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ABSTRACT  

Introduction: Fetal macrosomia, defined as birth weight exceeding 4000 grams, is associated 

with increased perinatal morbidity and mortality, particularly in pregnancies complicated by 

gestational diabetes mellitus (GDM). Conventional methods of estimating fetal weight often 

lack accuracy in predicting macrosomia in diabetic pregnancies, where abnormal fat 

distribution patterns may confound standard biometric measurements. This prospective study 

aimed to evaluate the efficacy of three sonographic parameters—umbilical cord thickness, fetal 

fat layer thickness, and interventricular septal thickness—as predictors of fetal macrosomia in 

women with GDM. 

Methods: A total of 123 pregnant women with GDM between 34-40 weeks of gestation were 

enrolled in this prospective study. Comprehensive maternal data including age, BMI, and 

glycemic parameters were recorded. Sonographic measurements of umbilical cord thickness, 

fetal fat layer, and interventricular septal thickness were performed, and their association with 

actual birth weight and delivery outcomes was analyzed. 

Results: Out of 123 pregnancies, 77 (62.6%) resulted in macrosomic babies. Significant 

associations were found between macrosomia and maternal BMI (p<0.001), HbA1c levels 

(p<0.001), umbilical cord thickness ≥25 mm (p<0.001), fetal fat layer ≥4.5 mm (p<0.001), and 

interventricular septal thickness ≥3.9 mm (p<0.001). Umbilical cord thickness demonstrated 

the strongest correlation with birth weight (r=0.792, p<0.001) and showed excellent diagnostic 

accuracy with sensitivity of 93.3% and specificity of 85.4%. Fetal fat layer thickness exhibited 

high specificity (93.3%) and positive predictive value (97.3%), while interventricular septal 

thickness showed good specificity (85%) but lower sensitivity (71.8%). 

Conclusion: Sonographic measurements of umbilical cord thickness, fetal fat layer, and 

interventricular septal thickness are valuable predictors of fetal macrosomia in GDM 

pregnancies. Integration of these parameters with maternal factors may enhance the accuracy 
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of macrosomia prediction, potentially improving clinical decision-making and optimizing 

maternal and neonatal outcomes. 

Keywords: Gestational diabetes mellitus, Fetal macrosomia, Umbilical cord thickness, Fetal 

fat layer, Interventricular septal thickness, Sonography, Pregnancy outcome. 
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INTRODUCTION 

“Gestational diabetes mellitus (GDM) affects approximately 7-25% of pregnancies 

worldwide, with significant variations across populations and diagnostic criteria.”1 This 

metabolic disorder, characterized by glucose intolerance first recognized during 

pregnancy, poses substantial risks for both maternal and fetal complications, particularly 

macrosomia.2 “Fetal macrosomia, defined as birth weight exceeding 4000g or above the 

90th percentile for gestational age, occurs in 15-45% of diabetic pregnancies compared to 

10% in the general population.”3 

The accurate prenatal prediction of macrosomia remains a critical challenge in 

obstetric care, particularly in GDM-affected pregnancies. Traditional methods, including 

clinical examination and conventional sonographic fetal biometry, have shown limited 

predictive accuracy, with sensitivity ranging from 50-75%.4,5 This inadequacy has 

prompted the search for more reliable ultrasonographic markers that could better reflect 

the altered fetal growth patterns characteristic of diabetic pregnancies.6 

Recent research has identified several promising sonographic parameters that may 

enhance the prediction of macrosomia.3,7 These include umbilical cord thickness (UCT), 

which reflects the altered composition of Wharton's jelly in diabetic pregnancies; fetal fat 

layer measurements, which directly quantify the increased adipose tissue deposition 

characteristic of infants of diabetic mothers4; and interventricular septal thickness (IVS), 

which may indicate the cardiac adaptations to the hyperglycemic environment.7,8 

While these parameters have been studied individually, their combined predictive 

value in GDM pregnancies remains poorly understood.9 Furthermore, the temporal 

evolution of these measurements throughout pregnancy and their correlation with 

glycemic control have not been systematically evaluated.10 This prospective study aims to 
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assess the predictive accuracy of UCT, fetal fat layer, and IVS measurements, both 

individually and in combination, for identifying macrosomia in GDM pregnancies. 

The findings of this study could potentially revolutionize the prenatal surveillance 

of GDM pregnancies by providing more accurate risk stratification for macrosomia. This 

would enable more targeted interventions, optimized timing of delivery, and improved 

maternal and neonatal outcomes. 
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AIM & OBJECTIVES 

Objective: 

1. “To assess how well the sonographic parameters of the prenatal fat layer, 
umbilical cord thickness, and interventricular septal thickness predict fetal 
macrosomia.”  
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REVIEW OF LITERATURE 

GESTATIONAL DIABETES MELLITUS: 

With incidence rates ranging from 1.7% to 13.2% in rural areas and 4.6% to 14% in 

urban areas, diabetes is a serious public health issue in India.11. Type 2 diabetes mellitus (DM) 

affects an estimated 62 million persons in India; by 2025, that figure is predicted to rise to 79.4 

million.11 Effective methods are desperately needed to manage this epidemic since managing 

diabetes and its complications places a significant financial load on society. “It should come as 

no surprise that the prevalence of gestational diabetes mellitus (GDM), or diabetes diagnosed 

during pregnancy, appears to be rising in tandem with the prevalence of diabetes. The 

prevalence of gestational diabetes has been reported to range from 3.8% in Kashmir,12 to 6.2% 

in Mysore,13 9.5% in Western India14 and 17.9% in Tamil Nadu.15 In more recent studies, using 

different criteria, prevalence rates as high as 35% from Punjab16 and 41% from Lucknow have 

been reported.”17 Pregnant women in these areas vary in age and/or socioeconomic position, 

which has been linked to the regional variations in prevalence. In India, it is believed that 4 

million women suffer from GDM at any given moment.18 

Impact of gestational diabetes mellitus: 

“GDM raises the risk of Type 2 diabetes in the future for both the mother and the child. It also 

affects immediate maternal outcomes (preeclampsia, stillbirths, macrosomia, and requirement 

for cesarean section) and neonatal outcomes (hypoglycemia, respiratory distress).” According 

to a recent meta-analysis, women who had gestational diabetes are much more likely to develop 

Type 2 diabetes (relative risk 7.43, 95% CI 4.79–11.51).19 “According to conventional 

guidelines, women with GDM were given an oral glucose tolerance test (OGTT) six weeks 

after giving birth in a recent study conducted in North India.” After birth, a startlingly high 

percentage of women with GDM had some kind of ongoing glucose problem. 6.4% had overt 

Type 2 diabetes, 8% had both impaired glucose tolerance (IGT) and impaired fasting glucose 
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(IFG), and 14.5% had both.20 These numbers serve as a reminder that GDM needs to be given 

top attention in our public health system. “Compared to siblings born to the same parents in a 

non-GDM pregnancy, children of moms with uncontrolled diabetes—whether preexisting or 

developing during pregnancy—have a four to eight times higher chance of developing diabetes 

in later life, according to global data.”21 

Definition of GDM by different criteria: 

 

It is evident that, by international standards, GDM is quite common in India, regardless 

of the criteria applied. There is also a significant conversion rate to frank type 2 diabetes. There 

are not enough resources for healthcare. The public's awareness is insufficient. As a result, 

many people are reluctant to seek treatment for conditions like GDM that have less "obvious" 

consequences.22 

Pregnancy-related and postpartum interventions offer significant chances to enhance 

the lives of mothers and children now and lower the prevalence of diabetes in subsequent 

generations. Pregnancy-related diabetes screening and management offer a special chance to 

avoid Type 2 diabetes in two generations. “One of the reasons GDM is given little attention in 

India's public health delivery system is a lack of understanding in the general public.”22 

 

Pathophysiology: 

“GDM is a pregnancy-specific condition characterized by glucose intolerance 
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diagnosed during pregnancy.” It occurs when a pregnant woman's body cannot effectively 

utilize glucose, leading to elevated blood glucose levels that affect both maternal and fetal 

health. The pathogenesis involves insulin resistance and β-cell dysfunction, typically present 

before conception and progressing over time. Multiple organs including the placenta, heart, 

brain, liver, kidney, and adipose tissues contribute to GDM development.23 

 

β-Cell Dysfunction: “β-Cell dysfunction occurs when pancreatic β-cells fail to adequately 

sense blood glucose levels and produce sufficient insulin in response.” The dysfunction can 

arise from defects in multiple processes including pro-insulin production, post-translational 

modifications, insulin storage, glucose sensing, and granule exocytosis. “Key genes like KQT-

like 1 (Kcnq1) and glucokinase (Gck) are linked to β-cell function in GDM.” Persistent 

hyperglycemia leads to glucotoxicity, creating a destructive cycle of β-cell damage and 

worsening insulin resistance.24-26 

 

Chronic Insulin Resistance: Insulin resistance in GDM manifests as cellular 

unresponsiveness to insulin release. The condition involves impaired glucose transporter 4 

(GLUT4) translocation to plasma membranes, resulting in a 54% reduction in insulin-mediated 

glucose uptake compared to normal pregnancy. While insulin receptor numbers remain 

unchanged, altered phosphorylation patterns and changes in downstream regulators like IRS-

1, PI3K, and GLUT4 contribute to persistent insulin resistance, potentially leading to Type 2 

diabetes.25,27-29 
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Adiponectin: Adiponectin, primarily produced by adipocytes, regulates glucose levels and 

fatty acid breakdown. Its plasma concentration inversely correlates with adipose tissue mass, 

and reduced levels are associated with GDM. It enhances insulin sensitivity through PPARα 

activation in the liver and AMPK within insulin-sensitive cells. Placental adiponectin affects 

insulin signaling and amino acid transport, with its gene methylation linked to maternal glucose 

intolerance and fetal macrosomia.30-32 
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Placental Movement: The placenta contributes to insulin resistance through hormone and 

cytokine production. In GDM, placental transport of glucose, amino acids, and lipids is affected 

by hyperglycemia. System A and L activity increases for amino acid transport, influenced by 

pro-inflammatory cytokines. Notably, lipid pathways account for 67% of changes in placental 

gene expression in GDM, compared to 9% for glucose pathways. Recent studies have also 

identified global DNA hypermethylation in GDM placentas.33-36 

 

MACROSOMIA: 

An obstetric disorder called macrosomia is linked to additional potentially fatal issues for the 

mother and the fetus.37 The Greek terms "macro," which means huge, and "somia," which 

means the body, are the roots of the phrase macrosomia, or "big body." “The earliest use of the 

term was from the work of Robley Dunglison (1798-1859), an English physician and a medical 

writer. However, "large for gestational age" (LGA) and "macrosomia" are the two terminology 

used in modern medicine to describe excessive fetal growth, according to the American College 

of Obstetrics and Gynecology (ACOG). The term "large for gestational age" typically refers to 

a birth weight that is at least 90 percentile for the gestational age in question. No matter the 

gestational age, the word "macrosomia" denotes growth above an absolute birth weight, 

traditionally 4,000 g or 4,500 g, while it is difficult to define macrosomia in a way that is widely 

agreed upon.”38 

 

Epidemiology of Macrosomia: 

“As per the review by Harvey L et al39 prevalence of macrosomia ranged from 0.5% (India) to 

13.9% (China) while prevalence of LGA ranged from 4.3% (Korea) to 22.1% (China), 

indicating substantial variation in prevalence within and between Asian countries.” 
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Etiology: 

“There are two main classes into which the etiology of fetal macrosomia falls”: 
 

Maternal Causes 

1. “Maternal diabetes: diabetes during pregnancy may be drug-induced/chemical, insulin-
dependent, or gestational. In 1920, Jordan Pederson postulated that maternal 
hyperglycemia is linked to both fetal hyperglycemia and fetal hyperinsulinemia, which 
ultimately causes the fetus to overuse glucose and, consequently, exhibit aberrant 
growth.”40 

2.  Obesity: Obesity is currently on the rise worldwide. In all demographic groups, obesity 
is a substantial risk factor for diabetes mellitus. Specifically, there is a 4–12 times 
increase in the risk of fetal macrosomia associated with maternal obesity. It is generally 
accepted that elevated insulin resistance and hyperinsulinemia are the metabolic 
foundation of macrosomia. 

3.  Multiparity: Multiparity is not a significant risk factor for macrosomia in comparison 
to other maternal risk factors. However, it can exacerbate maternal obesity and diabetes 
mellitus, which are more significant reasons. Macrosomic kids are more likely to be 
born to women whose parity is larger than three. 41 Each pregnancy can be connected 
with a weight gain of 100 to 150 grams, which raises the patients' long-term risk of 
macrosomia. 

4.  Previous LGA (big for gestational age) babies: mothers who have previously given 
birth to a macrocosmic child are five to ten times more likely to do so again. 

5. Postdate pregnancy: Because the developing fetus receives a constant supply of 
nutrients and oxygen-rich blood, a gestational period longer than 42 weeks is more 
likely to be associated with an elevated risk of macrosomia. 

 Fetal Causes  

1.  Gender of the fetus: Males are more likely than females to have macrosomia. This is 

partially explained by the fact that male fetuses typically weigh around 150 grams more 

than female fetuses. 

2.  “Genetic and congenital disorders: Few of congenital syndromes are associated with 

macrosomia and LGA fetuses are: 

• Fragile X  
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•  Sotos  

•  Beckwith – Weiderman  

•  Weaver syndrome” 

Pathophysiology: 

During pregnancy, a variety of physiological and endocrine changes take place with the 

goal of providing the growing fetus with enough nourishment. Maternal and fetal risk 

factors could be considered the main underlying pathophysiology of macrosomia. 

Nonetheless, the most important contributing component to the pathophysiology of 

macrosomia seems to be maternal hyperglycemia. During the second trimester of 

pregnancy, small levels of maternal insulin resistance are caused by elevated levels of stress 

hormones like cortisol, human placenta lactogen (HPL), and prolactin. However, 

physiologic postprandial hyperinsulinemia counteracts this. “Hyperglycemia may occur in 

patients with metabolic syndrome or other preexisting risk factors because they are unable 

to establish a sufficient hyperinsulinemic response.” Fetal hyperglycemia is caused by the 

enhanced diffusion of glucose across the placenta. The fetal pancreatic beta islet cells then 

become hyperplasic as a result, which causes the fetus to use glucose excessively and hence 

exhibit abnormally high growth. 

“The results of the Hyperglycemia and Adverse Pregnancy Outcomes study indicate a 

clear linear correlation between fetal obesity, fetal hyperinsulinemia, and maternal glucose 

concentration and large for gestational age (LGA) fetuses.”42 A later meta-analysis of the 

association between maternal glucose levels and macrosomia (weight greater than 4,000 g) 

in women without diabetes shows that macrosomia is linked to either an abnormal value on 

oral glucose tolerance tests or a fasting blood glucose level. In a cohort of nearly 13,000 

women, LGA newborns occurred in 29 percent of women with GDM type A1, 30 percent 
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of women with GDM type A2, and 38 percent of women with preexisting diabetes.38  

ROLE OF ULTRASONOGRAPHY IN MONITORING FETAL GROWTH: 

ACOG recommends beginning fetal surveillance at 32 weeks for women requiring 

pharmacologic intervention or with uncontrolled GDM.43,44 Fetal macrosomia (≥4000g or 

>90th percentile) is monitored due to risks of shoulder dystocia and trauma.45-47 “Standard 

parameters include head circumference, biparietal diameter, abdominal circumference, and 

femur length.”48 Studies show ultrasound tends to overestimate LGA in GDM pregnancies, 

with only 22.6% of predicted LGA fetuses actually being LGA at birth.49 Liu et al. 

demonstrated that fetal hemodynamic indices (UA, MCA, renal artery) could improve birth 

weight prediction in GDM pregnancies.50 Additionally, fetal liver length at 23 weeks correlates 

with OGTT results at 24 weeks.51 Ultrasound findings alone shouldn't determine delivery 

mode, requiring comprehensive clinical assessment.52 

ROLE OF ULTRASONOGRAPHY IN DETECTING CONGENITAL 

ABNORMALITIES: 

While PGDM shows higher risk (RR: 2.44), GDM has a slightly increased risk (RR: 

1.11) of major congenital malformations.53 Early detection is possible at 11-14 weeks, with 

confirmation at 20-22 weeks.54 Cardiac anomalies account for 50% of perinatal mortality, with 

detection rates varying between 35-86%.55 Fetal echocardiography shows higher accuracy 

(92%) compared to four-chamber view (33%) for cardiac malformations.56 Neural tube defects 

occur more frequently in diabetic pregnancies (20/1000 vs 2/1000 in general population).54 
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ROLE OF ULTRASONOGRAPHY IN MONITORING PLACENTAL CHANGES: 

GDM affects placental development, with studies showing varied results regarding 

placental volume changes.57,58 Recent research using three-dimensional Doppler 

ultrasonography demonstrated that first-trimester changes in vascularization index (VI) and 

vascularization flow index (VFI) could predict GDM development.59 These changes occur 

before clinical diagnosis, attributed to increased thromboxane and tumor necrosis factor alfa 

levels causing vasoconstriction.60,61 

ROLE OF ULTRASONOGRAPHY IN PREDICTING PREGNANCY OUTCOMES: 

Fetal hyperinsulinism from maternal hyperglycemia contributes to macrosomia, though 

its incidence is relatively low (1.1%) in GDM pregnancies.62,63 Ultrasound-estimated fetal 

weight correlates with increased cesarean delivery rates, with LGA diagnosis via ultrasound 

tripling cesarean delivery risk.49 Studies show that ultrasound can overestimate fetal weight by 

up to 10%.64 While Conway et al. demonstrated reduced shoulder dystocia risk using 

ultrasound-based delivery timing,65 the complication can still occur in neonates <4000g, 

highlighting ultrasound's limitations in risk prediction.49 Further research is needed to identify 

low-risk GDM pregnancies where routine ultrasound monitoring may be unnecessary. 

UMBILICAL CORD THICKNESS: 

Normal Values and Variations: The umbilical cord diameter shows progressive growth 

throughout gestation, with normative values established through cross-sectional studies.66 At 

mid-pregnancy (20-24 weeks), mean diameter ranges from 7-11mm, increasing to 12-20mm at 

term.67 Factors affecting normal variation include gestational age, fetal gender, and maternal 

BMI. Multiple studies have established nomograms for different gestational ages, with the 95th 

percentile commonly used as the upper limit of normal.68,69 
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Correlation with Fetal Growth Strong positive correlations exist between umbilical cord 

thickness (UCT) and fetal growth parameters. Raio et al. demonstrated that increased UCT 

correlates significantly with increased abdominal circumference and estimated fetal weight 

(r=0.68, p<0.001). Abnormal cord thickness (>95th percentile) has been associated with a 4.2-

fold increased risk of fetal macrosomia.70 

Studies on UCT in GDM In pregnancies complicated by GDM, UCT tends to be 

significantly larger compared to non-diabetic controls. Cromi et al68 discovered that, when 

comparing the group of macrosomic infants to the group of non-macrosomic infants, the 

percentage of instances with a big umbilical chord was much greater (54.7% vs. 8.7%). “In the 

prediction of birth weight > 4000 g and > 4500 g (odds ratio (95% CI), 20.6 (9.2-45.9) and 4.2 

(1.2-17.7), respectively, multiple regression models showed an independent effect of the big 

cord.” “A sonographic big umbilical chord had sensitivity, specificity, and positive and 

negative predictive values of 54.7%, 91.3%, 25.4%, and 97.4%, respectively.” 100% of 

newborns with macrosomia were expected to have an abdomen circumference more than 95(th) 

centile and a big cord. “When comparing macrosomic fetuses of diabetic mothers to those of 

non-diabetic mothers, the percentage of umbilical cords with a Wharton's jelly area > 95(th) 

centile for gestation was considerably greater in the former group.” Measurement Techniques 

and Standardization Standard measurement involves: 
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• Cross-sectional view of the free loop of cord 

• Measurement at mid-portion between placental and fetal insertion 

• Outer-to-outer diameter measurement perpendicular to cord axis 

 Quality criteria include: 

• Clear visualization of all three vessels 

• Circular cross-section 

• Measurement in a loop free of coiling 
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FETAL FAT LAYER71-75 

Anatomical Considerations Fetal subcutaneous fat develops primarily in the third 

trimester, with distinct anatomical patterns. Key measurement sites include: 

• Anterior abdominal wall 

• Cheek area 

• Shoulder region 

• Thigh 

•  The anterior abdominal wall demonstrates the most consistent correlation with overall 

fetal adiposity. 

Methods of Measurement Standardized techniques include: 

• Sagittal plane measurement at the level of the anterior abdominal wall 

• Measurement between the outer skin surface and the anterior surface of liver 

• Multiple measurements (usually 3) averaged for accuracy 

•  Current ultrasound technology allows measurement precision to 0.1mm. 

Significance in Predicting Macrosomia Fetal fat layer thickness shows high predictive 

value for macrosomia:76-80 

• Sensitivity: 81-93% 

• Specificity: 75-88% 

• Positive predictive value: 78% when measured at 36 weeks Cut-off values of >5mm at 

the anterior abdominal wall at 36 weeks demonstrate significant association with birth 

weight >4000g (OR 3.8, 95% CI 2.1-6.9). 



 

29  

Previous Studies on Fetal Adiposity in GDM Multiple studies have established: 

• Earlier onset of fat accumulation in GDM pregnancies 

• Different distribution patterns compared to non-diabetic pregnancies 

• Stronger correlation with adverse outcomes A landmark study by Langer et al. 

demonstrated that fetal fat layer measurements >4.5mm at 34 weeks had 87% 

sensitivity for predicting macrosomia in GDM pregnancies.. 

 

 

INTERVENTRICULAR SEPTAL THICKNESS:81-92 

Cardiac Changes in Infants of Diabetic Mothers Maternal diabetes significantly affects 

fetal cardiac development. The primary manifestation is interventricular septal hypertrophy, 

predominantly affecting the anterior portion. This hypertrophy occurs due to fetal 

hyperinsulinemia, which promotes increased glucose uptake and glycogen storage in cardiac 

myocytes. The septal thickening typically develops in the third trimester and may persist for 

several months after birth. 

Measurement Techniques Standard measurement protocols include: 
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• Four-chamber view of the fetal heart at end-diastole 

• Measurement perpendicular to the septum at the level of AV valve leaflets 

• Average of three consecutive measurements 

• Modern ultrasound equipment with high-resolution capabilities allows precise 

measurements to 0.1mm accuracy. 

Normal Ranges and Variations IVS thickness shows gestational age-dependent variation: 

• 24-28 weeks: 2.0-3.0mm 

• 28-32 weeks: 2.5-3.5mm 

• 32-36 weeks: 3.0-4.0mm 

• 36 weeks: 3.5-4.5mm 

Values exceeding the 95th percentile for gestational age are considered abnormal. In GDM 

pregnancies, IVS measurements typically exceed these ranges by 20-40%. 

Correlation with Macrosomia: Studies demonstrate strong correlation between increased IVS 

thickness and fetal macrosomia: 

• Sensitivity: 83-87% 

• Specificity: 77-81% 

• Positive predictive value: 75% for birth weight >4000g 
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IVS measurements >6mm at 36 weeks show significant association with: 

• Macrosomia (OR 4.2, 95% CI 2.8-6.3) 

• Neonatal complications 

• Need for NICU admission 

Clinical Implications Serial measurements of IVS thickness can: 

• Help predict macrosomia risk 

• Guide diabetes management 

• Indicate need for closer fetal surveillance 

• Aid in delivery timing decisions 

REVIEW OF RELATED ARTICLES: 

In a study by Janani N et al93 “the thickness of the umbilical cord had a negative 

predictive value and high sensitivity. “Therefore, the likelihood of macrosomia is lower if the 

umbilical cord thickness is less than the 90th percentile. The cut off of the fetal fat layer ≥5 

mm as a predictor of macrosomia had a sensitivity of 84.2 percentage, specificity of 86.4 
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percentage, and a negative predictive value of 95.9 percentage. The cutoff of the 

interventricular septal thickness ≥3.9 mm had a sensitivity of 84.2 percentage, specificity of 

64.2 percentage, and negative predictive value of 95.9 percentage”.  

Mohamed MF et al94 in their research found that the “umbilical cord thickness (cm) 

2.77 0.72 versus 2.06 0.44, the interventricular septum thickness (cm) 0.85 0.20 versus 0.53 

0.08, and the placental volume (cm3 ) were all statistically significantly higher in the GDM 

and macrosomic group compared with the controls; however, the placental thickness (cm) was 

statistically significantly lower in the GDM and macrosomic group compared with the 

controls.” They concluded that most accurate measure of fetal macrosomia in pregnancies with 

gestational diabetes mellitus was the thickness of the interventricular septum as determined by 

sonography. 

In a study by Geetha M et al,95 “A cut of belly circumference >35 cm and fetal fat layer 

>5 mm were the ultrasonography characteristics with the best sensitivity, specificity, and 

negative predictive value for predicting macrosomia. The negative predictive value was good 

when the umbilical cord thickness was more than the 90th percentile.” 

Pandey D et al96 “The average age and BMI of the women in their study were 27.9 ± 

2.84 years and 26.05 ± 1.32 kg/m2, respectively. For CT and CSA, the big cord cut-off was 2.8 

cm and 3.56 cm2, respectively. Seventy percent of the study group had large cords. 

Macrosomia was discovered in 17.5% of the research group's cases, and sonographically 

detected umbilical-cord parameters were noticeably greater in macrosomic fetuses than in 

nonmacrosomic fetuses. To predict macrosomia, the cord parameters' sensitivity, specificity, 

positive predictive value, and negative predictive value were, respectively, 57.1, 96.9, 80, and 

91.4% for CT and 65.7, 63.6, 46.2, and 87.5% for CSA.” 

Abdelrahman RM et al97 discovered that research participants with gestational diabetes 

had an increased umbilical cord diameter (3.03±1.26) compared to the control group. “Fetal 
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macrosomia in diabetes patients has been associated with an increase in interventricular septal 

thickness (0.85±51) cm.” Patients with GDM had higher observed fetal macrosomia cases, as 

shown by their HbA1c values (7.0±1.2%). In situations of pregnant diabetes mellitus, the 

research study demonstrated the sonographic use of evaluating the thickness of the umbilical 

cord, the interventricular septum, and HbA1c as a prediction tool for fetal macrosomia. 

Stanirowski PJ et al98 “According to their findings, patients with GDMG2/T1DM had 

significantly higher measurements of the fetal SSFM, AFM, MTFM, MTFM/MTLM ratio, 

HeC, HeA, IVS, LL, UmC, UmA, UaC, UaA, UveA, and WjA when compared to GDMG1 

and/or control groups (p <.05). Maternal height, fetal biparietal diameter, abdominal 

circumference (AC), AFM, and LL measures were all independent predictors of the FBW, 

according to the regression analysis (p <0.05).” Furthermore, a substantial likelihood of fetal 

macrosomia incidence was linked to increases in fetal AFM, AC, and femur length (FL) 

(p <.05). “For the subgroup of women with T1DM, the FBW estimate equation [FBW(g) = 

−2254,942 + 17,204 * FL (mm) + 105,531 * AC (cm) + 131,347 * AFM (mm)] yielded a 

considerably lower mean absolute percent error than the usual method (5.7% vs 9.4%, 

p <0.05).” Furthermore, in the prediction of fetal macrosomia, a novel equation incorporating 

the AC, FL, and AFM parameters produced a sensitivity of 93.8%, specificity of 77.7%, 

positive predictive value of 54.5%, and negative predictive value of 97.8%. 

Garg S99 in his research revealed that the women in the study had a mean age of 27.9 ± 

2.84 years and a BMI of 26.05 ± 1.32 kg/m2. For CT and CSA, the big cord cut-off was 2.8 

cm and 3.56 cm2, respectively. Seventy percent of the study group had large cords. 

“Macrosomia was discovered in 17.5% of the research group's cases, and sonographically 

detected umbilical-cord parameters were noticeably greater in macrosomic fetuses than in 

nonmacrosomic fetuses. In order to predict macrosomia, the cord parameters' sensitivity, 

specificity, positive predictive value, and negative predictive value were 57.1, 96.9, 80, and 
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91.4% for CT and 65.7, 63.6, 46.2, and 87.5% for CSA, respectively.” 

Bethune M et al100 found that a “fetal fat layer of >/=5 mm was the most useful predictor 

of macrosomia at term as determined by the likelihood ratio. This study, which involved 90 

patients, evaluated the measurement of the fetal abdominal fat layer (FFL), cardiac 

interventricular septum (IVS), and abdominal circumference (AC) percentile in the early third 

trimester as predictors of macrosomia at birth in the fetuses of women with gestational 

diabetes.” Nonetheless, the sensitivity was higher with an AC >/=90th percentile. They came 

to the conclusion that more research should be done to determine whether routine FFL 

assessment in the early third trimester is helpful in managing diabetes pregnancies. 

Cromi A68 has out a study to ascertain whether fetal macrosomia is predicted by a large 

cross sectional area of the umbilical cord. In comparison to the group of infants who were not 

macrosomic, they discovered that the percentage of instances with a big umbilical chord was 

much higher in the macrosomic group (54.7% vs. 8.7%, P < 0.0001). “In the prediction of birth 

weight > 4000 g and > 4500 g (odds ratio (95% CI), 20.6 (9.2–45.9) and 4.2 (1.2–17.7), 

respectively, multiple regression models showed an independent effect of the big cord.” “A 

sonographic big umbilical chord had sensitivity, specificity, and positive and negative 

predictive values of 54.7%, 91.3%, 25.4%, and 97.4%, respectively.” 100% of newborns with 

macrosomia were predicted to have an abdomen circumference more than the 95th centile and 

a big cord. Macrosomic fetuses of diabetic moms had a considerably larger percentage of 

umbilical cords with a Wharton's jelly area > 95th centile for gestation than fetuses of non-

diabetic mothers. 

A prospective observational case–control study by Ghuman GK et al101 was carried out 

with 35 GDM patients and 35 healthy pregnancies. The f EFT and f IVST were measured 

ultrasonographically between 24 and 32 weeks of gestation. “The threshold value, sensitivity, 

specificity, and diagnostic accuracy of these two parameters for the prediction of GDM were 
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determined using statistical analysis and receiver operating characteristic curves. GDM could 

be predicted with a sensitivity of 68.6%, specificity of 91.4%, PPV of 88.9%, NPV of 74.4%, 

and diagnostic accuracy of 80% when a threshold value of 1.3 for the f EFT was adopted. GDM 

could be predicted with a sensitivity of 80%, specificity of 77.14%, PPV of 77.8%, NPV of 

79.4%, and diagnostic accuracy of 78.5% when a cut-off value of 2.6 for f IVST was 

established.” 
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MATERIAL AND METHODS 

• Study design: Prospective study 

• Study area: Department of Radio-Diagnosis, Shri B. M. Patil Medical College and 

Hospital, Vijayapura. 

• Study period: Research study was conducted from April 2023 to April 2025. Below is 

the work plan. 

Table 1: Work plan of the study with percentage of allocation of study time and 

duration in months 

Work plan 
% of allocation of 

study time 
Duration in months 

Understanding the problem, 

preparation of questionnaire. 
5-10% April 2023 to June 2023 

Pilot study, Validation of 

questionnaire, data collection 

and manipulation 

Upto 80% July 2023 to September 2024 

Analysis and interpretation 5-10% October 2024 to January 2025 

Dissertation write-up and 

submission 
5-10% February 2025 to April 2025 

• Sample size: 123 

 As per the study done by Divya pandey in her thesis stated that “sonographically 

detected umbilical cord thickness and interventricular septal thickness are good predictors 

of fetal macrosomia”. 

 By above considerations average prevalence of macrosomia in pregnant women with 

gestational diabetes can be considered as 8.75% .Considering the confidence limit of these 
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studies to be 95% with 5% level of significance and margin of error 0.05.The sample size 

computed using the following formula 

Sample size (n) = (Z2 *p*(1-p)) /d2 

Where, 

z is the z score= 1.96 

d is the margin of error= 0.05 

n is the population size 

p is the population proportion =0.0875 

The estimated sample size of this study is 123. 

• Inclusion criteria:  

• 1. Pregnant woman:  

• Identified as having gestational diabetes mellitus, either by insulin or a meal plan  

• A gestational age > 27 weeks+ 6 days.  

• Singleton pregnancy  

• 3 vessel umbilical cords;  

• Reliable dates verified by dating scans;  

       • Exclusion criteria 
 
1. A gestational age of < 27 weeks+ 6 days. 

2. More than 1 gestations.  

3. A patient who is either overtly diabetic or not.  

METHODOLOGY: 

  The research was performed at Shri B. M. Patil Medical College and Hospital, 

Vijayapura over a period of 2 years, after obtaining approval from the Institutional Ethics 

Committee and obtaining informed consent from all participating patients. The study protocol 

was approved by the Institutional Ethics Committee. Written informed consent was obtained 

from all participants. Data confidentiality was maintained throughout the study period. 
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Data Collection 

 Demographic data including maternal age, body mass index (BMI), parity, and family 

history of diabetes were collected at enrollment. Glycemic control was monitored through 

fasting and postprandial blood glucose levels, and HbA1c values were recorded monthly. 

Equipment 

Ultrasound examinations were performed using two machines: 

1. GE Voluson S8 BT18 

2. GE Versana Premier 

Both machines were equipped with curvilinear transducers suitable for obstetric scanning. 

Sonographic Measurements 

 All ultrasound examinations were performed using a Voluson S8 BT18 ultrasound 

machine (GE Healthcare) equipped with a 4-8 MHz transabdominal probe. Three certified 

sonographers, who were blinded to the maternal glycemic status, conducted the measurements. 

Each parameter was measured three times, and the average value was recorded. 

Umbilical Cord Thickness 

 The umbilical cord thickness was measured in a cross-sectional view at the mid-portion 

of the cord, perpendicular to its long axis. The measurement included the diameter of the cord 

from outer edge to outer edge of Wharton's jelly, avoiding any coiling or vessels. 

Fetal Fat Layer 

 Subcutaneous fat thickness was measured at three standardized locations: the anterior 

abdominal wall at the level of liver, mid-thigh, and mid-arm. Measurements were taken 

perpendicular to the skin surface, excluding the skin layer. 
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Interventricular Septal Thickness 

 The interventricular septum was measured in the four-chamber view of the heart during 

diastole, using the leading-edge-to-leading-edge method. Care was taken to avoid including the 

moderator band or trabeculae in the measurement. 

Follow-up and Outcome Assessment 

 Participants underwent regular antenatal check-ups every two weeks until delivery. 

Sonographic measurements were repeated at 4-week intervals. Birth weight was recorded 

immediately after delivery, and macrosomia was defined as birth weight >4000g or >90th 

percentile for gestational age. 

STATISTICAL ANALYSIS 

 Data was entered in excel sheet and analyzed using SPSS version 21. Results were 

presented in tabular and graphical forms Mean, median, standard deviation and ranges were 

calculated for quantitative data. Qualitative data were expressed in terms of frequency and 

percentages. Student t test (Two Tailed) was used to test the significance of mean and P value 

<0.05 was considered significant. 

 

 

 

RESULTS 
 
 
 
 
The present study was conducted in the department of Radiodiagnosis to analyze the fetal fat 
layer, umbilical cord thickness, and interventricular septal thickness sonographic measures to 
predict fetal macrosomia. 
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Total 0f 123 patients were included in the study. 

Following were the results of the study: 

Table 1: Distribution of patients according to age 
 
Age (in years) Frequency Percentage 

20-30 69 56.1% 

31-40 54 43.9% 

Total 123 100% 

 
Table 1 and graph 1 shows the age distribution of the study participants, with a majority 

(56.1%) falling in the 20-30 years age group, while 43.9% were in the 31-40 years age group, 

for a total of 123 participants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 1: Distribution of patients according to age 
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Table 2: Distribution of patients according to gestational age 
 
 
Gestational age Frequency Percentage 

34-36 55 44.7% 

37-40 68 55.3% 

Total 123 100% 

 
Table 2 and graph 2 illustrates the gestational age distribution, with 44.7% of pregnancies at 

34-36 weeks and a slightly higher percentage (55.3%) at 37-40 weeks, indicating a good 

balance between late preterm and term pregnancies. 

 
 
 
 
 
 
 
 
Graph 2: Distribution of patients according to gestational age 
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Table 3: Distribution of patients according to BMI 
 
BMI Pre pregnancy Current  

<18.5 0 0 

18.5-24.9 57 (46.3%) 28 (22.8%) 

25-29.9 45 (36.6%) 59 (48%) 

>30 21 (17.1%) 36 (29.3%) 

 
Table 3 and graph 3 demonstrates a significant shift in BMI from pre-pregnancy to current 

measurements, with notable increases in the overweight (25-29.9) category from 36.6% to 48% 

and the obese (>30) category from 17.1% to 29.3%, suggesting considerable weight gain during 

pregnancy. 

 
 
 
 
 
 
 
 
 
Graph 3: Distribution of patients according to BMI 
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Table 4: Distribution of patients according to blood sugar levels 
 
blood sugar levels FBS PPBS HbA1c 

Mean 113.3 190.1 6.33 

SD 18.1 35.8 0.72 

 
Table 4 and graph 4 presents the blood sugar parameters of the study population, showing mean 

fasting blood sugar of 113.3 mg/dL, post-prandial blood sugar of 190.1 mg/dL, and HbA1c of 

6.33%, all of which indicate elevated glycemic values consistent with gestational diabetes. 

 

 

 

 

 

Graph 4: Distribution of patients according to blood sugar levels 
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Table 5: Distribution of patients according to sonographic measurements 
 
Measurements (mm) 
 

Umbilical cord thickness Foetal fat layer Interventricular 

septal thickness 

Mean 23.2 5.21 5.1 

SD 6.9 1.2 1.33 

 
Table 5 and graph 5 displays the mean sonographic measurements with umbilical cord 

thickness averaging 23.2 mm (SD 6.9), fetal fat layer averaging 5.21 mm (SD 1.2), and 

interventricular septal thickness averaging 5.1 mm (SD 1.33), providing baseline data for these 

parameters. 

 
 
 
 
 
 
 
 
 
Graph 5: Distribution of patients according to sonographic measurements 
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Table 6: Distribution of patients according to birth weight 
 
Birth weight (grams) Estimated Current 

<2500 2 (1.6%) 1 (0.8%) 

2500-4000 60 (48.8%) 75 (61%) 

>4000 61 (49.6%) 47 (38.2%) 

 
Table 6 and graph 6 compares estimated versus actual birth weights, showing a shift toward 

more normal weight babies (2500-4000g) in actual birth weights (61%) compared to estimated 

(48.8%), and fewer macrosomic babies (>4000g) than estimated (38.2% actual vs 49.6% 

estimated). 

 

 

 
 
 
 
 
 
Graph 6: Distribution of patients according to birth weight 
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Table 7: Distribution of patients according to macrosomia 
 
Macrosomia Frequency Percentage 

Present 77 62.6% 

Absent 46 37.4% 

Total 123 100% 

 
Table 7 and graph 7 reveals that a significant proportion (62.6%) of the fetuses in this study 

exhibited macrosomia, while 37.4% did not, highlighting the high prevalence of macrosomia 

in pregnancies complicated by gestational diabetes. 
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Graph 7: Distribution of patients according to macrosomia 

 

 

 
Table 8: Distribution of patients according to mode of delivery 
 
Mode of delivery Frequency Percentage 

Vaginal 44 35.8% 

LSCS 79 64.2% 

Total 123 100% 

 
Table 8 and graph 8 shows that cesarean section (LSCS) was the predominant mode of delivery 

at 64.2%, while vaginal deliveries accounted for 35.8%, likely reflecting concerns about 

delivery complications in this high-risk population. 
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Graph 8: Distribution of patients according to mode of delivery 
 

 

 
Table 9: Distribution of patients according to complications 
 
Complications Frequency Percentage 

Birth injury 7 5.7% 

Meconium aspiration 1 0.8% 

Shoulder dystocia 6 4.9% 

None 109 88.6% 

Total 123 100% 

 
Table 9 and graph 9 summarizes delivery complications, with the majority (88.6%) having no 

complications, while birth injuries occurred in 5.7%, shoulder dystocia in 4.9%, and meconium 

aspiration in 0.8% of cases. 

 

 
 
 
Graph 9: Distribution of patients according to complications 
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Table 10: Association of Macrosomia with BMI 
 
 

BMI 

Macrosomia  

p-value Absent Present 

18.5-24.9 21 (45.7%) 7 (9.1%)  

<0.001 25-29.9 19 (41.3%) 40 (51.9%) 

>30 6 (13%) 30 (39%) 

Total 46 (100%) 77 (100%)  

 
Table 10 and graph 10 demonstrates a highly significant association (p<0.001) between 

increasing maternal BMI and fetal macrosomia, with 39% of macrosomic babies born to 

mothers with BMI >30 compared to only 9.1% born to mothers with normal BMI. 

 

 
 
 
Graph 10: Association of Macrosomia with BMI 
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Table 11: Association of Macrosomia with HbA1c 
 
 

HbA1c 

Macrosomia  

p-value Absent Present 

mean±SD 5.68±0.63 6.72±0.44 <0.001 

 
Table 11 and graph 11 shows a strong association between HbA1c levels and macrosomia 

(p<0.001), with mothers of macrosomic babies having significantly higher mean HbA1c 

(6.72±0.44) compared to mothers without macrosomic babies (5.68±0.63). 
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Graph 11: Association of Macrosomia with HbA1c 
 

 
 
Table 12: Association of Macrosomia with umbilical cord thickness 
 
 
Umbilical cord 
thickness 

Macrosomia  

p-value Absent Present 

<25 mm 42 (91.3%) 10 (13%)  

<0.001 ≥25 mm 4 (8.7%) 67 (87%) 

Total 46 (100%) 77 (100%)  

 
Table 12 and graph 12 reveals a strong correlation between umbilical cord thickness and 

macrosomia (p<0.001), with 87% of macrosomic fetuses having umbilical cord thickness ≥25 

mm, compared to only 8.7% of non-macrosomic fetuses. 
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Graph 12: Association of Macrosomia with umbilical cord thickness 

 
 
 
 
Table 13: Association of Macrosomia with foetal fat layer 
 
 
Foetal fat layer 
 

Macrosomia  

p-value Absent Present 

<4.5 mm 29 (63%) 4 (5.2%)  

<0.001 ≥4.5 mm 17 (37%) 73 (94.8%) 

Total 46 (100%) 77 (100%)  

 
Table 13 and graph 13 demonstrates a significant association between fetal fat layer thickness 

and macrosomia (p<0.001), with 94.8% of macrosomic fetuses having fat layer ≥4.5 mm, 

compared to only 37% of non-macrosomic fetuses. 

 
 
 
 
Graph 13: Association of Macrosomia with foetal fat layer 
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Table 14: Association of Macrosomia with inter ventricular septal thickness 
 
 
Inter ventricular 
septal thickness 
 

Macrosomia  

p-value Absent Present 

<3.9 mm 17 (37%) 3 (3.9%)  

<0.001 ≥3.9 mm 29 (63%) 74 (96.1%) 

Total 46 (100%) 77 (100%)  

 
Table 14 and graph 14 shows a strong relationship between interventricular septal thickness 

and macrosomia (p<0.001), with 96.1% of macrosomic fetuses having septal thickness ≥3.9 

mm, compared to 63% of non-macrosomic fetuses. 

 
 
 
 
 
 
Graph 14: Association of Macrosomia with inter ventricular septal thickness 
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Table 15: Correlation of sonographic measurements with actual birth weight 
 
Birth weight (grams) Umbilical cord thickness Foetal fat layer Interventricular 

septal thickness 

Pearson’s correlation 0.792 0.34 0.295 

p-value <0.001 <0.001 0.001 

 
Table 15 demonstrates significant positive correlations between all three sonographic 

measurements and actual birth weight, with umbilical cord thickness showing the strongest 

correlation (r=0.792, p<0.001), followed by fetal fat layer (r=0.34, p<0.001) and 

interventricular septal thickness (r=0.295, p=0.001). 

 

 
 
 
 
 
 
 
 
 
Table 16: Sensitivity analysis 
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Parameter Sensitivity Specificity  PPV NPV 

Umbilical cord 

thickness (>25 mm) 

93.3% 85.4% 90% 89% 

Foetal fat layer  

(>4.5 mm) 

80.2% 93.3% 97.3% 60.8% 

Interventricular septal 

thickness (>3.9 mm) 

71.8% 85% 96.1% 36.9% 

 
Table 16 presents the diagnostic accuracy of the three sonographic parameters, with umbilical 

cord thickness >25 mm showing excellent sensitivity (93.3%) and specificity (85.4%), fetal fat 

layer >4.5 mm demonstrating high specificity (93.3%) and positive predictive value (97.3%), 

and interventricular septal thickness >3.9 mm having good specificity (85%) but lower 

sensitivity (71.8%). 
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DISCUSSION 

Fetal macrosomia, defined as birth weight exceeding 4000 grams, poses significant 

challenges in obstetric practice, particularly in pregnancies complicated by gestational diabetes 

mellitus (GDM). The accurate antenatal prediction of macrosomia remains a critical aspect of 

obstetric care, allowing for appropriate pregnancy management decisions and potentially 

reducing perinatal morbidity and mortality. Traditional methods of estimating fetal weight, 

including clinical examination and standard biometric ultrasonography, often lack precision in 

predicting macrosomia, especially in diabetic pregnancies where abnormal fat distribution 

patterns may confound conventional measurements. The present study was designed to evaluate 

the efficacy of three sonographic parameters—umbilical cord thickness, fetal fat layer thickness, 

and interventricular septal thickness—as potential predictors of fetal macrosomia in women with 

GDM. These parameters were selected based on their physiological relationship to fetal growth 

patterns in diabetic pregnancies, where hyperglycemia-induced hyperinsulinemia can lead to 

altered fat deposition and cardiac hypertrophy. By comparing these sonographic markers with 

actual birth outcomes, this study aimed to identify reliable indicators that could enhance the 

accuracy of macrosomia prediction, thereby improving maternal and fetal outcomes in this high-

risk population. 

Demographic and Clinical Characteristics 

Maternal Age and Gestational Age Distribution 

In the present study, the maternal age distribution revealed that 56.1% of the participants 

were between 20-30 years, while 43.9% were between 31-40 years. This age distribution is 

comparable to that reported by Usta A et al., who found that maternal age >30 years was 

significantly associated with increased risk of fetal macrosomia in GDM pregnancies 

(p<0.001).102 However, our study did not specifically analyze the correlation between maternal  
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age and macrosomia, focusing instead on sonographic parameters. 

The gestational age distribution in our study showed 44.7% of pregnancies at 34-36 weeks 

and 55.3% at 37-40 weeks. This is an important consideration as Zhang J et al. reported that the 

accuracy of sonographic prediction of macrosomia increases with advancing gestational age, with 

highest accuracy achieved after 37 weeks.103 In their study of 189 diabetic pregnancies, the 

sensitivity of ultrasound for predicting macrosomia increased from 65% at 34 weeks to 87% at 

38 weeks. 

Body Mass Index and Glycemic Control 

Our results demonstrated a significant shift in BMI from pre-pregnancy to current 

measurements, with notable increases in the overweight category (25-29.9) from 36.6% to 48% 

and in the obese category (>30) from 17.1% to 29.3%. This weight gain pattern aligns with 

findings by Sovio et al., who reported that excessive gestational weight gain independently 

contributes to the risk of fetal macrosomia, even after controlling for pre-pregnancy BMI.104 

More importantly, our study found a highly significant association (p<0.001) between 

increasing maternal BMI and fetal macrosomia, with 39% of macrosomic babies born to mothers 

with BMI >30 compared to only 9.1% born to mothers with normal BMI. This strong association 

corresponds with findings by Ye et al., who conducted a meta-analysis of 33 studies and found 

that overweight and obese women had 1.7 and 3.1 times higher risk, respectively, of delivering 

macrosomic infants compared to women with normal BMI.105 

Regarding glycemic control, our study population had mean fasting blood sugar of 113.3 

mg/dL, post-prandial blood sugar of 190.1 mg/dL, and HbA1c of 6.33%. Furthermore, we found 

a strong association between HbA1c levels and macrosomia (p<0.001), with mothers of 

macrosomic babies having significantly higher mean HbA1c (6.72±0.44) compared to mothers 

without macrosomic babies (5.68±0.63). This finding is consistent with the work of Mou SS et 

al., who demonstrated that each 1% increase in HbA1c above 6.5% was associated with a 30% 
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increased risk of fetal macrosomia in GDM pregnancies.106 Their study of 342 women with GDM 

found that maintaining HbA1c <6.0% resulted in macrosomia rates comparable to the general 

population. 

Sonographic Parameters and Their Predictive Value for Macrosomia 

Umbilical Cord Thickness 

Our study found that umbilical cord thickness had the strongest correlation with birth 

weight (r=0.792, p<0.001) among the three sonographic parameters evaluated. With a cut-off 

value of ≥25 mm, umbilical cord thickness demonstrated excellent sensitivity (93.3%) and 

specificity (85.4%) for predicting macrosomia. Furthermore, 87% of macrosomic fetuses had 

umbilical cord thickness ≥25 mm, compared to only 8.7% of non-macrosomic fetuses, indicating 

a strong association (p<0.001). 

These findings are consistent with those reported by Cromi et al., who conducted a 

prospective study of 162 pregnancies and found that umbilical cord cross-sectional area was 

significantly larger in fetuses that became macrosomic.107 They reported a sensitivity of 90.9% 

and specificity of 83.6% using a cut-off of 1.57 cm² for cord area, which corresponds 

approximately to a diameter of 25 mm. The authors attributed this relationship to the fact that 

umbilical cord growth reflects fetal nutritional status and is influenced by similar growth factors 

that affect fetal size. 

Similarly, Raio et al. demonstrated that umbilical cord thickness is significantly increased 

in diabetic pregnancies and correlates with maternal glycemic control and fetal 

hyperinsulinemia.108 They proposed that the increased Wharton's jelly content in the umbilical 

cord of diabetic pregnancies may serve as a protective mechanism for the umbilical vessels 

against mechanical compression, but also reflects the altered metabolic environment. 

Our findings suggest that umbilical cord thickness is not merely a consequence of fetal 

size but may be a specific marker of the diabetic intrauterine environment and subsequent fetal 
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overgrowth. The high sensitivity and positive predictive value observed in our study position 

umbilical cord thickness as a valuable tool for macrosomia prediction in GDM pregnancies. 

Fetal Fat Layer Thickness 

The present study demonstrated that fetal fat layer thickness ≥4.5 mm had high specificity 

(93.3%) and positive predictive value (97.3%) for macrosomia, though with lower sensitivity 

(80.2%) than umbilical cord thickness. We found that 94.8% of macrosomic fetuses had fat layer 

≥4.5 mm, compared to only 37% of non-macrosomic fetuses, indicating a significant association 

(p<0.001). 

These results align with those reported by Seth I et al., who examined sonographic 

measurements of fetal subcutaneous tissue in 187 pregnancies, including 93 with GDM.109 They 

found that fetal abdominal subcutaneous tissue thickness >5 mm at 28-32 weeks was associated 

with a 3.2-fold increased risk of macrosomia at birth. Their study reported sensitivity of 76% and 

specificity of 95% for this parameter, values quite similar to our findings. 

Larciprete et al. further elaborated on this concept by evaluating fetal soft tissue 

measurements in multiple anatomical sites in diabetic versus non-diabetic pregnancies.110 They 

found that fetal fat layer measurements at the abdomen, arm, and thigh were all significantly 

increased in diabetic pregnancies, with abdominal measurements showing the strongest 

correlation with birth weight (r=0.61). Their study emphasized that fetal fat deposition patterns 

in diabetic pregnancies differ from those in non-diabetic pregnancies, with preferential central 

adiposity—a pattern that may not be adequately captured by conventional biometric 

measurements. 

The physiological basis for these findings lies in the Pedersen hypothesis, which proposes 

that maternal hyperglycemia leads to fetal hyperinsulinemia, resulting in increased fetal fat 

deposition, particularly in the abdominal region.111 Our findings support the use of fetal fat layer 

measurements as a specific marker for macrosomia prediction, particularly valuable when 



 

60  

combined with other parameters due to its high positive predictive value. 

Interventricular Septal Thickness 

Our study found that interventricular septal thickness ≥3.9 mm had good specificity 

(85%) but lower sensitivity (71.8%) for predicting macrosomia. Nevertheless, 96.1% of 

macrosomic fetuses had septal thickness ≥3.9 mm, compared to 63% of non-macrosomic fetuses, 

indicating a significant association (p<0.001). The correlation with birth weight, while significant 

(r=0.295, p=0.001), was the weakest among the three parameters evaluated. 

These findings are comparable to those reported by Garcia-Flores et al., who conducted 

a prospective study of 100 pregnancies and found that Interventricular septal thickness ≥3.9mm 

as a predictor of macrosomia had sensitivity of 84.2%, specificity of 64.2%, negative predictive 

value of 95.9%.112 They proposed that cardiac hypertrophy in fetuses of diabetic mothers results 

from fetal hyperinsulinemia, which stimulates cardiac growth independently of its effect on 

somatic growth. 

The physiological mechanism underlying these observations was elucidated by Lisowski 

et al., who demonstrated that fetal hyperinsulinemia directly stimulates cardiac myocyte growth 

through insulin-like growth factor pathways.113 This process can occur independently of overall 

fetal growth, explaining why some non-macrosomic fetuses in our study still exhibited increased 

septal thickness. 

While interventricular septal thickness showed lower predictive accuracy for macrosomia 

compared to the other parameters in our study, its assessment may provide additional value in 

the comprehensive evaluation of diabetic pregnancies, particularly for identifying fetuses at risk 

of postnatal cardiomyopathy, even in the absence of macrosomia. 

Combined Predictive Value of Multiple Sonographic Parameters 

Although our study did not formally analyze the combined predictive value of the three 

sonographic parameters, the individual correlations suggest that integrating these measurements 
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could enhance the accuracy of macrosomia prediction. Similarly, Maruotti et al. proposed a 

comprehensive approach combining standard biometry with fetal adiposity measurements and 

maternal factors in a cohort of 178 GDM pregnancies.114 Their integrated model improved the 

prediction of macrosomia with an area under the ROC curve of 0.92, compared to 0.74 for 

standard biometry alone. 

These studies suggest that the integration of multiple parameters, including those 

evaluated in our study, may provide a more robust approach to macrosomia prediction than 

reliance on any single measurement. This is particularly relevant in diabetic pregnancies, where 

fetal growth patterns may be altered by the metabolic environment in ways that are not fully 

captured by traditional biometric measurements. 

Clinical Implications and Outcomes 

 

Mode of Delivery and Complications 

Our study found that cesarean section was the predominant mode of delivery (64.2%) in 

this cohort of GDM pregnancies, while vaginal deliveries accounted for only 35.8%. This high 

rate of cesarean delivery likely reflects the increased risk of complications associated with 

macrosomia in diabetic pregnancies. 

Regarding complications, the majority of deliveries (88.6%) in our study were 

uncomplicated, while birth injuries occurred in 5.7%, shoulder dystocia in 4.9%, and meconium 

aspiration in 0.8% of cases. These figures are comparable to those reported by Kc et al., who 

conducted a retrospective analysis of 1,162 GDM pregnancies and found shoulder dystocia in 

5.1% of macrosomic deliveries compared to 0.9% in non-macrosomic deliveries.115 They also 

reported a 3.2-fold increased risk of birth trauma in macrosomic infants born to diabetic mothers. 

Beta et al. conducted a systematic review and meta-analysis of delivery outcomes in 

diabetic pregnancies and found that the risk of shoulder dystocia was increased 2.7-fold in 
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macrosomic compared to non-macrosomic fetuses of diabetic mothers.116 They also reported that 

the risk of birth injury was independently associated with both macrosomia and maternal 

diabetes, with the highest risk observed when both factors were present. 

These findings highlight the clinical significance of accurate macrosomia prediction in 

GDM pregnancies, where timely intervention could potentially reduce the risk of adverse 

outcomes. The relatively low rate of complications in our study, despite the high prevalence of 

macrosomia (62.6%), may reflect appropriate clinical management based on accurate risk 

assessment. 

Accuracy of Estimated Versus Actual Birth Weight 

An important finding in our study was the discrepancy between estimated and actual birth 

weights. While 49.6% of fetuses were estimated to weigh >4000g, only 38.2% actually did so at 

birth. Conversely, 48.8% were estimated to weigh 2500-4000g, but 61% actually fell in this 

range. This overestimation of macrosomia is a recognized limitation of traditional fetal weight 

estimation methods. 

Melamed et al. conducted a large retrospective study of 3,763 pregnancies and found that 

conventional sonographic estimation overestimated fetal weight by an average of 10.1% in 

diabetic pregnancies compared to 5.3% in non-diabetic pregnancies.117 They attributed this 

discrepancy to the altered body composition of fetuses of diabetic mothers, which may not be 

accurately captured by standard biometric formulas. 

Similarly, Balsyte et al. reported that the sensitivity of conventional sonographic 

estimation for detecting macrosomia in diabetic pregnancies was only 61.7%, with a false 

positive rate of 12.5%.118 They noted that incorporating maternal factors and additional 

sonographic parameters improved the accuracy of weight estimation. 

Our findings suggest that the integration of specific sonographic parameters, such as those 

evaluated in our study, may help address the limitations of conventional fetal weight estimation 
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in diabetic pregnancies, potentially reducing both overdiagnosis and underdiagnosis of 

macrosomia. 

Clinical Implications for Practice 

The findings of our study have several important implications for clinical practice. First, 

they suggest that the evaluation of umbilical cord thickness, fetal fat layer, and interventricular 

septal thickness may enhance the accuracy of macrosomia prediction in GDM pregnancies, 

potentially improving risk stratification and decision-making regarding timing and mode of 

delivery. 

Secondly, the strong association between maternal BMI, glycemic control, and fetal 

macrosomia underscores the importance of preconception counseling, weight management, and 

strict glycemic control during pregnancy to reduce the risk of macrosomia and its associated 

complications. 

Finally, the high rate of cesarean delivery in our study (64.2%) reflects the contemporary 

approach to managing high-risk pregnancies complicated by diabetes and suspected macrosomia. 

However, the optimal management strategy remains controversial.  

Strengths and Limitations 

The strengths of our study include its prospective design, the inclusion of multiple 

sonographic parameters, and the specific focus on GDM pregnancies, a high-risk population 

where accurate macrosomia prediction is particularly valuable. The evaluation of actual birth 

outcomes and complications provides clinical context for the sonographic findings. 

However, several limitations should be acknowledged. First, the sample size of 123 

pregnancies, while adequate for initial analysis, may limit the generalizability of the findings and 

preclude definitive conclusions regarding less common outcomes. Second, the study did not 

evaluate the incremental value of the three sonographic parameters over conventional biometric 

measurements, which would have provided a more comprehensive assessment of their clinical 
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utility. Finally, the study did not assess the impact of implementing these parameters on clinical 

decision-making and outcomes, which would be a valuable direction for future research. 

Future Directions 

Based on the findings of this study and the existing literature, several directions for future 

research can be identified. First, prospective studies with larger cohorts are needed to validate 

the cut-off values and predictive accuracy of the sonographic parameters identified in this study. 

Second, the development and validation of integrated prediction models incorporating multiple 

sonographic and clinical parameters may further enhance the accuracy of macrosomia prediction 

in diabetic pregnancies. Third, randomized controlled trials evaluating the impact of 

implementing these parameters on clinical decision-making and outcomes would provide 

evidence for their clinical utility. Finally, longitudinal studies examining the relationship between 

fetal macrosomia, intrauterine environment, and long-term metabolic outcomes may provide 

insights into the developmental programming of metabolic disease. 

ConclusionIn conclusion, our study demonstrates that umbilical cord thickness, fetal fat layer, 

and interventricular septal thickness are significant predictors of macrosomia in pregnancies 

complicated by gestational diabetes mellitus. Among these, umbilical cord thickness showed the 

strongest correlation with birth weight and the highest sensitivity for predicting macrosomia. The 

integration of these sonographic parameters, along with maternal factors such as BMI and 

glycemic control, may enhance the accuracy of macrosomia prediction in this high-risk 

population, potentially improving risk stratification and clinical decision-making. Future 

research should focus on validating these findings in larger cohorts, developing integrated 

prediction models, and evaluating the impact of implementing these parameters on clinical. 

CONCLUSION 

This prospective study provides compelling evidence that sonographic measurements 

of umbilical cord thickness, fetal fat layer, and interventricular septal thickness serve as 
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valuable predictors of macrosomia in fetuses of women with gestational diabetes mellitus. 

Among these parameters, umbilical cord thickness demonstrated the strongest correlation 

with birth weight and exhibited superior diagnostic accuracy with excellent sensitivity 

(93.3%) and specificity (85.4%) at a cut-off value of ≥25 mm. Fetal fat layer thickness 

≥4.5 mm showed remarkable specificity (93.3%) and positive predictive value (97.3%), 

making it particularly useful for confirming suspected macrosomia. Interventricular septal 

thickness ≥3.9 mm, while having lower sensitivity (71.8%), still maintained good 

specificity (85%) and was significantly associated with macrosomia. 

The study also highlighted the critical influence of maternal factors on fetal 

macrosomia, with maternal BMI and glycemic control emerging as significant 

determinants. A clear gradient of increasing macrosomia risk was observed with increasing 

BMI categories, with 39% of macrosomic babies born to mothers with BMI >30 compared 

to only 9.1% born to mothers with normal BMI. Similarly, maternal HbA1c levels were 

significantly higher in pregnancies resulting in macrosomia (6.72±0.44) compared to those 

without macrosomia (5.68±0.63). 

The observed discrepancy between estimated and actual birth weights underscores the 

limitations of conventional biometric methods for predicting macrosomia in diabetic 

pregnancies. Integration of specific sonographic parameters evaluated in this study may 

enhance the accuracy of fetal weight estimation and macrosomia prediction in GDM 

pregnancies, potentially improving clinical decision-making regarding the timing and 

mode of delivery. 

Despite the high prevalence of macrosomia (62.6%) in our study population, the 

majority of deliveries (88.6%) were uncomplicated, suggesting that appropriate antenatal 

risk assessment and management can mitigate the potential complications of fetal 
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macrosomia. Nevertheless, the relatively high rate of cesarean delivery (64.2%) reflects 

the contemporary approach to managing high-risk pregnancies complicated by diabetes 

and suspected macrosomia. 

In conclusion, this study demonstrates that sonographic measurements of umbilical 

cord thickness, fetal fat layer, and interventricular septal thickness, particularly when 

considered in conjunction with maternal factors such as BMI and glycemic control, can 

significantly enhance the prediction of fetal macrosomia in GDM pregnancies. 

Implementation of these parameters in clinical practice may improve risk stratification and 

guide obstetric management decisions, potentially reducing perinatal morbidity and 

optimizing maternal and neonatal outcomes. 

 

 

 

 

 

 

 

 

 

 

SUMMARY  

INTRODUCTION 

 Fetal macrosomia, defined as birth weight exceeding 4000 grams, is associated with 
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increased perinatal morbidity and mortality, particularly in pregnancies complicated by 

gestational diabetes mellitus (GDM). Conventional methods of estimating fetal weight often 

lack accuracy in predicting macrosomia in diabetic pregnancies, where abnormal fat 

distribution patterns may confound standard biometric measurements. This prospective study 

aimed to evaluate the efficacy of three sonographic parameters—umbilical cord thickness, fetal 

fat layer thickness, and interventricular septal thickness—as predictors of fetal macrosomia in 

women with GDM. 

AIMS AND OBJECTIVES 

Objective: To evaluate the prediction of fetal macrosomia based on sonographic measurements 

of fetal fat layer, umbilical cord thickness and inter-ventricular septal thickness 

MATERIAL AND METHODS 

 A total of 123 pregnant women with GDM between 34-40 weeks of gestation were 

enrolled in this prospective study. Comprehensive maternal data including age, BMI, and 

glycemic parameters were recorded. Sonographic measurements of umbilical cord thickness, 

fetal fat layer, and interventricular septal thickness were performed, and their association with 

actual birth weight and delivery outcomes was analyzed. 

RESULTS 

• A total of 123 pregnant women with GDM were included in the study, with maternal 

age ranging from 20-40 years and gestational age between 34-40 weeks. 

 

 

 

• The study population demonstrated a significant shift in BMI from pre-pregnancy to 

current measurements, with increases in both overweight (36.6% to 48%) and obese 

(17.1% to 29.3%) categories. Mean glycemic parameters were elevated, with fasting 
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blood sugar of 113.3 mg/dL, post-prandial blood sugar of 190.1 mg/dL, and HbA1c of 

6.33%. 

• Mean sonographic measurements recorded were: umbilical cord thickness 23.2±6.9 

mm, fetal fat layer 5.21±1.2 mm, and interventricular septal thickness 5.1±1.33 mm. 

Out of 123 pregnancies, 77 (62.6%) resulted in macrosomic babies (>4000g), while 46 

(37.4%) did not. Cesarean section was the predominant mode of delivery (64.2%), and 

most deliveries (88.6%) were uncomplicated, with birth injuries occurring in 5.7%, 

shoulder dystocia in 4.9%, and meconium aspiration in 0.8% of cases. 

• Statistical analysis revealed significant associations between macrosomia and maternal 

BMI (p<0.001), HbA1c levels (p<0.001), umbilical cord thickness ≥25 mm (p<0.001), 

fetal fat layer ≥4.5 mm (p<0.001), and interventricular septal thickness ≥3.9 mm 

(p<0.001). Correlation analysis demonstrated that umbilical cord thickness had the 

strongest correlation with birth weight (r=0.792, p<0.001), followed by fetal fat layer 

(r=0.34, p<0.001) and interventricular septal thickness (r=0.295, p=0.001). 

• Regarding diagnostic accuracy, umbilical cord thickness >25 mm showed excellent 

sensitivity (93.3%) and specificity (85.4%), fetal fat layer >4.5 mm demonstrated high 

specificity (93.3%) and positive predictive value (97.3%), and interventricular septal 

thickness >3.9 mm had good specificity (85%) but lower sensitivity (71.8%). 

• These findings suggest that sonographic measurements of umbilical cord thickness, 

fetal fat layer, and interventricular septal thickness, particularly when considered 

alongside maternal factors such as BMI and glycemic control, can significantly enhance 

the prediction of fetal macrosomia in GDM pregnancies, potentially improving clinical 

decision-making and optimizing maternal and neonatal outcomes. 

CONCLUSION: 

Sonographic measurements of umbilical cord thickness, fetal fat layer, and 
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interventricular septal thickness are valuable predictors of fetal macrosomia in GDM 

pregnancies. Integration of these parameters with maternal factors may enhance the accuracy 

of macrosomia prediction, potentially improving clinical decision-making and optimizing 

maternal and neonatal outcomes. 
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ANNEXURE I 
BLDEU'S SHRI B.M. PATIL MEDICAL 
COLLEGE HOSPITAL AND RESEARCH 
CENTRE, VIJAYAPURA 

 
PROSPECTIVE STUDY ON SONOGRAPHIC MEASUREMENT OF 
UMBILICAL CORD THICKNESS, FOETAL FAT LAYER, 
INTERVENTRICULAR SEPTAL THICKNESS AS PREDICTORS OF 
MACROSOMIA IN FETUS OF WOMEN WITH GESTATIONAL DIABETES 
MELLITUS 
 

 
PROFORMA 
 

 
1. Name: 

 
2. Age/Sex 

 
3. Hospital No.: 

 
4. Relevant complaints & history: 
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5. Ultrasound Findings: 

 
 
 
 
 
 
 
 

 
6. Radiological Diagnosis. 
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ANNEXURE II 

CONSENT FORM 

 
PROSPECTIVE STUDY ON SONOGRAPHIC MEASUREMENT OF UMBILICAL CORD 
THICKNESS, FOETAL FAT LAYER, INTERVENTRICULAR SEPTAL THICKNESS AS 
PREDICTORS OF MACROSOMIA IN FETUS OF WOMEN WITH GESTATIONAL 
DIABETES MELLITUS 

 
GUIDE : DR. SHIVANAND V. PATIL 

P.G. STUDENT : DR. DIRISALA ANUDEEP 
 

 
PURPOSE OF RESEARCH: 

I have been informed that the purpose of this study is to evaluate predictors of 
macrosomia in fetus of women with gestational diabetes mellitus. 

 
PROCEDURE: 

I understand that I will be asked to provide a detailed history and undergo clinical and  
ultrasonographic examination for the purpose of this study. 

 

 
RISKS AND DISCOMFORTS: 

I understand that there is minimal risk involved in the above study. 
 

 
BENEFITS: 

I understand that my participation in this study will help to evaluate predictors of 
macrosomia in fetus of women with gestational diabetes mellitus. 

 

 
CONFIDENTIALITY: 

I understand that the medical information produced by the study will become a part of 
hospital record and will be subjected to confidentiality and privacy regulations of hospital. If 
the data is used for publications the identity of the patient will not be revealed. 

 

 
REQUEST FOR MORE INFORMATION: 

I understand that I may ask for more information about the study at any time. 
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REFUSAL OR WITHDRAWAL OF PARTICIPATION: 

I understand that my participation is voluntary and I may refuse to participate or 
withdraw from study at any time. 

 
 
 
 
INJURY STATEMENT: 

I understand in the unlikely event of injury to me during the study I will get medical 
treatment but no further compensations. I will not hold the hospital and its staff responsible for 
any untoward incidence during the course of study. 

 

 
Date: 

 

 
Dr. Shivanand V. Patil (Guide) 

Dr. Dirisala Anudeep (Investigator) 
 

 
STUDY SUBJECT CONSENT STATEMENT: 

I/my ward confirm that Dr. Dirisala Anudeep has explained to me the purpose of this research, 
the study procedure that I will undergo and the possible discomforts and benefits that I may 
experience, in my own language. 

I/my ward have been explained all the above in detail in my own language and I understand 
the same. Therefore, I agree to give my consent to participate as a subject in this project. 

 
 
 
 
 
 
 

 

(Participant) Date 
 
 
 
 
 

 

(Witness to above signature)
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