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ABSTRACT

Objective: The Study entitled “Prevalence of Obesity and Metabolic Syndrome among Adults in Tertiary Care Hospitals of Coastal Andhra” was designed to assess
the awareness of Obesity and Metabolic syndrome reporting at a reputed pharmacy institute in Andhra Pradesh, India, and also to evaluate the impact of an
educational intervention carried out in this study. A suitable collection data form, attitude survey questionnaire was designed and validated by pilot study and the
study was conducted among inpatients and out patients of hospitals.
Method: This cross- sectional study, of 6 month duration included a total of 353 participants. An interactive educational intervention was designed for all
participants in hospital. The impact of effectiveness of educational intervention among the patients was evaluated by means of questionnaire survey. The paired t-
test in SASversion8 was used for statistical calculation. In our study a total of 353 participants responded and involved in the collection data form and questionnaire
survey. Participants involved in the study were 196 male and 157 female patients in hospitals. The overall response rates between collection data and
questionnaire was statistically significant (P< 0.045) which shows effectiveness of educational intervention for improving awareness of obesity and metabolic
syndrome among the adult participants.
Conclusion: The study concluded that imparting the awareness of obesity and metabolic syndrome among the adult patients by means of continuous educational
intervention would bring up updated knowledge about of cardiovascular diseases and other causing diseases.
Keywords: Obesity and metabolic syndrome, Questionnaire, collection data form.

INTRODUCTION

The Data from the WHO suggests 65% of the world's

population live in countries where overweight and obesity

kills more people than underweight. The WHO defines

“overweight” as a BMI greater than or equal to 25, and

“obesity” as a BMI greater than or equal to 30.1 Both

overweight and obesity are major risk factors for heart

disease and stroke, and diabetes. A surrogate marker for

body fat content is the body mass index (BMI), is measured

by weight (kilograms) divided by height squared (square

meters). A better way to define obesity would be in terms of

percent total body fat2. Based on BMI, should take the

overweight and obesity prevalence of all inpatient and

outpatient. Other studies states that more than 75% of

population was having obesity and overweight in south

coastal India.

Metabolic syndrome:

The term “metabolic syndrome” represents a “constellation”

of lipid and nonlipid risk factors for cardiovascular disease

and is closely linked to a generalized metabolic disorder

referred to as insulin resistance. It has been recognized as a

secondary target for increased behavioural therapy in Third
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Report of the National Cholesterol Education Program Expert

Panel on Treatment of High Blood Cholesterol in Adults (Adult

Treatment Panel III [ATP III]) in 2000.4 the components of

MetSyn identified in these guidelines have been shown to be

highly predictive of cardiovascular risk. Metabolic

syndrome is a disorder which is diagnosed by a co-

occurrence of three out of five of  the following medical

conditions: waist circumstance , high blood pressure, high

fasting blood sugar high serum triglycerides, and low high-

density lipoprotein (HDL) levels.3

Obesity increases the risk of developing cardiovascular

disease and diabetes. Obesity is a rapidly growing health

problem in the world conferring substantial excess risk for

morbidity and mortality.5 Characteristics of BMI-metabolic

risk sub phenotypes have been described in selected study

samples, from which the prevalence data has been collected

from the respective hospital. Furthermore, both obesity and

MetS are risk factors for type 2 diabetes but whether

elevated BMI in their absence confers risk for type 2-

diabetes is imprecise.5

The prevalence of obesity and metabolic syndrome is

rapidly increasing in India and other South Asian countries

have increased mortality and morbidity due to CVD and

T2DM. These Asian Indian studies refer to the fact that high

prevalence of diabetes and cardiovascular diseases is seen

in people originating from South Asian nations, and lower

rates of obesity (as defined by conventional body-mass-

index criteria).7These disturbances include high FBS and

increased levels of waist circumstances, low levels of high-

density lipoprotein (HDL) and high levels of triglycerides, and

hypertension. All of these risk factors have been taken as a

metabolic syndrome (MetS).8

WHO Clinical Criteria for Metabolic Syndrome:

Insulin resistance, identified by one of the following:

 Type 2 diabetes

 Impaired fasting glucose

 Impaired glucose tolerance

Plus any two of the following:

 Blood pressure (≥140 mm Hg systolic or ≥90 mm

Hg diastolic)

 Plasma triglycerides ≥1.7 mmol/L

 HDL cholesterol <0.9 mmol/L in men or <1.0

mmol/L in women

 BMI >30 kg/m2 and/or waist: hip ratio >0.9 in

men, >0.85 in women

 Urinary albumin excretion rate ≥20 μg/min or

albumin: creatinine ratio ≥3.4 mg/mmol.8

Dyslipidaemia consists of an aggregation of lipoprotein

abnormalities including elevated serum triglyceride,

increased small LDL particles, and a reduced level of HDL

cholesterol (HDL-C). The metabolic syndrome is often may

cause increase in levels of lipid profile.9

The primary goal of clinical management in individuals with

the metabolic syndrome is to reduce risk for cardiovascular

disease. Even in people with the metabolic syndrome,

therapy is directed toward the major risk factors: LDL-C,

blood pressure, and diabetes mellitus. Prevention of type 2

diabetes mellitus is another important goal when it is not

present in a person with the metabolic syndrome.9

Overt hypothyroidism acts as a CVD risk factor through

several mechanisms, as a result of which the incidence of

heart attack can increase over two fold in hypothyroid

subjects10. A positive association between overt

hypothyroidism and    hypercholesterolemia is well

recognized11. In addition it is reported that thyroid hormones

influence vascular smooth muscles, consequently reducing

arterial resistance, and causing a decline in diastolic blood

pressure. Moreover, insulin sensitivity can be affected by

thyroid function and a positive association between overt

hypothyroidism and BMI has been well documented12.

This increase in prevalence of obesity has occurred among

both men and women and across all racial/ethnic and age

groups. Other studies of cohort studies as well as national

surveys have shown that obese individuals have an increased

risk of several adverse health outcomes of diabetes mellitus,

cardiovascular disease (CVD), arthritis, disability, and

mortality.13 Due to the limitations of BMI scale, current reports

by the World Health Organization and other organizations

suggest combining the measurements of BMI and abdominal

obesity.

Abnormalities in adipose tissue metabolism may be the crux

of the issue. Adipose tissue in obese people is insulin resistant,

which raises no esterified fatty acid levels, worsening insulin

resistance in muscle and altering hepatic metabolism17-18; in

addition, the adipose tissue of obesity exhibits abnormalities
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in the production of several adipokines that may separately

affect insulin resistance and/or modify risk for ASCVD.34

These include increased production of inflammatory

cytokines,19,20 plasminogen activator inhibitor- 1, and other

bioactive products20,21; at the same time the potentially

protective adipokine, adiponectin, is reduced.22,23 All of

these changes have been implicated as causes of the

metabolic risk factors.

The metabolic risk factors consist of those factors that

seemingly have a direct effect on atherosclerotic disease.

Among these, as stated earlier, atherogenic dyslipidaemia

consists of an aggregation of lipoprotein abnormalities

including elevated serum triglyceride and apoB, increased

small LDL particles, and a reduced level of HDL-C.1 Among

triglyceride-rich lipoproteins, remnant lipoproteins almost

certainly are the most atherogenic.1 Many studies further

suggest that the smallest particles in the LDL fraction carry

the greatest atherogenicity.30 The atherogenic potential of

lipoprotein remnants and small LDL could be confounded in

part by their common association with an increased total

number of apoB-containing lipoproteins in circulation; this

increased number is reflected by an elevation of serum total

apoB.31 Finally, the lipoprotein field widely holds that low

levels of HDL are independently atherogenic1; multiple

mechanisms are implicated to explain this relationship.

Recently, this syndrome has been noted to be associated with

a state of chronic, low-grade inflammation.24, 25 Some

researchers speculate that inflammation of this type underlies

or exacerbates the syndrome. For example, inflammatory

cytokines reportedly induce insulin resistance in both adipose

tissue and muscle.26, 27 In the presence of obesity, adipose

tissue indeed produces cytokines in excess, whereas output of

adiponectin is diminished; these responses appear to

heighten the connection between obesity and inflammation.19

Interestingly, insulin-resistant people manifest evidence of

low-grade inflammation even without an increase of total

body fat.28

The aim of this study to assess the prevalence of obesity and

metabolic syndrome of both genders and create awareness

among adults about obesity and metabolic syndrome

(cardiovascular diseases, diabetes and thyroid) and life style

modifications.

AIMS & OBJECTIVES

The proposed title “Prevalence of obesity and metabolic

syndrome among adults in tertiary care hospitals of coastal

Andhra” aimed to achieve the following objectives:

 To assess the prevalence of obesity and metabolic

syndrome among adults.

 To evaluate the all characteristics of metabolic

syndrome and obesity by the NCEP ATP III criteria

 To create awareness about obesity and metabolic

syndrome to the participants by means of using

standardised tools.

METHODOLOGY

Study design: A hospital based cross-sectional survey was

conducted in tertiary care hospitals.

Study site: The study was carried out in the reputed health

care organisations of Lalitha super specialities hospital

located at Guntur and Andhra hospitals located at

Vijayawada affiliated by A.P. Government.

Study Period: 06 Months.

Study Population & Sampling: During the study period of 06

months (December - June), there were total of 353 subjects

involved in the study.

Study Criteria: The study will be carried out by considering

the following criteria:

Inclusion criteria:

 Patients having age between 20-80years.

 Data collected from both inpatients and outpatients.

Exclusion Criteria:

 Pregnant women &women having gestational

diabetes.

 Patient who have severe concomitant medical

diseases.

Study Tools:

A Self-administered collection data form was prepared using

information and thorough review from the literature survey

and factors used in previous studies and it was validated by

faculties in department of pharmacy practice and Doctors of

general medicine and dietician of lalitha hospitals.

Adult Treatment Panel III (ATP III) of the National Cholesterol

Education Program suggested and classified the test values

of metabolic syndrome and obesity as

 TG ≧ 150 mg/dl or taking drugs for elevated

triglycerides;

 HDL-C<40 mg/dl for men and < 50 for women;
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 Systolic BP ≧ 130 mmHg or diastolic BP ≧ 85

mmHg.

 FBS ≧ 110 mg/dl

Obesity is also classified based on scale of standard BMI

scale –

 Normal:18-25 kg/m2;

 overweight:25-30kg/m2;

 Obese: ≥30kg/m2.

Collection data form includes the demographic details of

patients participated in the study. We also prepared a

questionnaire to the patient awareness about obesity and

metabolic syndrome and counselled.

Validation:

Two general medicine doctor and one dietician and

pharmacist with experience in drug use studies were asked

to evaluate the clarity, relevance and conciseness of items

included in the collection data form & questionnaire. The

observations and comments of the doctors were taken in to

the account. In order to test the validity and reliability of the

collection data form & questionnaire. The overall Cronbach’s

alpha value was 0.528 and no modifications have been

carried out.

The collection data form was designed specifically to take

test values of lipid profile and blood pressure and blood

sugar and also calculate the BMI of the patient by using the

standard BMI scale.

The questionnaire was designed specifically to answer the

awareness about obesity and metabolic syndrome. In order

to preclude any potential bias the disclosure of name of the

responder was made optional.

Study procedure:

A Total of three hundred fifty three subjects were recruited,

(196 male; 157 female) aged from 20 and above were

included in this survey.

An interview with a simple questionnaire which included age,

gender, medications and a detailed medical history was

carried out on these 353 subjects. Besides the questionnaire

interview on blood pressure (BP), Anthropometric

measurements (height, weight), and were taken in all

subjects. Body mass index (BMI) was calculated as body

weight (in kilograms) divided by the square of body height

(in metres). Demographic factors (age, sex, and obesity) and

lifestyle factors (smoking habits, physical activity, and alcohol

consumption) were determined. BP was measured from the

right arm after the participant had rested for 20 minutes in a

sitting position. Blood samples were drawn from each

participant after 12 hours of overnight fasting to measure

their total cholesterol (T-CHOL), HDL-C, TG, and fasting

blood sugar (FBS).

Final Annexure-1take diagnostic values according to NCEP

ATP III cut off values. More than that of values of F.B.S and

lipid profile concluded that diabetes and cardiovascular

diseases.

From annexure-2 take answers and awareness about obesity

and metabolic syndrome and give counselling to the disease

of metabolic syndrome under the guidance of clinical doctors

and pharmacist in tertiary hospitals.

Data Analysis:

The filled collection data form and questionnaire were

analysed as per the study objectives. The various parameters

such as sex distribution, professional status, educational

qualifications, and the knowledge, attitude and practice

scores were analyzed. The data obtained were entered in

Microsoft excel spread sheet and were analysed.

To measure the BMI and Lipid profile test of NCEP ATP III cut

off values among adults to evaluate the impact of

effectiveness and prevalence of educational intervention

among all inpatient and outpatient, the mean and standard

deviation of all tests to show the prevalence of obesity and

metabolic syndrome.

All results obtained were entered in Microsoft excel, and the

statistical calculations were performed using SAS Version 9.1.

The level of statistical significance was set at p<0.05 (paired

t-test).

RESULTS:

Prevalence of obesity:

A total of three hundred and fifty three subjects were

surveyed in this study (male/female: 196/157). Their

anthropometric characteristics as well as their biochemistry

study results were summarized in Table 2. The results showed

that 42.4% of participants were overweight, 35.97% were

obese, and only 15.5% were underweight. The prevalence

of being overweight was 43.4% in men and 41.4% in

women. The prevalence of obesity was 33.2% in men and

39.4% in women, respectively.
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Table 1: Demographical characteristics of metabolic syndrome subjects

D.C Males(n=196) Females(n=157) Total(n=353)
Age(yrs) 52.54±15.85 49.06±15.62 51.67±16

BMI(kg/m2) 27.78±3.91 28.00±4.37 27.91±4.15
SBP(mmHg) 146±32.04 145±30.27 150±33.16
DBP (mmHg) 86.36±18.85 83.33±20.81 83.18±21.82
FBS(mg/dl) 171.76±62.21 166.73±60.65 168.12±61.57

HDL-C(mg/dl) 30.98±5.86 30.59±5.81 30.76±5.80
TG(mg/dl) 145.24±52.45 139.57±49.57 142.57±51.37

Table 2: Prevalence of metabolic syndrome and its component abnormalities

C.B MALES FEMALES TOTAL P-VALUE
Decreased HDL-C 55.1% 58% 56.37% 0.056
HIGH TG 73.4% 78.3% 75.63% 0.042
HIGH BP 77.04% 69.4% 73.65% 0.001
HIGH FBS 76.02% 70.06% 73.37% 0.097
THYROID 42.9% 60.05% 50.70% 0.025
Obesity 33.2% 39.4% 35.97% 0.057
Over weight 43.4% 41.4% 42.4% 0.001

Table 3: Prevalence of metabolic syndrome between the ages

AGE
Total no. of subjects Total no. of  MS subjects

Males Females total Males females Total
25-35 21 29 50 11(52.3%) 12(41.4%) 23(46%)
36-45 30 33 63 17(56.6%) 18(54.54%) 35(55.5%)
46-55 49 35 84 31(63.2%) 27(77.1%) 58(69%)
56-65 53 33 86 42(79.2%) 28(84.8%) 70(81.39%)
66-75 34 25 59 29(85.3%) 19(76%) 48(81.35%)
≥75 9 2 11 6(66.7%) 1(50%) 7(63.63%)
Total 197 156 353 136(69%) 105(67.3%) 241(68.2%)

Graph 1: Prevalence of metabolic syndrome according to component abnormalities.

In comparisons of the prevalence of MetS in men and women, it showed that the prevalence in men was significantly higher than in

women (men vs. women: 69% vs. 67.3%).
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Prevalence of metabolic syndrome:

The overall prevalence of metabolic syndrome in this study

was 68.2% (Table 2). In terms of the five components, the

overall prevalence was 56.37% in low HDL-C, 73.65% in

high BP, 73.37% in hyperglycaemia, and 75.63% in

hypertriglyceridemia (Table 2).

A very high prevalence rate of 69 % (n = 353) of metabolic

syndrome was reported in this community. In this study,

metabolic syndrome rates are significantly higher among

males with 69% (n = 196) than in females at 67.3% (n =

157).  Table 3 and Graph 1.

All the individual components of metabolic syndrome

increased significantly with age. Overall in our study

elevated triglycerides (75.63%) was the commonest

abnormality observed and low HDL-C (56.37%) was the

least common. Elevated blood sugar (70.06%) was the

commonest abnormality among females, followed by

elevated blood pressure (69.4%) and low HDL-C (58%) was

the least common abnormality. Among males, elevated blood

pressure (77.04%) was the commenest abnormality. Low HDL

(55.1%) was the least common abnormality among males.

Graph-1.

In comparisons of the prevalence of MetS in men and women,

it showed that the prevalence in men was significantly higher

than in women (men vs. women: 69% vs. 67.3%).

DISCUSION:

This was one of the large community-based surveys done

from south Andhra for ascertaining the prevalence of

cardiovascular risk factors with the aim of providing the

baseline information on prevalence rates for intervention

programmes to the policy planners.

In a detailed look of graph and stastes into the prevalence in

the five components of MetS between men and women, it

showed that men had a higher prevalence in having low

HDL-C, and having high BP. But, the prevalence in low hyper-

triglyceridemia was lower than that in women. In terms of the

prevalence of having high FBS, there was no difference

between men and women.

In the aspects of overweight and obesity, it showed that the

prevalence increased with age, which reached a peak in the

age group of 40-49 and decreased thereafter in both

genders (Graph-1).In comparison of the increment in the

prevalence of MetS in different age group, it seemed that

the prevalence increased more rapidly in men when they

became older and reached the peak in their eighties, while

the prevalence of MetS in men reached the peak in their

eighties and decreased thereafter. We further noticed that

there was a crossover between the age of 40-49, when the

curves showing the prevalence of MetS in men and women in

different age groups were superimposed (Graph-2).

Strengths of our analysis include the examination of a large,

community-based sample of men and women across a broad

age spectrum and standardized assessment of diabetes and

CVD risk factors and outcomes, but there are limitations of

our study in addition to those addressed above. We used a

definition of metabolic risk restricted to traditional diabetes

or CVD risk factors.

We used normal-weight, overweight, and obese BMI

categories and risk factor clustering or IR to define the

prevalence of BMI-metabolic risk sub phenotypes in a

community-based sample. Assessment of metabolic risk,

regardless of BMI, appears to identify individuals at

Graph 1: Metabolic syndrome in both genders between ages Graph 3: Overweight, obesity in both genders between ages
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increased risk for future development of type 2 diabetes or

CVD and who may benefit from interventions to reduce risk.

In our study, the prevalence of overweight and obesity were

43.4% and 33.2% in men, and 41.4% and 39.4% in women.

Obesity is an important factor in developing MetS and many

chronic diseases, such as cardiovascular disease, type 2

diabetes, hypertension, certain types of cancer, and mental

problems.

The pathogenesis of MetS through which obesity interplay

with insulin resistance remains to be fully established but

many studies had focused on the role of body fat

distribution. These metabolically obese, normal weight

individuals may have high TG and low insulin sensitivity

leading increase prevalence of metabolic syndrome and its

associated disorders.

In our study, men had a significantly higher prevalence of

MetS than women (69% vs. 67.3%). It showed that after the

age of 50, the prevalence of MetS would be higher in men.

Such phenomenon explained that women around the age of

50 are more likely to have estrogen deficiency, which can

lead to prominent weight gain and may go on to develop

MetS.

Given the number of serious health problems associated with

obesity including type 2 diabetes, cardiovascular disease,

and an increased risk for various types of cancer, the

investigation of the healthy obesity phenotype may provide

novel insights into the pathophysiology of obesity-related co-

morbidities and help to identify at-risk obese individuals.

Furthermore, it may help in the development of better

interventions for obese patients. There are strong indications

that weight loss may not have a beneficial effect on certain

metabolic risk factors in MHO individuals and even result in a

paradoxical response. Therefore, the one-size-fits-all

approach regarding the consequences of obesity should be

revisited, and the prevailing concept in the health care

system that obesity is always bad should be re-evaluated.

Also, a proper classification of the at-risk and metabolically

benign obese individuals should be taken into account in

medical research to prevent any bias in the interpretation of

the results.

Dyslipidemia is a hallmark of the MetS. It is characterized by

elevated TG and low HDL-C levels. In our analysis,

dyslipidemia had the strongest and more consistent

relationship with ischemic stroke among all the MetS

components. There is a controversy regarding the association

between serum TG levels and stroke. It has been shown that

postprandial hypertriglyceridemia is associated with carotid

artery atherosclerosis.

The prevalence of decreased HDL-C, high BP in men was

higher than women in this study. The prevalence of high TG

was much lower than that of other MetS components, and

was also lower than other population based studies done in

south Andhra Pradesh.

This study subjects were enrolled from out-patient clinics and

hospitalization at the Andhra hospital, Vijayawada and

lalitha super specility hospital, Guntur. Acute stress and

selection bias could skew the data leading to limit the results

applied to the general adults. So further population-based

studies may have to be carried out to clarify what factors

could be related to this phenomenon.

CONCLUSION

Based on the NCEP/ATP III guidelines, a little more than one-

third of the adults in the south Andhra could be characterized

as having metabolic syndrome. Metabolic syndrome

increased with age but increased even more dramatically as

BMI increased. The prevalence of metabolic syndrome varied

by race and ethnicity but the pattern was different for males

and females. Among the five diagnostic criteria for

metabolic syndrome, high triglycerides, low HDL,

hypertension, and hyperglycemia were the most prevalent.

1. The metabolic syndrome is a term for a constellation

of endogenous risk factors that increase the risk of

developing both ASCVD and type 2 diabetes

mellitus.

2. The syndrome is not a discrete entity known to be

caused by a single factor. Moreover, it shows

considerable variation in the components among

different individuals. This variation is even greater

among different racial and ethnic groups.

3. The metabolic syndrome is a secondary target for

reducing cardiovascular events. Smoking cessation,

lowering the levels of LDL-C, and blood pressure

management are primary targets for risk reduction.

4. Lifestyle interventions are the initial therapies

recommended for treatment of the metabolic

syndrome. If lifestyle change is not sufficient, then
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drug therapies for abnormalities in the individual

risk factors may be indicated.

5. To date, there is insufficient evidence for primary

use of drugs that target the underlying causes of the

metabolic syndrome.

6. Considerable additional research is needed to

better refine the most appropriate therapies for

individuals with the metabolic syndrome.

REFERENCES

1. Kaur J (2014). "A comprehensive review on metabolic
syndrome". Cardiology research practice.” 2014;(9):1-
21

2. Ya-Chun Hsiao, Kuangte Wang, and Ming-Jong Bair.
“Prevalence of Obesity and Metabolic Syndrome in
Aboriginals in Southeastern Taiwan–A Hospital-based
Study.”J Endocrinology and metabolism 2011;(22):48-
56

3. James B. Meigs, Peter W. F. Wilson, Caroline S. Fox,
Ramachandran S. Vasan, David M. Nathan, 1 Lisa M.
Sullivan, and Ralph B. D’Agostino. “Body Mass Index,
Metabolic Syndrome, and Risk of Type 2 Diabetes or
Cardiovascular Disease.” J Clin Endocrinol Metab.
2006;91(8):2906-2912.

4. Grundy SM. “Metabolic Syndrome: Connecting and
Reconciling Cardiovascular and Diabetes Worlds.” J
Am Coll Cardiol 2006;(47):1093-100.

5. D. S. Prasad, Z. Kabir, A. K. Dash, B. C. Das.
“Prevalence and risk factors for metabolic syndrome in
Asian Indians: A community study from urban Eastern
India.” J Cardiovascular Dis Res. 2012;3(3):204–211.

6. Obesity and Overweight." WHO. N.p., n.d. Web. 28
Nov. 2012.
<http://www.who.int/mediacentre/factsheets/fs311/e
n/>

7. 1998 Clinical Guidelines on the Identification,
Evaluation, and Treatment of Overweight and Obesity
in Adults—the Evidence Report. National Institutes of
Health. Obes Res 6(Suppl 2):51S–209S.

8. Definition of Metabolic Syndrome: Report of the
National Heart, Lung, and Blood Institute/American
Heart Association Conference on Scientific Issues
Related to Definition from the definition of metabolic
syndrome.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC188083
1/

9. Scott M. Grundy, MD, PhD. “Diagnosis and
Management of the Metabolic Syndrome An American
Heart Association/National Heart, Lung, and Blood
Institute. Scientific Statement.”
Circulation.2005;(112):2735-2752.

10. Baskin HJ, Cobin RH, Duick DS, Gharib H, Guttler RB, et
al. “American Association of Clinical Endocrinologist
Medical guidelines for clinical practice for evaluation

and treatment of hyperthyroidism and
hyperthyroidism.” EndocrPract 2002 ;( 8):457-469.

11. Mayer O Jr, Simon J, Filipovský J, Plásková M, Pikner R
.” Hypothyroidism in coronary heart disease and its
relation to selected risk factors. Vasc Health Risk
Manag 2006; 2(4):499-506.

12. Danzi S, Klein I. “Thyroid hormone and the
cardiovascular system.” N Engl J Med 2001;
(344):501-509

13. Edward W. Gregg, PhD, Yiling J. Cheng, MD, PhD,
“Secular Trends in Cardiovascular Disease Risk Factors
According to Body Mass Index in US Adults.” JAMA.
2005;293(15):1868-74

14. R. Bouguerra, H. Alberti, H. Smida et al. “Waist
circumference cut-off points for identification of
abdominal obesity among the tunisian adult
population.” Diabetes, Obesity and Metabolism. 2007
;( 6):859-68.

15. Petersen KF, Shulman GI. “Pathogenesis of skeletal
muscle insulin resistance type 2 diabetes mellitus.” Am J
Cardiol. 2002 ;( 90):11G–18G.

16. Yu C, Chen Y, Cline GW, Zhang D, Zong H, Wang Y,
Bergeron R, Kim JK, Cushman SW, Cooney GJ, Atcheson
B, White MF, Kraegen EW, Shulman GI. “Mechanism by
which fatty acids inhibit insulin activation of insulin
receptor substrate-1 (IRS-1)–associated
phosphatidylinositol 3-kinase activity in muscle.” J Biol
Chem. 2002 ;( 277):50230 –50236.

17. Bergman RN, Van Citters GW, Mittelman SD, Dea MK,
Hamilton-Wessler M, Kim SP, Ellmerer M. “Central role
of the adipocyte in the metabolic syndrome.” J Investig
Med. 2001 ;( 49):119 –126.

18. Trayhurn P, Wood IS. “Adipokines: inflammation and
the pleiotropic role of white adipose tissue.” Br J Nutr.
2004 ;( 92):347–355.

19. You T, Yang R, Lyles MF, Gong D, Nicklas BJ.
“Abdominal adipose tissue cytokine gene expression:
relationship to obesity and metabolic risk factors.” Am J
Physiol Endocrinal Metab. 2005 ;( 288):E741–E747.

20. Weisberg SP, McCann D, Desai M, Rosenbaum M,
Leibel RL, Ferrante AW Jr. “Obesity is associated with
macrophage accumulation in adipose tissue.” J Clin
Invest. 2003 ;( 112):1796 –1808.

21. Juhan-Vague I, Alessi MC, Mavri A, Morange PE.
“Plasminogen activator inhibitor-1, inflammation,
obesity, insulin resistance and vascular risk.” J Thromb
Haemost. 2003 ;( 1):1575–1579.

22. Hara T, Fujiwara H, Shoji T, Mimura T, Nakao H,
Fujimoto S. “Decreased plasma adiponectin levels in
young obese males.” J Atheroscler Thromb. 2003 ;(
10):234 –238.

23. Kern PA, Di Gregorio GB, Lu T, Rassouli N,
Ranganathan G. “Adiponectin expression from human
adipose tissue: relation to obesity, insulin resistance,
and tumor necrosis factor-alpha expression.” Diabetes.
2003 ;( 52):1779 –1785.



Sumanth N. et al., June - July, 2016, 5(4), 2232-2240

©SRDE Group, All Rights Reserved. Int. J. Res. Dev. Pharm. L. Sci. 2240

24. Hu FB, Meigs JB, Li TY, Rifai N, Manson JE.
“Inflammatory markers and risk of developing type 2
diabetes in women.” Diabetes. 2004 ;( 53): 693–700.

25. Hanley AJ, Festa A, D’Agostino RB Jr, Wagenknecht LE,
Savage PJ, Tracy RP, Saad MF, Haffner SM.
“Metabolic and inflammation variable clusters and
prediction of type 2 diabetes: factor analysis using
directly measured insulin sensitivity.” Diabetes.
2004;(53):1773–1781.

26. Hotamisligil GS. “Inflammatory pathways and insulin
action.” Int J Obes Relat Metab Disord. 2003 ;( 27
suppl 3):S53–S55.

27. Ruan H, Lodish HF.” Insulin resistance in adipose tissue:
direct and indirect effects of tumor necrosis factor-
alpha.” Cytokine Growth Factor Rev. 2003 ;( 14):447–
455.

28. Chandalia M, Cabo-Chan AV Jr, Devaraj S, Jialal I,
Grundy SM, Abate N. “Elevated plasma high-sensitivity
C-reactive protein concentrations in Asian Indians living
in the United States.” J Clin Endocrinol Metab. 2003 ;(
88):3773–3776.

29. Isomaa B, Almgren P, Tuomi T. “Cardiovascular
morbidity and mortality associated with the metabolic
syndrome”. Diabetes Care 2001;(24):683–689.

30. Hu G, Qiao Q, Tuomilehto J. “Prevalence of the
metabolic syndrome and its relation to all-cause and
cardiovascular mortality in nondiabetic European men
and women”. Arch Intern Med 2004 ;(164):1066–76.

31. Klein B, Klein R, Lee KE. “Components of the metabolic
syndrome and risk of cardiovascular disease and
diabetes in beaver dam”. Diabetes Care
2001;(25):1790–1794.

32. Berneis KK, Krauss RM. “Metabolic origins and clinical
significance of LDL heterogeneity”. J Lipid Res.
2002;(43):1363–1379.

33. Sniderman AD. “Applying apoB to the diagnosis and
therapy of the atherogenic dyslipoproteinemias: a
clinical diagnostic algorithm”. Curr Opin Lipidol.
2004;(15):433– 438.

34. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas
F, McQueen M, Budaj A, Pais P, Varigos J, Lisheng L;
“INTERHEART Study Investigators. Effect of potentially
modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-
control study”. Lancet 2004; (364):937–952.


