
i 
 

 

Neuro-motor development in offspring of mothers   

with Gestational Diabetes Mellitus and those of mothers without  

Gestational Diabetes Mellitus 

 

 

 

            A dissertation submitted in partial fulfillment of the requirement of 

The Tamil Nadu Dr. M.G.R Medical University 

For the M. D Branch XV (Community Medicine) 

Examination to be held in May 2018 

 

 



ii 
  



iii 
 

 

 

 



iv 
 

 

Originality Report 

 



v 
 

 

Acknowledgements 

 

I express my deepest gratitude to Dr.  Venkat, for his patience, trust and meticulous work 

which have made this study possible.  I thank Dr.  Madhu for being understanding and 

providing me with utmost strength.  I would like to thank Dr.  Jasmin Helen Prasad, Dr.  

Kurien George and Dr.  Sam Marconi for proving me with the necessary help at various 

stages of this study.  I thank every faculty of the department for their guidance and my 

co-guides for their valuable input.  I thank Ms.  Muthulakshmi who motivated me 

through every day of my data collection.  I would also like to I thank Dr.  Nirmala for 

being my constant support throughout.  I thank my family for their encouragement and 

love.  

 

 

 

 

 

 

 



vi 
 

 

Glossary of Abbreviations 

GDM              Gestational Diabetes Mellitus 

DM                 Diabetes Mellitus 

ADA               American Diabetic Association 

HAPO             Hyperglycemia and Adverse Pregnancy Outcomes 

OHA               Oral Hypoglycemic agents 

IADPSG         International Association of the diabetes and Pregnancy Study Groups 

ACOG            American College of Obstetricians and Gynecologists 

OGTT             Oral Glucose Tolerance Test 

GTT                Glucose Tolerance Test 

MNT               Medical Nutrition Therapy 

LGA                Large for Gestational Age 

HDL                High Density Lipoprotein 

ODM               Offspring of Diabetic Mother 

CRS                 Cardio-Renal Metabolic Syndrome 

PDM                Pre-gestational Diabetes Mellitus 

ROS                 Reactive Oxygen Species 

ADHD             Attention-Deficit / Hyperactivity Disorder 

CHAD             Community Health and Development 

IRB                  Institutional Review Board 

END                Early Neonatal Death 

ASQ-3             Ages and Stages Questionnaire Version-3 

SDQ                Strength and Difficulties Questionnaire 

HbA1C           Glycated Haemoglobin 



vii 
 

MUAC            Mid upper arm circumference 

WHO              World Health Organization 

NDD               Neuro Developmental Delay 

HAZ                Height-for-age Z scores 

WAZ               Weight-for-age Z scores 

WHZ               Weight-for-height 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

 

Table of Contents 

Section  Page 

number 

1 Introduction 1 

2 Justification 4 

3 Objectives 6 

4 Literature review 7 

4. 1 Gestational Diabetes Mellitus 7 

4. 1. 1 Prevalence of  Gestational Diabetes Mellitus   7 

4. 1.2 Pathogenesis of Gestational Diabetes Mellitus 9 

4. 1.3 Diagnostic criteria for  Gestational Diabetes Mellitus 10 

4. 1.4 Management of Gestational Diabetes mellitus 14 

4. 1.4. 1 Medical Nutrition Therapy (MNT) 14 

4. 1.4.2 Pharmacotherapy for  Gestational Diabetes Mellitus 15 

4.2 Complications of Gestational Diabetes mellitus in the 

offspring 

15 

4.2. 1 Short term complications of  Gestational Diabetes Mellitus 15 

4.2. 1. 1 Macrosomia, hypoglycemia and hyperbilirubinemia 16 

4.2.2 Long term complications of Gestational Diabetes Mellitus 17 

4.2.2. 1 Obesity and diabetes 17 

4.2.2.2 Neuro-motor developmental outcome 18 

4.3 Pathophysiology of development of observed complications 20 

4.3. 1 GDM and associated Cardio-Renal Metabolic syndrome 

(CRS) in offspring 

21 

4.3.2 Nutritional status impairments  23 

4.4 Development of complications over time 23 



ix 
 

4.4. 1 Barker’s Hypothesis 23 

4.4.2 Metabolic syndrome in offspring and GDM in mother 23 

4.4.3 Attention-deficit/Hyperactivity Disorder (ADHD) in children 

and maternal GDM 

24 

4.4.4 Cognitive impairment in children and maternal GDM 24 

5 Methodology 26 

5. 1 Study setting 26 

5.2 Study design 26 

5.3 Inclusion criteria 27 

5.4 Exclusion criteria 27 

5.5 Diagnosis of GDM in the study mothers 28 

5.6 Duration of Study 29 

5.7 Materials and methods 29 

5.7. 1 Sample size 30 

5.7.2 Sampling method 30 

5.7.3 Study tools 32 

5.7.3. 1 Structured Questionnaire 33 

5.7.3.2 Ages and Stages Questionnaire-3 (ASQ-3) 33 

5.7.3.3 Strengths and Difficulties Questionnaire (SDQ) 33 

5.7.4 Study variables 34 

5.7.4. 1 Outcomes based on study objectives 34 

5.7.4. 1. 1 Assessment of Neuro-motor developmental delay, 

Psychosocial problems and Nutritional status in the children 

34 

5.7.4.2 Survey questionnaire for assessment of risk factors 37 

5.7.4.2. 1 Exposure variable 37 

5.7.4.2.2 Socio-demographic factors 37 

5.7.4.2.3 Parental factors 37 

5.7.4.2.4 Antenatal factors 37 

5.7.4.2.5 Intranatal factors 38 



x 
 

5.7.4.2.6 Post natal/childhood factors 38 

5.7.4.3 Categorization of study variables 38 

5.8 Data entry and Analysis 39 

6 Results 41 

6. 1 Recruitment of study participants 41 

6.2 Age distribution of study participants 42 

6.3 Sex distribution of the study  participants 43 

6.4 Distribution of place of residence of the study  participants 45 

6.5 Education levels among the parents of the study  participants 46 

6.6 Occupation of the parents of the study participants 47 

6.7 Socio-economic status of study  participants 48 

6.8 Maternal high risk factors during any pregnancy (excluding 

GDM) 

49 

6.9 Baseline characteristics of the study  participants 50 

6. 10 Cumulative incidence of developmental delay in the study 

population 

52 

6. 10. 1 Burden of Neuro-motor developmental delay in the study 

population 

52 

6. 10.2 Cumulative incidence of neuro-motor developmental delay by 

different domains as assessed by ASQ-3 in the study  

participants 

53 

6. 10.3 Psychosocial problems 54 

6. 10.4 Cumulative incidence of psychosocial problems in the study  

participants  by different domains as assessed by SDQ 

55 

6. 10.5 Nutritional status of the exposed and unexposed study children 57 

6. 11 Associations between Neuro-motor developmental delay and 

maternal GDM 

58 

6. 12 Associations between psychosocial problems and maternal 

GDM 

60 

6. 13 Associations between various exposure factors neuro-motor 

developmental delay 

63 

6. 13. 1 Association between socio-demographic factors and neuro- 63 



xi 
 

motor developmental delay 

6. 13.2 Association between parental factors and neuro-motor 

developmental delay in offspring 

64 

6. 13.3 Association between birth related factors and neuro-motor 

developmental delay in the offspring 

65 

6. 13.4 Association between neonatal or childhood illnesses and 

neuro-motor developmental delay in the offspring 

66 

6. 13.5 Association between nutritional status at assessment and 

neuro-motor developmental delay in the offspring 

67 

6. 14 Multivariate analysis 69 

6. 14. 1 Association between Neuro-motor developmental delay and 

various exposure factors 

69 

6. 14.2 Association between Neuro-motor developmental delay 

domain wise  and various exposure factors 

74 

6. 14.2. 1 Communication 74 

6. 14.2.2 Gross motor 74 

6. 14.2.3 Fine motor 74 

6. 14.2.3. 1 Association between fine motor domain delay and various 

exposure factors 

74 

6. 14.2.4 Problem solving 77 

6. 14.2.4. 1 Association between problem solving domain  delay and 

various exposure factors 

77 

6. 14.2.5 Personal social 79 

7 Discussion 80 

8 Summary and Conclusion 85 

9 Recommendations 86 

10 Limitations 87 

11 References 89 

12 Annexures 98 

12.1 Annexure 1 (IRB approval letter) 98 

12.2 Annexure 2 (Information sheet - English) 101 

12.3 Annexure 3 (Information sheet - Tamil) 104 



xii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12.4 Annexure 4 (Informed consent - English) 107 

12.5 Annexure 5 (Informed consent - Tamil) 109 

12.6 Annexure 6 (Structured General Questionnaire - English) 111 

12.7 Annexure 7 (Ages and Stages Questionnaire-3) 11 

12.8 Annexure 8 (Strengths and Difficulties Questionnaire - 

English) 

151 

12.9 Annexure 9 (Strengths and Difficulties Questionnaire - Tamil) 152 



xiii 
 

 

Tables 

Table 
number 

 Page 
number 

Table 6. 1 Enrollment status of study children 42 

Table 6.2 Age distribution of the study participants 43 

Table 6.3 Sex distribution of study participants 44 

Table 6.4 Distribution of study participants by place of residence 45 

Table 6.5 Distribution of education of the mother of the study participants 46 

Table 6.6 Distribution of education of father of the study participants 47 

Table 6.7 Distribution of occupation of study participant’s mother 47 

Table 6.8 Distribution of occupation of study participants’s father 48 

Table 6.9 Distribution of socioeconomic status of the study participants 49 

Table 6.10 Presence of antenatal risk factors (other than GDM) in the 

mother of the  participant  during any pregnancy 

50 

Table 6.11 Baseline characteristics of the study participants in the exposed 
and the unexposed groups 

51 

Table 6.12 Cumulative incidence of Neuro-motor developmental delay 

among children belonging to exposed and unexposed groups as 
assessed by ASQ-3 

53 

Table 6.13 Cumulative incidence  of Neuro-motor developmental delay by 

different domains in the study participants as assessed by ASQ-3 

54 

Table 6.14 Cumulative incidence  of Psycho-social problems among the 

exposed and the unexposed in the study population as assessed 
by SDQ 

55 

Table 6.15 Cumulative incidence of Psycho social problems by different 

domains seen in the study population as assessed by SDQ 

56 

Table 6.16 Baseline anthropometric measurements 57 



xiv 
 

 

 

 

 

 

Table 6.17 Nutritional status of the study participants at the time of 
assessment 

58 

Table 6.18 Association between GDM in mother and Neuro-motor 

developmental delay in the offspring (assessed by ASQ-3) 

59 

Table 6.19 Association between GDM in mother and domain wise neuro-
motor development in the offspring (assessed by ASQ-3) 

60 

Table 6.20 Association between GDM in mother and Psycho-social 
problems in the offspring (assessed by SDQ) 

61 

Table 6.21 Association between GDM in mother and domain wise 

psychosocial problems in the offspring (assessed by SDQ) 

62 

Table 6.22 Bivariate analysis of socio-demographic risk factors for neuro-
motor developmental delay 

63 

Table 6.23 Bivariate analysis of parental risk factors for neuro-motor 
developmental delay 

64 

Table 6.24 Bivariate analysis of Birth related risk factors for neuro-motor 

developmental delay 

66 

Table 6.25 Bivariate analysis of neonatal or childhood illnesses for neuro-
motor developmental delay 

67 

Table 6.26 Bivariate analysis of Nutritional risk factors for neuro-motor 
developmental delay 

68 

Table 6.27 Analysis of the outcome neuro-motor developmental delay and 

its potential risk factors using multivariate logistic regression 

70 

Table 6.28 Analysis of the outcome fine motor domain delay and its 
potential risk factors using  multivariate logistic regression  

75 

Table 6.29 Analysis of the outcome problem solving domain delay and its 
potential risk factors using  multivariate logistic regression  

78 



xv 
 

Figures 

 

 

Figure 

Number 

Name of Figures Page 

number 

Figure 1 Country wise criteria for the diagnosis of GDM 10 

Figure 2 Pathophysiology of development of Cardio-Renal Metabolic 
syndrome in offspring of GDM mothers 

22 

Figure 3 Map showing location of CHAD hospital in Vellore and a 50 
km radius catchment area 

27 

Figure 4 Flow chart depicting sample selection and recruitment process 31 

Figure 5 Example of recommended scoring system of ASQ-3 35 

Figure 6 Sex Distribution of the Study participants 44 

Figure 7 Distribution of place of residence of the study participants 45 

Figure 8 SES distribution of the study participants 49 



1 
 

 

1. Introduction 

Obesity and sedentary lifestyle have increased globally over the past two decades, 

majorly due to factors such as globalization and industrialization and these have been 

identified as escalating national epidemics in both developing and developed countries 

alike  (1).  This has led to an increase in the incidence of lifestyle diseases such as type 2 

diabetes mellitus (DM), heart disease and metabolic syndrome, globally (2).  

Additionally, it has also increased the risk of Gestational diabetes mellitus (GDM) 

among pregnant women. GDM is defined by the American Diabetic Association (ADA) 

as “diabetes diagnosed in the second or third trimester of pregnancy that is not clearly 

overt diabetes” (3).  The recent dramatic increase of obesity all over the world mirrors 

the alarming rise in the prevalence of GDM (4–6).  In India, the prevalence of GDM 

varies from region to region ranging from 3.8% in Kashmir to 41% in Lucknow from 

urban settings (7).      

From a public health perspective, the magnitude of GDM usually reflects the prevalence 

of type 2 DM in the community (8).  The factors that render a pregnant woman to a 

higher risk for developing GDM include age, obesity and family history of type 2 DM 

among others (9).  Moreover, a cross sectional study in the US done in 1991 showed 

significantly higher risk in Black (1.81, 95% confidence interval [CI] 1. 13-2.89, p-value 

< 0.05) and Hispanic (2.45, 95% CI 1.48-4.04, p-value less than 0.001) women when 

compared with whites (10).  Another study carried out in Stanford and published in 2015 

concluded that GDM was most prevalent among Asian Indians (19.3%) among the US 
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population (11).  These and many other studies done in countries with multiracial 

population have established beyond doubt, the ethnic differences in the prevalence of 

GDM (12,13).  Taking into account the most common risk factors for GDM, it is clear 

that excluding a few (lifestyle and pre-pregnancy basal metabolic index), most of the risk 

factors of GDM are non-modifiable (14).  This implies the need for a shift in disease 

management in GDM, from disease prevention to effective control of disease progression 

and reduction of associated complications.   

The potential of GDM to progress to Type 2 Diabetes mellitus (DM) has been recognized 

decades ago.  Studies done in as early as 1990 found the excess risk of GDM mothers to 

become chronic diabetics was 18% in Copenhagen and 30.9% in Boston (15).  Recently, 

a systematic review done in 2015 by Noctor et al concluded that the lifetime risk of 

progression to DM in those with previous diagnosis of GDM was up to 60 % (16).    

In addition to these long term effects, GDM affects immediate postnatal maternal and 

neonatal outcomes such as stillbirth, macrosomia and neonatal hypoglycemia (17).  

Hence, it is critical to study the adverse outcomes in both the mother and the offspring, 

and their evolution over time.  Considering the large difference in the prevalence of 

GDM among the various states in India the adverse outcomes are also expected to be 

different in severity and proportion based on the diabetic control achieved depending 

upon the availability of necessary health care tools (18).  

The number of women affected by GDM in India at any given point is estimated to be an 

appalling 5 million women (19).  The prevalence of GDM in Tamil Nadu was found to 
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be 15.7 % (adjusted 18.5 %) by IADPSG criteria and 10.5 % (adjusted 14.6 %) using the 

WHO 1999 criteria.  Along with the dramatic increase in the prevalence of GDM among 

various ethnic groups in the past 2 decades, 16-127% (20), the health care facilities’ 

practices to screen, diagnose and treat has also improved, especially in the Indian State of 

Tamil Nadu (21).   
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2. Justification 

The Hyperglycemia and Adverse Pregnancy Outcomes Study (HAPO), a 5-year-old 

multi-centric study involving 25, 000 pregnant women from 15 field centres of 9 

countries, was completed in the year 2006.  At that point, it was the first major large 

scale epidemiological investigation to address the controversy behind the relationship 

between maternal impaired glucose tolerance and fetal development (22).  This brought 

about a paradigm shift in the views from GDM being viewed as a disorder causing 

maternal issues such as difficult labor and increased rate of caesarian sections to one that 

affects the baby as much as the mother.  Since then the effects of GDM on the baby has 

been of interest to obstetricians and pediatricians alike (23,24).  This is one of the main 

reasons why the Public Health System in Tamil Nadu had adopted universal screening of 

pregnant women thrice during their pregnancy with 75gm oral glucose tolerance test by 

the year 2007 (25).  

Previous studies have shown that babies born to GDM mothers were at higher risk of 

being preterm, experience neonatal hypoglycemia and macrosomia (26,27).  Most studies 

have looked into the immediate complications of GDM on the baby mainly during the 

neonatal period (28–30).  Although studies have demonstrated the adverse effects of 

GDM on fetal brain development (31,32), not many studies have been conducted in India 

to assess the long term effects of this maternal morbidity on the offspring’s brain in terms 

of neuro-motor development.  This study aimed to add vital evidence on the effects of 

Gestational Diabetes on the baby – nutritionally, neuro-developmentally and most of all 
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psychosocially during early childhood.  This study also aims to establish the need for 

early screening of babies born to mothers with GDM in order to identify potential 

neurodevelopment delay and behavioral problems so that they are referred and managed 

appropriately.   
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3. Research hypothesis and Objectives 

3.1. Hypothesis 

There is an increased risk of impairment in Neuro-motor development among offspring 

of mothers with Gestational Diabetes Mellitus as compared to offspring of mothers 

without Gestational Diabetes Mellitus.  

3.2. Objectives 

1.  To assess the risk of developing neuro-motor developmental delay or impairment in 

offspring of mothers with GDM, aged 36 – 59 months of age (GDM diagnosed in 

mothers between March 2011 and February 2013), as compared to the offspring of 

mothers who did not have GDM, screened in a secondary care hospital in Vellore, South 

India.   

2.  To assess risk of psychosocial or behavioral abnormalities in offspring of GDM 

mothers as compared to offspring of non- GDM mothers.   

3.  To assess other risk factors associated with neuro-motor developmental impairment 

such as low APGAR at birth, socio-demographic state, maternal morbidity during 

antenatal period, in the offspring of GDM mothers and those of non-GDM mothers.  

4.  To assess the differences in nutritional status between offspring of mothers with GDM 

and offspring of mothers without GDM.  
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4. Literature review 

4.1. Gestational Diabetes mellitus 

The definition of GDM by the American Diabetic Association (ADA) till 2014 was “any 

degree of glucose intolerance with onset or first recognition during pregnancy. ” This 

remained the same irrespective of the treatment modality used – diet, oral hypoglycemic 

agents (OHAs) or Insulin or the actual duration of the disease.  This definition did not 

exclude either possibility, that the women could have already been a diabetic or that 

diabetes onset could have been the same as the beginning of the pregnancy or that she 

might continue to have impaired glucose tolerance after the completion of this pregnancy 

(33).  In 2015, the ADA added the terms “diagnosed in the second or third trimester of 

pregnancy that is not clearly overt diabetes”, due to the limitation of imprecision caused 

by the previous definition (3).  

4.1.1. Prevalence of GDM 

Worldwide, approximately 1 in 7 births is affected by gestational diabetes mellitus. In 

the year 2013, about 16.9% (21.4 million) out of an estimated 127. 1 million live births 

to woman aged 20 - 49 years were affected with high blood sugars during pregnancy.  

Out of this (21.4 million), it has been estimated that only a rough 16% cases were due to 

diabetes diagnosed in pregnancy which clearly reflects the growing effect of the type 2 

diabetes epidemic on pregnancy.  Out of the total cases, a staggering 91.6 % were from 
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middle and low income countries with poor access to health care which makes the 

required effective management of the condition more difficult to achieve (34).  

 The regional fact sheet of the International Diabetes Federation reveals that in South-

east Asia alone, one-quarter of all births in 2015 were affected by gestational diabetes 

mellitus which was almost the double of what we see in the rest of the world (35).  This 

could have also been the result of the very high prevalence of adult diabetes mellitus in 

the South-east Asian countries like India, Mauritius and Maldives.  Of these, India, 

although houses the second largest diabetic population worldwide, being second only to 

China (36).  Being second highest in the world, the number of diabetics in India account 

to almost 63 million.  Not surprisingly therefore, the prevalence of GDM in India was 

also found to be alarmingly high.  Indian women were more likely to develop GDM 

compared to Caucasian women (37).   

The prevalence of GDM in the state of Tamil Nadu in India based on a 2008 community 

based study was found to be 16.2 % in urban areas and 9.9% in rural areas (38).  Current 

estimates on prevalence of GDM in India vary greatly; from lowest figures in the 

northern region of Jammu (about 4%) (39), to highest in Lucknow, 41%, in secondary 

care urban settings (40). These widely varying statistics although may portray a true 

variation in GDM prevalence throughout the subcontinent, may also have been partly 

accounted for by discrepancies in protocols for screening and cut-off values used for 

diagnosis, and differences in the access to care across settings.  
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4.1.2. Pathogenesis of Gestational Diabetes Mellitus 

Although a number of pathways have been suggested, the exact pathophysiology of 

development of GDM during pregnancy is still uncertain (41).  There is a high insulin 

requirement during pregnancy in general and there is only a slight difference in this 

context between them and women with gestational diabetes mellitus (42).  The insulin 

response to nutrients is reduced more consistently in GDM women.  Thus, one of the 

definite characteristic of GDM is increased insulin resistance.   

Pregnancy hormones and other factors are considered to interfere with the action of 

insulin as it binds to the insulin receptor at the level of the pathways carrying cell signals.  

Since insulin helps the entry of glucose into majority of the cells, insulin resistance 

hinders glucose from entering the cells properly.  As a result, glucose lingers in the 

bloodstream, where glucose levels rise.  More insulin is required to overcome this 

resistance; approximately 1.5-2.5 times more insulin is produced than in a regular 

pregnancy (43).  

Insulin resistance is a natural phenomenon arising in the second trimester of pregnancy, 

which in cases of GDM progresses thereafter to levels seen in a non-pregnant person 

with type 2 diabetes. Detailed analysis shows that, in addition to other placental 

hormones, leptin, tumor necrosis factor alpha, and resistin are involved in the decrease in 

insulin resistance occurring during pregnancy, with tumor necrosis factor alpha being the 

strongest individual predictor of insulin sensitivity during pregnancy (42).  
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4.1.3. Diagnostic Criteria for GDM 

There had been a decade long uncertainty on whether universal screening for all pregnant 

women for GDM is necessary or not.  However this debate came to a close when the 

numbers from various studies showed that the risk factors (especially family history of 

DM type 2) were so common that majority of women (approximately 80%) need to be 

tested and women with low risk factors constitute about 10 % of the GDM mothers (44).  

Over the years different countries have adopted different approaches in the diagnosis of 

GDM. (Figure 1)  

Figure 1: Country wise criteria for the diagnosis of GDM  

  

Agarwal MM.  Gestational diabetes mellitus: Screening with fasting plasma glucose.   

World J Diabetes.  2016 Jul 25;7 (14):279–89.  

 

From the criteria for diagnosis of GDM proposed by O’Sullivan in 1964 (45) to the  
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Carpenter and Coustan in 1982 (46), almost all of them took into account the data from 

women who were identified with diabetes following conception after symptoms had set 

in and not on any short-term adverse pregnancy outcomes.  The results of the HAPO 

study being the first of its kind to study the relationship between maternal glucose 

intolerance levels and neonatal outcomes, set in motion an immense change in the 

diagnostic approaches of GDM throughout the world (47).  

There are two major criteria followed around the world for the Diagnosis of GDM.  

a. One step strategy – ADA / International Association of the Diabetes and 

Pregnancy Study Groups criteria (IADPSG) recommended 

b. The American College of Obstetricians and Gynecologists (ACOG) recommended 

2 step process 

a).  One step strategy  

Since the January of 2011, the most widely used guidelines for diagnosis of GDM is the 

one developed by the IADPSG based on the results of the Hyperglycemia and Adverse 

Pregnancy Outcomes (HAPO) study.  This has also been endorsed by the WHO (World 

Health Organization) and the Endocrine Society (48).  As per recommendations by the 

ADA / IADPSG (49) the following criteria is recommended.  

75-g oral glucose tolerance test with plasma glucose measurement fasting and at  

1 hr and 2 hr, at 24-28 wks in women not previously diagnosed with overt diabetes  
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• Perform OGTT (oral glucose tolerance test) in the morning after overnight fast 

(≥8h)  

• GDM diagnosis made even if one of the plasma glucose value meets or exceeds:  

Duration  mg/dl  mmol/l  

Fasting  92  5. 1  

1 hour  180  10.0  

2 hour  153  8.5  

 

This has proven to be cost effective when carried out in the high risk population (50).  

ADA has explained that although initially thought to increase pregnancy costs, the 

IADPSG guidelines were found over years to improve perinatal outcomes which intern 

pushed down the overall costs drastically (51).  

As per the recommendation, assessment of risk of GDM should ideally be carried out at 

the first prenatal visit. Women with clinical features indicating a high risk of GDM 

(marked obesity, previous history of GDM, glycosuria, previous large for gestational age 

baby, previous perinatal mortality of unknown cause or a strong family history of 

diabetes) should undergo glucose testing as soon as feasible.  If they are found not to 

have GDM at that initial screening, it is recommended that they be retested between 24 

and 28 weeks of gestation.  Women of average risk should have testing undertaken at 

24–28 weeks of gestation.  No glucose testing is required in those with low-risk status 
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(52), but this category is limited to those women meeting all of the following 

characteristics:  

• Age less than 25 years  

• Normal pre-pregnancy weight 

• Belonging to an ethnic group with a low prevalence of GDM  

• No history of diabetes in first-degree relatives  

• No history of abnormal glucose tolerance  

• No history of bad obstetric outcome (53)   

b).  Two step strategy (recommended by ACOG):  

Step 1: 50-g oral glucose loading test (non-fasting) with plasma glucose measurements at     

            1 hr at 24-28 wks in women not previously diagnosed with overt diabetes 

If, Duration  mg/dl  mmol/l  

1 hour  ≥140  ≥7.8  

then, proceed to 100gm oral glucose tolerance test.  
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Step 2: Diagnosis of GDM is made when two or more plasma glucose levels meet or 

exceed: 

Duration  mg/dl  mmol/l  

Fasting  95  5.3  

1 hour  180  10.0  

2 hour  155  8.6  

3 hour  140  7.8  

 

Although more time consuming the two step process is still recommended throughout the 

world in various countries for its fewer false positives (48). 

4.1.4. Management of Gestational Diabetes Mellitus 

4.1.4.1. Medical Nutrition Therapy (MNT)  

The mainstay of treatment in GDM is diet irrespective of initiation of pharmacotherapy.  

Dietary control with a decrease in fat consumption and the replacement of complex 

carbohydrates for refined carbohydrates aims to achieve and maintain the maternal blood 

levels essential during gestation.  The two approaches that are recommended are either 

through a daily regimen of three meals and three or four snacks with a proportion of 

carbohydrates of 40% or by lowering the glycemic index so that carbohydrates constitute 

about 60% of the daily intake. Nutritional counseling is also recommended by ADA, in 

available settings to create a personalized diet plan for patients height and weight (54). 
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4.1.4.2. Pharmacotherapy for GDM 

Once the failure of non-pharmacological treatment has been established, ACOG 

recommends the first line of therapy remain insulin after starting at a dose of 0.7-1.0 

units/kg daily.  If the patient is unable to take insulin, metformin can be started after 

explaining the unknown risks due to no long term studies on the effect on the offspring 

and the possibility of preterm birth (55).  ADA however recommends Sulfonylureas in 

the event of inability to neither give insulin or reach euglycemia with metformin alone 

(56).       

4.2. Complications of Gestational Diabetes mellitus in the Offspring 

For pregnant women with poorly controlled GDM, the risk of the offspring to be born 

with birth defects is about 6-10%; which is two-fold the risk when compared to women 

with well controlled GDM.  Some of the birth defects that have been documented in the 

past are spinal cord defects (spina bifida), heart defects, skeletal defects, and defects in 

the genitor-urinary system (57).  Moreover, they may have multiple other complications 

arising soon after birth in the neonatal period and later in life into their childhood.  

4.2.1. Short term complications of GDM 

The short term complications can be the ones that either hinder an uneventful birth 

process like macrosomia resulting in shoulder dystocia or manifest within hours of life 

such as neonatal hypoglycemia leading to hypoglycemic seizures (28). 
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4.2.1.1. Macrosomia, hypoglycemia and hyperbilirubinemia 

The most frequent complication of GDM has been documented to be macrosomia in the 

babies (27).  According to a Nigerian study, about 36 % of children born to GDM 

mothers were Large for Gestational Age (LGA- baby weighing greater than 90
th

 

percentile for age) (58) and an equal proportion of babies born to GDM mothers were 

found to be born prematurely. The mean weight of babies born to mothers with 

gestational diabetes mellitus was found to be 4.37 ± 0.77 (59).  Thirty four percent of 

them developed respiratory distress while one fourth developed hyperbilirubinemia. At 

60 hours of age, LGA infants of diabetic mothers had significantly higher serum bilirubin 

concentrations (12.3 ± 2. 1 mg/100 ml) than for appropriate for gestational age infants of 

diabetic mothers (7.6 ± 3.9 mg/100 ml) or control infants (7.8 ± 2.8 mg/100 ml) with p-

value of <0.001 (60).   

Moreover, LGA babies who were infants of diabetic mothers were twice likely to have 

shoulder dystocia during delivery than LGA babies of non-diabetic mothers, most 

probably due to the increased deposition of fat in the baby’s shoulders.  About 3-9 % of 

Erb’s palsies occur in infant of diabetic mothers and 85% of whom are LGA (61).  The 

incidence of polycythaemia and congenital anomalies was found to be 5 % each.  Nearly 

half of the patients (47 %) required admissions in Neonatal Intensive Care Units for 

management of hypoglycemia and its complications (62).  
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4.2.2. Long term complications 

While the long-term maternal metabolic risk after GDM has already been well 

established, the long-term risks for the offspring are much less explored.  While studies 

in adult offspring of GDM mothers are limited, several studies exist in children from 

different populations, involving a mix of different maternal diabetes types.  A  majority 

of these studies found an increased risk of diabetes and obesity in children exposed to 

maternal diabetes (63).  

4.2.2.1. Obesity and diabetes 

In a prospective study done in the 1980’s in the United States, impaired glucose tolerance 

was observed in 36% of the offspring of diabetic mothers, either gestational diabetes 

mellitus (GDM) or pre-gestational diabetes mellitus (PDM).  Risk of becoming 

“overweight” was found to be 2 folds higher in offspring of GDMs and offspring of 

PDMs In infant of diabetic mothers, the percentage of obesity (Symmetry Index > 1.2) 

showed a significant increase from 11.2% (1 to 4 yr of age) to 25.8% (5 to 9 yr) (p-value 

< 0.05) (64).  Also, a significant increase of overweight during childhood of Infant of 

Diabetic mothers (p-value < 0.005) was observed when BMI of 95
th
 percentile was used 

to determine overweight.  LGA infants displayed a higher percentage of overweight 

(Symmetry Index > 1.1) in childhood than appropriate for gestational age infants (p-

value < 0.05) (65).  
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The risk of developing “metabolic syndrome” was found to be 4 times higher in 

offspring of diabetic mothers and offspring of pre-gestational diabetic mothers.  In a long 

term follow up of 207 gestational diabetes mothers in the US in 2005, Boney et al.  

showed that the macrosomic (LGA) infants of GDM mothers have a 50% prevalence of 

metabolic syndrome during late childhood.  The metabolic syndrome was defined as 

having two or more of the following conditions: obesity (BMI >85
th

 percentile), 

hypertension (systolic or diastolic BP > 95
th

 percentile), high triglyceride (>95
th

 

percentile for age), and low HDL (less than 5
th

 percentile for age).  The prevalence of 

metabolic syndrome was also found to be high in large for gestational age babies of 

GDM mothers but not as high as those of non-diabetic mothers (66). 

4.2.2.2. Neuro-motor developmental outcome  

A study from Poland in 1994 has demonstrated that high levels of HbA1C of the mother 

during the pregnancy to be associated with smaller head circumference at 3 years which 

was in turn was found to be associated with poorer intellectual performance.  Likewise, 

poor psychomotor development (at 6-9 years of age) was retrospectively seen to be 

associated with high maternal ketone concentrations in the II and III trimester of 

pregnancy (67).  Positive correlation between maternal ketonuria (a predictor of 

uncontrolled GDM) and decreased intelligence in the offspring was suggested by 

Churchill et all in 1969 (68).  

The ‘Mysore Parthenon study’, one of the very few long term, large cohort follow up 

study on offspring of Diabetic mothers that included children born to 663 women in 
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Mysore, showed that the newborn offsprings were smaller, lighter but relatively more 

adipose compared with Caucasian children.  Mothers with gestational diabetes had 

babies that were heavier (3, 339 g compared with 2, 956 g for non-diabetic mothers) and 

had higher measurements of fat, muscle, and skeleton.  Even among non-diabetic 

pregnancies, neonatal weight, head circumference, and Ponderal index were positively 

related to maternal fasting glucose concentrations (p-value < or = 0.05 for all) (69).  In 

all children, at 5 and 9.5 years, subcutaneous adiposity, was a strong risk factor for 

higher blood pressure, insulin resistance (HOMA-IR) and fasting triglyceride 

concentrations (70). They also observed that smaller birth size, especially head 

circumference, was associated with lower cognitive abilities at 9–10 years of age in their 

cohort (71).  

A comparative cross-sectional study of 57 children born to well controlled, diabetic 

mothers and of 32 children born to 32 women with gestational diabetes in Canada found 

that children of early school age with maternal GDM had lower verbal intelligence 

quotients (IQs), gross motor functions, and less ability to concentrate.  These effects 

negatively correlated with the degree of maternal glycaemic control, and were found 

more pronounced in younger children (72).   

A longitudinal study following two Canadian birth cohorts with 221 cases and 2612 

controls assessed neurodevelopment in ODMs (Offsprings of Diabetic mothers) and 

offsprings of non-diabetic mothers during 18 months to 7 years of age and found that 

infants of diabetic mothers scored significantly lower (0.27-0.41 SD lower) in expressive 
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language scores at various age groups including at 18 months of age (73).   A concurrent 

cohort study done in Lund, Sweden set out to compare the pattern of hospital care of 

children born to 82, 684 GDM women, 3, 874 PDM (Pre-gestational Diabetes Mellitus) 

women and 12, 13, 957 controls by linking the Swedish Medical Birth Registry with the 

Hospital Discharge Registry.  Similar comparisons were performed in a local well-

controlled group of 326 children born to GDM women in the Lund area.  Children of 

PDM and GDM mothers, both had a statistically significant increase (OR of 2.30 and 

1.36 for PDM (1089/3874, 28.1%) and GDM (1403/8684, 16.1%) respectively) in 

hospitalizations, seen up to 10yr of age.  And the causes were predominantly neuro-

motor developmental disorders in both children of PDM and GDM mothers (74).  

A review by RJ Van Lieshout and MH Boyle looking at associations between 

macrosomia at birth and psychopathology has documented significant associations with 

birth weights >4500 g and inattention, hyperactivity, impulsivity, aggression and 

delinquency among 10 to 12year-old Dutch youth and increased levels of self-reported 

social problems and a trend towards elevated levels of internalizing (depressive/anxiety 

symptoms) among 14-year-old Canadian children but was not statistically significant 

(75).  

4.3. Pathophysiology of development of observed complications 

Abnormal metabolisms in the mother’s body, e. g.  production of potentially neurotoxic 

ketones during the second half of the pregnancy, can interfere with the development of 

the central nervous system (CNS) of the fetus.  Complex growth and development related 
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events in the cerebral cortex, such as migration, differentiation and layering of the 

cortical neurons are still occurring, during the latter months of the pregnancy while and 

axon and dendrite growth, synapse formation and myelin formation just begin to happen.  

Thus, very sensitive processes occur in the CNS even up to delivery, which in the event 

of any disturbance may result in developmental disorders.  To support this theory, 

association between third trimester metabolic control in mothers with PDM and the 

intellectual development of their offsprings was suggested by previous studies (76–79).  

4.3.1. GDM and associated Cardio-Renal Metabolic Syndrome (CRS) in offspring 

GDM in the mother causes an imbalance in the levels of leptin / adiponectin in the 

neonate of a mother affecting the neurodevelopment of appetite centers in the 

hypothalamus resulting in hyperphagia.  Diabetes during pregnancy creates an 

inflammatory response at the level of the placenta.  The ROS (Reactive Oxygen Species) 

generated in the maternal-fetal placental microenvironment can produce inhibitory or 

permissive gene expression leading to chromatin epigenetic remodeling of genes in 

multiple organs such as the pancreas, kidney, heart, and muscle.  The future development 

of the CRS is facilitated by these alterations in the transcriptome and the occurrence of 

persistent stressors in the future life of the offspring (80).  
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Figure 2: Pathophysiology of development of Cardio-Renal Metabolic syndrome in 

offspring of GDM mothers  

 

Garcia-Vargas L, Addison SS, Nistala R, Kurukulasuriya D, Sowers JR.  Gestational 

Diabetes and the Offspring: Implications in the Development of the Cardiorenal 
Metabolic Syndrome in Offspring.  Cardiorenal Med.  2012 May;2 (2):134–42.   
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4.3.2. Nutritional status impairments 

Obesity in ODMs although proven in various studies followed a peculiar pattern.  The 

children even though weighed more than regular babies at birth, equaled the weight of 

infants of non-diabetic mothers at 1 year of age.  A study done in Sweden showed that 

they started gaining more weight than their counterparts at 3 years, peaked at around 6 

years and by 8 years, 50% of them were obese (79).  

4.4. Development of complications over time 

4.4.1. Barker’s Hypothesis: 

David Barker, a  British epidemiologist proposed in the 1990s that intrauterine growth 

retardation, low birth weight, and premature birth have a causal relationship to the 

origins of hypertension, coronary heart disease, and non-insulin-dependent diabetes, in 

middle age (81).  He was one of the first few to put forth the idea that intrauterine and 

immediate neonatal insults could result in well known chronic disorders in adults.  

4.4.2. Metabolic Syndrome in offspring and GDM in mother: 

A longitudinal cohort study done in the US in 2005 evaluated children at ages 6, 7, 9 and 

11 who were large for gestational age and appropriate for gestational age born to mothers 

with or without GDM.  The results showed that the LGA offspring of diabetic mothers 

had 3.6 fold higher risk of developing metabolic syndrome by 11 years when compared 

to the control group.  This study portrayed clearly the perpetuating cycle of obesity, 

resistance to insulin and worsening consequences in subsequent generation (66).    
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Significant reductions in the rates of perinatal mortality and congenital malformations in 

offspring of diabetic mothers (ODMs) has been achieved owing to the strict sugar control 

that has been the norm of treatment for GDM in the past decade (75). So much so, that 

infants of Diabetic mothers are no more considered as being of high risk once they cross 

the early neonatal period in most secondary health care settings. However, recent 

research indicates that these children remain at increased risk for developmental 

disturbances, including obesity, impaired glucose or diabetes and diminished 

neurobehavioral development (66). 

4.4.3. Attention-deficit / Hyperactivity Disorder (ADHD) in children and maternal 

GDM: 

A study in the US, which was a part of an ongoing cohort that studied 212 preschool 

children in the year 2012 showed that maternal GDM was associated with a two-fold 

increase in the risk of ADHD by 6 years of age.  GDM by itself was found to be a 

significant risk factor, but when combined with low socioeconomic status (SES), the 

results were alarming.  There was a 14-fold (p-value = 0.006) increased risk of ADHD in 

children who were exposed to both GDM in mother and lower socio-economic status 

(82).  

4.4.4. Cognitive impairment in children and maternal GDM: 

In a systematic review and meta-analysis from literature done in 2015, infants (1–2 

years) of diabetic mothers were seen to score significantly lower in mental and 
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psychomotor development compared to the other infants.  The effect size for mental 

development was found to be -0.41 (95% CI -0.59, -0.24; p<0.0001) and the same for 

psychomotor development was -0.31 (95% CI -0.55, -0.07; p-value = 0.0125).  This 

study concluded that diabetes during pregnancy could be associated with lower 

intelligence quotient (IQ) scores in school-age children.  However it also suggested that 

more trials be done involving larger populations to elucidate whether gestational diabetes 

mellitus (GDM) has a negative impact on the offspring’s CNS (83).  
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5. Methodology 

5.1. Study setting: 

The Community Health and Development (CHAD) hospital, a 135-bedded secondary 

care hospital is run by the department of Community Health, Christian Medical College, 

Vellore, and is situated in a semi-rural area in Vellore District of Tamil Nadu, India.  It 

provides secondary level maternal and child health services along with providing general 

medical care.  On an average, the hospital handles around 300 out-patients in a day.  The 

number of outpatient visits annually is around 1, 10, 885, of which 18, 740 (17%) are for 

pregnancy related care.  The annual inpatient load is 10, 1168 and there are around 3, 264 

deliveries which occur every year in the hospital (Source: Annual statistics, CHAD 

hospital 2016, Dept.  of Community Health, CMC).  People residing in Vellore, adjacent 

districts of Arni, Thiruvannamalai, Anaicut, Arcot and Polur seek health care at the 

hospital.  Most patients visiting the hospital are from a rural and semi-urban background, 

a few of them also from the tribal dwellings of the Jawadhi hills in the district (84).  This 

study was conducted on the children who delivered in this hospital carried out by 

meeting the participants at their homes which were situated in the Districts of Vellore, 

Arni, Polur, Anaicut and adjacent villages. 

5.2. Study design: 

This is a historical cohort study, carried out on children born to women who were 

screened for gestational diabetes mellitus at CHAD hospital between March 2011 and 
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February 2013.  The offspring of women diagnosed with gestational diabetes were 

considered to be the exposed group and those born to mothers who had normal blood 

glucose levels the unexposed group.   

5.3. Inclusion criteria: Children of pregnant women screened for GDM using OGTT in 

CHAD hospital between March 2011 and February 2013, who are alive at present.  

5.4. Exclusion criteria: Children residing beyond a 50 kilometer radius of CHAD 

hospital, Bagayam, Vellore were excluded from the study.  

Figure 3: Map showing location of CHAD hospital in Vellore and a 50 km radius 

catchment area  

 

Radius around a Point on a Map [Internet].  Free Map Tools.  [cited 2017 Oct 20].  
Available from: https://www. freemaptools. com/radius-around-point. htm 
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5.5. Diagnosis of GDM in the study mothers 

In CHAD hospital, the diagnosis of GDM was based on the Carpenter & Couston’s 

criteria for tests done till November 2011 and then modified to the International 

Association of Diabetes and Pregnancy Study Group criteria after November 2011 due to 

change from ACOG guidelines to adaptation of ADA guidelines.   

1. Carpenter & Couston’s criteria (2 or more abnormal values) recommended by 

ACOG  

      Fasting >/=95mg/dl  

      One hour after 100 gram glucose administration>/=180mg/dl  

     Two hour blood glucose>/=155mg/dl  

     Three hour blood glucose>/=140mg/dl  

2. International Association of Diabetes and Pregnancy Study Group (IADPSG) (at 

least 1 abnormal value) recommended by American Diabetic Association  

      Fasting >=92 mg/dl  

      1 hour after 75 gram glucose administration >/=180mg/dl  

      2 hours after 75 gram glucose administration>/=153mg/dl  

Based on the diagnostic criteria for the appropriate time period of OGTT testing, the 

exposed and unexposed pregnant women were identified from the laboratory records of 
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the Health Information System (HIS) in the hospital.  The addresses of the exposed and 

unexposed patient were obtained from hospital records.  The potential study participants 

were contacted by phone/letter depending on the availability of their contact numbers in 

the hospital database Those who agreed to be a part of the study during the prior 

correspondence, were visited at home for obtaining informed consent and recruitment.   

5.6. Duration of study: 

The study field visits and assessment of study participants commenced in November 

2016 and ended in September 2017.  

5.7. Materials and methods: 

The proposal for this study was cleared by the Institutional review Board and Ethical 

Committee of the Christian Medical College and Hospital, Vellore (IRB Min No:9974 

[OBSERVE] dated 02.03.2016) and the study was funded by the Fluid Research Grant of 

the institution.  Written informed consent (Annexures 1-4) was obtained from the parent 

or guardian of the child before participation in the study.  Although assent was not 

needed, any child that appeared uncomfortable with the assessment process even after 

three contacts by the PI was excluded from the study and was considered as 

‘uncooperative’.  
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5.7.1. Sample Size: 

The formula used to calculate the sample size for this study was  

N= 4 *[P*Q* (Z α + Z β)
2
]/ (p1-p2)

2
  

Two sided significance levels (1-α) of 95% was used along with a power of 80.  Using an 

an odds ratio of 2 for prevalence of neuro-motor developmental delay (85).   The 

proportion of neuro-motor developmental delay was considered to be 18 % in the 

unexposed (non-GDM group) (86) and 36% in the exposed group (with GDM).  Using 

the formula and planning the ratio of unexposed to exposed to be 1:1, the sample size 

required was 95 children in each group (all in the age group of 36-59 months).    

5.7.2. Sampling method: 

List of all women who underwent GTT test in CHAD hospital between March 2011 and 

February 2013 was obtained from the Hospital Information System maintained by the 

department of Community Health, CMC.  
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Figure 4: Flow chart depicting sample selection and recruitment process: 
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Still born 
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Between January 2011 and October 2013, 1, 901 women had undergone OGTT in 

CHAD hospital.  Out of them, 1, 230 had delivered in CHAD hospital.  Matching the 

women’s pregnancies for the date of OGTT and by excluding pregnant women who had 

undergone OGTT testing during subsequent pregnancies, a total of 891 women were 

enlisted.  From the list of 891 women, 219 women with GDM and 672 women without 

GDM were identified and then further classified based on the defined criteria appropriate 

for the time of testing.  Excluding the 3 stillborns in GDM group and 16 Stillborn/END 

in the non-GDM group, 216 babies of GDM mothers and 656 babies of non-GDM 

mothers meeting the inclusion criteria were available to be contacted of which 98 were 

recruited in the GDM group and 102 in the non GDM group.  The reasons for non-

recruitment from both the groups are presented in the results section.  

The primary investigator visited all 198 children and assessed their neurodevelopment at 

their homes.  Eight children required two visits each for completion of the assessment 

since these children uncooperative for the assessment during the first visit.   The primary 

investigator was blinded to the exposure status of the children to GDM or no GDM 

among mothers during the respective antenatal periods.  During home visits, neuro-motor 

developmental and behavioral assessments were conducted before collecting information 

on risk factors mainly to minimize any possible interviewer bias in the assessment 

process.  

5.7.3. Study tools: 

Three main tools were used in the process of assessing each child during the study.  



33 
 

5.7.3.1. Structured Questionnaire (Annexure 6): 

The structured questionnaire was developed based on inputs from an institutional expert 

in developmental pediatrics and extensive literature review on assessment and risk 

factors for neuro-motor developmental delay and psycho-social problems among under 5 

children other than the exposure factor being assessed (GDM).  It included details 

pertaining to the socio-demographic factors associated with the child, antenatal history, 

history related to birth events, neonatal period and significant medical/surgical details of 

early childhood.  This questionnaire was pilot tested and then administered to the parent / 

guardian during home visits.  

5.7.3.2. Ages and Stages Questionnaire-3 (ASQ-3) (Annexure 7): 

The 30-item, ASQ-3 for assessing five domains of neuro-motor development was used 

along with the materials kit recommended by the designers of this tool, after translation 

and back translation in the regional language (Tamil).  For the effective administration of 

this tool and also the Strengths and Difficulties Questionnaire, the PI received a 10 day 

training from a psychologist from the department of Developmental Pediatrics at 

Christian Medical College, Vellore.  Age specific module of ASQ-3 was used depending 

on the child’s age at the time of assessment.    

5.7.3.3. Strengths and Difficulties Questionnaire (SDQ) (Annexure 8): 

This 25-item, 5 scale questionnaire was administered to the parent / guardian to 

questioning them regarding the child’s behavior over the past 6 months.  The Tamil 
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translated questionnaire that was available from the creators and posted on the SDQ 

official website (www. sdqinfo. com) was used for this purpose.  The child’s behavior at 

the time of assessment was not considered for documentation of behavioral abnormalities 

since stranger anxiety was a known possibility in the study age group.   

5.7.4. Study Variables: 

5.7.4.1. Outcomes based on study objectives 

5.7.4.1.1. Assessment of Neuro-motor developmental delay, Psychosocial problems 

and Nutritional status in the study children 

a) Neuro-motor developmental delay 

Domains assessed were communication, gross motor, fine motor, problem solving and 

pro-social delay using ASQ -3.  Each item (total 30 in each set of questions for age) was 

scored either as 0 (not yet), 5 (sometimes) or 10 (yes) based on whether the child was 

able to perform it in the presence of the PI.  The possible score ranged from 0 to 60 in 

each domain.  Each age group had a specific recommended cut off score to determine 

developmental delay in each domain provided by the tool (87).  Significant delay in any 

one of the domains (based on age appropriate cut offs) categorized the children into 

‘Normal’; ‘Needs home based exercise’ or ‘Requiring reassessment by a professional’ 

(Figure 5).   
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Figure 5: Example of recommended scoring system of ASQ-3 

 

 

how-asq-works. pdf [Internet].  [cited 2017 Oct 20].  Available from: 
http://agesandstages. com/wp-content/uploads/2015/02/how-asq-works. pdf 

 

b) Psychosocial problems 

The psychosocial domains assessed included emotional symptoms, conduct problems, 

hyperactivity, peer relationship problems and pro-social behavioral abnormalities.  All 

domains were assessed using the Strengths and Difficulties Questionnaire (SDQ).  

Scoring was done as recommended by the creators of the tool by giving positive and 

negative score to the appropriate questions and then getting an overall score for the first 

four domains being studied (88).  Each question received a score of 0 – 2 and each 

domain had a total of 0 – 10.  The cut-offs above which delay was determined were 

domain-wise scores of 6, 5, 8, 4 and 6 for emotional symptoms, conduct problems, 

hyperactivity, peer relationship problems and pro-social behavioral abnormalities 

respectively.  The overall score (anywhere between 0 – 40) was used to identify presence 
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of psychosocial problems if the score was above 16 on totaling the scores of all domains 

except the pro social one.  

c) Nutritional status based on anthropometric measurements 

The study participant’s height (using stadiometer), weight (by weighing scales), mid 

upper arm circumference (MUAC) and head circumference (both by measuring tape) 

were measured and WHO anthropometry software (89) was used to generate z scores for 

nutritional impairments in the study population into different grades of  malnutrition, 

obesity, stunting, wasting, microcephaly using criteria given below.  The risk factors 

associated with these nutritional anthropometric outcomes were studied.   

 

WHO nutritional status standards (90): 

 Underweight: weight for age < -2 SD of the WHO child growth standards  

 Stunting: Height for age < -2 SD of the WHO child growth standards  

 Wasting: Weight for height < -2 SD of the WHO child growth standards  

 Overweight/obese: Weight for height < -2 SD of the WHO child growth standards  

 Microcephaly: Head circumference < -2 SD of the WHO child growth standards 

 Malnutrition: MUAC < -2 SD of the WHO child growth standards  
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5.7.4.2. Survey Questionnaire for assessment of risk factors (Annexure 5): 

5.7.4.2.1. Exposure variable:  

History of GDM in the mother during index pregnancy - this information was collected 

form hospital records of the mothers during antenatal care.  

5.7.4.2.2. Socio-demographic factors: 

The socio-demographic factors taken into consideration were sex of the child, age in 

completed months, place of residence (urban/rural), education of mother, education of 

father (both in completed years), parental occupation, SES of the family (BG Prasad 

scale updated for 2017) (91).  

5.7.4.2.3. Parental factors: 

Information on parental factors such as age of the mother during index pregnancy (in 

completed years), antenatal risk factors in the mother during any pregnancy and birth 

order were obtained from hospital records for both the exposed and unexposed groups.  

5.7.4.2.4. Antenatal factors: 

No.  of antenatal visits to a health care facility, place of antenatal visits, any scans during 

antenatal period/scan abnormalities, consumption of recommended health supplements 

antenatally and any antenatal risk factors in index pregnancy (including GDM managed 

with diet/OHAs/Insulin) were the antenatal factors that were taken note of.  



38 
 

5.7.4.2.5. Intranatal factors: 

Intranatally, mode of delivery, indication in the event of instrumental or a caesarian 

section and APGAR score (at 1 and 5 minutes) – if not available, then history of whether 

the child cried at birth were all analyzed for potentially being risk factors for 

developmental delay.  

5.7.4.2.6. Post natal/childhood factors: 

Birth weight of the child (in grams), gestational age at birth (in completed weeks), 

history of any hospitalisations during the neonatal period or infancy and causes for them 

were also collected from hospital records and analysed among other variables.   

5.7.4.3. Categorization of Study variables: 

 Age of the study children was categorized as 3-4 years (36 to 47 months) and 4-5 

years (48 to 59 months).   

 Place of residence was divided into urban or rural based on the documented 

address.   

 Education of the mother and father of the study child was categorized based on 

number of years of completed schooling into higher (≥median yr), lower 

(<median yr).  

 Occupation of the mother was categorized as ‘not gainfully employed’ and 

‘gainfully employed’, while the father’s occupation was divided into ‘daily wage 

labourer or unemployed’ and ‘clerical or other occupation’.   



39 
 

 Per capita family income was used to classify the families of the study 

participants into one of the five socio-economic classes based on BG Prasad scale 

(modification 2017).  They were further categorized into ‘Upper/Middle’ (upper, 

upper middle, middle classes) and ‘Lower’ (lower middle, lower) SES.   

 Age of the mother was categorized as ‘teenage mother’ (≤19 yr at marriage) and 

others.  

 Any high risk factors during antenatal period for the index or other pregnancies 

(excluding GDM) were considered as either present or absent.    

 Number of ANC visits to health care facility was divided into adequate (≥ median 

no.  of visits), inadequate (<median).   

 Birth order was classified into ‘>2’ and ‘≤2’.   

 Birth weight was classified into ‘Low Birth Weight’ (LBW) <2500 grams, and 

‘Normal Birth Weight’ (NBW).   

 Gestational age was categorized into ‘term’ (completed 37 weeks gestation), or 

‘preterm’ (<37 completed weeks).  

 Mode of delivery was classified into Normal vaginal delivery (NVD), 

Instrumental delivery (Ventouse or forceps) and Caesarian section.   

 All other variables (GDM, Neuro-motor development, Psycho-social problems 

and nutritional status) in the study were classified based on the standards 

prescribed in literature and has been described above.    
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5.8. Data entry and Analysis: 

Data entry was done using Epidata - Version 3. 1, (The Epidata Association, Odense, 

Denmark).  Data was analysed using Statistical Package for Social Sciences (SPSS 24.0).  

The cumulative incidence of  overall neuro-motor developmental delay and different 

domains (based on ASQ-3) and Psycho-social problems (based on SDQ) in both the 

exposed (mothers with GDM) and unexposed groups (mothers without GDM) were 

estimated with 95% CI of incidence rates and relative risks (RR) with 95% CI levels was 

calculated.  For nutritional status (based on anthropometric indices), significance of 

differences in mean anthropometric measures were estimated using independent samples 

t-test.     

Bivariate analyses to check for associations between risk factors and presence of neuro-

motor developmental delay was performed using Pearson’s Chi-square test and odds 

ratio with 95% confidence intervals estimations.  Multivariate logistic regression 

analyses were performed to study associations between the overall and specific domains 

of neuro-motor developmental delay  and exposure factor (GDM in mother) after 

adjusting for potential confounders such as age, sex, residence, parental factors and 

various birth and childhood related factors.  
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6. Results 

6.1. Recruitment of study participants: 

A total of 354 children meeting the inclusion criteria from both the exposed and 

unexposed groups were enlisted to be contacted for recruitment, of whom, a total of 198 

children aged 36 – 59 months (98 in the exposed and 102 in the unexposed group) were 

included in the study.  Of the 354 children enlisted, 32 (9%) of them crossed the age of 

59 months before the PI could contact them. Also, nine (2.5%) children were not 

cooperative for assessments even after three house visits and had to be excluded from the 

analyses. Around 7 (2.5%) children had expired before the point of recruitment; 45 

(12.6%) of the children had migrated to other villages/towns; 45 (12.6%) of the 

addresses documented were not traceable, 19 (5.3%) lived farther than 50 km from 

CHAD hospital, and 1 child (0.3%) was not recruited as parents refused to participate in 

the study (Table 6. 1) 

 

 

 

 

 

 



42 
 

Table 6.1: Enrollment status of study children 

Status GDM (n%) No GDM (n%) Total n (%) 

Enrolled 96 (57. 1%) 102 (54.3%) 198 (55.6%) 

Not contactable 22 (13. 1%) 23 (12.2%) 45 (12.6%) 

Parent refusal 1 (0.6%) 0 (0.0%) 1 (0.3%) 

Child unco-operative 4 (2.4%) 5 (2.7%) 9 (2.5%) 

Child expired 2 (1.2%) 5 (2.7%) 7 (2.0%) 

Age ineligible 12 (7. 1%) 20 (10.6%) 32 (9.0%) 

Migrated 16 (9.5%) 29 (15.4%) 45 (12.6%) 

Residence (> 50 km)  15 (8.95%) 4 (2. 1%) 19 (5.3%% 

Total 168 188 356 

 

6.2. Age distribution of the study participants 

The mean (SD) age of the study cohort at the time of assessment was 48.0 (5. 1) months 

with an age range of 38 to 59 months.  The mean (SD) age of the study participants in the 

GDM exposed group was 46.9 (4.5) months and that of the non-GDM group was 49.0 

(5.5) months.  Overall, 112 (56.6%) of the cohort were in the age group of 36 to 47 

months while the proportions were 69.8% (67/96) and 44. 1% (45/102) in the exposed 

and unexposed groups respectively.  Forty three percent (86/198) of all children were 

aged between 48 to 59 months; 30.2% (29/96) in the exposed group and 55.9% (57/102) 

in the unexposed group.  The difference in proportions of children under different age 

groups between exposed and unexposed groups were statistically significant (Chi square 
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value = 12.393, p-value = 0.0004).  The age distribution of the study participants is 

presented in Table 6.2) 

Table 6.2: Age distribution of the study participants 

Age in months  

Mother GDM or Not 

Total 

GDM n (%) No GDM n (%) 

 36-47  67 (69.8%) 45 (44. 1%) 112 (56.6%) 

 48-59 29 (30.2%) 57 (55.9%) 86 (43.4%) 

 Total  96 (100%) 102 (100%) 198 (100%) 

Chi square value = 12.393, p-value=0.0004 at df = 1 

 

6.3. Sex distribution of the study participants 

Nearly 48% (95/198) of the study participants were boys while 103 (52%) of them were 

girls.  In the GDM group, the male children were 49 (51%) and the female children were 

47 (49%).  Likewise, in the non GDM group the male children were 46 (45. 1%) and the 

female children were 56 (54.9%).  There was no significant difference in sex distribution 

between the exposed and unexposed groups (Chi square value=0.700, p-value 0.403).  

The sex distribution of the study participants is presented in Figure 6 and Table 6.3. 

 

 



44 
 

Table 6.3: Sex distribution of study participants 

 

Sex  

Mother GDM or Not 

   Total GDM n (%) 
No GDM n 

(%) 

Male  49 (51.0%) 46 (45. 1%) 95 (48%) 

Female  47 (49%) 56 (54.9%) 103 (52.0%) 

Total  96 (100%) 102 (100%) 198 (100%) 

Chi square test = 0.700, p-value = 0.403 at df =1 

 

Figure 6: Sex Distribution of the Study Participants 
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6.4. Distribution of place of residence of the study participants 

Majority of the children 124 (62.6%) were residing in rural areas, as compared to 74 

(37.4%) from urban areas.  The proportions of rural-urban distribution were similar in 

both the groups (Figure 7 and Table 6.4 ).  

Figure 7: Distribution of place of residence of the study participants 

 

Table 6.4 Distribution of Place of Residence of the study participants 

Place of 
Residence 

Mother GDM or Not 

   Total GDM n (%) 
No GDM n 

(%) 

Rural 60(62.5%) 64(62.7%) 124 

Urban 36(37.5%) 38(37.3%) 74 

Total  96 (100%) 102(100%) 198(100%) 
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6.5. Educational levels among parents of the study participants 

The median (IQR) years of schooling was 10 (9 to 15) years among mothers and 10 (10 

to 12) yr among fathers.  Median years of completed education, (10 yr) was used as cut 

off for classifying the educational status into higher or lower.  Education of more than 10 

completed years of schooling was considered as higher educational status and anything 

lower was considered lower. There was no significant difference in the number of 

children in the study born to parents with lower or higher educational status in the 

exposed and the unexposed group (Chi square value=0.793, p-value 0.373) (Table 6.5) 

Table 6.5: Distribution of education of the mother of the study participants 

 

 

 

 

 

Majority of the children in the study had fathers with lower educational status, 122 

(61.6%).  But there was no significant difference in the distribution of children with 

father’s education (lower-≤median yr of education 10 yr) or higher in the GDM and the 

non GDM groups (Chi square value=0.463, p-value 0.496) (Table 6.6).  

Mothers 
education 

 

Mother GDM or Not 

         Total GDM No GDM 

Lower (≤10yr) 54 (56.3%) 52 (51.0%) 106 (53.5%) 

Higher (>10yr) 42 (43.8%) 50 (49.0%) 92 (46.5%) 

Total 96 (100%) 102 (100%) 198 (100%) 

Chi-square value = 0.793;  p-value = 0.373 at df = 1 
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Table 6.6: Distribution of education of father of the study participant 

Father’s 
education 

 

Mother GDM or Not 

Total GDM No GDM 

Lower 62 (64.6%) 60 (58.8%) 122 (61.6%) 

 Higher 34 (35.4%) 42 (41.2%) 76 (38.4%) 

Total 96 (100%) 102 (100%) 198 (100%) 

Chi square test = 0.463, p-value = 0.496 at df = 1 

6.6. Occupation of parents of the study participants 

Since most of the mothers of the study participants were home makers, the occupation of 

the mother was categorized into those not gainfully employed (172, 86.9%) and gainfully 

employed (26, 13. 1%).  But there was no significant difference between those not 

gainfully employed in the GDM group (86, 89.6%) and non-GDM group (86, 84.3%) 

(Chi square value=2.304, p-value 0.129) (Table 6.7).  

Table 6.7: Distribution of occupation of mothers of study children 

Mother’s occupation 

Mother GDM or Not 

Total GDM No GDM 

Not gainfully employed 86 (89.6%) 86 (84.3%) 172 (86.9%) 

Gainfully employed 10 (10.4%) 16 (15.7%) 26 (13. 1%) 

Total 96 (100%) 102 (100%) 198 (100%) 

Chi square test = 2.304, p-value= 0. 129 at df = 1 
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Occupation of the father of the participants was classified as any occupation with 

potentially low income like daily wage work or unemployment and the other 

occupations.  There was no significant difference in the distribution of various 

occupations among the fathers’ occupation categories of exposed and unexposed children 

(Chi square value=0.044, p-value 0.834) (Table 6.8). 

Table 6.8: Distribution of paternal occupation  

Father’s occupation* 

Mother GDM or Not 

GDM No GDM Total 

Daily wager/unemployed 56 (58.3%) 58 (56.9%) 114 (57.5%) 

Others 40 (41.7%) 44 (43. 1%) 88 (44.4%) 

Total 96 (100%) 102 (100%) 198 (100%) 

Chi square value=0.044, p-value = 0.834 at df = 1 

 

 

6.7. Socio-economic status of study participants (based on BG Prasad Scale) 

More than half (113, 57. 1%) of the children belonged to lower SES households and the 

rest (85, 43%) belonged to higher SES (Figure 8) (Table 6).  The distribution of SES of 

the child among the GDM and the non GDM group is given in Table 6.9.  
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Figure 8: SES distribution of the study participants 

 

Table 6.9: Distribution of socioeconomic status of the study participants 

 

6.8. Maternal high-risk factors during any pregnancy (excluding GDM) 

113, 57% 

85, 43% 

Socio-economic status 

Lower 

Higher 

SES 

BG Prasad* 

Mother GDM or Not 

GDM           

n (%) 

No GDM      

n (%) 

    Total 

Lower (lower middle and lower) 54 (56.3%) 59 (57.8%) 113 (57%) 

Higher (Upper, upper middle and middle) 42 (43.8%) 43 (42.2%) 85 (42.9%) 

Total 96 (100%) 102 (100%) 198 (100%) 

Chi square value = 0.018, p-value= 0.892 at df = 1 
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The proportion of mothers with antenatal risk factors in any pregnancy was found to be 

20.2% (40 out of 198).  Out of the 6 risk factors observed, the most common was 

‘previous early neonatal death (END) or still birth, which was seen in 21 (52.5%), 

followed by PIH (Pregnancy induced Hypertension) which was 10 (25%).  

Table 6. 10: Presence of antenatal risk factors (other than GDM) in the mother of 

the participant during any pregnancy  

*all other rows depict the number of risk factors observed and not the women, total 

number of risk factors seen in the study participants mothers = 40.  

6.9. Baseline Characteristics of the study participants 

Presence of risk factors in mother 

GDM or Not 

Total GDM n (%) No GDM n (%) 

Previous 1 END/Still birth 
7 (33.3%) 14 (66.7%) 21 (52.5%) 

PIH 
5 (50%) 5 (50%) 10 (25%) 

Severe pre-eclampsia 
3 (74%) 1 (25%) 4 (10%) 

Anomalous baby 
3 (100%) 0 (0%) 3 (7.5%) 

Oligohydramnios 
1 (100%) 0 (0%) 1 (2.5%) 

Previous 2 Still born 
0 (0%) 1 (100%) 1 (2.5%) 

*No of women with no risk factors 
77 (48.7%) 81 (51.3%) 158 (100%) 
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Among the children in the exposed and the unexposed groups, there were significant 

differences in mean age of study children at assessment (p-value = 0.005), mean age of 

their mother at the time of birth of the study participant (p-value = 0.021) and mean 

gestational age at birth (p-value = 0.007).  The baseline characteristics are presented in 

Table 6. 11.  

Table 6. 11: Baseline characteristics of the study participants in the exposed and the 

unexposed groups: 

Baseline Characteristics 

Exposed 

(Mother with 

GDM)  (N=96) 

Unexposed 

(Mother 

without GDM) 

(N=102) 

 

p-value 

Gender (Male) 51.0% (n=49) 45. 1% (n=46) 0.403 

Mean age of study participants (at 

assessment) in months 
46.99 ± 0.461 49.01 ± 0.547 0.005* 

Proportion of mothers with lower 

educational levels (< 10yr) 
56.3% (n=54) 51.0% (n=52) 0.373 

Proportion of fathers with lower 

educational levels (< 10yr) 
64.6% (n=62) 58.8% (n=60) 0.496 

Occupation of Mother (not gainfully 

employed) 
37.9% (n=39) 62. 1% (n=64) 0. 129 

Occupation of Father (Lower-skilled 

daily wager /lower) 
49. 1% (n=56) 50.9% (n=58) 0.834 

Belonging to lower Socioeconomic 

status  
56.3% (n=54) 57.8% (n=59) 0.892 

Mean age of mother at the time of 26.31 ±0.412 25.09 ±0.332 0.021* 
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birth of index child (yr) 

Antenatal risk factors present  during 

any pregnancy in the mother 
36.5% (n=35) 24.5% (n=25) 0.094 

Antenatal risk factors present   in 

index pregnancy (GDM excluded) 
5.2% (n=5) 5.9% (n=6) 0.836 

Death of any sibling 9.4% (n=9) 14.7% (n=15) 0.053 

Birth order of the study child (3 or 

more) 
11.5% (n=11) 11.8% (n=12) 0.946 

Number of antenatal visits by mother 

(less than 5 ) 
8.3% (n=8) 11.8% (n=12) 0.423 

Mean birth weight in grams 3, 013 ± 53 3, 101 ± 46 0.212 

Mean Gestational age (at birth) in 

weeks 
38.6 ± 0. 17 39. 1 ± 0. 11 0.007* 

Difference between 2 proportions calculated using Chi Square test and difference 

between 2 means calculated using Independent Sample t – test 

*statistically significant 

 

6.10. Cumulative Incidence of developmental delay (neuro-motor and psycho-social) 

in the study population 

 

6.10.1. Burden of Neuro-motor developmental delay in the study population 

The overall mean (SD) age of the study cohort at the time of assessment was 48.0 (5. 1) 

months with an age range of 38 to 59 months.  The mean (SD) age of the study 

participants in the GDM group was 46.9 (4.5) months and that of the non-GDM group 

was 49.0 (5.5) months.  



53 
 

The cumulative incidence of Overall Neuro-motor developmental delay (as assessed by 

the ASQ-3) was found to be 39.5 per 100 children (95% CI 30.4-50.4) (38/96) in the 

exposed group (children born to mothers with GDM) and 28.4 per 100 children (95% CI 

20.1 - 38.7) (29/102) in the unexposed (children born to mothers without GDM).  

Children born to mothers with GDM had 28% higher risk of developing neuro-motor 

developmental delay as compared to children born to mothers without GDM as indicated 

by a RR of 1.28 (0.96-1.7) and this finding was not statistically significant as indicated 

by the 95% CI (Table 6. 12).  

Table 6.12: Cumulative incidence of Neuro-motor developmental delay among 

children belonging to exposed and unexposed groups as assessed by ASQ-3 

 

GDM group (n=38) 

Cumulative 

incidence per 100 

children (95%CI) 

No GDM group 

(n=29) Cumulative 

incidence per 100 

children (95%CI) 

RR (95% CI) 

Overall Neuro motor 

developmental delay 39.5 (30.9-50.6) 28.4 (20. 1-38.7) 
1.28 (0.96-1.7) 

     

6.10.2. Cumulative incidence of neuro-motor developmental delay by different 

domains as assessed by ASQ-3 in the study participants 

The cumulative incidences of delay in ‘Communication’ was 2.08 (95%CI 0.5 - 8.0) per 

100 children in the exposed group and 1.9 (95%CI 0.5 – 7.7) in the unexposed group and 

the differences was not statistically significant. The cumulative incidence of ‘gross motor 
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delay’ was 5.2(95%CI 2.2 – 12.2) in the GDM group and 5.8 (2.7 – 12.8) in the non-

GDM group respectively.   

However, children from the exposed group had significantly excess risk of developing 

delay in ‘Fine motor’ and ‘Problem solving’ domains as compared to unexposed children 

as indicated by RR of 1.5 (95% CI 1.11-2.03) and 1.52 (95% CI 1. 14-2.03) respectively.  

There was no statistically significant association between the two groups in terms of 

‘Personal social’ domain. The incidence rates and RR with 95% CI levels in different 

domains across neuro-motor development in both exposed and unexposed groups are 

presented in Table 6. 13.  

Table 6.13: Cumulative incidence of Neuro-motor developmental delay by different 

domains in the study participants as assessed by ASQ-3: 

Neuro-motor 

developmental delay 

 

GDM group 

 

No GDM group) 

RR (95% CI)  

(n) 
Cumulative 

incidence per 100 

children (95%CI) 

 

(n) 
Cumulative 

incidence per 

100 children 

(95%CI 

Communication delay     

   2 
2.08 (0.5-8.0) 

 

  2 
1.9 (0.5-7.7) 1.03 (0.38-2.78) 

Gross motor delay    

   5 
5.2 (2.2-12.2) 

 

6 
5.8 (2.7-12.8) 0.93 (0.48-1.81) 

Fine motor delay  

 19 
19.8 (13.2-29.6) 

 

9 
8.8 (4.7-16.5) 1.5 (1. 11-2.03)* 

Problem solving 
delay 

 

23 23.9 (16.8-34.2) 
 

11 10.8 (6.2-18.8) 1.52 (1.142.03)* 

Personal social delay    

  13 
13.5 (8. 1-22.4) 

 

16 
15.7 (10.0-24.6) 0.91 (0.59-1.41) 
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6.10.3. Psychosocial problems 

The cumulative incidence (95% CI) of overall psychosocial problems among the study 

participants who were exposed was found to be 7.3 (3.6-14.9) per 100 children and 

among the unexposed was 4.9 (2. 1-11.5) per 100 children.  The relative risk was found 

to be 1.22 with 95% CI of 0.74 – 2.01 and the excess risk of 22% observed in the 

exposed group was not statistically significant (Table 6. 14).  

Table 6. 14 Cumulative incidence of Psycho-social problems among the exposed and 

the unexposed in the study population as assessed by SDQ 

 

GDM group 

(n=7) 

Cumulative 

incidence per 

100 children 

(95%CI) 

No GDM 

group (n=5) 

Cumulative 

incidence per 

100 children 

(95%CI) 

RR (95% CI) 

Psycho-social problems 7.3 (3.6-14.9) 4.9 (2. 1-11.5) 
1.22 (0.74-2.01) 

 

6.10.4. Cumulative incidence of psychosocial problems in the study participants by 

different domains as assessed by SDQ 

The cumulative incidence rates (95% CI) of problems in various psychosocial domains 

as assessed by the SDQ were 5.2 (2.2-12.2; 39.5 (30.9-50.6); 6.2 (2.9-13.6); 8.3 (4.3-
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16.2) and 6.2 (2.9-13.6) per 100 children in the ‘Emotional’; ‘Conduct’; ‘Hyperactivity’; 

‘Peer problems’ and ‘Pro-social’ domains respectively in the exposed children.  In the 

unexposed group, the cumulative incidence rates (95% CI) were found to be 7.8 (4.0-

15.2); 36.2 (28-46.9); 2.9 (1-8.9) and 4.9 (2. 1-11.5) per 100 children in the ‘Emotional’; 

‘Conduct’; ‘Hyperactivity’; ‘Peer problems and ‘Pro-social’ domains respectively.    

The RR with 95%CI indicate that children born to mothers with GDM did not experience 

significantly higher risk of developing psycho-social problems when compared to 

children born to mothers without GDM.  The results are presented in Table 6. 15.  

Table 6.15: Prevalence of Psycho social problems by different domains seen in the 

study participants as assessed by SDQ: 

  

 

Domains of psycho 

social development 

GDM group  No GDM group 

RR (95% CI)  

(n) 

Cumulative 

incidence per 100 

children (95%CI) 

 

(n) 

Cumulative 

incidence per 

100 children 

(95%CI) 

Emotional problems  
 

5 
5.2 (2.2-12.2) 

 

8 
7.8 (4.0-15.2) 0.78 (0.39-1.58) 

Conduct problems   
 

38 
39.5 (30.9-5.6) 

 

37 
36.2 (28.0-46.9) 1.07 (0.8-1.44) 

Hyperactivity   
 

6 
6.2 (2.9-13.6) 

 

3 
2.9 (1.0-8.9) 1.4 (0.86-2.28) 

Peer problems  
 

8 
8.3 (4.3-16.2) 

 

5 
4.9 (2. 1-11.5) 1.29 (0.82-2.04) 

Pro-social problems  
 

6 
6.2 (2.9-13.6) 

 

5 
4.9 (2. 1-11.5) 1.22 (0.74-2.01) 
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6.10.5. Nutritional status of the exposed and unexposed study children 

The mean (SD) height and weight of the study participants at the time of assessment 

were 99.7 (5.3) cm and 14.26 (2.25) kg respectively.  Also, the mean (SD) head 

circumference and mid-upper arm circumference of the study participants were 48.26 

(1.55) cm and 15.20 (1.33) cm respectively.  The distribution of mean values of different 

anthropometric measurements are presented in Table 6. 16.  The difference of -0.51 kg in 

the mean weight among the exposed children was statistically significant as indicated by 

independent sample’s t test value; p=0.045.  

Table 6.16: Baseline anthropometric measurements 

Anthropometric     

Measurements 

 (current) 

Exposed 

 (N=96) 

Unexposed 

 (N=102) 

 

p-value 

Mean Weight (kg) 13.99 ± 0.22 14.5 ± 0.22 0.045* 

Mean Height (cm) 99.01 ± 0.45 100.53 ± 0.59 0. 102 

Mean Head circumference (cm) 48.29 ± 0. 17 48.23 ± 0. 13 0.769 

Mean MUAC (cm) 15.11 ± 0. 13 15.28 ± 0. 13 0.366 

*statistically significant by independent samples t test 

The proportions of children with ‘Stunting’ (HAZ<-2) were 11.5% (11/96) and 8.8% 

(9/102) in the exposed and unexposed groups.  Proportion of ‘Underweight’ (WAZ <-2) 

children was higher in the exposed group (22.9%; 22/96) as compared to the unexposed 

group (16.7%; 17/102).  Similar trend was observed for microcephaly and MUAC 
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measurements.  The difference in proportions between the groups were not statistically 

significant as observed by Chi square test p-values.  The proportions of various 

anthropometric indices across the groups are presented in Table 6. 17.  

Table 6. 17: Nutritional status of the study participants at the time of assessment 

Nutritional status 

 

Exposed 

(n=96) 

Unexposed 

(n=102) 
p-value 

GDM No GDM 

Wasted (Weight of 

height Z score < -2) 
14 (14.6%) 16 (15.7%) 0.829 

Overweight / Obese 

(Weight for height Z 

score > 2) 

1 (1.0%) 2 (2.0%) 0.539
#
 

Stunted (Height for 

age Z score < -2 ) 
11 (11.5%) 9 (8.8%) 0.539 

Underweight 

(Weight for age Z 

score <- 2) 

22 (22.9%) 17 (16.7%) 0.269 

Microcephaly (Head 

circumference Z 

score < -2) 

17 (17.7%) 14 (13.7%) 0.441 

At risk/ malnutrition 

(MUAC Z score < -

2) 

10 (10.4%) 7 (6.9%) 0.372 

By Chi square test p-value except - 
# 

by Fischers Exact test p-value 

 

6.11. Associations between neuro-motor developmental delay and GDM 

A total of 38 (39.6%) of children born to GDM mother had neuro-motor developmental 

delay as compared to only 29 (28.4%) of those born to non-GDM mothers.  Exposed 

children had 1.65 times higher odds of having neuro-motor developmental delay but this 
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finding was not statistically significant as indicated by the Chi-square test p-value  > 0.05 

and the OR 1.64 (95%CI 0.91-2.98) as presented in Table 6. 18.  

Table 6.18  Association between GDM and Neuro-motor developmental delay in the 

offspring (assessed by ASQ-3) 

 

 

 

 

 

 

Out of the five domains of neuro-motor development, two of them (fine motor domain 

OR = 2.22 (95%CI 1.09-5.95) and problem solving domain OR = 2.60 (95%CI 1.19-

5.69) were found to be significantly associated with GDM in the mother of the study 

participant during the index pregnancy.  The association between the various domains of 

neuro-motor development and exposure to GDM antenatally is presented in Table 6. 19.   

  

 

Mother had 
GDM or not 

Neuro-motor development 

Total 
Developmental 

delay n (%) Normal n (%) 

GDM 38 (39.6%) 58 (60.4%) 96 

No GDM 29 (28.4%) 73 (71.6%) 102 

Total 67 (33.8%) 131 (66.2%) 198 

Chi square value = 2.747, p-value = 0.097 at df = 1 

OR = 1.64 (95%CI 0.91-2.98) 
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Table 6.19: Association between GDM in mother and domain wise neuro-motor 

development in the offspring (assessed by ASQ-3) 

 

Domain of 

ASQ -3 

GDM status 
of mother 

 Development n (%) Tests of significance 

Delayed  

 (n=67) 

Normal    

 (n=131) 
p-value 

OR 

 (95% CI) 

 

Communication 

GDM 2 (2. 1%) 94 (97.9%) 

    1.000 
1.06 

 (0. 14 - 7.70) No GDM 2 (2%) 100 (98%) 

Gross motor 

GDM 5 (5.2%) 91 (94.8%) 

   0.836 
0.87 

 (0.25 - 2.98) No GDM 6 (5.9%) 96 (94. 1%) 

Fine motor 
GDM 19 (19.8%) 77 (80.2%) 

   0.027 
2.550* 

 (1.09 - 5.95) No GDM 9 (8.8%) 93 (91.2%) 

Problem solving  

Domain 

GDM 23 (24%) 73 (76%) 

0.014 
2.606* 

 (1. 19 - 5.69) No GDM 11 (10.8%) 91 (89.2%) 

Personal social 
GDM 13 (13.5%) 83 (86.5%) 

0.670 
0.842 

 (0.38 - 1.85) No GDM 16 (15.7%) 86 (84.3%) 

 

6.12. Associations between psychosocial problems and maternal GDM 

The overall prevalence of psychosocial problems in this study was 6.6% (n=13 out of 

198).  The prevalence among those with exposure to GDM was 5.2% (n=5) and among 

the unexposed 7.8% (n=8).   There was no significant association noticed between the 

psychosocial development of the child and the exposure to GDM during intrauterine life 
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{Chi square value=0.560, p-value=0.454; OR (95% CI) = 0.64 (0.20 - 2.04)} (Table 6. 

20).  

Similarly no significant association (p-values 0.454, 0.631, 0.320 0.330 and 0.679) was 

seen between the various domains of psychosocial development and mother’s GDM 

status (Table 6.21).   

Table 6.20: Association between GDM in mother and psycho-social problems in the 

offspring (assessed by SDQ) 

GDM in mother Vs.  Psycho-social problems in participants 

GDM status of mother 

Psychosocial problems n (%) 

Total Present Absent 

GDM 5 (5.2%) 91 (94.8%) 96 

No GDM 8 (7.8%) 94 (92.2%) 102 

Total 13 (6.6%) 185 (93.4%) 198 

Chi square value=0.560, p-value=0.454, OR (95% CI) = 0.64 (0.20 - 2.04) 
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Table 6.21: Association between GDM in mother and domain wise psychosocial 

problems in the offspring (assessed by SDQ) 

 

Domain of 

SDQ 

GDM status of 
mother 

Psycho social problems 
n (%) 

7. p-value OR (95% CI) 
Present 

 (n=67) 

Absent 

 (n=131) 

Emotional 

problems 

GDM 5 (5.3%) 91 (94.7%) 
0.454 

0.64 

 (0.20 - 2.04) 
No GDM 8 (7.9%) 94 (92. 1%) 

Conduct 

problems  

GDM 38 (39.6%) 58 (60.4%) 
0.631 

1. 15 

 (0.64 - 2.04) 
No GDM 37 (36.3%) 65 (63.7%) 

Hyperactivity 

problems 

GDM 6 (6.3%) 90 (93.8%) 

0.320 
2.20 

 (0.53 - 9.05) 
No GDM 3 (2.9%) 99 (97. 1%) 

Peer problems 

GDM 8 (8.3) 88 (91.7%) 

0.330 
1.76 

 (0.55 - 5.59) No GDM 5 (4.9%) 97 (95. 1%) 

Pro-social 
problems 

GDM 6 (6.2%) 90 (93.8%) 

0.679 1.29 

 (0.38-4.38) No GDM 5 (4.9%) 97 (95. 1%) 

 p-values were generated using Fischer’s Exact test if n>3 in any of the cells(others 
by Chi-square test) 
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6.13 Association between Neuro-motor developmental delay and various exposure 

factors 

6.13.1 Association between socio-demographic factors and neuro-motor 

developmental delay 

Various risk factors of neuro-motor developmental delay were studied using bivariate 

analysis to ascertain their association.  Analysis showed no significant association 

between age (36-48 months; 36 (32. 1%) in the GDM group as compared to 76 (67.9%) 

in the non-GDM group), sex or lower SES (n=25, 36.2% in the GDM group as compared 

to n=44, 63.8% in the non-GDM group ) and neuro-motor developmental delay in the 

study participants (p-values 0.145, 0.565 and 0.975) (Table 6.22).  

Table 6.22: Bivariate  analysis of socio-demographic risk factors for neuro-motor 

developmental delay 

Risk factors 
Neuro-motor 

developmental 

Delay (N= 67) n% 
(%) 

Normal 
(N=131) n (%) 

OR (95% CI)   p-value 

Sex 
Male 37 (38.9%) 58 (61. 1%) 

1.55 (0.85 - 2.80) 0. 145 

Female 30 (29. 1%) 73 (70.9%) 

Age in 

months 

36-48 36 (32. 1%) 76 (67.9%) 
0.84 (0.46-1.52) 0.565 

49-59      31 (36%) 55 (64%) 

SES  

 (BG 
Prasad) 

Lower 25 (36.2%) 44 (63.8%) 

1. 17 (0.63-2. 17) 0.975 

Higher 42 (32.6%)     87(67.4%) 
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6.13.2 Association between parental factors and neuro-motor developmental delay 

Parental factor such as education of mother and father, occupation of mother and father 

and age of mother during the time of index pregnancy was analyzed for association with 

neuro-motor developmental delay in the child.  But in the study participants there was no 

significant association between lower education of mother (n=41 (, 38.7% in the exposed 

group as against n=65, 61.3% in the unexposed group) or father (lower occupation with 

low earning capacity of mother or father (n=42 (36.8%) in the GDM group as compared 

to n=72 (63.2%) in the non-GDM group), being born to a teenage mother and neuro-

motor developmental delay in offspring (Table 6.23 ).   

Table 6.23: Bivariate analysis of parental risk factors for neuro-motor 

developmental delay 

Risk Factors 

 

 

Neuro-motor development 
OR 

 (95% CI) 

 

p-value 
Delay 

(N= 67)n (%) 

Normal 

(N=131)n (%) 

Education of 

mother 

Lower (≤ 10 yr) 41 (38.7%) 65 (61.3%) 1.60 

 (0.88-2.91) 
0. 122 

Higher (> 10 yr) 26 (28.3%) 66 (71.7%) 

Education of 
father 

Lower (> 10 yr) 41 (33.6%) 81 (66.4%) 0.97 

 (0.53-1.78) 
0.930 

Higher (> 10 yr) 26 (34.2%) 50 (65.8%) 

Occupation of 
mother 

 

Not gainfully employed 54 (34.6%) 102 (65.4%) 1. 18 

 (0.56-2.45) 
0.656 

Gainfully employed 13 (31%) 29 (69%) 
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Occupation of 
father 

 

Skilled Daily wager 
/lower 

42 (36.8%) 72 (63.2%) 1.37 

 (0.75-2.51) 
0.298 

Higher 25 (29.8%) 59 (70.2%) 

Age of mother 

at the time of 

index 

pregnancy 

Teenage (≤ 19 yr) 5 (62.5%) 3 (37.5%) 
3.44 

 (0.79-14.86) 
0. 123 

Others (≥20 yr) 62 (32.6%) 128 (67.4%) 

 

6.13.3 Association between birth related factors and neuro-motor developmental 

delay 

Among the birth related risk factors, children of mothers who had high risk factors 

present during any of their pregnancies had a significant 2.7 times higher odds of 

developing neuro-motor developmental delay as compared to children born to women 

without high risk factors (n=21 (52.5%) in exposed group as compared to 19 (47.5% in 

the unexposed group).  Other factors such as death of sibling (n=11, 45.8% in the GDM 

group as compared to n=13, 54.2% in the unexposed group), birth order of ≥ 3, 5 or less 

antenatal visits and low birth weight (n=11, 42.3% in the GDM group as compared to 15, 

57.7% in the non-GDM group) to healthcare facility and low birth weight were not 

significantly associated with neuro-motor developmental delay in the study children 

(Table 6.24). 
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Table 6.24: Bivariate analysis of Birth related risk factors for neuro-motor 

developmental delay 

Risk Factors 

Neuro-motor 

developmental 
OR 

 (95% CI) 
p-value 

Delay 

(n=67) 

Normal 

 (n=131) 

Risk factors in 

mother* 

Present 21 (52.5%) 19 (47.5%) 
2.69 (1.32-5.46) 0.005* 

Absent 46 (29. 1%) 112 (70.9%) 

Death of 

Sibling 

Present 11 (45.8%) 13 (54.2%) 
1.78 (0.75-4.22) 0. 185 

Absent 56 (32.2%) 118 (67.8%) 

Birth order 
≥ 3 10 (43.5%) 13 (56.5%) 

1.59 (0.65-3.85) 0.299 

< 3 57 (32.6%) 118 (67.4%) 

ANC visits 
≤ 5 7 (35%) 13 (65%) 

1.05 (0.40-2.79) 0.908 

> 5 60 (33.7%) 118 (66.3%) 

Birth Weight 
LBW

#
 11 (42.3%) 15 (57.7%) 

1.51 (0.65 - 3.52) 0.327 
Others 56 (32.6%) 116 (67.4%) 

* during any pregnancy, 
# 
Low Birth Weight (LBW) < 2500 grams 

6.13.4 Association between neonatal or childhood illnesses and neuro-motor 

developmental delay 

History of hospitalisation for neonatal hyperbilirubinemia requiring phototherapy 

or prior episodes of febrile seizure among the children were not significantly 
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associated with neuro-motor developmental delay (p-values of 0.254 and 0.230) 

(Table 6.25).  

Table 6.25: Bivariate analysis of neonatal or childhood illnesses for neuro-motor 

developmental delay 

Risk Factors 

Neuro-motor 

developmental OR 

 (95% CI) 

 

p-value Delay 

 (N= 67) 

Normal 

 (N=131) 

History of 

neonatal 
jaundice 

Present 14 (42.4%) 19 (57.6%) 

1.55 (0.72- 3.34) 0.254 

Absent 53 (32. 1%) 112 (67.9%) 

History of 

febrile seizures 

Present 4 (57. 1%) 3 (42.9%) 
2.70 (0.58-12.47) 0.230 

Absent 63 (33%)    128(67%) 

 

6.13.5Association between nutritional status at assessment and neuro-motor 

developmental delay 

At risk / malnutrition (MUAC less than -2 Z score), underweight (WAZ<-2 score), 

stunting (HAZ<-2), wasting (WFH<-2) and microcephaly (HC<-2) in the study 

participants at the time of assessment were not significantly associated with an increased 

risk of neuro-motor developmental delay (Table 6.26). 



68 
 

Table 6.26: Bivariate analysis of Nutritional risk factors for neuro-motor 

developmental delay 

        Risk Factors 

Neuro-motor 

developmental 
 

OR 

 (95% CI) 

 

p-value Delay 

(N= 67) 

Normal 

(N=131) 

At risk/ 

malnutrition 
(MUAC) 

Present 6 (35.3%) 11 (64.7%) 0.93 

 (0.32-2.64) 
0.894 

Absent 61 (33.7%) 120 (66.3%) 

Underweight 

 (Weight for age) 

Present 16 (41%) 23 (59%) 1.47 

 (0.71-3.02) 
0.290 

Absent 51 (32.1%) 108 (67.9%) 

Stunting 

 (Height for age) 

Present 7 (35%) 13 (65%) 1.05 

 (0.40-2.79) 
0.908 

Absent 60 (33.7%) 118 (66.3%) 

Wasting 

 (Weight for height) 

Present 13 (43.3%) 17 (56.7%) 1.61 

 (0.73-3.56) 
0.233 

Absent 54 (32.1%) 114 (67.9%) 

Microcephaly 

 (Head 

circumference) 

Present 12 (38.7%) 19 (61.3%) 1.28 

 (0.58-2.83) 
0.533 

Absent 55 (32.9%) 112 (67.0%) 
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6.14 Multivariate analysis 

6.14.1 Association of the outcome neuro-motor developmental delay with various 

exposure factors using multivariate logistic regression 

Multivariate analyses using multivariate logistic regression were performed to adjust for 

potential confounding effects of various exposure variables and neuro-motor 

developmental delay in the cohort.  The exposure variables included in the models were 

male sex, lower age of mother, lower SES, lower education of parents, parents pursuing 

occupations with low earning capacity, being born to teenage mother, presence of 

antenatal risk factors during any pregnancy, death of sibling of the child, higher birth 

order, fewer antenatal visits to healthcare facility, GDM in mother , being born low birth 

weight, neonatal hyperbilirubinemia, febrile seizures and undernutrition.  The outcome 

variables were ‘Overall neurodevelopment’ and specific domains of ‘Fine motor’ and 

‘Problem solving’ in the cohort of children.    

The summary estimates of the multivariate logistic regression model looking at overall 

neuro-motor developmental delay are presented in Table 6.27.   
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Table 6.27: Analysis of the outcome neuro-motor developmental delay and its 

potential risk factors using multivariate logistic regression 

Risk factors  
 

N (%) 

Unadjusted OR 

 (95% CI) 

Adjusted OR 

 (95% CI) 

 

Adjusted 
p-value 

Male Sex  37 (38.9%) 1.55 (0.85-2.80) 1.33 (0.67-2.63) 0.407 

Age at assessment 

 (36-47 months)  
36 (32. 1%) 0.94 (0.51-1.73) 1.05 (0.22-4.90) 0.702 

Lower SES   25 (36.2%) 1.17 (0.63-2. 17) 1.01 (0.47-2. 17) 0.975 

Lower Education of 
mother of the participant 

41 (38.7%) 1.60 (0.88-2.91) 1.32 (0.64-2.70) 0.444 

Mother of participant 
not gainfully employed  

54 (34.6%) 1. 18 (0.56-2.45) 1.00 (0.42-2.34) 0.997 

Father of participant 

daily wager/unemployed  
42 (36.8%) 1.37 (0.75-2.51) 1.01 (0.47-2. 17) 0.964 

Mother age ≤ 19 during 
index pregnancy  

5 (62.5%) 3.44(0.79-14.86) 6.98(1.14-42.82) 0.036* 

Antenatal risk factors in 
any pregnancy  

21 (52.5%) 3.02 (1.60-5.70) 3.55 (1.53-8. 19) 0.003* 

Death of Sibling  11 (45.8%) 1.78 (0.75-4.22) 0.79 (0.22-2.75) 0.714 

Birth order ≥ 3  10 (43.5%) 1.59 (0.65-3.85) 1.37 (0.48-3.94) 0.550 

ANC visits≤5   7 (35%) 1.05 (0.40-2.79) 1.21 (0.41-3.53) 0.722 

GDM in mother  38 (39.6%) 1.64 (0.91 -2.98) 1.92 (0.50-7.42) 0.339 

LBW (< 2500 grams)  11 (42.3%) 1.51 (0.65-3.52) 1.59 (0.79-3. 17) 0. 189 
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History of Neonatal 
jaundice  

14 (42.5%) 1.55 (0.72 - 3.34) 1.57 (0.64-3.85) 0.318 

History of febrile 

Seizures  
4 (57. 1%) 2.70(0.58- 12.47) 2.41(0.44-12.98) 0.306 

At risk / Malnutrition 

 (MUAC<-2)  
6 (35.3%) 0.93 (0.32-2.64) 2.04 (0.68-6.08) 0.201 

Underweight 

 (WAZ<-2)  
16 (41%) 1.47(0.711 - 3.02) 1.94(0.24-15.77) 0.532 

Stunting 

 (HAZ<-2)  
7 (35%) 1.059(0.40 - 2.79) 0.55 (0. 14-2.07) 0.379 

Wasting 

 (WHZ<-2)  
13 (43.3%) 1.61 (0.73 - 3.56) 1.05 (0.33-3.36) 0.927 

Microcephaly 

 (HC<-2)  
12 (38.7%) 1.28 (0.58 - 2.83) 0. 17 (0.00-4.29) 0.282 

 Lower education of mother- ≤ 10 yr of schooling, lower occupation of mother-not 

gainfully employed, lower occupation of father – skilled daily wager or lower, teenage 
mother – index pregnancy at ≤ 19 yr of age 

 

Male children were found to have 1.3 times higher odds of developing neuro-motor 

developmental delay (adjusted OR = 1.33 (95%CI 0.67-2.63)) as compared to female 

children but this was not statistically significant (adjusted p-value = 0.407).  Children 

born to mothers with low educational status were found to have 1.3 times higher odds of 

developing neuro-motor developmental delay (adjusted OR = 1.32 (95%CI 0.64-2.70)) 

as compared to children born to mothers who had completed higher education.  But this 

was not found to be statistically significant (adjusted p-value = 0.444).  
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Children with birth order ≥ 3 were found to have 1.3 times higher odds of developing 

neuro-motor developmental delay (adjusted OR  = 1.37 (95%CI 0.48-3.94)) as compared 

to children whose birth order was 2 or less and this was not statistically significant 

(adjusted p-value = 0.550).  Children born to mothers who had five or less ANC visits 

were found to have 1.2 times higher odds of developing neuro-motor developmental 

delay (adjusted OR = 1.21 (95%CI 0.41-3.53)) as compared to children born to mothers 

who had > 5 antenatal visits and this was not found to be statistically significant 

(adjusted p-value = 0.722).  

After adjusting for exposure factors mentioned earlier, children born to mothers with 

GDM were found to have 1.9 times higher odds of developing neuro-motor 

developmental delay (adjusted OR = 1.92 (95%CI 0.50-7.42)) as compared to children 

whose mothers did not have GDM.  But this was not found to be statistically significant 

(adjusted p-value = 0.339).  Children who were born LBW had 1.5 times higher odds of 

developing neuro-motor developmental delay (adjusted OR = 1.59 (95%CI 0.79-3.17)) 

as compared to children who did not.  But this was not found to be statistically 

significant (adjusted p-value = 0. 189).  

Children with history of neonatal jaundice were found to have 1.5 times higher odds of 

developing neuro-motor developmental delay (adjusted OR = 1.57(95%CI 0.64-3.85)) as 

compared to children who did not.  But this was not found to be statistically significant 

(adjusted p-value = 0.318).  Children with history of febrile seizures were found to have 
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2.4 times higher odds of developing neuro-motor developmental delay (adjusted OR = 

2.41 (95%CI 0.44-12.98) as compared to children who did not.   

Children who were underweight at the time of assessment had 1.9 times higher odds of 

developing neuro-motor developmental delay (adjusted OR = 1.94 (95%CI 0.24-15.77)) 

as compared to children who did not.  But this was not found to be statistically 

significant (adjusted p-value = 0.532).   

After adjusting for various exposure factors variables mentioned earlier, children born to 

teenage mothers were found to have a 6.9 times significantly higher odds of developing 

neuro-motor developmental delay (adjusted OR 6.98 (1.14-42.82) adjusted p-

value=0.036) as compared to those born to mother who had crossed their teenage during 

index pregnancy.  

Similarly, children born to mothers with antenatal high risk factors during any pregnancy 

had 3.5 times higher odds of developing neuro-motor developmental delay (adjusted OR 

= 3.55 (95%CI 1.53-8.19)), adjusted p-value= 0.003) as compared to those born to 

mothers with no high risk factors in any pregnancy and this finding was statistically 

significant.  

 

 

 



74 
 

6.14.2 Association of various domains of neuro-motor developmental delay with 

GDM 

6.14.2.1 Communication domain of neurodevelopment 

Among the children in the GDM group 2. 1% (n=2) were found to have communication 

domain delay as compared to 2% (n=2) of those in the non-GDM group.  This was not 

statistically significant (OR  = 1.06 (95%CI 0. 14-7.70)) with p-value of 1.000.   

6.14.2.2 Gross motor domain of neurodevelopment 

Of all the children in the exposed group 5.2% (n=5) were found to have gross motor 

domain delay as compared to 5.9% (n=6) of those in the unexposed group.  This was not 

statistically significant (OR  =0.87 (95%CI 0.25-2.98)) with p-value of 0.836.   

6.14.2.3 Fine motor domain of neurodevelopment 

About 19% (n=19) of the children in the GDM group were found to have fine motor 

domain delay as compared to 8.8% (n=19) of those in the non-GDM group.  These 

children born to GDM mother were found to have 2.5 times higher odds of developing 

fine motor delay as compared to those did not.  This was statistically significant (OR = 

2.55 (95%CI 1.09-5.95)) with p-value of 0.027.  
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6.14.2.3.1 Multivariate analysis of outcome fine motor delay with various exposure 

factors  

By using multivariate logistic regression model to study association between risk factors 

and fine motor domain delay; children born to teenage mothers were found to have 20 

times higher odds of having fine motor domain delay, OR (95%CI) = 20.69 (2.96-

144.50) than those born to the mother who were more than 19 years of age during the 

index pregnancy.  This was found to be statistically significant (adjusted p-value 0.002).  

Also, children exposed antenatally to GDM were found to have 3.2 times higher odds of 

having fine motor domain delay, OR = 3.27 (95%CI 1.03-10.38), p-value = 0.044 (Table 

6.28).  

Table 6.28: Analysis of the fine motor domain delay and its potential risk factors 

using multivariate logistic regression  

Risk factors 
Unadjusted OR 

(95% CI) 

Adjusted OR 

(95% CI) 

 

Adjusted 
p-value 

Male Sex  1.09 (0.49-2.44) 0.79 (0.25-2.45) 0.683 

Age (36-47 months)  1.85 (0.74-4.61) 0.99 (0.31-3.14) 0.996 

Lower SES   1.24 (0.54-2.84) 0.83 (0.25-2.70) 0.758 

Lower Education of mother 2.93 (1. 18-7.25) 1.84 (0.54-6.22) 0.322 

Not gainfully employed mother 0.77 (0.30-1.97) 0.34 (0.09-1.29) 0. 116 
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Daily wager/unemployed father 1.66 (0.71-3.89) 0.90(0.27-2.98) 0.874 

Mother teenage during index 
pregnancy 

6.91 (1.62-29.50) 20.69 (2.96-144.50) 0.002* 

Antenatal risk factors in any 

pregnancy 
1.79 (0.72-4.44) 2.86 (0.61-13.27) 0.827 

Death of Sibling 1.50 (0.46-4.83) 1.39 (0.20-9.53) 0.737 

Birth order  2.45 (0.87-6.89) 0.92 (0. 19-4.37) 0.926 

ANC visits  0.29 (0.03-2.29) 0.77 (0.07-8.03) 0.827 

GDM in mother 2.55 (1.09-5.95) 3.27 (1.03-10.38) 0.044* 

LBW 2.69 (0.99-7.05) 2.55 (0.55-11.78) 0.229 

History of Neonatal jaundice  1.43 (0.51-3.94) 1.64 (0.42-6.31) 0.468 

History of febrile Seizures  1.01 (0. 11-8.74) 0.52 (0.02-12.55) 0.689 

At risk/ Malnutrition (MUAC<-2)  0.49 (0. 15-1.65) 1.05 (0. 14-7.63) 0.956 

Underweight (WAZ<-2)  2.21 (0.91-5.36) 0.47 (.06-3.30) 0.450 

Stunting (HAZ<-2)  3.03 (1.05-8.73) 2.52 (0.44-14.47) 0.298 

Wasting (WHZ<-2)  2. 13 (0.81-5.57) 3.58 (0.53-24.09) 0. 189 

Microcephaly (HC<-2)  2.02 (0.77-5.28) 1.90 (0.44-8.25) 0.389 
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6.14.2.4 Problem solving domain of neurodevelopment 

Of the children in the GDM group, 24% (n=23) were found to have problem solving 

domain delay as compared to 10.8% (n=11) of those in the non-GDM group.  These 

children born to GDM mother were found to have 2.6 times significantly higher odds of 

developing problem-solving domain delay as compared to those did not (OR =2.60 

(95%CI 1.19-5.69) with p-value of 0.014.  

6.14.2.4.1 Analysis of between problem solving delay with various exposure factors 

using multivariate analysis 

By using logistic regression model, children born to teenage mothers were found to have 

29.8 times higher odds of having problem solving motor domain delay, OR = 29.80 

(95%CI 4.05-219.02) than those born to the mother who were more than 19 years of age 

during the index pregnancy.  This was found to be statistically significant (adjusted p-

value 0.001).  Also, children exposed antenatally to GDM were found to have 5. 1 times 

significantly higher odds of having fine motor domain delay, OR = 5. 11 (95%CI 1.66-

15.72), p-value = 0.004 (Table 6.29).  
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Table 6.29: Analysis of the outcome problem solving domain delay and its potential 

risk factors using multivariate logistic regression 

Risk factors 
Unadjusted OR 

(95% CI) 

Adjusted OR 

(95% CI) 

Adjusted 

p-value 

Male Sex  1.46 (0.69-3.08) 0.71 (0.24-2.02) 0.522 

Age (36-47 months)  0.90 (0.42-1.94) 0.39 (0. 13-1. 14) 0.086 

Lower SES (BG Prasad)  1.86 (0.88-3.93) 1. 15 (0.39-3.36) 0.793 

Lower Education of mother (< 

10yr schooling) 
2.34 (1.05-5.20) 2.02 (0.65-6.24) 0.221 

Not gainfully employed mother 1.04 (0.42-2.60) 0.77 (0.22-2.66) 0.683 

Daily wager/unemployed father 1.97 (0.88-4.38) 1. 12 (0.37-3.40) 0.838 

Mother teenage during index 

pregnancy (</=19yr) 
9.25 (2.09-40.84) 29.80 (4.05-219.0) 0.001* 

Antenatal risk factors in any 

pregnancy 
1.60 (0.68-3.79) 0.783 (0. 14-4. 16) 0.774 

Death of Sibling 2. 12 (0.76-5.95) 3.697(0.51-26.31) 0. 192 

Birth order ≥3 2.39 (0.90-6.37) 1.48 (0.36-6.02) 0.583 

ANC visits <5 0.50 (0. 11-2.29) 0.61 (0.06-5.69) 0.669 

GDM in mother 2.60 (1. 19-5.69) 5. 11 (1.66-15.72) 0.004* 

LBW < 2, 500gm 1. 17 (0.40-3.36) 1. 17 (0.22-6. 15) 0.851 

History of Neonatal jaundice  1.82 (0.72-4.61) 2.76 (0.79-9.60) 0. 111 

History of febrile Seizures  3.87(0.82-18. 15) 2.66 (0.21-33.21) 0.447 

At risk / Malnutrition (MUAC<-2)  1.61 (0.35-7.39) 1.44(0. 17-11.75) 0.731 
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Underweight (WAZ<-2)  0.65 (0.23-1.83) 0.36 (0.04-2.64) 0.325 

Stunting (HAZ<-2)  0.83 (0.23-3.03) 1.20 (0. 16-8.79) 0.852 

Wasting (WHZ<-2)  1.25 (0.46-3.33) 3.71 (0.66-20.70) 0. 135 

Microcephaly (HC<-2)  0.67 (0.22-2.07) 0.77 (0. 15-3.88) 0.755 

 

6.14.2.5 Personal social domain of neurodevelopment 

About 13% (n=13) of the children in the GDM group were found to have personal social 

domain delay as compared to 15.7% (n=16) of those in the non-GDM group.  This was 

not statistically significant (OR = 0.84 (95%CI 00.38-1.85)) with p-value of 0.670.  
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7. Discussion 

The cohort in the present study included children of mothers who were selectively 

screened for GDM by OGTT for presence of either high risk factors during antenatal 

period or a strong positive family history of diabetes.  In the present study, among 

children with a mean (SD) age of 48.0 (5. 1) months and as age range of 38 – 59 months 

the cumulative incidence of overall Neuro-motor developmental delay (as assessed by 

the ASQ-3) was found to be 39.5 per 100 children (95% CI 30.4-50.4).  This is consistent 

with findings reported from various studies across India.  The INCLEN (International 

Clinical Epidemiological Network) study of Neuro-motor developmental delay (NDD) in 

Indian children, a hospital based, multi-centric, cross sectional study done in primary 

care settings between 2008 to 2010 found a prevalence of neuro-motor impairments to be  

37.8% (n=171) (92).  A prospective observational study done in a tertiary care setting in 

Western India in 2011 on neuro-motor development by age 1 of high risk newborns was 

found to be 50% (93).  In another cross sectional study done in a tertiary care setting in 

Northern India the proportion of children with Neuro-motor developmental delay were 

found to be 50% (n=102)  (94).   

In the current study, children born to mothers with GDM had 28% higher risk of 

developing neuro-motor developmental delay as compared to children born to mothers 

without GDM as indicated by a RR of 1.28 (0.96-1.7).   This finding is consistent with 

that of a cohort study which studied similar outcomes on the Mysore Parthenon study 

cohort and found no association (71).    
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While studying the effect of GDM on isolated domains, the exposed children had 

significantly 50% excess risk of having delay in the fine motor and problem solving 

domains as compared to children born to mothers without GDM.  

However, we did find the cumulative incidence of overall Neuro-motor developmental 

delay (as assessed by the ASQ-3) to be 28.4 per 100 children (95% CI 20. 1-38.7 per 100 

children) (29/102) in the unexposed (children born to mothers without GDM).  This is 

higher than the previously reported burden from developed countries (86,87) and a 

reported prevalence of 27.92 per 1000 children from a study from north India (95).  This 

could possibly be due to differences in the age groups of children studied and could also 

be a function of the screening instruments used to assess developmental delay in 

different studies.  

Not many studies have been done to find the association between psychosocial problems 

in under-5 children and intrauterine exposure to GDM.  The cumulative incidence of 

psychosocial problems in the present study was found to be higher (7.3 per 100 children) 

in the GDM group as compared to 4.9 per 100 children in the non-GDM group although 

this was not statistically significant.   

More than half of the children in the present study were between the age groups of 36 – 

47 months.  Although this distribution was not equal in the exposed and the unexposed 

group (69.8% and 44. 1% respectively) this difference was not statistically significant.  

The sex distribution of the study participants was nearly equal (48 % boys and 52% 
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girls).  The distribution of sex in both the groups was also equal (51% boys in the GDM 

group and 45. 1 % boys in the non GDM group).  

Since the institution in which the children were born catered primarily to rural areas and 

to some extent urban areas this was also reflected in the distribution of residence of the 

study participants with majority of the study participants (62.6%) hailed from rural 

households.  The mothers of majority of the study participants were found to be home 

makers (86.9%) while the fathers of almost half of the study participants were found to 

be daily wage labourers (57.5%) and this finding is consistent with the pattern found in 

the general population.  Fifty seven percent of the children belonged to lower SES 

category (by BG Prasad scale – combining lower middle and lower) and the primary 

reason for this could be that the CHAD hospital caters to poorer sections of the society.  

A total of 40 high risk factors other than GDM were found in the study mothers during 

any pregnancy.  This large number is probably due to the selective high risk screening for 

GDM practiced in the study hospital.  Out of the high risk factors, 52.5% of them had 

previous early neonatal death or still birth which could be due END being one of the 

important criteria to screen for GDM.   

The mean weight of the children at birth in both the GDM and non GDM groups were 

similar 3, 013±53 and 3, 101±46 respectively.  For many years the main adverse effect of 

GDM was macrosomia and the birth injuries frequently due to macrosomia associated 

with it.  But this equal birth weight of the children in both groups show how immediate 

effects of GDM can be averted by strict glycemic control by appropriate means.   The 



83 
 

mean gestational age at birth of the children born to GDM mothers was significantly 

lower as compared to the other group (p-value= 0.007)  and could be due to earlier 

induction of labor among pregnant women with GDM.  There was no significant 

difference in the proportion of children with various nutritional states such as wasting, 

stunting, underweight, microcephaly and at risk/ malnutrition among the two groups.   

In the present study, children born to teenage mothers were found to have significantly 

higher risk of developing neuro-motor developmental delay during early childhood after 

adjusting for potential confounders (adj OR 6.98; 1.14-42.82).  

In the present study, two of the five domains of neuro-motor development, ‘fine motor 

and problem solving’ were found to be significantly associated with GDM status in the 

mother (p-values 0.027 and 0.014 respectively).  Similar association between GDM and 

fine motor delay was found in studies that comprised of GDM as a risk factor (p-

value=0.02) (96).  However, no previous studies have found similar associations between 

GDM and problem-solving domain delay.  Also, other studies have documented 

associations between GDM and cognition (97) and language impairments (73) which the 

present study did not specifically focus on.  

Presence of high risk factors during antenatal period was found to be significantly 

associated with higher risk of developing neuro-motor developmental delay in the study 

children (OR 3.55 (95%CI 1.53-8. 19)) which was consistent with another previous study 

on high risk factors in pregnancy and NDD in children  (96).  Even after adjusting for 

various other factors (socio demographics, parental, birth related and nutritional) and 
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analyzing using multivariate logistic regression model, GDM in mother was found to be 

significantly associated with delay in fine motor and problem solving specific domains of 

neurodevelopment delay (adjusted p-value 0.044 and 0.004 respectively) in this study.  

 Likewise, after adjusting for various factors and using multivariate logistic regression 

model for analysis, being born to teenage mother was found to be significantly associated 

with higher risk of fine motor and gross motor delay (adjusted p-value 0.002 and 0.001 

respectively).  This result could be compared to the results of a 2008 data from the US, 

published by the Centre for Disease Control (CDC) showing lower learning abilities and 

school performance by children of teenage mothers (98).  
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8. Summary and Conclusion 

1. The cumulative incidence of Neuro-motor developmental delay in this study 

cohort was found to be 39.5% (95%CI 30.9% to 50.6%) among children born to 

mothers with GDM and 28.4% (20. 1% to 38.7%) in those not exposed to GDM, 

with a RR (95% CI) of 1.28 (0.96 -1.7).  This excess risk of 28% was not 

statistically significant.  

2. Children born to teenage mothers had significantly more neuro-motor 

developmental delay. 

3. Being born to a mother who had risk factors (excluding GDM) in any pregnancy 

was found to be significantly associated with neuro-motor developmental delay.  

4. GDM in the mother was found to have significant association with delays in ‘fine 

motor’ and ‘problem solving’ components in the offspring.  

5. There was no significant association between exposure to GDM and delay in 

psychosocial development in the children.  

6. Age appropriate nutritional status of the children was not associated with their 

neuro-motor development.    
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9. Recommendations 

In our study, more than one-fourth of the children in each of the two groups had Neuro-

motor developmental delay. Considering that all children recruited in the group were 

born to mothers who had some form of high risk factor in pregnancy, in the future  

children born to mothers with any antenatal high risk factor would benefit from a routine 

neuro-motor developmental assessment before completion of 5 years of age.  

Born to a teenage mother was found to be a significant risk factor for developing neuro-

motor developmental delay in this study.  This further emphasises the need to meet legal 

requirements regarding age at marriage to prevent morbidity not only among mothers but 

also the children.   

The risk of neuro-motor developmental delay in children born to mothers with high risk 

factors in any pregnancy was found to be significantly higher than those born to mothers 

with no prior risk factors.  Hence screening, early detection and prompt management of 

co-morbidity during antenatal period is very important.  In children, regular screening for 

development during their routine contact with the health care system such as during 

immunization visits and for morbidity seems to be an effective way to detect mild 

impairments and institute necessary control measures.  
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10. Limitations 

 The fact that the investigator represented the secondary care hospital known to 

provide subsidised health care to the poor and needy sections of the community, 

there is a possibility of information bias creeping in especially with the reporting 

of socio-economic information by the study families.  However, the investigator 

was blinded to the exposure status of the children to minimise some of the 

information bias and bias associated with selection of participants.  

 One of the inclusion criteria of residing within 50 km radius of the health care 

facility was a limitation in terms of inability to include many eligible children in 

the study.   

 A huge proportion of loss to follow up (40%) due to various reasons could have 

had an impact on some of the findings of this study.  

 Various studies assessing child cognition and neurodevelopment have employed 

different screening tools.  The ASQ-3 is one such tool which is recommended by 

experts.  The validity of the tool in terms of its sensitivity and specificity could be 

a limitation which may be one of the reasons for detecting a higher burden of 

delay in the unexposed group.   

 After employing the ASQ-3, the children who required intervention (both home 

based exercises and reassessment by a professional) were referred to CHAD 

hospital.  The home based exercises were recommended to be administered by the 
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parents for 6 months followed by participating the child to reassessment.  But due 

to lack of time these children could not be followed up after home based exercises 

to see how many of them had persistent neuro-motor developmental delay or 

improvement following this intervention.  

 The children who were uncooperative for assessment by the PI even after 3 home 

visits were excluded from the study.  It was possible that these children could 

have had behavioral abnormalities which could have been assessed, had the SDQ 

been administered to the parent / guardian of those children.    
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12. Annexures 

12.1. Annexure 1 (IRB approval letter) 
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12.2 Annexure 2 (Information sheet - English) 

Study Information sheet 

What is Gestational Diabetes mellitus? 

      During pregnancy a mother is prone to develop a number of disorders that might 

affect both her baby and herself one of which is Gestational Diabetes mellitus.  

Gestational diabetes is the mother’s body’s inability to effectively digest the sugars in her 

diet.  GDM affects up to 15% of pregnant women worldwide, and India has 40 lakh 

women diagnosed with GDM every year.  The prevalence of GDM in Indian women is 

found to be 16.2 % in urban areas and 9.9% in rural areas.  

“Neuro-motor development in offspring of mothers with Gestational 

Diabetes mellitus and those of mothers without Gestational Diabetes Mellitus. ” 

           During the routine antenatal check-ups, is usually screened for certain diseases 

that might cause problems to the baby or herself, one of them being Gestational Diabetes 

Mellitus (GDM).  This is diagnosed using a test wherein the woman is given 75 or 100 

gm of oral glucose and then undergoes blood tests.  If the woman has gestational 

diabetes it will show up as high level of sugar in the blood test as her body would not 

have been able to properly process the intake of glucose.  The women is considered for 

the test if her immediate relatives have been diagnosed with Diabetes, she had previously 

delivered a more than 3.5 kilogram baby, suspicion of increased fluid around the baby or 

the mother had unexplained demise of a baby in her womb itself.  
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     If the woman is diagnosed with Gestational diabetes mellitus, the baby after birth is 

observed in the ICU for a day or two.  After discharge the baby is observed periodically 

just as any other child would be, while they arrive for immunization.  S As mentioned 

above, since several studies have indicated that children of diabetic mothers show 

varying degrees of impairment in their neuro-motor developmental, this study aims to 

study the risk of developing neuro-developmental impairment in children born to 

mothers who had high sugars during their pregnancy period.  

 The list of all pregnant women who underwent testing for identifying high sugars in 

CHAD hospital, 3 to 5 years back will be divided into those who had high sugars and 

those who had normal sugars.  A selected number of children born to mothers of both the 

groups will be visited at home and assessed for their neuro-motor development and 

social-behaviour pattern and their results compared to see if there is any difference 

between them.  To see the growth of the child height, weight, head circumference and 

mid-arm circumference will be measured.  If the child scores are below optimum levels, 

they will be given home based training for six months and will have to come to come to 

CHAD hospital after 6 months for reassessment.  Children with Neuro-motor 

developmental delay will be referred to hospital further management.   

Participation of your child in this study is totally voluntary and you are free to withdraw 

your child at any time, without giving any reason, without your child’s medical care or 

legal rights being affected.   
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In case of any doubts regarding this study contact the Investigator using the 

below mentioned mobile number.   

Dr. (Name of PI), 0416-2284207.  
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12.3 Annexure 3 (Information sheet - Tamil) 

          

                              ?  

                             ,                                     

                                             .                 

                                                    

                         .           15             

                     .                              

                          .              16.2       

              9.9                                .             

  “                                                         

                                                    ”                                    

                                                    , 

                                                  

           .                              .                

                        75      100                         

                                   .                    

                                                          

                                  .                        

             ,                  3.5                        , 



105 
 

                                                , 

                                                       

            .  

                                      ,                    .  

                                                 .  

                                                    

                                       .            

                                                         

                                                       

                                                        

              .   

                                     3        5                      

                                            ,         

                                            .       

                                                  

                                                

        .                          ,    ,                   

                 .                                       

       6                                               

                                 .                     

                                                     

                     .   

                                                            .   



106 
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12.4 Annexure 4 (Informed consent form - English) 

 Informed Consent Form for Parents/ Guardian of the study participants  

Study Title: “Neuro-motor development in Offspring of mothers with Gestational 

Diabetes mellitus and those of mother’s without gestational diabetes mellitus. ”  

Study Number: ____________  Participant’s Initials: ____ 

Participant’s Name: ______________________________ 

Date of Birth / Age: ___________________________  

Name of the consenting adult parent/gaurdian:  

Relationship of consenting adult to the study participant:  

 (i) I confirm that I have read and understood the information sheet dated ________ for 

the above study and have had the opportunity to ask questions.   

 (ii) I understand that my participating my child in the study is voluntary and that I am 

free to withdraw my child at any time, without giving any reason, without my child’s 

medical care or legal rights being affected.   

 (iii) I understand that the Ethics Committee and the regulatory authorities will not need 

my permission to look at my child’s health records both in respect of the current study 

and any further research that may be conducted in relation to it, even if I withdraw from 



108 
 

the trial.  I agree to this access.  However, I understand that my identity will not be 

revealed in any information released to third parties or published.   

 (iv) I agree not to restrict the use of any data or results that arise from this study 

provided such a use is only for scientific purpose (s).   

 (v) I agree for my child to take part in this study.   

Signature (or Thumb impression) of the parent / guardian:  

Date: _____/_____/______  

Signatory’s Name: ___________Signature:  

Signature of the Investigator: ______________ 

Date: _____/_____/______ 

Study Investigator’s Name: _________________________  

Signature or thumb impression of the Witness: ____________ 

Date: _____/_____/_______ 

Name & Address of the Witness: _________________  
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12.5 Annexure 5 (Informed consent form -Tamil) 

                              /                

                           .  

                                                                                                                                                                           

         :  “                                            

                           

                                        ”.  

      : ____________ 

                            :_____ 

                    :_________________________________________ 

         /    : ___________________________ 

                                                 : 

                                                    

                      : 

 (i)  ____________       ,                                   

                                                      

               .    

 (ii)                                                   
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                                         .             

 (iii)                                            ,     

                                                      

                                                     

                                         .      

                        .      ,                     

                                                        

                                   .  

 (iv)                                                  

                            ,                     

         .  

 (v)                                       .  

                        /                     /       

         

   : _____/_____/______                  : ____________ 

      _________________   

        :  

                 : _____________             : _____________ 

                /              : ___________________________ 

                     : ______________________________ 
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12.6 Annexure 6 (Structured General Questionnaire) 

Assessing Neuro-motor development in offspring of mothers with and without 

Gestational Diabetes mellitus 

ID number:                                    Date: 

Name:            Sex:      Date of birth:        Age: 

Place of residence: 

Education of mother:                 Education of father: 

Occupation of mother:                Occupation of father: 

Educational status of the head of the family: 

Occupation of the head of the family: 

Family income per month: 

SES score: 

Birth history: 

1.  What was the age of the mother when this baby was born? 

2.  From available records mention any antenatal risk factors/complications 

that the mother had when she was pregnant with her other children? 

_________________________________________________________ 
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3.  What was this child’s order of birth?____________ 

A.  Antenatal: 

4.  Did the mother have her ante-natal check-ups other than in CHAD 

hospital? Yes No 

4a.  If yes, where? 

5.  How many Ante-natal check-ups did the mother have? ___________ 

6.  Did the mom have any scans when she was pregnant with this child? 

Yes No 

6a.  If yes, did the scan show any abnormality? Yes No 

6b.  If yes, Mention_________________________ 

7.  Did the mother take the iron, folic acid supplements exactly as 

prescribed by the doctor? Yes No 

8.  From available records mention any antenatal risk factors/complications 

that the mother had when she was pregnant with this child.  - 

____________________ 

B.  Intranatal: 
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9.  What was the weight of the baby at birth? ________________ 

10.  What was the gestation (in weeks) at birth? _______________ 

11.  What was the mode of this delivery? 

a. Normal vaginal delivery b. Breech delivery 

c. Instrumental delivery d. Caesarean section 

11a. If Instrumental,  

a.  Ventouse b.  Forceps 

11b. If instrumental or Caesarean section, what was the indication? 

12.  If LSCS, what was the indication?_________________________ 

13.  What was the APGAR score, if records available?_____________ 

14.  If records not available, did the baby cry at birth as known to mother? 

C.  Post-natal: 

15.  Was the child admitted as a newborn in the hospital within 5 days of 

birth? Yes/No 

15a.  If yes, Why?________________ 

16.  Any medical illness (es) diagnosed in the child till date? Yes/No 
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If yes,  

16a.  what is it?______________ 

16b.  where was the diagnosis made? ______________ 

17.  How many times has the child been admitted to a health care facility in 

his/her first year of life? 

18.  If >1 times, what was the commonest cause of admission? 

_________________________ 

Anthropometry: 

19.  Height: 

20.  Weight: 

21.  Head circumference: 

22.  Mid-arm-circumference: 
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12.7 Annexure 7 (Ages and Stages Questionnaire-3)  
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12.8 Annexure 8 (Strengths and Difficulties Questionnaire - English) 
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12.9 Annexure 9 (Strengths and Difficulties Questionnaire - Tamil)  
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