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  ABSTRACT 
 

Background: Gestational Diabetes Mellitus 
(GDM) is the degree of glucose intolerance that 
occurs during pregnancy. DMG is caused by 
damage to cells and insulin resistance, resulting 
in hyperglycemia and an increase in abnormal 
growth/macrosomia which causes cesarean 
delivery. This study aims to analyze the magni-
tude of the effect of DMG on the incidence of 
macrosomia and caesarean section with a meta-
analysis study. 
Subjects and Method: This research is a 
systematic review and meta-analysis conducted 
using PRISMA flow diagram. Article searches 
were conducted through journal databases 
including: PubMed, Science Direct, and Google 
Scholar by selecting articles published in 2000-
2020. The keywords used were: "gestational 
diabetes mellitus" OR "diabetes in pregnancy" 
AND macrosomiaAND "sectio caesarean" OR 
"perinatal outcomes" OR "pregnancy outcome". 
The inclusion criteria in this study were full text 
articles with an observational study design, 
articles using English, analysis using multi-
variate with adjusted odds ratio. Eligible arti-
cles were analyzed using Revman 5.3 app. 

Results: A total of 22 articles were reviewed in 
this study with a cohort study design. Meta-
analysis of 12 articles showed that pregnant 
women with gestational diabetes mellitus had a 
1.36 times risk of giving birth to a macrosomic 
baby compared to those without gestational 
diabetes mellitus (aOR=1.36; 95% CI=1.15 to 
1.60; p<0.003), while 10 articles showed preg-
nant women with gestational diabetes mellitus 
had a 1.35 times risk for cesarean delivery than 
those without gestational diabetes mellitus 
(aOR=1.35; 95% CI=1.17 to 1.55; p<0.001). 
Conclusion: Gestational Diabetes Mellitus 
has a weak effect on macrosomia births and 
caesarean section. 
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BACKGROUND 

Gestational Diabetes Mellitus (GDM) is the 

degree of glucose intolerance that occurs 

for the first time in pregnancy. GDM occurs 

due to insufficient insulin secretion in the 

pancreas during a state of insulin resistance 

caused by pregnancy. Insulin resistance 

appears in pregnancy as a result of the 

secretion of hormones such as progeste-

rone, growth hormone, corticotropin-

releasing hormone and placental lactogen. 

These hormones encourage metabolic 

changes and make the fetus receive 

adequate nutrition (Glastras, 2012). 

In Indonesia, the prevalence of GDM 

(according to O'Sullivan's diagnostic crite-

ria) is 1.9-3.6%. In a cohort study 40-60% 

of this group will develop type 2 diabetes 

(DMT2) or impaired glucose tolerance 

(IGT). In a prospective study in Makassar 
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among 46 women with GDM, the incidence 

of T2DM and impaired glucose tolerance 

(IGT) after 6 years of delivery was 56.6% 

(Purnamasari et al., 2013). There are 

several differences in the prevalence rate of 

DMG in Northern Europe, such as the 

Netherlands at 0.6%, Denmark at 3.6% and 

higher in Italy at 6.3%, while in the United 

States it is 7% (Baz et al., 2016), while in 

China, The prevalence of GDM is around 

17.5%. DMG is caused by insulin resistance 

or reduced insulin action due to hormone 

production by the placenta, other risks also 

include old age of pregnant women, obesity 

and so on (Zhou et al., 2020). 

Several studies have shown that GDM 

can increase the risk of adverse pregnancy 

outcomes such as the occurrence of macro-

somia, caesarean section, neonatal hypogly-

cemia, respiratory distress syndrome and 

fetal death (Jiang et al., 2019). But there 

are also some women who have DMG can 

give birth to healthy babies by controlling 

blood glucose levels well such as a diabetic 

diet, exercise and maintaining weight 

(Gasim, 2012). 

One of the adverse perinatal outcomes 

of GDM is macrosomia. Macrosomia is 

defined as a birth weight of 4000 grams or 

more (Groof et al., 2019). Macrosomia is 

caused by the mother experiencing hyper-

glycemia which can cause the fetus to 

become hyperinsulinemic and hyperglyce-

mic, resulting in excessive use of glucose 

and causing abnormal growth in the fetus 

(Catalano et al., 2011). Globally, macro-

somia affects 3%-15% of all pregnancies. In 

developed countries, the incidence of 

macrosomia ranges from 5%-20% of all 

births. Fetal macrosomia also complicates 

the delivery process for both the mother 

and the newborn (Biratu et al., 2018). 

In addition to perinatal, there are also 

adverse pregnancy outcomes from GDM in 

the mother, one of which is cesarean deli-

very. In pregnant women who have dia-

betes mellitus, the overall caesarean section 

rate is 35.1%, compared to 1.52% for preg-

nant women without diabetes mellitus. Dia-

betes mellitus is also a risk factor for wound 

infection after cesarean section surgery 

(Wang et al., 2019). 

Several studies have been conducted 

to determine and estimate the effect of 

gestational diabetes mellitus on the inci-

dence of macrosomia birth and caesarean 

section, including those conducted by Groof 

et al., (2019) which showed that GDM has a 

risk of 2.36 times having macrosomia birth 

and 1.76 times having a cesarean section 

than not having GDM. Reinders et al., 

(2020) also stated that there was a relation-

ship between DMG, where the risk of expe-

riencing macrosomia births was 1.13 times 

and caesarean section 1.70 times. Accord-

ing to Hossein-nezhad et al., (2007), DMG 

has a 9.58 times risk of experiencing 

macrosomia births when compared to 

women without DMG. According to (Su et 

al., 2019), women who suffer from DMG 

are at risk of 1.59 times experiencing 

macrosomia births and 1.18 times having 

cesarean section. According to (Muche et 

al., 2020), states that DMG have a 3.81 

times risk of experiencing macrosomia 

births compared to women without DMG. 

Based on the high incidence of macro-

somia and cesarean section in DMG 

women, this is due to the high content of 

hyperinsulin in the fetus and an increase in 

abnormal growth so that appropriate pre-

vention and treatment are needed. The data 

that has been obtained by the researchers 

will then be analyzed with a meta-analysis 

study design. Meta-analysis is an epidemio-

logical study that provides the strongest 

evidence for causality by combining and 

statistically combining the results from a 

number of independent primary studies 

where possible. In the meta-analysis, the 
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researcher also tested the same hypothesis, 

in the same way so that a quantitative over-

view was obtained (Murti, 2018). The 

results will be analyzed using RevMan 5.3 

software, which has previously been 

synthesized to reduce bias. 

 

SUBJECTS AND METHOD 
1. Study Design 

The study design used in this study was a 

systematic review and meta-analysis, using 

the PRISMA diagram flow guidelines. 

Article searches were conducted using jour-

nal databases including: PubMed, Google 

Scholar and Science Direct. The keywords 

used were: "gestational diabetes mellitus" 

OR "diabetes in pregnancy" AND macro-

somia AND "sectio caesarean" OR "peri-

natal outcomes" OR "pregnancy outcome". 

2. Inclusion Criteria  

The inclusion criteria were full-text papers 

using observational methods (cohort study 

design), multivariate analysis with adjusted 

odds ratio, intervention in the form of 

gestational diabetes mellitus, research 

subjects were pregnant women and 

outcomes were macrosomia births and 

caesarean sections. 

3. Exclusion Criteria 

Articles published before 2000 and articles 

published in languages other than English. 

4. Operational Definition 

In formulating the problem of this study, 

the writer applied PICO formula (Popula-

tion, Intervention, Comparison and Out-

come). The PICO in this study is Popula-

tion, namely all pregnant women. . 

Gestational Diabetes Mellitus is the 

degree of glucose intolerance that occurs 

during pregnancy. 

Macrosomia is a neonatal birth weight of 

4,000 grams. 

Sectio Caesar is delivery of the fetus 

through a surgical incision made through 

the abdominal wall (laparotomy) and the 

uterine wall (hysterotomy). 

5. Study Instrument 

An assessment of the quality of research 

articles was carried out using the Critical 

Appraisal Checklist for Cohorts (CEBMa, 

2014). 

6. Data Analysis 

The Review Manager application (RevMen 

5.3) was used in analyzing the data in this 

study. The results of data analysis are in the 

form of effect size values and study hetero-

geneity which later the results of the data 

that have been analyzed are interpreted in 

the form of forest plots and funnel plots. 

 

RESULTS 
Research from primary studies related to 

the effect of Gestational Diabetes Mellitus 

on macrosomia births and cesarean 

delivery consisted of 22 studies originating 

from 6 studies from the Asian continent, 3 

studies from the North American continent, 

3 European continents and 1 Australian 

continent. Figure 1 shows the total articles 

obtained, namely as many as 22 articles 

from PubMed, Google Scholar and Science 

Direct. The search for articles was carried 

out using a database based on PRISMA 

flow diagrams. 
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Figure 1. PRISMA flow chart 

 

1. Effect of gestational diabetes mellitus on macrosomia birth 

a. Forest Plot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Forest plot of the influence of gestational diabetes 

mellitus on macrosomia birth 

 

Interpretation of the results of the meta-

analysis process can be seen through the 

forest plot. Figure 2 shows that there is a 

statistically significant effect of gestational 

Full text articles that are considered 
eligible (n= 345) 

Filtered articles (n= 1,762) 

Number of duplicated articles (n= 970) 

Full text articles issued, with reasons 
(n= 322) 
Outcome not macrosomia= 23 
Outcome not sectio caesar = 41 
Article does not include aOR= 258 

Articles issued (n= 1,417) 
Irrelevant title= 932 
Not cohort= 370 
Articles not in English = 35 
Article not full text= 80 

Articles identified from databases 
(n= 2,731) 

Articles included in the qualitative 
synthesis (n=23) 

Articles included in quantitative 
synthesis/meta-analysis (n=22) 

There is a choice of primary and 
secondary cesarean section = 1 
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diabetes mellitus on the risk of macrosomia 

birth. Pregnant women with gestational 

diabetes mellitus have a risk of giving birth 

to a macrosomic baby 1.36 times compared 

to those without gestational diabetes 

mellitus (aOR= 1.36; 95% CI= 1.15 to 1.60; 

p < 0.003). 

b. Funnel Plot 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Funnel plot effect of gestational diabetes mellitus on macrosomia birth 

 

The funnel plot in Figure 3 shows the 

asymmetric distribution of the primary 

study estimates. The funnel plot indicates 

that there is a publication bias that tends to 

overestimate the true effect of gestational 

diabetes mellitus on the risk of macrosomia 

births (overestimate). 

2. Effect of gestational DM on cesarean section delivery 

a. Forest Plot 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Forest plot of the influence of gestational 

diabetes mellitus on cesarean delivery 

 

Figure 4 shows that there is a statistically 

significant effect of gestational diabetes 

mellitus on the risk of cesarean delivery. 

Pregnant women with gestational diabetes 

mellitus had a risk of cesarean delivery 1.35 

times compared to those without 

gestational diabetes mellitus (aOR = 1.35; 

95% CI = 1.17 to 1.55; p < 0.001). 
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b. Funnel Plot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Funnel plot of the influence of gestational 

diabetes mellitus on cesarean delivery 

 

The funnel plot of Figure 5 shows a symme-

trical distribution of the primary study 

estimates, 5 plots on the right and 5 plots 

on the left. The funnel plot does not 

indicate publication bias. 

 

DISCUSSION 

This study is a study with a systematic 

study and meta-analysis with the theme of 

the effect of gestational diabetes mellitus. 

The independent variable was gestational 

diabetes mellitus. The dependent variables 

studied were macrosomia birth and caesa-

rean section. The results of the primary 

study conducted by a systematic review and 

meta-analysis showed an epidemiological 

study design with a larger sample, different 

demographic characteristics in both deve-

loped and developing countries, thus pro-

viding a basis for concluding that gesta-

tional diabetes mellitus affects the birth of 

macrosomia and sectio casear 

Gestational diabetes mellitus (GDM) 

is caused by -cell destruction and tissue 

insulin resistance. In most cases, it is 

present before pregnancy and can be 

progressive or represent an increased risk 

of T2DM (type 2 diabetes mellitus) after 

pregnancy. A number of additional organs 

and systems contribute to or are affected by 

GDM including the brain, adipose tissue, 

liver, muscle and placenta (Plows et al., 

2018). 

GDM increases the risk of a number 

of short- and long-term maternal health 

problems. GDM is associated with ante-

natal depression as well as the risk of com-

plications of preterm delivery, preeclampsia 

and in most cases operative delivery. 

Approximately 60% of women with a 

history of GDM develop T2DM later in life. 

Each subsequent pregnancy also provided a 

threefold increase in the risk of T2DM in 

women with a history of GDM. Emerging 

evidence also shows that the blood vessels 

of women with previous cases of GDM are 

permanently altered, thus predisposing to 

cardiovascular disease (CVD) (Plows et al., 

2018) 
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In addition, DMG also increases 

short-term and long-term health risks in 

infants, such as increased transport of 

glucose, amino acids, and fatty acids that 

stimulate the production of endogenous 

fetal insulin and insulin-like growth factor 1 

or insulin-like growth factor 1 (IGF-1). This 

can lead to fetal overgrowth, often resulting 

in macrosomia at birth. As noted earlier, 

fetal insulin overproduction can suppress 

pancreatic -cell development, contributing 

to -cell dysfunction and insulin resistance, 

even before birth. Macrosomia is also a risk 

factor for shoulder dystocia (a form of 

obstructed labour). Therefore, babies from 

GDM pregnancies are usually delivered by 

cesarean section (Plows et al., 2018). 

This study uses previous primary 

studies that control confounding factors, 

this can be seen based on the inclusion 

requirements of the study using multi-

variate analysis and the statistical results 

are adjusted odd ratio (aOR). According to 

Murti (2018), the confounding factor is a 

mixture of estimates of the relationship 

between exposure and the disease under 

study, by other factors related to both 

disease and exposure. These confounding 

factors can affect the relationship or effect 

of exposure on the occurrence of disease 

that is estimated or estimated by the study 

is not the same as the relationship or effect 

that actually occurs in the target popula-

tion, or the study results are invalid 

(incorrect). 

The results of the study are presented 

in the form of forest plots and funnel plots. 

Forest plots can show effect sizes and 95% 

confidence intervals or display results from 

meta-analysis studies (Makowski et al., 

2019). The funnel plot shows the effect size 

and precision of the effect size and makes it 

possible to evaluate the possibility of publi-

cation bias in the form of a symmetrical 

triangle graphic (Makowski et al., 2019; Li 

et al., 2020). 

1. Effects of gestational diabetes 

mellitus on macrosomia 

The results of the forest plot of research 

articles with a cohort design showed that 

there was a statistically significant effect of 

gestational diabetes mellitus on the risk of 

macrosomia birth. Pregnant women with 

gestational diabetes mellitus had a risk of 

giving birth to a macrosomic baby 1.36 

times compared to those without gesta-

tional diabetes mellitus (aOR = 1.36; 95% 

CI = 1.15 to 1.60; p < 0.003). 

The results of this study are 

supported by other studies, such as Gasim, 

(2012), who found that gestational diabetes 

mellitus had a 2.67 risk of developing 

macrosomia and the results were statis-

tically significant (aOR= 2.67; 95% CI= 1.23 

to 5.78; p= 0.019). In some cases, GDM can 

negatively impact pregnancy and result in 

adverse perinatal outcomes such as macro-

somia, birth trauma, shoulder distortion 

and higher caesarean section rates. 

Another study also conducted by 

Stone et al., (2002), stated that gestational 

diabetes mellitus was at risk of 2.00 times 

of macrosomia birth and the results were 

statistically significant (aOR= 2.00; 95% 

CI= 1.80 to 2.22; p<0.001). Women with 

GDM in this study were found to have a 

higher proportion of obstetric complica-

tions including pre-eclampsia, preterm and 

cesarean delivery, as well as mean birth 

weight, LGA (Large Gestational Age) and 

macrosomic infants than the control group. 

A similar study on gestational diabe-

tes mellitus and macrosomia births was 

conducted by Ovesen et al., (2014), which 

stated that Gestational Diabetes Mellitus 

had a 1.40 times risk of having a macro-

somia birth and was statistically significant 

(aOR= 1.40; 95% CI= 1.23 to 1.59; 

p<0.001). According to the Pedersen 
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hypothesis, fetal macrosomia in diabetic 

women is related to transplacental glucose 

transport that stimulates fetal hyperinsu-

linemia and thus fetal growth overgrowth. 

Srichumchit et al., (2015) in their 

study stated that gestational diabetes melli-

tus had a greater risk of macrosomia birth 

(aOR= 1.48; 95% CI= 1.28 to 1.71; p < 

0.001). Fetal overgrowth is the most 

common side effect of GDM and is asso-

ciated with a higher risk of other compli-

cations such as birth injury, cesarean deli-

very, or stillbirth. In addition, fetal weight 

is also an indicator of maternal glucose 

levels. In the present study, the incidence of 

fetal macrosomia in the GDM group was 

20%, which is similar to previously 

reported values and much higher than that 

of the control group. In utero, fetal growth 

is associated with fetal hyperinsulinemia, 

maternal hyperglycemia, and insulin resist-

ance, which collectively increase availability 

of fetoplacental nutrients, especially in late 

pregnancy. 

Kgosidialwa et al., (2015) state that 

gestational diabetes mellitus has a risk of 

developing macrosomia births (aOR= 0.48; 

95% CI= 0.37 to 0.62; p<0.01). This is 

supported by Kim et al., (2018) which 

states that gestational diabetes mellitus is a 

significant factor for the occurrence of 

macrosomia births (aOR= 2.53; 95% CI= 

1.26 to 5.08; p <0.05). A recent study 

showed that overweight and obesity before 

pregnancy constitute a significant propor-

tion of macrosomic infants. 

The results of the study by Fadl et al., 

(2010) stated that the risk of macrosomia 

increased significantly among gestational 

diabetes mellitus compared to those with-

out gestational diabetes mellitus (aOR= 

1.63; 95% CI= 1.50 to 1.77; p<0.001). 

Another study was also conducted by Xiong 

et al., (2001) which stated that gestational 

diabetes mellitus has a risk of macrosomia 

birth, because fetal macrosomia is a conse-

quence of fetal hyperinsulinemia caused by 

increased transfer of glucose and other 

nutrients from the fetus to the mother. 

Macrosomia can also cause difficulties 

during labor as indicated by complications 

such as shoulder dystocia, birth trauma, 

need for early or premature delivery and 

operative delivery (aOR= 1.12; 95% CI= 

1.07 to 1.17; p<0.05) 

Lai et al., (2016) found that GDM was 

associated with a statistically significant 

increase in macrosomia births (aOR= 1.30; 

95% CI= 1.23 to 1.37; p<0.001). Women 

who have GDM are at risk of developing 

recurrent GDM in subsequent pregnancies 

and type 2 diabetes later in life. 

In contrast to the results of Saydah et 

al., (2005), (aOR= 1.50; 95% CI= 0.98 to 

2.86; p= 0.06). This is in line with Jiang et 

al., (2018) (aOR= 1.41; 95% CI= 0.80 to 

2.46; p= 0.232 and Shindo et al., (2019) 

(aOR= 0.80; 95% CI= 0.32 to 1.71; p= 

0.58). In addition, it could also be due to 

the fact that the primary cohort study 

article had a large enough loss to follow-up 

in the exposed group which could affect the 

results of the study so that the results were 

overestimated. 

2. The effect of gestational diabetes 

mellitus on sectio caesarean 

There are 10 research articles that became 

the source of meta-analysis of the effect of 

gestational diabetes mellitus on caesarean 

section. The results of the forest plot of 

research articles with a cohort design 

showed that there was a statistically signify-

cant effect of gestational diabetes mellitus 

on the risk of macrosomia birth. Pregnant 

women with gestational diabetes mellitus 

had a risk of giving birth to a macrosomic 

baby 1.35 times compared to those without 

gestational diabetes mellitus (aOR= 1.35; 

95% CI= 1.17 to 1.55; p < 0.001). 
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The results of this study are sup-

ported by Stone et al., (2002) which aims to 

study the pattern of the spread of Gesta-

tional Diabetes Mellitus or events related to 

GDM, along with the factors that can 

influence these events. In this study, it was 

found that there was a relationship between 

GDM and caesarean section (aOR= 1.70; 

95% CI= 1.60 to 1.81; p<0.001). GDM 

women have a higher intervention to 

undergo induction and cesarean delivery. 

This is in line with the Xiong et al., (2001) 

which said that DMG can increase the risk 

of cesarean section 1.13 times compared to 

no DMG (aOR= 1.13; 95% CI= 1.10 to 1.16; 

p<0.05). This study supports previous 

studies that women with GDM have a 

higher proportion of obstetric complica-

tions including pregnancy-induced hyper-

tension, gestational hypertension, pre-

eclampsia, premature rupture of mem-

branes, caesarean section and preterm deli-

very, as well as macrosomia and preterm 

delivery. 

Fadl et al., (2010) said that the inci-

dence of cesarean section increased in the 

group of DMG women with a risk of 1.46 

times compared to those without DMG 

(aOR= 1.46; 95% CI= 1.38 to 1.54; p 

<0.001). This is in line with Gasim (2012) 

which aims to assess maternal and fetal 

complications with GDM compared to 

those without GDM, the results obtained 

were caesarean section rates that were 

significantly higher than women without 

GDM (aOR= 2.13; 95% CI= 1.12 to 4.06; p= 

0.0019). The main indications for cesarean 

section in this study were maternal hyper-

tension, macrosomia, inconclusive fetal 

heart examination results, failure to thrive 

and a history of previous cesarean section. 

Srichumchit et al., (2015) showed that 

GDM increased the risk of cesarean section 

by 1.36 times compared to no DMG (aOR= 

1.36; 95% CI= 1.20 to 1.54; p<0.001). The 

cesarean delivery rate was much higher in 

the GDM group than in the control group, 

this is related to the high incidence of fetal 

macrosomia in the GDM group. Lai et al., 

(2016) found that GDM showed a statisti-

cally significant association with an incre-

ase in caesarean section (aOR= 1.55; 95% 

CI= 1.50 to 1.60; p <0.001). 

There are several studies where there 

is no significant relationship between GDM 

and caesarean section, such as Jiang et al., 

(2019) (aOR= 1.27; 95% CI= 0.90 to 1.79; 

p= 0.17), which explains the lack of data 

records. This is in line with Kgosidialwa et 

al., (2015), (aOR= 0.94; 95% CI= 0.75 to 

1.18; p=0.55) and Shindo et al., (2010), 

(aOR= 1.06; 95% CI= 0.85 to 1.32; p= 

0.58). This is in line with Kgosidialwa et al., 

(2015), (aOR= 0.94; 95% CI= 0.75 to 1.18; 

p= 0.55) and Shindo et al., (2010), (aOR= 

1.06; 95% CI= 0.85 to 1.32; p= 0.58). In the 

results of this meta-analysis, there are 

several important confounding factors to be 

controlled by researchers such as respon-

dent's age, disease history, diet/diet, phy-

sical activity and history of caesarean 

section. 
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