
 
 

 
 

  
 
 
 

 
 

 
 
 

 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 
 

 
 
 

 

 
 

Introduction 
Fetal macrosomia is a clinical condition that 
significantly affects maternal and fetal health 
and is encountered in 3-15% of all births (1).  
The American College of Obstetricians and 
Gynecologists (ACOG) defined macrosomia  
as the birth weight over 4000 g irrespective of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gestational age or greater than 90th percentile 
for gestational age (2).  
  Maternal and perinatal complications such as 
infection, postpartum hemorrhage, prolonged 
labor, high degree perineal tears, cesarean 
delivery, thromboembolic event, and anesthetic 
accidents are more frequently seen with fetal 
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Introduction: Fetal macrosomia is a clinical condition that significantly affects maternal and fetal health. The objective 
of this study is to determine the frequency and the associated risk factors of fetal macrosomia in pregnant women 
with and without gestational diabetes mellitus (GDM).  
Materials and Methods: Our study was carried out by retrospectively examining the records of pregnant women 
who delivered babies with birth weights of ≥4000 g, after the 37th gestational week in the Gynecology Department 
of Okmeydani Training and Research Hospital between January 1, 2014, and December 31, 2020. Pregnant women 
were divided into 2 groups as those did not receive (Group 1, n:311) and did (Group 2, n:98) the diagnosis of GDM 
during their pregnancy. 
Results: Frequencies of preeclampsia, polyhydramnios, and shoulder dystocia were statistically significantly higher 
in the GDM(+) group relative to the GDM(-) group (p=0.007, p=0.006, and p=0.004, respectively). Receiver operator 
characteristic (ROC) curves were formed to determine cut-off values for age, parity, BPD, FL, and AC. Age (>35 
years), FL (≤77 mm), AC (>356 mm), polyhydramnios, and shoulder dystocia were determined as effective factors 
on fetal macrosomia (p=0.0001, p=0.025, p=0.023, p=0.045, and p=0.009, respectively). 
Conclusion: Polyhydramnios, shoulder dystocia, preeclampsia, and an increase in AC but a decrease in BPD and FL 
values are more common in macrosomia associated with GDM compared to the non-GDM patient group. 
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macrosomia. In addition, the incidence rates 
of fetal complications such as shoulder  
dystocia, brachial plexus injury, skeletal injuries, 
aspiration of meconium, prenatal asphyxia, 
hypoglycemia, and fetal death increase (3,4). 
  All factors affecting fetal weight can be 
enumerated as gestational diabetes, obesity, 
ethnic factors, postmaturity, and high parity (5). 
Macrosomic infants are in the risk group in 
their adulthood concerning the development 
of hypertension, obesity, and type 2 diabetes 
mellitus (6). Although its exact mechanism is 
not known, it can be said that a multifactorial 
interaction between genetic, environmental, 
and fetal nutrition factors determine fetal 
development. 
 Maternal insulin is known to be the primary 
hormone responsible for independently intra 
uterine fetal growth suboptimal glycemic 
control of pre-pregnancy body mass index 
(BMI) is an important risk factor in development 
of macrosomia. However, any risk factor was 
not found in approximately 60% of macrosomic 
fetuses (7). 
 The objective of this study is to determine the 
frequency and the associated risk factors of 
fetal macrosomia in pregnant women with and 
without gestational diabetes mellitus (GDM). 
 

Materials and Methods 
  Our study was carried out by retrospectively 
examining the records of pregnant women who 
delivered babies with birth weights higher than 
4000g, after the 37th gestational week in the 
Gynecology Department of Okmeydani Training 
and Research Hospital between January 1, 2014, 
and December 31, 2020. The study was initiated 
after the approval of the Ethic Committee  
was obtained. The vaginal examination was 
performed in all patients in the study group at 

the time of admission to the hospital, and the 
presence of cervical effacement and dilatation 
was recorded. An external monitoring was 
performed to determine uterine contractions, 
and obstetric ultrasonography to be able to see 
fetal development. 
 Standard biometric parameters as biparietal 
diameter (BPD), abdominal circumference (AC), 
femur length (FL), were recorded. Blood was 
taken from the patients for complete blood 
count and fasting blood glucose measurement. 
Gestational age was calculated according to the 
last menstrual period or findings of ultrasound 
performed before 20 weeks of gestation.  
 Pregnant women below 37th week of gestation, 
under 18 years of age, and those who delivered 
babies with a birth weight below 4000 gr, and 
multiple gestations were not included in the 
study. A total of 409 pregnant women, whose 
complete records were available, were included 
in the study. Pregnant women were divided into 
2 groups as those did not receive (Group 1, 
n:311) and did (Group 2, n:98) the diagnosis of 
gestational diabetes mellitus (GDM) during  
their pregnancy. Demographic characteristics 
of the patients were recorded. Comparisons 
were made as for the gestational week of 
delivery, delivery type, cesarean indications, 
gender, birth weight, gravida, parity, abortion, 
use of Assisted Reproductive Technology (ART), 
maternal anemia, and need for neonatal 
intensive care. Besides, diseases such as 
maternal thyroid diseases, heart disease, and 
asthma were recorded and evaluated. Maternal 
and obstetric outcomes were compared 
between groups. 
 The presence of preeclampsia, premature 
membrane rupture (PROM), oligohydramnios, 
polyhydramnios, shoulder dystocia, need for 
newborn intensive care was investigated. The 
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diagnosis of gestational diabetes mellitus 
(GDM) was made in 2 steps as recommended 
by the American College of Obstetrician  
and Gynecologist (AGOC)(8). Glucose tolerance 
test was performed between the 24th and 28th 
gestational weeks using 100g glucose for 
pregnant whose blood glucose level was 140 
mg/dl one hour after a glucose tolerance test 
performed with 50 g glucose. and the diagnosis 
of GDM was made when higher glycemic levels 
were found on 2 or more than 2 occasions.  
Premature rupture of membranes (PROM) is 
defined as a rupture of fetal membranes before 
the onset of labor. Polyhydramnios is defined as 
the amount of the amniotic fluid above 8 cm in 
the single quadrant or above 20 cm as the  
sum of all four quadrants in ultrasonographic 
measurements. Oligohydramnios is described 
as the amount of amniotic fluid below 2 cm in 
the single quadrant or 5 cm below the total of 
4 quadrants in ultrasonographic measurements.  
  The diagnosis of preeclampsia was made 
according to the criteria determined by the 
International Society for Study of Hypertension 
in Pregnancy (9). Preeclampsia is defined as the 
presence of systolic blood pressure of ≥140 mm 
Hg and/or diastolic blood pressure of ≥90 mm 
Hg in blood pressure measurements performed 
twice at 4h intervals after the 20th gestational 
week in a previously normotensive pregnant 
woman in addition to ≥300 mg protein in 24-
hour urine samples or 2+ proteinuria detected 
on two occasions. 
 

Ethical Statement 
 The study was performed in line with the 
Declaration of Helsinki. Approval was granted 
by the Ethics Committee of the University of 
Health Sciences, Prof. Dr.Cemil Tascioglu City 
Hospital (Okmeydanı Training and Research 
Hospital) (05/05/2021-48670771-514.10/187). 
 

Statistical Evaluation 
  Statistical analysis in this study was performed 
using the NCSS (Number Cruncher Statistical 
System) 2007 Statistical Software (Utah, USA) 
package program. In the evaluation of the data, 
in addition to descriptive statistical methods 
(mean,standard deviation, median, interquartile 
range), the distribution of variables was 
examined with the Shapiro - Wilk normality test. 
The independent t-test for the comparison of 
the normally distributed variables in binary 
groups and the Mann Whitney U test for the 
comparison of the variables with non-normal 
distribution were used. The chi-square test was 
used in comparing qualitative data. Logistic 
regression analysis was performed to distinguish 
the factors affecting the presence of GDM in 
macrosomic babies. The areas under the ROC 
curve were calculated for differential diagnosis 
in the presence of GDM in macrosomic babies, 
sensitivity specificity, positive predictive value, 
negative predictive value, and LR(+) values,  
and the cut-off values of the variables were 
determined. The results were evaluated at the 
significance level of p<0.05. 
 

Results 
 Pregnant women who had macrosomic babies 
were divided into 2 groups as those with 
gestational diabetes (GDM+) and those without 
gestational diabetes (GDM-). Maternal and 
obstetric outcomes were examined (Table 1). In 
this patient group, 23.96% of pregnant women 
had GDM and 76.03% of them had not GDM. 
The mean age and the average fasting blood 
glucose of the GDM(+) were higher than the 
GDM(-) (p=0.0001, and p=0.0001, respectively). 
No significant difference was observed between 
the type of delivery and cesarean indications 
of the GDM(-) and GDM(+)(p=0.651, and 
p=0.056, respectively). 
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 Table 1. Maternal characteristics and obstetric outcomes in macrosomia 
Variables GDM (-) n:311 GDM (+) n:98 p 
Age (years) 27,8±6,69 31,74±7,87 0,0001* 

Delivery Vaginal 135 43,41% 40 40,82% 0,651+ Cesarean 176 56,59% 58 59,18% 

Cesarean indications 

Previous Cesarean 50 28,41% 22 37,29% 

0,056+ 

Fetal Distress 8 4,55% 8 13,56% 
Progress failure 14 7,95% 1 1,70% 
Cephalopelvic 
disproportion 

14 7,95% 6 10,17% 

Macrosomia 77 43,75% 17 28,81% 
Malpresantation 12 6,82% 5 8,47% 
Placenta previa  1 0,57% 0 0,00% 

Presentation 
Cefalic 296 95,18% 92 93,88% 

0,047+ Breech 14 4,50% 3 3,06% 
Transvers 1 0,32% 3 3,06% 

Gravida Mean (SD) 2,86±1,85 3,31±1,80 0,01† Median (IQR) 2 (1-4) 3 (2-5) 

Parity Mean (SD) 1,50±1,58 1,85±1,55 0,017† Median (IQR) 1 (0-2) 2 (1-3) 

Abortus Mean (SD) 0,36±0,77 0,47±0,84 0,158† Median (IQR) 0 (0-0) 0 (0-1) 
Assisted Reproductive Technology (ART) 1 0,32% 1 1,02% 0,387+ 

Gender Male 204 65,59% 67 68,37% 0,613+ Female 107 34,41% 31 31,63% 
Fasting blood glucose (mg) 83±11,64 109,96±28,34 0,0001* 
Hemoglobin 11,37±1,53 11,51±1,38 0,403* 
Hematocrit 34,67±4,19 35,18±3,58 0,275* 
Red blood cell 4,17±0,57 4,17±0,34 0,899* 
Fetal Weight (g) 4155,98±301,5 4211,9±276 0,103* 
Gestational Age (weeks) 39,62±1,05 39,07±1,22 0,0001* 
Biparietal Diameter (BPD) 94,35±3,11 94,13±3,34 0,554* 
Femur Lenght (FL) 76,25±2,61 75,66±2,64 0,058* 
Abdominal Circumference (AC) 363,07±15,8 367,5±21,35 0,028* 
Apgar Score 1.Minute 7,57±0,64 7,57±0,81 0,991* 
Apgar Score 1.Minute ≤7  13 4,18% 8 8,16% 0,119+ 
Apgar Score 5.Minute 9,37±3,5 9,15±0,63 0,548* 
Apgar Score 5.Minute ≤7  3 0,96% 1 1,02% 0,961+ 
Shoulder distosia 1 0,32% 4 4,08% 0,003+ 
Neonatal intensive care 20 6,43% 8 8,16% 0,554+ 
Preeclampsia 7 2,25% 8 8,16% 0,007+ 
Polihydramnios 12 3,86% 11 11,22% 0,006+ 
Prematur rupture of membrane 22 7,07% 8 8,16% 0,718+ 
Oligohydramnios 9 2,89% 2 2,04% 0,649+ 

Maternal Disorders 
Cardiac  2 0,64% 1 1,02% 0,703+ 
Astma 7 2,25% 2 2,04% 0,902+ 
Tyroid 12 3,86% 4 4,08% 0,921+ 

 *independent t-test, †Mann Whitney U test,+Chi-square test 
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However, transverse presentation in the GDM 
(+) was significantly higher than in the GDM(-) 
group (p=0.047). Gravida and parity values of 
the GDM(+) group were found to be statistically 
significantly higher than GDM(-)(p=0.01, and 
p=0.017, respectively). However, no significant 
difference was observed for the frequency of 
miscarriages (p=0.158). A statistically significant 
intergroup difference was not observed as for 
distributions of ART applications, genders of the 
babies born in GDM(-) and GDM(+), average 
values of fetal weights, maternal hemoglobin, 
hematocrit, and RBC (p=0.387,p=0.613,p=0.103, 
p=0.403, p=0.275, and p=0.899, respectively). 
The birth week averages of the GDM(+) group 
were found to be statistically significantly lower 
than the GDM(-) group (p=0.0001). 
  A significant difference was not observed in 
BPD, FL between the GDM(-) and GDM(+) 
(p=0.554, and p=0.058, respectively). However, 
the AC average of the  GDM(+) were statistically 
significantly higher than the GDM(-) (p=0.028). 
No significant difference was observed between 
the 1st, and 5th minute of Apgar Score and NICU 
stay between the GDM(-) and GDM(+) groups 
(p=0.991, p=0.548, and p=0.554, respectively) 
Any significant difference was not observed in 
the frequency of maternal disorders, PROM and 
oligohydramnios between both groups.  
Frequencies of preeclampsia, polyhydramnios, 
and shoulder dystocia were significantly higher 
in the GDM(+) group relative to the GDM(-) 
(p=0.007, p=0.006, and p=0.004, respectively).  
 

 
 
 
 
 

Receiver operator characteristic (ROC) curves 
were formed to determine cut-off values for 
age, parity, BPD, FL, and AC. In the presence of 
GDM, cut-off values were determined with the 
area under the ROC curve (AUC) analysis for 
age (>35), parity (>1), BPD (≤91mm), FL (≤77 
mm), and AC (>356 mm) as indicated (Table 2). 
 

Table 3. Logistic regression for risk factors associated with 
GDM-macrosomia group 

 Variables p OR 
95% CI for OR 

Lower Upper 
>35 Years 0,0001 0,26 0,14 0,46 
Parity >1 0,638 0,88 0,52 1,49 
BPD ≤91mm 0,06 0,56 0,31 1,02 
FL ≤77mm 0,025 0,51 0,28 0,92 
AC>356 mm 0,023 0,53 0,31 0,92 
Preeclampsia 0,076 0,33 0,1 1,12 
Polihydramnios 0,045 0,38 0,15 0,98 
Shoulder distosia 0,009 0,04 0,001 0,45 

 

In the present study, the multivariate analysis 
was performed to adjust the effect of some 
confounding variables related to macrosomia 
with GDM. The results of regression analysis 
showed that indicated cut-off values for age 
(>35 years), FL (≤77 mm), and AC (>356 mm), 
and the presence of polyhydramnios and 
shoulder dystocia could be associated with 
diabetic mothers who delivered macrosomic 
babies (Table 3). Age (>35), FL (≤77 mm), AC 
(>356 mm), polyhydramnios, and shoulder 
dystocia were determined as effective factors 
on fetal macrosomia (p=0.0001, p=0.025, p= 
0.023, p=0.045, and p=0.009, respectively). 
 
 
 
 
 
 

Table 2. The relation of cut-off values for confounding variables between GDM and non-GDM groups 

Variables GDM (-) n:311 GDM (+) n:98 p 

Age   >35 Years 39 12,54% 38 38,78% 0,0001+ 
Parite >1 125 40,19% 50 51,02% 0,039+ 
BPD ≤91 mm 49 15,76% 24 24,49% 0,049+ 
FL ≤77 mm 213 68,49% 77 78,57% 0,055+ 
AC >356 mm 187 60,13% 70 71,43% 0,044+ 

 GDM: Gestational Diabetes Mellitus, BPD: Biparietal Diameter, AC: Abdominal Circumference, FL: Femur Length; +Chi-square test 
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Discussion 
 Macrosomia is a condition that may lead to  
maternal and fetal adverse obstetric outcomes. 
In our study, we aimed to investigate the  
effect of gestational diabetes on maternal and 
fetal outcomes in macrosomia. Therefore, we 
compared the pregnant women with and 
without GDM. We found that maternal age, 
parity, and fetal ultrasonographic measurement 
during delivery are important parameters for 
GDM. Moreover, we observed the frequency of 
preeclampsia, polyhydramnios, and shoulder 
dystocia increased significantly with GDM.  
The prevalence of macrosomia varies in studies. 
In the study of Vinturache et al., the prevalence 
of fetal macrosomia in pregnant women has 
been reported as 6%-10%(10). In a retrospective 
study with Turkish women, the rate of delivering 
macrosomic babies was 6.21% and the rate  
of delivering babies weighing ≥4500g was 
1.04% (11). In our study, the rate of macrosomia 
among all deliveries was found to be 2 % 
 Some metabolic changes occur with increasing 
age, and hormonal factors stimulate fetal 
development in older pregnant women. This 
condition may lead to fetal macrosomia. 
Maternal age is correlated with anthropometric 
measurements, and fetal macrosomia increases 
3 times in women over 35 years of age (11). In 
our study, in the GDM group 38.78%, and 
the non-GDM group 12.54% of the pregnant 
women were older than 35 years and when 35 
years of age was accepted as the cut-off value 
in the ROC curve, the frequency of GDM in 
macrosomia increased significantly. Also in 
logistic regression analysis, this cut-off value 
was determined as an effective factor in GDM 
[OR 0.26, 95% CI (0.14-0.46), p:0001],  
 Many studies have shown that the risk of giving 
birth to macrosomic babies increases with 

multiparity. In a study conducted in Cameroon, 
the researchers showed that the risk increased 
in those with parity 3 and above (12). In our 
study, we found the risk of GDM increased in 
pregnant women who had macrosomic babies 
when the parity was above 1. It is known that 
macrosomia is more common in male babies 
(13). In the study of Kraïem et al., 70% of babies 
with a birth weight of >4500 g were found to 
be male, whereas 51% of all newborns were 
male(14). In our study, following literature data, 
male gender was significantly more common in 
macrosomic newborns delivered in both non-
GDM, and GDM groups. However, it was found 
that GDM did not increase the incidence of 
giving birth to male babies. 
 Macrosomia is 4 times more encountered in 
deliveries occurring after 40th gestational weeks 
(15). In our study, the gestational week at 
delivery was prolonged in the pregnant without 
GDM. Relatively shorter gestational week at 
delivery in the GDM group can be explained by 
the fact that earlier induction or cesarean 
decision can be made by being afraid of 
increasing risk factors in GDM.  
  Many studies have demonstrated the close 
relationship between gestational diabetes and 
macrosomia, and gestational diabetes has  
been indicated as the most important predictor 
for macrosomia. In the study of Hyperglycemia 
and Adverse Pregnancy Outcomes (HAPO), the 
researchers reported a relationship between 
maternal blood glucose levels and increased 
birth weight (3,16). 
  In studies conducted in Iran and China, fasting 
blood glucose levels were found to be 
significantly higher in those who gave birth to 
macrosomic babies (17,18). In our study, fasting 
blood glucose levels were found to be 
significantly higher in mothers with GDM who 
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gave birth to a macrosomic baby compared to 
the group without GDM (p:0.0001). Biri et al. 
stated that moderate hyperglycemia poses a 
risk for fetal macrosomia, as well as neonatal 
hypoglycemia and hyperbilirubinemia (19). 
 The incidence of cesarean deliveries increases 
significantly in macrosomic fetuses (20). Elective 
induction of labor before or near term has  
been proposed to prevent macrosomia and 
its complications. Also in our study rates of 
cesarean deliveries were markedly higher. 
However, pulmonary maturity is delayed in 
fetuses of diabetic mothers, and maturity is 
achieved at nearly 38.5 weeks of gestation 
Therefore, the timing of labor induction should 
be determined very precisely (21). Elective 
cesarean option can be offered to the mother 
when we think that it is a macrosomic fetus. 
However, it may not always be possible to 
diagnose macrosomia by determining fetal 
weight accurately using ultrasonography (22). In 
the study of Lee et al. abdominal circumference 
(AC) of the fetus especially when measured in 
the third trimester has been stated as a risk 
factor determinant for macrosomia irrespective 
of the severity of maternal glucose intolerance 
(23). In our study, fetal AC was higher in patients 
with GDM when compared with those without 
GDM group. (p:0.028). Bethune et al. suggested 
that the combined use of abdominal fat 
mass and AC measurements may improve the 
prediction of fetal macrosomia in pregnancies 
complicated with GDM (24).  
 In the study by Stanirowski et al., the predictive 
value of AC for GDM was emphasized, and 
higher values of BPD, and FL were obtained in  
the group without GDM compared to the 
patients with GDM and type-1 DM whose 
glycemic levels were controlled with diet (25). 
Our study results are also consistent with this 

study data. In our study, unlike previous studies, 
we calculated cut-off values for macrosomia 
in mothers with GDM using BPD, FL, and AC 
values measured just before delivery. In the 
presence of GDM, using the area under the 
ROC curve (AUC) analysis, cut-off values for 
BPD (≤91mm), FL (≤77mm), and AC (>356 mm) 
were specified as indicated. The incidence of 
shoulder dystocia, birth trauma, and asphyxia 
increased when the birth weight was ≥4000 g 
and birth weights of ≥4500 g were associated 
with significantly increased rates of morbidity 
and mortality due to shoulder dystocia (11, 26). 
In our study shoulder dystocia was significantly 
more frequent in the group with GDM. In the 
logistic regression analysis, shoulder dystocia 
was found to be an effective factor in patients 
with GDM (p:0.009). In the study of Weissmann-
Brenner et al., the risk of shoulder dystocia 
increased 7.6 times if birth weight was ≥4500g 
(27). In a study comparing newborns with 
birthweights ≥4000 g, and <4000 g, has been 
demonstrated that the incidence of shoulder 
dystocia and brachial plexus injury increased 6-
7 times in the macrosomics in nondiabetics, 
while it increased 10 times in DM (28). 
  Neonatal intensive care is more frequently 
required for macrosomics. Hyperbilirubinemia 
and hypoglycemia are common in these babies 
(17). In the study of Opati et al., respiratory 
distress was found to be the most common 
morbidity affecting 52.6% of the diabetics, and 
40.7% of the nondiabetic mothers who gave 
birth to macrosomic babies (29). In our study 
hospitalization in the NICU was required by 
6.43%, and 8.16% of the cases in the non- GDM, 
and GDM groups, respectively without any 
statistically significant intergroup difference.  
 In many studies preeclampsia seen in mothers 
who had macrosomic babies was associated 
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with GDM (3,30). Following the literature data, 
in our study, we encountered preeclampsia 
more often in mothers with GDM than those 
without (8.16% vs 2.25%).  
  We acknowledge that this study has some 
limitations. Data related to socioeconomic 
status, education status of the mother, maternal 
body mass index, pre-pregnancy weight, 
nutritional status were not analyzed in the study. 
 Macrosomic baby is an important risk factor 
in pregnant women with or without GDM. Most 
of the macrosomic newborns are delivered 
by non-GDM pregnant women. In cases where 
fetal weight is thought to be over 4000 gr, 
the mode of delivery should be decided 
considering perinatal morbidity. Maternal age, 
fasting blood glucose concentration, parity are 
important in pregnant women with GDM. Also, 
adverse obstetric outcomes such as shoulder 
dystocia, polyhydramnios, and preeclampsia 
are more common in macrosomia associated 
with GDM. One of the most striking points in 
our study is an increase in AC but a decrease in 
BPD and FL values in macrosomic fetuses 
born to mothers with GDM compared to the 
macrosomic non-GDM patient group. Early 
identification of macrosomia is important to 
prevent maternal and fetal complications. Our 
study was conducted with a remarkably higher 
number of pregnant women, but multicenter 
prospective studies are needed to better 
evaluate perinatal outcomes. 
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