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Abstract:  
Background: Metabolic syndrome (MetS) is a cluster of metabolic abnormalities that raise the risk of 
cardiovascular disease and diabetes. It is often accompanied by thyroid dysfunction which may further worsen 
metabolic derangements.  
Objectives: To study the incidence and pattern of thyroid dysfunction in individuals with metabolic syndrome. 
To study its connection with metabolic indices.  
Method: This is a hospital based cross-sectional study done on 105 adult patients diagnosed with metabolic 
syndrome in Department of General Medicine, Netaji Subhas Medical College and Hospital, Bihta, Patna, Bihar 
India. for a period of one year. Clinical, anthropometric and biochemical data were evaluated. Thyroid function 
tests (TSH, FT3, FT4) were done and patients were classified depending on thyroid status. Statistical analysis was 
performed using SPSS version 25.0.  
Result: 29.5% of the patients had thyroid dysfunction and 70.5% were euthyroid. The most frequent anomaly was 
hypothyroidism, mostly subclinical rather than overt. Thyroid dysfunction was more common among the females 
(74.2%) and those >45 years of age. This was strongly related to central obesity, low levels of HDL, insulin 
resistance and hypertension.  
Conclusion: Thyroid dysfunction is quite common in people with metabolic syndrome with unfavorable 
metabolic markers. Routine thyroid monitoring in MetS patients may help with early diagnosis and better clinical 
results. 
Keywords: Metabolic Syndrome, Thyroid Dysfunction, Hypothyroidism, Insulin Resistance, Dyslipidemia, 
Central Obesity. 
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Introduction 

Weight gain, hypertension, an abnormal lipid profile 
with high triglyceride (TG) and low high-density 
lipoprotein (HDL) values, and elevated fasting 
blood sugar (FBS) levels are all included in the 
phrase "metabolic syndrome" [1]. Patients with met-
abolic syndrome are more prone to develop diabetes 
and cardiovascular diseases in the future. Thyroid 
dysfunction is common in people with metabolic 
syndrome [2]. Evidence of a high prevalence of the 
metabolic syndrome, which is spreading around the 
world, is seen in India. 

Over the previous three decades, the incidence rose 
from 1.1% in 1980 to 3.85% in 2015. Between 1990 
and 2015, the rate of death from high body mass in-
dex (BMI) rose by 28.3% worldwide. In India, met-
abolic syndrome and insulin resistance are rather 
prevalent. Studies have shown that the age-adjusted 
prevalence of metabolic syndrome in urban Indian 

populations is around 25% overall (31% in women 
and 18.5% in men) [2]. 

Central obesity, high TGs, poor HDL, hypertension, 
and hyperglycemia are all part of the metabolic syn-
drome, a collection of related metabolic diseases [3]. 
People with metabolic syndrome are more likely to 
die from cardiovascular disease, myocardial infarc-
tion, and stroke than people without the syndrome. 
Insulin resistance is believed to be the main patho-
physiological cause causing the clustering [4]. In-
creased lipolysis produces more fatty acids as insu-
lin activity increases, which lessens the antilipolytic 
effect of insulin. Leptin resistance is another possi-
ble pathophysiologic cause for the metabolic syn-
drome. 

Free fatty acid transport to the liver generally results 
in increased production of apolipoprotein (APO) B, 
which contains TG-rich very low-density lipopro-
tein (LDL). Lipoprotein lipase is blocked when APO 
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C III levels rise, increasing TGs and the risk of ath-
erosclerotic cardiovascular disease. A lack of insulin 
action causes variations in insulin production and/or 
clearance, which can increase or decrease to main-
tain euglycemia. This compensatory mechanism 
eventually fails due to a lack of insulin production, 
resulting in impaired fasting glucose and type II di-
abetes mellitus [5]. 

A number of risk factors, including hypertension, 
atherogenic dyslipidemia, hyperglycemia, truncal 
(central) obesity, and prothrombotic and proinflam-
matory disorders, combined to form metabolic syn-
drome (MetS), which raises the risk of diabetes, car-
diovascular disease, and mortality. The International 
Diabetes Foundation estimates that around 25% of 
people worldwide have MetS [6].  

The definition of MetS, ethnicity, age, population, 
and other factors all have a significant impact on the 
prevalence rates. Due to socioeconomic shifts to-
ward more wealth, urbanization, automation, and ur-
ban migration, a sharp rise in its frequency has re-
cently been seen in India [7]. MetS affects almost 
one-third of the urban population in major Indian cit-
ies, with an overall prevalence ranging from 11% to 
56% [8]. 

One of the most common endocrine problems in the 
world is thyroid disease. An estimated 42 million In-
dians are thought to have thyroid disorders, accord-
ing to estimates from much research [9]. Because 
thyroid hormones affect blood pressure, glucose, li-
pid metabolism, and cardiovascular dysfunction, 
MetS is intimately linked to thyroid dysfunction 
(TD) [10].  

Thyroid gland dysfunction may be linked to Meta-
bolic Syndrome (MetS) and its associated condi-
tions, such as obesity, insulin resistance (IR), abnor-
malities in lipid and glucose metabolism, elevated 
blood pressure, and cardiovascular dysfunction. A 
number of similar problems, including abdominal 
obesity, hyperglycemia, hypertension, decreased 
HDL-C, and increased triglycerides (TG), are shared 
by both MetS and TD. Furthermore, hypothyroidism 
is influenced by IR, which has been found to be a 
fundamental mechanism for MetS [11]. Cardiovas-
cular diseases (CVDs) may become more likely if 
both illnesses coexist. 

In order to supplement the epidemiological data, our 
study evaluated the prevalence of TD in Indian pa-
tients with MetS. Investigating the clinical charac-
teristics and related risk factors of TD in MetS pa-
tients was another goal. 

Methodology  

Study Design: This hospital based observational 
cross-sectional research was done to evaluate the 
prevalence and pattern of thyroid dysfunction 
among patients diagnosed with metabolic syndrome 
attending the Department of General Medicine, 

Netaji Subhas Medical College and Hospital. The 
study aimed to assess the relationship of thyroid dis-
orders with metabolic syndrome components in 
adults. 

Study Area: The study was done in the department 
of general medicine, Netaji Subhas Medical College 
and Hospital, Bihta, Patna, Bihar, India  

Study Duration: The study was conducted over a 
period of one year from December 2024 to Novem-
ber 2025. 

Sample Size: There were 105 individuals with a di-
agnosis of metabolic syndrome included in the re-
search. 

Study Population: Inclusion Criteria: Patients diag-
nosed with metabolic syndrome aged 18-65 years at-
tending OPD or hospitalized in IPD of Department 
of General Medicine. 

Inclusion Criteria 

• Adults are 18-65 years old. 
• Patients identified metabolic syndrome accord-

ing to NCEP ATP III criteria. 
• Department of General Medicine OPD/ IPD. 
• Patients who signed written informed permis-

sion to participate in the study.  

Exclusion Criteria 

• Patients with known chronic systemic ailments 
such as chronic kidney disease, chronic liver 
disease, and cancer. 

• Patients taking drugs altering thyroid function 
(eg, amiodarone, lithium, steroids). 

• Pregnant or nursing ladies. 
• Patients have previous thyroid surgery or radio-

active iodine treatment. 
• Critically sick patients and those who refused to 

participate in the trial. 

Data Collection: Data was gathered from all the el-
igible patients attending the outpatient and inpatient 
department of the Department of General Medicine, 
Netaji Subhas Medical College and Hospital using a 
predesigned and pretested structured proforma. De-
tailed demographic and clinical information was 
gathered, including age, gender, medical history, 
medication history, lifestyle variables and family 
history of metabolic or thyroid diseases, and signed 
informed consent was obtained. Anthropometric 
data such as height, weight, body mass index (BMI), 
waist circumference and blood pressure were taken 
using established protocols. After overnight fasting, 
fasting venous blood samples were taken with asep-
tic measures for measurement of fasting blood glu-
cose, lipid profile and thyroid function tests includ-
ing thyroid stimulating hormone (TSH), free triiodo-
thyronine (FT3) and free thyroxine (FT4). All labor-
atory studies were performed at the central labora-
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tory of the institution by using normal laboratory 
techniques. 

Study Procedure: During the trial period, patients 
diagnosed with metabolic syndrome according to 
the National Cholesterol Education Program Adult 
Treatment Panel III (NCEP ATP III) criteria were 
evaluated for eligibility. Eligible individuals who 
met inclusion criteria were enrolled sequentially af-
ter describing the aim and objectives of the study 
and receiving written informed permission. Detailed 
clinical examination of each subject was undertaken 
and anthropometric and biochemical characteristics 
were recorded. Blood pressure was taken in sitting 
posture after enough rest. Waist circumference was 
measured using non stretchy measuring tape. Bio-
chemical analysis and estimation of thyroid profile 
was done using fasting blood samples. Patients were 
classified as euthyroid, overt hypothyroid, subclini-
cal hypothyroid, overt hyperthyroid and subclinical 
hyperthyroid according to thyroid hormone levels. 
The data obtained was methodically arranged and 
analyzed to assess the prevalence of thyroid dys-
function and its connection with different compo-
nents of metabolic syndrome. 

HOMA-IR will be calculated: 

𝐻𝑂𝑀𝐴-𝐼𝑅

=
𝐹𝑎𝑠𝑡𝑖𝑛𝑔  𝐼𝑛𝑠𝑢𝑙𝑖𝑛 × 𝐹𝑎𝑠𝑡𝑖𝑛𝑔  𝐺𝑙𝑢𝑐𝑜𝑠𝑒

405  

Statistical Analysis: The acquired data were input 
in Microsoft Excel and analyzed by Statistical Pack-
age for Social Sciences (SPSS) software version 
25.0. Continuous data were reported as mean ± SD, 
and categorical variables were expressed as fre-
quency and percentage.  

Chi-square test or Fisher’s exact test whenever ap-
propriate was used to assess the relationship of thy-
roid dysfunction with components of metabolic syn-
drome. Quantitative factors were compared between 
groups by independent t-test. Statistical significance 
was defined as a p-value < 0.05. 

Result  

Table 1 presents the demographic and baseline char-
acteristics of the research participants. In the current 
study, total number of 105 individuals with meta-
bolic syndrome were included. Among them, 43 par-
ticipants were in age group of ≤45 years and 62 in-
dividuals were >45 years of age. The mean age of 
study population was 48.5 ± 10.4 years. The study 
population was predominantly female (59.0% vs. 
41.0% male). The mean body mass index (BMI) of 
the participants was 29.9 ± 3.9 kg/m2, implying that 
most of the patients were overweight or obese. The 
mean waist circumference was 98.4 ± 8.9 cm, indi-
cating a significant incidence of central obesity 
among the research subjects.

 
Table 1: Demographic and Baseline Characteristics of Study Participants (N = 105) 

Parameters Age ≤ 45 Years  
(n = 43) 

Age > 45 Years  
(n = 62) 

Total  
(N = 105) 

Mean Age (Years) 37.4 ± 5.9 56.2 ± 6.1 48.5 ± 10.4 
Age Range (Years) 22–45 46–68 22–68 
Female, n (%) 24 (55.8%) 38 (61.3%) 62 (59.0%) 
Male, n (%) 19 (44.2%) 24 (38.7%) 43 (41.0%) 
Height (cm), Mean ± SD 162.8 ± 8.5 160.9 ± 7.9 161.7 ± 8.2 
Weight (kg), Mean ± SD 78.6 ± 11.4 76.1 ± 12.2 77.1 ± 11.8 
BMI (kg/m²), Mean ± SD 29.2 ± 3.6 30.4 ± 4.2 29.9 ± 3.9 
Waist Circumference (cm), Mean ± SD 97.4 ± 8.7 99.1 ± 9.2 98.4 ± 8.9 
Hip Circumference (cm), Mean ± SD 104.8 ± 10.3 106.2 ± 10.7 105.6 ± 10.5 

 
Table 2 indicates the frequency and distribution of 
thyroid impairment in patients with metabolic syn-
drome. Among 105 patients with metabolic syn-
drome, 31 patients (29.5%) were identified as thy-
roid dysfunction, and 74 patients (70.5%) were eu-
thyroid. The most prevalent abnormality among hy-
pothyroidism sufferers was thyroid malfunction. 
Among patients, 15.2% had known hypothyroidism 

and new diagnoses of subclinical hypothyroidism 
and overt hypothyroidism were identified in 8.6% 
and 2.9%, respectively. Hyperthyroidism was con-
siderably less frequent. The bulk of the instances of 
thyroid dysfunction were in female patients (74.2%) 
and male patients only 25.8%. In addition, thyroid 
dysfunction was more common in persons aged >45 
years (61.3%) than in younger ones.
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Table 2: Prevalence and Distribution of Thyroid Dysfunction among Patients with Metabolic Syn-
drome (N = 105) 

Variables Number (n) Percentage (%) 
Classification of Thyroid Dysfunction 
Known Hypothyroidism 16 15.2 
Newly Diagnosed Overt Hypothyroidism 3 2.9 
Newly Diagnosed Subclinical Hypothyroidism 9 8.6 
Known Hyperthyroidism 2 1.9 
Newly Diagnosed Subclinical Hyperthyroidism 1 1 
Newly Diagnosed Overt Hyperthyroidism 0 0 
Total Thyroid Dysfunction Cases 31 29.5 
Euthyroid Cases 74 70.5 
Gender-wise Distribution of TD Cases (n = 31) 
Female 23 74.2 
Male 8 25.8 
Age-wise Distribution of TD Cases (n = 31) 
≤ 45 Years 12 38.7 
> 45 Years 19 61.3 

 
Table 3 demonstrates the distribution of components 
of metabolic syndrome in individuals with thyroid 
impairment. In the 31 individuals with thyroid dys-
function, the most prevalent component of meta-
bolic syndrome was waist circumference increase 
(96.8% of patients). Reduced HDL cholesterol was 
detected in 87.1% of patients and elevated HOMA-
IR values were found in 83.9% of cases. The preva-

lence of high systolic blood pressure, elevated dias-
tolic blood pressure and raised fasting blood glucose 
was 77.4%, 58.1% and 54.8% correspondingly. Tri-
glycerides were elevated to 35.5% of the individu-
als. The results suggest that thyroid dysfunction is 
strongly related to the components of metabolic syn-
drome, specifically central obesity, insulin re-
sistance and dyslipidemia.

 
Table 3: Distribution of Metabolic Syndrome Components among Patients with Thyroid Dysfunction 

(N = 31) 
Metabolic Syndrome Components Number (n) Percentage (%) 
Increased Waist Circumference 30 96.8 
Reduced HDL Cholesterol 27 87.1 
Raised HOMA-IR 26 83.9 
Elevated Systolic Blood Pressure 24 77.4 
Elevated Diastolic Blood Pressure 18 58.1 
Elevated Fasting Blood Glucose 17 54.8 
Elevated Triglycerides 11 35.5 

Table 4 presents the clinical, biochemical and thy-
roid profile among the study participants. The mean 
serum TSH level was 4.96 ± 2.84 μIU/mL. The 
mean FT3 and FT4 values were 2.84 ± 0.76 pg/mL 
and 1.16 ± 0.34 ng/dL, respectively. The lipid pro-
file showed increased mean total cholesterol and tri-
glyceride levels of 206.5 ± 34.8 mg/dL and 176.2 ± 
42.6 mg/dL respectively. Mean HDL cholesterol 
was relatively low (39.4 ± 7.2 mg/dL) while LDL 
cholesterol was high (126.8 ± 28.5 mg/dL). The 

mean systolic blood pressure and diastolic blood 
pressure were 136.4 ± 14.2 mmHg and 88.6 ± 9.7 
mmHg respectively. The average fasting blood glu-
cose level was 122.5 ± 28.4 mg/dL and the average 
HOMA-IR score was 2.14 ± 0.82, suggesting that a 
considerable number of individuals had insulin re-
sistance. These data indicate that thyroid dysfunc-
tion in metabolic syndrome is accompanied by unfa-
vorable biochemical and metabolic disturbances.
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Table 4: Clinical, Biochemical, and Thyroid Profile among Study Participants (N = 105) 
Parameters Mean ± SD 
Thyroid Profile 
TSH (µIU/mL) 4.96 ± 2.84 
FT3 (pg/mL) 2.84 ± 0.76 
FT4 (ng/dL) 1.16 ± 0.34 
Lipid Profile 
Total Cholesterol (mg/dL) 206.5 ± 34.8 
Triglycerides (mg/dL) 176.2 ± 42.6 
HDL Cholesterol (mg/dL) 39.4 ± 7.2 
LDL Cholesterol (mg/dL) 126.8 ± 28.5 
Blood Pressure and Glycemic Parameters 
Systolic Blood Pressure (mmHg) 136.4 ± 14.2 
Diastolic Blood Pressure (mmHg) 88.6 ± 9.7 
Fasting Blood Glucose (mg/dL) 122.5 ± 28.4 
HOMA-IR 2.14 ± 0.82 

 
BMI categorization of research participants is pre-
sented in Table 5. Most of the research participants 
were overweight or obese based on BMI categoriza-
tion. Class I obesity was the most common class 
(43.8% of the patients), followed by class II obesity 
(26.7% of the participants). The research population 

comprised 18.1% overweight people with just 
11.4% of normal body weight. These data suggest 
obesity is common in individuals with metabolic 
syndrome and may have a role in the pathogenesis 
of thyroid dysfunction and related metabolic abnor-
malities.

 
Table 5: BMI Classification among Study Participants (N = 105) 

BMI Category Number (n) Percentage (%) 
Normal Weight (<23 kg/m²) 12 11.40% 
Overweight (23–24.9 kg/m²) 19 18.10% 
Class I Obesity (25–29.9 kg/m²) 46 43.80% 
Class II Obesity (≥30 kg/m²) 28 26.70% 

 
Table 6 illustrates the connection between gender 
and thyroid disorders. The relationship between gen-
der and thyroid dysfunction found that thyroid dys-
function was much more prevalent in females than 
males. Among the 62 females, 23 individuals were 
suffering from thyroid dysfunction, whereas among 

43 males, only 8 were identified with thyroid abnor-
malities. These results reveal a female preponder-
ance of thyroid impairment in patients with meta-
bolic syndrome. Hormonal differences, immunolog-
ical propensity and metabolic variables may make 
females more vulnerable.

 
Table 6: Association between Thyroid Dysfunction and Gender (N = 105) 

Gender Thyroid Dysfunction Present Thyroid Dysfunction Absent Total 
Female 23 39 62 
Male 8 35 43 
Total 31 74 105 

 
Discussion 

The present cross-sectional study was done to assess 
the prevalence of thyroid dysfunction among pa-
tients with metabolic syndrome visiting a tertiary 
care hospital in Bihar. In the present research thyroid 
dysfunction was seen in 29.5% of the individuals 
with metabolic syndrome and 70.5% were eu-
thyroid. The data suggest a high prevalence of thy-
roid dysfunction in subjects with metabolic syn-
drome, and it could be an important contributor to 
the worsening of metabolic abnormalities and cardi-
ovascular risk. Gupta et al. also reported similar 
finding as they discovered prevalence of thyroid 

dysfunction of 28.5% among metabolic syndrome 
patients at a tertiary care facility in India which is 
very near to prevalence seen in the present research 
[12]. Another research by Senthil et al. similarly 
showed significant incidence of thyroid abnormali-
ties in individuals with metabolic syndrome under-
lining the tight association of thyroid dysfunction 
with metabolic derangements” [13]. 

In the present investigation, the most prevalent thy-
roid condition observed was hypothyroidism. 
Known hypothyroidism was found in 15.2% of pa-
tients, whereas subclinical and overt hypothyroid-
ism were reported in 8.6% and 2.9%, respectively. 
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Hyperthyroidism was rare. These data are in agree-
ment with Gupta et al. [12], who showed that the 
prevalence of subclinical hypothyroidism and overt 
hypothyroidism was 18.5% and 8.5%, respectively. 
Similarly, Harish et al. found subclinical hypothy-
roidism in 21% and overt hypothyroidism in 9% of 
individuals with metabolic syndrome [14]. The high 
rates of hypothyroidism seen in these studies support 
the concept that lower thyroid hormone activity may 
have a negative effect on lipid metabolism, insulin 
sensitivity and body weight control, raising the risk 
of metabolic syndrome. 

In the current study, gender preponderance was ob-
viously noticed with females representing 74.2% of 
thyroid dysfunction patients. Similar findings re-
lated to gender with a much higher prevalence of 
thyroid disorders in women than males have been 
reported in earlier research from India. Higher inci-
dence in females may be associated with hormonal 
factors, autoimmune vulnerability and greater risk of 
thyroid diseases in women. In their study in Bihar, 
Sinha et al. similarly reported a larger percentage of 
female individuals with thyroid dysfunction and 
metabolic syndrome. The present study also showed 
that thyroid dysfunction was more prevalent among 
the individuals aged more than 45 years which indi-
cates that higher age can be one of the causes of en-
docrine and metabolic problems. 

In the present investigation, central obesity was the 
most frequent component of metabolic syndrome as-
sociated with thyroid dysfunction, seen in 96.8% of 
thyroid dysfunction patients. Low HDL cholesterol 
levels and high HOMA-IR scores were also quite 
common. Ray et al. found a substantial relationship 
between thyroid dysfunction and obesity, 
dyslipidemia, hypertension and insulin resistance in 
metabolic syndrome. Thyroid hormones are in-
volved in basal metabolic rate and lipid utilization; 
reduced activity of thyroid hormones can contribute 
to increased adiposity, poor glucose metabolism and 
aberrant fat buildup. 

Here, the mean BMI of the participants was 29.9 ± 
3.9 kg/m², and most of the patients were overweight 
or obese. Class I obesity was the greatest BMI 
group. Obesity has been shown to be one of the main 
pathogenic factors in metabolic syndrome and may 
have a role in thyroid malfunctioning via inflamma-
tory cytokines and leptin-mediated processes. Simi-
lar results have been observed in investigations in 
Indian communities where obesity and increased 
waist circumference were substantially related with 
high TSH levels and thyroid dysfunction [15]. 

The lipid profile findings of the present investigation 
showed increased levels of total cholesterol, triglyc-
erides and LDL cholesterol and decreased levels of 
HDL cholesterol. These anomalies reflect a higher 
cardiovascular risk in people with concurrent thy-
roid disease and metabolic syndrome. Thyroid hor-

mone insufficiency is known to disrupt lipoprotein 
processing and decrease LDL receptor activation, 
leading to increased circulating lipid levels. 
Bhaleghare et al. also showed substantial impair-
ment of lipid measures in metabolic syndrome indi-
viduals with thyroid disease. Similar biochemical 
abnormality was also seen in the study done by 
Sridevi et al, where metabolic syndrome patients 
with thyroid dysfunction had greater triglyceride 
levels and insulin resistance compared to euthyroid 
persons [16]. 

In the present investigation, we found that individu-
als with thyroid dysfunction had higher fasting 
blood glucose and HOMA-IR, indicating considera-
ble insulin resistance. Thyroid hormones affect glu-
cose metabolism by modulating hepatic glucose out-
put, insulin secretion and peripheral glucose con-
sumption. Thyroid hormone deficiency can conse-
quently increase insulin resistance and glycemic 
state. Similar findings were seen in numerous prior 
investigations of the association between thyroid 
dysfunction and metabolic syndrome [16]. 

The combination of thyroid dysfunction and meta-
bolic syndrome in the present study emphasizes the 
necessity of frequent monitoring of thyroid function 
in patients with metabolic syndrome, particularly in 
females, obese and elderly. Early diagnosis and 
treatment of thyroid dysfunction may improve met-
abolic parameters, minimize cardiovascular risk and 
avoid long-term consequences. The present investi-
gation, however, was hampered by being a single-
center study with a rather small sample size. Future 
bigger and multicentric investigations are needed to 
better establish the causal link between thyroid dys-
function and metabolic syndrome. 

Conclusion 

The current study demonstrates a significant inci-
dence of thyroid dysfunction in individuals with 
metabolic syndrome. Almost one-third of the study 
group had thyroid dysfunction. Hypothyroidism is 
the most frequent anomaly, especially subclinical 
hypothyroidism. Thyroid dysfunction was more 
common in females and in those over 45 years of age 
and was significantly associated with major compo-
nents of metabolic syndrome such as central obesity, 
dyslipidemia, insulin resistance and hypertension. 
These findings emphasize the important connection 
between thyroid function and metabolic derange-
ments which may synergistically act to enhance the 
risk of cardiovascular problems. Hence, regular 
screening for thyroid abnormalities in individuals 
with metabolic syndrome is crucial, particularly in 
high-risk populations, for early identification and 
prompt management. Early therapy of thyroid dys-
function may improve metabolic outcomes, and 
minimize long term morbidity, however bigger mul-
ticentric studies are necessary to fully explain the 
causal link and underlying processes. 



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Kumar et al.                                                                                        International Journal of Pharmaceutical Quality Assurance 

259 

References 

1. Fauci AS, Braunwald E, Kasper DL, Hauser 
SL, Longo DL, Jameson JL, Loscalzo J. Harri-
son's principles of internal medicine. InHarri-
son's principles of internal medicine 2008 (pp. 
2754-2754). 

2. Bhalwar R. Metabolic syndrome: The Indian 
public health perspective. medical journal 
armed forces india. 2020 Jan 1;76(1):8-16. 

3. Reaven GM. Role of insulin resistance in hu-
man disease. Diabetes. 1988 Dec 
1;37(12):1595-607. 

4. Grundy SM. Obesity, metabolic syndrome, and 
cardiovascular disease. The Journal of Clinical 
Endocrinology & Metabolism. 2004 Jun 
1;89(6):2595-600. 

5. American Diabetes Association. Diabetes and 
employment. Diabetes care. 2009 Jan;32(Suppl 
1):S80. 

6. O'Neill S, O'Driscoll LJ. Metabolic syndrome: 
a closer look at the growing epidemic and its as-
sociated pathologies. Obesity reviews. 2015 
Jan;16(1):1-2. 

7. Kaur J. Assessment and screening of the risk 
factors in metabolic syndrome. Medical sci-
ences. 2014 Jul 11;2(3):140-52. 

8. Sinha S, Misra P, Kant S, Krishnan A, 
Nongkynrih B, Vikram NK. Prevalence of met-
abolic syndrome and its selected determinants 
among urban adult women in South Delhi, In-
dia. Postgraduate medical journal. 2013 
Feb;89(1048):68-72. 

9. Unnikrishnan AG, Menon UV. Thyroid disor-
ders in India: An epidemiological perspective. 

Indian journal of endocrinology and metabo-
lism. 2011 Jul 1;15(Suppl2):S78-81. 

10. Liu YY, Brent GA. Thyroid hormone crosstalk 
with nuclear receptor signaling in metabolic 
regulation. Trends in Endocrinology & Metab-
olism. 2010 Mar 1;21(3):166-73. 

11. Singh BM, Goswami B, Mallika V. Association 
between insulin resistance and hypothyroidism 
in females attending a tertiary care hospital. In-
dian journal of clinical Biochemistry. 2010 
Apr;25(2):141-5. 

12. Gupta R, Vijayan AK, Choudhary S. Thyroid 
dysfunction in patients of metabolic syndrome: 
A study from a tertiary care center in India. 
Asian Journal of Medical Sciences. 2021 Oct 
1;12(10):47-50. 

13. Senthil N, Thomas S, Santosh P, Sujatha S. 
study of prevalence of thyroid dysfunction in 
patients with metabolic syndrome. 

14. Bansal P, Bhardwaj AK, Goel S, Kumar D. Ra-
tionale of Local Sexually Transmitted Infec-
tions (STIs) Surveillance at Rural Health Centre 
of Himachal Pradesh. Indian Journal of Public 
Health Research & Development. 2014;5(4):66. 

15. Sinha A, Ranjan R. Thyroid dysfunction in pa-
tients presenting metabolic syndrome. InEndo-
crine Abstracts 2022 May 7 (Vol. 81). Biosci-
entifica. 

16. Ginnaram SR, Sridevi D, Dambal AA, Reddy 
SY, Pingle AR. Prevalence of thyroid dysfunc-
tion in metabolic syndrome–A cross-sectional 
study. International Journal of Clinical Bio-
chemistry and Research. 2020;7(3):374-9.

 


