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|. INTRODUCTION

Diabetes mellitus (DM) is probably one of the oldest diseases known to man. It
was first reported in Egyptian manuscript about 3000 years ago. Diabetes mellitus was
first described in India in the ancient texts of Charaka and Sushruta (1500 BCE) (Anjana
et al.,2011). Since then, the disease has gradually evolved into a major public health
problem. In 1936, the distinction between type 1 and type 2 diabetes mellitus was
clearly made. Type 2 Diabetes Mellitus also known as non-insulin-dependent or adult-
onset diabetes, was first described as a component of metabolic syndrome in
1988.Type 2 Diabetes Mellitus is the most common form of diabetes mellitus
characterized by hyperglycemia, insulin resistance, and relative insulin deficiency.
Although there is an increase in the prevalence of type 1 diabetes also, the major driver
of the epidemic is the more common form of diabetes, namely type 2 diabetes, which

accounts for more than 90 per cent of all diabetes cases (Olokoba et al.,2012).

Type 2 Diabetes Mellitus is primarily due to lifestyle factors such as physical
inactivity, sedentary lifestyle, high calorie intake, cigarette smoking and generous
consumption of alcohol. Obesity has been found to contribute to approximately 55 per
cent of cases of type 2 diabetes mellitus, central visceral adiposity, genetics (especially
having first degree relatives with type 2 diabetes mellitus), behavioral and

environmental risk factors (Obateru et al.,2012).

According to the WHO, South-east Asia and the Western Pacific region are at
the forefront of the current diabetes epidemic, with India and China facing the greatest
challenges. In these countries, the incidence and prevalence of type 2 diabetes among
children are also increasing at an alarming rate, with potentially devastating

consequences.

Diabetes has emerged as a major healthcare problem in India. According to the
Fifth Diabetes Atlas published by the International Diabetes Federation (IDF), says

India's prevalence of diabetes among 20-79 year olds is 9.2 per cent. India is only
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second to China, which has 90 million diabetics (2011) that will increase to about 130
million by 2030. The country is also the largest contributor to regional mortality with
983,000 deaths caused due to diabetes this year. The countries with the largest number
of diabetic people will be India, China and USA by 2030. It is estimated that every fifth
person with diabetes will be an Indian (IDF,2011).

In 2004, the prevalence. of diabetes averaged 16 per cent in urban India and
only three per cent in rural India. Prevalence is only 0.7 per cent for non-obese,
physically active, rural Indians. It reaches 11 per cent for obese, sedentary and urban
Indians (Diamond,2011).

The National Urban Diabetes Survey (NUDS), a population based study
revealed that the prevalence in the southern part of India to be higher-13.5 per cent in
Chennai, 12.4 per cent, in Bangalore, and 16.6 per cent in Hyderabad; compared to
eastern India (Kolkata), 11.7 per cent; northern India (New Delhi), 11.6 per cent; and

western India (Mumbai), 9.3 per cent (Mohan et al.,2007).

In developing countries, most people with diabetes are aged between 45 and 65
years, the prevalence of type 2 diabetes in those aged between 30 and 50 years in
developing countries is also high in comparison with other countries (Kun-Ho-Yoon et
al.,2006).

The so called “Asian Indian Phenotype” for diabetes refers to certain unique
clinical and biochemical abnormalities in Indians which include increased insulin
resistance, greater abdominal adiposity i.e., higher waist circumference despite lower
body mass index, lower adiponectin and higher high sensitive C-reactive protein levels.
This phenotype makes Asian Indians more prone to diabetes and premature coronary
artery disease(Mohan et al.,2007).

Madras Diabetes Research Foundation has published that diabetes in India is no
longer a disease of the affluent or a rich man’s disease. It is becoming a problem even
among the middle income and poorer sections of the society. Studies have shown that

poor diabetic subjects are more prone to complications as they have less access to
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quality health care (Sandeep et al.,2010).

Obesity is a serious social problem, one of the most important health issues of
the modern world, especially in industrialized countries (Ostrowska et al.,2008). The
health problems associated with an increase in the proportion of elderly in the
population are further compounded by the increasing prevalence of obesity and
overweight in older people. It is now well established that overweight and obesity are
associated with an increased burden of hypertension, type 2 diabetes mellitus, coronary

heart disease, gall stones or cancers(Ramsay et al.,2006).

Type 2 diabetes is a polygenetic disease and that environmental factors such as
sedentary lifestyle, a high calorie intake, and consequent obesity play a major role in
disease development. The term “diabesity” has been created to express that type 2
diabetes is obesity dependent and that obesity is the main etiologic cause of type 2
diabetes( Meisinger et al.,2006).

More than 1.1 billion adults worldwide are overweight, and 312 million of them
are obese, according to the International Obesity Task Force. In the past 20 years, the
rates of obesity have tripled in developing countries that have been adopting a Western
lifestyle involving decreased physical activity and overconsumption of energy-dense
foods. The growing prevalence of type 2 diabetes, cardiovascular disease, and some
cancers is tied to excess weight. The burden of these diseases is particularly high in the
middle-income countries of Eastern Europe, Latin America, and Asia, where obesity is
the fifth-most-common cause of the disease burden — ranking just below underweight.
Indeed, 90 per cent of individuals with type 2 diabetes are either overweight or obese
(Hossain et al.,2007).

Clinical evidence suggests that the association of diabetes with central obesity is
stronger than the association with general fat. Studies using computed tomography and
magnetic resonance imaging have provided further evidence to support that central
obesity, visceral adipose tissue, and upper-body non-visceral fat are the major
contributors to the metabolic complications. Central obesity has been associated with
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decreased glucose tolerance, alterations in glucose insulin homeostasis, reduced
metabolic clearance of insulin, and decreased insulin-stimulated glucose disposal
(Vazquez et al.,2007).

The Gothenburg study found various measures of central fat distribution and BMI
to be independently and simultaneously correlated with NIDDM risk. Strong positive
associations are revealed between all of the obesity measures (BMI, waist
circumference, and WHR) and NIDDM risk, with waist circumference yielding the
sharpest risk gradient (Carey,1997).

Interest in the study of human body composition spans at least a hundred years.
The importance of body composition research as a distinct science is evident during at
least two main periods during this century. The first period occurred immediately
following World War Il with the investigation of human semi-starvation and proceeded to
early studies of body composition in disease. Many techniques for evaluating body
composition were developed during this period, particularly tracer methods for

guantifying specific components such as total-body water and fluid volumes.

The second major era in body composition research began during the mid-
1980s with the recognition that many chronic and acute illnesses involved alterations in
body composition, that these changes were linked with morbidity and mortality, and that
nutritional treatments could affect patient outcome. Many body composition techniques
were either introduced or fully appreciated during this era.

The measurement of body composition occurs in many branches of biology and
medicine. It is measured by the human biologist studying human variation and
adaptation and it is being used increasingly in the assessment of nutritional and growth
status, fitness, work capacity, disease and its treatment. In human energetics, it is
widely used for the standardization of variables such as basal metabolic rate or physical
work capacity, for example, the investigation of the types and scope of adaptation to

chronic energy and nutrient deficiency or excess.


http://epirev.oxfordjournals.org/search?author1=Gabriela+Vazquez&sortspec=date&submit=Submit

Body composition can be assessed at the molecular, cellular, and tissue levels

using several different methods. Evaluating body composition of obese individuals is

necessary both in research and clinical practice to determine health as well as disease
risk. It is well known that high amounts of body fat are associated with a greater risk of
developing type 2 diabetes, cardiovascular disease, cancer, and renal failure. However,
assessing body composition in the obese is challenging because obesity is marked by
an increase in body fat and changes in body composition different from that of a non-
obese person. There is an increase in total body hydration and a relative expansion of
the extracellular water (ECW) component compared to intracellular water(ICW) (Kilates,
2000).

Type 2 diabetes is a metabolic disorder and as such should affect the
components of body composition of diabetics. The changes it induces in patients
complement the anthropological characteristics of this disease (Bournat et al.,2010).

At the simplest level, techniques for measuring body composition can assume
that the body is divided into two compartments, fat mass (FM) and fat-free mass (FFM).
The fat component is of relatively homogeneous composition, but FFM consists of a
heterogeneous mix of water, mineral, protein and additional minor constituents. In order
to quantify the amount of FM and FFM, using a two-compartment model, one must
assume that these components exist in a known relationship to each other (Minderico et
al.,2007).

Body composition can be assessed at the atomic level with the basic elements of
carbon, calcium, potassium, and hydrogen; at the molecular level by amounts of water,
protein, and fat; at the cellular level with extracellular fluid and body cell mass; and at
the tissue level for amounts and distributions of adipose, skeletal, and muscle tissues.
Analysis from the atomic through the cellular levels is with direct body composition
methods such as neutron activation, isotope dilution, and total body counting. Criterion
methods measure a property of the body, such as its density, or describe amounts and

distributions of skeletal, muscle, and adipose tissues via X-ray or magnetic imaging

5



techniques. Criterion methods include densitometry, computed X-ray tomography (CT),
magnetic resonance imaging (MRI), and DXA. Indirect methods, including
anthropometry and Bioelectrical Impedance Analysis (BIA), provide estimates or indices
of body composition based on results from direct or criterion methods (Duren et
al.,2008).

Simple, rapid, and accurate measurement of body composition is frequently
required for the medical and nutritional follow-up of obese individuals, especially during
a weight-reduction period. For this reason, Bioelectrical Impedance Analysis (BIA) has
become a popular method in research laboratories, hospitals, private clinics and
wellness centers to assess body composition across a spectrum of ages and body
weights. BIA is a safe, non-invasive and easy to handle method used for assessing
body composition. BIA measures the body’s impedance and the technique is based on
the differing electrical conductivities (water content) of various components of the body
(Kyle et al., 2004).

Impedance measurements were first suggested by Thomasset (1962) but it was
Hoffer (1969) who realized its potential as the basis of a simple field technique to
measure total body water(Coward et al.,1988).

BIA using bipolar foot electrodes provides a valid estimate of percent body fat in
subjects with type 2 diabetes mellitus. It does not require examiner skill, is rapid, and
free from discomfort, and is a reliable technique for determination of body composition
in type 2 diabetic subjects in clinical and investigative studies. Few studies have been
done in special populations (e.g. diabetes, renal failure,etc.). Studies in insulin-
dependent (type 1) diabetic patients have recently been published, confirming the
validity of BIA in this group. However a vast majority of diabetic patients have type 2
non-insulin-dependent diabetes (NIDDM), which is associated with obesity in 85 per
cent of individuals. As a consequence, the use of BIA for the measurement of body
composition in type 2 diabetes would be of interest both for clinical and investigative

purposes.



In recent years, many investigations are being conducted to assess the
prevalence or incidence of overweight and obesity among diabetic individuals using
simple anthropometric measures. Not much studies are available on body composition
using Bioelectrical Impedance Analysis method in India. Hence, the need for the
present study. Since there is a paucity of data regarding body composition measures in
type 2 diabetic adults, this study was an effort to provide data on the body composition
of normal, overweight and obese diabetic adults (30-60 years) and comparing them with

those of non-diabetic adults of the same age group.

The specific objectives of the study were: To,

assess the epidemiological factors associated with type 2 diabetics.

assess the nutritional status of the selected diabetics.

assess the body composition measures of the selected adults.

find the association between anthropometric measures, energy balance and body
composition and

compare these parameters of the normal, overweight and obese type 2 diabetic adults

with those of non-diabetic adults.



REVIEW OF LITERATURE



Il. REVIEW OF LITERATURE

The literature pertaining to the study entitled “Body Composition Measures of

Type 2 Diabetics” is reviewed under the following headings:

A. Diabetes Mellitus
. Obesity and Diabetes

B

C. Body Composition Analysis and its Importance

D. Bioelectrical Impedance Analysis (BIA) — a promising technique
E

Diet and Diabetes

A. DIABETES MELLLITUS
The Expert Committee on the Diagnosis and Classification of diabetes mellitus
defines diabetes as “a group of metabolic diseases characterized by hyperglycemia

resulting from defects in insulin secretion, insulin action, or both”(Williams,2005).
1. Classification of Diabetes Mellitus:

Diabetes has been recently reclassified by World Health Organization into four

distinct types: (Geissler,2005)

) TYPE 1 DIABETES:

a) Immune-mediated

b) Idiopathic

II) TYPE 2 DIABETES

[Il) GESTATIONAL DIABETES

IV) OTHER SPECIFIC TYPES:

a) Genetic defects in B-cell function(MODY)
b) Genetic defects in insulin action

c) Disease of the Endocrine Pancreas



d) Endocrinopathies

e) Drug or Chemical Induced

f) Infections

g) Uncommon forms of immune-mediated diabetes
h) Other genetic syndromes associated with diabetes
2. Type 2 Diabetes Mellitus(T2DM):

Type 2 Diabetes Mellitus, once referred to as Adult Onset Diabetes, may
account for about 90 per cent to 95 per cent of all diagnosed cases of
diabetes(NIH,2004).

Type 2 Diabetes Mellitus is a non-autoimmune, complex, heterogeneous and
polygenic metabolic disease condition in which the body fails to produce enough insulin,
characterized by abnormal glucose homeostasis .lts pathogenesis appears to involve
complex interactions between genetic and environmental factors (Gupta et al.,2008).
Type 2 Diabetes Mellitus occurs when impaired insulin effectiveness (insulin resistance)

is accompanied by the failure to produce sufficient cell insulin (Permutt et al.,2005).

Type 2 Diabetes Mellitus is reaching epidemic proportions worldwide. This is
related to changing lifestyles and diets with increased rates of obesity and decreased
physical activity. Type 2 Diabetes is occurring in all population groups, especially in
ethnic minorities and among youth, is an emerging public health problem(Campagnal et
al.,2000).

Figure | shows the resistance of insulin towards type 2 diabetes.



How insulin resistance progresses toward type 2 diabetes

Diet high in refined carbs/low in micronutrients
+ Sedentary lifestyle
+ Genetics

Insulin levels increase in bloodstream

Cells become resistant to insulin

l

Blood glucose and insulin levels are high

1

Pancreas decrea insulin production

.y

Blood glucose levels remain high

Type 2 diabetes

FIGURE I.RESISTANCE OF INSULIN TOWARDS TYPE 2 DIABETES

3. Prevalence of Type 2 Diabetes Mellitus:

It has been estimated that the global burden of type 2 diabetes mellitus (T2DM)
for 2010 would be 285 million people (2010) which is projected to increase to 438
million in 2030; a 65 per cent increase. Similarly, for India this increase is estimated to
be 58 per cent, from 51 million people in 2010 to 87 million in 2030 (Snehalatha et
al.,2009).
Global Prevalence: The number of cases of diabetes worldwide in the year 2000
among adults (20years) was estimated to be 171 million and will rise to 366 million by
2030. In terms of rank of countries for T2DM prevalence, Ukraine (3.2 million) is at the
bottom of the list, Pakistan (5.2million) comes at number six, China is second with 20.8
million people and India has the highest number (31.7 million) of people with rate of
three per cent for T2DM(Wild et al., 2009).
Prevalence of Type 2 Diabetes Mellitus in India: Estimated prevalence rates in
urban and rural India are based on national surveys and individual studies:
Urban India: More recently, Mohan et al., (2008) provided estimates from a nationwide
surveillance study of T2DM and found that in urban areas there was a prevalence of 7.3
per cent of known T2DM and a prevalence of 3.2 per cent in peri-urban/slum areas
(urban fringes).
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Rural India: The prevalence for known T2DM was of 6.4 per cent, for undiagnosed
T2DM 6.8 per cent, and that 15.5 per cent had impaired fasting glucose. Figures based
on National Family Health Survey (NFHS) in 2005-06 suggest the prevalence of T2DM
in rural India are highest in Kerala, Tripura, West Bengal, Goa and Sikkim, and least in
central India.
4. Causes of T2DM:

T2DM as a common and complex disease has been characterized by the
following causes:
* Obesity: Obesity is also considered a key risk factor for T2DM. The association
between increasing body mass index (BMI) and greater weight gain and risk of diabetes
is most pronounced among Asians, suggesting that lower cut off BMI values are needed
to identify Asians at a higher risk of diabetes (Shai et al., 2006).

* Abdominal adiposity: There is also a probable indication that there is a preferential

abdominal adiposity in Indians irrespective of the degree of general adiposity
(Ramachandran et al., 2002).

* Imbalance of human metabolism is associated with T2DM: Changes in work

patterns from heavy labour to sedentary, the increase in computerization and
mechanization, and improved transport are just a few of the changes that have had an
impact on human metabolism (Zimmet et al., 2001).

* Genes: Since 2007, genome-wide association studies has catalogued around 20
genes (like TCF7L2, HHEX, CDKAL1, SLC30A8 etc.) showing a strong evidence
associated with T2DM (Sladek et al., 2007).

* Ethnicity: The interethnic differences (like differences in prevalence of T2DM among
Europeans, Americans, Chinese, and Asian Indians) in insulin resistance may have an
environmental or genetic explanation. The main acquired factors that seemingly
increase insulin resistance in all ethnic groups include obesity, sedentary lifestyle, diet

rich in animal products, and aging (Abate, 2001).
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5. Risk Factors of Diabetes:
The known risks factors of T2DM embedded in nature (genetic) as well as
nurture (i.e. environmental factors including intrauterine environment) are as follows:
Table |
Modifiable Risk | Studies

Factors

Obesity Meta-analysis done by Vazquez et al., (2007)
(via BMI and WHR) proves that Body mass index, waist
circumference, and waist/hip ratio, respectively
are the three obesity indicators which are the
important risk factor for diabetes.

Physical Inactivity The protective effect of physical activity in
subjects with an excessive BMI and elevated
glucose levels; physical activity and weight
control are critical factors in diabetes
prevention in subjects with both normal and
impaired blood glucose regulation (Hu et al.,
2004).

Plasma Lipids and It has been reported by various workers that

Lipoproteins Level T2DM patients have elevated levels of total
cholesterol, LDL-Cholesterol, VLDL-
Cholesterol, hypertriglyceridemia and reduced
levels of HDL-Cholesterol(Eschwege, 2003).

Hypertension The prospective cohort study found that T2DM
was almost 2.5 times as likely to develop in
subjects with hypertension as in subjects with

normal blood pressure (Gress et al., 2000).

Dietary Habits Misra et al.,, (2009) suggested that whole
grains are rich in components like dietary fiber,

starch, fat, antioxidant nutrients, minerals,

vitamin, lignans, and phenolic compounds that
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have been linked to the reduced risk of
obesity, insulin resistance, dyslipidemia,
T2DM, heart diseases.

Intervention study of Stanhope et al., (2009)
found dietary fructose specifically increases de
novo lipogenesis, promotes dyslipidemia,
decreases insulin sensitivity, and increases
visceral adiposity in overweight/obese adults.
This study proves fasting plasma glucose and
insulin levels increases during fructose but not

glucose consumption.

Non-modifiable Risk

Factors

Studies

Family History

Viswanathan et al., (1996) in their study found
nearly 75 per cent of the T2DM patients have
first degree family history of diabetes. The
prevalence among offspring with one diabetic
parent to be 36 per cent, which increased to
54 per cent when there, was a positive family
history of diabetes on the non-diabetic
parental side also. When both parents had
diabetes, the prevalence rate increased.
(Stumvell et al., 2005).

Genetic factors

Since 2007, genome-wide association studies
have catalogued around 20 genes showing
strong association with type2 diabetes
(Zeggini et al., 2007).

Low/High Birth Weight
(Intra-uterine
Environment

exposure)

Harder et al., (2006) found that low birth
weight was associated with increased risk of
T2DM. High birth weight was associated with
increased risk to the same extent. This finding
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indicate that there exists a relation between
birth weight and later-life risk of T2DM

6. Complications Associated with Diabetes:

Both type 1 and type 2 diabetes ultimately lead to high blood sugar levels, a

condition called hyperglycemia. Over a long period of time, hyperglycemia damages the

retina of the eye, the blood vessels of the kidneys, the nerves, and other blood vessels.

Damage to the retina from diabetes (diabetic retinopathy) is a leading cause of
blindness.

Damage to the kidneys from diabetes (diabetic nephropathy) is a leading cause of
kidney failure.

Damage to the nerves from diabetes (diabetic neuropathy) is a leading cause of foot
wounds and ulcers, which frequently lead to foot and leg amputations.

Damage to the nerves in the autonomic nervous system can lead to paralysis of the
stomach (gastroparesis), chronic diarrhea, and an inability to control heart rate and
blood pressure during postural changes.

Diabetes accelerates atherosclerosis, (the formation of fatty plaques inside the
arteries), which can lead to blockages or a clot (thrombus). Such changes can then
lead to heart attack, stroke, and decreased circulation in the arms and legs
(peripheral vascular disease).

Diabetes predisposes people to elevated blood pressure, high levels of cholesterol
and triglycerides. These conditions typically occurs in people with type 2 diabetes
who are not controlling their blood sugar levels, who have become dehydrated, or
who have stress, injury, stroke, or are taking certain medications, like
steroids.(Bhowmik et al.,2012).
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B. OBESITY AND DIABETES:

The proportions of people with type 2 diabetes and obesity have increased
throughout Asia, and the rate of increase shows no sign of slowing. People in Asia tend
to develop diabetes with a lesser degree of obesity at younger ages, suffer longer with
complications of diabetes, and die sooner than people in other regions(Yoon et
al.,2006).

The prevalence of obesity is over 25 per cent in many developed countries. Obesity
is strongly associated with an increased risk of fatal and chronic conditions such as
cardiovascular disease and T2DM. Therefore it has become a major public health
concern for many economics(Miners et al.,2012).

T2DM is 3 times more likely to develop in an obese person than in a non-obese
person. Furthermore, the person with T2DM often has central obesity. Central-body fat
cells appear to be larger and more insulin-resistant than lower-body fat cells, and insulin
resistance is a major risk factor for the development of T2DM(James,2000).

The increase in the prevalence of type 2 diabetes is closely linked to the upsurge in
obesity. About 90 per cent of type 2 diabetes is attributable to excess weight.
Furthermore, approximately 197 million people worldwide have impaired glucose
tolerance, most commonly because of obesity and the associated metabolic syndrome.
This number is expected to increase to 420 million by 2025(Hossain et al.,2007)

The influence of obesity on type 2 diabetes risk is determined not only by the
degree of obesity but also by where fat accumulates. Increased upper body fat including
visceral adiposity, as reflected in increased abdominal girth or waist-to-hip ratio, is
associated with the metabolic syndrome, type 2 diabetes, and cardiovascular disease
(Bjo" rntorp,1991).

Adult humans have limited and variable numbers of brown fat cells (Cypess et
al.,2009), which play a role in thermogenesis and potentially influence energy
expenditure and obesity susceptibility (Frontini et al.,2010).

The link between obesity and hyperinsulinemia, first identified 50 years ago, reflects
compensation by insulin-secreting B-cells to systemic insulin resistance. Although
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mechanisms underlying this coupling (e.g., mild hyperglycemia and raised levels of
circulating free fatty acids) remain elusive, obese normoglycemic individuals have both
increased cell mass and function (Eckel et al.,2011).

Genome-Wide Association Scans (GWAS) and candidate gene approaches now
have identified 40 genes associated with type 2 diabetes and a similar number, albeit
largely different, with obesity(Rampersaud et al.,2007).

At least three distinct mechanisms have been proposed to link obesity to insulin
resistance and predispose to type 2 diabetes:

1) Increased production of adipokines/cytokines, including tumor necrosis factor-
resistin, and retinol-binding protein, that contribute to insulin resistance as well as
reduced levels of adiponectin (Deng et al.,2010);

2) Ectopic fat deposition, particularly in the liver and perhaps also in skeletal muscle,
and the dysmetabolic sequelae (Larson et al.,2011); and

3) Mitochondrial dysfunction, evident by decreased mitochondrial mass and/or function.
Mitochondrial dysfunction could be one of many important underlying defects linking
obesity to diabetes, both by decreasing insulin sensitivity and by compromising cell
function(Bournat et al.,2010).

Substantial weight gain (10 per cent) was significantly associated with an
increased risk of diabetes. Men with below-average BMI who gained a substantial
amount of weight showed a significant threefold increase in risk compared with subjects
whose weight remained stable, and the risk was twofold in subjects who were already
overweight. This is consistent with the findings that weight gain is associated with an
increase in insulin resistance and deterioration in glucose tolerance, factors that are

strongly associated with the development of diabetes(Wannamethee et al.,1999).

C. BODY COMPOSITION ANALYSIS AND ITS IMPORTANCE:
In terms of health risks, body composition is more important than body weight.
Body composition is the relative amount of fat and lean body mass(Insel,2010).An
innate characteristic of maturation and aging is a change in body composition that occur
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throughout life cycle, beginning with the embryo and extending through old age. Rapid
growth entails not only an increase in body mass but also a change in the proportions of
components making up this mass(Groff,2000).

The human body is composed of fat and fat free compartments and body
composition assessment involves the accurate measurement of one or many of these
compartments. Body composition can be assessed at the molecular, cellular, and tissue
levels(Beechy et al.,2012).

1. Levels of Body Compaosition:
Body Composition can be approached at a variety of levels:
a. Atomic level: Basic chemical elements compose the atomic level. O2, C, H and N
account for greater than 95 per cent of body mass and the addition of 7 other
elements — Na, K, P, Cl, Ca, Mg and S accounts for 99.5 per cent of body mass.

b. Molecular level: Water, Lipid, Protein, Minerals, and Carbohydrate. Carbohydrate

occurs in small amounts and not usually considered in the estimates of body
composition.

c. Cellular level: The Body Cell Mass is defined by intracellular fluids and intracellular

solids and is the metabolically active component of the body. Adipocytes store lipids
and comprise fat mass(FM).

d. Tissue level: Skeletal muscle, adipose, bone, blood, viscera and brain.

e. The fifth level of body composition is the whole body, its size, shape, physique, and
proportions.

1. Models of Body Composition:

a. Two Components: It partitions body mass into lean(Fat Free Mass[FFM]) and Fat

Mass(FM) compartments. FM is more labile as it is readily influenced by diet and
training.
b. Three Components: It includes FM and partitions FFM into Total Body Water(TBW)

and Fat Free Dry Mass(FFDM). FFDM includes protein, glycogen, and minerals in
bone and soft tissues.

c. Four Components: It includes TBW, FM and partitions FFDM into Bone Mineral(BM)

and the residue.
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d. Multi compartment models: It is assumed that the separately measured properties

can be summed to provide an estimate of the whole (Arora,2011).

Changes in body composition that accompany the onset and progression of
obesity have a dramatic impact on metabolism and insulin sensitivity. Adipose tissue is
postulated to be a key factor in regulating whole body lipid flux, thus modulating lipid
and glucose homeostasis. Given the role of fat and lean tissue in lipid metabolism and
insulin resistance, it is clear that assessing the body’'s tissue composition is an

important part of the management of the diabetic patient (Duren et al.,2008).

The presence of type 2 diabetes has been associated with a reduction in
cardiovascular function and diminished levels of general fithess(Katoh et al.,1996). This
diminished fitness may reflect physiological changes, such as change in skeletal muscle
fiber type(Marin et al.,1994), increased width of skeletal muscle capillary basement
membrane(Williamson et al.,1996), and increased skeletal muscle fat

content(Goodpaster et al.,1997).

Diabetes was associated with higher body mass loss and appendicular lean
mass loss in older Chinese adults. In men, diabetes was also associated with higher
total body fat loss. Diabetes-associated muscle loss may contribute to diabetes-related
frailty in older adults (Lee et al.,2012)

D. BIOELECTRICAL IMPEDANCE ANALYSIS (BIA) — A PROMISING TECHNIQUE:

Bioelectrical Impedance Analysis (BIA) is another non-invasive method of body
composition and it is considered to be highly useful to monitor body compartment
changes in various clinical situations (Kamimura et al.,2003).

BIA has gained wide acceptance as a field and bedside body composition
technique. This is related more to its ease of use and acceptability of the technique and
less to an obvious superiority to other field methods. It is quick, simple to use and
involves minimum contact with the subject or undressing. BIA has better reproducibility
than skin folds, which makes it more suitable for large studies with multiple measurers.
It has proven reliability in interlaboratory comparisons. The procedure has become
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simpler and faster still with the development of analyzers that require only that the
subject stand bare footed on metal plates that contain the electrodes (Deurenberg et
al.,1994).

BIA measures the body impedance using electrodes that are connected from
one leg to the other, or to the arm, to form a circuit for the current to pass through. The
impedance measure is used to predict Total Body Water (TBW) and Fat-Free Mass
(FFM) and fat mass is calculated from the difference between weight and FFM. Different
tissues offer varying resistance, with adipose tissue a poor conductor of the current
because of its low water content. Muscle tissue, which has higher water content, offers
less resistance and is able to better conduct the current(Kushner,1992).

Bioelectrical Impedance Analyzers do not measure any biological quantity or
describe any biophysical model related to obesity. Rather, the impedance index [stature
squared divided by resistance (S2/R) at a frequency, most often 50 kHz] is proportional
to the volume of total water and is an independent variable in regression equations to
predict body composition (Sun et al.,2005).

Single Frequency BIA (SF-BIA) should not be used for body composition
assessment in the obese because the theory that the human body is a single cylinder
with constant resistivity cannot be applied to the obese. In addition, the frequency of the
current applied (50 kHz) in SF-BIA is not high enough to penetrate all tissues.
Segmental BIA (tetra- and eight-polar-BIA) recognizes the human body as complex in
shape and combines several impedance measures together for a more accurate
assessment. However, segmental-BIA has been found to significantly overestimate
percent body fat in obese adults (Shafer et al.,2009). Multi Frequency-BIA (MF-BIA)
allows multiple frequencies to assess fluid distribution; low electric frequencies (e.g. 1 or
5 kHz) measure Extra Cellular Water(ECW) and high frequencies (e.g. 100, 200, or
500 kHz) measure Total Body Water(TBW)(Mager et al.,2008). MF-BIA has been found
to overestimate percent body fat in the overweight and obese groups, significantly
underestimate both total and truncal fat in obese women (Neovius et al.,2006), and offer
accurate estimates of TBW and ECW in women with a BMI up to 48.2 kg/m? (Sartorio et
al.,2005).
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In the study conducted by Hosking et al.,(2006) in young children (boys and
girls aged about 9 years), the foot-to-foot BIA device may be suitable for use in large-
scale epidemiological studies due to the high correlation and small mean differences
when compared with dual-energy X-ray absorptiometry (DEXA), and its simplicity and
its speed may offer particular advantage to children.

According to the study conducted by Stewart et al., (1993) BIA can be applied to
study the distribution of body water between the intracellular (ICW) and extracellular
(ECW) phases by the use of multiple frequencies in place of a single frequency as at
present. This approach has been validated in healthy male subjects by Segal et al.,
(1991).

BIA using bipolar foot electrodes provides a valid estimate of percent body fat in
subjects with type 2 diabetes mellitus. It does not require examiner skill, is rapid, and
free from discomfort, and is a reliable technique for determination of body composition

in type 2 diabetic subjects in clinical and investigative studies(Leiter et al.,1994).

E. DIET AND DIABETES:

Health behaviors of individuals with or at risk for type 2 diabetes mellitus and
those with a high Body Mass Index (BMI) continue to be important drivers of health
outcomes from a public health perspective(Thom et al.,2006).

High body mass index and weight gain, reflecting a positive energy balance, are
associated with a higher risk of type 2 diabetes (Colditz et al.,1995).

The increased prevalence of obesity and type 2 diabetes in affluent societies is
largely linked to excessive caloric intake and decreased physical activity (Hill et
al.,2003).

Insulin resistance is regarded as a cardinal feature of the metabolic defects
associated with weight gain, and it is postulated to develop as an adaptation to
increased nutrients’ availability. Energy balance and metabolic homeostasis are
maintained by complex regulatory systems. In this regard, changes in nutrient
availability and body weight induce adaptive responses in feeding behavior and in
metabolic processes that are designed to preserve each individual’s set point. Thus,
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increased food intake tends to promote weight gain and insulin resistance. Nutrient
excess activates biochemical pathways that initiate cellular responses designed to limit
the oxidation of excess energy (insulin resistance) and favor weight gain.
Simultaneously, the activation of the same pathways either directly or indirectly (by
increasing the expression and release of counterregulatory hormones such as leptin
and insulin) induces hypothalamic efferent signals that attempt to limit further intake of
energy and favor dissipation of excess energy via thermogenesis (Obici et al.,2003).

Rapid economic developments have improved the availability of nutrients,
together with socioeconomic and health conditions, in many
countries(WHO,2003).These improvements have led to lower morbidity and mortality
and to a pronounced decrease in nutritional deficiencies. However, high nutrient
availability, and specifically an energy dense diet, can predispose people to both obesity
and type 2 diabetes(Prentice et al.,1995). In Asia, economic factors have had especially
apparent effects on the nutrition transition. Obesity has increased concurrently with
these nutritional transitions in most Asian countries(Popkin et al.,1998).

Carbohydrate intake decreased gradually after 1940, from 81 per cent of total
energy intake to 64 per cent in 1995. Total protein intake remained nearly constant
throughout that period, whereas fat-derived energy intake increased gradually, from 6-2
per cent to 18-8 per cent (Kim et al.,2000).

Deficient expenditure of energy could occur not only from sedentary lifestyles,
but also from physiological changes that occur with aging. With increasing age,
decreases in muscle mass, resting metabolic rate, and aerobic capacity occur(Taylor et
al.,2004).Also, sedentary lifestyles may indirectly result in higher energy intakes
because of less ability to regulate energy balance, for example,( Prentice et al.,2004)
more time and opportunity to eat. Low levels of physical activity occur in the context of
an automated and automobile-oriented environment that is conducive to a sedentary
lifestyle(Epstein et al.,2000).

Basal, resting, and 24-h energy expenditure, independently of body composition,
sex, and age, were found to be seven to eight per cent higher in overweight and obese
Caucasians with type 2 diabetes compared with healthy control subjects. Under a
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standardized but low physical activity level, the higher 24-h energy expenditure in type 2
diabetic patients clearly shows that the higher BMR is quantitatively more important
than the lower physical activity and postprandial thermogenic response(Bitz et al.,2004).

In the large cohort study of middle-aged Chinese women carried out by Villegas
et al.,(2009) high BMI and weight gain in adulthood, indicating a positive energy
balance, were associated with a higher risk of T2D. Participants with the lowest BMI
were the least active, while the most obese were among the most active. Reasons for
this association could be genetic, reverse causation, or the fact that more active people
consume more kcal/day. EI(Energy intake) and PA(Physical activity) interacted with
each other in the development of T2D and this interactive effect appeared to be more
evident in women with a higher BMI. It was speculated that the EI:PA ratio was only
associated with T2D among women with high BMI because the underlying insulin
resistance related to obesity makes individuals more vulnerable to a positive energy

balance.
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I METHODOLOGY

The methodology adopted in the present study entitled, “Body Composition
Measures of Type 2 Diabetics” is dealt under the following headings.

A. Selection of Area and Subjects.

Formulation of Interview Schedule for Data Collection.

Assessment of Epidemiological Factors Associated with Type 2 Diabetics.
Assessment of Nutritional Status of Selected Subjects.

moo®

Assessment of Body Composition of the Selected Subjects Using Bioelectrical

Impedance Analysis.

n

Computation of Energy Balance.

G. Interpretation and Analysis of Data.

A. SELECTION OF AREA AND SUBJECTS:

The area selected for the study was Coimbatore. For the conduct of the study,
diabetic as well as healthy adults irrespective of sex in the age group of 30 to 60 years
working at Avinashilingam Institute for Home Science and Higher Education for Women
were selected. The university premises was selected mainly because the nature of the
study involved in the determination of body composition using Bio-electrical Impedance
Analyser early in the morning and also because of the easy accessibility of the
investigator to the teaching as well as non-teaching staff members of the Institute.

From the Institute, twenty one non insulin dependent diabetics and twenty one
healthy individuals as control were selected. These individuals were screened for
overweight and obesity according to WHO standard for Asian-Pacific population. The
investigator explained the purpose, method and significance of the study to the
Institution authorities, teaching and non-teaching staff members to motivate them to

extend their co-operation for the study.

Nutritional anthropometry is measurement of human body at various ages and

levels of nutritional status. It is eased on the concept that an appropriate measurement
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should reflect any morphological variation occurring due to a significant functional

physiological change (Bamiji, 2004).

Anthropometry is the study of the measurement of the human body in terms of
the dimensions of bone, muscle and adipose (fat) tissue. The word “Anthropometry” is
derived from the Greek word “Anthro” meaning “human” and the Greek word “metron”

meaning “measure” (Ulajaszah et al.,1994).

It is the most commonly used method to assess nutritional status of individuals

and population as it is inexpensive, convenient and non-invasive (Vir, 2011).
1. Height or Stature:

It is erect body length from the soles of the feet to the vertex. Vertex is the most

superior or the highest point on the head(Retrieved NSI,2010).

The height of an individual is influenced both by genetic and environmental
factors. The maximum growth potential of an individual is decided by hereditary factors,
while the environmental factors, the most important being nutrition and morbidity,
determines the extent of exploitation of the genetic potential, inadequate dietary intake
and / or infection reduce nutrients function at cellular level resulting in growth retardation
(Bamiji, 2004).

A stadiometer (Tanita) was used to measure the stature of the individual. The
stadiometer was placed on the ground and the subjects were asked to remove their
footwear before standing for measurement. The subjects were asked to stand straight
against the stadiometer and a movable meter plank was adjusted according to their
respective heights in order to reduce the thickness of hair and to measure the height
accurately. The height was measured to the nearest 0.1cm for all the forty two subjects.

An average of three measurements was taken as the final measurements.
2. Weight:

Recognition of body weight as an indicator of health status is probably universal

and as old as humanity itself (Groff, 2000)

Body weight is the most widely used and the simplest reproducible

anthropometric measurement for the evaluation of nutritional status. It indicates the
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body mass and is a composite of all body constituents like water, minerals, fat, protein,

bone, etc. (Bamji, 2004).

The weight of the subjects were recorded using the stadiometer(Tanita). Subjects
were asked to remove footwear, ornaments and heavy clothes and asked not to lean
against or hold anything, while the weight was recorded. The weight was recorded for

all the selected subjects to the nearest reading and kilograms.

3. Body Mass Index:
Body Mass Index has been used since the 1960’s to assess obesity in adults
(Shah, 2011).

Body Mass Index (BMI) is calculated as weight in kilograms divided by height in
meters squared (kg/m?). As a measure of relative weight, BMI is easy to obtain. It is an
acceptable process for thinness and fatness, and has been directly related to health
risks and death rates in many populations (WHO, 2004). According to World Health

Organisation (WHO), BMI is calculated using the following formula:
BMI= weight in kg/ height in m?

According to WHO, obesity is based on BMI as following:

25.0- 29.9 overweight

30.0-34.9 class | obesity
35.0-39.9 class Il obesity
Over 40.0 class Il obesity

Based on their BMI the subjects were classified as obese and non-obese. The

recently published BMI values (WHO Expert Consultations, 2004) are as follows:

Normal = 18.5-22.9
At risk of Obesity = 23-26.9,
Grade | = 27-29.9
Grade |l = > 30



BMI was computed for all the forty two subjects. Based on the BMI values the
twenty one diabetics were divided into three groups. One group consisted of seven
subjects with BMI normal (BMI = 18.5- 23.0 according to WHO standard for Asian-
Pacific Population), second group of seven subjects with BMI overweight (BMI-23.1-
26.9 according to WHO standard for Asian-Pacific Population), third group of seven
who’s BMI was obese (BMI - = 27, according to WHO standard for Asian-Pacific
Population). Similarly, the non diabetic twenty one subjects were divided into three
groups (normal, overweight and obese), each group consisted of seven subjects.

B. FORMULATION OF INTERVIEW SCHEDULE FOR DATA COLLECTION:

An interview schedule is an interview with pre-coded question to produce quick,
cheap and easy quantitative data which is high in reliability but low in validity
(William,2002).

A specially designed interview schedule was used by the investigator to collect
information on socio-economic background, health history, life style pattern and dietary
pattern of selected individuals (Appendix I).

The socio-economic background included details on hometown, family size, type
of family, occupation, literacy level, monthly family income and religion, information on
health included family history of diabetes, age of diagnosis of diabetes, regularity of
doctor check up, intake of drugs and symptoms they suffering from and lifestyle pattern.
The dietary pattern was assessed by included questions regarding number of meals
consumed in a day, food consumed out of home, details on habit of skipping meals,
food pattern during disease condition, consumption pattern of fast foods, knowledge on
usage of food labels and food frequency table. The interview schedule was

administrated to all the forty two subjects and data was collected.
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C. ASSESSMENT OF EPIDEMIOLOGICAL FACTORS ASSOCIATED WITH TYPE 2
DIABETES:

Epidemiology is a rapidly expanding and essential quantitative tool in the wide
science of public health.

The term ‘epidemiology’ is coined from the Greek word, implying ‘study among
the population’. It is the study of the distribution and determinants of health related
states or events in specified populations, and the application of this study to control of
health problems(Zodpey,2011).

The epidemiologic factors associated with type 2 diabetes were assessed using
interview schedule through which the background information, dietary pattern, life

pattern and health history are collected.

D. ASSESSMENT OF NUTRITIONAL STATUS OF SELECTED SUBJECTS:

Nutritional status refers to the degree of balance between nutrient intake and
nutrient requirements. It can be determined by the application of nutritional assessment
technique (Jarvis, 1996).

The original term ‘Nutritional Assessment’ was used by a sub-committee of the
League of Nations (1932) referring to a set of medical tasks to determine the nutritional

status of a population (Gibbson, 2005).

Today nutrition assessment includes computerized food intake analysis, clinical
nutrition body composition assessment (Bio-electrical Impedance), laboratory blood
results of applicable, anthropometrics, review of medications, lifestyle and fitness
indicators(Blackburn et al., 2005).

1. Biochemical Assessment:

Biochemical tests measure a nutrient or a metabolite in fluids or tissues and are
useful in identifying intermediate stages of nutrition deficiencies when the body stores
become depleted. These methods can also be used to assess excess of nutrients (i.e.

cholesterol) or reactions to the intake of a specific nutrient(allergic reactions) (Vir, 2011).
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a) Collection of Blood Samples:

Three millilitres of venous blood collected from forty two subjects and stored in
polypropylene tubes(Plate 1) for estimation of serum total cholesterol, serum
triglycerides and High Density Lipoprotein(HDL). The specimens were centrifuged at
3000rpm for 10minutes to obtain serum(Plate II). The isolated sera were stored at -20°C

until use.

b) Blood Glucose:

Blood samples were collected using finger prick method from all the subjects
and analysed for their fasting blood glucose and post prandial blood glucose levels

using Glucometer manufactured by Flextronics Industrial co, Ltd.

c) Total cholesterol:

Spectrophotometer(Plate 1l and 1V) was used to analyse the lipid profile of
subjects. Total cholesterol was estimated by CHOD-PAP enzymatic colorimetric method

using kit manufactured by Crest Biosystems.

d) Serum triglycerides:

Triglycerides kit manufactured by Crest Biosystems was used in the

determination of triglycerides in serum by GPO-PAP method.

e) High Density Lipoprotein(HDL) cholesterol:

Direct enzymatic colorimetric method was used for analysing HDL cholesterol
with kit obtained from Crest Biosystems.

f) Very Low Density Lipoprotein(VLDL) and Low Density Lipoprotein(LDL):

From these values, very low density lipoprotein(VLDL) and low density
lipoprotein were calculated using the formulas:

VLDL= Triglycerides/5
LDL= Total cholesterol-(HDL+VLDL)

2. Dietary Survey: Dietary assessment is defined as the set of methods that measures

and/or estimate food intake, which can be converted to nutrient intake by means of food
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PREPARATION FOR ANALYSIS OF LIPID PROFILE
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composition tables(Dwyer,2000).

Twenty four hour recall method was used to obtain details regarding the food
intake of the selected subjects. The nutrient intake was calculated for individuals using
the ‘Nutritive Values of Indian Foods’ (ICMR) and compared with Recommended
Dietary Allowances(RDA, 2010).

E. ASSESSMENT OF BODY COMPOSITION OF THE SELECTED SUBJECTS
USING BIO-ELECTRICAL IMPEDANCE ANALYSIS:

Measurement of body composition is valuable for monitoring many endocrine,

metabolic and nutritional calories (Stewart, 1992).

Bio-electrical Impedance is a safe, non-invasive and rapid means to assess
body composition and it is considered to be highly useful to monitor body compartment
changes in various clinical situations. It is based on the electrical conductive properties

of human body(Kaminura, 2003).

The body composition of the selected subjects was assessed using “Bio-space,
in Body 720- the precision Body Composition Analyser”. It works on the principle of Bio-

electrical Impedance Analysis(BIA).
1. Principle:

In BIA, the current is passed through the body by means of the electrodes
opposition to the electric flow current is called impedance and is detected and
measured by the instrument impedance is the inverse of conductance. The lowest
resistance value of an individual is used to calculate conductance and predict lean body
mass. Tissues containing little water and electrolytes (such as fat) are poor conductors
and have a high resistant to the passage of current(Groffer, 2000).

The measurement is made by Direct Segmental Multifrequency Bio-electrical
Impedance Analysis Method (DSM-BIA method). It records the 30 Impedance(Z)
measurements by using six different frequencies (1KHz, 5KHz, 50KHz, 250KHz,
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500KHz, 1000KHz) at each five segments (right arm, left arm, trunk, right leg, left leg) of
the human body.

The subjects were asked to present themselves early daylight without food and
water consumption for measuring their body composition. The subject was asked to
remove any metal item on the body before getting onto the “Bio-space, in Body 720- the
precision Body Composition Analyser” (Plate V) in order to diminish any alteration in the
measurements. The subject was given an electrolyte tissue to clean wipe his/her feet
and palm before the test. The subject was then asked to stand on the analyser by
adjusting his/her foot in such a way that they are placed correctly on the two electrodes
provided near the feet and the weight is recorded. The subjects name, age, height(Plate
VI) and gender were entered by the user. Two electrodes are provided for the left and
the right arm. The subject was asked to hold the electrodes by placing the thumb and
the four fingers on the space provided and the subject was asked to stand motionless till
the test is done. Once the analysis is complete, the subjects result sheet is printed
out(Plate VII).

The four main body components measured in analyser are total body water,

protein, fat and mineral mass. Other parameters measured include:

Skeletal muscle mass
Percent body fat

Waist hip ratio

Lean balance

Visceral fat area

Arm circumference

Bone mineral content
Bone cell mass

Basal metabolic rate

Ratio of extracellular fluid to total body fluid
Arm muscle circumference
Obesity degree

Ratio of extracellular water to total body water
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F. COMPUTATION OF ENERGY BALANCE:

The regulation of body weight is depended on a balance between nutrient intake
and utilization, although there are some other important factors. In the regulation of
energy balance, nutrient intake and energy(E) expenditure are related in the formula:

AE = E in- E out (Eastwood, 2003)
1. Total Energy Expenditure (TEE):

TEE was estimated through factorial calculations that combined the allocated
habitual activities (as obtained from the individual’s time motion record) and the energy
cost of those activities. The energy cost of activities was calculated as a multiple of
BMR per minute, also referred to as the Physical Activity Ratio (PAR), and the 24 hour
energy requirement was expressed as a multiple of BMR per 24 hours by using the
Physical Activity Level (PAL) value.

PAR= Energy cost of an individual activity per minute.
= Energy cost of BMR per minute.
PAL(for the day) = Total PAR hours/ Total time.
TEE (24 hours) = Predicted BMR X PAL

BMR was calculated using the age and sex specific predictive equations. In the
present study, for adults in the age group of 30- 60 years, BMR was calculated using

the following formula:
Predicted BMR = 14.0X B.wt(kg)+ 471 (ICMR,1989)

The PAL values proposed by ICMR expert group(2010) was used for calculation
of PAL of individuals, sedentary or light activity lifestyle-1.53, active or moderately active

lifestyle-1.8, vigorous or vigorously active lifestyle-2.3.

31



2. Energy Intake:

The actual food intake was determined from twenty four hour recall method. The
energy intake was calculated for the individuals after calculating the carbohydrate,
protein and fat intake using the nutritive value of Indian foods (ICMR).

From the above data, the energy balance was calculated by finding the

difference in the energy intake and energy expenditure of the individuals.

G. INTERPRETATION AND ANALYSIS OF DATA:

The data was consolidated and tabulated in which mean, standard deviation and
percentage were computed. The data was analyzed using the software GraphPad
Prism version 6.02 .Comparisons were made between various parameter of three
groups using students t-test. Correlation between anthropometric measurements, body
composition parameters and biochemical parameters were derived using Karl Persons’
co-efficient of correlation. Probability at both 0.05 and 0.01 levels of significance was
considered to draw conclusions. Comparison was made between the diabetic and the
non diabetic subjects regarding various parameters used.
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FIGURE Il

EXPERIMENTAL DESIGN
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RESULTS AND DISCUSSION



IV. RESULTS AND DISCUSSION

The results of the present study entitled “Body Composition Measures of Type 2
Diabetics” are presented and discussed under the following headings:

A. Socio-Economic Background of the Selected Subjects.
Health History of the Selected Diabetic Subjects.
Lifestyle and Dietary Pattern of the Selected Subjects.
Nutritional Status of the Selected Subjects.

moo®

Body Composition Measures of the Selected Normal, Overweight and Obese
Subjects.
F. Energy Balance of the Selected Subjects.

A. SOCIO-ECONOMIC BACKGROUND OF THE SELECTED SUBJECTS

In total, twenty one diabetic and twenty one non diabetic subjects from
Coimbatore district were selected for the study. They were divided into normal,
overweight and obese as per the BMI cut off 23 and above. Further, their body

composition measures were assessed and results interpretated.
As per the categorization mentioned above, the discussions are presented.

1. Socio-economic Background of the Selected Subjects.

Table Il shows the socio-economic background of the selected forty two subjects.
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TABLE I
SOCIO ECONOMIC BACKGROUND OF THE SELECTED SUBJECTS

Details Normal(n=14) Overweight(n=14) Obese(n=14) Total(n=42)
*D (n=7) | *N-D(n=7) D (n=7) N-D (n=7) D (n=7) | N-D (n=7) | D (n=21) | N-D (n=21)
No.| % |[No.| % |No.| % | No. % No.| % |[No.| % | No.| % | No. %
Religion
Hindu 6 |857 | 7 |100| 7 |100 | 5 714 | 7 | 100 | 6 |85.7| 20 |95.2| 18 | 85.7
Christian 1 [14.2 - - - - 2 28.5 - - 1 (142 | 1 4.7 3 14.2
Muslim - |- - - - - - - - - - - - - - -
Community
SC 2 285 1 (142 2 |285| 1 14.2 2 285 1 (142 6 |285| 3 14.2
OBC 5 |714| 6 |857| 5 |714| 6 85.7 | 4 |571| 6 |857| 14 |66.6 | 18 | 85.7
Others - - - - - - - - 1 1142 | - - 1 4.7 - -
Type of family
Nuclear 5 |714| 6 |857| 3 |428| 6 85.7 5 |714| 5 |714 | 13 | 619 | 17 | 80.9
Joint 2 |285| 1 |142| 4 (571 1 14.2 2 |285| 2 |285| 8 38 4 19
Family Size
1-4 5 |714| 6 |857| 3 |428| 6 85.7 5 |714| 6 |857| 13 | 619 | 18 | 85.7
5-7 2 | 285 - - 2 285 1 14.2 1 |142| 1 (142 | 5 |238| 2 9.5
>8 - - 1 (142 2 | 285 - - 1 1142 | - - 3 1142 1 4.7

*D: Diabetic;*N-D: Non diabetic
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Health and nutritional status of an individual are affected by an unfavorable
socio-economic status of the family like poverty, literacy, over work, ineffective health
care service etc. It is seen from Table Il that among the selected diabetic subjects, 95.2
per cent were Hindus followed by 4.7per cent Christians and among the non-diabetics,

85.7 per cent were Hindus followed by 14.2 per cent Christians.

Among the selected diabetic subjects, 66.6 per cent belonged to other backward
castes, 28.5 per cent scheduled caste and 4.7 per cent to the ‘other’ category of caste.
Among non-diabetics, 85.7 per cent belonged to other backward castes and 14.2 per

cent to scheduled caste.

Family size is one of the factors that affect the nutritional status of any population.
This is on par with the fact that a majority of the families in India currently are nuclear.
Among the diabetics 61.9 per cent belonged to nuclear family, while 38 per cent
belonged to joint family. Among non-diabetics, 80.9 per cent belonged to nuclear and 19

per cent belonged to joint family.

2. Personal Details of the Selected Subjects.

Table Il provides the data on the personal details of the selected subjects.
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TABLE IlI

PERSONAL DETAILS OF THE SELECTED SUBJECTS

Details Normal(n=14) Overweight(n=14) Obese(n=14) Total(n=42)
*D (n=7) | *N-D(n=7) | D(n=7) | N-D(n=7) | D(n=7) | N-D(n=7) | D (n=21) | N-D (n=21)
No.| % |[No.| % |[No.| % |[No.| % |[No.| % |[No.| % | No.| % | No. %
Hometown
Rural 4 |57.1| 2 |285| 1 |(142| 2 |285| 1 |[142| 2 |285| 6 |285| 6 | 285
Urban 3 |428| 5 |714| 6 |857| 5 |714| 6 [8.7| 5 |714 |15 |714 | 15 | 714
Literacy status
No formal
education 1 (142 - - 1 142 - - - - - - 2 9.5 - -
Read & write - - - - - - - - - - - - - - - -
Primary 1 |142| 2 | 285 - - 1 (142 - - 1 (142 | 1 | 47 4 19
Secondary 4 |57.1| 1 |142| 2 |285| 2 |285| 4 |571| 4 |571| 10 (476 | 7 | 33.3
Higher
education 1 (142 | 3 428 | 1 |142| 3 |428| 1 (142 | 2 |285| 3 |142| 8 38
University - - 1 (142 3 [428| 1 |142| 2 |285| - - 5 (238 2 9.5
Type of Work
Sedentary 3 [428| 3 |428| 5 |714| 5 (714 | 4 |571| 5 |714 | 12 |571| 13 | 61.9
Moderate 1 (142 | 1 [142 ]| - - 1 (142 - - - - 1 | 47 2 9.5
Heavy 3 (428 | 3 |428| 2 |285| 1 (142 | 3 |428 2285 | 8 38 6 |28.5

*D: Diabetic;*N-D: Non diabetic
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Among the diabetic subjects, 28.5 per cent were from rural area while 71.4 per cent
were from urban area. Among non-diabetic subjects 28.5 per cent were from rural area
while 71.4 per cent were from urban area. The literacy status showed that 47.6 per cent
had secondary education, 23.8 per cent were graduated, 14.2 per cent had higher
education, 9.5 per cent had no formal education while 4.7 per cent had primary
education. Among non-diabetic subjects 38 per cent had higher education, 33.3 per
cent had secondary education, 19 per cent had primary education while 9.5 per cent
were graduates. Higher per cent of diabetics (57.1 per cent) and non-diabetics (61.9 per
cent) were involved in sedentary work, while 38 per cent and 28.5 per cent were
involved in heavy work and 4.7 per cent of diabetics and 9.5 per cent of non-diabetics

were involved in moderate activity.

Increased sedentariness that has resulted from the replacement of manual labour by
service jobs, and from the advent of video games, television and computers that keep
people seated lethargically watching screens for hours every day is one of the reasons

for diabetes prevalence(Verma,2012).

Diabetes is much more prevalent in urban areas than in rural areas. The prevalence
of diabetes among those in the highest wealth quintile is far greater than the prevalence
among those in the lowest wealth quintile. While the prevalence of diabetes generally
increases with increasing wealth quintile, there is no clear pattern by education(NFHS-
3,2007).

3. Family History of Diabetes in the Selected Subjects.

Among the diabetics 52.3 per cent had no family history of diabetes, 42.8 per cent
had first degree diabetic relatives and 4.7 per cent had second degree diabetic relatives
(paternal). Among the non-diabetics 76.1 per cent had no family history of diabetes,
14.2 per cent had first degree diabetic relatives and 9.5 per cent second degree diabetic
relatives (paternal).
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There is a strong inheritable genetic connection in type 2 diabetes, having
relatives (especially first degree) with type 2 diabetes, increases the risks of developing
type 2 diabetes substantially. Concordance among monozygotic twins is close to 100
per cent, and about 25 per cent of those with the disease have a family history of
diabetes (Rother,2007).

B. HEALTH HISTORY OF THE SELECTED DIABETIC SUBJECTS.
1. Health History of the Selected Diabetic Subjects.
Table 1V Provides the data on the health history of the selected subjects.

TABLE IV
HEALTH HISTORY OF THE SELECTED DIABETIC SUBJECTS
Details Normal Overweight Obese

No. % No. % No. %
Frequency of
Doctor’s Visit
Weekly - - - - - -
Monthly - - 1 14.2 - -
>6 times a year - - - - - -
2-6 times a year 3 42.8 4 57.1 5 71.4
Once a year - - - - - -
<1 times a year 4 57.1 2 28.5 2 28.5
Medication
prescribed
Allopathy 3 42.8 3 42.8 5 71.4
Homeopathy - - - - - -
Ayurveda - - 1 14.2 - -
Dietary 4 57.1 3 42.8 2 28.5
Any other - - - - - -

Among normal subjects 42.8 per cent visited Doctor 2- 6 times a year and 57.1
per cent < 1 times a year. In overweight, 14.2 per cent subjects went for a monthly
check up, 57.1 per cent 2- 6 times a year and 28.5 per cent < 1 times a year. Among
obese subjects 71.4 per cent visited Doctor 2- 6 times a year and 28.5 per cent < 1

times a year.
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Among normal and overweight adults, 42.8 per cent took allopathy
medication, while 71.4 per cent in case of obese. 14.2 per cent of overweight subjects
were dependent on ayurveda medication, while 57.1 per cent in case of normal, 42.8
per cent of overweight and 28.5 per cent of obese were under dietary control.

2. Symptoms Prevalent Among the Diabetics.
Table V gives data on symptoms prevalent among the diabetics.
TABLE V
SYMPTOMS PREVALENT AMONG THE DIABETICS

Symptoms Yes No
No. % No. %
Polyuria 12 57.1 9 42.8
Polyphagia 14 66.6 7 33.3
Polydipsia 14 66.6 7 33.3
Poor wound healing 3 14.2 18 85.7
Fatigue 12 57.1 9 42.8
Insomnia 7 33.3 14 66.6
Infections 4 19 17 80.9
Blurred vision 8 38 13 61.9
Shortness of breath 10 47.6 11 52.3

From the above Table, it is seen that 57.1 per cent of the subjects had polyuria
while 42.8 per cent did not, 66.6 per cent suffered from polyphagia while 33.3 per cent
did not. Polydipsia was common among 66.6 per cent of the subjects. 14.2 per cent
complained of poor wound healing while 85.7 did not. 57.1 per cent of subjects had
fatigue while 42.8 per cent did not. Insomnia was seen among 33.3 per cent of the
selected diabetics. 80.9 per cent of subjects did not complain of infections. 38 per cent
of subjects had blurred vision while 61.9 per cent did not. Shortness of breath was

common among 47.6 per cent of the selected diabetics.

C. LIFESTYLE AND DIETARY PATTERN OF THE SELECTED SUBJECTS.

1. Lifestyle Pattern Adopted by the Selected Subjects.

Data on lifestyle pattern adopted by the selected subjects is shown in Table VI.
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TABLE VI

LIFESTYLE PATTERN ADOPTED BY THE SELECTED SUBJECTS

Details Normal(n=14) Overweight(n=14) Obese(n=14) Total(n=42)
*D (n=7) *N-D(n=7) D (n=7) N-D (n=7) D (n=7) N-D (n=7) D (n=21) | N-D (n=21)

No. % No. % No. % No. % No. % No. % No. % No. %
Hours of sleep
per day
<6 hours - - 2 | 285 - - - - - - - - - - 2 9.5
6-8 hours 7 100 5 | 714 | 6 | 8.7| 6 |87 | 7 100 6 | 857 | 20 | 95.2 | 17 | 80.9
>8 hours - - - - 1 142 | 1 14.2 - - 1 142 | 1 4.7 2 9.5
Sleeping habit in
the afternoon
Yes - - - - - - - - - - - - - - - -
No 7 100 7 100 7 100 7 100 7 100 7 100 | 21 | 100 7 100
Habit of
snacking 8 38 5 | 238
Yes 3 428 | 1 142 | 3 | 428 | 4 |571| 2 28.5 - - 13 | 619 | 16 |76.1
No 4 | 571 6 |8.7| 4 |571| 3 |428 | 5 714 | 7 100
Regular exercise
Yes 2 | 285 - - 4 | 571 | 2 |[285| 3 |428 | 1 142 | 9 | 428 | 3 | 14.2
No 5 (714 | 7 100 3 | 428 | 5 | 714 | 4 |571| 6 |87 | 12 | 571 | 18 | 85.7
Yoga practice
Yes - - - - - - - - - - - - - - - -
No 7 100 7 100 7 100 7 100 7 100 7 100 | 21 | 100 | 21 | 100

*D: Diabetic;*N-D: Non diabetic
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Among the diabetic individuals, 95.2 per cent had 6-8 hours of sleep per day and
4.7 per cent of >8 hours of sleep per day. Among the non-diabetic subjects 80.9 per
cent had 6-8 hours of sleep per day while 9.5 per cent had < 6 hours and 9.5 per cent
had > 8 hours of sleep per day. In both the cases no one had the habit of sleeping in the
afternoon. 61.9 per cent of the diabetic subjects had no habit of snacking while 38 per
cent had the habit of snacking. 76.1 per cent had no habit of snacking while 23.8 per
cent had the habit of snacking. 57.1 per cent of the diabetic subjects did not involve in
regular exercise while 42.8 per cent did regular exercise. Among non-diabetic subjects
85.7 per cent did not indulge in regular exercise. No diabetic and non-diabetic subjects

practiced yoga.
2. Stress Pattern and Management of the Selected Subjects.

Table VII shows a picture on the stress pattern and management of the selected

subjects.
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TABLE VII

STRESS PATTERN AND MANAGEMENT OF THE SELECTED SUBJECTS

Details Normal(n=14) Overweight(n=14) Obese(n=14) Total(n=42)
*D (n=7) | *N-D(n=7) | D(n=7) | N-D(n=7) | D(n=7) | N-D(n=7) | D (n=21) | N-D
(n=21)

No.| % |No.| % |[No.| % |No.| % |[No.| % |[No.| % |[No.| % |No.| %
Stress pattern
Relaxed and
Calm 1 (142 4 |571| 4 |571| 4 |571| 2 [285| 3 |428| 7 |33.3| 11 |523
Peer pressure - - - - - - - - - - - - - - - -
Familial stress 3 (428 | 3 |428 | 2 |285| 1 |142 | 3 |428| 3 |428 | 8 38 7 | 333
Environmental
stress - - - - - - - - - - - - - - - -
Work stress 3 (428 - - 1 (142 1 |142| 2 |285| 1 |142| 6 |285| 2 9.5
Physiological
stress - - - - - - - - - - - - - - - -
Stress
management
Music - - - - - - 2 285 - - 1 (142 - - 3 1142
Exercise - - - - - - - - - - - - - - - -
Overeating - - - - - - - - - - - - - - - -
Avoiding food 1 142 | - - - - - - - - - - 1 4.7 - -
Meditation - - - - - - - - - - - - - - - -
Sleep 6 [8.7| 7 |100| 7 | 100 | 3 |[428 | 4 |57.1| 4 |571| 17 | 809 | 14 | 66.6
Others - - - - - - 2 |285| 3 |[428| 2 |285| 3 (142 4 19

*D: Diabetic;*N-D: Non diabetic
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Among the diabetics, familial stress (38 per cent) and work stress (28.5 per cent)
were seen and sleep (80.9 per cent) was chosen by many to manage stress. Among
non-diabetics, familial stress (33.3 per cent) and work stress (9.5 per cent) were seen
more among the subjects and sleep (66.6 per cent) were chosen by many to manage

stress. In both cases, 33.3 per cent and 52.3 per cent were relaxed and calm.

3. Dietary Pattern of the Selected Subjects.

Table VIII provides the dietary pattern data of the selected subjects.
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TABLE VIl

DIETARY PATTERN OF THE SELECTED SUBJECTS

Details Normal(n=14) Overweight(n=14) Obese(n=14) Total(n=42)

*D (n=7) | *N-D(n=7) | D(n=7) | N-D(n=7) | D (n=7) | N-D (n=7) | D (n=21) | N-D (n=21)

No. % No. % No. % No. % No. % No. % No. % No. %

Dietary pattern
Vegetarian - |- - - 2 |285| 2 |285| 1 (142 1 |142| 3 |142| 3 | 14.2
Non-vegetarian 7 |100 7 | 100 | 4 |571| 5 |714| 6 |857| 6 |857 | 17 | 809 | 18 | 85.7
Ova vegetarian - - - - 1 142 - - - - - - 1 4.7 - -

Meal pattern
2 meals/ day 285 | 1 |142 | - - - - 42.8 142 | 5 | 238 | 2 9.5
3 meals / day 714 6 |857| 7 |100| 7 | 100 571 | 6 [(857| 16 |76.1| 19 | 90.4
4 meals / day - - - - - - - - - - - - - - - }
>5 meals / day - - - - - - - - - - - - - - - -

|

g N
W

*D: Diabetic;*N-D: Non diabetic
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From the above Table VIII, it is seen that 57.1 per cent of the diabetic subjects who
were overweight were non-vegetarians, 28.5 per cent were vegetarians, while 14.2 per
cent were ova vegetarians. 71.4 per cent of the non-diabetic subjects who were
overweight were non-vegetarians, 28.5 per cent were vegetarians. Among the obese
85.7 per cent diabetic and non diabetic subjects were non-vegetarians while 14.2 per
cent of the subjects were vegetarians. In case of normal diabetic and non diabetic

subjects all were non-vegetarians.

Twenty four per cent of diabetic and 9.5 per cent of the non diabetic subjects
consumed two meals per day. While, 71.4 per cent and 85.7 per cent consumed three
meals per day. In overweight subjects, in both the cases all consumed three meals per
day. In case of obese, 42.8 per cent of the diabetic and 14.2 per cent of the non diabetic
subjects consumed two meals per day, while 57.1 per cent and 85.7 per cent consumed

three meals per day.

4. Consumption Pattern of Out-of-Home Foods.

It was observed that 14.2 per cent of the diabetic and 28.5 per cent of the non-
diabetic normal weight subjects consumed food away from home. Among overweight
subjects, 57.1 per cent in both the cases consumed out of home foods. In case of
obese, 57.1 per cent diabetics and 28.5 per cent of non- diabetics consumed food away
from home.

5. Habit of Skipping Meals.

Around 28.5 per cent and 42.8 per cent of normal and obese diabetic subjects and
14.2 per cent of both normal and overweight non-diabetic subjects said they skip their
meals whereas 71.4 per cent, 100 per cent and 57.1 per cent of normal, overweight and
obese diabetic subjects said that they do not skip their meals and 85.7 per cent in case
of both normal and overweight and 42.8 per cent of the obese non diabetic subjects

said they do not skip their meals. Among meals breakfast was skipped more often.
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6. Modifications made in Eating Habits.

The modifications made in eating habits during various conditions were recorded
from all the forty two subjects. It was found that what so ever be the condition most of

the subjects did not change their food habits.

Highest modification was made in overweight condition i.e. 42.8 per cent in
diabetic and 23.8 per cent in non diabetic subjects, followed by 28.5 per cent
modifications made in case of diabetic subjects in functions and 19 per cent in holidays

in case of non diabetic subjects.
7. Details Regarding Food Fads and Taboos.

Hot foods namely papaya, pine apple, chicken, meat, mango were excluded
during pregnancy and dysentery. Cold foods like ice cream, cucumber, amla, coconut
water, fruits were excluded during common cold and fever. Gas producing foods like
potato, plantain, cabbage, yam, tapioca were avoided by most. Bile producing tea and
coffee were avoided during ulcers by many. Brinjal, fish, milk, tapioca were certain

foods that were avoided by most subjects as it caused allergies.
8. Food Frequency Pattern of the Selected Diabetics.

Table IX represents the food frequency pattern of the selected diabetics.
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TABLE IX

FOOD FREQUENCY PATTERN OF THE SELECTED DIABETICS (in per cent)

Foods Normal Overweight Obese
Daily | Twice | Once | Monthly | Never | Daily | Twice | Once | Monthly | Never | Daily | Twice | Once | Monthly | Never
a a a a a a
week | week week | week week | week
Cereals 100 - - - - 100 - - - - 100 - - - -
Pulses 100 - - - - 100 - - - - 100 - - - -
GLV 14.2 28.5 57.1 - - 57.1 14.2 28.5 - - 57.1 42.8 - - -
Roots & - 42.8 57.1 - - - 57.1 42.8 - - - 42.8 57.1 - -
tubers
Other - 42.8 57.1 - - - 57.1 42.8 - - - 42.8 57.1 - -
vegetables
Nuts & - - 100 - - - 28.5 42.8 28.5 - - 42.8 42.8 14.2 -
oilseeds
Fruits - - 85.7 14.2 - 14.2 57.1 28.5 - - 14.2 14.2 42.8 28.5 -
Meat & 14.2 14.2 71.4 - - - 28.5 28.5 - - - - 85.7 - -
Fish
Milk & 100 - - - - 100 - - - - 100 - - - -
products
Fats 100 - - - - 100 - - - - 100 - - - -
Sugars 100 - - - - 71.4 28.5 - - - 100 - - - -
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Cereals, pulses, milk and milk products, fats and sugars were consumed daily by
the subjects. Among normal (14.2 per cent), the daily consumption of green leafy
vegetables was found to be lower when compared to overweight (57.1 per cent) and
obese (57.1 per cent). Roots and tubers and other vegetables were not consumed daily
by the subjects. The intake of fruits was higher among the overweight (14.2 per cent)
and obese (14.2 per cent) daily when compared to normal. Nuts and oil seeds was
almost consumed by all the groups once a week. In case of normal subjects, 14.2 per
cent consumed meat and fish on daily basis. In case of overweight and obese, the
highest range of consumption was once a month 28.5 per cent and 85.7 per cent

respectively.

Previous studies have found that a reduced risk of type 2 diabetes is associated
with a higher intake of cereal fiber and polyunsaturated fat (Meyer,2000) and that an
increased risk is associated with a higher intake of trans fat (formed during the partial
hydrogenation of vegetable oils)(Manson,2001) and a higher glycemic load (which

reflects the effect of diet on the blood glucose level)( Salmeron,1997).
9. Food Frequency Pattern of the Selected Non- Diabetics.

Table X represents the food frequency pattern of the selected non diabetics.
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TABLE X

FOOD FREQUENCY PATTERN OF THE SELECTED NON DIABETICS (in per cent)

Foods Normal Overweight Obese
Daily | Twice | Once | Monthly | Never | Daily | Twice | Once | Monthly | Never | Daily | Twice | Once | Monthly | Never
a a a a a a
week | week week | week week | week
Cereals 100 - - - - 100 - - - - 100 - - - -
Pulses 100 - - - - 100 - - - - 100 - - - -
GLV - 42.8 57.1 - - - 71.4 28.5 - - - 714 28.5 - -
Roots & - 42.8 57.1 - - - 57.1 42.8 - - - 100 - - -
tubers
Other - 71.4 28.5 - - - 57.1 42.8 - - - 100 - -
vegetables
Nuts & - 42.8 - 57.1 - - - 85.7 14.2 - - 42.8 57.1 - -
oilseeds
Fruits - 42.8 - 57.1 - - 57.1 42.8 - - - 57.1 28.5 14.2 -
Meat & - - 100 - - - 14.2 57.1 - - - 85.7 - - -
Fish
Milk & 100 - - - - 100 - - - - 100 - - - -
products
Fats 100 - - - - 100 - - - - 100 - - - -
Sugars 100 - - - - 100 - - - - 100 - - - -
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Similar to diabetic subjects, non- diabetic subjects consumed cereals, pulses,
milk and milk products, fats and sugars daily. Green leafy vegetables, roots and tubers
and other vegetables were not consumed daily by the subjects. The intake of fruits was
higher among the overweight (57.1 per cent) and obese (57.1 per cent) twice a week
when compared to normal (42.8 per cent) subjects. Nuts and oil seeds were almost
consumed by all the groups. Among the non-vegetarian most of them consumed meat

and poultry once a week.

10. Information on Labelled Foods.

Among the normal, 57.1 per cent of the diabetic subjects purchased labelled foods
whereas 42.8 per cent did not, 71.4 per cent of the non diabetic subjects purchased
labelled foods whereas 28.5 per cent did not. Among the overweight, 57.1 per cent of
the diabetic subjects purchased labelled foods whereas 28.5 per cent did not, all the
non diabetic subjects purchased labelled foods. Among obese, 42.8 per cent of diabetic
subjects purchased labelled foods whereas 57.1 per cent did not, 85.7 per cent of non
diabetic subjects purchased labelled foods whereas 14.2 per cent did not. The
information looked upon while purchasing food products included manufacturing date,
expiry date, food additives, ingredients used, price, precautions, nutrition information,
and method of preparation, logo of food standards, recommended usage / dosage and

nutritional claims.
11. Consumption Pattern of High Energy/ Fat Foods in Diabetics.

Table Xl shows the consumption pattern of high energy/fat foods of the selected

Diabetics.
12. Consumption Pattern of High Energy/ Fat Foods in Non- Diabetics.

Table XII shows the consumption pattern of high energy/fast foods of the

selected non diabetics.
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TABLE Xl

CONSUMPTION PATTERN OF HIGH ENERGY/FAT FOODS IN DIABETICS (in per cent)

Food Items Normal Overweight Obese

Daily | Weekly | Monthly | Never | Daily | Weekly | Monthly | Never | Daily | Weekly | Monthly | Never
Sweets - 42.8 57.1 - - 28.5 71.4 - - - 100 -
Fried foods - 42.8 57.1 - - 28.5 71.4 - - - 100 -
Bakery ltems - 28.5 71.4 - - 28.5 71.4 - - - 100 -
Fast foods - 28.5 71.4 - - 28.5 28.5 42.8 - - 100 -
Salted foods - 42.8 42.8 14.2 - 28.5 28.5 42.8 - - 100 -
Fleshy foods - 71.4 28.5 - - - 57.1 42.8 - 42.8 42.8 14.2

TABLE XII
CONSUMPTION PATTERN OF HIGH ENERGY/FAT FOODS IN NON DIABETICS (in per cent)
Food Items Normal Overweight Obese

Daily | Weekly | Monthly | Never | Daily | Weekly | Monthly | Never | Daily | Weekly | Monthly | Never
Sweets - - 100 - - 14.2 85.7 - - - 100 -
Fried foods - - 100 - - - 100 - - - 100 -
Bakery Items - - 100 - - 14.2 85.7 - - - 100 -
Fast foods - - 100 - - 14.2 85.7 - - - 100 -
Salted foods - - 100 - - 14.2 85.7 - - - 100 -
Fleshy foods - 100 - - - 28.5 42.8 28.5 - 42.8 42.8 14.2
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From the table XI it is seen that there is no daily consumption of high energy/ fat
foods. Among normal subjects weekly and monthly consumption was seen, in case of
overweight, weekly and monthly consumption was seen with 42.8 per cent subjects who
never consumed fast foods, salted foods and fleshly foods. In obese, highest

consumption was seen on monthly basis.

The nutrition transition refers to a shift from consumption of simple, traditional
foods to heavily marketed foods High in calories, sugar, and animal fat but low In
vitamins and minerals derived from fruits and vegetables(Popkin,2001). Although the
nutrition  transition has reduced under nutrition, it increases diabetes
risk(Narayan,2006).

From the table XII it is seen that there is no daily consumption of high energy/ fat
foods. Among normal and obese adults monthly consumption was seen, in overweight
weekly and monthly consumption was seen with 28.5 per cent of overweight and 14.2

per cent of obese who never consumed fleshy foods.
D.NUTRITIONAL STATUS OF THE SELECTED SUBJECTS

1. Assessment of Anthropometric Parameters of the Selected Normal, Overweight

and Obese Diabetic and Non Diabetic Subjects.

Anthropometry has been widely and successfully applied to the assessment of
health and nutritional risk. Data on mean and standard deviation of body measurements
of subjects based on their BMI categories is shown in Table XIII.
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TABLE Xl

ANTHROPOMETRIC PARAMETERS OF THE SELECTED NORMAL, OVERWEIGHT AND OBESE DIABETIC AND NON-
DIABETIC SUBJECTS

Parameters Standard* Normal (n=14) Overweight (n=14) Obese (n=14)
#D (n=7) #N-D (n=7) D (n=7) N-D (n=7) D (n=7) N-D (n=7)

Height (cm)

155.5 148.71+ 7.63 | 152.28+5.64 | 154.2845.9 | 154.28+6.15 | 153.42+4.92 | 150.14+8.80
Weight (kg) 55.5 48+7.39 | 48.42+4.46 | 59.42+4.68 | 59.14+2.96 | 76.28+10.06 | 71.14+12.99
Body Mass
Index
(kg/m?) 18.5-22.9 21.64+1.65 21.02+1.52 | 24.78+0.99 | 24.92+1.17 32.42+3.61 31.57+4.64
Waist Hip Ratio | 0.81-0.90 0.92+ 0.02 0.88+0.02 0.94+0.02 0.91+0.02 1+0.04 0.99+0.03
Arm
Circumference
(cm) 27.9 27.312.22 27.441.81 | 30.24+1.10 | 30.52+1.20 34.35+2.77 36.12+3.17
Arm Muscle
Circumference
(cm) 20.8 21.3+1.74 21.37+1.53 | 23.17+1.70 | 23.21+1.25 24.75+1.40 25.75+2.25
*|CMR standards, 2009 # D: Diabetic; #N-D: Non diabetic
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The standard height for the age group 30-60 years was found to be 155.5 cm.
The mean height of normal diabetics (148.71 cm), non-diabetics (152.28 cm),
overweight diabetics as well as non-diabetics (154.28 cm) and obese diabetics (153.42
cm) and non-diabetics (150.14 cm) was found to be lesser than that of the standard.
Mean weight of the normal diabetics was found to be 48 kg and for non-diabetics 48.42
kg, that of overweight diabetics was 59.42 kg and non-diabetics 59.14 kg and that of
obese diabetics was 76.28 kg and non-diabetics was 71.14 kg. The standard weight is
55.5 kg and it is clear that the normal subjects had a mean weight lesser than the
standard, the overweight and obese subjects had a mean weight greater than the
standard value. It is also to be noted that in case of overweight and obese the weight of

diabetics was found to be greater than non-diabetics.

The BMI is an indicator of overweight and obesity. The BMI of overweight and
obese subjects was greater than the standard BMI where as the normal subjects lie
within the normal value. The obese, overweight and normal diabetic subjects had WHR
greater than the normal range (0.81-0.90) except in case of normal non diabetic
subjects. Arm circumference and arm muscle circumference were seen to be higher

with obese when compared to normal or overweight.

Regression analysis revealed age (p<0.0001), waist circumference (p<0.0001),
body mass index (p<0.0001), waist-hip ratio (p< 0.0001), family history of diabetes
(p<0.0001), higher Socio economic status (p<0.0001), moderate (p = 0.001) and light (p
< 0.001) grade physical activity to be associated with glucose intolerance(Deepa
et.al;2003).

Table XIV shows the statistical interpretation for comparison between the
anthropometric parameters of the subjects.
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TABLE XIV

STATISTICAL INTERPRETATION FOR COMPARISON BETWEEN ANTHROPOMETRIC PARAMETERS OF

THE SUBJECTS(t values)

BMI category Height(cm) Weight(kg) WHR AC(cm) AMC(cm)

#D (n=7) | #N-D D (n=7) N-D D (n=7) N-D [D(n=7)| N-D |D(=7)| N-D

(n=7) (n=7) (n=7) (n=7) (n=7)

Normalvs. |1.230" |[1.080™ [2.613* |11.06* |1.081"° |2.976* |4.061* |3.573* |1.583"° |3.236*
Overweight

Normalvs. |1.598" [0.866"° |9.751* |5.983* |3.584* 8.521* | 4.155** | 6.214** | 3.615* | 4.830**
Obese

Overweight vs. | 0.2646" | 2.700* | 3.142* |2.625* |2.378"° |7.778* |3.406* |3.825* |1.676"> |3.116*
Obese

# D: Diabetic; #N-D: Non diabetic
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Comparison between subjects classified on the basis of BMI was done for height,
weight, WHR, arm circumference and arm muscle circumference. In case of diabetics,
no significant difference was found in height, WHR and AMC when normal subjects
were compared with overweight and five per cent significance in weight and highest
positive correlation (P<0.01) is seen with AC. In case of non-diabetics, no significant
difference was found with height, high positive significant difference (P<0.01) with
weight and five per cent significance was seen with WHR, AC and AMC. When normal
were compared with obese in both diabetic and non-diabetic subjects no significant
difference was seen in height, one per cent significance was seen with weight and AC,
with WHR and AMC of non-diabetic subjects and five per cent significance with WHR
and AMC of diabetic subjects. When overweight subjects were compared with obese
subjects no significant difference in height, WHR and AMC, five per cent significance
with weight, AC was seen among diabetic subjects. Among non-diabetic subjects, five
per cent significance was seen with height, weight and AMC and high positive
significant difference (P<0.01) with WHR and AC was noticed.

Table XV shows the coefficient correlation within anthropometric parameters of

the selected subjects.
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TABLE XV

CORRELATION WITHIN ANTHROPOMETRIC PARAMETERS AMONG NORMAL,
OVERWEIGHT AND OBESE SUBJECTS(r values)

Parameters BMI category
Normal(n=14) Overweight(n-=14) Obese(n=14)
#D(n=7) | #N-D(n=7) D(n=7) | N-D(n=7) | D(n=7) | N-D(n=7)

Weight vs. BMI | 0.773* 0.892** 0.686"° | 0.834* | -0.165"° | 0.032"°
Weight vs. WHR | 0.766* 0.888** 0.683"° | 0.835* | -0.198"° | -0.0001"°
Weight vs. AC 0.769* 0.887** 0.713* | 0.848* | -0.123"° | 0.130"°
Weight vs. AMC | 0.908** | 0.803* 0.910* | 0.855** | 0.515™ | 0.961**
BMI vs. WHR 0.996** | 0.888** 0.685"° | -0.354"° | -0.147"° | 0.518"°

# D: Diabetic; #N-D: Non diabetic

Weight was found to be positively correlated with body circumference’s like AMC
and AC except in case of obese diabetic and non-diabetic subjects where no
significance was found with AC. Weight and WHR when correlated showed no
significant difference in overweight and obese diabetic subjects and one per cent
significance in normal and overweight non-diabetic subjects five per cent
significance(r=0.766) in normal diabetics were seen. BMI and WHR showed a high
positive correlation (P<0.01) in normal subjects where as not significant in case of

overweight and obese subjects.
2. Assessment of Biochemical Parameters.

Table XVI shows the Biochemical parameters of the selected normal, overweight and

obese subjects.
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TABLE XVI

BIOCHEMICAL PARAMETERS OF THE SELECTED NORMAL, OVERWEIGHT AND OBESE SUBJECT

Parameters Standard* Normal (n=14) Overweight (n=14) Obese (n=14)

#D (n=7) #N-D (n=7) D (n=7) N-D (n=7) D (n=7) N-D (n=7)
Fasting
Glucose(mg/dl) 80-110 174.85+£60.70 | 95+14.96 175.14+49.94 | 101.28+10.85 | 176.85+44.44 | 103.71+10.93
Post prandial
Glucose(mg/dl) <200 254.14+64.50 | 140.42+26.46 | 260+70.65 141.85+23.01 | 261.28+61.91 | 172.14+25.97
Total
cholesterol
(mg/dl) <200 237.28+62.62 | 200.71+72.49 | 238.42+58.36 | 218.71+32.34 | 244.85+57.62 | 220.14+62.03
Triglycerides
(mg/dl) 50-150 153.42+40.21 | 127.14+£37.49 | 176.85+58.31 | 202.57+92.84 | 158.28+19.16 | 144.42+49.05
High-density
lipoprotein
(mg/dl) >45 56.85+9.97 52.85+5.01 46+12.38 50.57+9.36 53.85+3.76 51.57+£10.92
Very low-
density
lipoprotein
(mg/dl) <40 30.71+7.93 25.28+7.58 35.28+11.67 | 40.57+£18.52 | 31.57+3.82 28.57+10.01
Low-density
lipoprotein(mg/
d) <100 146.85+56.50 | 102+36.37 157.14+59.93 | 127.71+22.12 | 159.71+54.79 | 140.14+£50.12

*National Cholesterol Programme, 2001
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The mean fasting level was found to be greater than standard (80-110) in normal,
overweight and obese diabetics. In India, as in the West, diabetes is ultimately due to
chronically high levels of blood glucose, and some of the clinical consequences are
similar (Magliano,2010). In case of non-diabetic the fasting blood glucose levels
increases from normal to obese subjects supporting many studies that have shown that
the blood glucose levels are found to be greater in obese people.(Figure Ill) Similarly,
the mean post prandial glucose level was found to be greater than standard(<200) in
normal, overweight and obese diabetics. In non-diabetic subjects the post prandial
blood glucose level increases from normal to obese subjects. Total cholesterol was
higher in diabetic subjects in all the three groups when compared to non-diabetic with
the standard(<200)(Figure 1V). The normal range for triglycerides was found to be 50-
150 mg/dl and it was found to be higher among the diabetic subjects when compared to
non-diabetic subjects. It was found to be highest in overweight category(Figure V). The
HDL level was found to be highest in case of normal subjects both diabetic and non-
diabetic categories when compared to overweight and obese subjects(Figure VI). The
normal VLDL level is <40 and it has been found to be in normal range in all the three
groups(Figure VIII). The standard LDL level is <100 and it was found to be higher in all
the three groups especially in diabetic normal, overweight and obese subjects(Figure
VII).

Table XVII shows the statistical interpretation for comparison between

biochemical parameters of the subjects.

60



Total Cholesterol Level(ma/dl)

Glucose Level (ma/dD)

Triglyceride Level(mg/dl)

200

150

100

50

250

200

150

100

50

250

200 A

150

100

50

FIGURE Il

174.85 175.14 176.85
95 101.28 103.71
m Normal
®m QOverweight
B QObese
D N-D D N-D D N-D

MEAN GLUCOSE LEVEL OF THE SUBJECTS

FIGURE IV
237.28

238.42 244.85
218.71 220.14
200.71
B Normal
B Overweight
B Obese
D N-D D N-D D N-D

MEAN TOTAL CHOLESTEROL LEVEL OF THE SUBJECTS

FIGURE V
1 202.57
176.85
158.28
15347 144.42
J 127.14
1 m Normal
J B QOverweight
B Obese
D N-D D N-D D N-D MEAN

TRIGLYCERIDE LEVEL OF THE SUBJECTS

60a



HDL Level(mg/dl)

VLDL Level(mg/dl)

60
50
40
30
20
10

LDL Level(mg/dl)

FIGURE VI

56.83
52.85 5057 23.85 51.57

46.12

50

40

30

20

10

D N-D D N-D D N-D

AN HDL LEVEL OF THE SUBJECT

FIGURE VII

200 ~
157.14 159.71

146.85 140.14
150 - 127.71
102
100
50 -
D N-D D N-D D N-D
MEAN LDL LEVEL OF THE SUBJECTS

FIGURE VIII

40.57
35.28

1 3071 I 31.57 5857

| | I I I
D MN-D D MN-D D MN-D

MEAN VLDL LEVEL OF THE SUBJECTS

60b

B Normal
B Overweight
B Obese

B Normal
B Overweight
B Obese

B Normal
B Overweight
B Obese



TABLE XVII

STATISTICAL INTERPRETATION FOR COMPARISON BETWEEN BIOCHEMICAL PARAMETERS OF THE

SUBJECTS

BMI Fasting Glucose Post Prandial Total Cholesterol TGL (mg/dl) HDL (mg/dl) VLDL (mg/dl) LDL (mg/dl)
category (mg/dl) Glucose (mg/dl) (mg/dl)

#D #N-D | D(n=7) N-D D(n=7) N-D D(n=7) N-D D(n=7) N-D D(n=7) N-D D(n=7) N-D

(n=7) (n=7) (n=7) (n=7) (n=7) (n=7) (n=7) (n=7)
Normal vs. | 0.008™ | 1.188™ | 0.155"° | 0.158™ | 0.032™ | 0.631™ | 0.727"° | 3.454* | 1.447"° | 0.657" | 0.714" | 3.576* | 0.320"° | 1.364™
Overweight
Normal vs. | 0.084"° | 1.008™ | 0.274"° | 3.664* | 0.345™ | 0.440™ | 0.319™ | 0.655" | 0.741™ | 0.290™ | 0.286™ | 0.598™ | 0.629™ | 1.422™
Obese
Overweight | 0.128™ | 0.484™ | 0.061"° | 2.281"° | 0.219™ | 0.076™° | 0.785™° | 1.236"° | 1.594"° | 0.244™ | 0.789™° | 1.260™ | 0.092"° | 0.970™
vs. Obese

# D: Diabetic ;#N-D: Non diabetic
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Comparison between the biochemical parameters like fasting, post prandial

blood glucose, total cholesterol, triglycerides, HDL, LDL and VLDL were made. The

comparison of TGL and VLDL levels between normal and overweight, post prandial

glucose level between normal and obese, among non-diabetic subjects showed five per

cent significance, while the comparison of fasting glucose, post prandial glucose, total

cholesterol, TGL, HDL, LDL and VLDL between normal and overweight, normal and

obese and overweight and obese in other subjects showed no significance.

3. Dietary Pattern of the Selected Individuals.

a. Mean Nutrient Intake of the Selected Subjects.

Mean nutrient intake of the selected subjects are presented in the Table XVIII

TABLE XVIII
MEAN NUTRIENT INTAKE (n=42)

Nutrient Normal (n=14) Overweight (n=14) Obese (n=14)
#D (n=7) #N-D (n=7) D (n=7) N-D (n=7) D (n=7) N-D (n=7)

Protein
(gm)

36.55+12.08 32.93+10.81 46.16+8.22 31.97+£11.57 59.01+17.85 46.97+14.79
Fat
(gm)

9.41+9.15 7.01+4.59 5.21+0.92 8.45+3.34 7.10+2.09 14.21+10.37
Energy
(kcal)

1303.35+163.83 | 1243+321.23 1478.1+180.64 | 1341.254+246.91 | 2204.21+1044.06 | 1618.64+364.12
Calcium
(mg)

253.27+122.04 | 295.94+101.07 | 378.21+123.60 | 590.50+198.58 | 481.15+225.56 540.30+321.26
Iron
(mg)

10.46+9.71

7.57+2.81

11.25+4.15

18.33+12.33

14.68+3.71

26+16.83

# D: Diabetic ;#N-D: Non diabetic
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From the above Table XVIII, it is seen that the obese subjects especially the
diabetic subjects consumed more protein than that of overweight and obese diabetic as
well as non-diabetic subjects. The obese subjects especially the non-diabetic subjects
consumed more fat when compared to overweight and obese subjects. The mean
energy intake was found to be greater in obese especially in diabetic subjects when

compared to other two groups.
b. Deficit or Excess Nutrient Consumed by the Subjects.

Table XIX gives the deficit or excess nutrient intake by the subjects from the

three groups.
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TABLE XIX

NUTRIENT INTAKE COMPARISON WITH RECOMMENDED ALLOWANCE

Nutrient RDA Normal Overweight Obese
#D(n=7) #N-D(n=7) D(n=7) N-D(n=7) D(n=7) N-D(n=7)
Intake | Deficit/ | Intake | Deficit/ | Intake | Deficit/ | Intake | Deficit/ | Intake | Deficit/ | Intake | Deficit/
Excess Excess Excess Excess Excess Excess
(%) (%) (%) (%) (%) (%)
Protein 55 41 -25 42 -24 43 -22 45 -18 53 -4 54 -2
Fat 25 27 +8 26 +4 29 +16 28 +12 32 +28 30 +20
Energy | 2230 | 2018 -9 1872 -16 2335 +5 2313 +4 2561 +15 2476 +11
Calcium | 600 439 =27 453 -24 464 -23 476 -21 481 -20 512 -15
Iron 21 17 -19 18 -14 19 -10 19 -10 20 -5 20 -5

# D: Diabetic ;#N-D: Non diabetic




Fat was consumed in excess when compared to ICMR recommended values by
all the three groups. The energy was found to be deficit among normal diabetic as well
as non-diabetic subjects but in case of overweight and obese subjects the energy intake
was found to be in excess. Protein, calcium and Iron did not reach the recommended

ICMR levels in all the three groups.

Some genes lead to obesity and type 2 diabetes when exposed to a constant
high energy diet. In virtually all populations, higher fat diets and decreased physical
activity and sedentary occupational habits have accompanied the process of
modernization which has resulted in the doubling of the prevalence of obesity and type

2 diabetes in less than a generation(Mohan et al.,2007).

E. BODY COMPOSITION MEASURES OF THE SELECTED NORMAL,
OVERWEIGHT AND OBESE SUBJECTS.

The mean of the various body composition measures are given in Table XX.
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TABLE XX

BODY COMPOSITION PARAMETERS OF THE SELECTED NORMAL, OVERWEIGHT AND OBESE SUBJECTS

Parameters Standard* Normal(n=14) Overweight(n=7) Obese(n=7)
D(n=7) N-D(n=7) D(n=7) N-D(n=7) D(n=7) N-D(n=7)
Body Fat Mass(kg) 10.5-16.8 15.48+4.07 | 14.71+3.27 20.12+5.15 21.78+4.08 37.85+8.06 33.04+8.17
Percent Body Fat(%) 18-28 32.37+7.14 | 30.57+6.34 34.449.77 36.85+7.42 49.2245.01 45.94+3.99
Fat Free Mass(kg) 36.2-44.5 32.2+6.21 33.54+4.80 39.04+7.92 37.47+5.34 38.32+3.82 38.41+6.19
Total Body Water(l) 26.5-32.7 23.61+4.58 24.6+3.55 28.67+5.83 27.45+3.91 28.18+2.82 28.18+4.60
Intra Cellular Water(l) 16.3-20.3 14.55+2.78 | 15.25+2.29 17.68+3.79 17.02+2.45 17.58+1.71 17.35x2.76
Extra Cellular 10.2-12.4
Water(l) 9.04+1.82 9.34+1.30 10.98+2.03 10.42+1.47 10.6+1.58 10.82+1.86
Protein(kg) 7.2-8.8 6.31£1.20 6.58+0.98 7.65+1.64 7.37+1.07 7.61+0.74 7.5+1.19
Skeletal Muscle
Mass(kg) 19.9-24.3 17+3.64 17.88+2.96 21.05+4.95 20.24+3.21 20.91+2.21 20.62+3.59
Mineral(kg) 2.5-3.0 2.25+0.42 2.36%£0.25 2.72+0.44 2.64+0.35 2.68+0.32 2.54+0.40
Bone Mineral
Content(kg) 2.0-2.5 1.86+0.35 1.96+0.20 2.25+0.35 2.19+0.29 2.22+0.28 2.08+0.33
Body Cell Mass(kg) 23.8-29.1 20.87+4.01 | 21.85%+3.25 25.34+5.45 24.4+3.53 25.242.42 24.88+3.95
Visceral Fat <100
Area(cmz) 100.3£15.92 | 84.25+3.62 | 108.45+15.94 | 102.75+9.88 | 159.61+26.16 | 135.1+16.62
ECF/TBF 0.36-0.39 0.33+0.008 | 0.33+0.005 0.33+0.007 0.33+0 0.33+0.01 0.33+0.01
ECW/TBW 0.31-0.34 0.38+0.008 | 0.37£0.005 0.38+0.008 0.37+£0.005 0.38+0.01 0.37+0.006

*Reference range as per In Body body composition analysis data for normal subjects
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Bioelectrical Impedance Analysis(BIA) is based on the principle that the
resistance to an applied electric current is inversely related to the amount of fat
free mass within the body. Measurements of body fat, FFM, TBW, protein,

mineral was done.

The normal range for total body fat is said to be 10.5-16.8kg for the adults.
From the findings, it is seen that the body fat mass of normal diabetic as well as
non-diabetic subjects come within standard range, while that of overweight and
obese both diabetic and non-diabetic subjects vary largely. This indicates that a

major portion of weight for the obese subjects was their fat content(Figure Xl).

The percent body fat had a normal range of 18-28 per cent for adults. The
normal diabetic subjects had 32.37 per cent, non-diabetics had 30.57 per cent,
34.4 per cent in case of overweight diabetics, non-diabetic 36.85 per cent and
obese diabetic subjects had 49.22 per cent and non-diabetic had 45.94 per cent
and it was seen that even the normal subjects of both the categories did not fall
under the normal range and hence it shows that BMI defines the condition of a
person in predetermined values of overweight and obesity but composition

specifies the fat content values.

Visceral fat area is the fat content found in the abdomen region and the
normal value is found to be less than 100cm? The normal diabetic subjects had a
mean VFA of 100.3 cm? and non-diabetics had 84.25 cm? and overweight
diabetics had a mean VFA of 108.45 cm? and non-diabetics of 102.75 cm?
whereas obese diabetic subjects had a VFA of 159.61 cm? and non-diabetics had
135.1 cm? which clearly shows that only normal non-diabetics fall in the normal
category where as overweight and obese subjects especially the diabetics along
with normal diabetics exceed the normal range showing central obesity(Figure
1X).
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Obesity is a cause of insulin resistance. Android obesity, which is characterized
by a gross excess of adipose tissue within and around the abdomen, is the main type of
obesity associated with type 2 diabetes and increased vascular risk (Kopelman et
al.,1997).

The FFM had a normal range of 36.2-44.5kg and was found to be below normal
in normal BMI subjects of both the categories and the FFM of overweight and obese

diabetic as well as non-diabetic subjects were within the normal range.

Despite having lower prevalence of obesity as defined by body mass index
(BMI), Asian Indians tend to have greater waist circumference and waist to hip
ratios(Ramachandran et al.,1997) thus having a greater degree of central obesity.
Again, Asian Indians have more total abdominal and visceral fat for any given BMI(Raji
et al.,2001) and for any given body fat they have increased insulin resistance(Chandalia
et al.,1999).

Insulin resistance which was found to be a characteristic feature of the Asian
Indians, despite their lean body mass, could be adversely affected by even small
increments in the body mass. In other words higher BMI, rather than obesity seems to
be a risk factor in Indians(Snehalatha et al.,1999).

The increase in total body fat in asian indians results in an increase in visceral fat

and an expected increase in insulin resistance(Banerji et al.,1999).

Normal diabetic subjects had a TBW of 23.61L, non-diabetic had 24.6L,
overweight diabetic 28.67L, non-diabetic 27.45L and obese diabetic and non-diabetic
had 28.18L. The water content of normal subjects were found to be less than the normal

range(26.5-32.71) where as the overweight and obese subjects were within this range.
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The protein content of overweight and obese diabetic as well as non diabetic
subjects were found to be within the normal range but the normal diabetic and non-
diabetic subjects had a mean protein level less than the normal range which directly
reflects on the SMM which showed similar results.

Minerals and BCM was found to be below the normal range in normal subjects

and was found to be normal in overweight and obese subjects.

Table XXI provide the statistical interpretation for comparison between body

composition parameters of the subjects.
TABLE XXI

STATISTICAL INTERPRETATION FOR COMPARISON BETWEEN BODY
COMPOSITION PARAMETERS OF THE SUBJECTS(t values)

Parameters Normal vs. Normal vs. Overweight vs.
Overweight Obese Obese
D(n=7) N- D(n=7) N- D(n=7) N-
D(n=7) D(n=7) D(n=7)

BFM (kg) 2.458* | 3.370* | 10.33** | 6.215** | 6.864** | 2.659*

PBF (%) | 0.535" | 1.781"%° | 7.020%* | 5.622** | 5.579** | 2.794*

VFA (cm?) | 1.764"° | 4.613* | 6.917** | 7.665** | 5.440** | 5.712**

FMM (kg) | 1.483% | 2.380" | 2.337"° | 2.216™ | 0.201™ | 0.960"°

TBW (1) 1.490" | 2.314" | 2.377" | 2.229" | 0.186™° | 0.977"°

Protein (kg) | 1.496™° | 2.393"° | 2.416™° | 2.183"° | 0.064"° | 0.726™°

SMM (kg) | 1.473"° | 2.405™ | 2.428"° | 2.132" | 0.070" | 0.701™°

Mineral (kg) | 1.578"° | 2.976* | 2.568* | 1.440"° | 0.179"° | 1.943"°

BMC (kg) | 1.590™ | 3.001* | 2.552* | 1.240™° | 0.181"° | 2.496*

BCM (kg) | 1.474™ | 2.352"° | 2.438"™ | 2.134" | 0.063"° | 0.800"°

ICW (1) 1.484"° | 2.355" | 2.453* | 2.113"° | 0.064"° | 0.776"°

ECW (I) 1.505"° | 2.254" | 1.934™ | 2.342"° | 0.341™° | 1.241™
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A high positive and significant difference (P<0.01) was seen in parameters like
BFM, PBF and VFA among the normal versus obese in both diabetic and non-diabetic
subjects, VFA in non-diabetic normal versus overweight and in both diabetic and non-
diabetic in case of overweight and obese. Comparison of FFM, TBW, protein, SMM,
BCM among normal and overweight, normal and obese and overweight and obese was
found to be not significant in both diabetic and non-diabetic subjects. The mineral
content among normal and overweight diabetic subjects, normal and obese non-diabetic
subjects and overweight and obese diabetic as well as non-diabetic subjects when
compared was found to be not significant, normal and overweight non-diabetic and
normal and obese diabetic subjects were found to be at five per cent significance.
Significant difference was noticed between body fat content when groups were

compared against each other.

Table XXII shows the correlation between anthropometric and body composition

parameters of normal, overweight and obese subjects.
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TABLE XXII

CORRELATION BETWEEN ANTHROPOMETRIC AND BODY COMPOSITION
PARAMETERS OF NORMAL, OVERWEIGHT AND OBESE SUBJECTS(r

values)
Parameters BMI category
Normal(n=14) Overweight(n=7) Obese(n=7)
D(n=7) | N-D(n=7) | D(n=7) | N-D(n=7) D(n=7) N-D(n=7)

Weight vs. BFM 0.779* 0.891* | 0.672"° 0.829* -0.119" | 0.074™
Weight vs. %BF -0.512" | -0.674" | -0.785 -0.827* 0.392"° 0.190"°
Weight vs. FFM 0.893* | 0.942* 0.863** 0.919** -0.060™ | 0.266M°
Weight vs. TBW 0.896** 0.764* 0.830* 0.785* 0.715"° 0.917**
Weight vs. Protein | 0.868* 0.782* 0.820* 0.801* 0.525"° 0.887**
Weight vs. SMM 0.869* 0.773* 0.828* 0.800* 0.553"° 0.889**
Weight vs. Mineral | 0.960** | 0.743"° 0.844* 0.753"° 0.828* 0.776*

Weight vs. VFA 0.624"° | 0.0476™° | -0.407™° | -0.135"° 0.808* 0.907**
Weight vs. BCM 0.868* 0.770* 0.830* 0.801* 0.559N° 0.891**
BMI vs. BEM 0.998** | 0.998** 0.995%* 0.999* 0.985** 0.974**
BMI vs. %BF -0.673" | -0.685"° | -0.644"° | -0.724* -0.849** -0.822*
BMI vs. FFM 0.972* | 0.977* 0.930** 0.951** 0.972* 0.952%*
BMI vs. TBW 0.564"° | 0.245"° | 0.280"° | -0.754™° | 0.455"° 0.489N°
BMI vs. Protein 0.549"° | 0.275™° | 0.294" | -0.745"° 0.150"° 0.427"°
BMI vs. SMM 0.544N | 0.264™ | 0.284" | -0.751M° | 0.174"S 0.434N°
BMI vs. Mineral 0.659"° | 0.138" | 0.358"° -0.823* 0.583"° 0.228N°
BMI vs. VFA 0.787* | 0.080° | -0.309"° | 0.098N° 0.782* 0.945%*
BMI vs. BCM 0.547" | 0.261" | 0.284" | -0.748" | 0.179"° 0.438N°
WHR vs. BFM 0.999** | 0.999** 0.998** 0.999** 0.996** 0.996**
WHR vs. %BF -0.703" | -0.710" | -0.626™° | -0.764* -0.937** | -0.950*
WHR vs. FFM 0.962** | 0.976** 0.925** 0.966** 0.981** 0.954**
WHR vs. TBW 0.069"° | 0.100"° 0.925** | -0.300" | -0.086"° 0.202N°
WHR vs. Protein 0.028" | 0.095™ | -0.665" | -0.327"° | -0.172™ | 0.139"°
WHR vs. SMM 0.026™ | 0.092" | -0.664™ | -0.331"° | -0.193"° | 0.151M°
WHR vs. Mineral 0.256™ | -0.085"° | -0.732"° | -0.392" | -0.176™° | -0.091"S
WHR vs. VFA 0.945* | 0.753"° | 0.746"° 0.880** 0.337"¢ 0.792*

WHR vs. BCM 0.027" | 0.097™ | -0.664"° | -0.330™° -0.194" | 0.156"°
AC vs. BFM 0.988** | 0.993** 0.996** 0.998** 0.986** 0.987**
AC vs. FFM 0.967* | 0.972* 0.937** 0.962* 0.979** 0.976*
AC vs. Protein 0.393% | 0.103"° 0.511"° | -0.023"° 0.253"° 0.671N°
AC vs. SMM 0.391"° | 0.105"° 0.520"° | -0.031"° 0.255"° 0.678"°
AC vs. Mineral 0.237"5 | -0.049" | 0.494" | -0.122" 0.440N° 0.474N°
AMC vs. BEM 0.996** | 0.995** 0.991** 0.996** 0.995** 0.998**
AMC vs. FFM 0.981* | 0.988** 0.955** 0.975* 0.988** 0.979%
AMC vs. Protein 0.927** | 0.918* 0.951* | 0.666"° 0.353"° 0.851*

AMC vs. SMM 0.924* | 0.916** 0.955** 0.660"° 0.351"° 0.853*

AMC vs. Mineral 0.897** 0.802* 0.923** 0.575"° 0.633"° 0.698"°
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Weight and Body Composition Parameters

Weight when correlated with BFM showed one percent significance in normal
non diabetic subjects, five percent significance in normal diabetic and overweight non
diabetic subjects and no significance was found in overweight diabetic and in both the
cases in obese subjects, with percent body fat, five percent significance in overweight
subjects and no significance in normal and obese subject, with TBW, protein, SMM and
BCM five percent significance in normal and overweight subjects. With FFM five percent
significance in normal and overweight subjects and no significance in obese subjects,
no significance was found with VFA in normal and overweight subjects while one
percent significance in non diabetic and five percent significance in diabetic obese

subjects were noticed.
BMI and Body Composition Parameters

BMI correlated with BFM and FFM was found to have one percent significance
in all the three groups. BMI with TBW, protein, SMM, mineral and BCM showed no
significant difference in all three groups. With percent BF showed no significance in
normal diabetic and non diabetic subjects and overweight diabetic subjects and five
percent significance in overweight and obese non diabetic subjects and one percent
significance in obese diabetic subjects. With VFA five percent significance was found in
normal and obese diabetic subjects, one percent significance in obese non diabetics
and no significance in case of normal non diabetics and overweight diabetic as well as

non diabetic subjects.
WHR and Body Composition Parameters

WHR correlated with BFM and FFM showed one percent significance in all the
three cases. No significance was found with TBW, protein, SSM, mineral and BCM in all
the three groups. With VFA five percent significance was found in obese non diabetics

and one percent significance in normal diabetics and
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overweight non diabetics and no significance was found in normal non diabetics,
overweight and obese diabetic subjects. With percent BF one percent significance was
found in obese subjects, five percent significance in normal and overweight non

diabetics and no significant difference among normal and overweight diabetic subjects.
AC and Body Composition Parameters

AC when correlated with BFM and FFM showed a high positive significance
(p<0.01) in all the three groups. With protein, SSM and mineral showed no significant

difference.
AMC and Body Composition Parameters

AMC when correlated with BFM and FFM showed a high positive significance
(p<0.01) in all the three groups. With protein, SSM and mineral one per cent
significance was seen in case of normal diabetic and non diabetic subjects and
overweight diabetic subjects, while no significance was found in case of overweight non
diabetics and obese diabetic subjects and five per cent significance in obese non

diabetic subjects.

Table XXIII shows the data on correlation within body composition parameters in

the selected subjects.
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TABLE XXIlI

CORRELATION BETWEEN ANTHROPOMETRIC AND BODY COMPOSITION
PARAMETERS OF NORMAL, OVERWEIGHT AND OBESE SUBJECTS(r

values)
Parameters BMI category
Normal(n=14) Overweight(n=7) Obese(n=7)
#D(n=7) #N- D(n=7) | N-D(n=7) | D(n=7) | N-D(n=7)
D(n=7)
BFM vs. %BF -0.579" | -0.605"° | -0.415"° | -0.615" | -0.631"° | -0.704"°
BFM vs. FFM 0.954** | 0.951** 0.816* 0.900** | 0.870** | 0.939**

BFM vs. TBW 0.176™° | -0.406"° | -0.818* | -0.803* | 0.422"S | 0.758*
BFM vs. Protein | 0.124"S | -0.377" | -0.827* | -0.785* | 0.213“S | 0.709"®
BFM vs. SMM 0.123" | -0.389"° | -0.819* | -0.783* | 0.247"° | 0.713"S
BFM vs. Mineral | 0.373"° | -0.408"° | -0.774* | -0.815* | 0.589"° | 0.553NS

BFM vs. VFA 0.940** | -0.375" | 0.706™° | -0.197"° | 0.850* | 0.965*
BFM vs. BCM 0.124"5 | -0.396"° | -0.817* | -0.785* | 0.252"° | 0.715"°
FFM vs. BFM 0.924* | 0.943** | 0.815* | 0.909** | 0.962** | 0.919**
FFM vs. %BF -0.754* | -0.839** | -0.928** | -0.937* | -0.908** | -0.823*
FEM vs. TBW 1.000** | 0.999** | 0.999** | 0.999** | 0.991* | 0.998**

FFM vs. Protein 0.996** | 0.999** | 0.999** | 0.999** | 0.910** | 0.998**
FFM vs. SMM 0.997* | 0.999** | 0.999** | 0.999** | 0.918** | 0.998**
FFMvs. Mineral | 0.969** | 0.976** | 0.986** | 0.988** | 0.947** | 0.951*

FFM vs. VFA 0.252" | 0.301™ | -0.644™S | -0.060° | 0.398"° | 0.683"°
FFM vs. BCM 0.996** | 0.999** | 0.999"° | 0.999** | 0.920** | 0.998*
TBW vs. ICW 0.975* | 0.984* | 0.952"° | 0.978* | 0.987* | 0.999*

TBW vs. ECW 0.856** | 0.897** 0.739* 0.812* 0.714~* 0.999**
Protein vs. SMM | 0.999** | 0.999** | 0.999** | 0.999** 1.000** | 0.969**
Mineral vs. BMC | 0.999** 1.000** | 0.999** | 0.999** | 0.999** 0.730*

# D: Diabetic ;#N-D: Non diabetic

No significant correlation was found between BFM and percent body fat in all
the three groups. A high positive correlation (p<0.01) was found with FFM in all the
three groups. BFM when correlated with TBW , protein, SSM and mineral showed five
per cent significance in overweight subjects and no significance in case of normal and
obese subjects. FFM with VFA showed no significant difference in all the three groups,
with BCM showed no significance in overweight diabetic subjects while showed one per
cent significance in other subjects. With BFM, TBW, percent BF, protein, SSM and
mineral showed one per cent significance in all the three groups. TBW when correlated
with ICW showed no
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significance in overweight diabetic subjects, where as one per cent significance in other
subjects. TBW with ECW showed one per cent significance in normal subjects and
obese non diabetic subjects and five per cent significance in case of overweight
subjects and obese diabetic subjects. Protein with SMM and mineral with BMC showed

high positive correlation (p<0.01) in all the three groups.

Table XXIV presents the data on correlation between biochemical parameters

and body composition parameters.
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TABLE XXIV

CORRELATION BETWEEN BIOCHEMICAL PARAMETERS AND BODY

COMPOSITION
Parameters BMI category

Normal(n=14) Overweight(n=7) Obese(n=7)

#D(n=7) #N- D(n=7) N- D(n=7) N-
D(n=7) D(n=7) D(n=7)
Glucose vs. Weight -0.557"° | -0.532™ | -0.616™° | -0.732* | -0.709* | -0.717*
Glucose vs. BMI 0.227" | 0.297"° | 0.622"° | 0.768* | 0.576™° | 0.578"°
Glucose vs. BFM -0.640"° | -0.499™° | -0.536™° | -0.680™° | -0.730* | -0.680"°
Glucose vs. %BF -0.927* | 0.335" | 0.378"S | 0.337"° | -0.182"° | -0.184"°
Glucose vs. VFA -0.774* | -0.052"° | 0.327"° | -0.651"° | -0.297"° | 0.044"°
Cholesterol vs. Weight | -0.730* | -0.547"° | -0.542"° | -0.856** | -0.802* | -0.608"°
Cholesterol vs. BMI 0.420" | 0.731* | 0.545" | 0.816* | 0.509"° | 0.694"S
Cholesterol vs. BFM -0.764* | -0.520"° | -0.620™° | -0.891** | -0.805* | -0.510™°

Cholesterol vs. %BF -0.461N° | 0.278NS | -0.524N5 | -0.546™° | 0.010™ | 0.171M
Cholesterol vs. VFA -0.343"S | 0.480™° | -0.318"S | 0.458"S | -0.357™S | 0.345"S

TLG vs. Weight -0.647"° | -0.474"° | -0.553"° | -0.454"° | -0.863** | -0.450"°
TLG vs. BMI 0.344N | 0.521™° | 0.660"° | 0.462"° | 0.744* | 0.428"°
TLG vs. BFM -0.689"° | -0.492™% | -0.550™° | -0.470™° | -0.843** | -0.410"°
TLG vs. %BF -0.496™° | -0.194M% | -0.070° | -0.207™° | -0.402"° | -0.155"S
TLG vs. VFA -0.499" | 0.578"° | 0.316™ | 0.021™ | -0.096"° | 0.113"°
HDL vs. Weight 0.514™ | 0.809* | 0.617"° | 0.657"° | 0.841* | 0.652"°
HDL vs. BMI -0.046™° | -0.766* | -0.759* | -0.600™° | -0.759* | -0.175"S
HDL vs. BFM 0.580" | 0.795* | 0.687"° | 0.618"° | 0.802* | 0.735*

HDL vs. %BF 0.700™ | -0.151M° | 0.434"S | -0.242"% | 0.414N° | 0.414"
HDL vs. VFA 0.923* | -0.476™° | 0.200™ | 0.549" | 0.194"S | 0.735"°
LDL vs. Weight -0.478" | -0.280"° | -0.507™° | -0.699™° | -0.591N° | -0.399"°
LDL vs. BMI 0.143" | 0.417" | 0.462"° | 0.622"° | 0.246"° | 0.522N°
LDL vs. BFM -0.522"% | -0.323"° | -0.401™° | -0.758* | -0.626"° | -0.309"°
LDL vs. %BF -0.435" | -0.415™ | 0.539"° | -0.525"° | 0.006™° | 0.160M°
LDL vs. VFA -0.322" | 0.550™° | 0.415™ | 0.410™ | -0.382"° | 0.259N°
VLDL vs. Weight 0.867** | 0.925* | 0.770* | 0.551"° | 0.958* | 0.860**
VLDL vs. BMI -0.888** | -0.761* | -0.655"° | -0.507"° | -0.882** | -0.704"S
VLDL vs. BFM 0.834* | 0.911* | 0.753* | 0.525"S | 0.874* | 0.818*

VLDL vs. %BF -0.497™° | -0.184"° | -0.068"° | -0.204N° | -0.427NS | -0.190N°
VLDL vs. VFA -0.493% | 0.611"° | 0.324™ | 0.021™ | -0.137™° | 0.058"°

# D: Diabetic ;#N-D: Non diabetic

Glucose when correlated with weight showed no significance in case of normal
subjects and overweight diabetic subjects while five per cent significance in non diabetic
overweight subjects and obese subjects. With BMI five per cent significance in non
diabetic overweight subjects, with BFM five per cent significance in diabetic obese
subjects, with percent BF one per cent significance in diabetic normal subjects and with
VFA five per cent significance in diabetic normal subjects. Other cases showed no
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significance. Cholesterol with percent BF and VFA showed no significance in all the
three groups. One per cent significance was found with weight and BFM in case of
overweight non diabetic subjects, while five per cent significance in case of normal and
obese diabetic subjects. Triglyceride with weight, BMI, BFM, percent BF and VFA
showed no significance difference in all the three groups except in case of obese
diabetic subjects that too with weight, BMI and BFM. Correlation of HDL with weight,
BMI and BFM, percent BF and VFA was given in Table XXIV. LDL showed no
significant differences in all the three groups when correlated with weight, BMI, BFM,
percent BF and VFA. VLDL with percent BF and VFA showed no significance in all the
three groups. One per cent significance was found with weight and BMI of normal and
obese diabetic subjects and no significance in case of overweight non diabetics, with
weight showed one per cent significance in normal and obese non diabetic subjects.

. ENERGY BALANCE OF THE SELECTED SUBJECTS.
From the data collected, BMR was calculated using the prediction equation. The total
energy expenditure was calculated using the physical activity expenditure and BMR.
Table XXV presents the energy balance data of the selected subjects.
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TABLE XXV

MEAN ENERGY BALANCE OF THE SELECTED INDIVIDUALS

BMI Category

Energy Intake (kcal)

Energy Expenditure (kcal)

Energy Balance (kcal)

#D(n=7)

#N-D(n=7)

D(n=7)

N-D(n=7)

D(n=7)

N-D(n=7)

Normal(n=14)

1303.35+163.83

1243+321.23

1500.57+£319.09

1645.4+£275.58

517.06+393.20

226.17+122.34

Overweight
(n=14)

1478.1+180.64

1341.25+246.91

1847.57+191.74

1820.54+340.11

487.67+481.96

492.13+384.94

Obese(n=14)

2204.21+1044.06

1618.64+364.12

1978.17+£725.25

2002.2+531.08

583.19+476.78

473.58+635.33

# D: Diabetic ;#N-D: Non diabetic
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Positive energy balance was seen among all the three groups which indicates
that their energy intake was greater than their energy expenditure. Especially higher in
case of diabetic normal and obese subjects and non-diabetic overweight subjects. High
BMI and weight gain in adulthood, indicating a positive energy balance, were associated
with a higher risk of type 2 diabetes. The components of energy balance, energy intake
and physical activity, have an interactive effect on the incidence of type 2
diabetes(Villegas et al.2009).

Table XXVI shows the statistical interpretation for comparison of energy balance
of the subjects.

TABLE XXVI

STATISTICAL INTERPRETATION FOR COMPARISON OF ENERGY BALANCE OF
THE SUBJECTS

BMI Energy Intake Energy Energy Balance
Category Expenditure
D(n=7) N- D(n=7) N- D(n=7) N-
D(n=7) D(n=7) D(n=7)

Normal vs. | 0.849"° | 1.938"° | 2.312"° | 1.757™> | 0.109™° | 1.962"°
Overweight

Normal vs. | 1 3ggNs | 1.319"° | 2.099" | 1.343"° | 0.291™° | 1.063"°
Obese

Overweight | g 3ggNs | 0.395™° | 0.405"° | 0.703"° | 0.299™° | 0.104"°
vs. Obese

No significant difference was noticed in energy intake, energy expenditure and
energy balance among all the three groups irrespective of diabetic and non-diabetic
subjects.

From the foregoing results, it is evident that body composition measures of
diabetes were found to be high compared to non diabetics. Positive correlation existed
among anthropometry, biochemistry and body composition measures. It is interesting to
note that diabetics with normal BMI showed a higher WHR, depicting that WHR is a
good indicator of obesity. Visceral fat area was found to be higher in normal, overweight
and obese diabetics. Further in depth studies on body composition on larger samples of

diabetics are recommended to throw more light on this field.
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SUMMARY AND CONCLUSION



V. SUMMARY AND CONCLUSION

The present study entitled “Body Composition Measures of Type 2
Diabetics” aimed at assessing the epidemiological factors associated with type 2
diabetics, determining the body composition of selected subjects and finding the
association between body composition measures, anthropometry and energy balance.
In the methodology, initially twenty one type 2 diabetics and twenty one non diabetics
working at Avinashilingam Institute for Home Science and Higher Education for Women
were selected. They were screened for overweight and obesity using height, weight and
Body Mass Index (BMI) as parameters. They were classified as normal, overweight and
obese based on their BMI cut off for Asians.

An interview schedule was formulated and given to the selected forty two
subjects to collect information on socio-economic background, health history, lifestyle
and their dietary pattern. Further, the nutritional status of the forty two subjects was
assessed through biochemical assessment and diet survey. Biochemical estimation of
blood glucose, total cholesterol, serum triglycerides and HDL cholesterol were
performed. Three millilitres of blood samples were collected from the subjects for
analysis. The glucose level was estimated using Glucometer (Glucose oxidase), total
cholesterol was estimated using the CHOD- PAP enzymatic colorimetric method, GPO-
PAP method was used to estimate the serum triglycerides and the HDL cholesterol level
was estimated using the direct enzymatic colorimetric method. The LDL and VLDL
cholesterol was calculated using Friedewald’s formulae. A twenty four hour recall
method was used to assess the food and nutrient intake from the subjects. The intake of
macronutrients namely fat, protein and energy intake were calculated and the
micronutrient intake in terms of calcium and iron was also calculated. Later, the body
composition of the selected subjects was assessed, using ‘Bio space, In body 720- the
precision body composition analyser. The body composition analyser is a four
compartment model and the four main compartments include total body water, protein,
fat and mineral mass. The other parameters assessed include skeletal muscle mass,

per cent body fat, waist hip ratio, lean balance, visceral fat area, arm circumferences,
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arm muscle circumference, obesity degree, bone mineral content, body cell mass, basal
metabolic rate, ratio of extracellular fluid to total body fluid, ratio of extracellular water to
total body water. The Total Energy Expenditure (TEE) was estimated through fractional
calculations that combined allocated habitual activities (as obtained from the individual’s
time motion record) and the energy cost of those activities. The energy cost of activities
was calculated as a multiple of BMR per minute, also referred to as the Physical Activity
Ratio (PAR), and the 24-hour energy requirement was expressed as a multiple of BMR
per 24 hours by using the Physical Activity Level (PAL) value. BMR per 24 hours using
the age and sex specific predictive equations. The PAL values proposed by ICMR
expert group (2010) was used for calculation of PAL of individuals, sedentary or light
active lifestyle- 1.53, active or moderately active lifestyle- 1.8, vigorous or vigorously
active lifestyle- 2.3. The energy balance was calculated from the computed energy
intake and energy expenditure data. The data was consolidated in which mean,
standard deviation and percentage were computed. The data was analyzed using the
software GraphPad prism version 6.02. Comparisons were made between various
parameters of three groups using student’s t-test. Correlation between anthropometric
measurements, body composition parameters, and biochemical parameters were

derived using Karl Pearson’s co-efficient of correlation.
The salient findings of the study are given below:

e |tis seen that nearly 62 per cent of the diabetics and 81 per cent of non diabetics
lived in nuclear family and 38 per cent of diabetics and 19 per cent of non
diabetics lived in joint family.

e Around 28.5 per cent of diabetic and non diabetic subjects were from rural area
whereas 71.4 per cent of the diabetic and non diabetic subjects were from urban
area.

e About 57.1 per cent of the diabetic and 61.9 per cent of non diabetic subjects
were involved in sedentary work, 38 per cent and 28.5 per cent were involved in
heavy work and 4.7 per cent and 9.5 per cent of the respective subjects were

involved in moderate work respectively.
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About 71.4 per cent of the diabetic and 57.1 per cent of the non diabetic subjects had
a family income between the range of Rs.4610.83- Rs.18218.75 (low income grade)
and 28.5 per cent of diabetic subjects and 42.8 per cent of non diabetic subjects
between the range of Rs.18223.33- Rs.56260.41(upper middle income grade).

It is seen that 42.8 per cent of diabetic and 14.2 per cent of non diabetic subjects had
first degree relations with diabetes and 4.7 per cent of diabetic subjects and 9.5 per cent
of non diabetic subjects had second degree relatives (paternal) with diabetes, others
with no family history of diabetes.

Familial stress (38 per cent in diabetic and 33.3 per cent in non diabetic) was seen more
among subjects and sleep (80.9 per cent in diabetic and 66.6 per cent in non diabetic)
was chosen by many to manage stress.

The study has shown that 14.2 per cent of diabetic and non diabetic subjects were
vegetarians, 80.9 per cent of diabetic and 85.7 per cent of non diabetic subjects were
non-vegetarians and 4.7 per cent of diabetic subjects were ova vegetarians.

Cereals and cereal products, pulses, milk and milk products, fats, sugars were
consumed daily by all the subjects. Among the non-vegetarians, most of them
consumed meat, poultry and fish once a week in both diabetic and non-diabetic
subjects. The daily intake of fruits was higher among overweight(14.2 per cent) and
obese (14.2 per cent) in diabetic subjects. Among non-diabetic subjects no daily
consumption of fruits was found, most of them consumed twice a week in all the three
groups. Similarly it is for green leafy vegetables.

Among the selected subjects, 42.8 per cent of the obese diabetic subjects purchased
labelled foods while 57.1 per cent did not. While 85.7 per cent of obese non diabetic
subjects purchased labelled foods while 14.2per cent did not. The information looked
upon while purchasing food products included manufacturing date, expiry date, food
additives, price, nutritional information, logo of food standard and nutritional claims.

High energy/ fat foods like sweets, fried foods, bakery items, fast foods, salted foods are
mostly consumed once a month by the diabetic subjects, while flesh food consumption

was most common on weekly basis in case of normal and obese subjects and monthly
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once in case of overweight subjects. Among non diabetic subjects most of them
consumed these high energy foods on monthly basis, while fleshy food was consumed

weekly once in all the three groups.

With regard to anthropometric measurements, the obese diabetic subjects had a greater
weight (76.28 kg), BMI (32.42) and WHR (1) when compared to non diabetic subjects
but the arm circumference (36.12 cm) and arm muscle circumference (25.75) were
found to be greater in case of non diabetic when compared to diabetic subjects.
When weight was correlated with other anthropometric measures, showed no significant
difference in case of diabetic and non diabetic obese subjects. When the obese
subjects were considered, it was found that total cholesterol, triglycerides, HDL, LDL
and VLDL levels were higher in case of diabetic subjects when compared to non
diabetic adults. But triglycerides levels in case of both diabetic and non diabetic subjects
were found to be higher in case of overweight when compared to normal and obese,
which needs to be studied in depth.
The mean nutrient intake of the obese diabetic as well as non diabetic subjects showed
that they had a deficit intake of protein, calcium and iron, but excess intake of fat and
energy was noted.
All the body composition parameters were found to be higher in obese subjects when
compared to that of the normal but almost similar to overweight except in case of body
fat mass, percent body fat, fat free mass and visceral fat area. It was found that the fat
content and percent body fat of the normal subjects in both diabetic and non diabetic
subjects were found to be greater than the normal range.
The visceral fat area was found to be normal in normal subjects, close to normal in
overweight subjects, but was found to be beyond the normal value in obese subjects in
both diabetic and non diabetic categories.
Fat free mass, total body water, protein, skeletal muscle mass, mineral, bone mineral
content and body cell mass was found to be deficit in normal diabetic and non diabetic
subjects but considerably normal in overweight and obese diabetic and non diabetic
subjects.
A high positive and significant difference was seen among the normal versus obese and
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overweight and obese in diabetic as well as in non diabetic subjects in BFM, PBF and
VFA. In case of normal versus overweight five per cent significance was found in BFM
and no significance in PBF and VFA. The others like FMM, TBW, protein, SMM,
mineral, BMC and BCM showed no significant difference in both diabetic and non

diabetic cases in all the three groups.

Weight showed no significant difference with VFA in normal and overweight categories
in both diabetic and non diabetic subjects and less significance with BFM, protein, SMM
and mineral and high significance with FFM except in case of obese. BMI with BFM and
FFM showed high positive correlation, with other body composition parameters showed
no or less significant difference. Similar, is in the case of WHR with the body
composition parameters. BFM with the parameters showed no significant difference in
normal and obese subjects while less significance in overweight subjects. FFM showed
high positive correlation with all the parameters in all the three groups.

All the biochemical parameters when correlated with body composition measures were
not found to be significant except in four cases which showed a lesser significance.

No significant difference was seen among all the three groups in both diabetic and non

diabetic subjects for energy intake, energy expenditure and energy balance.

From the results, it may be concluded that though the study was carried out with
small sample size, the findings revealed the importance of body composition
measurements in diabetic subjects and the association between body composition
measures, biochemical parameters, energy balance and anthropometry and how these

values differed from that of non diabetic subjects.

The recommendations that emerge from the study are:
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RECOMMENDATIONS:

Body composition studies on larger samples of diabetics for database generation.
Obtain the body composition data on different age groups which include childhood,
older adults, late adolescents, pregnant women and lactating mothers.

Studies on association between diet and body composition and diabetes.

Assessing body composition in other chronic degenerative disorders such as cancer
and cardiovascular disease.

Studies on metabolic syndrome and body composition measures.

Studies on awareness on body composition and its relation to diabetes and

development of suitable education modules and imparting health education.
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APPENDIX



INTERVIEW SCHEDULE TO ELICIT THE BACKGROUND INFORMATION, DIETARY
PATTERN AND LIFE STYLE PATTERN OF TYPE Il DIABETIC INDIVIDUALS

I. Background Information:
1. Name

2. Age

3. Sex

4. Contact no

5. Address

6.Hometown

Rural I:I Urban I:I

7.Religion
Hindu I:I Christian I:I Muslim I:I Others I:I

8.Highest level of education:
i)No formal education I:I ii)Read and write I:I iii)Primary education I:I
iv)secondary education I:I v)Higher education I:I vi)University I:I
9. Occupation
10.Community

Scheduled Tribe I:I Schedule Caste I:I

Other backward Castesl:l Others I:I
11. No. of family Members:

4| | 57| S

12. Type of family:

Nuclear I:I Joint I:I Extended Nuclear I:I
13.Total family income (World Bank Group, 2011)
Below Rs.4606.25 (economical weak section) I:I

Rs.4610.83-Rs.18218.75(low income grade) | |



Rs.18223.33-Rs.56260.48(upper middle income grade) I:I
Above Rs.56,000(high income grade)l:l

I.LDIETARY PATTERN:

14. Dietary habit:

Vegetarianl:l Ova-vegetarian I:I Non-Vegetarian I:I

15. Daily meal pattern:

2 ] s ] 4] ss[ ]

16. How often do you eat out in a restaurant/hotel?

Daily I:I Weeklyl:l occasionally I:I Neverl:l

17. Do you skip meals?

Yes| | No| ]

If yes,

MEALS MISSED FREQUENCY

Breakfast

Lunch

Tea and Snacks

Dinner

19.Do you suffer from any food allergy/food intolerance?

Yes I:I No I:I

If yes,

Which food makes you allergic?

20.Do you have any eating problems?

Ves| ] No| |

If yes,

Dental I:I Gastrointestinal I:I Othersl:l




21.Do you have the habit of snacking?
Yesl:l No I:I
If yes,

Junk foods I:I Carbonated beveragesl:l Healthy foodsl:l

22.Do you use artificial sweetener?

Yes I:I No I:I

23.While selecting foods what aspects do you look into?

Nutritive value I:I Cost I:I Taste I:I Availability I:I
Hygiene I:I Brand I:I Peer influencel:l Mass medial:l

24.Do you look at the information that appears on food labels?

Yesl:l Nol:l
If yes, what do you look for?

Manufacturing date I:I Expiry date I:I Food additives I:I
Ingredients used I:I Price I:I Precautions I:I

Nutrition information I:I Preparation methods I:I Logo of food standards I:I
Recommended usage I:I Nutritional claims I:I

25.Do you modify your eating habits according to the body condition?

CONDITIONS YES | NO MODIFICATIONS

Ailments

Heavy physical work

Overweight

Underweight

Holidays

Functions

Seasons/Climate




26.Details regarding food fads and taboos:

REASONS

FOOD STUFF

CONDITIONS WHEN
AVOIDED

CONDITIONS WHEN
INCLUDED

Hot foods

Cold foods

Gas producing

Bile producing

Food causing skin
diseases

19. Daily Meal Pattern (24 hrs)

MEAL

MENU

INGEDIENTS

COOKED
AMOUNT

RAW EQUIVALENT

Break fast

Mid morning

Lunch

Tea time

Dinner

28.Frequency of consumption of high energy/fat foods:

FOOD ITEMS

DAILY

WEEKLY

MONTHLY/OCCASSIONALLY

NEVER

Sweets

Fried foods

Bakery items

Fast foods

Salted foods

Fleshy foods

20. Details of food consumption

S.no | Food items

2-4 times a
week

Daily

Oncea
week

Oncea Never

month

Cereals and millets

Pulses and legumes

3 Vegetables
i)Leafy




ii)Roots and tubers
iii)others

Nuts and oil seeds

Spices and condiments

Fruits

N b~

Non Vegetarian
i)Fish and other sea
foods

ii)meat and poultry
products

8 Milk and milk products

9 Sugar and Jaggery

10 Fats oils and edible

lll. LIFE STYLE PATTERN
27. Do you have the habit of doing exercise?

Yesl:l Nol:l

If yes,

Dailyl:l Weekly once I:I Weekly twicel:l Infrequentl:l
Types of exercise involved:
Walking I:I Jogging I:I
Gardening I:I Cycling I:I
Swimming I:I Any other I:I

31. Do you practicing any yoga regularly?

Yes |:| NOI:I

32.How long do you indulge in these activities?

15mins I:I 30mins I:I >30mins I:I

33.How long do you sleep in a day?

<6hours I:I 6—8hours|:| >8hours|:|

34.Do you sleep soon after lunch?

Yes |:| Nol:l

35.Stress pattern:




Relaxed and calm I:I Peer pressure I:I
Environmental stress I:I Work stress I:I

36.How do you manage stress?

Music I:I Exercise I:I Overeatingl:l
Meditation I:I Sleep I:I Others I:I

37. Do you have the habit of smoking cigarettes/beedi?

Regularlyl:l Occasionallyl:l Not at alll:l

38. Do you have the habit of drinking alcohol?

Regularlyl:l Occasionallyl:l Not at alll:l

39. Other habits (do you have the habit of chewing)

Familial stress

[]

Physiological stress I:I

Avoiding foodl:l

NON FOOD ITEMS DAILY OCCASIONALLY

NOT AT ALL

Tobacco

Pan masala

Betal leaves

IV. HEALTH HISTORY :

40. How long have you been suffering from this disorder?

Duration : Years —— Months ——— Days

41.How often do you see doctor for a checkup?

Weekly I:I Monthly I:I More than 6 times a year I:I

2-6 times a yearl:l Once a year I:I Less than once a year

42. Are you currently on any form of prescribed medication:

ves| | No[ |

If yes, specify the drug:

[]

ALLOPATHY HOMEOPATHY AYURVEDA

DIETARY

ANY OTHER

43.Have you ever been told that you have pre-diabetes?

Yesl:l No I:I




44. Do you have any family history of diabetes mellitus?

Yes I:I Nol:l

If yes,

FAMILY HISTORY

YES

NO

| Degree relatives

Father

Mother

Siblings

Il Degree relatives(paternal)

Grandfather

Grandmother

Uncle

Aunt

Il Degree relatives(maternal)

Grandfather

Grandmother

Uncle

Aunt

45 At present, do you suffer from any of these symptoms?

Symptoms YES

NO

Polyuria

Polyphagia

polydipsia

Poor wound healing

Fatigue

Insomnia

Infections

Blurred vision

Shortness of breath




