
 

A COMPREHENSIVE STUDY ON ENERGY EXPENDITURE 

AND BODY COMPOSITION IN DIABETES MELLITUS 

COMPLICATING PREGNANCY  

 
 

  
Dissertation done by 

Dr. Geethu Antony (Registration No. 161521001),  

The Tamil Nadu Dr. MGR Medical University, Tamil Nadu 

 

in partial fulfilment of the rules and regulations for the degree of 

DM Endocrinology examination to be held in in February 2019, 

Christian Medical College, Vellore. 

 

 
 



 

 
 

 

 

 

DECLARATION 
 

 

I hereby declare that this dissertation titled “A comprehensive study on 

Energy Expenditure and body composition in diabetes mellitus 

complicating pregnancy” was carried out by me under the direct 

supervision and guidance of Dr.Nihal Thomas, Professor and Head, Unit-I 

and  co-guidance of Dr. Thomas V Paul, Professor and Head, Unit-II, 

Department of Endocrinology, Diabetes & Metabolism, Christian Medical 

College, Vellore. 

I also declare that this dissertation has not been submitted by me to any 

other university, or for the award of any other degree/ diploma. 

 

   Vellore                                                                     Dr. Geethu Antony 

  Date:                                                  Christian Medical College, Vellore 

  

, 

 



 

 
 
 

 

 

 

Submission of Thesis for the award of DM in Endocrinology 

 

This is to certify that Dr. Geethu Antony, MD, Specialty trainee for DM 

(Endocrinology), with Registration number  161521001  is hereby submitting her 

thesis titled “A comprehensive study on Energy Expenditure and body 

composition in diabetes mellitus complicating pregnancy”,  which is the original 

work done by her under the guidance of Dr. Nihal Thomas, Professor and Head, 

Unit-1, and co-guidance of Dr. Thomas V Paul, Professor and Head, Unit-II, 

Department of Endocrinology, Christian Medical College, Vellore.  This has not 

been submitted to any other University or Board of Examinations, in part or full. 

 

 

 

 

Guide: 
Dr. Nihal Thomas, 
MD,MNAMS,DNB(Endo),FRACP(Endo),FRCP(Edin,Glasgow,London), PhD(Copenhagen) 
Professor & Head, Unit-I, 
Department of Endocrinology, Diabetes & Metabolism, 
Christian Medical College, Vellore-632 004. 
 

 

 













ACKNOWLEDGEMENT 

 

Words are not enough to express my gratitude towards my guide Prof. Nihal 

Thomas. His work ethics, decisiveness and an irrepressible enthusiasm and zeal to 

think beyond the ordinary are qualities that have motivated me during my tenure in 

the department. I wholeheartedly thank him for his encouragement, understanding 

and support whenever I have found myself going through a difficult phase.    

I owe my most sincere gratitude to the entire team of researchers, doctors, diabetic 

educators, technicians and the support staff who make up the “Metabolic Clamp 

Team” at CMC Vellore. I avail this opportunity to thank Dr. Riddhi Das Gupta, for his 

keen interest, unparalleled encouragement and enthusiasm during this study. 

Without his immense professional insight and guidance, I would not have completed 

this study. I would like to specially mention my friends Dr Roshna, Dr Shajith and Dr 

Mathews whose brilliant scientific mind and rational thinking has helped me 

understand the nuances of human physiology in a wholly different light.  

I also sincerely thank Prof. M.S. Simon Rajaratnam who stressed the importance of 

simplifying complex clinical problems and the need to pay attention to the 

translational aspects of research to patient care. I wish to express my warm and 

sincere thanks to Prof. Thomas Paul. His ideals and concepts have had a significant 

influence during the entire period of my residency. I sincerely thank Dr Asha, 

Dr.Dukhabandhu Naik, Dr. Nitin Kapoor and Dr Felix for their patience, insightful 

observations, helpful advice and wisdom that has helped me have a clear concept of 

apparently difficult topics.  



In my daily work, I feel extremely blessed to have a friendly and cheerful group of 

fellow colleagues. I would like to express my heartfelt thanks to all my seniors and 

juniors for all the times we have worked together. 

I take this opportunity to sincerely acknowledge RSSDI and CMC Fluid Research for 

providing financial assistance that helped me to perform my work comfortably.  

I owe much to the patients and to all the individuals who consented to be a part of 

my study and made this work possible.  

My special thanks to all the staff members of the department of Endocrinology, for 

their cooperation during the period of my research.  

I express my sincere thanks to my husband and my parents for their constant help, 

support, encouragement and cooperation in designing my dissertation.   

Finally, I thank the Almighty for having  all these wonderful people and pray for his 

continuous blessings. 

.   

Dr. Geethu Antony 

.   

Dr. Geethu Antony 



ACKNOWLEDGEMENT 

 

No words will be sufficient enough to express my gratitude towards my guide Prof. 

Nihal Thomas. His work ethics decisiveness and an irrepressible enthusiasm and zeal 

to think beyond the ordinary are qualities that have motivated me during my tenure 

in the department. I wholeheartedly thank him for his encouragement, 

understanding and support whenever I have found myself going through a difficult 

phase.    

I owe my most sincere gratitude to the entire team of researchers, doctors, diabetic 

educators, technicians and support staff who make up the “Metabolic Clamp Team” 

at CMC Vellore. I avail this opportunity to thank Dr. Riddhi Das Gupta, for his keen 

interest, unparalleled encouragement and enthusiasm during this study. Without his 

immense professional insight and guidance I would not have completed this study. I 

would like to specially mention my friends Dr Roshna, Dr Shajith and Dr Mathews 

whose brilliant scientific mind and rational thinking has helped me understand the 

nuances of human physiology in a wholly different light.  

I also sincerely thank Prof. M.S. Simon Rajaratnam who stressed the importance of 

simplifying complex clinical problems and the need to pay attention to the 

translational aspects of research to patient care. I wish to express my warm and 

sincere thanks to Prof. Thomas Paul. His ideals and concepts have had a significant 

influence during the entire period of my residency. I sincerely thank Dr Asha, 

Dr.Dukhabandhu Naik and Dr Felix for their patience, insightful observations and 



helpful advice and wisdom that has helped me have a clear concept of apparently 

difficult topics.  

In my daily work, I feel extremely blessed to have a friendly and cheerful group of 

fellow colleagues. I would like to express my heartfelt thanks to all my seniors and 

juniors for all the times we were working together. 

I take this opportunity to sincerely acknowledge RSSDI and CMC Fluid Research for 

providing financial assistance that helped me to perform my work comfortably.  

I owe much to patients and to all the individuals who consented to be a part of my 

study and made this work possible.  

My special thanks to all staff members of department of Endocrinology, for their 

cooperation during the period of my research.  

I express my sincere thanks to my husband and my parents for their constant help, 

support, encouragement and cooperation in designing my dissertation.   

Finally, I thank Almighty for making all these wonderful people to happen to me and 

pray for his continuous blessings. 

.   

Dr. Geethu Antony 



             ABBREVIATIONS 

 

1 
 

 

AEE:   Activity Energy Expenditure 

BEE:   Basal Energy Expenditure 

BMI:    Body Mass Index 

BMR:   Basal Metabolic Rate 

CV:   Co-efficient of Variation 

CMC:    Christian Medical College, 

DEXA:  Dual Energy X-ray Absorptiometry  

DIT:   Diet Induced Thermogenesis 

DRI:   Dietary Inference Intake 

ECG:    Electrocardiogram 

ESR:    Erythrocyte Sedimentation Rate 

EGP:    Endogenous glucose production 

eg:    for example 

etc:    et cetera 

FBS:    Fasting Blood Sugar 

FFA:   Free Fatty Acid  

FFM:   Fat Free mass 

FM:      Fat Mass 

FGIR:   Fasting glucose insulin ratio 

FSIVGTT:                   Frequently sampled intravenous glucose tolerance test 

GDM   Gestational Diabetes Mellitus  

 



             ABBREVIATIONS 

 

2 
 

 

GWG:  Gestational Weight Gain 

HDL:   High Density Lipoprotein 

HbA1c:   Glycosylated Haemoglobin 

Hg:   Mercury 

HOMA IR: Homeostatic model assessment for insulin resistance 

HR: Heart Rate 

IADPSG:                InternationalAssociation of Diabetes and Pregnancy Study 

Group 

IC:   Indirect Calorimetry 

IV:    Intravenous 

IGT:    Impaired Glucose Tolerance 

KJ:   Kilo Joule 

LBM:   Lean Body Mass 

LPL:   Lipoprotein Lipase 

MNT:   Medical Nutrition Therapy 

NA:   Not applicable     

NGT:   Normal Glucose Tolerance 

NEAT:   Non-Exercise Activity Thermogenesis 

NEFA:   Non Esterified Fatty Acid 

OGTT:   Oral Glucose Tolerance Test 

OPD:    Out Patient Department 

 



             ABBREVIATIONS 

 

3 
 

 

PA:   Physical Activity 

PPBS:    Post Prandial Blood Sugar 

PTE   Post meal Thermogenesis 

PPT:   Postprandial thermogenesis 

PPAQ:   Pregnancy Physical Activity Questionnaire  

QUICKI:  Quantitative Insulin Sensitivity Check Index 

RCT:   Randomised Controlled Trial 

RDA:   Recommended Daily Allowance 

REE:    Resting Energy Expenditure 

RQ:   Respiratory Quotient  

SD:   Standard deviation 

SFT:   Skin fold thickness 

SPSS:    Statistical Package for the Social Sciences 

TEE:   Total Energy Expenditure 

T1DM:   Type 1 Diabetes Mellitus 

T2DM:   Type 2 Diabetes Mellitus 

WHO:    World Health Organization 



 

Abstract  
 

1 
 

ABSTRACT 
 

 
TITLE OF THE ABSTRACT: 

“A comprehensive study on energy expenditure and body composition in diabetes 

mellitus complicating pregnancy” 

 
 
DEPARTMENT :   Endocrinology, Diabetes and Metabolism,  

     Christian Medical College, Vellore. 

 
 
 
NAME OF THE CANDIDATE :   Dr Geethu Antony 
 
 
 
DEGREE AND SUBJECT  :  D.M (Endocrinology) 
 
 
 
NAME OF THE GUIDE  :  Professor Nihal Thomas 
 
 
 
 

Keywords :   

1. Gestational diabetes Mellitus 

2. Postmeal theromegensis 

3. Insulin resistance 

4. resting energy expenditure (REE) 

5. leptin 

  



 

Abstract  
 

2 
 

 

AIM / OBJECTIVES: 

Gestational diabetes mellitus (GDM) is associated with significant alterations in energy 

and fat metabolism. But there is paucity of longitudinal data in pregnancy. Our study 

aimed at assessing the longitudinal changes in resting energy expenditure(REE),  body 

composition and postmeal thermogenesis (PTE) in a population of women with  GDM 

and normoglycemia during pregnancy and postpartum. 

 

MATERIAL & METHODS 

A total of 34 subjects -21 subjects with GDM and 11 pregnant women with normal 

glucose tolerance were included in the study. The subjects were assessed longitudinally 

at three visits –early pregnancy, late pregnancy and postpartum period. REE was 

estimated using indirect calorimetry. Subsequently PTE was calculated by energy 

expenditure over 3 hours following a mixed meal challenge test. The body composition 

was assessed using bio impedance analysis, diet by 24 hour recall and activity energy 

expenditure (AEE) using the PPAQ questionnaire. 

 

RESULTS 

In GDM subjects,  

 Body fat percentage was higher than the controls in early pregnancy. The 

longitudinal increment in fat percentage was lower when compared to the control 

group. 

 The GDM subjects had lower insulin sensitivity in early pregnancy. 
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 The Resting Energy Expenditure (REE) adjusted to fat free mass was lower in the 

GDM subjects compared to the controls in early pregnancy.  

 The Post meal Thermogenesis (PTE) was higher in the GDM group than that in 

the control group at all the three visits. 

 The longitudinal decrement in PTE during late pregnancy and postpartum period 

was significantly higher. 

 The leptin levels showed a longitudinal increment in the GDM group in late 

pregnancy and in the postpartum period. 

 

CONCLUSIONS: 

Our study is the first of its kind in Indian mothers showing significant alterations in 

basal, thermogenic and activity induced energy expenditure in pregnancy and in the 

postpartum period.  Decrement in postmeal thermogenesis is the main metabolic defect 

contributing to glucose intolerance in pregnancy and in the postpartum period. 
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INTRODUCTION: 

Changes in nutrient metabolism occur in pregnancy to ensure adequate fetal growth and 

development. Extra dietary energy is required during pregnancy to make up for the 

energy deposited in maternal and fetal tissues and for the increase in energy expenditure 

due to increase in basal metabolic rate and due to the change in energy cost of physical 

activity and diet. The energy requirement of pregnancy remains controversial due to 

uncertainties regarding maternal fat deposition and changes in energy expenditure. As a 

result the recommendations for nutritional intake in pregnancy are diverse and depend 

on the study population. Gestational diabetes mellitus is carbohydrate intolerance first 

recognized during pregnancy. The changes in nutrient metabolism are accentuated in 

women who develop diabetes in pregnancy. Overall there is an increase in basal energy 

expenditure with a decline in activity associated energy expenditure Although most 

women with diabetes mellitus in pregnancy return to normal glucose tolerance following 

delivery, they remain at substantially increased risk of diabetes mellitus. These patients 

remain a valuable model for the detection of early metabolic abnormalities associated 

with development of diabetes mellitus. . Changes in energy expenditure and body 

composition are key to the understanding the metabolic milieu of pregnancy and 

pathogenesis of diabetes complicating pregnancy. Dietary recommendations and 

therapeutic interventions in diabetes mellitus complicating pregnancy should be adjusted 

according to the gestational variations in energy expenditure and body composition. The 

influence of leptin on nutrient metabolism in pregnancy remains a hitherto conflicting 

area with suggestions of a possible role in accentuating insulin resistance. 
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We therefore propose a study to assess the longitudinal changes in energy expenditure 

and body composition in pregnancy and postpartum. We will be comparing the energy 

expenditure and body composition in pregnant women with normal glucose tolerance 

and pregnant women with diabetes mellitus complicating pregnancy. Previous studies 

have shown that there is significant increase in energy expenditure, after adjusting for 

free fat mass as the pregnancy advances. But the studies fail to show any significant 

difference among patient with diabetes complicating pregnancy and normal pregnant 

population. However, there is a paucity of studies that have looked at both the basal and 

activity associated energy expenditure simultaneously in a population of pregnant 

women with and without diabetes 

Although nutritional intervention for overt diabetes and gestational diabetes is a 

fundamental treatment modality, there is a paucity of evidence-based data on this topic. 

This study may help in assessing the energy requirements in the different stages of 

gestation in an Indian population and will help in formulating adequate nutritional 

recommendations in our population with diabetes mellitus complicating pregnancy. 

 Post prandial thermogenesis is known to decrease both in normal pregnancy and in 

gestational diabetes mellitus. The decrease in PPT is accentuated in patient with diabetes 

mellitus compared to normal pregnant population. The persistence of this defect in the 

post-partum period might be one of the reasons by which these patients are predisposed 

to obesity and type 2 diabetes mellitus. Both insulin resistance and sympathetic system 

has been thought to play an important role in postprandial thermogenesis. Various 
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studies have shown conflicting results in this perspective. Therefore we intend to assess 

the changes in postprandial thermogenesis. 

Our study also aims to assess the changes in body composition during gestation and 

postpartum in pregnant women with and without diabetes. Body composition and 

changes in fat free mass may be implicitly linked with the variations in energy 

metabolism and crucial to the development of abnormal glucose metabolism in 

pregnancy.  

The changes in adipokines and leptin during the various phases of gestation and effect 

on nutrient metabolism remain controversial. Previous studies have been conflicting on 

the role of leptin and altered glucose metabolism in diabetes complicating pregnancy. 

Our study is the first of its kind that aims to assess changes in energy expenditure, body 

composition, postprandial thermogenesis and role of leptin simultaneously in the same 

population of pregnant women with and without diabetes mellitus. 
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AIMS AND OBJECTIVES: 

Primary Objectives 

1. To assess the longitudinal changes in energy expenditure during pregnancy and 

postpartum in women with normal glucose tolerance and diabetes mellitus complicating 

pregnancy. 

2. To assess post meal thermogenesis during pregnancy and postpartum in women 

with normal glucose tolerance and diabetes mellitus complicating pregnancy 

Secondary Objectives 

1. To assess the longitudinal changes in body composition during pregnancy and 

postpartum in women with normal glucose tolerance and diabetes mellitus complicating 

pregnancy. 

2. To assess leptin levels and its role in energy metabolism during pregnancy in 

women with normal glucose tolerance and diabetes mellitus complicating pregnancy.
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REVIEW OF LITERATURE: 

Pregnancy is a dynamic, anabolic state. Various hormones start secreting from placenta 

from early pregnancy which brings changes in nutrient metabolism, in addition to 

changes in the anatomy and physiology of the mother. These metabolic changes ensure 

continuous supply of nutrients to the growing fetus, for adequate growth and 

development while maintaining maternal homeostasis. Depending on the energy intake 

one or more of the following adjustments occur: accretion in new tissue or deposition in 

maternal stores, redistribution among tissues, and increased turnover or rate of 

metabolism.1 These adjustments in nutrient metabolism are complex and evolve 

continuously throughout the pregnancy and postpartum. These metabolic changes are 

accentuated in women who develop gestational diabetes mellitus. Understanding the 

metabolic alteration and change in energy expenditure and deposition in normal 

pregnancy and gestational diabetes mellitus will help us in formulating the adequate 

weight gain and calorie intake in this population. 

 

DIABETES MELLITUS COMPLICATING PREGNANCY 

Gestational diabetes mellitus is defined as carbohydrate intolerance of variable severity 

with onset or first recognition during the present pregnancy. The patho physiology of 

GDM remains controversial, GDM may reflect a predisposition to type 2 diabetes 

mellitus expressed under the metabolic conditions of pregnancy or it may represent the 

extreme manifestation of metabolic alterations that occur in pregnancy.  

Although gestational diabetes is most often diagnosed in late gestation, metabolic 

dysfunction starts well before conception and possibly based on the Barker hypothesis, 
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when the women herself was developing in utero.2 Maternal insulin resistance, seen in 

these women is related to the metabolic syndrome of obesity, inflammation, insulin 

resistance resulting in hyperglycaemia and hyperinsulinaemia. Because of the 60% 

decrease in insulin sensitivity during gestation, the predisposing baseline insulin 

resistance is further exacerbated and, when associated with β- cell dysfunction, results in 

mild hyperglycemia, which we refer to as gestational diabetes mellitus.2 

 

DIAGNOSTIC CRITERIA  

Endocrine society guidelines recommend universal testing for diabetes in pregnancy 

with fasting plasma glucose, HbA1C, or untimed random plasma glucose at the first 

prenatal visit (before 13 weeks gestation or as soon as possible thereafter) for those 

women not known to have diabetes. In the case of overt diabetes, but not gestational 

diabetes, a second test (a fasting plasma glucose, untimed random plasma glucose, 

HbA1C, or OGTT) must be performed in the absence of symptoms of hyperglycemia 

and found to be abnormal on another day to confirm the diagnosis. Pregnant women not 

previously identified before 24 weeks gestation with overt diabetes or gestational 

diabetes be tested for gestational diabetes by having a 2-hour, 75-g oral glucose 

tolerance test (OGTT) performed at 24 to 28 weeks gestation.3 

  

 CARBOHYDRATE AND LIPID METABOLISM IN NORMAL PREGNANCY 

AND IN GESTATIONAL DIABETES MELLITUS 

Changes in carbohydrate and lipid metabolism occur during pregnancy to ensure a 

continuous supply of nutrients to the growing fetus despite intermittent maternal food 
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intake. The metabolic changes in pregnancy includes impaired insulin response, 

decreased hepatic suppression of glucose production during insulin infusion and 

decreased insulin-stimulated glucose uptake in skeletal muscle, i.e. peripheral insulin 

resistance. During early pregnancy, glucose tolerance is normal or slightly improved.4  

The peripheral sensitivity to insulin and hepatic basal glucose production is also normal 

in early pregnancy.5,6 The hyperinsulinemic euglycemic clamp studies done in 

pregnancy shows greater-than normal sensitivity to the blood glucose–lowering effect of 

exogenously administered insulin in the first trimester than in the second and third 

trimesters. Insulin responses to oral glucose are also greater in the first trimester than 

before pregnancy. Longitudinal studies of glucose tolerance during gestation show a 

progressive increase in nutrient-stimulated insulin responses despite an only minor 

deterioration in glucose tolerance, consistent with progressive insulin resistance.7 The 

changes in insulin sensitivity from baseline, pre-gravid state through early pregnancy in 

lean women are inversely related to changes in maternal fat mass. The mechanisms, 

however, are not yet well defined.8  The hyperinsulinemic-euglycemic glucose clamp 

technique and intravenous- glucose-tolerance test indicate that insulin action in late 

normal pregnancy is 50–70% lower than that of normal, non-pregnant women.9 A 

progressive increase in basal and postprandial insulin concentrations is seen with 

advancing pregnancy. Obese pregnant women also develop peripheral and hepatic 

insulin resistance during the third trimester of pregnancy.10 The hyperinsulinemic-

euglycemic glucose clamp technique indicates that insulin-stimulated glucose 

disappearance, carbohydrate oxidation, and suppression of endogenous glucose 

production in obese women are reduced in the third compared to the second trimester.  
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Glucose tolerance deteriorates in human pregnancy, but about 97-98% of all pregnant 

women retain a normal glucose tolerance and only 2-3% develops gestational diabetes. 

GDM is not due to defective secretion of insulin or due to disproportionate secretion of 

proinsulin or glucagon.7 Only quantitative differences in insulin secretion have been 

observed between women with GDM and normal pregnant women. Evidence supports 

the view that GDM is related to a pronounced peripheral resistance to insulin. 

Carbohydrate metabolism has been studied by using intravenous- glucose-tolerance test 

and hyperinsulinemic-euglycemic clamp with [6,6-2H] glucose before conception and in 

early and late gestation in non-obese women who were predisposed to and developed 

GDM.6 Basal endogenous glucose production increases similarly in patients with GDM 

and in control subjects throughout gestation. An increase in first-phase insulin response 

is observed in control subjects and in patients with GDM with advancing pregnancy; 

however, the increase is greater in control subjects. In late pregnancy, insulin 

suppression of hepatic glucose production is less in patients with GDM (80%) than in 

control subjects (96%). Catalano et al found that decreased insulin-stimulated glucose 

disposal preceded the development of decreased insulin response in women with GDM 

and was evident before pregnancy.6  The relative decrease in first-phase insulin 

response, as the first manifestation of beta cell dysfunction, and impaired suppression of 

hepatic glucose production becomes evident only after progressive decreased insulin 

sensitivity in late gestation, resulting in hyperglycemia. 

GDM is accompanied by alterations in fasting, postprandial, and integrated 24-hour 

plasma concentrations of amino acids, glucose, and lipids. These changes include a 3-
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fold increase in plasma triacylglycerol concentrations during the third trimester of 

pregnancy, elevation of plasma fatty acids, delayed postprandial clearance of fatty acids, 

and elevation of the branched-chain amino acids.11 

Changes in lipid metabolism promote the accumulation of maternal fat stores in early 

and mid-pregnancy and enhance fat mobilization in late pregnancy. In early pregnancy, 

increased estrogen, progesterone, and insulin favor lipid deposition and inhibit lipolysis. 

LPL activity in the adipose tissue from the femoral region, but not from the abdominal 

region, is elevated at 8–11 wk of gestation.12 Lipolysis in response to catecholamines is 

markedly higher in the abdominal than in the femoral region. The femoral cells are 

virtually unresponsive to catecholamines in pregnancy. In late pregnancy, HCS 

promotes lipolysis and fat mobilization. The increase in plasma fatty acid and glycerol 

concentrations is consistent with mobilization of lipid stores. This shift from an anabolic 

to a catabolic state promotes the use of lipids as a maternal energy source while 

preserving glucose and amino acids for the fetus. With prolonged fasting (48 h), as well 

as shorter periods of fasting (18 h), there is a rapid diversion of maternal metabolism to 

fat oxidation, with an elaboration of ketones.11  Decreases in plasma glucose, insulin, 

and alanine, and increases in plasma fatty acid and beta-hydroxybutyrate are seen in 

pregnant women hours before these changes are seen in non-pregnant women.13  The 

enhanced lipolysis and ketogenesis allow pregnant women to utilize stored lipid to 

subsidize energy needs and minimize protein catabolism. 
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ENERGY EXPENDITURE 

 The Total Energy Expenditure (TEE) is defined as the amount of heat energy used by 

the human body for daily functioning,14 and can be divided into 3 main components.15 

1. BEE (Basal Energy Expenditure) or REE (Resting Energy Expenditure) 

2. DIT (diet induced thermogenesis): energy used during substrate metabolism  

3. AEE (activity energy expenditure): energy used in physical activity 

BEE or REE is the energy required to maintain the body’s basic cellular metabolic 

activity and organ functions, such as respiration and normal body temperature 

maintenance in the absence of recent food intake, physical activity, and psychological 

stress.  BMR is the energy expended when an individual is lying at complete rest, in the 

morning after sleep in the post-absorptive state. In adults with sedentary life style BMR 

accounts for approximately 60% of the total daily energy expenditure and is mainly 

contributed by lean body mass. Resting energy expenditure, in general, is within 10% of 

the BMR. Diet induced thermogenesis is the energy expenditure associated with 

digestion, absorption and storage of food, and accounts for approximately 10% of the 

total energy expenditure. Diet induced thermogenesis has obligatory and facultative 

components. The obligatory component encompasses the fixed costs of digesting, 

absorbing, processing, and storing nutrients, and the facultative component is of variable 

magnitude. Activity thermogenesis is the thermogenesis that accompanies physical 

activities and is the most variable component of daily energy expenditure and can 

constitute 15 to 30% of 24-h energy expenditure.15  This can be divided into exercise and 

non-exercise activity thermogenesis (NEAT). NEAT or the ‘energy expenditure of 

spontaneous physical activity’ encompasses the combined energy costs of the physical 
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activities of daily living, fidgeting, spontaneous muscle contraction and maintaining 

posture when not recumbent. Other thermogenic variables may also need to be 

considered, such as the energetic costs of altered temperature, medications and emotion. 

Each of these components of energy expenditure is highly variable and the total effect of 

these variances determines the variability in daily energy expenditure between 

individuals. 

 

A number of factors could either increase or decrease the measured REE and hence 

could act as potential sources of error. These should be thoroughly evaluated before 

applying the REE data to any clinical setting. A number of studies have shown that fat-

free lean mass most closely correlates with REE independent of age, BMI, glycemic 

status and other metabolic variables.16  While REE is found to be higher in males, fever, 

cold exposure and hypothermia have also been implicated in causing an elevated REE.17 

Studies have further shown 20-30% of diseased state initially cause decline in REE due 

to release of catabolic counter regulatory factors and drop in VO2 preceding 

hemodynamic instability. Subsequently around 65-75% of diseased states cause increase 

in REE. Interestingly, routine nursing procedures, such as a bed bath, dressing change, 

or repositioning, even in comatose patients, have all been documented to increase 

energy expenditure by 20% to 36%. The other important determinant of REE is 

concomitant drug usage.18  Of these agents like caffeine, nicotine and catecholamines 

can cause an increase in REE measuring up to 10% -20%.  Decline in REE is usually 

associated with sedatives, analgesics and alpha and beta blockers.  
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Measurement of energy expenditure 

The measurement of energy expenditure can be done using any of the 3 principles. 

1. Indirect calorimetry 

2. Direct calorimetry 

3. Non calorimetric measures 

Direct Calorimetry 

Direct calorimeters measure the heat lost from the body. Radiative and convective heat 

losses account for approximately 80% of the total heat loss, while evaporative heat loss 

accounts for the remainder. Conductive heat loss is negligible in humans. There are 

three principal types of direct calorimeter: isothermal, heat sink and convection systems. 

These techniques require extreme expertise and are expensive to use in clinical and 

research settings.19 

Non Calorimetric Methods  

Non-calorimetric methods estimate energy expenditure by extrapolation from variables 

that relate to energy expenditure.19 These methods are often standardized against the 

calorimetric methods. Non calorimetric methods include 

1. Isotope dilution doubly labelled water 

Field-based measurements of total daily energy expenditure over 7–21 days can be 

obtained using doubly labelled water. The major advantage of doubly labelled water 

measurements is that accurate measurements (error of, 7%) of total daily energy 

expenditure are obtained in truly free-living individuals. There are important limitations; 

first, no information is obtained regarding the components of activity thermogenesis. 

Second, the thermic effect of food is not measured and is known to be variable (most 
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believe this to introduce only a small error). Third, O18 is expensive, thereby potentially 

limiting the number of subjects that can be studied. 

2. Physiological methods  

Heart rate monitoring, 

Integrated electromyography, 

Pulmonary ventilation volume 

Thermal imaging 

The role of newer technologies such as thermal imaging or global positioning remains to 

be determined but should be explored. 

Indirect calorimetry 

There are a number of modalities of indirect calorimetry being used in practice. One of 

the earliest tools used is a Douglas Bag which requires technical expertise and expensive 

analyser equipment, apart from being prone to frequent air leaks. The modern 

calorimeters are based on the multi-component metabolic carts20 that encompass the 

different devices like a hood/mouthpiece, gas analyzers and mixing chambers. Novel 

modalities involving heat flux sensors mounted on a small armband  are being used 

experimentally in the ambulatory setting for lifestyle modification such as weight 

management, fitness improvement, and diabetes care.21 However, long term data 

validating these new techniques are lacking. 

Pre-requisites for measurement 

A number of studies have focused on the optimum conditions for carrying out an 

indirect calorimetry. Measurements must be conducted with strict adherence to resting 

conditions for accurate results.22 Measurements should be performed in a quiet 
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environment with the individual resting for 10 –15 minutes before the measurement. 

The subject should be fasting for at least 6 hours, avoid exercise for at least 4 hours and 

avoid nicotine, caffeine and stimulatory nutritional supplements for at least 4 hours prior 

to the calorimetric assessment. 

Calculation of Resting Energy Expenditure: Weir’s Equation: 

Human energy stems from chemical energy, which is released from nutrients through 

the oxidation of food substrates. Carbon-based nutrients (i.e., fuels) are converted into 

carbon dioxide (CO2), water (H2O), and heat in the presence of oxygen (O2). Indirect 

calorimetry (IC) assesses the amount of heat generated indirectly according to the 

amount and pattern of substrate use and byproducts production. Specifically, energy 

expenditure can be calculated by measuring the amount of oxygen used and carbon 

dioxide released, by the body. 

The specific amount of oxygen used is called oxygen consumption (VO2), whereas the 

amount of carbon dioxide gas produced by the cells is called carbon dioxide production 

(VCO2). The calculation of VO2 and VCO2 forms the inherent principle of indirect 

calorimetry. Total average daily energy expenditure in kcal is usually calculated using 

the modified Weir equation as follows: 23 

Energy expenditure (kcal/d) = [(VO2 × 3.941) + (VCO2 × 1.11) + (uN2 × 2.17)] × 1440 

The urinary nitrogen component (uN2) is often excluded when calculating energy 

expenditure because it only accounts for around 4% of the true energy expenditure and 

contributes to a small error of 1%–2% in the calculation of final energy expenditure in 

both inpatients and outpatients. Thus the abbreviated equation is commonly used.14 

Energy expenditure (kcal/d) = [(VO2 × 3.941) + (VCO2 × 1.11) × 1440 
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Respiratory Quotient (RQ)  

The estimation of Respiratory Quotient is integral to the calculation of energy 

expenditure by indirect calorimetry. RQ is defined as the ratio between VCO2 and VO2 

(ie, VCO2/VO2) and reflects substrate use.24 The complete oxidation of glucose in a 

system yields an RQ of 1. However depending on the substrate oxidized, the value of 

RQ tends to vary. The physiological RQ tends to vary between 0.67-1.20.  The RQ for 

lipids and proteins are approximately 0.69 and 0.82 respectively.25 

Factors influencing RQ: 

An RQ value within the range validates the indirect calorimetry measurements. The 

value of RQ measured in an indirect calorimetry setting if found to lie outside the 

normal physiological range may have different connotations. The commonly 

encountered pitfalls in measurement of RQ include air leaks in the respiratory circuit, 

extreme pain or agitation during the measurement or subjects who have recently 

underwent procedures that affect gas exchange (eg., hemodialysis).26  Under or 

overfeeding can also affect RQ , as can the proportion of carbohydrate and fat in the 

diet. 

Indirect Calorimetry offers a scientifically based approach for customizing a patient’s 

energy needs and nutrient delivery to maximize the benefits of nutrition therapy. 

Traditionally, IC has been underused, mostly due to costs, shortage of personnel, and 

lack of education or training. With recent advances in technology, indirect calorimeters 

are easier to operate, more portable, and affordable. Increased use of indirect 

calorimetry would facilitate individualized patient care and should lead to improved 
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treatment outcomes. Additionally, it facilitates the generation of energy expenditure data 

specific to different disease states, medical conditions, or patient subpopulations. 

BASAL METABOLIC RATE 

BMR should be measured between 06.00 and 09.00 hours in individuals who slept at the 

site of measurement overnight. The individuals should not have consumed food or 

energy-containing beverage for 9 hours prior to the measurement but may have 

consumed water. The measurement should be performed with the patient supine. A 

single pillow may support the subject’s head and/or the head of the bed should be at a 

vertical tilt. The subject should be in thermal comfort and the room should not be 

brightly lit. Subjects should be instructed to lie motionless and should not be allowed to 

talk or have other potentially stimulating distractions during the measurement. The 

measurement period should last for 20–40 minutes. 

RESTING ENERGY EXPENDITURE 

Resting energy expenditure should be performed in the post prandial state, at least 6 

hours after consumption of any calories or performing any rigorous activity. Subjects 

should be fully rested while supine for 60 minutes prior to the measurement. The 

measurement is otherwise as described for BMR. 

THERMIC EFFECT OF FOOD 

Optimally, a measurement of BMR should be performed first, and then subjects should 

be provided with a meal of food. The energy content of the food should be known 

precisely and should be of 400 kcal or greater. Energy expenditure should then be 

measured for 400 minutes or until energy expenditure falls to within 5% of the BMR. 
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The thermic effect of food for the meals provided is calculated from the area under the 

energy expenditure above basal metabolic rate versus the time curve. 

BODY COMPOSITION 

Prevalence of overweight and obesity has been on rise over the past few years. Along 

with this increase in prevalence of obesity, there has been an increase in pregravid body 

mass index and gestational weight gain affecting maternal body composition changes in 

pregnancy. The body exhibits dynamic changes in composition during pregnancy to 

support the fetus. These changes are reflected in gestational weight gain (GWG), which 

includes gains in maternal and fetal fat mass (FM) and fat-free mass (FFM), as well as 

the placenta and amniotic fluid. During pregnancy, many of the assumptions inherent in 

body composition estimation are violated, particularly the hydration of fat-free mass, 

and available methods are unable to disentangle maternal composition from fetus and 

supporting tissues; therefore, estimates of maternal body composition during pregnancy 

are prone to error. Most methods theoretically divide the body into compartments from 

which an estimate of FM is derived. The two-compartment model divides the body into 

FM and FFM, while the three-compartment model further sub-divides the FFM 

compartment into water and a combination of mineral and protein. The four-

compartment models further subdivide the FFM compartment into mineral, water and 

protein. The Institute of Medicine has indicated that these models are ‘satisfactory’ for 

estimating body composition changes in pregnancy, given that corrected values for 

hydration and density of FFM are applied. The available methods for assessing body 

composition changes in pregnancy, include 
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• Bioelectrical Impedance Analysis (BIA)  

BIA is an inexpensive, rapid and non-invasive method for estimating body composition. 

BIA is based on the assumptions and relationships regarding electrical properties of 

various biological tissues at varying frequencies. BIA devices use an alternating current 

with very low amperage that uses the water content of the body as a conductor. The 

impedance, or opposition, of the electrical flow by tissues allows for estimation of TBW 

from which estimates of fat and FFM can be derived. Bio impedance analysis is 

considered safe in pregnancy. There are several factors which compromise the validity 

of this technique in pregnancy. First, estimates of TBW are influenced by the ratio of 

intracellular (ICW) to extracellular water (ECW), which changes markedly throughout 

pregnancy compared with a non-pregnant state and is likely to vary between women and 

by gestational age.27 The Model utilizing wrist-to-ankle BIS was developed in non-

pregnant populations and may not be suitable for pregnancy, where greater water is 

located in the trunk region compared with non-pregnant populations, and therefore 

suggest development of a new model for BIS for assessment of body water in 

pregnancy.28 

•Dual Energy X-ray Absorptiometry (DEXA)  

This measures body fat and fat free mass with minimum radiation exposure (1 μ 

seivert).  It uses the principle of measuring the attenuation difference between two x-ray 

beams of different strengths. The co-efficient of variation (CV) for total body fat 

measurement is <1% and for regional fat estimation <3% (precision error- 1kg).  DXA 

is unsuitable in pregnancy due to radiation exposure; however, DXA is used before and 

after pregnancy to measure bone mineral content (BMC). 
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•Imaging – Magnetic Resonance Imaging and Computed Tomography 

Imaging methods, including computed tomography and magnetic resonance imaging 

(MRI) and three-dimensional photonic scanning (3DPS), can be utilized to estimate 

body composition; however, 3DPS and MRI are still in the exploratory stages for 

pregnancy, while computed tomography is contraindicated due to radiation exposure 

and has not been utilized to evaluate changes from pre pregnancy to postpartum. There 

are no known risks to the use of MRI at low field strengths (for example, 1.5 Tesla) but 

its safety during the first trimester has not been sufficiently evaluated. There are no 

published studies to date that have used MRI to estimate changes in maternal body 

composition during pregnancy. 

•Ultrasound 

Several cross-sectional and longitudinal studies have used ultrasound measurements in 

pregnancy to measure maternal regional subcutaneous and visceral fat;29 however, 

standardized protocols for body fat assessment with ultrasound have not been 

developed. 

•Densitometry 

Body density can be estimated using hydrodensitometry (HD), otherwise known as 

underwater weighing, or air-displacement plethysmography (ADP) from which 

estimates of body composition of the combined, maternal–fetal unit can be derived. 

These methods are not suitable for field research and require specialized equipment. 

•Total Body Water 

TBW is typically measured using the dilution principle with isotope-labeled water 

labeled with deuterium (2H2O) or Oxygen 18 (18O), which provides an estimate of 
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TBW in the combined maternal and fetal unit. During pregnancy, TBW changes are 

highly variable. Several studies have reported TBW accretion of approximately 5–8 

liters over the course of pregnancy.30 TBW measurements using stable isotope methods 

are considered safe in pregnancy, the correction factors for TBW estimates needed to 

derive body composition estimates may need to be population specific.27 

•Anthropometry 

Anthropometric measurements, particularly skin fold thickness (SFT) and mid-upper 

arm circumferences, have been used extensively to estimate changes in body 

composition in pregnancy. Typically FM changes are estimated using equations with 

body weight, SFT and often circumference measures. Estimates of body fat changes 

derived from skin folds are prone to measurement error, especially during pregnancy.31 

Several factors, including initial size, parity, race and socioeconomic status, have been 

established as predictors of GWG; however, whether these factors independently predict 

overall body composition changes across pregnancy is unclear due to limited studies in 

this area.27 Although there is a growing body of research focusing on perinatal, offspring 

and maternal outcomes of GWG, there is a dearth of information on the short- and long-

term outcomes of body composition changes during pregnancy on offspring and 

maternal outcomes and also whether these associations vary by initial BMI and body 

composition (FM, FFM).32 This is largely due to challenges in measuring body 

composition during pregnancy. Several studies have established that the overall 

composition of weight gain, specifically gains in body water and/or lean mass, are 

associated with greater offspring birth weight, whereas gains in fat are not associated 

with birth weight.33 Finally, studies that examine determinants and outcomes of body 
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composition changes in pregnancy are needed in order to guide future interventions and 

public health policies to optimize maternal health in pregnancy and maternal and 

offspring health postpartum.  

Energy Expenditure and Body Composition in Normal Pregnancy 

In pregnancy, as in the non-pregnant state, energy is required for basal metabolic 

requirements, growth, physical activity, and the metabolic response to food. Clearly the 

main factor differentiating energy balance during pregnancy from that in the non-

pregnant state is the extra allowance necessary for the additional growth of fetal and 

maternal tissues as well as the extra energy required for maintaining this increased tissue 

mass. The energy cost of pregnancy and the amount of fat accretion during gestation 

vary considerably among published studies. The principal component of energy 

expenditure-that is, the basal metabolic rate-has been extensively investigated in 

pregnancy. Traditionally, the energy requirements of pregnant women have been 

derived from the increment in BMR and energy deposited in tissues. This factorial 

approach ignores potential energy expenditure changes in physical activity and the 

thermic effect of feeding. All the factors have to be considered while assessing the 

energy expenditure and energy requirement in pregnancy. 

Estimates of the energy cost of pregnancy range from a cost of 80,000 kcal to a net 

savings of 10,000 kcal.34 Similarly, the increase in adipose tissue during gestation has a 

wide variation. Forsum et al reported a mean increase of 5 kg of adipose tissue in 

Swedish women,31 whereas Lawrence et al. found no increase in adipose tissue stores in 

women from the Gambia with their usual nutritional intake.34 
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The total amount of energy required for pregnancy was calculated by Hytten and Leitch 

in 1964 by separating weight gain in pregnancy into the different chemical components 

on the basis of existing data and calculating the energy equivalents of these components 

from the heat of combustion. By this method the energy cost of 335 MJ (80000 kcal) for 

the whole pregnancy was reached. The recent studies have shown that the pregnant 

women do not significantly increase their energy intake above the non-pregnant level.35 

The original calculation of Hytten and Leitch remains valid, and it seems more likely 

that the apparent energetic discrepancy is due to a physiological adaptation during 

pregnancy rather than any inherent error in the Hytten calculation. In attempting to 

investigate this problem different aspect of energy expenditure in pregnancy have to be 

measured, which includes basal metabolic rate, Physical activity expenditure and diet 

induced thermogenesis. 

Total and Basal Energy Expenditure 

During pregnancy, energy expenditure generally rises because of increases in maternal 

and fetal weight. However, the variability in metabolic response among women is 

striking and has been attributed to differences in body fatness. Declines in basal 

metabolic rate (BMR) and in the energy costs of exercise may indicate energy 

conservation or augmented metabolic efficiency in some pregnant women. Conflicting 

data have been reported on BMR in lactating women, with some authors reporting that it 

increased and others finding that it remained unchanged. 

In a study done by Butt NF et al, and published in 1999; energy expenditure and body 

composition was compared between late gestation and post-partum.36 Energy 

expenditure, body composition, and hormone, metabolite, and catecholamine 
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concentrations in 76 women (40 lactating, 36 non lactating) were assessed at 37 weeks 

of gestation and at 3 and 6 months postpartum.  TEE and BMR were 15–26% higher 

during pregnancy than postpartum after being adjusted for FFM, fat mass, and energy 

balance. TEE and BMR were higher in lactating than in non-lactating women. Fasting 

serum insulin, insulin-like growth factor I, fatty acids, and leptin and 24-h urinary free 

norepinephrine, epinephrine, and dopamine correlated positively with TEE and BMR. 

Another longitudinal study done by Butt et al assessed the longitudinal change in energy 

requirements of healthy underweight, normal-weight, and overweight pregnant 

women.37  The energy requirements of 63 women [17 with a low BMI, 34 with a normal 

BMI, and 12 with a high BMI] were estimated at 0, 9, 22, and 36 week of pregnancy and 

at 27 week postpartum. Basal metabolic rate (BMR) was measured by calorimetry, total 

energy expenditure (TEE) by double labelled water, and activity energy expenditure 

(AEE) was estimated as TEE-BMR. Energy deposition was calculated from changes in 

body protein and fat. Energy requirements were calculated as the sum of TEE and 

energy deposition.  BMR increased gradually throughout pregnancy at a mean (SD) rate 

of 10.7(5.4) kcal/gestational week, whereas TEE increased by 5.2(12.8) kcal/gestational 

week, which indicated a slight decrease in AEE. Energy costs of pregnancy depended on 

BMI group. Although total protein deposition did not differ significantly by BMI group 

(mean for the 3 groups: 611 g protein), FM deposition did (5.3, 4.6, and 8.4 kg FM in 

the low-, normal-, and high-BMI groups; P_0.02). Thus, energy costs differed 

significantly by BMI group (P_0.02). In the normal-BMI group, energy requirements 

increased negligibly in the first trimester, by 350 kcal/d in the second trimester, and by 

500 kcal/d in the third trimester. 
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Activity Induced thermogenesis 

Physical activity and the related thermogenesis is known to decrease as pregnancy 

advances.34,38 The TEE of pregnant women remains controversial largely because of 

varying data on the extent of the reduction in PA in pregnancy. Reductions in the PA 

level in late pregnancy compared with the non pregnant state may occur because of 

difficulties in movement related to larger body. The pregnancy physical activity patterns 

have so far been assessed through questionnaires28 or interviews.39 However, the 

reliability and validity of all self-reported methods is limited because of misreporting or 

miscoding of activities, inaccurate estimation of activity intensity or duration and 

differences in body mass. Various Questionnaires are available to assess the activity in 

different population. In pregnancy, the use of PPAQ has been validated. In the 

reproducibility and validity study of a self-administered PPAQ, moderate to high 

reproducibility was observed for total activity as well as for activities of varying 

intensities and types.40   The PPAQ was reasonably accurate in detecting sedentary, light, 

moderate, and vigorous intensity activities of a broad range of types (household/ care 

giving, occupational, and sports/exercise activities) among ethnically diverse pregnant 

women.40 

The doubly labelled water (DLW) method, considered the golden standard for 

measuring TEE and activity energy expenditure (AEE), does not provide specific 

information on the PA patterns. Accelerometry and heart rate (HR) recording have their 

own limitations when used alone. Although accelerometry is unable to account for 

increases in AEE during stepping, cycling, changing grade during walking or load 

bearing activities, HR measurements are affected by other factors, such as training state, 
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mental stress, dehydration or extreme ambient temperature.41 The combination of a HR 

and movement sensor was shown to give precise estimates of AEE and PA patterns 

during a wide range of activities (from low through moderate and high activities).41 

Postprandial Thermogenesis or Diet Induced Thermogenesis 

The Diet induced thermogenesis consists of obligative and facultative components. 

Obligative costs are those incurred by the energy demands for digestion, absorption and 

storage of nutrients. Facultative expenditure is energy spent in excess of that required 

for the processing of nutrients. Obesity has been linked with a reduction in both 

obligative and facultative expenditure.42  Decreased obligative energy cost in obesity  is 

associated with insulin resistance and altered glucose metabolism,43 whereas differences 

in facultative expenditure are associated with stimulation of the sympathetic nervous 

system, Na pumping, substrate recycling and protein synthesis.44 Various studies have 

shown pregnancy induces changes in obligative and facultative expenditure. An 

increased rate of synthesis of new tissue due to fetal and maternal growth could increase 

obligative expenditure. Alternatively, hormonal changes may enable the pregnant 

woman to reduce thermogenesis expenditure, at least in part, the increased energy 

requirement for basal metabolism and tissue deposition. For example, insulin resistance, 

which accompanies pregnancy, could reduce postprandial expenditure. Studies of the 

effect of pregnancy on thermogenesis have been inconsistent. Nagy & King et al45 failed 

to find a reduction in the TEF in early and late pregnancy following a 3.14 MJ (750 

kcal) mixed meal challenge. Prentice et al, similarly noted that there was little variability 

in thermogenesis in eight women studied longitudinally over the course of pregnancy.46 

There are conflicting results in other studies. Illingworth et al found a reduction in 
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postprandial expenditure in the second trimester (25-28 weeks gestation) of pregnancy, 

but not during early or late gestation.47 The energy saving during mid-gestation was 

small and amounted to a difference of only 22 kJ (5 kcal). Another study observed 29 kJ 

(7 kcal) and 55 kJ (13 kcal) savings in postprandial expenditure in the second and third 

trimesters of pregnancy respectively.48 The study estimated that 38.6 MJ of the total 

energy requirement was saved by the fall in thermogenesis during the latter two 

trimesters. In the study postprandial thermogenesis correlated positively with insulin 

sensitivity, as assessed by the decline in plasma glucose following a bolus of 

intravenous insulin. The authors concluded that insulin insensitivity was responsible for 

the reduction in thermogenesis.  The exact role of insulin in the thermic effect of food 

remains controversial. An increase in serum insulin concentration leads to an increase in 

energy expenditure but similar studies have found no correlation between the insulin 

response to a meal and the thermic response.47,49 These findings in association with the 

observation that the two phenomena of suppressed energy expenditure and increasing 

insulin resistance are maximal at different times in the pregnancy suggest that the two 

processes are not causally related.  

 

It is difficult to determine why the results of these studies differ. All pregnant women 

studied have been glucose tolerant despite differences in insulin sensitivity. It seems 

most likely that differences in study design and experimental methodology, along with 

the heterogeneity amongst pregnant women, explain the different results. These varying 

results stress the need of a similar in Indian population to understand the variation in 

metabolism. 



Review of literature  
 

27 
 

Decrease in postpartum thermogenesis has been documented in both lean and obese type 

diabetes mellitus. It has been shown in different studies that the decrease in PPT which 

develop during gestational diabetes persists in to the post partum period50 and there is 

evidence that this reduced energy expenditure that results from decreased PPT might 

provide one of the mechanisms by which individuals are predisposed to obesity and type 

2 diabetes.51  Similar study was conducted in a large group of European women with a 

history of GDM. These women were normoglycemic at the time of the study and were 

matched for ethnicity, age, parity, and time since delivery with a control population. The 

study assessed postprandial thermogenesis (PPT) for 3 h following a mixed meal in 29 

normoglycemic European women with previous gestational diabetes (GDM), compared 

with 37 control women. Given the potential role of catecholamines and insulin in the 

regulation of PPT, the study assessed insulin and catecholamine responses to the meal. 

There were no significant differences in REE between the two groups whether assessed 

in absolute terms or after correction for LBM. Although mean values of total PPT were 

lower in the GDM group, this difference did not quite attain statistical significance (P _ 

0.052 one-sided).  However, there was a marked difference in the shape of the PPT 

curve, suggestive of delay in PPT, between the two groups, as quantified by the lower 

PPT rate at 30 min post prandially in the GDM group. There was a consistent delay in 

insulin, and noradrenalin responses to the meal in the GDM group. Although the 

biological significance of the delayed PPT response is uncertain, one possibility is that 

this is an early metabolic manifestation that precedes an absolute decrease in PPT in 

these women with post-GDM which predisposes to diabetes mellitus. Due to the 
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variability in these studies with post meal thermogenesis larger studies are required 

which should include subjects from all ethnic groups, to arrive at a consistent result. 

Role of Leptin in Nurtient Metobilsm in Pregnancy 

Although the source of leptin is well documented, the role of the increased maternal 

leptin concentrations during gestation has remained elusive.52 In addition to maternal 

adipose tissue the placenta produces leptin, and leptin concentrations fall within 48 h of 

delivery. Although leptin was originally thought to be related only to appetite 

suppression via central mechanisms, further reports pointed to a role of leptin in the 

control of energy expenditure. In obese subjects, leptin may have a stimulatory effect on 

fat oxidation by peripheral tissues. Minokoshi et al. have reported that leptin stimulates 

fat oxidation in skeletal muscle by activating AMP-activated protein kinase (AMPK) 

and then AMPK activation allows phosphorylation of acetyl-coenzyme A carboxylase, 

resulting in potent stimulation of fatty acid oxidation in muscle. Hyperleptinemia down 

regulates expression of lipogenic enzymes and up regulates enzymes of fatty acid 

oxidation. Hence, increase in maternal leptin, possibly from placental sources, may 

affect the increases in fat oxidation observed in obese subjects. 

Changes in Energy expenditure and Body composition in Diabetes Mellitus 

complicating Pregnancy 

As discussed earlier, not many studies have been done so far assessing the changes in 

energy expenditure and body composition in pregnant women with diabetes mellitus. 

Study done by Okereke et al; published in 2004 assessed the longitudinal changes in 

energy expenditure and body composition in obese pregnant women with normal 

glucose tolerance and diabetes mellitus.52 Fifteen obese women, eight with NGT and 
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seven with GDM, were evaluated before conception (P), at 12–14 wk (E), and at 34–36 

wk (L). Energy expenditure and glucose and fat metabolism were measured using 

indirect calorimetry. Basal hepatic glucose production was measured using [6,6-

2H2]glucose and insulin sensitivity by euglycemic clamp. Total weight gain in all of 

these women was 12.1 ± 3.9 kg. There was a significant (P _ 0.0001) increase in weight 

and body composition over time in all subjects. There was a significant increase (6.6 kg, 

P _ 0.0001) in fat mass from P to L .There was also a significant (P _ 0.001) increase in 

the sum of the seven skin fold measurements. There were no significant differences in 

any of the body composition measurements between groups. There was a 30% increase 

in basal energy expenditure from P to L, whether expressed as basal VO2, milliliters per 

minute, or kilocalories per day. After adjustment for FFM, the increase in energy 

expenditure was 14% in the NGT and 21% in the GDM subjects. These differences did 

not reach statistical significance (P _ 0.3 to 0.5) because of the great inter individual 

variability and may be due to small sample size. There were no significant changes in 

carbohydrate oxidation during fasting or storage from P to L. There was, however, a 

significant (P _ 0.0001) 150% increase in basal fat oxidation (mg/min) from P to L. The 

study concluded that during pregnancy in obese women, there are significant alterations 

in body composition and energy expenditure among individuals but no difference was 

noted between women with NGT and those with GDM. There are significant increases 

in fat mass and basal metabolic rate and an increased reliance on lipid metabolism both 

in the basal state and during insulin infusion, unlike in lean subjects. 

Similar study was done in lean subjects who had abnormal glucose tolerance before 

conception by Catalano et al.8  The study hypothesized that woman with decreased 
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insulin sensitivity before conception would have less fat accretion and smaller increases 

in energy expenditure. Six women with normal glucose tolerance and 10 women with 

abnormal glucose tolerance were evaluated before conception, and in early (12 to 14 

weeks) and late (34 to 36 weeks) gestation. Body composition was estimated by hydro 

densitometry, resting energy expenditure, and glucose and fat metabolism by indirect 

calorimetry, endogenous glucose production by infusion of [6-6 2H2] glucose, and 

insulin sensitivity using a hyperinsulinemic-euglycemic clamp (40 mU/m2/min).There 

was a smaller increase in fat mass (1.3 kg [P = .04]) in early pregnancy in women with 

abnormal glucose tolerance before pregnancy. Indirect calorimetry measured gestational 

age-related increases in basal oxygen utilization, with or without correction for fat-free 

mass (VO2, P = .002), resting energy expenditure (expressed in kilocalories, P = .0001), 

and carbohydrate oxidation (P = .0003). In early pregnancy, changes in fat mass 

correlated inversely with changes in insulin sensitivity (r= -0.52, P = .04). In early 

gestation, the changes in maternal fat mass and basal oxygen consumption are inversely 

related to the changes in insulin sensitivity. This response in lean women with decreased 

insulin sensitivity before conception may have survival value by providing a larger 

amount of available substrate to meet fetoplacental needs during gestation. 

Indian Data on Energy expenditure in Pregnancy 

A study was published in 1998 by Das et al comparing the longitudinal changes in  basal 

energy expenditure in pregnant women in  and  non-pregnant women.53   The mean ± SD 

of BEE were found to be 34.04 +/- 3.05, 35.85 +/- 2.60 and 39.69 +/- 2.75 Kcal/m2/hr 

during first, second and third trimesters of pregnancy respectively. BEE was 

progressively and significantly increased (P < 0.01). However, increase in BEE during 
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first trimester of pregnancy compared to that of luteal phase of menstrual cycle was 

insignificant. The results indicate that Indian pregnant women should maintain energy 

requirements by increasing caloric intake throughout the gestation. 

Another study was done in South India which compared changes in energy expenditure, 

body composition and calorie intake in pregnant women.54 The study measured Basal 

metabolic rate (BMR), thermic effect of a meal (ThM), anthropometny, and dietary 

intakes in 18 control subjects and in 18 pregnant women at 12, 24, and 34 week 

gestation; and in 17 of these women at 12 and 24 week postpartum, to uncover any 

metabolic economy associated with either pregnancy or lactation. Energy expenditure 

was measured by respiratory gas exchange measurements in a ventilated hood. ThM was 

calculated by obtaining the mean increment in energy expenditure during the 

measurement period (30 mm) in each hour (which was considered representative for the 

entire hour) above pre-meal basal values. The post meal total energy output was 

calculated by obtaining the total energy expenditure during the 5 h after the ingestion of 

the test meal. 

 Mean weight gain from 12 week gestation to term was 1 1 .4 ± 3.7 kg; mean birth 

weight of the infants was 3.06 ± 0.41 kg.  Estimated gain in adipose tissue and fat mass 

were 3.1 ± 3.6 and 2.5 ± 2.9 kg, respectively. Energy cost of pregnancy was estimated to 

be 303 ± 171 MJ. The cumulative increase in energy intake over the last two trimesters 

of pregnancy was 290 ± 280 Mi, meeting a large part of the total estimated cost of 

pregnancy.  In the study BMR was significantly higher (P < 0.05) in the pregnant and 

lactating group at 12 week gestation compared with the control group, and when 

expressed per kilogram body weight was almost 7% higher than in the control group, 
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although this was not significant. There was no significant increase in BMR per 

kilogram body weight with the progression of pregnancy. There was no significant 

reduction in TEM during pregnancy and its role as a possible adaptive mechanism to 

conserve energy during pregnancy was not supported by data in this study.  The results 

indicated that the BMR and ThM were not associated with any energy saving either 

during pregnancy or lactation. The extra energy required during pregnancy and lactation 

appeared to have been met largely by increases in energy intake, rather than by any 

metabolic economy or increase in fat mobilization. 

Significance and novelty of the proposed study: 

Changes in energy expenditure and body composition are key to the understanding the 

metabolic milieu of pregnancy and pathogenesis of diabetes complicating pregnancy. 

Dietary recommendations and therapeutic interventions in diabetes complicating 

pregnancy should be made taking into account the gestational variations in energy 

expenditure and body composition. Previous studies have shown that there is significant 

increase in energy expenditure, after adjusting for free fat mass as the pregnancy 

advances. But the studies fail to show any significant difference among patient with 

diabetes complicating pregnancy and normal pregnant population. However, there is a 

paucity of studies that have looked at both the basal and activity associated energy 

expenditure simultaneously in a population of pregnant women with and without 

diabetes. 

Although nutritional intervention for overt diabetes and gestational diabetes is a 

fundamental treatment modality, there is a paucity of evidence-based data on this topic. 

This study may help in assessing the energy requirements in the different stages of 
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gestation in an Indian population and will help in formulating adequate nutritional 

recommendations in our population with diabetes mellitus complicating pregnancy. 
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MATERIALS AND METHODS: 

SALIENT ASPECTS OF THE STUDY DESIGN: 

 
STUDY DESIGN: The study was a prospective study. Institutional review board 

approval was obtained. IRB Min.No.10045, dated 04.04.2016 

STUDY PERIOD: The duration of the study was 2 years (2016-18). 

 

STUDY SETTING:  

The study was carried out at the Department of Endocrinology, Diabetes and 

Metabolism, Christian Medical College, Vellore, Tamil Nadu, India.  

 

Table-1: SAMPLE SIZE CALCULATION: 

 Two Means - Hypothesis testing for two means  
 

 

 
 
 

 

 

 

 

 

 

 

 

Pre - test mean 27 
Post - test mean 33 
Standard deviation in group  I  8 
Standard deviation in group  II  8 
Effect size 0.75 
Power % 80 
Alpha error (%)  5 
1 or 2 sided  2 
Required sample size per group  16 
Group 1 22 
Group 2 11 
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Based on the data published from previous studies; the expected percentage of 

longitudinal change in Resting energy expenditure  was 27% in pregnant women with 

normal glucose tolerance and 33% in pregnant women with diabetes mellitus 

complicating pregnancy.The sample size were calculated with alpha and beta errors at 

5% and 80% respectively with varying differences. The sample size needed in each 

group was around 16. So the study recruited total of 34 subjects, 21 with diabetes 

mellitus complicating pregnancy and 13 with normal glucose tolerance. 

 STUDY PARTICIPANTSAND RECRUITMENT:   

The study subjects were divided into the following two groups: 

• Group 1: Pregnant women with gestational diabetes mellitus  as diagnosed by the 

IADPSG criteria GDM (n=21) 

• Group 2: Pregnant women with normal glucose tolerance (NGT) (n=13) 

The subjects were assessed at three different time points which include 

Visit 1: Early pregnancy (before 18 weeks) 

Visit 2: Late pregnancy (32-38 weeks) 

Visit 3: postpartum 6-24 weeks 

 

SUBJECT  ELIGIBILITY CRITERIA: 

Inclusion criteria: 

a. Women with gestational diabetes mellitus as diagnosed by the IADPSG 

diagnostic criteria  

b. Diagnosed before 18 weeks of gestation 

c. Able and willing to provide informed consent 

Exclusion criteria: 

a. Pregestational diabetes mellitus 

b. BMI >35 kg/m2(1st trimester ) 

c. Any chronic illness requiring medications interfering with glucose 

metabolism 

d. Multiple pregnancies 

e. Age >35 years 
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The following were performed and recorded during the screening visit: 

a) Signed informed consent, date and time 

b) Demography  

1. Name, 
2. Date of Birth 
3. Sex   
4. Medical History 
5. Concomitant  Medications  

c) Full history and physical examination 

d) Laboratory Investigations 

1. Hemoglobin 

2. Serum Creatinine 

3. TSH 

4. HbA1C 

5. Fasting and Postprandial plasma glucose 

 

Procedures performed at each visit  

1. Measurement of Resting Energy Expenditure by Indirect Calorimetry 

2. Assessment of Postmeal Thermogenesis by3 hour indirect calorimetry following 

a mixed meal challenge test 

3. Assessment of Activity energy expenditure by PPAQ 

4. Assessment of dietary intake by 24 hour recall method 

5. Body composition by Bio impedance analysis  

6. Anthropometry –Height, weight, BMI, mid arm circumference, skin fold 

thickness at 6 sites(Biceps, Triceps, Subscapular, Supra iliac, thigh and Neck) 

7. Assessment of serum leptin levels 
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Detailed diagrammatic Algorithm of the study  
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ASSESSMENT METHODS  

Resting Energy Expenditure 

Resting Energy expenditure was measured by respiratory gas exchange measurements 

using open circuit indirect calorimeter with ventilated hood. The ventilated hood 

measurement system consists of a plastic hood that surrounds the subject’s head and a 

soft plastic collar round the neck and shoulders. A fixed flow of room air was 

maintained through the hood by connecting the outlet of the hood through a calibrated 

rotameter to a suction pump. A small sample of air (1 L/min) was drawn off from the 

outlet of the rotameter for minute-to-minute estimation of oxygen and carbon dioxide 

concentrations.  

Subjects were instructed to complete their evening meal by 20.00 and to be in bed by 

22.00 on the night before the metabolic measurements. On the morning of the metabolic 

measurement they woke up between 06.00 and 06.30, completed their dressing and 

grooming, and empty their bladder. The study started by 08.00am in a fasting state. All 

subjects were made to rest in bed for 30 minutes before the REE measurement began. At 

the end of the mandatory rest period, BMR was measured for 30 minutes within the 

ventilated hood after an initial 10 minutes period to allow VO2 to stabilize. The 

electrical outputs were interfaced with a desktop computer, and integrated 

measurements of oxygen consumption (VO2, measured in ml/min) and carbon dioxide 

production (VCO2 in ml/min), respiratory quotient (RQ), and total resting energy 

expenditure (REE, expressed as kcal/kg/min) were averaged and recorded over this 30-

mm period. The oxygen consumption and carbon dioxide production were measured to 

calculate respiratory quotient [(RQ) = VCO2 / VO 2]. RQ within the normal 

physiological range confirmed a consistent calorie intake by the study subjects. The 

REE was then calculated using the abbreviated Weir equation: 

 3.9 (VO2) + 1.1 (VCO2) x 1.44 [(VO2 – Oxygen intake (ml/minute), VCO2- Carbon 

dioxide output (ml/minute)]. (14) 
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Activity energy expenditure 

Activity logs and the factorial method is a frequently used approach for estimating 

activity thermogenesis. In the study we used PPAQ (Pregnancy Physical Activity 

Questionnaire) to assess the physical activity of the subjects. The PPAQ is a validated, 

self-administered questionnaire that takes on average 10–15 minutes to complete, and 

has been used to assess the physical activity levels of pregnant women. This 

questionnaire is composed of 32 questions, grouped into different types of activities. 

Specifically, this semi quantitative questionnaire asks women to estimate the duration 

and frequency spent per activity, during the current one month. Women will also be 

given the opportunity to provide 2 activities that are not listed in the questionnaire. In 

brief, an estimated average metabolic equivalent (MET-hr/wk) value was calculated 

using the duration of the time spent in each activity multiplied by the energy equivalent 

of the activity based on the PPAQ 

 

Assessment of Post Prandial thermogenesis with mixed meal challenge test: 

Postprandial thermogenesis (PPT) represents the additional energy expenditure, above 

resting levels, that follows ingestion of food. In the study we measured the increment in 

energy expenditure after a mixed meal challenge test. The use of a mixed meal has been 

previously validated as a physiological thermogenic stimulus. The metabolic rate was 

measured for 3 hours following the meal while the subject remained resting. Post meal 

thermogenesis was calculated as the increment in energy expenditure over baseline (i.e. 

post meal energy expenditure minus REE). This mixed meal consists of a balanced 

mixture of carbohydrates, protein and fat in percentages that are identical to a normal 

balanced diet. Following the overnight fast , subjects were administered a the mixed 

meal of ensure nutritional powder (carbohydrate 54%, fat 32% and protein 14%:) in a 

10Kcal per lean body weight to be drank over 5-10 minutes Subsequently the energy 

expenditure was estimated using an indirect calorimeter for 3 hours. The second 30 mm 

in each hour was considered as the measurement period and to be representative of the 

energy expenditure for the entire hour; the initial 30 minutes was designated as the rest 

period. The subjects remained awake and motionless in the recumbent position during 
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the measurement periods. Between measurement periods, i.e., during the rest periods, 

some movement and reading was permitted. The subjects took standard meal and snacks 

the night prior to the test and fasted after 10 pm, in order to minimize changes in 

metabolism between the tests.  

 

Blood sampling was performed through an indwelling intravenous catheter, and blood 

was drawn at fasting and at 60,120 and 180 minutes following the meal, Samples for 

estimation of glucose, insulin, and non-esterified fatty acids (NEFA) were taken at 0, 1, 

2 and 3 hour intervals during the test.  

 

Diet Assessment 

Calorie intake of the patients was assessed at each visit by a 24 hour Recall method. 

Anthropometry and Body Composition 

The most common method used to measure maternal body composition changes in 

pregnancy is anthropometry. Body weight and height were measured with an electronic 

balance and stadiometer. Skin fold thickness was measured at 6 sites; triceps, biceps, 

subscapular and suprailiac and thigh region. Mid arm circumference and neck 

circumference was measured .Skin fold thickness was taken on healthy, undamaged and 

uninfected dry skin as moist skin is harder to grasp and can influence the measurement. 

Subjects were instructed to keep the muscles relaxed during the test. The skin fold site 

was marked using a pen with water soluble ink. The skin fold was firmly grasped by the 

thumb and index finger, using the pads at the tip of the thumb and finger and the skin 

fold gently pulled away from the body. The Harpenden skin fold caliper was placed 

perpendicular to the fold, on the site marked, at approximately 1cm below the finger and 

thumb. While maintaining the grasp of the skin fold, the caliper was released so that full 

tension was placed on the skin fold. The dial was read to the nearest 0.50mm, 1 to 2 

seconds after the grip has been fully released. Two measurements were taken at each 

site. If repeated tests varied by more than 1 mm, the measurements were repeated. 

Triceps skin fold thickness was measured at the midpoint between the acromion and 
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olecranon processes on the left side with the arm hanging by the side. Biceps skin fold 

thickness was measured at the anterior surface of the biceps midway between the 

anterior axillary fold and the antecubital fossa .Sub scapular region skin fold thickness 

was measured below the inferior angle of the scapula 

Body composition was measured with bio impedance analysis at each visit to assess the 

longitudinal changes in fat mass and free fat mass. Bioelectrical impedance analysis is a 

non-invasive, inexpensive and technically precise modality. It works on the principle 

that the aqueous tissues of the body due to their dissolved electrolytes are major 

conductors of electric current, fat and bone have poor conductance properties. It 

estimates fat free mass from the resistivity of water and electrolyte rich compartment 

against an electric current.  Fat mass was calculated as body weight minus fat free mass. 

The measured whole body impedance is largely determined by the limbs, and hence 

bioelectrical impedance analysis is insensitive to changes in the trunk.  A weak A/C 

current is passed through the outer pair of electrodes, while the voltage drop across the 

body is measured using the inner pair of electrodes from which the body’s impedance is 

derived. In this study Body fat was calculated by bio impedance instrument “bodystat 

version 2/02”. 

Statistical methods:  

Descriptive statistics of the variable were presented in terms of mean and standard 

deviation.  Normality of the data was tested using Shapiro Wilk test and Q-Q plot. For 

variables with normal distribution, parametric tests were used: independent student t test 

and ANOVA for comparison of means among groups.  Generalised linear model was 

used for comparing measurement repeated at different time points. For variables without 

normal distribution, non-parametric tests were used: Kruskall Wallis test for comparison 

of means among groups Mann-whitney U test was used for post hoc analysis. A  p - 

value of <0.05 is taken as statistically significant in all cases.All statistical analysis was 

performed using IBM SPSS (Statistical Package for the Social Sciences) version 21.0. 
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A total of 46 subjects were recruited into the study.  The number of cases (pregnant 

women with Gestational diabetes mellitus) was twenty one and controls (pregnant 

women with normal glucose tolerance) were thirteen. The subjects were followed up 

longitudinally through three time points, early pregnancy (before 18 weeks of 

gestation), late pregnancy (between 32 -38 weeks of gestation) and the postpartum 

phase (4-12 months after delivery). Out of the forty six subjects, thirty four subjects 

(GDM n=21, NGT n=13) completed the second visit and twenty four subjects (GDM 

n=16, NGT n=8) completed all the three visits. The data was compared for thirty 

four subjects during pregnancy and twenty four subjects in all the three visits 

including postpartum period. 

  

 

 

 

 

 

 

 

 

 

  

 

 

                         Figure 1: Study overview flowchart 

 

 

46 subjects were willing to participate in the study after informed 
consent (GDM – 28 subjects and NGT -17 subjects) 

First visit assessment done in early pregnancy 
Subjects participated: GDM -28, NGT -17 

 

Second visit assessment done in late pregnancy 
Subjects participated: GDM -21, NGT -13 

Third visit assessment done in postpartum 
Subjects participated: GDM -16, NGT -8 

 

Total of 34 patients were included in the data analysis 
GDM -21, NGT -13 

 

Excluded GDM-7, NGT -4 
GDM 1-pregnancy loss, 6-
not willing to participate 
NGT 1 diagnosed as GDM 
at 24 weeks, 3-not willing 
to participate 
 

Excluded GDM -5, 
NGT-5 
Not willing to participate 
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Table 1: Baseline characteristics 

 

 

 

 

 

 

Variables GDM (n = 28) 
Mean ± SD 

NGT  (n = 17) 
Mean ± SD *P  value 

Age (years)  31.4 ± 7.5  30. 0 ± 8.2  0.61

Period of gestation at first visit 
(weeks) 

 13.5 ± 3.5  12.01 ± 2.7  0.15

Body mass index (BMI) 
(kg/m2) 

 26.1 ± 3.5  24.2± 4.3  0.07

Gravida  [N (%)] 
Primi -15 (53.5) Primi -7 (41.2) 

0.33 
Multi -  13 (46.4) Multi -10 (58.8) 

Family h/o of diabetes [N (%)] 19(67.8) 4 (23.5)) 0.08 

Past h/o of GDM [N (%)] 6(21.4) 1 (5.8) 0.35 

FPG at diagnosis (mg/dL) 101.6±8.6 81.8±6.7 0.001# 

HbA1c at diagnosis (%) 5.4±0.5 5.1±0.3 0.03# 

Hemoglobin(gm/dL) 12.1±0.9 11.4± 1.7 0.07 

Serum creatinine (mg/dL) 0.51± .14 0.48±.07 0.64 

Serum  TSH (IU/L) 1.67±1.29 1.56±1.26 0.76 

Abbreviations – FPG –fasting plasma glucose, TSH –Thyroid stimulating hormone, BMI –
Body mass index, GDM –Gestational diabetes mellitus, NGT -Normal  glucose tolerance  
# P < 0.05-considered as statistically significant 
*Student t test 
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Table 2: Baseline anthropometric indices 

  

Variables GDM (n= 28) 

Mean ± SD 

NGT (n = 17) 

Mean ± SD 
*P  value 

Waist circumference (cm) 94.8 ±9.5 81.7 ± 11.9 0.006# 
Hip circumference (cm) 96.1± 10.76 93.4 ± 10.8 0.44 
Waist -Hip ratio 0.95 ± 0.16 0.81 ± 0.10 0.03# 

Waist -Height Ratio 0.61 ±0.06 0.53±0.08 0.01# 

Biceps skinfold  (cm) 1.5 ± 0.58 1.3 ± 0.61 0.23 
Triceps skinfold (cm) 2.7 ± 0.65 2.1± 0.64 0.004# 
Subscapular skinfold (cm) 2.7 ± 0.68 1.9 ± 0.45 0.02# 
Supra-iliac skinfolds (cm)  2.7 ± 0.63 2.0 ± 0.39 0.02# 
Thigh skinfolds (cm) 4.5 ± 0.96 3.5 ± 0.78 0.01# 

Neck skin fold (cm) 0.72± 0.16 0.60± 0.12 0.02# 
Neck circumference(cm) 32.5± 2.1 30.6± 1.7 0.007# 
Mid arm circumference 
(cm) 

29.6± 2.9 26.9± 3.9 0.02# 

GDM –Gestational diabetes mellitus, NGT -Normal  glucose tolerance 
*Student t test 
# P < 0.05-considered as statistically significant 



Results  
 

45 
 

 

Figure 2: Baseline Distribution of BMI 

The mean age of the subjects with GDM was 31.4 years (± 7.5) while the control 

group was slightly younger, with a mean age of 30 years (±8.2). The HBA1c was in 

the non-diabetic range (less than 5.7%) in both the groups confirming onset of 

glucose intolerance in pregnancy for GDM subjects. The family history of diabetes 

was higher in the GDM group (67.8% versus 23.5%).  Twenty two out of forty six 

subjects were primigravida and a past history of GDM were present in seven 

subjects, six (21.4%) in the GDM group and one in control group. There were no 

significant differences in haemoglobin, TSH, and creatinine between the groups. The 

baseline mean BMI of the GDM group was higher than the control which 

approached statistical significance (26.1 ± 3.5 versus 24.2± 4.3kg/m2, P value 0.07). 

Figure 2 shows the distribution of BMI among the groups. At the time of 

recruitment, the GDM group had a higher proportion of obese (BMI ≥25kg/m2) and 

overweight (BMI 23.0-24.9kg/m2) subjects when compared to the controls. Among 
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the anthropometric measures baseline waist circumference, waist-hip ratio, waist-

height ratio, neck and mid arm circumference were significantly higher in the GDM 

group.  There was a significant difference in the skin fold thicknesses (triceps, 

subscapular, supra-iliac, thigh, neck) between the GDM subjects and controls in 

early pregnancy.  The biceps skin fold was similar in both the groups unlike the other 

sites. 

Table 3: Follow up and outcome of pregnancy 

 

 

Variables GDM (n = 21) 
Mean ± SD 

NGT  (n = 13) 
Mean ± SD *P  value 

Gestational age at first visit in weeks 
 13.6 ± 3.6 11.8 ± 2.9 0.13 

Gestational age at second visit  in 
week 

33.8 ± 1.3 34.4 ± 1.7 0.18 

Gap between delivery and third  
visit in weeks 32.3 ± 13.5 29.68 ± 8.1 0.56 

Treatment N (%) 
MNT alone 
Metformin 
Insulin 
Metformin +insulin 

 
12 (57.14) 
6  (28.57) 
1  (4.76) 
2  (9.5) 

NA  

Mode of delivery 
Vaginal   N (%) 
Caesarean section N (%) 

 
14 (66.67) 
7   (33.33) 

 
8(61.54) 
5(38.4) 

 

Birth weight 
 

2.8 ±0.4 2.9±0.3 0.37 

**Diabetes mellitus in the 
postpartum period N (%) 
IFG  
IGT 
IFG+IGT 
Overt DM 

8  (50) 
 

2 (12.5) 
0 

4 (25.0) 
2 (12.5) 

1(12.5) 
 
1 
0 
0 
0 

0.49 

Abbreviations MNT –medical nutrition therapy;  IFG –impaired fasting glucose ;IGT-
impaired glucose tolerance; DM –diabetes mellitus;  GDM – Gestational diabetes mellitus; 
NGT –Normal glucose tolerance, NA –Not applicable 
 *Student t test 
# P < 0.05-considered as statistically significant 
** In postpartum  GDM( N )=16, NGT (N)=8  



Results  
 

47 
 

The mean gestational age at the time of first and second visit was similar in both the 

groups.  The mean duration of post-partum visit was 31 weeks. Among the GDM 

subjects, thirteen subjects were on medical nutrition therapy, eight subjects were on 

combined MNT and metformin .The total dose of metformin ranged from 500mg to 

2gm. Two patients were started on insulin along with metformin in late pregnancy. 

One patient was on a basal bolus regimen and the other was on basal insulin at night. 

Mode of delivery and neonatal births weight was similar in both the groups. 

Macrosomia (birth weight > 3.5kg) was seen in four babies, two each in both the 

groups. Low birth weight (less than 2.5 kg) was seen in two babies with GDM 

mothers. None of the babies in the control group had low birth weight. No neonatal 

complications were noted.  Nearly 50% of subjects with GDM were found to have 

persistent glucose intolerance (IFG or IGT or both) during the postpartum period. 

Two patients had overt diabetes mellitus and were started on metformin. One patient 

in the control group developed new onset impaired fasting glucose (IFG).  
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Table 4: Distribution of body composition in pregnancy 

 

 

 

 

Variables Group 
 Early pregnancy 

*P  
value  Late pregnancy 

**P  
value 

Body weight(kg) 

Mean ± SD 

GDM (N)=21 64.28 ± 10.2  
0.04# 

69.34 ± 9.31  
0.13 

NGT (N) =13 55.96 ± 11.7 62.92 ± 12.61 

BMI (kg/m2)  

Mean ± SD 

GDM (N)=21 26.55 ± 4.14  
0.06 

28.52 ± 3.87 
0.17 

NGT (N) =13 23.44± 4.47 26.32± 4.66 

Change in 
weight(kg) 

Median (range) 

GDM (N)=21 2.0(-4 -12)  
0.43 

4.5(-1 -16) 

0.21 NGT (N) =13 
1.7 (-6 – 5.7)  7.1 (-0.7-15.10) 

Body fat (%) 

Mean ± SD 

GDM (N)=21 38.1± 6.1  
0.04# 

 

37.4 ± 6.5 0.27 
 NGT (N) =13 31.5±8.5 34.8± 6.3 

Fat mass (kg) 

Mean ± SD 

GDM (N)=21 24.7 ± 6.7  
0.03# 

 

26.2± 6.7 
0.10 NGT (N) =13 17.5± 7.2 22.5± 8.1 

Lean mass (%) 

Mean ± SD 

GDM (N)=21 61.9± 6.1  
0.03# 

62.5± 6.5 
0.11 

NGT (N) =13 68.4± 8.5 65.2 ± 6.3 

Lean mass (kg) 

Mean ± SD 

GDM (N)=21 39.7± 6.3  
0.51 

43.1± 6.3  
0.47 NGT (N) =13 38.3± 5.2 40.5 ± 5.4 

BMI –body mass index, GDM –Gestational diabetes mellitus, NGT –normal glucose tolerance  
*denotes P value between GDM and NGT group in early pregnancy , Student t test 
** denotes P value between GDM and NGT group in late pregnancy, Student t test 
# P < 0.05-considered as statistically significant 
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Table 5: Longitudinal changes in body composition indices during pregnancy and 
postpartum 

 

Variables  
group 

Early pregnancy 
Mean ± SD 

Late pregnancy 
Mean ± SD 

Postpartum 
Mean ± SD 

P 
value* 

Body 
weight 

(kg) 

GDM (N)=16 
63.1 ± 10.5 67.2 ± 9.4 64.4 ± 8.4 

0.17 
NGT (N) =8 

52.7 ± 10.2 58.1 ± 10.7 57.5 ± 12.5 

BMI  
(kg/m2) 

GDM (N)=16 
26.2 ± 3.9 27.7 ± 3.4 26.6 ± 3.1 

0.13 
NGT (N) =8 

22.4 ± 3.9 24.6 ± 3.8 24.4 ± 4.5 

Body fat 
% 

GDM (N)=16 
38.2 ± 6.9 37.3 ± 6.9 38.0 ± 5.4 

0.16 
NGT (N) =8 

30.2 ± 7.0 34.1 ± 6.7 36.2 ± 5.2 

Fat mass 
(kg) 

GDM (N)=16 
24.3 ± 7.4 25.3 ± 6.7 24.5 ± 5.7 

0.19 
NGT (N) =8 

16.3 ± 6.7 20.4 ± 7.4 21.1 ± 6.9 

BMI –Body mass index , GDM – Gestational diabetes mellitus; NGT–Normal glucose 
tolerance  
* Denotes P value of  longitudinal change in body composition indices  between GDM and 
NGT group 
# P < 0.05-considered as statistically significant 
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Figure 3:  Distribution of total body fat percentage 

The body composition as assessed by the bio-impedance analyser  showed 

significantly higher  body fat content and percentage in the GDM group in the early 

phase of  pregnancy (p-0.04 and 0.03 respectively) whereas in late pregnancy, the 

difference was not significant(p- 0.26 and 0.19 respectively). In subjects with normal 

glucose tolerance, the body fat percentage increased by 3.3% from early to the late 

phase of pregnancy, whereas the body fat percentage remained unchanged in GDM 

subjects.  In the control group; among the patients who came for the third visit 

(figure 3) the body fat has increased from 30.2 % in early pregnancy to 34.1 % in 

late pregnancy and 36.1% in the postpartum period where as in the GDM group there 

was no increment in body fat percentage. On comparing the longitudinal change in 

body fat percentage through pregnancy and postpartum phase between the groups, 
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the increment in body fat percentage  in the control group did not reach statistical 

significance (p=0.16) The GDM subjects had lower degree of weight gain during 

pregnancy compared to control (7.1 kg versus 4.5kg, p=.21) 

 
Table 6: Longitudinal changes in biochemical parameters in pregnancy and post-
partum 
 
 

 
 
 
 
 
 
 
 
 

 
Variables 

 

Groups Early 
pregnancy 

Late  
pregnancy 

Postpartum p*  
value 

Fasting 
Glucose 
(mg/dl) 

Mean ±SD 

GDM (N)=16 90.8±8.3 86.2±6.46 100 ± 14.3 0.17 

NGT (N) =8 78.5±7.1 81.0±7.8 93.7± 9.2 

Fasting 
Insulin 
µIU/ml) 
Median 
(range) 

GDM (N)=16 7.3 (1.90-23.60) 4.9(1.9-52.5) 7.4(1.9-21.3) 0.04# 

NGT (N) =8 3.35(1.90-9.30) 5.1(1.9-51.0) 8.1 (1.9-31) 

Fasting 
FFA 

(meq/dl) 
Mean ± SD 

GDM (N)=16 561.6±161.8 444.1±108.72 453.4 ± 216.5 0.75 

NGT (N) =8 465.8±144.1 406.5±156.99 416.3 ± 122.2 

Serum 
leptin  

(ng/ml) 
Median 
(range) 

GDM (N)=16 7.0(1.4- 46) 11.0(2.2-17.8) 17.7(8.4-33.0) 
 

0.38 
NGT (N) =8 12.6(3.6-48.5) 8.6(2.4 -30.4) 10.1(5.5-34.1) 

FFA –free fatty acid ,  GDM – Gestational diabetes mellitus, NGT –normal glucose 
tolerance 
* Denotes P value of  longitudinal change in  biochemical parameters between GDM and 
NGT group using general linear model 
# P < 0.05-considered as statistically significant 
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Table 7: Comparison of biochemical parameters between groups in pregnancy 

 
Variables 

 
Groups Early 

pregnancy 
*P  

value Late  pregnancy **P 
value 

Fasting Glucose 
(mg/dl) 

Mean ±SD 

GDM 
(N)=21 87.7 ± 9.7 

0.006# 
85.6±5.9 

0.03# 
NGT (N) 

=13 79.7±6.4 79.2 ±8.9 

Fasting Insulin 
µIU/ml) 

Median (range) 

GDM 
(N)=21 6.8(1.90-119)  

0.31 

5.3(1.9-52.8) 
0.90 

NGT (N) 
=13 3.5(1.9-49.2) 5.2(1.9-51.0) 

Fasting FFA 
(meq/dl) 

Mean ± SD 

GDM 
(N)=21 527.7± 148.6 

0.06 
446.12±108.72 

0.27 NGT (N) 
=13 425.1 ± 134.8 394.51±140.1 

 
Serum leptin  

(ng/ml) 

GDM 
(N)=21 9.1(1.4 -46.0) 

0.78 
14.17(3.6-54.1)  

0.21 NGT (N) 
=13 11.2(2.1-21.0) 9.21(2.4-43.1) 

FFA –free fatty acid , GDM – Gestational diabetes mellitus; NGT –Normal glucose tolerance 
*denotes P value between GDM and NGT group in early pregnancy , Student t test 
** denotes P value between GDM and NGT group in late pregnancy, Student t test 
# P < 0.05-considered as statistically significant 
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Table 8: Insulin sensitivity indices during pregnancy 

 

  

 
Variables 

 
Groups Early 

pregnancy 

 
*P 

Value 
Late  pregnancy 

 
**P  

value 
HOMA IR 

Median 
(range) 

GDM(N=21) 1.4(0.43-6.0) 
0.54 

1.0(0.41-12.5) 
0.99 

NGT(N=13) 0.67 (0.35-9.4) 1.0(0.3-11.4) 

QUICKI 
Mean±SD GDM(N=21) 0.36 ± 0.04 

 
0.03 

0.37 ± 0.05 
0.52 

NGT(N=13) 0.40± 0.05 0.38± 0.06 

FGIR 
Median 
(range) 

GDM(N=21) 12.9 (3.8-53.1) 
 

0.15 

15.3 (1.8-46.3) 
0.81 NGT(N=13) 22.2(1.5-44.7) 15.1(1.7-43.1) 

HOMA –homeostatic model assessment , QUICKI –quantitative insulin sensitivity check 
index, FGIR –fasting glucose insulin  ratio, GDM –Gestational diabetes mellitus, NGT –
normal glucose tolerance   
*denotes P value between GDM and NGT group in early pregnancy ,Student t test 
** denotes P value between GDM and NGT group in late pregnancy, student t test 
# P < 0.05-considered as statistically significant 



Results  
 

54 
 

 

Table 9: Longitudinal changes in the insulin sensitivity indices in pregnancy and 
postpartum 

 

 

 

 

 

 

 

 

 

 

 

 
Variables 

 
Groups Early 

pregnancy Late  pregnancy Postpartum *p  
value 

HOMA IR 
Median 
(range) 

GDM (N)=16 1.4 (0.43 – 6.0) 1.3 (0.41 – 12.5) 1.8 (0.44-5.8) 
0.12 

NGT (N) =8 0.60(0.35 -1.9) 0.98(0.33-11.4) 1.7 (0.4-8.5) 

QUICKI 
Mean±SD 

GDM (N)=16 0.36±0.05 0.34±0.05 0.35 ± 0.04 
0.03# 

NGT (N) =8 0.42±0.04 0.39±0.06 0.36± 0.06 

FGIR 
Median 
(range) 

GDM (N)=16 11.9(3.8 -53.2) 11.30(1.8-46.3) 14.1 (5.2-52.9) 
0.65 

NGT (N) =8 28.5(9.13 -43.7) 16.9(1.7-37.3) 11.1(3.6-47.4) 

HOMA –homeostatic model assessment, QUICKI –quantitative insulin sensitivity check index 
FGIR –fasting glucose insulin indices,  GDM – Gestational diabetes mellitus; NGT –Normal 
glucose tolerance 
* Denotes P value of  longitudinal change in insulin sensitivity indices  between GDM and 
NGT group 
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The baseline fasting insulin and free fatty acids levels were higher in the GDM 

subjects (6.8 versus 3.5 µIU/ml, p=0.31 and 527.7versus 425.1meq/dl, p=0.06), the 

difference approached statistical significance for free fatty acid levels. The fasting 

insulin levels increased from early to late phase of pregnancy and postpartum in the 

control group, while subjects with GDM showed a decrease in insulin levels in late 

phase of pregnancy; this longitudinal change in insulin levels were statistically 

significant between the two groups (p=0.04).The fasting free fatty acids were higher 

in GDM subjects when compared to the control group in early phase of pregnancy 

(p=0.06). The FFA levels declined in late pregnancy and postpartum period in both 

the groups. Among the insulin sensitivity indices; the QUICKI was significantly 

lower in subjects with GDM indicating a higher insulin resistance (p=0.03).HOMA –

IR and FGIR also showed a lower degree of insulin sensitivity in the GDM subjects 

in early phase of pregnancy, though the difference was not statistically significant. 

On longitudinal follow up; the QUICKI index showed a significant decrease in late 

pregnancy and postpartum phase in controls compared to the GDM subjects 

(p=0.03). The serum leptin levels were comparable among GDM and NGT patients 

in early phase of pregnancy (9.1 versus 11.2ng/ml, P=0.78). The leptin levels 

increased in late pregnancy and postpartum period in GDM subjects whereas the 

levels remained stable in subjects with normal glucose tolerance. The longitudinal 

increase in leptin levels between the groups did not reach statistical significance 

(p=0.38). 
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ASSESSMENT OF RESTING ENERGY EXPENDITURE 

(REE) 

Table 10– Resting energy expenditure   
  

 

 
Table 11: Longitudinal changes in REE in pregnancy and postpartum 

 

 

 
Variables 

 
Groups Early 

pregnancy 

 
P* 

Value 
Late  pregnancy 

 
P** 

value 

REE  (kcal/day) 
 

GDM(N=21) 2435.0 ± 496.6 
0.62 

2853.6 ± 592.8 
0.64 NGT(N=13) 2539.3 ± 646.3 2822.1 ± 758.9 

REE adjusted 
to FFM 

(kcal/kg/day) 

GDM(N=21) 62.2 ± 13.1  
0.39 

67.1 ± 15.6 
0.90 NGT(N=13) 67.0 ± 17.1 69.5± 13.7 

REE –Resting energy expenditure, FFM –Fat free mass, GDM –Gestational Diabetes 
mellitus, NGT –Normal glucose tolerance 
*denotes P value between GDM and NGT group in early pregnancy, Student t test 
** denotes P value between GDM and NGT group in late pregnancy, Student t test 
# P < 0.05-considered as statistically significant 

Calorimetry 
indices Group 

 
Early pregnancy 

 
Late pregnancy Postpartum 

 
    *p  
 
value  

 
Total REE 

(kcal) 

GDM 
(n=16) 2417.0±478.7 2809.9±621.6 2670.0 ±709.8 

0.43 
NGT 
(n=8) 2466.0±593.8 2487.5± 512.2 2470.3 ± 667.3 

REE 
adjusted  to 

FFM 
(kcal/kg) 

GDM 
(n=16) 62.9±13.3 68.3±17.1 69.8 ± 21.4 

0.62 
NGT 
(n=8) 68.3±16.0 66.3±13.5 69.2 ±18.6 

REE –Resting energy expenditure , FFM –Fat free mass,  GDM – Gestational diabetes 
mellitus; NGT –Normal glucose tolerance  
* Denotes P value of  longitudinal change in REE between GDM and NGT group 
# P < 0.05-considered as statistically significant 



Results  
 

57 
 

 

 
 

Figure 4: Longitudinal changes in REE -total and adjusted to FFM across groups 

 

The resting energy expenditure (REE) was similar among subjects with GDM and 

controls both in early and late phase of pregnancy. When adjusted to fat free mass; 

the REE was lower in GDM subjects in early pregnancy; the difference was not 

statistically significant. (62.2 versus 67.0, p=0.39). The REE adjusted to fat free 

mass was similar in both groups in the postpartum period. The lower REE adjusted 

to fat free mass seen in early pregnancy in subjects with GDM was not seen in the 

postpartum period. During pregnancy the longitudinal increase in total REE and REE 

adjusted to fat free mass was higher in women with GDM when compared to  

P=0.43 
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subjects with normal glucose tolerance (17 % versus 11% and 8 % versus 4% 

respectively, p=0.65). From late pregnancy to postpartum, REE showed longitudinal 

decrease in GDM subjects and remained unchanged in controls. The REE adjusted to 

fat free mass was higher in the postpartum phase compared to early and late phase of 

pregnancy in both the groups. 

 

Figure 5: Longitudinal changes in REE -total and adjusted to FFM across groups
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Correlation with REE (resting energy expenditure) 

 

Figure 6 : Correlation between REE and serum leptin levels in early pregnancy a) 
GDM , b) NGT 

 

Figure 7: Correlation between total body fat and REE in GDM subjects in early 
pregnancy 

r- 0.52 ,p-0.06 

r-0.46, p-.03 

r-0.52, p-0.05 
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Figure 8: correlation between REE and fasting glucose insulin ratio (FGIR) in 

GDM patients in the postpartum period 

 

In the study; the resting energy expenditure (REE) was found to have positive 

correlation with serum leptin levels in early phase of pregnancy in both the groups. 

The REE correlated with body fat content in GDM subjects in early pregnancy. THE 

REE negatively correlated with fasting glucose insulin ration in all the three visits, 

maximum correlation was found in the postpartum period (r=-0.71,p-0.03). 

 

  

r=  -0 .72, 
p-0.005 
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POST-MEAL THERMOGENESIS (PTE) 

Table 12: Postmeal thermogenesis in pregnancy 

 

 

Table 13: Longitudinal changes in PTE during pregnancy and postpartum 

 

  

 
Variables 

 
Groups Early pregnancy 

 
P* 

Value 
Late  pregnancy 

 
P  ** 
value 

PTE  (kcal/day) 
 

GDM 
(N=21) 

65.1 
(-15.2 – 366.0) 0.04# 

32.9 
(-18.3 – 120.1) 0.71 NGT(N=13) 16.6 

(-23.45 -81.5) 
12.3 

(-13 – 123) 
PTE adjusted 

to FFM 
(kcal/kg/day) 

GDM 
(N=21) 

1.8 
(-0.42 -7.1) 0.02 

0.76 
(-0.7 – 2.9) 0.78 NGT 

(N=13) 
0.47 

(-.55 – 1.99 
0.31 

(-0.68 – 2.8) 
PTE –postmeal thermogenesis , FFM –Fat free mass, GDM –Gestational diabetes mellitus, NGT 
–normal glucose tolerance  
*denotes P value between GDM and NGT group in early pregnancy, Student t test 
** denotes P value between GDM and NGT group in late pregnancy, Student t test 

Calorimetry 
indices Group 

Early pregnancy 
Median (range) 

 

Late pregnancy 
Median (range) 

 

Postpartum  
Median 
(range) 

 

 
*P  value  

Total PTE 
(kcal) 

 

GDM 
(n=16) 

63.6 
(-15-366.0) 

36.6 
(-18.1-120.6) 

27.9 
(-28.3 -207.0) 0.54 NGT 

(n=8) 
22.9 

(-5.5- 58.3) 
18.3 

(-13.0 – 123.6) 
20.0 

(-70.81 -103.8) 
PTE 

adjusted to 
FFM 

(kcal/kg) 
 

GDM 
(n=16) 

1.8 
(-0.42- 7.1) 

0.84 
(-0.31- 2.9) 

0.78 
(-0.69 -4.7) 

0.39 NGT 
(n=8) 

0.60 
(0.13 -1.9) 

0.48 
(-0.28 -2.9) 

0.63 
(-1.57 -3.1) 

PTE –postmeal thermogenesis , FFM – Fat free mass   GDM – Gestational diabetes mellitus; 
NGT –Normal glucose tolerance 
* denotes P value of  longitudinal change in PTE between GDM and NGT group 
# P < 0.05-considered as statistically significant 
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Figure 9:  Longitudinal change of PTE in GDM (n=21) and NGT (n=13) subjects 

a) PTE b) PTE adjusted to lean body mass 
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Figure 10. Correlation between PTE and HOMAIR in early pregnancy 
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Figure 11: Changes in post meal thermogenesis over 3 hours during MMCT a) 
Early pregnancy b) Late pregnancy c) Post-partum 
 
 
In the study; PTE was calculated as an increment in energy expenditure from REE 

during mixed meal challenge test over a period of 3 hours. The total PTE and PTE 

adjusted to fat free mass was significantly higher in the GDM subjects when 

compared to controls in early phase of pregnancy (p =0.04 and 0.02 respectively). 

The total PTE positively correlated with HOMA IR in GDM subjects in early 

pregnancy (r-0.52, p-0.01).The PTE showed a progressive decrease in late pregnancy 

and postpartum period when compared to early pregnancy in both the groups. The 

decrease in PTE from early to late pregnancy was lower in GDM patients compared 

to normal subjects, the difference approached statistical significance (p=0.08). 

Figure 11 shows the changes in PTE during MMCT. Both the groups followed same 

pattern of PTE during MMCT. The PTE showed an increase in first and second hour 

and a decrease in the third hour. In late phase of pregnancy in controls PTE showed 

an increment in third hour unlike in other visits. 
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Figure 12: Changes in plasma glucose over 3 hours during MMCT a) Early 
pregnancy b) Late pregnancy c) Post-partum 
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Figure 13: Changes in serum insulin levels over 3 hours during MMCT a) Early 

pregnancy b) Late pregnancy c) Post- partum 
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Figure 14: Changes in serum free fatty acid levels over 3 hours during MMCT a) 
Early pregnancy b) Late pregnancy c) Post- partum 
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The utilisation of substrates was similar in GDM and normal pregnant women in 

both the phases of pregnancy and postpartum period. The area under the curve 

(AUC) for serum insulin and glucose levels (as shown in figure 12 and 13) showed 

an increment in the  first and second hour followed by a decline in the third hour. 

The AUC for free fatty acid levels showed a constant decline from baseline. The 

decrease in FFA (shown in figure 14) was lower in GDM subjects compared to 

control and the change approached statistical significance in late pregnancy (p=0.06) 
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ACTIVITY ENERGY EXPENDITURE 

Table 14: Activity energy expenditure assessed by PPAQ questionnaire 

Variable 
 Early pregnancy Late pregnancy Postpartum 

Mets.hour/week GDM 
N=21 

NGT 
N=13 

*P 
value 

 

GDM 
N=21 

NGT 
N=13 

**P  
value 

GDM 
N=16 

NGT 
N=8 

***P 
Value 

Total activity 
Mean ± SD 

 
85.7±40.9 104.4±50.2 0.27 95.4± 45.7 88.9±38.5 0.90  

123.3±47.3 107.7±43.1 0.43 

Sedentary 
Median(range) 

13.4 
(1.2 -66.7) 

18.4 
(3.7- 59.5) 0.71 19.7 

(1.8 -58.4) 
16.4 

(3.7- 37.3) 0.37 10.6 
(0-41.6) 

10.6 
(1.9- 60.7) 0.64 

Light 
Median(range) 

 
44.5 

(8.4 -82.4) 

61.33 
(18.2 -89.2) 0.28 47.4 

(18.4-113.9) 
45.8 

97.9-101.5) 0.87 50.2 
(33.5 -95.8) 

47.7 
(22.6-117.5) 0.96 

Moderate 
Median(range) 

 
18.1 

(2.4-91.3) 

23.2 
(0.8-94.5) 0.57 21.0 

(0.8- 67.1) 

 
13.4 

(0-99.9) 
0.91 55.3 

(5.3 -157.5) 
20.6 

(17.3 -63.0) 0.12 

Heavy 
 0 0  9.75 

(1/21)    10.5 
(1/8)  

Household 
Median(range) 

78.6 
(17.5 -116.1) 

51.04 
(8.4-158.2) 0.27 60.4 

(17.6 -120.7) 
47.9 

(18.4-116.1) 0.73 97.3 
(48.2- 202) 

67.9 
(45- 117.5) 0.35 

Occupational 
Median(range) 

22.05 
(7- 56.3) 

 

14.0 
(2.8- 32.0) 

 
0.39 

9.1 
(2.8-68.4) 

 

6.7 
(5.3- 8.1) 

 
1.00 0 0 - 

Sports 
Median(range) 

4.8 
(1.9-19.2) 

 
3.0 

(0.8- 4.8) 
 

0.17 4.8 
(0.8- 12.4) 

2.4 
(0.8-8.0) 0.35 1.77 

(0.8-2.4) 
6.05 

(1.6-10.5) 0.53 

Met –metabolic equivalent of task, GDM –gestational diabetes mellitus , NGT –normal glucose tolerance  
*denotes P value between GDM and NGT group in early pregnancy; student t test  ** denotes P value between GDM and NGT group in late pregnancy;  student t test ***denotes P value 
between GDM and NGT group in postpartum period, student t test 
# P < 0.05-considered as statistically significant 
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Figure 15: Longitudinal changes in activity energy expenditure between groups  
 

The activity energy expenditure (AEE) assessed by PPAQ questionnaire was 

expressed in mets.hour per week. The AEE was lower in GDM subjects when 

compared to controls in the early phase of pregnancy whereas it was higher in late 

pregnancy and postpartum period in subjects with GDM; though the difference was 

not statistically significant. The total AEE was highest in the postpartum period in 

both the groups. In GDM subjects; the AEE increased in late phase of pregnancy 

when compared to early pregnancy, whereas in normal subjects, the AEE decreased 

in late phase of pregnancy. The AEE was categorised into various groups based on 

the mets required for each activity- sedentary (0-1.9 mets), light (2-2.9mets) 

moderate (3-5.9mets) and heavy intensity (≥6mets). The maximum proportion of 

energy expenditure was in light intensity activity followed by sedentary activity in 

early and late phase of pregnancy. In the postpartum period majority of AEE was 
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derived from light and moderate intensity activity. Only one patient was doing high 

intensity activity in late pregnancy and postpartum period 

ENERGY INTAKE  

 

Figure 16: Distribution of energy intake among groups. 
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Figure 17:  Comparison of component of energy intake (carbohydrate, protein and 
fat percentage) a) GDM b) NGT 

 

Calorie intake was assessed by 24 hour recall method. In late pregnancy the total 

calorie intake was significantly lower in GDM subjects when compared to normal 

pregnancy (1588 versus 1932kcal/day, p=0.02). This decrease will be the reflection 

of nutritional intervention in GDM subjects. The total calorie intake was similar in 

both the groups in early pregnancy and postpartum period. The carbohydrate 

proportions were higher and protein intake was inadequate in both the groups at all 

visits (9-11%). 
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Table 15 : Comparison of GDM subjects with impaired and normal glucose tolerance in the postpartum period 
 

Variables Groups Early pregnancy *P 
value Late pregnancy **P value Postpartum ***P 

value 

BMI(kg/m2) 

Mean ±SD 

DM 26.2± 3.6  
0.96 

27.6± 3.3  
0.81 

27.3± 3.7 
0.54 NGT 26.2± 4.4 27.9± 3.7 26.1± 2.6 

Fat percentage (%) 

Mean ±SD 

DM 36.6 ±7.7  
0.32 

36.0 ±8.5  
0.47 

40.1 ±6.7 
0.29 NGT 40.0±5.4 38.7± 4.7 36.4±6.9 

Fasting insulin (µIU/L) 
Median (range) 

DM 6.6(1.9-236)  
0.54 

6.5(2.5- 52.8)  
0.23 

11.2± 4.8 
0.02 NGT 8.3 (1.9-21.30) 4.9 (1.9- 8.2) 5.5±3.4 

Serum Leptin (ng/ml) 
Median (range) 

DM 3.4(1.6-46)  
0.83 

12.0(3.6-48.5)  
0.53 

19.5± 8.2 0.47 NGT 11.8(1.4 -23.0) 12.6(4.6 -27.0) 18.1± 9.1 
REE  (kcal/day) 

Mean ±SD 
DM 2382.2±354.6  

0.82 
2725.1.2±502.7  

0.59 
2595.5±767.4 0.47 NGT 2438.1 ± 603.5 2906.5 ± 765.4 2719.7 ± 635.5 

REE/ FFM (kcal/kg/day 
Mean ±SD 

DM 60.2 ±14.1  
0.42 

64.1.2 ±13.5  
0.32 

60.0 ±30.4 
0.51 NGT 65.7± 12.7 73.1± 20.5 69.7±16.2 

Total PTE (kcal) 

Median (range) 

DM 78.4( 13.1 –114.4) 0.21 

 

38.7( -3.1 –89.6)  

0.76 

63.6(11.5 – 207.) 
0.20 

NGT 44.5(-15.1 –79.6) 29.1(-28.2 –120.6) 17.5(-28.3 – 117.1) 

PTE /  FFM(kcal/kg) 

Median (range) 

DM 1.8(0.28 – 3.0)  

0.28 

1.1(-0.08 – 2.1)  

0.78 

1.6(0.34 – 4.7) 
0.19 

NGT 1.3(-0.42 -2.0) 0.73(-0.71 -2.9) 0.4(-0.60 -2.7) 

DM –GDM subjects  who had overt or pre –diabetes  in the postpartum period , (N=8) 
NGT –GDM subjects who had normal glucose tolerance in the  postpartum period (N=8) 
PTE –Postmeal thermogenesis, FFM –Fat free mass, REE –Resting energy expenditure , BMI –Body mass index 
*denotes P value between subjects with DM and NGT in early pregnancy;  ** denotes P value between subjects with DM and NGT in late pregnancy 
*** denotes P value between subjects with DM and NGT  in postpartum 
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SUBGROUP ANALYSIS 

Among the subjects with GDM who came for postpartum visit, eight patients were 

found to have impaired glucose tolerance (pre-diabetes, n=6 and overt diabetes 

mellitus, n=2). On comparison between the subjects who had impaired and normal 

glucose tolerance in the postpartum period; fasting insulin levels were significantly 

higher in patients with glucose intolerance in the postpartum period.  But the fasting 

insulin levels were lower in these patients in early pregnancy. The BMI and fat mass 

were not significantly different between the groups in all three visits. The REE in 

total and adjusted to fat free mass was lower in all the three visits in subjects who 

remained glucose intolerant in the postpartum period.  PTE in total and adjusted to 

fat free mass was higher in subjects with glucose intolerance. The differences in REE 

and PTE between the groups were not statistically significant. 
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Table 16: Comparison of GDM subjects with past history of GDM and without 
past history of GDM 

 

Among the GDM subjects, four subjects had history of GDM in the previous 

pregnancy and 17 did not have history of GDM in previous pregnancies.  On 

comparison between the two groups, patients with past history of GDM had lower 

REE and REE adjusted to fat free mass in early and late phase of pregnancy. The 

difference in REE adjusted to FFM was between the groups was statistically 

significant in early pregnancy (p=0.03). The PTE did not show significant difference 

between the groups. BMI and serum leptin levels were lower in subjects with past 

Variables group Early pregnancy 
P* 

value Late pregnancy 
P** 

value 
BMI(kg/m2) 
Mean ±SD 

H/o GDM 24.9± 3.7 
0.40 

27.1±3.3 
0.36 

No h/o GMD 26.9± 4.3 28.9± 3.8 
Leptin(ng/ml) 

Median (range) 
h/o GDM 2.8(1.6 -11.0 

0.03# 
16.2 (8.6-23.1 

0.34 
No h/o GDM 10.3(1.4-46.0) 17.0 (3.6 -54.1) 

REE  (kcal/day 

Mean ±SD 

h/o GDM 2186.0±652.2 
0.03# 

2615 .3± 59.0 
0.39 

No h/o GDM 2503.7±525.5 2913.1 ± 602.2 

REE/FFM(kcal/kg/day) 

Mean ±SD 

h/o GDM 52.7±16.2 
0.24 

59.4±15.9 
0.31 No h/o GDM 64.5±11.6 69.1±15.4 

PTE (kcal) 
Median (range) 

h/o GDM 78.8(13.0-95.4) 
0.41 

31.3(2.2- 89.6) 
0.85 No h/o GDM 64.3( -15.1 – 366) 32.9(-14.1 -120) 

PTE /FFM (kcal/kg) 
Median(range) 

h/o GDM 1.8(0.28 -2.6) 
0.39 

0.8( 0.04 -2.1) 
0.84 

No h/o GDM              1.7(-.42-7.1) 0.81(-0.72 -2.9 
Subjects with past history of GDM n=4, Subjects without past history of GDM n=17 
PTE –Postmeal thermogenesis, FFM –Fat free mass, REE –Resting energy expenditure ,  
BMI –Body mass index, h/o –history of  
*denotes P value between subjects with h/o of GDM and no h/o of GDM  in early pregnancy , student t test 
** denotes P value between subjects with h/o of  GDM and no h/o of GDM in late pregnancy, student t test 
# P < 0.05-considered as statistically significant 
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history of GDM in early pregnancy and the difference in leptin level was statistically 

significant (p=0.03) 

Table 17: Comparison of GDM subjects on metformin with MNT and MNT alone 

 

Among the GDM subjects; eight were on metformin and MNT and 12 subjects were 

on MNT alone and one subject was on MNT with insulin. On comparison between 

the subjects who were on metformin versus not on metformin, weight gain and BMI 

were lower in patients who were on metformin both in late pregnancy and in the the 

postpartum period. Serum leptin levels were lower in the metformin group, total 

REE was comparable between the groups in late pregnancy, but the REE adjusted to 

fat free mass was higher in subjects on metformin. The PTE in total and adjusted to 

Variables group         Late  pregnancy P* 
value 

Post- partum P** 
value 

BMI(kg/m2) 
Mean ±SD 

Metformin 27.3±3.97 
0.18 

25.9±3.1 
0.43 

No metformin 29.9± 3.5 27.2±3.2 
Leptin(ng/ml) 

Median (range) 
Metformin 11.4 (3.6 -48.5) 

0.17 
16.1(8.4-31.5) 

0.69 
No metformin 24.2(4.6 -54) 19.3 (8.6-33.0) 

REE  (kcal/day) 

Mean ±SD 

Metformin 2763.6±480.2 
0.64 

2745.7±882.9 
0.85 

No metformin 2765.5± 631.9 2583.7±336.2 

REE/FFM(kcal/kg/day) 

Mean ±SD 

Metformin 69.5±9.1 
0.27 

70.8±13.2 
0.85 No metformin 65.9±17.4 68.9±23.8 

PTE (kcal) 
Median (range) 

Metformin 37.7(-3.6-83.5) 
0.73 

63.6(-14.3-207) 
0.15 No metformin 28.8(-14.1-120) 17.5 (-28.3-53.) 

PTE /FFM (kcal/kg) 
Median (range) 

Metformin 0.91(0.81-2.1) 
0.78 

1.64(-.35-4.7) 
0.16 

No metformin            0.71(-0.7-1.7)   0.43(-.69 -1.5) 

In late pregnancy Metformin N=8, No metformin N = 12, In postpartum Metformin N =7, No metformin N=9 
1 subject only on insulin is not included in the analysis 
PTE –Postmeal thermogenesis, FFM –Fat free mass, REE –Resting energy expenditure , BMI –Body mass index 
*denotes P value between metformin and no metformin group in late pregnancy 
** denotes P value between metformin and no metformin group in postpartum period 
# P < 0.05-considered as statistically significant 
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FFM was higher in the metformin group in late pregnancy, but this difference in PTE 

was not seen in the postpartum period. 
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This was a comprehensive study assessing all the domains of energy expenditure and 

body composition in subjects with diabetes mellitus complicating pregnancy. In the 

study we assessed longitudinal changes in resting energy expenditure (REE), Post-

meal thermogenesis (PTE), activity energy expenditure (AEE), energy intake, body 

composition, and leptin levels in subjects with gestation diabetes mellitus in 

pregnancy and in the postpartum period.  We compared these parameters with the 

control group (pregnant subjects with normal glucose tolerance). Our study 

comprised of 21 subjects with GDM and 13 subjects with normal glucose tolerance. 

16 subjects in the GDM group and 8 subjects in the control group were assessed in 

the postpartum period, excluding subjects who were lost to follow up. 

BASELINE CHARACTERISTICS 

The mean (SD) age of the GDM group was 28 years (4.3) whereas the mean age of 

controls was 25.7(5.0) years. Majority of subjects was multigravida in both the 

groups (52% and 70% in GDM and NGT group respectively).The  mean BMI of the 

GDM subjects were significantly higher than the normal pregnant mothers. The past 

history of GDM was present in 4 subjects in the GDM group and 1 subject in the 

NGT group. Older age, obesity, past history of GDM and family history of diabetes 

mellitus are considered as traditional risk factors for GDM.55 Several Indian and 

global studies have shown a strong association between family history and the 

prevalence of GDM.56   Our study has identified family history of diabetes in both the 

groups. The family history of diabetes was more in the GDM group (60% versus 

30%) compared to the controls.  In the GDM group 12 (57%) subjects were on 

medical nutritional therapy alone, 6 subjects (28.5%) were on metformin, 1 patient 

was on insulin alone, 2 patients were on combined metformin and insulin. All the 

patients had good glycemic control as assessed by self-monitoring of blood glucose 
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levels .The rate of vaginal delivery was similar in both the groups (66% in GDM, 

61% in NGT group). All the subjects had term delivery (Gestational age > 37 

weeks). A study from south India highlights that more than 32% of the gestational 

diabetes patients had to undergo caesarean section to terminate their pregnancy.57 

Our study had similar rate of caesarean section (35%). The mean birth weight was 

similar in both the groups (2.88kg in infants born to GDM mothers and 2.99kg in 

infants born to control group).  Macrosomia (birth weight >3.5 kg) was seen in 4 

babies (2 in GDM subjects and 2 in control group). 8 out of 16 subjects in GDM 

group had persistent glucose intolerance in the postpartum period and 2 patients who 

had blood glucose levels in the diabetic range were restarted on metformin along 

with medical nutritional therapy. A systematic review of 20 studies found a seven 

fold increase in the risk of developing T2DM, when comparing women with a 

pregnancy complicated by GDM to women with a normoglycemic pregnancy.58  

RESTING ENERGY EXPENDITURE 

The key findings from the study: 

The resting energy expenditure (REE) in total was similar in subjects with GDM and 

normal glucose tolerance in early and late phase of pregnancy where as it was 

slightly higher in subjects with GDM in the postpartum period. When adjusted to fat 

free mass (FFM), REE was lower in subjects with GDM subjects when compared to 

the controls in the early phase of pregnancy. The lower REE adjusted to fat free mass 

in the GDM subjects were not maintained in the late phase of pregnancy and the 

postpartum period. There was longitudinal increase in REE, expressed as kcal per 

day in both the groups from early phase of pregnancy to late phase, but the 

percentage change was higher in subjects with GDM (17% versus 11%, P value 

0.55). REE adjusted to fat free mass was similar in both the groups in the post-
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partum period and was slightly higher than the early phase of pregnancy. The REE in 

the early phase of pregnancy in subjects who had history of GDM in previous 

pregnancy was significantly lower, when compared with subjects without history of 

GDM.  

Previous studies reported that the resting energy expenditure does not change in first 

and second trimester of normal pregnancy and increases gradually from third 

trimester to term. The theoretical increases in total energy expenditure of pregnancy 

had been estimated to be 80,000 kcal, or 300 kcal/day.59 The additional energy costs 

include the increases in maternal and feto- placental tissue and the energy costs of 

pregnancy such as increased maternal cardiac output. REE represents around 60% of 

total energy expenditure. It is important to estimate the change in resting energy 

expenditure both in terms of total energy expenditure (kilocalories per day) and 

adjusted for FFM. FFM represents metabolically active tissue (for example, skeletal 

muscle), whereas fat mass is proportionately less metabolically active. Several 

studies have documented conflicting data on REE of pregnant women with normal 

glucose tolerance and with diabetes mellitus complicating pregnancy.  In a previous 

study published by Catalano et al there was 30% increase in basal energy 

expenditure from preconception to late pregnancy, when expressed as kilocalories 

per day. After adjustment for FFM, the increase in energy expenditure was 14% in 

the NGT and 21% in the GDM subjects. These differences did not reach statistical 

significance (P 0.3 to 0.5) because of the great inter individual variability. Our study 

also showed a higher increase in GDM patients from early to late pregnancy. In our 

study the change in REE adjusted to FFM was 8% in the GDM group and 4% in the 

control group. 
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The influence of BMR and REE on GWG and GDM has been studied extensively in 

the past and the results have been conflicting.60 Several studies state that a low pre-

pregnancy BMR 

is associated with increased GWG, which increases the risk for GDM.61  Others 

claim that excessive GWG, in part due to increased maternal circulatory, respiratory 

and renal functions, is associated with increased risk for GDM.62  In this case, the 

higher BMR observed appear to be a mere epiphenomenon of the increased GWG 

and few studies showed no significant BMR variation between women with and 

without GDM.63  In few studies outside pregnancy, T2DM has been positively 

associated with higher BMR levels in various ethnicities after adjustment for FFM, 

FM, age, and sex, indicating a possible positive relation of BMR with GDM.64  In 

our study the REE in early pregnancy was lower in the GDM subjects despite the 

higher BMI and fat mass than the control group. However this difference in REE did 

not persist in the late phase of pregnancy and postpartum visits. In late pregnancy 

and postpartum period; GDM group had higher REE and similar REE adjusted to 

FFM when compared to the NGT group. The weight gain in pregnancy and 

postpartum period was lower in subjects with GDM compared to the controls. The 

mean weight gain during pregnancy was 4.5kg in the GDM group and 7.1kg in the 

NGT group, whereas in postpartum period it was 0.95kg and 5kg respectively. On 

assessing body composition, the fat mass was significantly higher in early pregnancy 

in the GDM subjects, whereas lean body mass was almost similar in both the groups. 

There was significant increase in fat mass and fat mass percentage in NGT subjects 

during pregnancy and postpartum, where as in GDM subjects the fat mass and fat 

mass percentage remained almost unchanged. Lean body mass showed increase from 

early to late pregnancy in both groups. The lesser increment in REE in normal 
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pregnant women may contribute to the greater weight and fat mass gain in this group 

during pregnancy and postpartum.  

Several factors have been implicated in the variability of BMR in pregnancy, 

including pre- pregnancy body weight and body fatness, lean body weight, reduced 

daily activity during pregnancy, changes in serum concentration of metabolism 

related-hormones, and cardiac output changes.65,66 During late pregnancy, the fetus 

contribution to the BMR increase is about 50%.67  Nonetheless, controversy exists in 

regard to the magnitude of the contribution of each factor. Our study has shown that 

REE positively correlated with the fat mass and leptin levels in early phase of 

pregnancy in GDM subjects. REE found a negative correlation with fasting glucose 

insulin ratio in all the three visits. Among the GDM subjects; the REE adjusted to 

FFM  was higher in subjects who were on metformin when compared to subjects on 

MNT alone and the weight gain in metformin group was significantly  lower (2 kg 

versus 6.5kg , p-0.07). 

MIXED MEAL CHALLENGE TEST - 

POSTMEAL THERMOGENESIS 

The key findings from the study: 

There was a longitudinal decrease in postmeal thermogenesis (PTE) in total and 

when adjusted to fat free mass from early phase of pregnancy to late pregnancy in 

both the groups. The reduction in PTE was greater in subjects with GDM when 

compared to the controls (42% versus 20%).  The difference was showing trend 

towards statistically significance (p=0.08). The reduction in PTE through pregnancy 

persisted into the postpartum period in the GDM group, but not in the control group. 

On comparing PTE among both groups at each visit, GDM subjects had higher PTE 

in total and when adjusted to fat free mass. On subgroup analysis we found that 
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subjects on metformin had higher PTE compared to subjects on MNT alone in late 

pregnancy, but this difference was not seen in the postpartum period, off metformin. 

On comparing PTE in subjects with past history of GDM, PTE was comparable in 

both the groups (with or without past history of GDM). In GDM subjects the total 

PTE positively correlated with HOMAIR (r-0.52, p-0.01) in the early phase of 

pregnancy. On assessing hourly change in PTE after the mixed meal, the total PTE 

showed an increment in first and second hour and then started decreasing, but did not 

touch the baseline at the end of third hour. The pattern was similar in both groups 

except in late pregnancy where the PTE continued to increase at third hour in the 

controls, whereas it showed a decrement in subjects with GDM. 

Reduction in  post meal thermogenesis has been demonstrated previously in normal 

pregnancy especially after 24 weeks.68 Illingworth et al were the first to suggest a 

possible energy saving role for PTE during the second trimester of pregnancy.69 The 

resultant energy saving if continued over 24 weeks of pregnancy contributes to 13 % 

of the additional energy expenditure of pregnancy.69 An even greater reduction of 

PTE was observed in women with GDM in various studies though there are 

contradicting data which shows no significant difference in post meal thermogenesis 

between GDM subjects and normal glucose tolerance.70 As we know insulin 

sensitivity decreases as pregnancy advances and may contribute to development of 

diabetes in the pregnancy. Previous studies have found no statistical association 

between the insulin insensitivity and reduced postprandial thermogenesis within the 

women with gestational diabetes.71  Our study showed reduction in PTE in the late 

pregnancy in both the groups compared to the early phase of pregnancy. The 

percentage decrease in PTE from early to late phase of pregnancy was higher in 

GDM subjects compared to the controls (42% versus 20%) and the PTE correlated 



Discussion  
 

83 
 

with HOMA IR in subjects with GDM. However contradictory to the literature; our 

study showed that the absolute PTE was higher in GDM subjects compared to NGT 

group at each visit. The GDM subjects in our study had higher BMI, fat mass, leptin 

levels and higher insulin levels. Also around 50% of them were on metformin. Also 

they had lesser weight gain and they were on intense life style interventions 

compared to the control group. Many of these factors could have influenced the 

higher PTE, further large sample size studies are required to assess the factors 

contributing to higher PTE in GDM subjects. 

Another study by Kousta et al compared PTE postmeal thermogenesis following a 

mixed meal in 29 normoglycemic European women with previous gestational 

diabetes compared with 37 control women.72 Although mean values of total PTE 

were lower in the GDM group, this difference did not quite attain statistical 

significance. However, they observed a difference in the shape of the PTE curve 

between groups and by applying a mathematical model, there was a consistent delay 

in PTE, insulin, and noradrenaline responses to the meal in the GDM group. 

Although the biological significance of the delayed PTE response is uncertain, one 

possibility is that this is an early metabolic manifestation that precedes an absolute 

decrease in PTE in these women with post-GDM. In our study; the 4 patients with 

past history of GDM had comparable PTE with subjects without history of GDM. 

Utilisation of substrates during MMCT 

We assessed the response of glucose, insulin and free fatty acid during mixed meal 

challenge tests. The AUC for glucose and insulin were slightly higher in GDM 

subjects compared to control group in all three visits, but the difference was not 

statistically significant. Free fatty acids levels decreased uniformly in both the 

groups in all visits. The change in substrate utilisation (glucose and free fatty acids) 
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and insulin secretion rates did not show any correlation to the PTE.  In the study by 

Kousta et al; the delay in PTE response was associated with a delay in the insulin 

response to the meal in the GDM group. Individual patterns of PTE and insulin 

response to the meal were correlated: This may reflect a causal relationship, with the 

delayed metabolic response responsible for the delayed thermogenic response in 

subjects with GDM.73  Previous studies have shown that catecholamine’s modulates 

PTE. There is evidence to suggest that insulin resistance leads to decreased 

thermogenesis, especially in obese subjects.74  The insulin, glucose and fatty acid 

disposal were similar in both groups in our study, which fail to explain the high 

postmeal thermogenesis in GDM subjects. The assessment of catecholamine 

response was not done in our study which is a significant factor in determining PTE.  

BODY COMPOSITION AND ANTHROPOMTERIC INDICES 

GDM subjects in our study had higher BMI compared to NGT. In GDM subjects 

twelve were obese, three were overweight and six had normal BMI in the early phase 

of pregnancy. In the control group, majority had normal BMI (Eight), four were 

obese and one was overweight. The mean weight gain in GDM subjects was lesser in 

late pregnancy and in postpartum when compared to the controls (4.5kg versus 

7.1kg). There was no significant increase in mid arm and neck circumference in both 

the groups. The neck fold thickness was significantly higher in GDM group 

throughout pregnancy and postpartum. Other skinfold thicknesses were also higher 

in the GDM subjects, not all were statistically significant. On assessment of body 

composition by bio impedance analyser, fat mass and fat mass percentage and were 

significantly higher in subjects with GDM in the early phase of pregnancy. Fat mass 

content and fat mass percentage increased in late pregnancy and postpartum period 
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in the control group whereas in GDM subjects, the fat mass and fat mass percentage 

showed minimal increase in late pregnancy and postpartum.  

Previous studies have shown significant increase in the fat mass in both lean and 

obese subjects with normal glucose tolerance and gestational diabetes during 

pregnancy. The increases in fat mass in early pregnancy were more apparent in lean 

women with gestational diabetes, most likely related to the significant decrease in 

insulin sensitivity in these women.  Distribution of fat mass accretion during 

pregnancy in various studies ranged from 2.0 to 13.1 kg. In our study the lesser 

weight gain and fat mass accretion may be related to the higher REE, PTE, AEE and 

lesser calorie intake in the GDM subjects compared to normal pregnant women. 

Further studies are needed to determine the contribution of each factor in gestational 

weight gain. 

INSULIN SENSITIVITY INDICES 

Fasting insulin levels progressively increased in subjects with normal glucose 

tolerance in the late pregnancy and postpartum period. However the trend of increase 

in insulin resistance was not seen in GDM subjects.  Insulin sensitivity indices like 

HOMA IR, QUICKI and FGIR also showed similar trends of increased insulin 

resistance in normal subjects. The fasting insulin levels in subjects with GDM were 

higher than control in early phase of pregnancy, though the difference was not 

statistically significant(p=0.31). QUICKI was significantly lower in the GDM group 

in early pregnancy (p=0.04). Fasting insulin levels in late pregnancy decreased from 

early pregnancy. We also assessed the fasting free fatty acids which was higher in 

GDM subjects in all the visits and in both the groups, FFA showed a longitudinal 

decrease in late pregnancy and postpartum period when compared to early 

pregnancy. 
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Previous studies have shown a progressive rise in insulin secretion as the pregnancy 

advances, indirectly signifying an increase in insulin resistance.75 Catalano P et al., 

found a significant 65% increase in both basal insulin and C-peptide concentrations 

in all subjects with advancing gestation.76  Significant decrease in FGIR in 3rd 

trimester shows increase in insulin requirement to maintain the similar plasma 

glucose concentration during pregnancy. In normal pregnancy, there is an 

approximate 50% decrease in insulin mediated glucose disposal and a 200% to 250% 

increase in insulin secretion to maintain euglycemia in the mother.77 QUICKI has 

proved to be a versatile tool in measuring IR. It has shown linear relation with other 

gold standard technique such as euglycemic hyperinsulinemic clamp testing and 

frequently sampled intravenous glucose tolerance test (FSIVGTT).78 In our study, 

QUICKI showed a significant longitudinal decrease in late pregnancy and 

postpartum period from the early pregnancy in control group. In GDM subjects 

QUICKI did not differ significantly at each visit. 

GDM is characterised by insulin resistance and failing beta cell compensation for 

that resistance. Previous studies have shown a significant decrease in insulin 

sensitivity in late gestation in women with gestational diabetes in comparison with a 

matched control group which is a reflection of the decreased insulin sensitivity that 

exists prior to pregnancy.79  The changes in insulin sensitivity from baseline or pre-

gravid phase through early pregnancy are inversely related to changes in maternal fat 

mass.80 In our study the insulin sensitivity did not worsen in GDM subjects in late 

pregnancy, which may be related to the lesser weight gain and decrease in fat mass 

and treatment modalities like metformin.  
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SERUM LEPTIN  

Serum leptin levels were comparable in both the groups in early phase of pregnancy. 

The leptin levels increased during late pregnancy and postpartum period in GDM 

subjects; whereas similar increase was not seen in the control group. In early 

pregnancy leptin levels correlated with the REE, but not with PTE in both the 

groups. In both the groups serum leptin levels were higher in obese subjects in early 

and late pregnancy and in the postpartum period. In our study leptin correlated with 

HOMA IR, QUICKI index and fasting insulin levels in normal pregnancy(r-0.60, -

0.82, 0.62, p=<0.05). Patients on metformin had a lower leptin levels compared with 

patients on MNT in late pregnancy. 

Although the source of leptin is well documented, the role of the increased maternal 

leptin concentrations during gestation has remained elusive. In addition to maternal 

adipose tissue the placenta produces leptin.81 Although leptin was originally thought 

to be related only to appetite suppression via central mechanisms, further reports 

pointed to a role of leptin in the control of energy expenditure and intake.59 Most 

studies have found that hyperleptinemia in early pregnancy appears to be predictive 

of an increased risk to develop GDM later in pregnancy, independent of maternal 

adiposity.82 

ACTIVITY ENERGY EXPENDITURE 

The findings from our study 

The activity energy expenditure was assessed using PPAQ questionnaire in the 

study. We found that the total derived AEE expressed in METS hour per week was 

lower in the GDM subjects compared to controls in early pregnancy. In late 

pregnancy and postpartum the total AEE was higher in GDM subjects reflecting the 
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increased awareness among GDM subjects regarding physical activity for control of 

diabetes. The total AEE increased by 11% in GDM subjects from early to late 

pregnancy, whereas in normal pregnant women AEE decreased by 14.5 %. The total 

AEE was highest in postpartum period in both the groups, though the difference was 

not statistically significant. On assessing the intensity of activity, majority of the 

AEE was contributed from light intensity activity (2-2.9mets) in both the groups 

throughout pregnancy and postpartum (40-60%). There was a significant increase in 

moderate intensity activity (3-5.9 METS) in the postpartum period in GDM subjects 

compared to early and late phase of pregnancy. In the early phase of pregnancy 

sixteen out of twenty one GDM subjects and eleven out of thirteen NGT controls 

were doing moderate intensity activity whereas all patients were doing moderate 

intensity activities in late pregnancy and postpartum period. None of the subject 

except one in control group was doing high intensity activity in the pregnancy and 

postpartum period. (≥6 mets).These may be related to the cultural practices in the 

society. On assessing the domains of physical activity majority of the work was from 

house hold activities (60-90%). The exercise or sports related activities contributed 

to less than 10% of the total AEE.  

Questionnaires are a commonly used, inexpensive, and acceptable method to 

determine physical activity levels. PPAQ questionnaire has been validated in 

pregnancy and there has been high quality evidence that it has sufficient reliability in 

assessing total physical activity.83 The results from systematic review and meta-

analyses indicate that greater total physical activity before pregnancy or during early 

pregnancy was significantly associated with a lower risk of GDM.85 Similarly in our 

study subjects with diabetes mellitus complicating pregnancy had lower AEE in 

early pregnancy, though it did not reach statistical significance(p=0.27). The studies 
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have shown that the magnitude of this association was greatest for pre-pregnancy 

physical activity with women in the highest quantiles of activity experiencing a 55% 

reduction in risk, compared with that for women with the lowest activity. The inverse 

association observed between physical activity and development of GDM is 

biologically plausible. Research among non-pregnant individuals has shown that 

exercise-induced improvements in glycemic control may be due to increases in 

GLUT4, a glucose transport protein. Researchers have demonstrated that physical 

activity may also have an indirect and potentially more long-term role in glucose 

tolerance through favourable changes in body composition. Decrease in fat mass and 

increases in muscle mass have been shown to have positive effects on glycaemic 

control. Our study has shown lesser weight gain and fat mass gain during pregnancy 

and postpartum period in subjects with GDM. The increased AEE might be 

contributing to this which would have translated into better glycemic control. 

DIETARY ASSESSMENT 

The total energy intake was significantly lower in the GDM subjects in late 

pregnancy, whereas it was comparable in early pregnancy and postpartum period. 

According to the recommended dietary allowance for Indians, a woman requires an 

additional 350 kcal/day during the second and third trimester of pregnancy and 

550kcal in early postpartum period. Thus, a sedentary Indian pregnant mother 

requires 1900 kcal in early pregnancy, 2250 kcal/day in late pregnancy and 

2450kcal/day in postpartum. Energy-related studies agree that caloric restrictions are 

necessary for the overweight or obese mother. Various guidelines recommend 30% 

calorie restriction for obese subjects with diabetes mellitus in pregnancy with 

minimum intake  of 1600-1800kcal /day.84 A randomized controlled trial (RCT) (n = 

124) compared a diet with moderate energy restriction providing 70 % of the dietary 
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reference intake (DRI) for pregnancy (1590–1776 kcal/day) vs. a diet that was 

unrestricted (2010–2220 kcal/day).85 After taking into account the estimated intake 

analysis, no significant difference was found between the groups in various 

outcomes (frequency of insulin use, mean birth weight, ketonemia). No adverse 

effects were reported with any of the energy restriction. In our study the average 

calorie intake in early pregnancy was 90% and 85% of RDA (1900kcal) in GDM and 

control subjects respectively. This seems to be adequate considering the mean BMI 

of our study population was in the obese range. The GDM subjects had a significant 

decrease in calorie intake in late pregnancy (decrease of 148kcal from early 

pregnancy) owing to the intense nutritional interventions, whereas the controls had a 

mean increase in calorie intake of 318kcal.  

The meal composition of macronutrients did not change during pregnancy and 

postpartum period in spite of dietary advice. The meal composition was 

inappropriate with a high quantity of calories from carbohydrate and fat and an 

inadequate contribution from proteins. The contribution from carbohydrate was more 

than 60% in both groups, when carbohydrate restricted diet has been recommended 

for glycemic control (recommended carbohydrate -40-50% of total calorie). Similar 

findings were reported in a South Indian study on patients with type 1 diabetes 

mellitus patients.86 A Korean study found that the GDM group had an undesirable 

macronutrient composition and obtained 56.6% of their calories by carbohydrate 

intake, which exceeded the recommended levels.87  Our study did not look into the 

glycemic index, fibre content and micronutrient intake which can influence the  

maternal weight gain, development of GDM and fetal outcomes including birth 

weight and  prematurity.88 

 



Summary & Conclusions  
 

91 
 

SUMMARY AND CONCLUSIONS: 

A total number of 34 subjects which included 21 subjects with Gestational Diabetes 

Mellitus (GDM) and 13 healthy pregnant controls were included in this study over a 

period of 2 years 2016 -2018.  The subjects were followed longitudinally in early and late 

pregnancy and postpartum period. 

To summarize our conclusions at the end of  analysis : 

 Body fat percentage in the GDM group was higher than the controls in early pregnancy. 

The longitudinal increment in fat percentage was lower in the GDM subjects, when 

compared to the control group. 

 The GDM subjects when compared with the controls had lower insulin sensitivity in early 

pregnancy. GDM subjects did not show a significant change in insulin sensitivity unlike 

the control subjects, whom showed a significant decrement in insulin sensitivity during 

late pregnancy and postpartum period. 

  The Resting Energy Expenditure (REE) adjusted to fat free mass was lower in GDM 

subjects than the controls in early pregnancy. The REE was similar among the groups in 

late pregnancy and postpartum period. 

 The Post meal Thermogenesis (PTE) after the mixed meal challenge test was greater in 

the GDM group than that in the controls in all the three visits. 

 There was a significant decrement in PTE during late pregnancy and postpartum period in 

both the groups, when compared to early pregnancy. 
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 The longitudinal decrement in PTE was significantly higher in subjects with GDM than 

that in the control group. 

 The baseline serum leptin levels were higher in GDM subjects than the normal pregnant 

women. The leptin levels showed a longitudinal increment in the GDM group in late 

pregnancy and postpartum period, whereas leptin levels in the control group did not show 

any significant change. 

  The pattern of change in serum insulin, free fatty acids and plasma glucose levels during 

MMCT was similar in both the groups. 

 The Activity Energy Expenditure (AEE) was lower in the GDM group than the controls 

in early pregnancy. 

 The AEE showed an increment in GDM subjects in late pregnancy and postpartum. The 

AEE in postpartum period was higher than during  pregnancy in both the groups. 

 The total calorie intake was significantly lower in subjects with GDM in late pregnancy 

than the control group. During early pregnancy and postpartum period the calorie intake 

was comparable between the groups 

 The REE in the GDM group was found to have a significant correlation with   total body 

fat and serum leptin levels in early pregnancy. 

 The REE in both the groups had significant correlation with Fasting insulin glucose ratio 

(FGIR) in all three visits. 

 The PTE in the GDM group was found to have significant correlation with HOMA-IR in 

early pregnancy. 



Limitations  
 

93 
 

 

LIMITATIONS OF THE STUDY 

 The body composition was analysed using bio impedance method in the study. We were 

not able to assess the differential changes in central and peripheral fat composition, 

which could have influenced the energy expenditure and insulin sensitivity.  

 

 The previous studies have shown that sympathetic system plays an important role in 

mediating energy expenditure. In our study we did not measure the influence of 

catecholamines in post meal thermogenesis during MMCT. 

 
 

 The impact of various adipocytokines and inflammatory mediators during pregnancy in 

body composition, insulin sensitivity and energy expenditure is well known. The role of 

adipokines other than leptin was not assessed in our study. 
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PATIENT INFORMATION SHEET  
 
 

DEPARTMENT OF ENDOCRINOLOGY, DIABETES AND METABOLISM 
CHRISTIAN MEDICAL COLLEGE, VELLORE. 

 
 

 
1. You are being called to join this research study.  

The title of the study is:  
 

“A comprehensive study on Energy Expenditure and body composition in diabetes mellitus 

complicating pregnancy”. 

 
 

2. The study is being done by  
 

Principal Investigator: Dr. Geethu Antony(Research Study Doctor) 

Dept of Endocrinology, Diabetes and Metabolism, 

Christian Medical College, Vellore 

Tamil Nadu- 632004. 

Phone: +91-416-2282528, +917094355646 

Email ID: geethuantony86@gmail.com 

3. Do I have to take part in this research study?  

 
The purpose of this research is to study the changes in the  amount of  energy you utilize 

and distribution of body fat during your  pregnancy and after delivery. We will also 

assess how these changes are different in pregnant women with diabetes mellitus and 

without diabetes mellitus. 

Your participation is entirely voluntary.  

If you decide to take part you will be asked to sign this consent form. Your signature 

means that you agree to take part in this research. After reading this form and having a 

discussion about what it says, you can decide whether you would like to be a part of this 

study. 

  

mailto:geethuantony86@gmail.com


If you decide not to participate, the care providers at this facility will continue to give you 

all of the standard care that is appropriate for you. You will be given a copy of this form 

whether or not you agree to participate in this study. 

Even after deciding to take part, you are free to withdraw at any time without giving any 

reason. This will not affect your care and you will continue to be treated at this hospital 

as before. 

The form discusses: 

a)What the researchers will learn from the research? 

b) What will happen to you during the research? 

c) What risks and/or discomforts you might expect/experience 

d) As a research subject if you can expect any benefits, and are there any alternatives to 
this research for your condition.  
 
 
4. Why have I been asked to take part in this research study?  
    
You are being asked to participate as a subject as you have developed diabetes mellitus 

during pregnancy/ or as you are pregnant. If you agree to take part in this study you will 

have tests and examinations to be sure that you qualify for the study. You will be 

assessed for your body fat distribution, we will also assess the amount of energy you 

spend each day while resting and after food intake. Also we will assess the amount of 

activity you do using a questionnaire and also your eating pattern. 

Identifying these things will help us in deciding the appropriate nutritional 

recommendations during pregnancy and lactation in normal pregnant women and in 

pregnant women with diabetes mellitus. 

5.Why is this research study being done?  

The rationale for this research is based on previous studies that have been done 

previously which show varying data regarding the changes in energy utilization  and 

body fat changes during pregnancy and after delivery. Previous data have shown that 

these changes might predispose to diabetes mellitus during pregnancy. These changes 

may vary depending upon the ethnicity of the study population. Not many studies have 

been done in India which studied these parameters. Hence this research study is being 

undertaken in an attempt to identify the changes in energy expenditure  in body 



composition and energy expenditure which happens during pregnancy and postpartum in 

women with diabetes mellitus complicating pregnancy and in normal pregnant women. 

 
6. How many people will take part in the research study?  
 
You will be one of approximately 33 pregnant women who will be participating in this 

study. The study will be conducted at Christian Medical College, Vellore.  

     

7. What will happen if I take part in this research study?  
   
You will undergo medical testing to determine your eligibility at the Clinical Research  

Center (CRC), located at Department of Endocrinology Diabetes and Metabolism, 

Christian Medical College, Vellore-632004.    

This visit will include a full history and physical examination, and some blood 

investigations and blood pressure, measurement done as part of standard of care. If you 

meet all eligible study criteria, you will be invited to participate in the study. There will 

be about 33patients participating in this study and it is important that you complete all 

parts of the study. 

If you are enrolled in the study, you have to come for the study at 3 different time points. 

First visit will be in your early gestational period, before 18 weeks of pregnancy. The 

second visit will be in your late gestational period, 32- 38 weeks of pregnancy. Third visit 

will be in postpartum, 6- 24 weeks after your delivery. The visits can be scheduled 

depending on your convenience. 

For the procedures you will have to come to the CRC in a fasting state in the morning. 

You will be undergoing the following procedures in each visit 

 
Physical examination will include measurement of height, weight, mid arm 

circumference, skin fold thickness at 5 different sites (biceps, triceps, thigh, upper back 

and lower back). Skin fold thickness will be measured by a caliper and is not painful. 

Body composition will be assessed using a bio impedence analyser called bodystat. It is a 

small hand held battery operated machine and the test is non invasive. It has been 

found to be safe in pregnancy. 



You will also undergo indirect calorimetry to assess the energy production. Indirect 

calorimeter, consist of a plastic hood that surrounds your head and a soft plastic collar 

round the neck and shoulders. A fixed flow of room air is maintained through the hood 

by connecting the outlet of the hood to a suction pump. The hood will be properly 

disinfected before reuse. One relative of you and a staff will be present in the same room 

during the entire period of study to make you comfortable. The study will start by 08.00 

am in a fasting state. You have to take dinner by 8.00pm the previous day and have to be 

in fasting from midnight. You have to rest in bed for 30 minutes before the test begins. 

After 30 minutes of the calorimeter, you will be given a drink which gives you around 

400 Kcal which is equivalent to the breakfast you take. The drink is prepared by a mixing 

powder which consists of carbohydrate, protein and fat in standard ratio with water. This 

powder is found to be safe to use in pregnancy. After the mixed meal, indirect 

calorimetry test will be repeated for 30minutes every hour for 3 hours. Blood samples 

will be taken at 0, 1, 2 and 3 hours along with the test. 

During the visit you will be asked about your diet and physical activity using a 

questionnaire. 

These visits will be approximately 4-5 hours long.  

8. What are the possible side effects, discomforts, risks or inconveniences i can 

expect from being in this research study? 

 
1.Blood withdrawal: The total amount of blood drawn from your body will not exceed 

10ml in each visit. You will have mild pain like that of a pin prick while blood samples 

are being drawn. 

 2. Bio impedance analyser –This device is used to measure the body composition. This 

has been proved to be safe in pregnancy 

3. Mixed meal challenge test 

You will be given a drink which gives you around 400 Kcal which is equivalent to the 

breakfast you take. The drink is prepared by a mixing powder with water which consists 

of carbohydrate, protein and fat in standard ratio. This powder is found to be safe to use 

in pregnancy. 

9. Are there likely to be any benefits to taking part in this research study? 
 



This study will help us to increase our understanding of changes in energy expenditure 

and body composition in normal pregnancy and in diabetes mellitus complicating 

pregnancy. This   might help in future to decide on the nutritional interventions in this 

population.  

  

10. What other choices do I have if I do not take part in thisresearch study? 
 
You may choose not to participate in this study. 
 

11. Who may see my records? 
 
The research records will be stored in a password protected computer and your name will 

not be used in any written or verbal reports. Your research records and medical records 

may be inspected by members of the research team. 

The people who review this research study as members of the Christian Medical College 

Institutional Review Board (IRB) may also review your research and medical records. 

The Office of Human Research Protections (OHRP) may also review your research study 

records. 

All of these groups have been requested to maintain confidentiality. 

12. Who can answer my questions about the study? 
 
If any questions arise related to this research project, you may call the Principal 

Investigator (Researcher Study Doctor):  

Dr. Geethu Antony., 

Senior Registrar, 

Department of Endocrinology, Diabetes & Metabolism 

Christian Medical College, Vellore 

(Telephone: 7094355646, email –geethuantony86@gmail.com) 

13. Use of identified specimens for future research: 
 

In addition to the research, you are consenting for, Dr Geethu Antony or other researchers 

at this institution may wish to study the samples in future research projects. 

Information about the research may be shared with other researchers, your identity will 

not be revealed. 



14. Participant: 

Please indicate your choice by initialing one (1) of the following options 

 

___ I consent to have my specimens used for future research studies. 

___ I consent to have my specimens used for future research studies only for the study of 

_____________________________________. 

___ I do NOT consent to have my specimens used for future research studies. The 

specimens will be destroyed at the end of the study. 

 

15. Participant: 

For future contact, please initial your choices below 

 

I consent to be contacted in the future to learn about: 

___ New research protocols that I may wish to join. 

___ General information about research findings. 

___ Information about the test on my sample that may benefit me or my family members 

in relation to choices regarding preventive or clinical care 

_____ I do not agree to be contacted in the future, even if the results may be 

important to my health or my family's health. 

 Your wish does not constitute a guarantee that you will be contacted. 

16. Will I be asked to stop participating in this study before the study is finished? 

Your study doctor may discontinue your participation in this study. Reasons for 

discontinuation could be, for example:  

You experience an unexpected side effect or you have abnormal laboratory results that  

would be considered unsafe. 

You develop, during the course of the study, symptoms or conditions that are excluded in 

the study  

You do not follow instructions. 

You use a medication or drug not allowed by the study (except: medications for arthritis, 

hypertension and hyperlipidemia 

17. What if new information becomes available? 



If the research study doctor obtains new information that might lead you to change your 

mind about continuing in this study, the research study doctor will tell you about it. If you 

decide to withdraw, the research study doctor and your personal doctor will make 

arrangements for your care to continue. 

18. Can I stop the study at any time? 

Your participation in this study is voluntary, and you can withdraw from the study at any 

time without giving a reason. If you decide to withdraw, you should talk with the 

research study doctor to see how best to complete the withdrawal process.  

If you agree to participate and withdraw at a later time, some of your information may  

have already been entered into the study and that will not be removed.     

In addition, you may be asked to return to the research study doctor again for any final  

tests in order to close the record and tests or monitoring that are necessary for your health  

as a result of your participation. These results may be recorded.   

Your treatment by doctors and staff at the institution involved in this study, now and in 

the future, will not be affected in any way if you agree to participate and withdraw later 

 

19. What are my rights if I take part in this research study? 

Your participation in this study is voluntary. You do not waive any of your legal rights by 

participating in this research study. Your treatment by doctors and staff at the 

institution(s) involved in this study, now and in the future, will not be affected in any way 

if you refuse to participate or if you enter the study and withdraw later. 

You must tell the research study doctor about any past and present diseases or allergies  

You are aware of and about all medications you are taking including over-the-counter  

remedies and nutritional supplements or herbs.  

     
If any other doctor recommends that you take any medicine, please inform him/her that  

you are taking part in a research study. You should give the other doctor the research 

study doctor's name and phone number.  

You may carry out all your normal daily activities.  

Research Team: (kindly fill other author’s name)   

 



1. Dr. Geethu Antony, Department of Endocrinology, Christian Medical College, Vellore 

2. Dr. Nihal Thomas, Department of Endocrinology, Christian Medical College, Vellore 

3. Dr Thomas Paul, Department of Endocrinology, Christian Medical College Vellore 

4. Dr  H. S Asha, Department of Endocrinology, Christian Medical College, Vellore 

5. Dr Dukhabandu Naik, Department of Endocrinology, Christian Medical College, Vellore 

6. Dr Riddhi Das Gupta, Department of Endocrinology, Christian Medical college, 

Vellore. 

7. Dr Annie Regi, Department of Obstetrics and Gynecology, Christian Medical College,  

8. Dr Gigi Elizabeth Mathew, Department of Obstetrics and Gynecology, Christian Medical 

College, Vellore 

9. Dr Jessy Lionel, Department of Obstetrics and Gynecology, Christian Medical College, 

Vellore 

10. Dr Joe Fleming , Department of Clinical Biochemistry, Christian Medical College, Vellore 

11. Dr Vishalakshi J, Department of Biostatistics , Christian Medical College , Vellore 

12. Dr Mini Joseph, Department of Endocrinology, Christian Medical College, Vellore 

13. Mrs.  Mercy Inbakumari , Department of  Endocrinology, Christian Medical College ,Vellore 
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DEPARTMENT OF ENDOCRINOLOGY DIABETES AND METABOLISM 
 

CHRISTIAN MEDICAL COLLEGE, Vellore. 
 

 
 
Study title: A Comprehensive Study on Energy Expenditure and Body composition in 
pregnant women with diabetes mellitus complicating pregnancy 

 
 
Principal investigator:  Dr. Geethu Antony 
 
Study number:  
 
Please tick the following as appropriate: 
 
(i)  I confirm that I have read and understood the information sheet for the above 

study and have had the opportunity to ask questions.  
 
(ii)  I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or legal 
rights being affected.  
 

(iii)  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 to take part in the above study. 
 
The following is a list of items we discussed about this research study. If you have any 

questions about any of these items, please ask the person who is discussing the study 

with you for more information before agreeing to participate. 

What the study is about. 

What I must do when I am in the study. 

The possible risks and benefits to me. 

Whom to contact if I have questions or if there is a research related injury. 

Any costs and payments that I may need to make. 

I can discontinue participating in the study at any time without penalty. 

Other choices. 

All written and published information will be reported as group data with no reference to 

my name. 
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If there is a schedule explaining how the study medicines are to be taken, I will be given 

the time schedule. 

I have been given the name of the researcher and others to contact. 

I have the right to ask any questions.  

 

The signature section is specially formatted - please do not modify. 

 
 
Name of Participant                   Signature/ thumb impression of participant 
 
 
__________________                                       ____________________ 
 
 
 
 
 
 
Date ______________________ 
  
 
 
 
 
Name of the witness: ______________________ 
 
 
Signature of the witness: ______________________ 
 
 
Name of Person conducting the                    Signature of Person conducting the 
 
Informed Consent Process                             Informed Consent Process 
 
________________________                           ______________________ 
 
 
 
 Date ______________________ 
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mfRug;gpay; epupHpt[ kw;Wk; tsh;rpijkhw;wk; gphpt[ 

fpUj;Jt kUj;Jt fy;Y}hp/ ntY}h;?4. 

 

 1 

xg;g[jy; gotk; 

 

1.  eP=;fs; ,e;j Ma;tpy; g=;nfw;gjw;F nfl;L bfhs;sg;gl;Ls;sPh;.  

     ,e;j Ma;tpd; jiyg;g[:  

,e;j Ma;thdJ fh;g;g fhyj;jpy; fh;g;gpzpfSf;F rhjhuz FSf;nfh!; rfpg;g[ 

jd;ika[ld; Mw;wy; brytspg;g[ kw;Wk; cly; mikg;g[ gw;wp fz;lwpat[k;/  fh;g;g 

fhyj;jpy ePupHpt[ nehapdhy; Vw;gLk; rpf;fy;fs; gw;w[p  fz;lwpat[k; elj;jg;gLk; xU 

tphpthd Ma;thFk;.  

 

2.   ,e;j Ma;t[ bra;a[k; egh;:  

Kjd;ik Ma;thsu; (Ma;t[ kUj;Jtu;) 

lhf;lu;. fP;J md;nlhdp 

     mfRug;gpay; epupHpt[ kw;Wk; tsh;rpijkhw;wk; gphpt[ 

  fpUj;Jt kUj;Jt fy;Y}hp/ ntY}h;?4 

  bjhiyg;ngrp : 7094355646 

 

3. ehd; ,e;j Ma;tpy; g=;nfw;f ntz;Lkh ? 

j=;fSila g=;nfw;g[ RakhdJ jh=;fs; Ma;thshplnkh my;yJ Ma;t[f; FHtpy; 

cs;s ntW egh;fsplnkh ngrpa gpwF ,e;j Ma;tpy; g=;nfw;f ntz;Lkh 

,y;iyah vd;gij Kot[ bra;ayhk;. 

 

j=;fSf;F g=;nfw;f tpUg;gkhdhy; ,e;j gotj;jpy; ifbaGj;jpLk;go 

nfl;Lf;bfhs;sg;gLtPh;fs;.  ifbaGj;;J jh=;fs; ,e;j Ma;tpy; ,Uf;f rk;kjk; 

vd;gij typa[Wj;jk;. 
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,e;j gotj;ij goj;J tpl;L ,jdpy; vd;d Twg;gl;Ls;sJ vd;gijg; gw;wp 

tpthjpj;j gpd;dh; j=;fsJ re;njf=;fisf; nfl;f ntz;Lk;.  jh=;fs; xU Kot[f;F 

tu j=;fSf;F njitahd neuj;ij vLj;Jf; bfhs;syhk;.  ,e;jg; gotj;jpy; 

cgnahfpf;fg; gLj;jg;gl;Ls;s kUj;Jtf; Fwpg;g[fs; VnjDk; g[upatpy;iy vdpy; 

,g;gotj;ij c=;fSf;F tpsf;Fgtuplk; ,ij vspjhfg; bjupe;Jf;bfhs;s 

njitahd jftiyf; nfl;Lg; bgwt[k;. 

 

jh=;fs; ,e;j Ma;tpy; g=;nfw;f clnd rk;kjk; bjuptpf;f ntz;Lk; vd;gjpy;iy.  

g=;nfw;f ntz;Lkh my;yJ ntz;lhkh vd;gij Kot[ bra;a njitahd mst[ 

neuk; vLj;Jf;bfhs;st[k;.  ,e;j gotj;jpd; xU gpujpia vLj;Jr; brd;W 

j=;fSila FLk;gj;jpdhplKk; ez;gh;fsplKk; fye;J Mnyhrpj;J gpd;dh; 

KontLf;fyhk;. 

 

jh=;fs; g=;nfw;f ntz;lhk; vd;W Kot[ bra;jhYk; j=;fSila eyd; fUjp 

Kiwahd rpfpr;ir mspg;ghh;fs;.  jh=;fs; g=;nfw;f ,ire;jhYk; 

,y;iynad;whYk; ,g;gotj;jpd; xU gpujp c=;fSf;F mspf;fg;gLk;. 

 

jh=;fspd; midj;J nfs;tpfSf;Fk; gjpy; fpilf;fhknyh/ Ma;tpy; vd;d 

elf;fg;nghfpwJ vd;gij bjspthf mwpahknyh ,g;gotj;jjpy; ifbaGj;jpl 

ntz;lhk;.  jh=;fs; ,e;j Ma;tpy; g=;nfw;f Kot[ bra;jhYk; ve;j neuj;jpYk; 

fhuzk; Twhky; ,e;j Ma;tpy; ,Ue;J tpyfpf; bfhs;syhk;.  ,jdhy; j=;fSf;F 

mspf;fg;gLk; rpfpr;irapy; ve;j tpj ghjpg;g[k; ,Uf;fhJ.  nkYk; bjhlh;e;J 

,=;nfna rpfpr;irg; bgw;Wf; bfhs;syhk;. 
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Ma;t[ kUe;ijg; bgw;w gpwF Ma;it tpl;L tpyf Kot[ bra;jhy; Ma;t[ 

kUj;Jtuplk; ngrp Ma;tpy; ,Ue;J tpyFjy; Kiwg; gw;wp mwpayhk;.   

 

,g;gotj;jpy; tpthpf;fg;gl;Ls;sit: 

1. ,e;j Ma;tpd; Kyk; Ma;thsh;fs; mwpe;J bfhs;sg;nghtJ vd;d> 

2. ,e;j Ma;tpy; j=;fSf;F neug;nghtJ vd;d> 

3. vd;d mbrsfupa=;fs; kw;Wk; ghjpg;g[fs; j=;fSf;F Vw;glyhk; vd;W 

vjph;ghh;f;fyhk;  

 

Ma;tpd; Fwpg;gply;fs;: 

,e;j Muha;r;rpapd; nehf;fk; fh;g;g fhyj;jpy; tsu;rpij khw;w=;fs;/  rhjhuz 

FSf;nfh!; rfpg;g[ jd;ik kw;Wk; ePupHpt[ nehapdhy; Vw;gLk; rpf;fy;fis gw;wp 

fz;lwptJld; Mw;wy; bryt[ khw;w=;fSld; cly; mikg;g[ kw;Wk; rPuk; byg;od; 

mst[fisg; gw;wp fz;lwptjhFk;. 

 

4.  ehd; Vd; ,e;j Ma;tpy; fye;J bfhs;s nfl;Lf; bfhs;sg; gl;oUf;fpnwd;> 

,e;j Ma;tpy; jh=;fs; fye;Jf;bfhs;s rk;kjk; bjhptpj;jhy; eP=;fs; ,e;j Ma;t[f;F 

jFjp cilatuh vd;gij cWjp bra;a[k; bghUl;L rpy gupnrhjidfs; 

bra;ag;gLk;.   

,e;j Ma;tpy; ,uz;L FGthf gphpf;fg;gl;L mjw;nfw;g g=;nfw;ghsh;fis 

nju;e;bjLf;fpwhh;fs; ? FG(m) fh;g;g fhyj;jpy ePupHpt[ nehapdhy; Vw;gLk; rpf;fy;fs; 

gw;w[p  fz;lwpat[k; ? FG(M) fh;g;g fhyj;jpy; fh;g;gpzpfSf;F rhjhuz FSf;nfh!; 

rfpg;g[ jd;ik cs;sthf;fisa[k; gw;w[p  fz;lwpat[k; elj;jg;gLk; xU tphpthd 

Ma;thFk;.  
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5.  ,e;j Ma;t[ Vd; elj;jg;gLfpwJ : 

,e;j Ma;tpd; nehf;fk; “,e;j Ma;thdJ fh;g;g fhyj;jpy; fh;g;gpzpfSf;F rhjhuz 

FSf;nfh!; rfpg;g[ jd;ika[ld; Mw;wy; brytspg;g[ kw;Wk; cly; mikg;g[ gw;wp 

fz;lwpat[k;/  fh;g;g fhyj;jpy ePupHpt[ nehapdhy; Vw;gLk; rpf;fy;fs; gw;w[p  

fz;lwpat[k; elj;jg;gLk; xU tphpthd Ma;thFk;;”;.   

 

6. vj;jid ngh; ,e;j Ma;tpy; g=;nfw;f cs;sdh;>  

Vwf;Fiwa c=;fSld;; nrh;j;J ,e;j Ma;tpy; 33 ngh; g=;nfw;ghh;fs;.  ,e;j Ma;t[ 

ntY}h; fpUj;Jt kUj;Jtf; fy;Y}hpapy; eilbgWk;.  

 

7. ehd; ,e;j Ma;tpy; g=;nfw;gjhdhy; vdf;F vd;d elf;Fk ;? 

ntY}h; fpUj;Jt kUj;Jtf; fy;Y}hapd; mfRug;gpay; epupHpt[ kw;Wk; 

tsh;rpijkhw;wk; gphptp;y;; mike;Js;s Ma;t[ miwapy; fPnH bfhLf;fg;gl;Ls;s 

gupnrhjidfs; bra;ag;gLk;;.    

Ma;t[ tUifapd; nghJ KGcly; gupnrhjid/ rpy Ma;tf nrhjidfs; kw;Wk; 

,uj;j mGj;jk; fz;lwpag;gLk;;.  ,ij jtpu cly; mikg;g[/ ,d;Rypd; vjph;g;g[ 

FwpaPLfs;  ,uj;j gupnrhjid @yk; fz;lwpag;gLk;.  j=;fSf;F Ma;tpy; fye;J 

bfhs;Sk; midj;J jFjpfSk; ,Uf;Fkhdhy; Ma;tpy; g=;nfw;f 

miHf;fg;gLtPu;fs;.   

 

eP=;fs; ,e;j Ma;tpy; gjpt[ bra;jhy;/ eP=;fs; 3 btt;ntW neuk; g[s;spfspy; 

Ma;tpw;F tu ntz;Lk;.  Kjyhtjhf 18 thu=;fSf;F Kd; Muk;g fu;g;g fhyj;jpy; 

tu ntz;Lk;/ ,uz;lhtjhf 32?38 thu=;fs; jhkjkhf fu;g;gfhy fhyj;jpy; tu 

ntz;Lk;.  @d;whtjhf 6?24 thu=;fspy; c=;fs; gpurtj;jpw;F gpwF FHe;ij   

ngWf;F gpwF tu ntz;Lk;.  c=;fs; trjpia bghWj;J tUiffs; 
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jpl;lkplg;gl;Ls;sJ.  eP=;fs; fhiyapy; btWk; tapw;wpy; (czt[ vJt[k; 

cl;bfhs;shky;) rp.Mu;.rp.f;F tu ntz;Lk;. 

c=;fSila xt;bthU tUifapd; nghJk; gpd;tUk; gupnrhjidfs; 

bra;ag;gLtph;fs;.  c=;fSila vil/ cauk;/ kj;jpapy; if Rw;wst[/ njhy; kl=;F 

jokd; (iffshy; igbrg;!;fs;/  oupbrg;!;fs;/ bjhil/  nky; kw;Wk; fPH; KJF)  

xU mstp @yk; mstplg;gLfpwJ. njhy; kl=;F jokd; xU mstp @yk; 

mstplg;gLfpwJ kw;Wk; ,jdhy; typ vJt[k; ,Uf;fhJ.  cly; mikg;g[ 

ghO!;lhl;  vd;W fUj;jg;gLk; gnahk;gpld!; mstp @yk; mstplg;gLfpwJ.  

,J ngl;lupahy; ,af;fg;Lk; xU rpwpa ,ae;jpuk;.   ,jdhy; fu;g;gpzp bgz;fSf;F 

ve;j tpj gf;f tpist[fs; fpilahJ. 

 

kiwKf btg;g mst[: kiwKf fnyhupkhdpa[ld; c=;fs; jiy kw;Wk; fGj;J 

gFjpia xU bkd;ikahd gpsh!;of; fhyuhy; Rw;wp mstplg;gLfpwJ.   

Ma;t[ miwapy; fhw;wpd; xU epiyahd Xl;lk; xU ngl;ilapd; @yk; 

guhkupf;fg;gLfpwJ ,e;j ngl;il cwp+;Rk; gk;gpd; @yk; btspna js;sg;gLfpwJ. 

xU Kiw cgnahfpf;fg;gLk; ngl;il kWgadghL Kd;g[ fpUkpfs; ,y;ykhy; 

xG=;fhf ,Uf;fpwJ vd;W Muhag;gLfpwJ.  

 

Muhar;rpapd; nghJ c=;fs; cwtpdu; kw;Wk; xU Ma;t[ CHpau; me;j ,lj;jpy; 

,Ug;ghu;fs;. c=;fspd; trjpf;fhf Ma;t[ KG fhyj;jpy; mnj miwapy; c=;fSld; 

,Ug;ghu;fs;.   eP=;fs; Ma;tpw;F tUtjw;F Kd; ehs; ,ut[ 8 kzpastpy; ,ut[  

czt[ cl;bfhs;s ntz;Lk;.  mjd; gpwF cz;zhtpujkpUf;f ntz;Lk;.  eP=;fs; 

nrhjid bjhl=;Fk; Kd; 30 epkpl=;fs; gLf;ifapy; Xa;t[ vLf;f ntz;Lk;.  gpwF 

c=;fSf;F Fog;gjw;F 400 fpnyh fnyhup cs;s xU ghdj;ij bfhLg;ghh;fs;. ,e;j 

ghdk; jz;zPu; epiyahd tpfpjj;jpy; fhu;nghi\l;nul;/ g[ujk; kw;Wk; bfhGg;g[ 
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bfhz;Ls;sJ.  ,J fu;;g;g fhyj;jpy; bfhLf;fg;gLk; gaDs;s xU fyit J}shFk;.  

,e;j J}s; fu;g;g gad;gLj;j ghJfhg;ghf ,Uf;f ntz;Lk;.  fyg;g[ czt[ 

gupnrhjidf;Fg;gpd; kiwKf fnyhupkhdp gupnrhjid 3 kzp neu Ma;t[f; fhyk; 

KGtJk; 1 kzp neuj;jpw;F 30 epkpl ,ilntspapy; ,uj;jk; vLf;fg;gLk;.  ,uj;jk; 

khjpupfs; 0/1/2 kw;Wk; 3 kzpneuj;jpy; vLf;fg;gLk;. ,e;j Ma;tpd; tUifapd; 

nghJ j=;fsplk; czt[ Kiwfs; kw;Wk; clw;gapw;rp gw;wpa 

nfs;tpjhisg;gad;gLj;jp nfs;tpfs; nfl;fg;gLk;. 

,e;j Ma;t[ Vwf;Fiwa 4?5 kzp neuk; elj;jg;gLk;.  

 

ehd; ntW vd;d bra;a ntz;Lk;> 

eP=;fs; Ma;t[ kUj;Jthplk; c=;fSf;F ,g;bghGJ ,Uf;fpd;w kw;Wk; Kd;dh; 

,Ue;j neha;fisg; gw;wpa[k; xt;thikiag; gw;wpa[k; Tw ntz;Lk;.  eP=;fs; 

cl;bfhs;Sk; kUe;Jfs; gw;wpa[k; Tw ntz;Lk;.  

 

c=;fSf;F vg;bghGbjDk; cly; eykpy;yhjJ nghy; njhd;wpdhy; clnd c=;fs; 

kUj;Jtiunah Ma;t[ kUj;Jtiunah bjhlh;g[ bfhs;s ntz;Lk;. 

ep=;;fs; c=;fs; md;whl ntiyfis vg;bghGJk; nghy; bra;ayhk;. 

 

ntW xU kUj;Jth; c=;Sf;F VnjDk; kUe;ij clbfhs;s mwpt[Wj;jpdhy; 

eP=;fs; mthplk; Ma;tpy; fye;J bfhz;oUg;gij bjuptpf;ft[k; mtuplk; Ma;t[ 

kUj;Jthpd; bgaiua[k; bjhiyngrp vz;iza[k; mspf;ft[k;.  c=;fSila jpdrup 

eltof;iffis tHf;fk; nghy; bra;ayhk;.    

 

8.  ,e;j Ma;tpy; g=]nfw;gjdhy; vdf;F vd;ndd;d gf;ftpist[fs; Vw;gl 

tha;g;g[ ,Uf;fpwJ> 
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,e;j Ma;tpy; g=;nfw;gjhy; c=;fSf;F gf;ftpist[fs; ,y;iy.   

 

,uj;j khjpup vLf;Fk; Kiw:  ,e;j Ma;tpd; nghJ Fiwe;jgl;rkhf 10 kpyp ,uj;jk; 

vLf;fg;gLk; ,J ,uj;j jhdk; bra;ag;gLk; msit tpl Fiwe;j msthFk;. 

,uj;j khjpupfs; bfhLf;Fk; nghJ xU Ks; Fj;jptpl;lJ nghd;W nyrhd 

typapUf;Fk;.   

 

cly; mikg;g[ ghO!;lhl;  vd;W fUj;jg;gLk; gnahk;gpld!; mstp @yk; 

mstplg;gLfpwJ.  ,J ngl;lupahy; ,af;fg;Lk; xU rpwpa ,ae;jpuk;.   ,jdhy; 

fu;g;gpzp bgz;fSf;F ve;j tpj gf;f tpist[fs; fpilahJ.   

njhy; kl=;F jokd; xU mstp @yk; mstplg;gLfpwJ kw;Wk; ,jdhy; typ 

vJt[k; ,Uf;fhJ.   

fyg;g[ czt[ gupnrhjid bra;ag;gLk;.  

c=;fSf;F Fog;gjw;F 400 fpnyh fnyhup cs;s xU ghdj;ij bfhLg;ghh;fs;. ,e;j 

ghdk; jz;zPu; epiyahd tpfpjj;jpy; fhu;nghi\l;nul;/ g[ujk; kw;Wk; bfhGg;g[ 

bfhz;Ls;sJ.  ,J fu;;g;g fhyj;jpy; bfhLf;fg;gLk; gaDs;s xU fyit J}shFk;.  

,e;j J}s; fu;g;g gad;gLj;j ghJfhg;ghf ,Uf;f ntz;Lk;.   

kiwKf btg;g mst[: kiwKf fnyhupkhdpa[ld; c=;fs; jiy kw;Wk; fGj;J 

gFjpia xU bkd;ikahd gpsh!;of; fhyuhy; Rw;wp mstplg;gLfpwJ.   

 

9.  ,e;j Ma;tpy; g=;nfw;gjhy; vdf;F VjhtJ ed;ikfs; cz;lh>   

,e;j Ma;t[ c=;fSf;F neuo Mjhak; jUk;.  ,e;j Ma;tpd; g=;nfw;ghsh;fSf;F 

,e;j nehapidg;gw;wpa kw;Wk; mth;fspd; thHf;if juj;ij Fwpj;J nfs;tpjhs; 

bfhLf;fg;gLk;.   
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,e;j Ma;thdJ fh;g;g fhyj;jpy; fh;g;gpzpfSf;F rhjhuz FSf;nfh!; rfpg;g[ 

jd;ika[ld; Mw;wy; brytspg;g[ kw;Wk; cly; mikg;g[ gw;wp fz;lwpat[k;/  fh;g;g 

fhyj;jpy ePupHpt[ nehapdhy; Vw;gLk; rpf;fy;fs; gw;w[p  fz;lwpat[k; elj;jg;gLk; xU 

tphpthd Ma;thFk;.  

 

10. ehd; ,e;j Ma;tpy; g=;nfw;ftpy;iy vd;why; vdf;F ntW vd;d tHpfs; 

cs;sJ>    

eP=;fs; ,e;j Ma;tpy; g=;nfw;fhky; ,Uf;fyhk;.   

 

11. vdJ Ma;t[ jfty;fis ahh; ghh;g;ghh;fs;> 

c=;fs; Ma;t[ mwpf;if ufrpakhf ghJfhf;fg;gLk; c=;fs; bgah; 

btspaplg;glkhl;lhJ. 

c=;fs; Ma;t[ mwpf;if kw;Wk; kUj;Jt mwpf;if Ma;t[ FGthy; nrhjpf;fg;gLk;.  

Ma;t[ FG c=;fs; Ma;t[ mwpf;ifia nrhjpj;J tpl;L jfty;fs; ufrpakhf 

ghJfhf;fg;gLk;.   

Ma;t[ mwpf;if gj;jpukhf ghJfhf;fg;gLk; fzpdp mwpf;iffs; ufrpa FwpaPl;L 

vz;zhs; ghJf;fg;gLk;. 

 

I.Mu;.gp. egh;fs; c=;fs; Ma;t[ mwpf;ifia nrhjpg;ghh;fs; c=;fs; jftiy 

ufrpakhf ghJfhg;ghh;fs;.  

 

12. Ma;itg; gw;wpa vd;Dila nfs;tpfSf;F ahh; gjpyspg;ghh;fs;>  

,e;j Ma;itg; gw;wp c=;fSf;F VnjDk; nfs;tpfs; njhd;wpdhnyh my;yJ ,e;j 

Ma;tpdhy; c=;fSf;F VnjDk; ghjpg;g[ Vw;gl;oUf;fpwJ vd;W eP=;fs; fUjpdhnyh 

nkny Twg;gl;Ls;s Ma;thsiu eP=;fs; clnd bjhlh;g[ bfhs;syhk;.  
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Ma;tpd; ika Ma;thsiua[k; (Ma;t[ kUj;Jth;) eP=;fs; bjhlh;g[ bfhs;syhk;. 

Kjd;ik Ma;thsu; (Ma;t[ kUj;Jtu;) 

lhf;lu;.  fP;J md;nlhdp 

     mfRug;gpay; epupHpt[ kw;Wk; tsh;rpijkhw;wk; gphpt[ 

  fpUj;Jt kUj;Jt fy;Y}hp/ ntY}h;?4 

  bjhiyg;ngrp : 7094355646 

      

13. j=;fSila khjpupfis vjph;fhy Muha;r;rpfSf;F gad;gLj;Jthh;fsh> 

j=;fisg; gw;wpa jfty;fis ,ufrpakhf itg;ghh;fs;.  MapDk; rpy rka=;fspy; 

j=;fisg; gw;wpa jfty; Ma;thsh;fisj; jtpu kw;wth;fSf;Fk; bjupa tuyhk;.   

,e;j Ma;t[f; Fwpg;g[fs; lhf;lu;.  fP;J md;nlhdp;  jtpu ,=;;F cs;s kUj;Jt 

Muha;r;rpahsh;fs; vjph;fhyj;jpy; gad; gLj;Jthh;fs;. 

 

14. g=;nfw;ghsh;: 

 

j=;fSila tpUg;gj;ij fPH;f;fz;l VnjDk; xU thf;fpaj;jpy; ifnaHj;jpl;L 

bjuptpf;ft[k;. 

........vd;Dila ,uj;j khjphpfis vjph;fhy Ma;t[f;F gad;gLj;jpf;bfhs;s 

rk;kjpf;fpnwd; ? ,e;j Ma;tpw;F kl;Lnk  rk;kjpf;fpnwd; ? fh;g;g fhyj;jpy; 

fh;g;gpzpfSf;F rhjhuz FSf;nfh!; rfpg;g[ jd;ika[ld; Mw;wy; brytspg;g[ 

kw;Wk; cly; mikg;g[ gw;wp fz;lwpat[k;/  fh;g;g fhyj;jpy ePupHpt[ nehapdhy; 

Vw;gLk; rpf;fy;fs; gw;w[p  fz;lwpat[k; elj;jg;gLk; xU tphpthd Ma;thFk;.  
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........vd;Dila ,uj;j khjphpfis vjph;fhy Ma;gt[f;F gad;gLj;j rk;kjk; 

,y;iy. 

 

15. g=;nfw;ghsh;: 

vjph;fhyj;jpy; bjhlh;g[ bfhs;s/ fPnH bfhLf;fg;gl;Ls;s tha;g;g[fspy; 

tpUg;gkhdtw;iw ifnaHj;jpl;L vjph;fhyj;jpy; fPH ;fz;ltw;iwg; gw;wp mwpe;J 

bfhs;s vd;idj; bjhlh;g[ bfhs;s rk;kjpf;fpnwd;. 

• ehd; g=;nfw;ff; Toa g[jpa Ma;t[ tiuKiwfis gw;wp mwpa  

• Ma;t[ Kofisg; gw;wp bghJthd jfty;fis mwpe;J bfhs;s  

• vdf;Fnfh vdJ FLk;gj;jpdUf;nfh kUj;J gadspf;Fkh vd;gij mwpa  

• vd;Dila cly; eyj;jpw;nfh vd;Dila FLk;gj;jpdh; cly; eyj;jpw;nfh 

gadspf;ff;Toajhf ,Ue;jhYk; vjph;fhyj;jpy; vd;idj; bjhlh;g[ bfhs;tjpy; 

vdf;F rk;kjkpy;iy. 

 

c=;fSila tpUg;gk; fz;og;ghf vjph;fhyj;jpy; eP=;fs; bjhlh;g[ 

bfhs;sg;gLtPh;fs; vd;gjw;F cj;jputhjk; ,y;iy. 

 

16. Ma;tpy; g=;nfw;gij ehd; vg;bghGJ ntz;LkhdhYk; tpyfpf; bfhs;syhkh> 

eP=;fs; Ma;tpy; g=;nfw;gJ jd;dpr;irahdJ.  ve;j neuj;jpYk; fhuzk; vJt[k; 

Twhky; tpyfpf; bfhs;syhk;. 

 

17. ,e;j Ma;tpd; Kotpy; khjphpfs; mHpf;fg;gl ntz;Lk; g[jpa jfty; fpilj;jhy;> 

,e;j Ma;tpy; jh=;fs; g=;nfw;gjh ,y;iyah vd;W c=;fis vz;zitf;ff; Toa 

g[jpa jfty; Ma;t[ kUj;JtUf;Ff; fpilj;jhy; mijg;gw;wp mth; c=;fsplk; 

TWthh;.  eP=;fs; Ma;tpypUe;J tpyf epidj;jhy; mjw;F mth; cjt[thh;. 
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18. ehd; ,e;j Ma;tpy; ,Ue;J vg;bghGJ ntz;LkhdhYk; tpyfpf; bfhs;syhkh: 

eP=;fs; ,e;j Ma;tpy; ,Ue;J vg;bghGJ ntz;LkhdhYk; tpyfpf; bfhs;syhk;.   

eP=;fs; Ma;tpy; g=;nfw;f rk;kjpj;J tpl;L gpwF tpyf epidj;jhy; Ma;tpy; 

Vw;fdnt gjpt[ bra;ag;gl;l c=;fis gw;wpa jftiy ePf;f ,ayhJ.   

 

19.,e;j Ma;tpy; g=;nfw;gjhy; vdf;F fpilf;Fk; chpikfs; vd;d> 

eP[=;;fs; ,e;j Ma;tpy; g=;nfw;gJ c=;fs; Ra tpUg;gg[k; ,e;j Ma;tpy; g=;nfw;gjhy; 

c=;fSila rl;l g[u;tkhd ve;j xU chpikiaAk; eP=;fs; ,Hf;fgnghtJ 

,y;iy. 

nkYk; Ma;t[ kUj;Jth; c=;fs; ,Wjp fl;l nrhjidfis bra;tjw;fhft[k;. cly; 

Mnuhfpaj;ij gupnrhjpg;gjw;fhft[k; rpy njitahd gupnrhjidfis bra;thh;.  

gupnrhjidapd; Kot[fs; Ma;tpy; gjpt[ bra;a eP=;fs; ,e;j Ma;tpy; g=;nfw;f 

rk;kjpj;Jtpl;L gpwF tpsfp;bfhz;lhYk; c=;fSf;F ,e;j kUj;Jtkidapy; 

Kiwahd rpfpr;ir fpilf;Fk;.  

 

,e;j Muha;r;rp FG: 

1. lhf;lu;.  fP;J md;nlhdp;? mfRug;gpay; gphpt[ 

2. lhf;lu;. ep\hy; jhk!; ? mfRug;gpay; gphpt[ 

3. lhf;lu;. jhk!; ghy; ? mfRug;gpay; gphpt[  

4. lhf;lu;. irkd; ,uh$ul;zk; ? mfRug;gpay; gphpt[ 

5. lhf;lu;. upjp jh!; Fg;jh ?mfRug;gpay; gphpt[ 

6. lhf;lh; M|h? mfRug;gpay; gphpt[ 

7. lhf;lh;. Jf;fge;j; ehaf; ? mfRug;gpay; gphpt[ 
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8. lhf;lu;. $p$p vyprbgj; nkj;a{/  kfg;ngwpay; kw;Wk; 

bgz;nzhapay; gphpt[ 

9. lhf;lu;. b$!;!p ypnahdy;/  kfg;ngwpay; kw;Wk; 

bgz;nzhapay; gphpt[  

10. lhf;lu;. md;dp bu$p/  kfg;ngwpay; kw;Wk; bgz;nzhapay; 

gphpt[ 

11. lhf;lu;. Ugp n$h!;/ kfg;ngwpay; kw;Wk; bgz;nzhapay; gphpt[ 

12. lhf;lu;. kpdp n$hrg;/ mfRug;gpay; gphpt[ 

13. brtpypau; bku;rp ,d;gFkhup/ mfRug;gpay; gphpt[ 

14. brtpypau; $hd;rp/ mfRug;gpay; gphpt[ 
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xg;g[jy; gotk;; 

,e;j Ma;tpd; jiyg;g[: 

,e;j Ma;thdJ fh;g;g fhyj;jpy; fh;g;gpzpfSf;F rhjhuz FSf;nfh!; rfpg;g[ 

jd;ika[ld; Mw;wy; brytspg;g[ kw;Wk; cly; mikg;g[ gw;wp fz;lwpat[k;/  fh;g;g 

fhyj;jpy ePupHpt[ nehapdhy; Vw;gLk; rpf;fy;fs; gw;wp fz;lwpat[k; elj;jg;gLk; xU 

tphpthd Ma;thFk;.  

Kjd;ik Ma;thsu; (Ma;t[ kUj;Jtu;) ?  lhf;lu;.  fP;J md;nlhdp 

,e;j Ma;it gw;wp c=;fSf;F tpsf;fg;gl;l midj;J jiyg;g[fSk; fPnH 

bfhLf;fg;gl;Ls;sJ. c=;fSf;F VnjDk; xU jiyg;gpy; re;njfk; ,Ue;jhy; ,e;j 

Ma;it gw;wp c=;fsplk; tpsf;Fk; eguplk; mijg; gw;wp bjspthf nfl;L bjupe;J 

bfhs;st[k;.  

1. ,e;j Ma;t[ vijg;gw;wpaJ ?  

2. ,e;j Ma;tpy; ,Uf;Fk; nghJ ehd; vd;d bra;a ntz;Lk;.  

3. ,e;j Ma;tpy; g=;nfw;gjhy; vdf;F fpilf;fg; nghFk; ed;ikfs; kw;Wk; 

jPikfs;.  

4. vdf;F ,e;j Ma;itg;gw;wp ve;j re;njfnkh my;yJ ,e;j Ma;tpd; @yk; 

cly;ey FiwghL Vw;gl;lhy; ehd; ve;j egiu bjhlh;g[ bfhs;s ntz;Lk;.  

5. ,e;j Ma;tpd; @yk;; vdf;;F Vw;gLk;; bryt[fs; VjhtJ ,Ug;gpd;  
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6. ehd; ,e;j Ma;tpy; ,Ue;J ve;j tpj epge;jidfAk; ,d;wp vg;nghJ 

ntz;LkhdhYk; tpsfpf; bfhs;syhk;  

7. ,e;j Ma;itg; gw;wp jfty;fs; midj;Jk; xU FG juthf jhd; 

btspaplg;gLk;. vd;idg; gw;wpa Ra milahyk; ufrpakhf 

ghJfhf;fg;gLk;.  

8. Ma;t[f; FGitg;gw;wpa jfty;fs; vdf;F bfhLf;fg;gl;Ls;sJ.  

9. Ma;itg; gw;wpa nfs;tpfis nfl;f vdf;F KG cupik cs;sJ.  

g=;nfw;ghsupd; bgau;               g=;nfw;ghsupd; ifbag;gk; 

 

eLepiy rhl;rpahshpd; bgah;/ Kftup kw;Wk; ifbag;gk;. 

 

 

xg;g[jy; gotj;ij g=;nfw;ghsUf;F  tpsf;Fk; egupd; bgau;  

    

 
lhf;lu;.  fP;J md;nlhdp 

     mfRug;gpay; epupHpt[ kw;Wk; tsh;rpijkhw;wk; gphpt[ 

  fpUj;Jt kUj;Jt fy;Y}hp/ ntY}h;?4 

  bjhiyg;ngrp : 7094355646 



























PROFORMA 

Name   :     Age: 

Occupation  :      Sex: 

Hospital No  :  

Address  :   Unique ID No. 

Obstetric Score 

LMP  

EDC 

Period of gestation 

Complications in present pregnancy 

Hypertension 

Hypothyroidism 

Pre pregnancy body weight 

Previous pregnancy 

GDM     
PIH     
Hypothyroidism     
Drugs     
Weight gain     
Period of pregnancy     
Mode of delivery     
Birth weight     
Post natal 
complication 

    

 

FAMILY HISTORY: 

Diabetes Mellitus 

TREATMENT HISTORY: 

Metformin 

Insulin  



Bolus  

Basal 

EXAMINATION: 

Height 

Weight 

BMI 

Pulse  

BP       

P   I  Cy  U  L  E L – Sites –  

Acanthosis nigricans  

Thyromegaly 

Systemic Examination 

Chest  

CVS 

Abdomen 

CNS 

BASELINE INVESTIGATIONS: 

 Hb     - 

 Creatinine 

 AC/PC  

 HbA1C 

 TSH 

 

 

 



 Anthropometry 

   1st  visit 2nd visit 3rd visit 

BP    

Weight    

BMI    

Fat mass    

Free fat mass    

Mid arm 

circumference 

   

SFT biceps    

SFT triceps    

SFT Sub scapular    

SFT thigh    

SFT supra iliac    

 

 

Indirect Calorimetry and Mixed Meal challenge test 

1st Visit 

 O hour 1 hour 2 hour 3 hour 

VO2     

VCO2     

REE     

RQ     

Blood Glucose     

NEFA     

Plasma Insulin     

 

 

 



2nd Visit 

 O hour 1 hour 2 hour 3 hour 

VO2     

VCO2     

REE     

RQ     

Blood Glucose     

NEFA     

Plasma Insulin     

 

3rd visit 

 O hour 1 hour 2 hour 3 hour 

VO2     

VCO2     

REE     

RQ     

Blood Glucose     

NEFA     

Plasma Insulin     

 

Body Composition 

  1st  visit 2nd visit 3rd visit 
Fat content %    
 in Kg    
Dry Lean 
weight 

   

Water %    
Litres    
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