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Abstract 

Introduction: The prevalence of obesity continues to grow over the years. Maternal obesity is an established risk factor for 
mothers and newborns. We aimed to study the relation between maternal obesity, neonatal morbidity, and mortality. Population 
and Methods: We conducted a retrospective cohort study in Santiago’s Southeast Metropolitan Health Service 2014-2018 
birth database, Chile, including 19,946 mothers and their newborns. We used data on sociodemographic variables, nutritional 
status at the beginning and during pregnancy, and maternal morbidity. We assessed several birth, perinatal, and neonatal health 
outcomes. We estimated means, frequencies, and risk and odds ratios (OR), using a two-sided P-value <0.05 to determine 
statistical significance. Multivariate logistic regression analysis controlled for potential confounding factors. Results: The most 
common outcomes were fetal macrosomia (9.2%), and hospitalization (10.6%) while neonatal mortality (NM) was (5.2 ‰). 
Obesity at the beginning of pregnancy was 28.8%, and differed by maternal age, educational and socio-economic levels, and 
morbidity such as diabetes mellitus. Risk of NM (OR =1.5; 95% CI = 1.1 - 2.3) and fetal macrosomia (OR =1.7; 95% CI = 1.7 
- 2.1) was higher in newborns of obese mothers. Excessive Gestational Weight Gain rate was associated with fetal macrosomia 
(OR = 1.8; 95% CI =1.6 - 2.0) and neonatal admission to emergency (OR = 1.2; 95% CI =1.1 - 1.4), but not with NM (P-
value=0.265). Discussion: Maternal obesity was found associated with adverse neonatal outcomes, findings that are 
biologically plausible. We recommend the promotion of maintaining a normal weight before pregnancy and an adequate 
gestational weight gain. 
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Introduction 

Obesity is one of the most critical public health problems 
worldwide, with increasing prevalence in many countries, and 
currently described as a pandemic [1-3]. It is defined as an 

abnormal or excessive accumulation of fat which is harmful to 
health [4]. Obesity is associated with increased morbidity, 
disability, and premature mortality from cardiovascular 
diseases, diabetes mellitus, ischemic heart disease, cancer, and 
musculoskeletal disorders [5]. The worldwide prevalence of 
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obesity nearly tripled between 1975 and 2016, with over half 
of the adult population being obese or overweight, with a 
higher prevalence in women and men in the 30-40 years of age 
group, and with alarming predictions [6-8]. The prevalence is 
particularly high in the United States of America and Latin 
America and lower in Southeast Asia [9]. In Latin America 
obesity/overweight affects almost 60 percent of the adult 
population [10], and Chile ranks second in female obesity and 
third in male obesity in the subregion [11]. Obesity in Chile 
increased from 13.6% in 2003 to 34.4% 2016-7 [12]. 

Obesity increases in women of childbearing age and during 
pregnancy worldwide [13-15], ranging in prevalence from 
1.8% to 25.3% in different countries of the world [16]. In 
Chile 23.6% of women of childbearing age and 20.9% of 
pregnant women were obese between 2009-2010 [11,13]. 

 Obesity presented during pregnancy, or maternal obesity, 
can be diagnosed at the beginning of pregnancy (at the first 
antenatal medical visit) [17] or identified as an excessive 
weight gain during pregnancy. 

Maternal obesity is associated with metabolic 
inflammation, characterized by elevated adipose tissue and 
sustained systemic levels of pro-inflammatory cytokines and 
accumulation of macrophages in adipose tissue [18-22]. 
Furthermore, these changes extend to the placenta, suggesting 
a potential fetal exposure to an inflammatory environment for 
fetal development [18]. In animal models, maternal obesity 
has been shown to induce fetal inflammation that can result in 
the promotion of adipogenesis and increased adiposity in the 
offspring [18-22]. Maternal obesity constitutes one of the most 
common high-risk obstetric syndromes, resulting on a number 
of complications during pregnancy [23]. 

Consequences of obesity during pregnancy extend beyond 
the woman, to her offspring. Newborns of obese mothers 
during pregnancy have more complications in the perinatal 
period such as fetal macrosomia, prematurity, congenital 
anomalies, low APGAR, neonatal intensive care unit 
requirement, hypoglycemia, meconium-stained amniotic 
fluid, abnormal heart rate patterns, fetal trauma during 
delivery and increased perinatal and neonatal mortality [3,13, 
24]. 

Given the increasing prevalence of obesity in women of 
reproductive age, it is important to study its relation with 
neonatal morbidity and mortality in Chile, since even a modest 
association can have a considerable impact on the population. 
The present study assessed whether maternal obesity is 
associated with an increased risk of neonatal morbidity and 
mortality in the Southeast Metropolitan Health Service 
(SSMSO), in Santiago, Chile. 
 
Population and Methods 

The SSMSO is one of the six Chilean’s healthcare public 
services in the metropolitan area of Santiago, Chile, for the 

southeastern communities of Puente Alto, La Granja, La 
Pintana, Pirque, and Maipo. SSMSO healthcare is provided by 
primary healthcare facilities networking with three secondary-
level hospitals, La Florida, Padre Hurtado, San José de Maipo, 
and a tertiary-level hospital, Dr. Sótero del Río. This latter 
facility hosts the Information, Management and Analysis Unit 
(IMAU) that receives data from all the SSMSO facilities 
serving those five communities. The SSMSO IMAU’s 2014-
2018 birth database comprised 109,879 observations on 
newborns and their mothers of all delivered births at SSMSO 
facilities among residents of all the communities served by the 
SSMSO from 2014 to 2018, hence, constituting a population-
based cohort representative of the SSMSO pregnant 
population, considered one of the most representative regions 
of Chilean population. Therefore, we submit that a cohort 
based on maternal and birth records data from SSMSO would 
likely be representative of most births in Chile. 

We excluded records that did not include information on 
vital status of the newborn through the first 28 days of life, 
maternal height and/or weight control at the beginning of 
pregnancy or had inconsistent data on maternal height and pre-
pregnancy weight. In addition, newborns with gestational age 
<22 weeks and / or birth weight <500 grams were also 
excluded from the analysis because of their extreme low 
survival. After all these exclusions the analytic dataset 
comprised 19,546 records for the study.. 

Main exposure of interest 
Newborns whose mothers were obese at the beginning of 

pregnancy or had excessive weight gain during pregnancy 
were considered as exposed, while newborns whose mothers 
were neither obese at the beginning of pregnancy nor had 
excessive weight gain during pregnancy were considered 
unexposed. Thus, maternal obesity (obesity at the beginning 
of pregnancy or excessive weight gain during pregnancy) 
represent the main exposure.   

Outcome variables 
Neonatal morbidity and mortality were the main outcome 

variables. Neonatal morbidity included the following: preterm 
and post-term birth, low birthweight, fetal macrosomia, 
neonatal sepsis, admission to the emergency department, 
hospital admission, and length of the hospital stay. 

Statistical analysis 
We calculated absolute and relative frequencies for 

categorical variables and measures of central tendency and 
dispersion for continuous variables. We described the 
newborns according to perinatal and neonatal characteristics, 
and their mothers according to their nutritional status at the 
beginning and during pregnancy and by sociodemographic 
profile, obstetric history, and chronic morbidity (diabetes 
mellitus, high blood pressure, hypothyroidism, drug 
addiction) prior and during pregnancy. 
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We compared proportions and averages between exposed / 
unexposed to maternal obesity within newborns with and 
without neonatal morbidity and mortality to identify 
differences between both groups and measured the association 
between maternal obesity and neonatal mortality, and 
morbidity by calculating the prevalence at birth risk or relative 
risk (RR) and / or mean difference (𝑥 ഥ  diff.). 

Different statistical tests were used to corroborate the 
association between the outcome and exposures of interest 
variables. We used the Pearson's chi-square, Fisher's exact or 
Yates’s correction to statistical testing when comparing 
proportions. For polytomous categorical variables, we used 
the Cochran-Armitage chi-square test to assess trends of 
neonatal morbidity and mortality across levels of exposure. 
We used the Student's t-test for independent samples to 
compare averages between continuous variables of two 
categories. We used a two-sided P-value <0.05 to determine 
statistical significance. Potential confounding variables were 
assessed through stratified and multivariate analysis with 
logistic regression, calculating crude and adjusted Odds Ratio 
(OR and ORa, respectively) and their 95% confidence 
interval. The variables selected in the final model included 
confounding variables that changed the crude, unstratified 
odds ratio by more than 10%. The software Excel 2016 
(Microsoft Corp, Redmond WA) and STATA 14 (Stata Corp 
2021, College Station, TX) were used for the analysis. 

Ethical consideration 
The internal review boards of the Pontifical Catholic 

University of Chile and SSMSO reviewed and approved our 
study protocol which provided safeguards to guarantee the 
confidentiality and protection of other patients’ rights. 

Results 

In our study cohort population, comprised 19,546 mothers, 
28.8% were obese at the beginning of pregnancy. Obese 
women were on average 1.9 years older than those non-obese 
(P-value <0.0001), and obese were particularly over-
represented in the 35+ years group (P-value <0.0001). 
Although obese women were more likely to have a mid-
educational level than non-obese women, they were of lower 
socioeconomic level. Obese women had more often 2-3 
previous pregnancies than non-obese women, and to have 
chronic diseases including diabetes mellitus, hypothyroidism, 
dyslipidemia, and hypertension than non-obese women (Table 
1). 

As shown in table 2, singleton newborns in the cohort 
study were were more likely to be males (51.3%) (binomial 
proportion with p=0.5, P-value = 0.0003). The average 
gestational age was 38.4 (SD = 2.0) weeks, with 6.2% 
delivered before the 37 weeks of gestation; 0.4 ‰ delivered 
>42 weeks (i.e., post-term) and 23.1% had dystocia. The 

mean birthweight was 3,327.9 (SD = 575.6) grams, 6.6% 
were of low birthweight (<2,500 grams) and 9.2% were 
macrosomic (>4,000 grams). Neonatal sepsis, neonatal 
admission to emergency, and hospital admission occurred in 
1.5 ‰, 8.82%, and 10.2%, respectively. The mean hospital 
stay was 8.3 (SD=7.8) days with a hospital stay greater than 
7 days in most cases (97.7%). Hematological and 
hemorrhagic diseases during perinatal period (35.4%), 
respiratory and cardiac diseases during perinatal period 
(18.9%), and disorders related to pregnancy (13.7%) were 
the most frequent discharge diagnoses of the 2,062 
admissions to the neonatal care units. 

Table 3 shows a higher occurrence of dystocia delivery, 
fetal macrosomia, hospital admission, and neonatal mortality 
among newborns of obese women compared to the non-
exposed. However, both groups had similar incidences of 
preterm birth, post-term birth, low birth weight, neonatal 
sepsis, hospital stay longer than 7 days, and average days of 
hospital stay. 

Table 4 indicates that the occurrence of preterm birth and 
low birth weight were higher in newborns non-exposed to 
excessive gestational weight gain (EGWG) compared to 
those exposed, while incidences of macrosomia and neonatal 
admission to emergency were higher in the exposed 
newborns to EGWG compared to those non exposed. 
However, the occurrence of neonatal mortality, dystocia, 
post-term birth, neonatal sepsis, and hospital admission were 
similar among exposed and non- exposed newborns to 
EGWG. 

As presented in the table 5, panel A below, we observed 
that the risks of neonatal mortality (OR = 1.5; 95% CI = 1.1-
2.3), fetal macrosomia (OR = 1.9; 95% CI = 1.7-2.1), dystocia 
(OR = 1.3; 95% CI = 1.1-1.6) and hospitalization (OR = 1.2; 
95% CI = 1.1-1.3) were statistically significant higher among 
newborns of obese women compared to those non- exposed. 
When adjusted for maternal age, parity, maternal educational 
level, maternal socioeconomic level, previous maternal 
chronic morbidity (diabetes mellitus, high blood pressure, 
hypothyroidism, drug addiction), the risk of neonatal mortality 
(ORa = 1.5; 95% CI = 1.1-2.3) and fetal macrosomia (ORa = 
1.7; 95% CI = 1.6-1.9) remained statistically significant 
higher, while it became borderline statistically significant for 
dystocia (ORa = 1.2; 95% CI = 0.9-1.6) and hospitalization 
(ORa = 1.1; 95% CI = 0.9-1.2). 

As shown on the panel B of table 5, the risk of low birth 
weight (OR = 0.6; 95% CI = 0.5-0.8) and preterm birth (OR = 
0.6; 95% CI = 0.5-0.8) was not elevated and seemed decreased 
even at a statistically significant level among newborns 
exposed to EGWG compared with those unexposed. However, 
risk of fetal macrosomia (OR = 1.7; 95% CI = 1.5-1.9) and 
neonatal admission to emergency (OR = 1.2; 95% CI = 1.1-
1.4) was higher in newborns exposed to EGWG compared to 
those unexposed. 
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Table 1. Characteristics of mothers in the SSMSO pregnancy cohort, Chile, 2014-2018. 

  Characteristics  
 

n(%) 

Obese 
n (%) / n 𝒙ഥ (SD) 

Non obese 
n (%) / n 𝒙ഥ (SD) 

Total 
n (%) / n 𝒙ഥ (SD) 

P-value 

5,634 (28.8) 13,912 (71.2) 19,546 (100)  

Sociodemographic 
(n=19,546) 

    

Age in years  28.8 (5.9) 26.9 (6.1)  27.4 (6.1) <0.0001 
Age group in years       

 
<0.0001 

<20 252 (4.5) 1,506 (10.8) 1,758 (9.0) 

20-34 4,327 (76.8) 10,600 (76.2) 14,927 (76.4) 

≥ 35 1,055 (18.7) 1,806 (13.0) 2,861 (14.6) 

Marital status (n=19,546)    
Live alone 2,986 (53.0) 7,301 (52.5) 10,287 (52.6)  

0.510 Live accompanied 2,648 (47.0) 6,611(47.5) 9,259 (47.4) 
Educational level (n=19,520)     

 
<0.0001 

Low 873 (15.5) 1,795 (12.9) 2,668 (13.7) 
Medium 3,855 (68.5) 9,188 (66.1) 13,043 (66.8) 

High 901 (16.0) 2,908 (20.9) 3,809 (19.5) 
Socioeconomic level 

(n=19,495) 
    

 
<0.0001 Low 3,678 (65.4) 8,302 (59.8) 11,980 (61.5) 

Medium 1,014 (18.0) 2,502 (18.1) 3,522 (18.1) 
High 930 (16.5) 3,063 (22.1) 3,993 (20.5) 

Obstetric history     
Gestation (n=19,539)     

 
<0.0001 

Primigest (1) 1,155 (20.5) 4,440 (31.9) 5,595 (28.6) 
Paucigest (2-3) 3,653 (64.9) 8,107 (58.3) 1,1760 (60.2) 
Multigest (4+) 825 (14.7) 1,359 (9.8) 2,184 (11.2) 

Parity (n=19,543)     
 

<0.0001 
Primiparous (1) 1,160 (20.6) 4,451 (32.0) 5,611 (28.7) 

Pauciparous (2-3) 3,654 (64.9) 8,113 (58.3) 1,1767 (60.2) 
Multiparous (4+) 820 (14.6) 1,345 (9.7) 2,161 (11.1) 

Morbidity (n=19,546)     
 

<0.0001 
Diabetes mellitus  795 (14.1) 1,020 (7.3) 1,815 (9.3) 
Hypothyroidism 584 (10.4) 971 (7.0) 1,555 (8.0) 

Dyslipidemia 795 (14.1) 590 (4.2) 1,090 (5.3) 
HBP 406 (7.2) 302 (2.2) 708 (3.6) 

Drug addiction 57 (1.0) 166 (1.2) 223 (1.1) 0.272 

n: number of observations; %: percentage or relative frequency. 𝒙ഥ: mean; SD: standard deviation; Educational 

level: according to the classification of educational level in Chile; Socioeconomic level: according to the Chilean 

Classification of Occupations (CIUO 08.CL); HBP: High Blood Pressure. 
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Table 2. Characteristics of singleton newborns in the SSMSO pregnancy cohort, Chile, 2014-

2018. 

Characteristics n (%) 𝒙ഥ (SD) 

Sex (n=19,545)   
Male 10,026 (51.3)  

Female 9,519 (48.7)  
Gestational age in weeks (n=19,538)   38.4 (2.0) 

Birth weight in grams (n=19,538)   3,327.9 (575.6) 
Type of delivery (n= 2,117)   

Normal 1,627 (77.0)  
Dystocia 488 (23.1)  

Neonatal morbidity   
Preterm birth (n=19,546) 1,217 (6.2)  

Post-term birth (n=19,546)* 8 (0.4)  
Low birth weight (n=19,546) 1,297 (6.6)  

Fetal macrosomia (n=19,546) 1,804 (9.2)   
Neonatal sepsis (19,546) * 29 (1.5)  

Admission to emergency (19,546) 1,723 (8.8)  
Hospitalization (19,546) 2,062 (11.5)  
Hospital stay (n=2,092)   5.7 (6.1) 

Hospital stay >7 days (n=2,062) 2,015 (97.7)  
Discharge diagnosis (n=2,062)   

P50-P61 730 (35.4)  
P20-P29 389 (18.9)  
P05-P08 283 (13.7)  
P90-P96 221 (10.7)  
P70-P74 144 (7.0)  
P35-P40 135 (6.6)  

P00-P04; P10-P15; P75-P80;  
P80-P83; Q00-Q99 

160 (7.8)  

Neonatal mortality (n=19,546) 102 (5.2*)  
n: observation number or absolute frequency; %: percentage or relative frequency, 𝒙ഥ: mean; SD: standard 
deviation. ICD-10 codes; *: per 1,000. P50-P61: hematological and hemorrhagic diseases of the perinatal period; 
P20-P29: respiratory and cardiac diseases of the neonatal period; P05-P08: disorders related to pregnancy; P90-
P96: Disease of fetus and newborn; P70-P74: transitory endocrine diseases of fetus and newborn. P35-P40: 
infectious diseases of the perinatal period; P00-P04: condition of perinatal origin; P10-P15: trauma during 
delivery; P75-P80: digestive system disease of the fetus and newborn; P80-P83: skin disease and temperature 
regulation; Q00-Q99: congenital malformations, deformations, and chromosomal abnormalities. 
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Table 3.  Neonatal morbidity and mortality according to obesity at the beginning of pregnancy 
in the SSMSO pregnancy cohort, Chile, 2014-2018. 

Neonatal morbidity and 

mortality 

Obesity at the beginning of pregnancy [n (%)] 

 Yes [5,634] No [13,912] RR /𝒙 ഥ  diff. P-value  

Neonatal morbidity (n=19,546)     

Dystocia (n=2,117) 149/559 (26.7) 339/1,558 (21.8) 1.2 0.018 

Preterm birth 377 (6.7) 840 (6.0) 1.1 0.087 

Post-term birth* 2 (0.4) 6 (0.4)) 1.0 0.811 

Low birth weight 369 (6.6) 9.3 (6.7) 1.0 0.603 

Fetal macrosomia 759 (13.5) 1,045 (7.5) 1.8 <0.001 

Neonatal sepsis* 6 (1.1) 23 (1.7) 0.7 0.333 

Admission to emergency 502 (8.9) 1,221 (8.8) 1.0 0.765 

Hospitalization 649 (11.5) 1,413 (10.2) 1.1 0.005 

Hospital stay in days [ n (µ±DS)] 31 (9.3 ± 1.7) 50 (7.8 ± 9.2) 𝑥 ഥ  diff.: 1.4 0.454 

Hospital stay >7 days 631 (97.2) 1,384 (98.0) 1.0 0.308 

Neonatal mortality (n=19,546)  39* (6.9) 63* (4.5) 1.5 0.036 

n: observation number or absolute frequency; Relative Risk; 𝑥 ഥdiff. = mean difference. *: rate per 1,000. 

Table 4. Neonatal morbidity and mortality according to excessive gestational weight gain, in 

the SSMSO pregnancy cohort, Chile, 2014-2018. 

Neonatal morbidity and mortality 
 Excessive Gestational Weight Gain [n (%)] 

Yes [2,789] No [11,472] RR /𝒙 ഥ  diff. P-value 

Neonatal morbidity (n=19,546)      

Dystocia (1,590) 63/264 (23.9) 304/1,326 (22.9) 1.0 0.741 

Preterm birth 117 (4.2) 734 (6.4) 0.7 <0.0001 

Post-term birth* 0 (0.0) 6 (0.5) 0 (0.0) 0.227 

Low birth weight 123 (4.4) 792 (6.9) 0.6 <0.0001 

Fetal macrosomía 379 (13.6) 980 (8.5) 1.6 <0.0001 

Neonatal sepsis* 3 (1.1) 21 (1.8) 0.9 0.383 

Admission to emergency 297 (10.7) 1,056 (9.2) 1.2 0.020 

Hospitalization 305 (10.9) 1,287 (11.2)  1.0 0.671 

Hospitalization stay in day [ n (µ±DS)] - - - - 

Hospitalization >7 days - - - - 

Neonatal mortality (19,546)* 10 (3.6) 60 (5.2) 0.7 0.265 

n: observation number or absolute frequency; RR = Relative Risk;  𝒙 ഥ  diff. = mean difference; *: rate per 1,000. 
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When adjusted for maternal age, parity, maternal 

educational level, maternal socioeconomic level, and previous 
maternal chronic morbidity (diabetes mellitus, high blood 
pressure, hypothyroidism, drug addiction), the occurrence of 
low birthweight (ORa = 0.6; 95% CI = 0.5-0.8) as well as for 
preterm birth (ORa = 0.7; 95% CI = 0.5-0.8) remained 
significantly decreased while elevated for fetal macrosomia 
(ORa = 1.8, 95 % CI = 1.6-2.0) and  admission to emergency 
neonatal (ORa = 1.2; 95% CI = 1.1-1.4) among those exposed 
to EGWG compared to the unexposed. 

Discussion 

The findings suggest that newborns of obese mothers at the 
beginning of pregnancy had a 50% increased risk of neonatal 
death (ORa = 1.5; 95% CI = 1.1-2.3) and 70% increased risk 

of fetal macrosomia (ORa = 1.7; 95% CI = 1.7-2.1) compared 
to newborns of non-obese mothers at the beginning of 
pregnancy, adjusted for maternal age, parity, maternal 
educational level, maternal socioeconomic level, and previous 
maternal chronic morbidity (diabetes mellitus, high blood 
pressure, hypothyroidism, drug addiction). 

Most of the authors who have studied maternal obesity at 
the beginning of pregnancy in relation to reproductive and 
infantile risk did not stratify the pediatric period into its 
neonatal and post-neonatal components, therefore studies on 
neonatal period specifically are infrequent. However, our 
results were generally consistent with the literature regarding 
maternal obesity during the neonatal period separately from 
childhood. Thus, in a case-control study carried out in the 
USA, Aimin et al., found that risk of neonatal mortality 
increased 1.6 times when mothers were obese at the beginning 

Table 5.  Obesity at the beginning of Pregnancy (OBP) and Excessive Gestational Weight Gain 
(EGWG) as risk of neonatal morbidity, SSMSO, Chile 2014-2018. 

Panel A 

Obesity at the beginning of Pregnancy as risk of neonatal morbidity 

OBP Neonatal mortality 

[IC95%] 

Fetal macrosomía 

[IC95%] 

Dystocia 

[IC95%] 

Hospitalization 

[IC95%] 

 OR Ora OR ORa OR ORa OR ORa 

No Referent 

Yes 1.5 

[1.1-2.3] 

1.5 

[1.1-2.3] 

1.9 

[1.7-2.1] 

1.7 

[1.6-1.9] 

1.3 

[1.1-1.6] 

1.2 

[0.9-1.6] 

1.2 

[1.1-1.3] 

1.1 

[0.9-1.2] 

Panel B 

Excessive Gestational Weight Gain as risk of neonatal morbidity 

EGWG Low birth weight 

[IC95%] 

Preterm birth 

[IC95%] 

Fetal macrosomia 

[IC95%] 

Admission to 

emergency 

[IC95%] 

 OR Ora OR ORa OR ORa OR ORa 

No Referent 

 Yes 0.6 

[0.5-0.8] 

0.6 

[0.5-0.8] 

0.6 

[0.5-0.8] 

0.7 

[0.5-0.8] 

1.7 

[1.5-1.9] 

1.8 

[1.6-2.0] 

1.2 

 [1.1-1.4] 

1.2 

[1.1-1.4] 

Panel A: Non-obese mother at the beginning of pregnancy as referent; 95% CI: confidence interval (95%); OR: 

crude Odds Ratio; ORa: Odds Ratio adjusted for maternal age, parity, maternal educational level, maternal socio-

economic level, previous maternal chronic morbidity (diabetes mellitus, hypothyroidism, drug addiction). OBP: 

obesity at the beginning of pregnancy. 

Panel B: Non-Excessive Gestational Weight Gain as referent; 95% CI: confidence interval (95%); OR: crude 

Odds Ratio; ORa: Odds Ratio adjusted for maternal age, parity, maternal educational level, maternal 

socioeconomic level, previous maternal illnesses (diabetes mellitus, hypothyroidism, drug addiction). EGWG: 

Excessive Gestational Weight Gain. 
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of pregnancy (OR = 1.6; 95 % CI = 1.3-1.9) than when they 
were not obese [25]. Likewise, through a systemic review with 
meta-analysis of cohort studies, Aune et al., reported a 
positive association between neonatal mortality and pre-
pregnancy maternal obesity (RR = 1.1; 95% CI = 1.1-1.2) 
[26].  

Also, De la Calle et al., observed in a cross-sectional study 
that fetal macrosomia was more frequent in overweight 
pregnant women (OR = 1.5; CI = 95% 1.4-2.2) and in obese 
pregnant women (OR = 1.9; 95% CI = 1.3-2.8) compared to 
those of normal weight [27]. Similarly, the results of a 
systematic review and meta-analysis conducted by Gaudet et 
al. showed that maternal obesity at the beginning of pregnancy 
[28] is positively associated with fetal macrosomia (OR = 2.2; 
95% CI 1.9-2.5). 

It is also observed that, for maternal BMI levels higher 
than normal at the beginning of pregnancy, adjusted risk of 
neonatal mortality and fetal macrosomia increases as the BMI 
level increases (Table 5). In the case of fetal macrosomia, risk 
is statistically significant for all levels of BMI above normal. 
Whereas, in case of neonatal mortality, risk is statistically 
significant only for BMI levels ≥ 40 kg / m2.  This suggests a 
possible relation exposure dose between the level of BMI at 
the beginning of pregnancy with the risk of fetal macrosomia 
and neonatal mortality. However, the relation with BMI levels 
appears to be more consistent for fetal macrosomia than for 
neonatal mortality (annex 1 & 2).  

In addition to neonatal mortality and fetal macrosomia, 
results evoke a higher risk of dystocia (OR = 1.3; 95% CI = 
1.1-1.6) and of hospitalization (OR = 1.2; 95% CI = 1.1-1.3) 
for newborns of obese mothers at the beginning of pregnancy 
than those of non-obese mothers. However, after adjusting for 
confounding variables, risk becomes non-significant for both 
dystocia (ORa = 1.2; 95% CI = 0.9-1.6) and hospitalization 
(ORa = 1.1; 95% CI = 0.9-1.2).  

The loss of statistical significance of the association 
between dystocia and maternal obesity after adjustment could 
be explained by the large number of missing data related to 
this variable in the database. In fact, valid observations 
corresponding to the report of type of delivery represent only 
(10.8%) of data analyzed. Different authors observed positive 
and statistically significant association between maternal 
obesity at beginning of pregnancy and type of delivery. 
Nkokia et al., observed maternal overweight (ORa = 1.4; 95% 
CI = 1.0-1.8) and maternal obesity at beginning of pregnancy 
(ORa = 2.1; 95% CI = 1.1-4.1) are risk factors for caesarean 
sections in Malawi [29]. Along the same lines, De la Calle et 
al., verified that instrumental deliveries were higher in 
pregnant women with overweight (OR = 1.5; 95% CI = 1.3-
1.9) and obesity (OR = 1.8; 95% CI 1.5-2.2) compared to 
women of normal weight. In addition, the risk of cesarean 
section in overweight pregnant women was practically double 
(OR = 1.9; 95% CI 1.4-2.5) than normal weight women. Obese 

women suffered three times as many cesarean sections (OR = 
3.1; 95% CI = 2.8-4.3) than normal weight women [27].   

The relation between maternal obesity at beginning of 
pregnancy and neonatal hospitalization has been poorly or 
unclearly reported in the literature. However, our results are 
similar to those found by Vinturache et al., in a retrospective 
cohort study where they concluded that overweight or obesity 
do not independently increase the risks of neonatal admission 
to intensive care (ORa = 1, 4; 95 CI = 0.7–2.6) or postnatal 
hospital stay (ORa = 5.5; 0.4–61.7) [30].   

Regarding our findings on the risk of EGWG, did not show 
statistically significant association with neonatal mortality (P-
value = 0.265). On the other hand, our findings also suggest 
that newborns of mothers with EGWG had 1.8 (ORa = 1.8; 
95% CI = 1.6-2.0) times the risk of fetal macrosomia and 1.2 
(ORa = 1.2; 95% CI = 1.1-1.4) times the risk of neonatal 
admission to emergency of newborns of the unexposed 
adjusted for maternal age, parity, maternal educational level, 
maternal socioeconomic level, previous maternal chronic 
disease (diabetes mellitus, high blood pressure, 
hypothyroidism, drug addiction). In contrast, newborns of 
mothers with EGWG have a lower risk of low birth weight 
(ORa = 0.6; 95% CI = 0.5-0.8) and of preterm birth (ORa = 
0.7; 95% CI = 0.5-0.8) with respect to mothers without 
EGWG, adjusted for confounding variables.  

These results are consistent with some of available 
scientific evidence. In a retrospective cohort study, Chen and 
Chauhan found no statistically significant association between 
EGWG and neonatal mortality (OR = 1.3; 95% CI = 0.8-2.2) 
[31]. On the other hand, Yang et al., demonstrated in China 
that EGWG is significantly positive associated with 
macrosomia (OR = 1.1; 95% CI = 1.0-1.2; P = 0.013) and 
significantly negative with low birth weight (OR = 0.9; 95% 
CI = 0.8-1.0; P = 0.045) and preterm birth (OR = 0.8; 95% CI 
= 0.6-0.9; P = 0.003) [32]. Likewise, the results of a review 
performed by Goldstein et al., showed that EGWG reduces 
risk of low birth weight (OR = 0.7; 95 CI = 0.6-0.7) and 
preterm birth (OR = 0.8; 95% CI = 0.7-0.9) [33]. 

Regarding admission to emergency, its relation with 
EGWG is not sufficiently described in the literature, so it is 
also poorly detailed or unclear as hospitalization. However, 
The authors would like to thank Angélica Domínguez, Mario 
Soto, Kelly Nuñez, Jaime Cerda, Francisco Suárez, Camilo 
Jaramillo Agüero, María José Fernández, Lesly Liverdieu 
Andrecy, Joane Adrien, Mario Soto, Gary Sánchez, and 
Samson Marseille for their assistance in conducting the 
study.Ruiz et al., where they observed that EGWG is 
significantly positively associated with admission to intensive 
care units [34]. 

How is it biologically plausible that maternal obesity 
increases risk of neonatal morbidity and mortality?  One may 
think of one possible mechanism:  maternal adipokines, 
including interleukin 6 (IL-6), tumor necrosis factor alpha 
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(TNF-α), leptin, and adiponectin which are elevated in obesity 
in general and in maternal obesity in particular may alter the 
placental function. In presence of maternal obesity, hormonal 
dysregulation and metabolic and inflammatory changes occur 
that adversely affect both the placenta and the fetus, causing 
perinatal complications for the maternal-fetal pairing [3].  

The opportunities for prevention of maternal obesity are 
abundant. For one, pregnancy is a critical period of life in 
which woman and family in general have a unique level of 
motivation. At the same time, there is scientific evidence that 
interventions to optimize maternal weight management during 
pregnancy based on balanced diet and controlled exercise are 
effective [35]. However, preventive interventions against 
maternal obesity should start before pregnancy so that women 
have a better chance of starting their pregnancy with normal 
weight. On the other hand, it is important to engage women of 
childbearing age and pregnant women at the right time to 
facilitate the control of gestational weight gain. 

Strengths and Limitations   
This study explores a research question on a problem of 

current global concern, using a four-year population database, 
in which most institutional births of the SSMSO were 
registered, which allows an analysis of neonatal morbidity and 
mortality in a large and diverse, representative study 
population. However, limitations of this study should be 
considered to properly contextualize the results. Secondary 
data has been used, collected for non-investigative purposes, 
susceptible to be imprecise and with variable recording error. 
One such source of errors is the variability of the quality of 
data collection, inherent to clinical practice, differences of 
staffing and training which results in incompleteness and 
inaccuracies of recordkeeping as shown by the variations of 
missingness on data of the covariates (Tables 1 & 2), and lack 
of standardization of birthweight, maternal height, and weight. 
The absence of important variables such as: APGAR score, 
trauma, neonatal asphyxia, intergenesic period, should be 
noted. Additional possible confounding variables such as 
smoking, alcohol and coffee consumption, previous maternal 
health insurance as well as the number of prenatal visits have 
not been recorded either. Some observations have been lost 
due to the presence of missing or inconsistent data. Most of 
the 109,879 records available in this facility during the study 
period, lacked complete data on the variables of interest. 
Although this fact may raise concerns about potential selection 
bias, we consider this bias rather unlikely to be present. 

Conclusions 

Maternal obesity at the beginning of pregnancy may be 
positively associated with neonatal mortality and fetal 
macrosomia. The risk of neonatal mortality and fetal 
macrosomia is directly proportional to the level of 
preconception maternal BMI, starting from a BMI higher than 

normal. EGWG is usually positively associated with 
macrosomia and neonatal admission to emergency, whereas it 
appears to be negatively associated with low birth weight and 
preterm birth. No association between EGWG and neonatal 
mortality has been demonstrated. Weight management 
guidelines for women of childbearing age should consider 
these findings to reduce the burden of fetal, neonatal, and 
infant morbidity and mortality. It is recommended to promote 
maintenance of normal weight before pregnancy and adequate 
gestational weight gain. 
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Annex 2 

 

 
 
 

Table 2d. Risk of fetal macrosomia and neonatal mortality according to BMI at the beginning of 

pregnancy, SSMSO, Chile, 2014-2018. 

 Neonatal morbidity and mortality 

Maternal BMI at the 

beginning of 

pregnancy  

Fetal macrosomia            Neonatal mortality 

 OR [IC95%] ORa [IC95%] OR [IC95%] ORa [IC95%] 

18.5-24.9 IMC normal 

25-29.9 1.8  [1.5-2.0] 1.6 [1.4-1.9] 1.1 [0.7-18] 1.2 [0.7-1.9] 

30-34.9 2.3 [2.0-2.6] 2.0 [1.7-2.3] 1.3 [0.7-2.3] 1.4 [0.8-2.4] 

35-39.9 3.1 [2.6-3.8] 2.7 [2.3-3.3] 1.4 [0.6-3.1] 1.4 [0.6-3.10] 

≥ 40 4.1 [3.2-5.3] 3.3 [2.6-4.3] 5.0 [2.5-10.4] 5.1 [2.4-10.7] 

 X2 trend P-value = 0.02 X2 trend P-value < 0.001 

ORa: Odds Ratio adjusted for maternal age, parity, maternal educational level, maternal socio-economic level, 

previous maternal chronic morbidity (diabetes mellitus, hypothyroidism, drug addiction). CI: 95% confidence 

interval; P-value <0.05; BMI: 18.5-24.9 kg / m2: normal weight, reference level; BMI: <18.5 kg / m2: underweight; 

BMI: 25-24.9 kg / m2: overweight; IM: 30-34 kg / m2: moderate obesity; BMI: 35-39.9 kg / m2: severe obesity; 

BMI≥40 kg / m2: morbid obesity. 


