillbirth (n = 2,616) P value Early neonatal mortality

(n = 8,706)

P value Late neonatal mortality

(n = 1,489)

P value

n % (CI) n % (CI) n % (CI) n % (CI)

Exposure variable

Mothers’ BMI <0.001 <0.021 <0.001 <0.016

Underweight 3,531 19.87 (19.29–

20.47)

596 22.78 (21.22–

24.43)

2,204 25.32 (24.41–

26.24)

380 25.52 (23.37–

27.80)

Healthy weight 8,349 46.99 (46.26–

47.72)

1,261 48.20 (46.29–

50.12)

4,226 48.54 (47.49–

49.59)

724 48.62 (46.09–

51.16)

Overweight 3,813 21.46 (20.86–

22.07)

481 18.39 (16.95–

19.92)

1,516 17.41 (16.63–

18.22)

262 17.60 (15.74–

19.61)

Obesity 2,075 11.68 (11.21–

12.16)

278 10.63 (9.50–

11.87)

760 8.73 (8.15–9.34) 123 8.26 (6.97–9.77)

Confounding variables

Age <0.001 <0.001 <0.001 <0.001

<20 years 414 2.33 (2.12–2.56) 49 1.87 (1.42–2.47) 201 2.31 (2.01–2.65) 45 3.02 (2.26–4.02)

20–29 11,998 67.53 (66.83–

68.21)

1,773 67.78 (65.96–

69.54)

4,821 55.38 (54.33–

56.42)

794 53.32 (50.78–

55.85)

30–39 4,866 27.39 (26.74–

28.05)

729 27.87 (26.18–

29.62)

3,242 37.24 (36.23–

38.26)

563 37.81 (35.38–

40.30)

40 and over 490 2.76 (2.53–3.01) 65 2.48 (1.95–3.16) 442 5.08 (4.64–5.56) 87 5.84 (4.76–7.15)

Education <0.001 <0.001 <0.001 <0.001

No formal
education

3,800 21.39 (20.79–

22.00)

889 33.98 (32.19–

35.82)

3,349 38.47 (37.45–

39.49)

607 40.77 (38.29–

43.28)

Primary 2,920 16.43 (15.90–

16.99)

469 17.93 (16.50–

19.45)

1,678 19.27 (18.46–

20.12)

301 20.21 (18.25–

22.33)

Secondary 8,803 49.54 (48.81–

50.28)

1,093 41.78 (39.90–

43.68)

3,253 37.37 (36.35–

38.39)

501 33.65 (31.29–

36.09)

Higher 2,245 12.64 (12.15–

13.13)

165 6.31 (5.44–7.31) 426 4.89 (4.46–5.37) 80 5.37 (4.34–6.64)

Employment status <0.992 <0.796 <0.012 < 0.73

No occupation 12,830 72.21 (71.54–

72.86)

1,883 71.98 (70.23–

73.67)

6,183 71.02 (70.06–

71.96)

1,081 72.6 (70.28–

74.81)

Employed 4,938 27.79 (27.14–

28.46)

733 28.02 (26.33–

29.77)

2,523 28.98 (28.04–

29.94)

408 27.4 (25.19–

29.72)

Wealth index <0.001 <0.001 <0.001 <0.001

Poorest 3,208 18.05 (17.50–

18.63)

738 28.21 (26.52–

29.97)

2,852 32.76 (31.78–

33.75)

545 36.6 (34.19–

39.08)

Poor 3,793 21.35 (20.75–

21.96)

667 25.50 (23.86–

27.20)

2,283 26.22 (25.31–

27.16)

364 24.45 (22.33–

26.69)

Middle 3,808 21.43 (20.83–

22.04)

554 21.18 (19.65–

22.79)

1,670 19.18 (18.37–

20.02)

286 19.21 (17.28–

21.29)

Richer 3,551 19.99 (19.40–

20.58)

392 14.98 (13.67–

16.40)

1,179 13.54 (12.84–

14.28)

157 10.54 (9.08–

12.21)

Richest 3,408 19.18 (18.61–

19.77)

265 10.13 (9.03–

11.35)

722 8.29 (7.73–8.89) 137 9.20 (7.83–10.78)

Civil status <0.001 <0.038 <0.003 <0.295

Non-partnered 234 1.32 (1.16–1.50) 44 1.68 (1.25–2.25) 159 1.83 (1.57–2.13) 28 1.88 (1.30–2.71)

Married 17,534 98.68 (98.50–

98.84)

2,572 98.32 (97.75–

98.75)

8,547 98.17 (97.87–

98.43)

1,461 98.12 (97.29–

98.70)

Area of residence <0.001 <0.013 <0.001 <0.001

Urban 5,582 31.42 (30.74–

32.10)

630 24.08 (22.48–

25.76)

1,777 20.41 (19.58–

21.27)

298 20.01 (18.06–

22.12)

(Continued)
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includes preeclampsia and gestational diabetes, which is a risk factor of spontaneous abortion

[32,33]. In some cases, obesity may make diabetes harder to manage and elevate the risk of

complications, especially in the first trimester of pregnancy [4].

To check the association of mother’s BMI with fetal death, this study found a positive rela-

tionship between obesity and stillbirth. This finding was consistent with the results of previous

studies conducted through systematic review and meta-analysis in high-income countries

[34], including Sweden [1], Denmark [13,35], Finland [36] and England [27]. Another review

showed that mothers with obesity and obesity with co-morbidity had a greater relative risk for

stillbirth than mothers with normal weight [37]. The possible explanation for the link between

a mother’s BMI and stillbirth could be that obesity during pregnancy increases the risk for

other co-morbidities that result in stillbirth. Possibly, women with low weight status have bet-

ter sense and capacity to feel the fetal movement and could ask for immediate care as move-

ment declined [37,38].

Table 2. (Continued)

Miscarriage (n = 17,768) P value Stillbirth (n = 2,616) P value Early neonatal mortality

(n = 8,706)

P value Late neonatal mortality

(n = 1,489)

P value

n % (CI) n % (CI) n % (CI) n % (CI)

Rural 12,186 68.58 (67.90–

69.26)

1,986 75.92 (74.24–

77.52)

6,929 79.59 (78.73–

80.42)

1,191 79.99 (77.88–

81.94)

Age at first

marriage

<0.001 <0.001 <0.001 <0.001

<18 years 6,084 34.24 (33.55–

34.94)

1,095 41.86 (39.98–

43.76)

4,048 46.50 (45.45–

47.55)

699 46.94 (44.42–

49.49)

18 or over 11,684 65.76 (65.06–

66.45)

2,616 58.14 (56.24–

60.02)

4,658 53.50 (52.45–

54.55)

790 53.06 (50.51–

55.58)

Number of

children

<0.001 <0.001 <0.001 <0.001

None 164 0.92 (0.79–1.07) 50 1.91 (1.45–2.51) 776 8.91 (8.33–9.53) 108 7.25 (6.04–8.69)

1–3 15,438 86.89 (86.38–

87.37)

2,246 85.86 (84.47–

87.14)

6,168 70.85 (69.88–

71.79)

1,020 68.50 (66.10–

70.81)

4–6 1,938 10.91 (10.46–

11.37)

279 10.67 (9.54–

11.91)

1,592 18.29 (17.49–

19.11)

317 21.29 (19.28–

23.44)

6+ 228 1.28 (1.13–1.46) 41 1.57 (1.16–2.12) 170 1.95 (1.68–2.27) 44 2.96 (2.21–3.95)

Age at first birth <0.001 <0.052 <0.001 <0.001

<18 years 2,039 11.48 (11.02–

11.95)

304 11.62 (10.45–

12.91)

1,754 20.15 (19.32–21) 305 20.48 (18.51–

22.61)

18–25 years 13,293 74.81 (74.17–

75.45)

1,971 75.34 (73.66–

76.96)

6,190 71.1 (70.14–

72.04)

1,058 71.05 (68.70–

73.30)

26–30 years 1,958 11.02 (10.57–

11.49)

274 10.47 (9.36–

11.71)

622 7.14 (6.62–7.70) 99 6.65 (5.49–8.03)

over 30 478 2.69 (2.46–2.94) 67 2.56 (2.02–3.24) 140 1.61(1.36–1.89) 27 1.81 (1.25–2.63)

Place of delivery <0.001 <0.001 <0.001 <0.001

Home 2,301 12.95 (12.46–

13.45)

457 17.47 (16.06–

18.97)

1,375 15.79 (15.04–

16.57)

265 17.80 (15.94–

19.82)

Public health
center

7,469 42.04 (41.31–

42.76)

1,027 39.26 (37.4–

41.15)

2,809 32.27 (31.29–

33.25)

487 32.71 (30.37–

35.13)

Private health
center

4,353 24.50 (23.87–

25.14)

626 23.93 (22.33–

25.60)

1,626 18.68 (17.87–

19.51)

299 20.08 (18.12–

22.19)

Others: NGOs 3,645 20.51 (19.93–

21.11)

506 19.34 (17.87–

20.90)

2,896 33.26 (32.28–

34.26)

438 29.42 (27.15–

31.78)

https://doi.org/10.1371/journal.pone.0256725.t002
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The study also revealed that early neonatal death is positively associated with maternal

underweight and obesity status. This result was consistent with previous studies in which an

infant born to an overweight or obese woman was at higher risk of early neonatal death than

that born to a woman with normal weight [11,27,37,39–41]. In developed countries such as the

USA and England, the odds of neonatal deaths were two to three times higher in infants born

to overweight or obese mothers compared with those born to mothers with the recommended

BMI [27,39,41]. In a pooled analysis in 27 sub-Saharan African countries, maternal obesity

was identified as a risk factor, particularly for neonatal death that occurs in the first two days

of life [11]. Other than obesity, being underweight was also recognised as a risk factor in this

study. A recent study in India also found that underweight mothers had higher risks of neona-

tal death than recommended weight [42]. However, other studies observed no significant asso-

ciation [11,27]. The possible reason for the difference in the results could be the variations in

food consumption behaviour in different regions. The most probable cause of being under-

weight in the South and South-East regions would be malnutrition, which differs from devel-

oped countries [43]. This paper also noted no statistically significant relationship in the latter

half of the neonatal period possibly because of low statistical power. This result supported the

early study in sub-Saharan Africa, in which the authors mentioned similar reasons for not

finding any significant association between obesity and late neonatal mortality [11].

The study enriched the current literature by using a large sample of 193,895 women aged

between 15 and 49 years old and their offspring in eight South and South-East Asian countries.

To our knowledge, this research is among the initial attempts that comprehensively summa-

rised the association between maternal BMI and fetal and neonatal death. Hence, this study

has advanced the existing knowledge base by considering several subtypes of outcomes,

Table 3. Multivariate analysis using logistic regression for fetal and neonatal death.

Miscarriage Stillbirth

Unadjusted OR (95%CI) Adjusted OR1 (95%CI) Unadjusted OR (95%CI) Adjusted OR1 (95%CI)

Exposure variable

Mothers BMI

Underweight 0.92��� (0.88–0.95) 0.95�� (0.91–0.99) 1.03 (0.93–1.14) 0.96 (0.87–1.06)

Healthy weight (ref)
Overweight 1.16��� (1.11–1.21) 1.08��� (1.04–1.13) 0.95 (0.86–1.06) 1.08 (0.97–1.20)

Obesity 1.39��� (1.32–1.47) 1.26��� (1.20–1.33) 1.20�� (1.05–1.36) 1.46��� (1.27–1.67)

Early neonatal mortality Late neonatal mortality

Unadjusted OR (95%CI) Adjusted OR1 (95%CI) Unadjusted OR (95%CI) Adjusted OR1 (95%CI)

Exposure variable

Mother’s BMI

Underweight 1.14��� (1.09–1.21) 1.07�� (1.01–1.13) 1.15� (1.01–1.30) 1.06 (0.93–1.20)

Healthy weight (ref)
Overweight 0.89��� (0.84–0.95) 1.02 (0.95–1.08) 0.91 (0.79–1.04) 1.05 (0.90–1.21)

Obesity 0.97� (0.90–1.05) 1.18��� (1.08–1.28) 0.92 (0.76–1.11) 1.13 (0.93–1.38)

P-values:

���P < 0.001,

��P < 0.01,

� P< 0.05.
1Only exposure variables are reported in the adjusted model.

The models were adjusted with age, education, employment status, wealth index, civil status, area of residence, age at first marriage, number of children, age at first

birth, and place of delivery.

https://doi.org/10.1371/journal.pone.0256725.t003
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including miscarriage, stillbirth, early neonatal death and late neonatal death in the context of

emerging economies. Our findings are suggestive because the study considered the subsequent

health of women and offspring health. Moreover, the consequences of poor maternal health

stock have been pointed out.

The findings of this study reconfirm the necessity of addressing the problems associated

with obesity of women from the perspective of offspring health. Although obesity is a growing

concern in terms of fetal and neonatal death, no national or central level health program has

been developed to address this burden. This study’s findings can be generalised to women in

this region. Results form this study will serve as helpful evidence for health policymakers to

Table 4. Multivariate multilevel logistic regression for fetal and neonatal death.

Miscarriage Stillbirth

Model 1 Model 2 Model 1 Model 2

Exposure variable

Mother’s BMI

Underweight 0.97 (0.93–1.01) 0.97 (0.88–1.07)

Healthy weight (ref)
Overweight 1.06��(1.02–1.11) 1.03 (0.93–1.15)

Obesity 1.19���(1.13–1.26) 1.31��� (1.14–1.51)

Intercept 0.11��� (0.07–0.19) 0.07��� (0.04–0.12) 0.01��� (0.01–0.02) 0.01���(0.01–0.02)

Model summary (Random Effect)

Country Variance 0.72 (0.44–1.18) 0.70 (0.43–1.15) 1.01 (0.60–1.69) 0.99 (0.58–1.66)

LR test P <0.001 P <0.001 P <0.001 P <0.001

ICC (%) 13.59% 12.92% 23.73% 22.95%

Log likelihood -58738.35 -58201.658 -13688.088 -13464.331

AIC 117480.7 116459.3 27380.18 26984.66

Early neonatal mortality Late neonatal mortality

Model 1 Model 2 Model 1 Model 2

Exposure variable

Mother’s BMI

Underweight 1.07� (1.01–1.13) 1.05 (0.93–1.19)

Healthy weight (ref)
Overweight 1.02 (0.96–1.09) 1.04 (0.90–1.21)

Obesity 1.20��� (1.10–1.31) 1.13 (0.92–1.39)

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

Model summary (Random Effect)

Country Variance 0.39 (0.23–0.57) 0.37 (0.21–0.64) 0.57 (0.31–1.05) 0.50 (0.26–0.96)

LR test P <0.001 P <0.001 P <0.001 P <0.001

ICC (%) 4.42% 3.96% 9.06% 6.98%

Log likelihood -35471.749 -32027.656 -8718.8771 -8278.1581

AIC 70947.5 64111.31 17441.75 16612.32

P-values:

���P < 0.001,

��P < 0.01,

� P< 0.05.

Model 1: No covariates controlled for.

Model 2: Only exposure variables are reported. The models were adjusted with age, education, employment status, wealth index, civil status, area of residence, age at first

marriage, number of children, age at first birth, and place of delivery.

https://doi.org/10.1371/journal.pone.0256725.t004
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create central-level health and nutritional interventions that can prevent obesity and improve

reproductive outcomes. Such interventions could be altering women’s lifestyles, providing

educational modules on physical activity and establish gym and activity centres, where women

can perform physical exercises to modify the obesogenic environment and lifestyle choices,

thereby reducing obesity.

This study’s key strength is the large population-based dataset that provided sufficient

power to assess the association between maternal BMI on their children’s health outcomes at

different stages. A large pooled dataset also helped justify prior findings in a single or group of

countries in a specific region. Moreover, the study applied statistical adjustment and was able

to identify the significance of maternal obesity on children’s health outcomes for informed pol-

icy formulation. The limitations of the study are as follows. First, due to the cross-sectional

nature of the data, this study could not establish any causal effects. Second, although this

pooled analysis included large cohorts of mothers, possible heterogeneity among studies

might have restricted the reliability of the result. Hence, any extrapolation for other countries

required careful consideration. Finally, pregnancy complications, such as miscarriage, still-

birth and neonatal death, might share other underlying cause(s), i.e., biological conditions or

unmeasured risk factors. Thus, interpretation of the findings must be performed with care.

Conclusion

In conclusion, this study reveals that even a modest increase in maternal BMI status is associ-

ated with fetal and neonatal death after analysing an extensive national demographic survey of

eight South and South-East Asian Countries. Maternal obesity affects women, but it impacts

child health in the form of fetal and neonatal death. An effective intervention to maintain rec-

ommended weight and lifestyle choices of a mother is needed to reduce the number of cases of

stillbirth, miscarriage and neonatal death. Besides, obese women should deliver at a centre

offering services by specialist obstetrics to ensure early neonatal care. Cost-effective commu-

nity-based strategies, including nutrition programs for pregnant women, development of vol-

unteers for immediate health support, and maternal education, are also required in this region

to achieve SDG Target-3, which aims to ensure healthy lives and promote people’s well-being

ages by 2030.

Acknowledgments

We gratefully acknowledge measure DHS for their permission to use the Demographic Health

Surveys. We are also grateful to the editors and the reviewers who provided constructive com-

ments to help shape this paper.

Author Contributions

Conceptualization: Rezwanul Haque, Syed Afroz Keramat.

Data curation: Rezwanul Haque.

Formal analysis: Rezwanul Haque, Syed Afroz Keramat, Maimun Ur Rashid Mustafa.

Investigation: Rezwanul Haque.

Methodology: Rezwanul Haque, Syed Afroz Keramat.

Resources: Maimun Ur Rashid Mustafa.

Supervision: Khorshed Alam.

PLOS ONE Maternal obesity with fatal and neonatal death

PLOS ONE | https://doi.org/10.1371/journal.pone.0256725 September 2, 2021 13 / 16

https://doi.org/10.1371/journal.pone.0256725


Writing – original draft: Rezwanul Haque, Syed Mahbubur Rahman, Maimun Ur Rashid

Mustafa, Khorshed Alam.

Writing – review & editing: Rezwanul Haque, Syed Afroz Keramat, Syed Mahbubur Rahman,

Maimun Ur Rashid Mustafa, Khorshed Alam.

References
1. Poston L, Caleyachetty R, Cnattingius S, Corvalán C, Uauy R, Herring S, et al. Preconceptional and

maternal obesity: epidemiology and health consequences. Lancet Diabetes Endocrinol. 2016; 4: 1025–

1036. https://doi.org/10.1016/S2213-8587(16)30217-0 PMID: 27743975

2. Obesity and Overweight. In: World Health Organization [Internet]. [cited 13 Feb 2021]. https://www.

who.int/news-room/fact-sheets/detail/obesity-and-overweight.

3. Helble M, Francisco K. The Upcoming Obesity Crisis in Asia and the Pacific: First Cost Estimates. ADBI

Working Paper 743. Tokyo: Asian Development Bank Institute; 2017. https://www.adb.org/sites/default/

files/publication/231516/adbi-wp679.pdf.

4. Ghimire PR, Akombi-Inyang BJ, Tannous C, Agho KE. Association between obesity and miscarriage

among women of reproductive age in Nepal. PLoS One. 2020; 15: 1–13. https://doi.org/10.1371/

journal.pone.0236435 PMID: 32760090

5. Aldana-Parra F, Vega GO, Fewtrell M. Associations between maternal BMI, breastfeeding practices

and infant anthropometric status in Colombia; Secondary analysis of ENSIN 2010. BMC Public Health.

2020; 20: 1–15.

6. Neonatal mortality. United Nations International Children’s Emergency Fund. In: UNICEF [Internet].

2020 [cited 13 Feb 2021]. https://data.unicef.org/topic/child-survival/neonatal-mortality/.

7. Baroni L, Salles R, Salles S, Pedroso M, Lima J, Morais I, et al. Neonatal mortality rates in Brazilian

municipalities : from 1996 to 2017. BMC Res Notes. 2021; 20–22.

8. Liu Y, Kang L, He C, Miao L, Qiu X, Xia W, et al. Neonatal mortality and leading causes of deaths: a

descriptive study in China, 2014–2018. 2021; 11:e042654. https://doi.org/10.1136/bmjopen-2020-

042654 PMID: 33542043

9. Abdul-Mumin A, Cotache-Condor C, Owusu SA, Mahama H, Smith ER. Timing and causes of neonatal

mortality in Tamale Teaching Hospital, Ghana: A retrospective study. PLoS One. 2021; 16: 1–12.

https://doi.org/10.1371/journal.pone.0245065 PMID: 33439915

10. Lawn JE, Cousens S, Zupan J. Neonatal Survival 1:4 Million Neonatal Deaths. MCN, Am J Matern

Nurs. 2007; 32: 386. https://doi.org/10.1097/01.nmc.0000298141.77902.5a

11. Cresswell JA, Campbell OMR, De Silva MJ, Filippi V. Effect of maternal obesity on neonatal death in

sub-Saharan Africa: Multivariable analysis of 27 national datasets. Lancet. 2012; 380: 1325–1330.

https://doi.org/10.1016/S0140-6736(12)60869-1 PMID: 22884609

12. Stubert J, Reister F, Hartmann S, Janni W. Risiken bei Adipositas in der Schwangerschaft. Dtsch Arz-

tebl Int. 2018; 115: 276–283.

13. Kristensen J, Vestergaard M, Wisborg K, Kesmodel U, Secher NJ. Pre-pregnancy weight and the risk of

stillbirth and neonatal death. BJOG An Int J Obstet Gynaecol. 2005; 112: 403–408. https://doi.org/10.

1111/j.1471-0528.2005.00437.x PMID: 15777435

14. Ahmed I, Ali SM, Amenga-Etego S, Ariff S, Bahl R, Baqui AH, et al. Population-based rates, timing, and

causes of maternal deaths, stillbirths, and neonatal deaths in south Asia and sub-Saharan Africa: a

multi-country prospective cohort study. Lancet Glob Heal. 2018; 6: e1297–e1308. https://doi.org/10.

1016/S2214-109X(18)30385-1 PMID: 30361107

15. Frøen JF, Cacciatore J, McClure EM, Kuti O, Jokhio AH, Islam M, et al. Stillbirths: Why they matter.

Lancet. 2011; 377: 1353–1366. https://doi.org/10.1016/S0140-6736(10)62232-5 PMID: 21496915

16. Felisbino-Mendes MS, Matozinhos FP, Miranda JJ, Villamor E, Velasquez-Melendez G. Maternal obe-

sity and fetal deaths: Results from the Brazilian cross-sectional demographic health survey, 2006. BMC

Pregnancy Childbirth. 2014; 14. https://doi.org/10.1186/1471-2393-14-5 PMID: 24397390

17. Neonatal and Perinatal mortality. In: World Health Organization [Internet]. [cited 7 Feb 2021]. https://

www.who.int/data/gho/indicator-metadata-registry/imr-details/67.

18. Pathirana J, Muñoz FM, Abbing-Karahagopian V, Bhat N, Harris T, Kapoor A, et al. Neonatal death:

Case definition & guidelines for data collection, analysis, and presentation of immunization safety

data. Vaccine. 2016; 34: 6027–6037. https://doi.org/10.1016/j.vaccine.2016.03.040 PMID:

27449077

PLOS ONE Maternal obesity with fatal and neonatal death

PLOS ONE | https://doi.org/10.1371/journal.pone.0256725 September 2, 2021 14 / 16

https://doi.org/10.1016/S2213-8587%2816%2930217-0
http://www.ncbi.nlm.nih.gov/pubmed/27743975
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.adb.org/sites/default/files/publication/231516/adbi-wp679.pdf
https://www.adb.org/sites/default/files/publication/231516/adbi-wp679.pdf
https://doi.org/10.1371/journal.pone.0236435
https://doi.org/10.1371/journal.pone.0236435
http://www.ncbi.nlm.nih.gov/pubmed/32760090
https://data.unicef.org/topic/child-survival/neonatal-mortality/
https://doi.org/10.1136/bmjopen-2020-042654
https://doi.org/10.1136/bmjopen-2020-042654
http://www.ncbi.nlm.nih.gov/pubmed/33542043
https://doi.org/10.1371/journal.pone.0245065
http://www.ncbi.nlm.nih.gov/pubmed/33439915
https://doi.org/10.1097/01.nmc.0000298141.77902.5a
https://doi.org/10.1016/S0140-6736%2812%2960869-1
http://www.ncbi.nlm.nih.gov/pubmed/22884609
https://doi.org/10.1111/j.1471-0528.2005.00437.x
https://doi.org/10.1111/j.1471-0528.2005.00437.x
http://www.ncbi.nlm.nih.gov/pubmed/15777435
https://doi.org/10.1016/S2214-109X%2818%2930385-1
https://doi.org/10.1016/S2214-109X%2818%2930385-1
http://www.ncbi.nlm.nih.gov/pubmed/30361107
https://doi.org/10.1016/S0140-6736%2810%2962232-5
http://www.ncbi.nlm.nih.gov/pubmed/21496915
https://doi.org/10.1186/1471-2393-14-5
http://www.ncbi.nlm.nih.gov/pubmed/24397390
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/67
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/67
https://doi.org/10.1016/j.vaccine.2016.03.040
http://www.ncbi.nlm.nih.gov/pubmed/27449077
https://doi.org/10.1371/journal.pone.0256725


19. Asian BMI Calculator. In: Joslin Diabetes Center [Internet]. [cited 25 Feb 2021]. https://aadi.joslin.org/

en/am-i-at-risk/asian-bmi-calculator?fbclid=IwAR1yhCxSOjS0jeEOCnvdh_

orXAPJmoCBmOTCWJdLzy7ompm_X781HNxMUeg.

20. Ota E, Haruna M, Suzuki M, Anh D, Tho H, Thanh T. Maternal body mass index and gestational weight

gain and their association with perinatal outcomes in Viet Nam. 2011; 127–136. PMID: 21346924

21. Gondwe A, Ashorn P, Ashorn U, Dewey KG, Maleta K, Nkhoma M, et al. Pre-pregnancy body

mass index (BMI) and maternal gestational weight gain are positively associated with birth outcomes in

rural Malawi. PLoS One. 2018; 13: 1–15. https://doi.org/10.1371/journal.pone.0206035 PMID:

30352100

22. Nisha MK, Alam A, Islam MT, Huda T, Raynes-Greenow C. Risk of adverse pregnancy outcomes asso-

ciated with short and long birth intervals in Bangladesh: Evidence from six Bangladesh Demographic

and Health Surveys, 1996–2014. BMJ Open. 2019; 9: 1–11.

23. McGready R, Paw MK, Wiladphaingern J, Min AM, Carrara VI, Moore KA, et al. Miscarriage, stillbirth

and neonatal mortality in the extreme preterm birth window of gestation in a limited-resource setting on

the Thailand-Myanmar border: A population cohort study. Wellcome Open Res. 2016; 1: 32. https://doi.

org/10.12688/wellcomeopenres.10352.3

24. Khan S, Zaheer S, Safdar NF. Determinants of stunting, underweight and wasting among children.

BMC Public Health. 2019; 19: 358. https://doi.org/10.1186/s12889-019-6688-2 PMID: 30935382

25. Elkasabi M, Ren R, Pullum TW. Multilevel Modeling Using Dhs Surveys: a Framework To Approximate

Level-Weights. DHS Methodol Reports No 27. Rockville, Maryland, USA: ICF; 2020.

26. Al-Ghamdi A, Regan L, Lo W, Rai R, Hameed A, Brailsford S. The effect of body mass index on the out-

come of pregnancy in women with recurrent miscarriage. J Fam Community Med. 2012; 19: 167.

https://doi.org/10.4103/2230-8229.102316 PMID: 23230382

27. Tennant PWG, Rankin J, Bell R. Maternal body mass index and the risk of fetal and infant death: A

cohort study from the North of England. Hum Reprod. 2011; 26: 1501–1511. https://doi.org/10.1093/

humrep/der052 PMID: 21467206

28. Metwally M, Saravelos SH, Ledger WL, Li TC. Body mass index and risk of miscarriage in women with

recurrent miscarriage. Fertil Steril. 2010; 94: 290–295. https://doi.org/10.1016/j.fertnstert.2009.03.021

PMID: 19439294

29. Lashen H, Fear K, Sturdee DW. Obesity is associated with increased risk of first trimester and recurrent

miscarriage: Matched case-control study. Hum Reprod. 2004; 19: 1644–1646. https://doi.org/10.1093/

humrep/deh277 PMID: 15142995

30. Boots C, Stephenson MD. Does obesity increase the risk of miscarriage in spontaneous conception: A

systematic review. Semin Reprod Med. 2011; 29: 507–513. https://doi.org/10.1055/s-0031-1293204

PMID: 22161463

31. Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated with obesity in pregnancy, for

the mother and baby: A systematic review of reviews. Obes Rev. 2015; 16: 621–638. https://doi.org/10.

1111/obr.12288 PMID: 26016557

32. Leddy MA, Power ML, Schulkin J. The impact of maternal obesity on maternal and fetal health. Rev

Obstet Gynecol. 2008; 1: 170–8. http://www.ncbi.nlm.nih.gov/pubmed/19173021%0A http://www.

pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC2621047. PMID: 19173021

33. Biggio JR, Chapman V, Neely C, Cliver SP, Rouse DJ. Fetal anomalies in obese women: The contribu-

tion of diabetes. Obstet Gynecol. 2010; 115: 290–296. https://doi.org/10.1097/AOG.

0b013e3181c9b8c3 PMID: 20093901

34. Flenady V, Koopmans L, Middleton P, Frøen JF, Smith GC, Gibbons K, et al. Major risk factors for still-

birth in high-income countries: A systematic review and meta-analysis. Lancet. 2011; 377: 1331–1340.

https://doi.org/10.1016/S0140-6736(10)62233-7 PMID: 21496916

35. Nohr EA, Bech BH, Davies MJ, Frydenberg M, Henriken TB, Olsen J. Prepregnancy obesity and fetal

death: A study within the Danish National Birth Cohort. Obstet Gynecol. 2005; 106: 250–259. https://

doi.org/10.1097/01.AOG.0000172422.81496.57 PMID: 16055572

36. Raatikainen K, Heiskanen N, Heinonen S. Transition from overweight to obesity worsens pregnancy

outcome in a BMI-dependent manner. Obesity. 2006; 14: 165–171. https://doi.org/10.1038/oby.2006.

20 PMID: 16493135

37. Aune D, Saugstad OD, Henriksen T, Tonstad S. Maternal body mass index and the risk of fetal death,

stillbirth, and infant death: A systematic review and meta-analysis. JAMA—J Am Med Assoc. 2014;

311: 1536–1546. https://doi.org/10.1001/jama.2014.2269 PMID: 24737366

38. Chu SY, Lau J, Schmid CH, Dietz PM, Callaghan WM, Curtis KM. Maternal obesity and risk of stillbirth:

a metaanalysis. Am J Obstet Gynecol. 2007; 197: 223–228. https://doi.org/10.1016/j.ajog.2007.03.027

PMID: 17826400

PLOS ONE Maternal obesity with fatal and neonatal death

PLOS ONE | https://doi.org/10.1371/journal.pone.0256725 September 2, 2021 15 / 16

https://aadi.joslin.org/en/am-i-at-risk/asian-bmi-calculator?fbclid=IwAR1yhCxSOjS0jeEOCnvdh_orXAPJmoCBmOTCWJdLzy7ompm_X781HNxMUeg
https://aadi.joslin.org/en/am-i-at-risk/asian-bmi-calculator?fbclid=IwAR1yhCxSOjS0jeEOCnvdh_orXAPJmoCBmOTCWJdLzy7ompm_X781HNxMUeg
https://aadi.joslin.org/en/am-i-at-risk/asian-bmi-calculator?fbclid=IwAR1yhCxSOjS0jeEOCnvdh_orXAPJmoCBmOTCWJdLzy7ompm_X781HNxMUeg
http://www.ncbi.nlm.nih.gov/pubmed/21346924
https://doi.org/10.1371/journal.pone.0206035
http://www.ncbi.nlm.nih.gov/pubmed/30352100
https://doi.org/10.12688/wellcomeopenres.10352.3
https://doi.org/10.12688/wellcomeopenres.10352.3
https://doi.org/10.1186/s12889-019-6688-2
http://www.ncbi.nlm.nih.gov/pubmed/30935382
https://doi.org/10.4103/2230-8229.102316
http://www.ncbi.nlm.nih.gov/pubmed/23230382
https://doi.org/10.1093/humrep/der052
https://doi.org/10.1093/humrep/der052
http://www.ncbi.nlm.nih.gov/pubmed/21467206
https://doi.org/10.1016/j.fertnstert.2009.03.021
http://www.ncbi.nlm.nih.gov/pubmed/19439294
https://doi.org/10.1093/humrep/deh277
https://doi.org/10.1093/humrep/deh277
http://www.ncbi.nlm.nih.gov/pubmed/15142995
https://doi.org/10.1055/s-0031-1293204
http://www.ncbi.nlm.nih.gov/pubmed/22161463
https://doi.org/10.1111/obr.12288
https://doi.org/10.1111/obr.12288
http://www.ncbi.nlm.nih.gov/pubmed/26016557
http://www.ncbi.nlm.nih.gov/pubmed/19173021%0A
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC2621047
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC2621047
http://www.ncbi.nlm.nih.gov/pubmed/19173021
https://doi.org/10.1097/AOG.0b013e3181c9b8c3
https://doi.org/10.1097/AOG.0b013e3181c9b8c3
http://www.ncbi.nlm.nih.gov/pubmed/20093901
https://doi.org/10.1016/S0140-6736%2810%2962233-7
http://www.ncbi.nlm.nih.gov/pubmed/21496916
https://doi.org/10.1097/01.AOG.0000172422.81496.57
https://doi.org/10.1097/01.AOG.0000172422.81496.57
http://www.ncbi.nlm.nih.gov/pubmed/16055572
https://doi.org/10.1038/oby.2006.20
https://doi.org/10.1038/oby.2006.20
http://www.ncbi.nlm.nih.gov/pubmed/16493135
https://doi.org/10.1001/jama.2014.2269
http://www.ncbi.nlm.nih.gov/pubmed/24737366
https://doi.org/10.1016/j.ajog.2007.03.027
http://www.ncbi.nlm.nih.gov/pubmed/17826400
https://doi.org/10.1371/journal.pone.0256725


39. Baeten JM, Bukusi EA, Lambe M. Pregnancy complications and outcomes among overweight and

obese nulliparous women. Am J Public Health. 2001; 91: 436–440. https://doi.org/10.2105/ajph.91.3.

436 PMID: 11236410

40. Coombs LC, Chang MC. Do husbands and wives agree? Fertility attitudes and later behavior. Popul

Environ. 1981; 4: 109–127. https://doi.org/10.1007/BF01255801

41. Chen A, Feresu SA, Fernandez C, Rogan WJ. Maternal obesity and the risk of infant death in the United

States. Epidemiology. 2009; 20: 74–81. https://doi.org/10.1097/EDE.0b013e3181878645 PMID:

18813025

42. Patel A, Prakash AA, Das PK, Gupta S, Pusdekar YV, Hibberd PL. Maternal anemia and underweight

as determinants of pregnancy outcomes: Cohort study in eastern rural Maharashtra, India. BMJ Open.

2018; 8: 1–15. https://doi.org/10.1136/bmjopen-2018-021623 PMID: 30093518

43. Mahanta LB, Choudhury M, Devi A, Bhattacharya A. On the study of pre-pregnancy Body Mass Index

(BMI) and weight gain as indicators of nutritional status of pregnant women belonging to low socio-eco-

nomic category: A study from Assam. Indian J Community Med. 2015; 40: 198–202. https://doi.org/10.

4103/0970-0218.158870 PMID: 26170546

PLOS ONE Maternal obesity with fatal and neonatal death

PLOS ONE | https://doi.org/10.1371/journal.pone.0256725 September 2, 2021 16 / 16

https://doi.org/10.2105/ajph.91.3.436
https://doi.org/10.2105/ajph.91.3.436
http://www.ncbi.nlm.nih.gov/pubmed/11236410
https://doi.org/10.1007/BF01255801
https://doi.org/10.1097/EDE.0b013e3181878645
http://www.ncbi.nlm.nih.gov/pubmed/18813025
https://doi.org/10.1136/bmjopen-2018-021623
http://www.ncbi.nlm.nih.gov/pubmed/30093518
https://doi.org/10.4103/0970-0218.158870
https://doi.org/10.4103/0970-0218.158870
http://www.ncbi.nlm.nih.gov/pubmed/26170546
https://doi.org/10.1371/journal.pone.0256725

