
 

 

 

 

 

 

Article History 
 
Received: 21 September 2024 

Received in revised form: 14 October 2024 

Accepted: 3 November 2024 

Published online: 21 December 2024 

DOI: 10.29252/JCBR.8.4.10 
 

Keywords 

Pregnancy 

Diabetes Mellitus, Type 1 

Diabetes Mellitus, Type 2 

Diabetes Mellitus 

Fetal macrosomia 

 

 

Article Type: Original Article 

Association between pregnancy-associated diabetes and macrosomia:  

A Systematic Review and Meta-analysis 

Salah Faaez Abdulnabi 1,2   , Omid Nikpayam 3    , Mostafa Mohammadi 4*  , Ali Jabbari 1*   

Somayeh Ghorbani Gholiabad 5   , Hamed Abedalnabi Flaifel 2  , Sarah Ali Alatter 6   

 
1. Ischemic Disorders Research Center, Golestan University of Medical Sciences, Gorgan, Iran 

2. Department of Anesthesia Technologies, Alfarqadein University College, Basra, Iraq 

3. Department of Nutrition, School of Health, Golestan University of Medical Sciences, Gorgan, Iran 
4.Department of Anesthesiology and Intensive Care, Imam Khomeini Hospital Complex, Tehran University of Medical Sciences, Tehran, Iran 

5. Cancer Research Center, Golestan University of Medical Sciences, Gorgan, Iran 

6. Department of Obstetrics and Gynecology, Basra Teaching Hospital, Basra, Iraq 
* Correspondence: Ali Jabbari. Ischemic Disorders Research Center, Golestan University of Medical Sciences, Gorgan, Iran. Email: amir_a_78@yahoo.com 

and Mostafa Mohammadi. Department of Anesthesiology and Intensive Care, Imam Khomeini Hospital Complex, Tehran University of Medical Sciences, Tehran, 

Iran. Email:mohammady_m2007@yahoo.com 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 

 

 
 
 

 
 

 
 

 

 
 
 

Introduction 

Diabetes mellitus (DM) is a prevalent endocrine disease recognized by 
hyperglycemia which is associated with insulin resistance, insufficient insulin 

secretion, or their combination (1). This endocrine disorder is classified into three 

major forms: type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), 
and gestational diabetes mellitus (GDM) (2). The incidence and prevalence of 

diabetes mellitus (DM) are increasing across the world, and it has become a 

global challenge (3). Evidence shows various risk factors for this disease, 
including genetics, environment, loss of the initial phase of insulin release, a 

sedentary lifestyle, lack of exercise, smoking, alcohol consumption, 

dyslipidemia, reduced β-cell sensitivity, hyperinsulinemia, and increased 
glucagon activity (4-11).  

The pregnancy period is a crucial time in a woman's life that can significantly 

impact the health of infants. Many healthcare workers believe infant health 
requires providing a healthy environment for mothers during pregnancy. DM 

poses significant risks to both mothers and infants, including fetal and infant loss, 

various congenital abnormalities, malfunctions, premature birth, and macrosomia 

(Birth weight greater than 4000 gr or weight for gestational age larger than 90th 
percentile). Macrosomia is a significant risk to infants since it is associated with 

emergency cesarean section (CS), postpartum hemorrhage (PPH), obstetric 

sphincter injury (OASIS), shoulder dystocia, obstetric brachial plexus injury 
(OBPI), and birth fractures (12). The development of obesity, diabetes, and 

metabolic syndrome in childhood is influenced by genetic predisposition; 

however, gestational diabetes mellitus (GDM) also imposes an additional 
environmental risk factor during pregnancy (13). 

Over 10% of pregnancies in the US are complicated by fetal macrosomia, 

which can lead to various complications and a decreased quality of life (13). 
Several factors can contribute to macrosomia, including maternal age, 

overweight and obesity, male fetal sex, weight gain during pregnancy, high parity, 

and, most importantly, diabetes mellitus (14). Fetal macrosomia is among the 
most common abnormalities associated with DM, especially GDM. There is 

evidence that the prevalence of macrosomia in mothers with and without diabetes 

is %88.9 and %3.9, respectively (15). DM increases glucose and insulin levels in 
the mother's blood, which can cross the placenta and enter the fetus's 

bloodstream. Excess glucose in the baby’s body is stored as fat tissue, which 

results in macrosomia (12). According to several studies, the glycated 
hemoglobin (HbA1c) levels at approximately 24 to 28 weeks may predict the 

development of fetal macrosomia or a large-for-gestational-age (LGA) baby in 

women with GDM, which could be helpful in better prevention of fetal 

macrosomia and LGA (16).  

Although previous studies have demonstrated the association between DM 

and macrosomia (17-19), several studies could not reveal a significant 
association. For example, one study did not report any significant difference 

between DM and healthy mothers in regards to delivering macrosomia infants 

(20). On the contrary, another study indicated that obesity and gestational weight 
gain were risk factors for macrosomia (20).  

Highlights 

What is current knowledge? 

Pre-existing diabetes (Type 1 or type 2), as well as gestational diabetes 
(GDM), are linked to poor pregnancy outcomes, poor perinatal outcomes, 

and poor maternal outcomes. 

What is new here? 

There is a significant association between all three types of diabetes mellitus-

gestational diabetes mellitus (GDM), type 1 diabetes mellitus (T1DM), and 
type 2 diabetes mellitus (T2DM)-and macrosomia. 

Abstract 

Background: Diabetes mellitus (DM) is a major challenge for public health worldwide. Pre-existing diabetes and 
gestational diabetes (GDM) are linked to poor outcomes in pregnancy, perinatal and maternal. Research indicates 

that GDM has become significantly more prevalent in several countries, increasing by over 30%. Glycemic control 

in women during pregnancy plays a major role in the health status of the mother and fetus. Macrosomia is one of 
the most critical adverse outcomes of DM, which results in negative consequences for the health of infants. This 

systematic review and meta-analysis study aimed to investigate the association between pregnancy diabetes and 

macrosomia in infants. 

Methods: A comprehensive systematic search was conducted in electronic databases, from inception up to August 

2024 to obtain related studies. Two independent researchers evaluated the studies based on the objectives of the 

study. The pooled effect size was computed using pooled odds risks (ORs) with 95% confidence intervals (CIs). 
Additionally, we conducted publication bias assessments, sensitivity analyses, and subgroup analyses. The 

statistical analysis incorporated twelve studies. Quality assessment of included studies was conducted using the 

Newcastle-Ottawa Scale (NOS). 

Results: Statistical analysis in the present study on the pregnant diabetic mother and infants with macrosomia 

demonstrated a direct significant association between DM and macrosomia (OR: 2.94, 95% CI: 2.06-4.20, P 

<0.0001) and (OR: 8.17, 95% CI: 4.85-13.75, P<0.0001), respectively. Sub-group analysis revealed subjects with 
pre-gestational diabetes against GDM, had a greater risk of delivering an infant with macrosomia. 

Conclusion: The results revealed a significant association between all three types of GDM. All three types of 

diabetes can lead to macrosomia, but pre-gestational diabetes has a more significant positive relationship with 
macrosomia. However, improving lifestyle can be considered as key strategy against macrosomia and associated 

diabetic complications. 
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Due to the inconsistencies in the literature, the present systematic review and 

meta-analysis aimed to investigate the association between DM and macrosomia. 

 

Methods 

The present study was based on the guidelines for the preferred reporting items 

for systematic reviews and meta-analyses (PRISMA) (21). Moreover, it adhered 

to the recommendations outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions (21). 

2.1. Search strategy 

The author performed a comprehensive and systematic search in electronic 
databases to find relevant studies. Systematic search was carried out in Scopus 

(http://www.scopus.com), PubMed (http://www.pubmed.com), and ISI Web of 

Science (http://www.webofscience.com). Furthermore, a hand search was 
conducted on Google Scholar (https://scholar.google.com) from its inception up 

to August 2024. The purpose of the search was to determine the association 

between diabetes mellitus and macrosomia, and the search strategy used a 
combination of the following keywords: diabetes, diabetes mellitus, type 2 

diabetes mellitus, type 1 diabetes mellitus, T2DM, T1DM, gestational, 

gestational diabetes, pregnancy-induced diabetes, GDM, fetal macrosomia, and 
macrosomia. The title, abstract, and full text of all studies were assessed for 

eligibility by two independent reviewers, and a third reviewer addressed any 

disagreements between the first two reviewers. 

2.2. Inclusion and exclusion criteria  

Original studies were included in the meta-analysis according to the following 
criteria: case-control and cohort studies that reported the association between 

maternal diabetes (GDM, T2DM, and T1DM) and delivering an infant with 

macrosomia, reported their findings in English as odds ratios (OR), risk ratios, 
relative risk (RRs), or hazard ratios (HRs) with corresponding 95% confidence 

intervals (CI). Exclusion criteria in this meta-analysis were in vivo and in vitro 

studies, randomized clinical trials, abstracts and patents, and studies without the 
required data. All relevant data, including the first authors’ names, publication 

year, country, design, type of diabetes, total subjects, the number of cases, OR, 

RR, and (95% CI) and adjusted (Confounding) variables, was extracted using a 
standard form. Quality assessment of the included studies was performed using 

the Newcastle-Ottawa Scale (NOS), which has a score ranging from 0 to 9 (22). 

Scores lower than 4 were considered low quality, scores between 4 and 6 were 
moderate, and scores higher than 6 were high quality. 

2.3. Statistical analysis  

In the present study, statistical analysis was performed using STATA version 14.0. 
A random-effects model was used to assess pooled effect size, and the I2 statistic 

was considered a heterogeneity index in the association between diabetes and 

macrosomia. In this regard, the range of lower than %50 is acceptable, and 
analysis that shows a higher value needs adjusting. Subgroup analysis based on 

the probable confounder variables was conducted to minimize heterogeneity. The 

sensitivity analysis was also performed using metaninf command to assess 
whether the pooled effect-size estimate was affected by single studies. 

Publication bias was evaluated using Egger’s and Begg’s regression asymmetry 

test. Also, a funnel plot was conducted to assess publication bias visually. 
Subgroup analysis was aimed at identifying the origins of heterogeneity. All tests 

were considered statistically significant if the p-value was less than 0.05. 

Results 

3.1. Selection study 

The selection process of the study is presented in Figure 1. At first, 7682 studies 

were identified via systematic search in electronic databases. After removing 

duplicate studies (N = 1229), the titles and abstracts of 6460 articles were 

screened. Following that, 6,434 records were excluded due to review articles (N 
= 328), animal studies (N = 1,537), and unrelated studies (N = 4,568). Seven and 

eight studies were eliminated due to unreported data and unrelated outcomes, 

respectively. Finally, 12 studies were included in the quality and quantity 
analysis. 

3.2. Study characteristics  

Characteristics of the included studies are demonstrated in Table 1. All included 
studies had case-control designs. Seven studies were carried out on the pregnant 

women (17,19,23-27), and five were performed on the macrosomia babies (28-

32). The number of case/control participants in the studies conducted on pregnant 
women was 1779/2086. In the studies conducted on infants, 452 were 

macrosomia infants, 1,884 were non-macrosomia infants, and they were 

classified as case and control groups, respectively. The quality assessment of the 
included studies is demonstrated in Table 2. Based on the NOS tool, the quality 

of four studies was moderate (19,23,26,31), and eight studies had high quality 

(17,24,25,27-30,32). 

3.3. Association between DM and macrosomia based on the mothers with 

DM 

Figure 2 demonstrates the association between DM and the risk of macrosomia 
based on the diabetic status of participants. The risk of macrosomia was 

significantly elevated by DM (OR: 2.94, 95% CI: 2.06-4.20, P < 0.0001), based 

on the pooled effect size derived from included studies; however, there was a 
high degree of heterogeneity among studies (I2: %84.6). No evidence of 

publication bias was found in the statistical study. (Begg’s P: 0.076 and Egger’s 

P = 0.063). In addition, sensitivity analysis revealed that the omission of each 
study did not have any significance on the pooled effect size. 

3.4. Association between macrosomia and DM based on the macrosomia in 

infants 

The relationship between DM and the risk of macrosomia based on infants with 

macrosomia is shown in Figure 3. The pooled effect size indicates that the risk of 

having a mother with diabetes in children weighing more than 4000 grams was 

higher than in children weighing less than 4000 grams (OR: 8.17, 95%CI: 4.85-

13.75, P: <0.0001). Moreover, there was no heterogeneity among the included 

studies (I2: %0, P: 0.989). Furthermore, statistical analysis did not show any 
publication bias between the included studies (Begg’s P = 0.624 and Egger’s P = 

0.112), and sensitivity analysis indicated that pooled effect size did not influence 

the elimination of each study. 

3.5. Subgroup analysis 

The findings of subgroup analysis based on the type of participants (GDM vs 

other types of DM) are presented in Table 3. It was revealed, as demonstrated in 
Figure 4, that both situations, including GDM (OR: 1.87, 95%CI: 1.20, 2.90) and 

other types of DM (OR: 6.92, 95%CI: 3.78, 12.67)) increased the risk of 

macrosomia. However, both mentioned conditions increased the risk of 
macrosomia, and participants who suffered from different types of DM had a 

greater risk of delivering an infant with macrosomia (OR: 6.92 VS. OR: 1.87). 

 
Figure 1. Flow chart of included studies 
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Table 1. Characteristic of included studies in meta-analysis 

Studies Year Country 
Type of 

study 

Type of 

participant 

(Case/Control) 

Number 

(Case/Control) 

Age 
Maternal BMI 

(Case/control) 

Variables adjusted 

for odds ratio 
Case Control 

Wang et al. 2021 China Case-control 
GDM resistance 

/non-DM 
121/204 31 (28.0, 34.75)* 31 (28.0, 34.0) 

* 

25.22 ± 2.82/ 

22.99 ±3.23$ 

Pre-BMI groups, 

GDM subtypes, 

gestational weight-

gain groups, 

maternal age, diet, 

and exercise during 

pregnancy 

Wang et al. 2021 China Case-control 

GDM 

dysfunction /non-

DM 

87/204 32 (29.0, 35.0) * 
31 (28.0, 34.0) 

* 

21.30 ±3.01 / 

22.99 ±3.23$ 

Pre-BMI groups, 

GDM subtypes, 

gestational weight-

gain groups, 

maternal age, diet, 

and exercise during 

pregnancy 

Wang et al. 2021 China Case-control 
GDM mix/non-

DM 
66/204 30 (29.0, 34.75) * 31 (28.0, 34.0)* 

21.39±2.16 / 

22.99 ±3.23$ 

Pre-BMI groups, 

GDM subtypes, 

gestational weight-

gain groups, 

maternal age, diet, 

and exercise during 

pregnancy 

Capobianco et al. 2020 Italy Case-control GDM/non-DM 183/207 NP NP 
25.5 (22.6–30.1) / 

22.0 (19.8–24.0) * NP 

Capobianco et al. 2020 Italy Case-control T1DM/non-DM 17/207 NP NP 
25.7 (21.2–30.1) / 

22.0 (19.8–24.0) * 
NP 

Capobianco et al. 2020 Italy Case-control T2DM/non-DM 7/207 NP NP 
25.7 (21.2–30.1) / 

22.0 (19.8–24.0) * 
NP 

Du et al. 2020 China Case-control 
Macrosomia/non-

macrosomia 
95/1454 31.46±3.65$ 30.91±3.64$ NP Not adjusted 

Bawah et al. 2019 Ghana Case-control GDM/non-GDM 80/120 NP NP NP NP 

Timur et al. 2018 Turkey Case-control DM/non-DM 607/586 32.3 ± 5.7$ 26.6 ± 5.6$ 
27.7 ± 5.0 / 23.3 ± 

3.8$ 
NP 

Agudelo-Espitia et 

al. 
2018 Colombia Case-control 

Macrosomia/non-

macrosomia 
61/61 15-45# 15-45# NP Yes/NP 

Said et al. 2016 Tanzania Case-control 
Macrosomia/non-

macrosomia 
103/ 103 29.99 ± 5.61$ 28.45 ± 5.97$ NP Not adjusted 

Akindele et al., 2015 Nigeria Case-control 
Macrosomia/non-

macrosomia 
120/120 NP NP NP Yes/NP 

Cruz MD MS et al. 2015 Cuba Case-control 

GDM with 

macrosomia/ 

GDM without 

macrosomia 

118/118 30.58 ± 5.83$ 27.57 ± 7.96$ 
27.43±4.41/ 26.26 ± 

5.11$ 
Not adjusted 

Mamta et al. 2012 India Case-control GDM/non-GDM 286/292 26.63 ± 4.547$ 26.43 ± 4.412$ NP Not adjusted 

Saleh et al. 2009 
Saudi 

Arabia 
Case-control DM/non-DM 207/559 33.6±5.8$ 30.5±6.2$ NP Not adjusted 

Clausen et al. 2005 Norway 
Nested case-

control 

Macrosomia/non-

macrosomia 
73/ 146 31.0 ± 4.2$ 31.0 ± 4.8$ 

24.8 ± 4.3 / 

22.9±3.7$ 

Age, parity, 

smoking, weight 

gain, placental 

weight, gestational 

diabetes, first 

trimester BMI. 

$ data was reported as mean ± SD 

* data was reported as median (25th,75th) 

# data was reported as range 

GDM: Gestational Diabetes Mellitus, DM: Diabetes Mellitus, NP: Not-reported 

 
 

 

Table 2. Quality assessment of the included studies 

Case-control studies 
Case 

definition 

Selection of 

cases 

Selection 

of 

controls 

Definition 

of controls 

Control for 

the most 

critical 

factor 1 

Control for 

any 

additional 

factor 2 

Ascertainment 

of exposure 

The same method 

of ascertainment 

for cases and 

controls 

Non-

response 

rate 

Total 

scores 

Wang, 2021 1 1 1 1 1 1 0 1 1 8 

Capobianco, 2020 1 1 1 1 1 1 0 1 1 8 

Du, 2020 1 1 1 1 1 1 0 1 0 7 

Bawah, 2019 1 1 1 1 0 0 0 1 0 6 

Timur, 2018 1 1 1 1 1 1 0 1 1 8 

Agudelo-Espitia, 2018 1 1 1 1 0 0 0 1 0 5 

Said, 2016 1 1 1 1 1 1 0 1 0 7 

Akindele, 2015 1 1 1 1 1 1 0 1 1 8 

Cruz MD MS, 2015 1 1 1 1 1 0 0 1 0 6 

Mamta, 2012 1 1 1 1 0 0 0 1 0 5 

Saleh, 2009 1 1 1 1 1 1 0 1 1 8 

Clausen, 2005 1 1 1 1 1 1 0 1 0 7 
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Figure 2. Association between DM and macrosomia based on the DM subjects 

 

 

 

Figure 3. Association between macrosomia and DM based on the infants with macrosomia 

 

 

 

Figure 4. Subgroup analysis based on type of case (1= GDM, 2=others) 



Journal of Clinical and Basic Research, 2024, Volume 8, Number 4 14 

Discussion 

According to the findings of the current systematic review and meta-analysis, 

there is a significant and direct relationship between diabetes mellitus (DM) and 

the risk of macrosomia. In addition, sub-group analysis revealed that infants of 
women with gestational diabetes mellitus (GDM), in comparison with other 

conditions associated with DM, had a lower risk of macrosomia. A 

comprehensive search was carried out to obtain eligible studies based on the 
Newcastle-Ottawa Scale (NOS) tool; most included studies were of high quality. 

DM has alarmingly increased in developed countries over the past 40 years, 

along with an increase in the prevalence of macrosomia (33-36). Based on 
previous studies, women with DM are at more risk for delivering an infant with 

macrosomia (37-39). Physical activity and diet are critical factors in preventing 

macrosomia and other adverse effects of diabetes management. A clinical trial 
revealed that regular exercise reduced the risk of macrosomia by %58 (40). In 

addition, a clinical trial by Asemi et al. showed that a dietary strategy against 

hypertension (DASH) for four weeks reduced the risk of macrosomia (41). In 
addition, A systematic review and meta-analysis of ten primary studies 

demonstrated that the treatment of mothers with gestational diabetes mellitus 

(GDM), whether through diet or medication, significantly reduced the risk of 
macrosomia. (42). The results of the current study were consistent with those of 

the mentioned study (43). It should be noted that this meta-analysis was 

conducted on all types of DM, not only GDM. In subgroup analysis, it was 
demonstrated that mothers with pre-gestational diabetes, in comparison with 

GDM, had a greater risk of delivering an infant with macrosomia. This was 

approved by another study in New York (44), but another longitudinal study 
revealed contradicting results (45). This can be attributed to the varying criteria 

used to define macrosomia. The available data regarding the correlation between 

DM and macrosomia is compiled in the current review and meta-analysis. 
However, in different studies, other risk factors are reported for GDM, such as 

genetic and environmental factors, maternal obesity, excessive weight gains 

during pregnancy, pre-gestational high body mass index (BMI), DM, gestational 
age at delivery, hypertension, and smoking; they are also considered major 

independent risk factors for macrosomia (46). A previous study has demonstrated 

that obesity during pregnancy is another warning sign for macrosomia in babies, 
and it has been reported that obesity before pregnancy in mothers might be a risk 

factor for macrosomia through increasing insulin resistance, which raises fetal 

glucose and insulin levels and increases hepatic glucose production (47). Most of 
the included studies reported their results after adjusting for confounding 

variables. DM results in a high concentration of serum glucose in pregnant 

mothers, which increases the transportation of glucose from the placenta and 
provides a high quantity of glucose and other nutrients for the fetus, thereby 

increasing the risk of macrosomia. Several studies have reported various factors 

involved in the growth of a fetus, including environmental factors, genetics, the 
health condition of the mother and placenta, and, top of all, the amount of 

available energy substrate for the fetus. Hyperglycemia in mothers leads to 

hyperglycemia and hyperinsulinemia in the fetus, which leads to hyperplasia and 
hypertrophy of the Langerhans’ islets and finally stimulates the growth of the 

fetus. High blood glucose levels in the fetus increase lipogenesis and excessive 

fetus growth (48). Also, the insulin of the fetus does not pass the placenta. At the 
same time, a large amount of the mother’s glucose reaches the fetus and is 

metabolized, stimulating lipogenesis and excessive fetus growth (49). Previous 
studies indicated that infants with macrosomia from diabetic mothers have a 

greater concentration of insulin in their umbilical veins than infants without 

macrosomia, and insulin plays a significant role in tissue growth (50). 
Furthermore, previous studies indicated that insulin growth factor-1 (IGF-1) was 

correlated with the fetus's growth, and this hormone's level was higher in the 

hypertrophic fetuses compared to eutrophic- or hypotrophic fetuses (51). Based 
on the findings of the present meta-analysis, pre-gestational diabetes is a more 

significant risk factor than GDM, given that nearly 90% of DM is related to 

T2DM and over-weight or obesity is one of the well-known characteristics of this 
type of diabetes (52,53). In addition, maternal obesity is an independent risk 

factor for macrosomia (53). Thus, the results of the current meta-analysis indicate 

a strong association between pre-gestational diabetes and the delivery of infants 
with macrosomia, likely due to a higher prevalence of type 2 diabetes mellitus 

(T2DM). 

The current systematic review and meta-analysis has many strengths. The 
first is a comprehensive, systematic search to obtain all related studies. The 

second strength is that the studies were conducted in different countries, resulting 

in a comprehensive conclusion. Third, a thorough statistical analysis, such as 
sensitivity analysis, subgroup analysis, and publication bias, was performed. 

However, the current systematic review and meta-analysis faced several 

shortcomings. First, there was a significant variation among the listed studies. 
Although researchers tried to address heterogeneity by subgroup analysis, it 

wasn’t carried out based on all demographic characteristics because the studies 

did not report them. Second, none of the included studies received all scores of 
the NOS tool, although most had a high quality. Third, some of the included 

studies did not report the adjusted variables for the regression model. Fourth, 

there may have been variations in the diagnostic criteria for diabetes mellitus 
(DM) across the studies included. 

 

Conclusion 

The findings of this systematic review and meta-analysis demonstrate a 

significant association between all three types of diabetes mellitus-gestational 

diabetes mellitus (GDM), type 1 diabetes mellitus (T1DM), and type 2 diabetes 
mellitus (T2DM)-and macrosomia. All three types of diabetes can lead to 

macrosomia; however, pre-gestational diabetes shows a stronger and more 

significant relationship with macrosomia. Changes in lifestyle, such as increased 
physical activity, calorie-restricted diets, and weight loss through glycemic 

management techniques, are the primary defenses against macrosomia and 

associated diabetic complications. 
 

Acknowledgement 

The author wishes to acknowledge all who contributed, especially those at the 

Ischemic Disorders Research Center and the international campus of Golestan 
University of Medical Sciences. 

 

Funding sources 

This work was self-funded. 

 

Ethical statement 
This article is based on the author's PhD thesis (Salah Faaez Abdulnabi) and has 

been ethically approved by Golestan University of Medical Sciences in Gorgan, 
Iran (IR.GOUMS.REC.1403.006). 

 

Conflicts of interest 

The authors affirm no conflict of interest in publishing this article. 
 

Author contributions 

SFA, AJ, and ON designed the experiments and prepared the manuscript. SGH-
GH and AF analyzed the data. SAA and MM helped in revising the manuscript. 

All authors approved the final manuscript. 

 

References 

1. Blair M. Diabetes mellitus review. Urol Nurs. 2016;36(1):27-36. [View at 

Publisher] [DOI] [PMID] [Google Scholar] 

2. Kumar R, Saha P, Kumar Y, Sahana S, Dubey A, Prakash O. A review on 

diabetes mellitus: type1 & Type2. World Journal of Pharmacy and 

Pharmaceutical Sciences. 2020;9(10):838-50. [View at Publisher] [DOI] 
[Google Scholar] 

3. Hossain MJ, Al‐Mamun M, Islam MR. Diabetes mellitus, the fastest 

growing global public health concern: Early detection should be focused. 
Health Sci Rep. 2024;7(3):e2004. [View at Publisher] [DOI] [PMID] 

[Google Scholar] 

4. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect 
of physical inactivity on major non-communicable diseases worldwide: an 

analysis of burden of disease and life expectancy. Lancet. 

2012;380(9838):219-29. [View at Publisher] [DOI] [PMID] [Google 
Scholar] 

5. Knott C, Bell S, Britton A. Alcohol consumption and the risk of type 2 

diabetes: a systematic review and dose-response meta-analysis of more than 
1.9 million individuals from 38 observational studies. Diabetes care. 

2015;38(9):1804-12. [View at Publisher] [DOI] [PMID] [Google Scholar] 

6. Akter S, Goto A, Mizoue T. Smoking and the risk of type 2 diabetes in 
Japan: a systematic review and meta-analysis. J Epidemiol. 

2017;27(12):553-61. [View at Publisher] [DOI] [PMID] [Google Scholar] 

7. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek CJ, et al. 
National, regional, and global trends in fasting plasma glucose and diabetes 

prevalence since 1980: systematic analysis of health examination surveys 

and epidemiological studies with 370 country-years and 2· 7 million 

Table 3. Association between GDM and risk of macrosomia 

Participants  No. ES (95%CI) P-value I2 P-heterogeneity 

Diabetic mother 

Total 

GDM 

Others 

11 

7 

4 

2.94 (2.06, 4.20) 

1.87 (1.20, 2.90) 

6.92 (3.78, 12.67) 

< 0.0001 

0.006 

< 0.0001 

% 84.6 

% 34.9 

% 93.2 

< 0.0001 

0.161 

< 0.0001 

  Macrosomia infant 

Total 
5 8.17 (4.85, 13.75) < 0.0001 0 0.989 

 

https://openurl.ebsco.com/EPDB%3Agcd%3A13%3A10082077/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A113452049&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A13%3A10082077/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A113452049&crl=c&link_origin=scholar.google.com
https://doi.org/10.7257/1053-816X.2016.36.1.27
https://www.ncbi.nlm.nih.gov/pubmed/27093761
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Blair+M.+Diabetes+mellitus+review.+Urologic+nursing.+&btnG=
https://www.wjpps.com/Wjpps_controller/abstract_id/13203
https://doi.org/10.20959/wjpps202010-17336
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumar+R%2C+Saha+P%2C+Kumar+Y%2C+Sahana+S%2C+Dubey+A%2C+Prakash+O.+A+review+on+diabetes+mellitus%3A+type1+%26+Type2.+World+Journal+of+Pharmacy+and+Pharmaceutical+Sciences.+&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/hsr2.2004
https://doi.org/10.1002/hsr2.2004
https://www.ncbi.nlm.nih.gov/pubmed/38524769
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hossain+MJ%2C+Al%E2%80%90Mamun+M%2C+Islam+MR.+Diabetes+mellitus%2C+the+fastest+growing+global+public+health+concern%3A+Early+detection+should+be+focused.+Health+Science+Reports.&btnG=
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61031-9/fulltext?cc=y=
https://doi.org/10.1016/S0140-6736(12)61031-9
https://www.ncbi.nlm.nih.gov/pubmed/22818936
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+I-M%2C+Shiroma+EJ%2C+Lobelo+F%2C+Puska+P%2C+Blair+SN%2C+Katzmarzyk+PT.+Effect+of+physical+inactivity+on+major+non-communicable+diseases+worldwide%3A+an+analysis+of+burden+of+disease+and+life+expe
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+I-M%2C+Shiroma+EJ%2C+Lobelo+F%2C+Puska+P%2C+Blair+SN%2C+Katzmarzyk+PT.+Effect+of+physical+inactivity+on+major+non-communicable+diseases+worldwide%3A+an+analysis+of+burden+of+disease+and+life+expe
https://diabetesjournals.org/care/article/38/9/1804/37318/Alcohol-Consumption-and-the-Risk-of-Type-2
https://doi.org/10.2337/dc15-0710
https://www.ncbi.nlm.nih.gov/pubmed/26294775
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knott+C%2C+Bell+S%2C+Britton+A.+Alcohol+consumption+and+the+risk+of+type+2+diabetes%3A+a+systematic+review+and+dose-response+meta-analysis+of+more+than+1.9+million+individuals+from+38+observational+s
https://www.jstage.jst.go.jp/article/jea/27/12/27_JE99/_article/-char/ja/
https://doi.org/10.1016/j.je.2016.12.017
https://www.ncbi.nlm.nih.gov/pubmed/28716381
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Akter+S%2C+Goto+A%2C+Mizoue+T.+Smoking+and+the+risk+of+type+2+diabetes+in+Japan%3A+a+systematic+review+and+meta-analysis.+Journal+of+epidemiology.&btnG=


Association between pregnancy diabetes and macrosomia 15 

participants. Lancet. 2011;378(9785):31-40. [View at Publisher] [DOI] 

[PMID] [Google Scholar] 

8. Cornier MA, Donahoo WT, Pereira R, Gurevich I, Westergren R, Enerback 
S, et al. Insulin sensitivity determines the effectiveness of dietary 

macronutrient composition on weight loss in obese women. Obes Res. 

2005;13(4):703-9. [View at Publisher] [DOI] [PMID] [Google Scholar] 
9. Chen L, Chen R, Wang H, Liang F. Mechanisms linking inflammation to 

insulin resistance. Int J Endocrinol. 2015;2015(1):508409. [View at 

Publisher] [DOI] [PMID] [Google Scholar] 
10. Maj M, Ilhan A, Neziri D, Gartner W, Berggard T, Attems J, et al. Age 

related changes in pancreatic beta cells: A putative extra-cerebral site of 

Alzheimer's pathology. World J Diabetes. 2011;2(4):49-53. [View at 
Publisher] [DOI] [PMID] [Google Scholar] 

11. Schulze MB, Hoffmann K, Manson JE, Willett WC, Meigs JB, Weikert C, 

et al. Dietary pattern, inflammation, and incidence of type 2 diabetes in 
women. Am J Clin Nutr. 2005;82(3):675-84. [View at Publisher] [DOI] 

[PMID] [Google Scholar] 

12. Kc K, Shakya S, Zhang H. Gestational diabetes mellitus and macrosomia: 
a literature review. Ann Nutr Metab. 2015;66(Suppl 2):14-20. [View at 

Publisher] [DOI] [PMID] [Google Scholar] 

13. Alia S, Pugnaloni S, Borroni F, Mazzanti L, Giannubilo SR, Ciavattini A, 

et al. Impact of gestational diabetes mellitus in maternal and fetal health: 

An update. Diabetes Updates. 2019;5(3):1-6. [View at Publisher] [DOI] 

[Google Scholar] 
14. Zamorski MA, Biggs WS. Management of suspected fetal macrosomia. Am 

Fam Physician. 2001;63(2):302-6. [View at Publisher] [PMID] [Google 
Scholar] 

15. Wang Y-W, Chen Y, Zhang Y-J. Risk factors combine in a complex manner 

in assessment for macrosomia. BMC Public Health. 2023;23(1):271. [View 
at Publisher] [DOI] [PMID] [Google Scholar] 

16. Salihu HM, Dongarwar D, King LM, Yusuf KK, Ibrahimi S, Salinas-

Miranda AA. Trends in the incidence of fetal macrosomia and its 
phenotypes in the United States, 1971-2017. Arch Gynecol Obstet. 

2020;301:415-26. [View at Publisher] [DOI] [PMID] [Google Scholar] 

17. Mou SS, Gillies C, Hu J, Danielli M, Al Wattar BH, Khunti K, et al. 
Association between HbA1c levels and fetal macrosomia and large for 

gestational age babies in women with gestational diabetes mellitus: a 

systematic review and meta-analysis of 17,711 Women. J Clin Med. 
2023;12(11):3852. [View at Publisher] [DOI] [PMID] [Google Scholar] 

18. Capobianco G, Gulotta A, Tupponi G, Dessole F, Pola M, Virdis G, et al. 

Materno-fetal and neonatal complications of diabetes in pregnancy: a 
retrospective study. J Clin Med. 2020;9(9):2707. [View at Publisher] [DOI] 

[PMID] [Google Scholar] 

19. Saleh A, Al-Mendalawi M. Fetal macrosomia greater than or equal to 4000 
grams. Comparing maternal and neonatal outcomes in diabetic and non-

diabetic women. Saudi Med J. 2009;30(4):583. [View at Publisher] [Google 

Scholar] 
20. Cruz J, Grandía R, Padilla L, Rodríguez S, Hernández P, Lang J, et al. 

Macrosomia predictors in infants born to Cuban mothers with gestational 

diabetes. MEDICC Rev. 2015;17(3):27-32. [View at Publisher] [DOI] 
[PMID] [Google Scholar] 

21. Isaku M, Vrapi E, Cala I, Perdja K, Bimbashi A. Macrosomia risk factors 

and perinatal outcomes: a 1-year cohort study. Open Access Macedonian 
Journal of Medical Sciences. 2023;11(B):162-5. [View at Publisher] [DOI] 

[Google Scholar] 

22. Lewandowska M. The role of maternal weight in the hierarchy of 
macrosomia predictors; overall effect of analysis of three prediction 

indicators. Nutrients. 2021;13(3):801. [View at Publisher] [DOI] [PMID] 

[Google Scholar] 
23. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group* t. Preferred 

reporting items for systematic reviews and meta-analyses: the PRISMA 

statement. Ann Intern Med. 2009;151(4):264-9. [View at Publisher] [DOI] 
[PMID] [Google Scholar] 

24. Chandler J, Cumpston M, Li T, Page MJ, Welch V. Cochrane handbook for 

systematic reviews of interventions. Hoboken:Wiley;2019. [View at 
Publisher] [Google Scholar] 

25. Ma X, Yu H. Cancer issue: global burden of cancer. Yale J Biol Med. 

2006;79(3-4):85-94. [View at Publisher] [Google Scholar] 
26. Bawah AT, Ngala RA, Alidu H, Seini MM, Wumbee JDK, Yeboah FA. 

Gestational diabetes mellitus and obstetric outcomes in a Ghanaian 

community. Pan Afr Med J. 2019;32(1):94. [View at Publisher] [DOI] 
[PMID] [Google Scholar] 

27. Saleh AM, Al-Sultan SM, Moria AM, Rakaf FI, Turkistani YM, Al-Onazi 

SH. Fetal macrosomia greater than or equal to 4000 grams Comparing 
maternal and neonatal outcomes in diabetic and nondiabetic women. Saudi 

Med J. 2008;29(10):1463-9. [View at Publisher] [Google Scholar] 
28. Timur BB, Timur H, Tokmak A, Isik H, Eyi EGY. The influence of maternal 

obesity on pregnancy complications and neonatal outcomes in diabetic and 

nondiabetic women. Geburtshilfe und Frauenheilkunde. 2018;78(04):400-
6. [View at Publisher] [DOI] [PMID] [Google Scholar] 

29. Bhat M, Ramesha K, Sarma SP, Menon S, Kumar SG. Outcome of 

gestational diabetes mellitus from a tertiary referral Center in South India: 

a case-control study. J Obstet Gynaecol India. 2012;62(6):644-9. [View at 
Publisher] [DOI] [PMID] [Google Scholar] 

30. Wang N, Song L, Sun B, Peng Y, Fei S, Cui J, et al. Contribution of 

gestational diabetes mellitus heterogeneity and prepregnancy body mass 
index to large‐for‐gestational‐age infants-A retrospective case‐control 

study. J Diabetes. 2021;13(4):307-17. [View at Publisher] [DOI] [PMID] 

[Google Scholar] 
31. Du J, Zhang X, Chai S, Zhao X, Sun J, Yuan N, et al. Nomogram-based risk 

prediction of macrosomia: a case-control study. BMC Pregnancy 

Childbirth. 2022;22(1):392. [View at Publisher] [DOI] [PMID] [Google 
Scholar] 

32. Said AS, Manji KP. Risk factors and outcomes of fetal macrosomia in a 

tertiary centre in Tanzania: a case-control study. BMC pregnancy and 
childbirth. 2016;16:1-8. [View at Publisher] [DOI] [PMID] [Google 

Scholar] 

33. Clausen T, Burski T, Øyen N, Godang K, Bollerslev J, Henriksen T. 
Maternal anthropometric and metabolic factors in the first half of pregnancy 

and risk of neonatal macrosomia in term pregnancies. A prospective 

study.Eur J Endocrinol. 2005;153(6):887-94. [View at Publisher] [DOI] 

[PMID] [Google Scholar] 

34. Agudelo-Espitia V, Parra-Sosa BE, Restrepo-Mesa SL. Factors associated 

with fetal macrosomia. Rev Saude Publica. 2019;53:100. [View at 
Publisher] [DOI] [PMID] [Google Scholar] 

35. Akindele R, Audu L, Mokuolu O. Macrosomic births in abuja: A case-
control study of predisposing factors and early neonatal outcome. Niger J 

Clin Pract. 2017;20(3):320-7. [View at Publisher] [DOI] [PMID] [Google 

Scholar] 
36. Kunasegaran T, Balasubramaniam VR, Arasoo VJT, Palanisamy UD, 

Ramadas A. Gestational diabetes mellitus in southeast Asia: A scoping 

review. Int J Environ Res Public Health. 2021;18(3):1272. [View at 
Publisher] [DOI] [PMID] [Google Scholar] 

37. Atlaw D, Sahiledengle B, Assefa T, Negash W, Tahir A, Regasa T, et al. 

Incidence and risk factors of gestational diabetes mellitus in Goba town, 
Southeast Ethiopia: a prospective cohort study. BMJ Open. 

2022;12(9):e060694. [View at Publisher] [DOI] [PMID] [Google Scholar] 

38. Ghanghoriya V, Khan AP, Gupta K, Manhar R, Mandloi K. Screening of 
Antenatal Cases in Second Trimester of Pregnancy for Gestational Diabetes 

Mellitus. Int J Acad Med Pharm. 2023;5(5):330-4. [View at Publisher] 

[Google Scholar] 
39. Salihu HM, Dongarwar D, King LM, Yusuf KK, Ibrahimi S, Salinas‐

Miranda AA. Phenotypes of fetal macrosomia and risk of stillbirth among 

term deliveries over the previous four decades. Birth. 2020;47(2):202-10. 
[View at Publisher] [DOI] [PMID] [Google Scholar] 

40. Barakat R, Pelaez M, Lopez C, Lucia A, Ruiz JR. Exercise during 

pregnancy and gestational diabetes-related adverse effects: a randomised 
controlled trial. Br J Sports Med. 2013;47(10):630-6. [View at Publisher] 

[DOI] [PMID] [Google Scholar] 

41. Asemi Z, Samimi M, Tabassi Z, Esmaillzadeh A. The effect of DASH diet 
on pregnancy outcomes in gestational diabetes: a randomized controlled 

clinical trial. Eur J Clin Nutr. 2014;68(4):490-5. [View at Publisher] [DOI] 

[PMID] [Google Scholar] 
42. Poolsup N, Suksomboon N, Amin M. Effect of treatment of gestational 

diabetes mellitus: a systematic review and meta-analysis. PloS One. 

2014;9(3):e92485. [View at Publisher] [DOI] [PMID] [Google Scholar] 
43. He X-J, Qin F-y, Hu C-L, Zhu M, Tian C-Q, Li L. Is gestational diabetes 

mellitus an independent risk factor for macrosomia: a meta-analysis? 

Archives of gynecology and obstetrics. 2015;291(4):729-35. [View at 
Publisher] [DOI] [PMID] [Google Scholar] 

44. Yang G-R, Dye TD, Li D. Effects of pre-gestational diabetes mellitus and 

gestational diabetes mellitus on macrosomia and birth defects in Upstate 
New York. Diabetes Res Clin Pract. 2019;155:107811. [View at Publisher] 

[DOI] [PMID] [Google Scholar] 

45. A. Lawlor D, Fraser A, Lindsay R, Ness A, Dabelea D, Catalano P, et al. 
Association of existing diabetes, gestational diabetes and glycosuria in 

pregnancy with macrosomia and offspring body mass index, waist and fat 

mass in later childhood: findings from a prospective pregnancy cohort. 
Diabetologia. 2010;53(1):89-97. [View at Publisher] [DOI] [PMID] 

[Google Scholar] 

46. Júnior EA, Peixoto AB, Zamarian ACP, Júnior JE, Tonni G. Macrosomia. 
Best Pract Res Clin Obstet Gynaecol. 2017;38:83-96. [View at Publisher] 

[DOI] [PMID] [Google Scholar] 

47. Pereda J, Bove I, Pineyro MM. Excessive maternal weight and diabetes are 
risk factors for macrosomia: a cross-sectional study of 42,663 pregnancies 

in Uruguay. Front Endocrinol (Lausanne). 2020;11:588443. [View at 
Publisher] [DOI] [PMID] [Google Scholar] 

48. Šegregur J, Buković D, Milinović D, Orešković S, Pavelić J, Župić T, 

Peršec J, et al. Fetal Macrosomia in Pregnant Women with Gestational 
Diabetes. Coll Antropol. 2009;33(4):1121-7. [View at Publisher] [Google 

Scholar] 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(11)60679-X/fulltext?mst-click=yes%3Fmst-click%3Dyes%3Fmst-click%3Dyes%3Fmst-click%3Dyes%3Fmst-click%3Dyes%3Fmst-click%3Dyes%3Fmst-click%3Dyes%3Fmst-click%3Dyes%3Fmst-click%3Dyes
https://doi.org/10.1016/S0140-6736(11)60679-X
https://www.ncbi.nlm.nih.gov/pubmed/21705069
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Danaei+G%2C+Finucane+MM%2C+Lu+Y%2C+Singh+GM%2C+Cowan+MJ%2C+Paciorek+CJ%2C+et+al.+National%2C+regional%2C+and+global+trends+in+fasting+plasma+glucose+and+diabetes+prevalence+since+1980%3A+systematic+a
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2005.79
https://doi.org/10.1038/oby.2005.79
https://www.ncbi.nlm.nih.gov/pubmed/15897479
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cornier+MA%2C+Donahoo+WT%2C+Pereira+R%2C+Gurevich+I%2C+Westergren+R%2C+Enerback+S%2C+et+al.+Insulin+sensitivity+determines+the+effectiveness+of+dietary+macronutrient+composition+on+weight+loss+in+obe
https://onlinelibrary.wiley.com/doi/full/10.1155/2015/508409
https://onlinelibrary.wiley.com/doi/full/10.1155/2015/508409
https://doi.org/10.1155/2015/508409
https://www.ncbi.nlm.nih.gov/pubmed/26136779
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chen+L%2C+Chen+R%2C+Wang+H%2C+Liang+F.+Mechanisms+linking+inflammation+to+insulin+resistance.+International+journal+of+endocrinology.&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC3083907/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3083907/
https://doi.org/10.4239/wjd.v2.i4.49
https://www.ncbi.nlm.nih.gov/pubmed/21537460
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Maj+M%2C+Ilhan+A%2C+Neziri+D%2C+Gartner+W%2C+Berggard+T%2C+Attems+J%2C+et+al.+Age+related+changes+in+pancreatic+beta+cells%3A+A+putative+extra-cerebral+site+of+Alzheimer%27s+pathology.+World+Journal+
https://www.sciencedirect.com/science/article/pii/S0002916523296173
https://doi.org/10.1093/ajcn/82.3.675
https://www.ncbi.nlm.nih.gov/pubmed/16155283
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Schulze+MB%2C+Hoffmann+K%2C+Manson+JE%2C+Willett+WC%2C+Meigs+JB%2C+Weikert+C%2C+et+al.+Dietary+pattern%2C+inflammation%2C+and+incidence+of+type+2+diabetes+in+women.+The+American+journal+of+clinical+n
https://karger.com/anm/article/66/Suppl.%202/14/40735
https://karger.com/anm/article/66/Suppl.%202/14/40735
https://doi.org/10.1159/000371628
https://www.ncbi.nlm.nih.gov/pubmed/26045324
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kc+K%2C+Shakya+S%2C+Zhang+H.+Gestational+diabetes+mellitus+and+macrosomia%3A+a+literature+review.+Annals+of+Nutrition+and+Metabolism.+&btnG=
https://d1wqtxts1xzle7.cloudfront.net/70671754/DU-5-129-libre.pdf?1632989532=&response-content-disposition=inline%3B+filename%3DImpact_of_gestational_diabetes_mellitus.pdf&Expires=1731836816&Signature=HUbSdY1mNWI0zGCG8HTu5vLvqTnQFtjuBrO82S~OvvVJgm0HxJYGQG
https://doi.org/10.15761/DU.1000129
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alia+S%2C+Pugnaloni+S%2C+Borroni+F%2C+Mazzanti+L%2C+Giannubilo+SR%2C+Ciavattini+A%2C+et+al.+Impact+of+gestational+diabetes+mellitus+in+maternal+and+fetal+health%3A+An+update.+Diabetes+Updates.&btnG=
https://www.aafp.org/pubs/afp/issues/2001/0115/p302.html
https://pubmed.ncbi.nlm.nih.gov/11201695/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zamorski+MA%2C+Biggs+WS.+Management+of+suspected+fetal+macrosomia.+American+family+physician.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zamorski+MA%2C+Biggs+WS.+Management+of+suspected+fetal+macrosomia.+American+family+physician.+&btnG=
https://link.springer.com/article/10.1186/s12889-023-15195-9
https://link.springer.com/article/10.1186/s12889-023-15195-9
https://doi.org/10.1186/s12889-023-15195-9
https://www.ncbi.nlm.nih.gov/pubmed/36750950
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+Y-W%2C+Chen+Y%2C+Zhang+Y-J.+Risk+factors+combine+in+a+complex+manner+in+assessment+for+macrosomia.+BMC+Public+Health.+&btnG=
https://link.springer.com/article/10.1007/s00404-019-05400-9
https://doi.org/10.1007/s00404-019-05400-9
https://www.ncbi.nlm.nih.gov/pubmed/31811414
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Salihu+HM%2C+Dongarwar+D%2C+King+LM%2C+Yusuf+KK%2C+Ibrahimi+S%2C+Salinas-Miranda+AA.+Trends+in+the+incidence+of+fetal+macrosomia+and+its+phenotypes+in+the+United+States%2C+1971-2017.+Archives+of+gyne
https://www.mdpi.com/2077-0383/12/11/3852
https://doi.org/10.3390/jcm12113852
https://www.ncbi.nlm.nih.gov/pubmed/37298047
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mou+SS%2C+Gillies+C%2C+Hu+J%2C+Danielli+M%2C+Al+Wattar+BH%2C+Khunti+K%2C+et+al.+Association+between+HbA1c+levels+and+fetal+macrosomia+and+large+for+gestational+age+babies+in+women+with+gestational+di
https://www.mdpi.com/2077-0383/9/9/2707
https://doi.org/10.3390/jcm9092707
https://www.ncbi.nlm.nih.gov/pubmed/32825775
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Capobianco+G%2C+Gulotta+A%2C+Tupponi+G%2C+Dessole+F%2C+Pola+M%2C+Virdis+G%2C+et+al.+Materno-fetal+and+neonatal+complications+of+diabetes+in+pregnancy%3A+a+retrospective+study.+Journal+of+Clinical+Med
https://smj.org.sa/content/30/4/583
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saleh+A.+Fetal+macrosomia+greater+than+or+equal+to.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saleh+A.+Fetal+macrosomia+greater+than+or+equal+to.&btnG=
https://www.scielosp.org/article/medicc/2015.v17n3/27-32/en/
https://doi.org/10.37757/MR2015.V17.N3.6
https://www.ncbi.nlm.nih.gov/pubmed/26947155
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cruz+J%2C+Grand%C3%ADa+R%2C+Padilla+L%2C+Rodr%C3%ADguez+S%2C+Hern%C3%A1ndez+P%2C+Lang+J%2C+et+al.+Macrosomia+predictors+in+infants+born+to+Cuban+mothers+with+gestational+diabetes.+Medicc+Review.+&btn
https://oamjms.eu/index.php/mjms/article/view/11396
https://doi.org/10.3889/oamjms.2023.11396
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Isaku+M%2C+Vrapi+E%2C+Cala+I%2C+Perdja+K%2C+Bimbashi+A.+Macrosomia+risk+factors+and+perinatal+outcomes%3A+a+1-year+cohort+study.+Open+Access+Macedonian+Journal+of+Medical+Sciences&btnG=
https://www.mdpi.com/2072-6643/13/3/801
https://doi.org/10.3390/nu13030801
https://www.ncbi.nlm.nih.gov/pubmed/33671089
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lewandowska+M.+The+role+of+maternal+weight+in+the+hierarchy+of+macrosomia+predictors%3B+overall+effect+of+analysis+of+three+prediction+indicators.+Nutrients.+&btnG=
https://www.acpjournals.org/doi/full/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://www.ncbi.nlm.nih.gov/pubmed/19622511
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Moher+D%2C+Liberati+A%2C+Tetzlaff+J%2C+Altman+DG%2C+PRISMA+Group*+t.+Preferred+reporting+items+for+systematic+reviews+and+meta-analyses%3A+the+PRISMA+statement.+Annals+of+internal+medicine.&btnG=
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119536604
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119536604
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chandler+J%2C+Cumpston+M%2C+Li+T%2C+Page+MJ%2C+Welch+V.+Cochrane+handbook+for+systematic+reviews+of+interventions.+Hoboken%3A+Wiley.+&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC1994799/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ma+X%2C+Yu+H.+Cancer+issue%3A+global+burden+of+cancer.+The+Yale+journal+of+biology+and+medicine.+&btnG=
https://www.ajol.info/index.php/pamj/article/view/208947
https://doi.org/10.11604/pamj.2019.32.94.17334
https://www.ncbi.nlm.nih.gov/pubmed/31223385
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bawah+AT%2C+Ngala+RA%2C+Alidu+H%2C+Seini+MM%2C+Wumbee+JDK%2C+Yeboah+FA.+Gestational+diabetes+mellitus+and+obstetric+outcomes+in+a+Ghanaian+community.+Pan+African+Medical+Journal.&btnG=
https://smj.org.sa/content/29/10/1463
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saleh+AM%2C+Al-Sultan+SM%2C+Moria+AM%2C+Rakaf+FI%2C+Turkistani+YM%2C+Al-Onazi+SH.+Fetal+macrosomia+greater+than+or+equal+to+4000+grams.+Saudi+Med+J.+&btnG=
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-0589-2833
https://doi.org/10.1055/a-0589-2833
https://www.ncbi.nlm.nih.gov/pubmed/29720745
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Timur+BB%2C+Timur+H%2C+Tokmak+A%2C+Isik+H%2C+Eyi+EGY.+The+influence+of+maternal+obesity+on+pregnancy+complications+and+neonatal+outcomes+in+diabetic+and+nondiabetic+women.+Geburtshilfe+und+Frauenheil
https://link.springer.com/article/10.1007/s13224-012-0226-9
https://link.springer.com/article/10.1007/s13224-012-0226-9
https://doi.org/10.1007/s13224-012-0226-9
https://www.ncbi.nlm.nih.gov/pubmed/24293841
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bhat+M%2C+Ramesha+K%2C+Sarma+SP%2C+Menon+S%2C+Ganesh+Kumar+S.+Outcome+of+gestational+diabetes+mellitus+from+a+tertiary+referral+Center+in+South+India%3A+a+case-control+study.+The+Journal+of+Obstetric
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.13113
https://doi.org/10.1111/1753-0407.13113
https://www.ncbi.nlm.nih.gov/pubmed/32935481
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+N%2C+Song+L%2C+Sun+B%2C+Peng+Y%2C+Fei+S%2C+Cui+J%2C+et+al.+Contribution+of+gestational+diabetes+mellitus+heterogeneity+and+prepregnancy+body+mass+index+to+large%E2%80%90for%E2%80%90gestational%25E
https://link.springer.com/article/10.1186/s12884-022-04706-y
https://doi.org/10.1186/s12884-022-04706-y
https://www.ncbi.nlm.nih.gov/pubmed/35513792
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Du+J%2C+Zhang+X%2C+Chai+S%2C+Zhao+X%2C+Sun+J%2C+Yuan+N%2C+et+al.+Nomogram-based+risk+prediction+of+macrosomia%3A+a+case-control+study.+BMC+Pregnancy+and+Childbirth.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Du+J%2C+Zhang+X%2C+Chai+S%2C+Zhao+X%2C+Sun+J%2C+Yuan+N%2C+et+al.+Nomogram-based+risk+prediction+of+macrosomia%3A+a+case-control+study.+BMC+Pregnancy+and+Childbirth.&btnG=
https://link.springer.com/article/10.1186/s12884-016-1044-3
https://doi.org/10.1186/s12884-016-1044-3
https://www.ncbi.nlm.nih.gov/pubmed/27557930
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Said+AS%2C+Manji+KP.+Risk+factors+and+outcomes+of+fetal+macrosomia+in+a+tertiary+centre+in+Tanzania%3A+a+case-control+study.+BMC+pregnancy+and+childbirth.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Said+AS%2C+Manji+KP.+Risk+factors+and+outcomes+of+fetal+macrosomia+in+a+tertiary+centre+in+Tanzania%3A+a+case-control+study.+BMC+pregnancy+and+childbirth.&btnG=
https://academic.oup.com/ejendo/article-abstract/153/6/887/6695185
https://doi.org/10.1530/eje.1.02034
https://www.ncbi.nlm.nih.gov/pubmed/16322395
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clausen+T%2C+Burski+T%2C+%C3%98yen+N%2C+Godang+K%2C+Bollerslev+J%2C+Henriksen+T.+Maternal+anthropometric+and+metabolic+factors+in+the+first+half+of+pregnancy+and+risk+of+neonatal+macrosomia+in+term+p
https://www.scielo.br/j/rsp/a/m6GPfPYqHkkRTgz9DFffmpN/?format=html&lang=en
https://www.scielo.br/j/rsp/a/m6GPfPYqHkkRTgz9DFffmpN/?format=html&lang=en
https://doi.org/10.11606/s1518-8787.2019053001269
https://www.ncbi.nlm.nih.gov/pubmed/31800911
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Agudelo-Espitia+V%2C+Parra-Sosa+BE%2C+Restrepo-Mesa+SL.+Factors+associated+with+fetal+macrosomia.+Revista+de+saude+publica.+&btnG=
https://www.ajol.info/index.php/njcp/article/view/152485
https://doi.org/10.4103/1119-3077.196060
https://www.ncbi.nlm.nih.gov/pubmed/28256487
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Akindele+R%2C+Audu+L%2C+Mokuolu+O.+Macrosomic+births+in+abuja%3A+A+case-control+study+of+predisposing+factors+and+early+neonatal+outcome.+Nigerian+journal+of+clinical+practice.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Akindele+R%2C+Audu+L%2C+Mokuolu+O.+Macrosomic+births+in+abuja%3A+A+case-control+study+of+predisposing+factors+and+early+neonatal+outcome.+Nigerian+journal+of+clinical+practice.+&btnG=
https://www.mdpi.com/1660-4601/18/3/1272
https://www.mdpi.com/1660-4601/18/3/1272
https://doi.org/10.3390/ijerph18031272
https://www.ncbi.nlm.nih.gov/pubmed/33572656
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kunasegaran+T%2C+Balasubramaniam+VR%2C+Arasoo+VJT%2C+Palanisamy+UD%2C+Ramadas+A.+Gestational+diabetes+mellitus+in+southeast+Asia%3A+A+scoping+review.+International+journal+of+environmental+research+a
https://bmjopen.bmj.com/content/12/9/e060694.abstract
https://doi.org/10.1136/bmjopen-2021-060694
https://www.ncbi.nlm.nih.gov/pubmed/36167396
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Atlaw+D%2C+Sahiledengle+B%2C+Assefa+T%2C+Negash+W%2C+Tahir+A%2C+Regasa+T%2C+et+al.+Incidence+and+risk+factors+of+gestational+diabetes+mellitus+in+Goba+town%2C+Southeast+Ethiopia%3A+a+prospective+coho
https://academicmed.org/Uploads/Volume5Issue5/66.%20%5b1540.%20JAMP_Varun%5d%20330-334.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ghanghoriya+V%2C+Khan+AP%2C+Gupta+K%2C+Manhar+R%2C+Mandloi+K.+SCREENING+OF+ANTENATAL+CASES+IN+SECOND+TRIMESTER+OF+PREGNANCY+FOR+GESTATIONAL+DIABETES+MELLITUS.+Int+J+Acad+Med+Pharm.+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/birt.12479
https://doi.org/10.1111/birt.12479
https://www.ncbi.nlm.nih.gov/pubmed/31925852
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Salihu+HM%2C+Dongarwar+D%2C+King+LM%2C+Yusuf+KK%2C+Ibrahimi+S%2C+Salinas%E2%80%90Miranda+AA.+Phenotypes+of+fetal+macrosomia+and+risk+of+stillbirth+among+term+deliveries+over+the+previous+four+decades
https://bjsm.bmj.com/content/47/10/630.short
https://doi.org/10.1136/bjsports-2012-091788
https://www.ncbi.nlm.nih.gov/pubmed/23365418
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Barakat+R%2C+Pelaez+M%2C+Lopez+C%2C+Lucia+A%2C+Ruiz+JR.+Exercise+during+pregnancy+and+gestational+diabetes-related+adverse+effects%3A+a+randomised+controlled+trial.+British+journal+of+sports+medicine
https://www.nature.com/articles/ejcn2013296
https://doi.org/10.1038/ejcn.2013.296
https://www.ncbi.nlm.nih.gov/pubmed/24424076
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Asemi+Z%2C+Samimi+M%2C+Tabassi+Z%2C+Esmaillzadeh+A.+The+effect+of+DASH+diet+on+pregnancy+outcomes+in+gestational+diabetes%3A+a+randomized+controlled+clinical+trial.+European+journal+of+clinical+nutri
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092485
https://doi.org/10.1371/journal.pone.0092485
https://www.ncbi.nlm.nih.gov/pubmed/24658089
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Poolsup+N%2C+Suksomboon+N%2C+Amin+M.+Effect+of+treatment+of+gestational+diabetes+mellitus%3A+a+systematic+review+and+meta-analysis.+PloS+one&btnG=
https://link.springer.com/article/10.1007/s00404-014-3545-5
https://link.springer.com/article/10.1007/s00404-014-3545-5
https://doi.org/10.1007/s00404-014-3545-5
https://www.ncbi.nlm.nih.gov/pubmed/25388922
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=He+X-J%2C+Qin+F-y%2C+Hu+C-L%2C+Zhu+M%2C+Tian+C-Q%2C+Li+L.+Is+gestational+diabetes+mellitus+an+independent+risk+factor+for+macrosomia%3A+a+meta-analysis%3F+Archives+of+gynecology+and+obstetrics.+&btnG
https://www.sciencedirect.com/science/article/pii/S0168822719305893
https://doi.org/10.1016/j.diabres.2019.107811
https://www.ncbi.nlm.nih.gov/pubmed/31401151
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yang+G-R%2C+Dye+TD%2C+Li+D.+Effects+of+pre-gestational+diabetes+mellitus+and+gestational+diabetes+mellitus+on+macrosomia+and+birth+defects+in+Upstate+New+York.+Diabetes+research+and+clinical+practice
https://link.springer.com/article/10.1007/s00125-009-1560-z
https://doi.org/10.1007/s00125-009-1560-z
https://www.ncbi.nlm.nih.gov/pubmed/19841891
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Lawlor+D%2C+Fraser+A%2C+Lindsay+R%2C+Ness+A%2C+Dabelea+D%2C+Catalano+P%2C+et+al.+Association+of+existing+diabetes%2C+gestational+diabetes+and+glycosuria+in+pregnancy+with+macrosomia+and+offspring+
https://www.sciencedirect.com/science/article/abs/pii/S1521693416300761
https://doi.org/10.1016/j.bpobgyn.2016.08.003
https://www.ncbi.nlm.nih.gov/pubmed/27727018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J%C3%BAnior+EA%2C+Peixoto+AB%2C+Zamarian+ACP%2C+J%C3%BAnior+JE%2C+Tonni+G.+Macrosomia.+Best+practice+%26+research+Clinical+obstetrics+%26+gynaecology.+&btnG=
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2020.588443/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2020.588443/full
https://doi.org/10.3389/fendo.2020.588443
https://www.ncbi.nlm.nih.gov/pubmed/33224106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pereda+J%2C+Bove+I%2C+Pineyro+MM.+Excessive+maternal+weight+and+diabetes+are+risk+factors+for+macrosomia%3A+a+cross-sectional+study+of+42%2C663+pregnancies+in+Uruguay.+Frontiers+in+endocrinology.&btn
https://hrcak.srce.hr/clanak/78787
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bukovi%C4%87+D%2C+Milinovi%C4%87+D%2C+Ore%C5%A1kovi%C4%87+S%2C+Paveli%C4%87+J%2C+%C5%BDupi%C4%87+T%2C+Per%C5%A1ec+J%2C+et+al.+Fetal+Macrosomia+in+Pregnant+Women+with+Gestational+Diabetes.+Collegium+A
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bukovi%C4%87+D%2C+Milinovi%C4%87+D%2C+Ore%C5%A1kovi%C4%87+S%2C+Paveli%C4%87+J%2C+%C5%BDupi%C4%87+T%2C+Per%C5%A1ec+J%2C+et+al.+Fetal+Macrosomia+in+Pregnant+Women+with+Gestational+Diabetes.+Collegium+A


Journal of Clinical and Basic Research, 2024, Volume 8, Number 4 16 

49. Hay Jr WW. Placental-fetal glucose exchange and fetal glucose 

metabolism. Trans Am Clin Climatol Assoc. 2006;117:321-39. [View at 

Publisher] [PMID] [Google Scholar] 
50. Gyurkovits Z, Kálló K, Bakki J, Katona M, Bitó T, Pál A, et al. Neonatal 

outcome of macrosomic infants: an analysis of a two-year period. Eur J 

Obstet Gynecol Reprod Biol. 2011;159(2):289-92. [View at Publisher] 
[DOI] [PMID] [Google Scholar] 

51. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, 

Ohlrogge A, et al. IDF Diabetes Atlas: Global estimates of diabetes 

prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract. 

2018;138:271-81. [View at Publisher] [DOI] [PMID] [Google Scholar] 

52. Ekpor E, Akyirem S, Adade Duodu P. Prevalence and associated factors of 
overweight and obesity among persons with type 2 diabetes in Africa: a 

systematic review and meta-analysis. Ann Med. 2023;55(1):696-713. 

[View at Publisher] [DOI] [PMID] [Google Scholar] 
53. Gaudet L, Ferraro ZM, Wen SW, Walker M. Maternal obesity and 

occurrence of fetal macrosomia: a systematic review and meta‐analysis. 

Biomed Res Int. 2014;2014(1):640291. [View at Publisher] [DOI] [PMID] 
[Google Scholar] 

 

  

 

 
 

How to Cite: 

Abdulnabi SF, Nikpayam O, Mohammadi M , Jabbari A, Ghorbani Gholiabad S, Abedalnabi Flaifel H, , et al. Association between 

pregnancy-associated diabetes and macrosomia: A Systematic Review and Meta-analysis. JCBR. 2024;8(4):10-6. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC1500912/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1500912/
https://pubmed.ncbi.nlm.nih.gov/18528484/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hay+Jr+WW.+Placental-fetal+glucose+exchange+and+fetal+glucose+metabolism.+Transactions+of+the+American+Clinical+and+Climatological+Association&btnG=
https://www.sciencedirect.com/science/article/pii/S0301211511004957
https://doi.org/10.1016/j.ejogrb.2011.08.003
https://www.ncbi.nlm.nih.gov/pubmed/21958954
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gyurkovits+Z%2C+K%C3%A1ll%C3%B3+K%2C+Bakki+J%2C+Katona+M%2C+Bit%C3%B3+T%2C+P%C3%A1l+A%2C+et+al.+Neonatal+outcome+of+macrosomic+infants%3A+an+analysis+of+a+two-year+period.+European+Journal+of+Obstetr
https://www.sciencedirect.com/science/article/pii/S0168822718302031
https://doi.org/10.1016/j.diabres.2018.02.023
https://www.ncbi.nlm.nih.gov/pubmed/29496507
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cho+NH%2C+Shaw+JE%2C+Karuranga+S%2C+Huang+Y%2C+da+Rocha+Fernandes+JD%2C+Ohlrogge+A%2C+et+al.+IDF+Diabetes+Atlas%3A+Global+estimates+of+diabetes+prevalence+for+2017+and+projections+for+2045.+Diabetes+
https://www.tandfonline.com/doi/full/10.1080/07853890.2023.2182909
https://doi.org/10.1080/07853890.2023.2182909
https://www.ncbi.nlm.nih.gov/pubmed/36821504
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ekpor+E%2C+Akyirem+S%2C+Adade+Duodu+P.+Prevalence+and+associated+factors+of+overweight+and+obesity+among+persons+with+type+2+diabetes+in+Africa%3A+a+systematic+review+and+meta-analysis.+Annals+of+Med
https://onlinelibrary.wiley.com/doi/full/10.1155/2014/640291
https://doi.org/10.1155/2014/640291
https://www.ncbi.nlm.nih.gov/pubmed/25544943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gaudet+L%2C+Ferraro+ZM%2C+Wen+SW%2C+Walker+M.+Maternal+obesity+and+occurrence+of+fetal+macrosomia%3A+a+systematic+review+and+meta%E2%80%90analysis.+BioMed+research+international.&btnG=

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding sources
	Ethical statement
	Conflicts of interest
	Author contributions
	References

