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mf' OPEN ACCESS ABSTRACT
Background: Metabolic syndrome (MetS) is an important predictor of
Corresponding Author: cardiovascular disease and type 2 diabetes. Its prevalence is rising in India due to

rapid lifestyle transitions.

Aim: To estimate the prevalence and identify predictors of MetS among adults
attending a tertiary care centre, and to compare metabolic parameters with expected
normal values.

Materials and Methods: A cross-sectional study was conducted among 400 adults
aged >18 years. Data on sociodemographic factors, anthropometry, blood pressure,
and fasting biochemical parameters were collected. MetS was diagnosed using
NCEP-ATP III criteria. Expected normal values included waist circumference <90
cm (men) / <80 cm (women), BP <130/85 mmHg, fasting glucose <100 mg/dL,
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Received: 25-10-2025 triglycerides <150 mg/dL, and HDL >40 mg/dL (men) / >50 mg/dL (women).
Acc?pted 217 - 11-2025 Logistic regression identified independent predictors.
Available online: 30-11-2025 Results: The prevalence of MetS was 31.8%. Abnormal component frequencies

were: increased waist circumference (44%), low HDL (41%), elevated BP (36%),
high triglycerides (32%), and elevated fasting glucose (28%). Significant predictors
of MetS included age >45 years (AOR 2.6), BMI >25 kg/m? (AOR 3.2), physical
inactivity (AOR 2.1), and family history of diabetes (AOR 1.8).

Conclusion: Metabolic syndrome is common among adults at a tertiary care centre.
Obesity, advancing age, sedentary lifestyle, and family history of diabetes are key
predictors. Early screening and targeted lifestyle interventions are essential to
mitigate cardiometabolic risk.
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INTRODUCTION:

Metabolic syndrome (MetS) is defined as a constellation of interrelated metabolic abnormalities, including central obesity,
dyslipidemia, hypertension, and hyperglycemia, which collectively increase the risk for type 2 diabetes mellitus (T2DM)
and cardiovascular disease (CVD)'. The global burden of MetS is rising rapidly, paralleling changes in diet, sedentary
lifestyle, and increasing overweight and obesity. International estimates suggest that MetS affects approximately 20-25%
of the adult population, with considerable regional variations?.

In India, the prevalence of MetS has surged in recent decades, attributed to urbanization, nutritional transition, decreased
physical activity, and genetic susceptibility?,*. Community-based Indian studies report a prevalence ranging from 24-41%,
with higher rates among older adults, urban populations, and women>~’. Metabolic syndrome significantly increases the
risk of cardiovascular diseases by three-fold and diabetes by five-fold, underscoring its public health importance®.

Several diagnostic definitions exist, including NCEP-ATP III, IDF, and WHO criteria. The NCEP-ATP III criteria are
widely used due to clinical practicality and consistency®. Expected normal values for each component include waist
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circumference <90 c¢cm in men and <80 c¢cm in women, triglycerides <150 mg/dL, HDL >40 mg/dL (men) or >50 mg/dL
(women), fasting glucose <100 mg/dL, and blood pressure <130/85 mmHg?.

Multiple predictors of MetS have been identified in literature, such as increasing age, high BMI, physical inactivity, tobacco
and alcohol use, family history of diabetes, and dietary patterns emphasizing refined carbohydrates''—'*. Indian population-
specific characteristics—including higher visceral adiposity and lower lean mass—further exacerbate metabolic risk at
lower BMI levels'.

Despite substantial research, gaps remain in understanding the burden of MetS in hospital-based Indian populations,
particularly at tertiary care centres where patients present with diverse risk factors. Identifying predictors is crucial for
early screening, targeted intervention, and resource allocation.

This study aims to estimate the prevalence and identify significant predictors of metabolic syndrome among adults
attending a tertiary care centre

MATERIALS AND METHODS:

Study Design and Setting

A cross-sectional observational study was conducted in the Department of Community medicine in association with the
department of General Medicine at a tertiary care teaching hospital in India over a period of 12 months after obtaining
Ethical approval from the Institutional Ethics Committee. Written informed consent was obtained from all the participants
prior to enrolment.

Study Population

Inclusion Criteria
e  Adults aged >18 years
e Attending outpatient clinics
e Fasting for >8 hours
e Provided informed written consent

Exclusion Criteria
e  Pregnancy
e  Chronic steroid/hormone use
e  Endocrine disorders (Cushing’s, hypothyroidism)
e Severe hepatic or renal disease
e Acute infection or inflammatory conditions

Sample Size and Sampling
Using an expected MetS prevalence of 30%, 5% precision, and 95% confidence, the sample size was calculated as 323. To
improve precision, 400 adults were enrolled using systematic random sampling (every 5th eligible patient).

Data Collection

Data collection was carried out by trained investigators from the Departments of Community Medicine (SPM) and General
Medicine. A structured, pre-tested questionnaire was administered to collect information on sociodemographic variables
(age, sex, education, occupation), lifestyle factors (physical activity, smoking, alcohol intake), and relevant medical and
family history (diabetes, hypertension, dyslipidemia). The questionnaire ensured uniformity and minimized interviewer
bias.

All anthropometric measurements were obtained following standard WHO guidelines:

1. Height
Measured using a stadiometer with the participant standing erect, barefoot, heels together, and head in the Frankfurt plane.
Values were recorded to the nearest 0.1 cm.

2. Weight
Measured using a calibrated digital weighing scale with the participant wearing light clothing and no footwear. Values were
recorded to the nearest 0.1 kg.

3. Body Mass Index (BMI)
BMI was calculated using the formula:
= Weight (kg)

Height (m)?

Dr. Rudra Reddy et al. Prevalence and Predictors of Metabolic Syndrome Among Adults at A Tertiary Care Centre. 939
Int. ] Med. Pharm. Res., 6 (6): 938-943, 2025



4. Waist Circumference (WC)
WC was measured using a non-stretchable tape placed horizontally at the midpoint between the lower margin of the last
rib and the iliac crest, in full expiration. Values were recorded to the nearest 0.1 cm.

Expected normal WC:
e Men: <90 cm
e Women: <80 cm
These measurements were taken twice, and the average was used for analysis to reduce measurement error.

Blood Pressure Measurement

Blood pressure (BP) was measured using a calibrated mercury sphygmomanometer. Participants were seated comfortably
for at least 5 minutes before measurement. Three BP readings were taken at 2-minute intervals on the right arm, and the
mean of the three was used for analysis.

Laboratory Investigations
Fasting (8—12 hours) blood samples were analyzed for:

e Fasting plasma glucose (FPG) (<100 mg/dL expected)

e Triglycerides (TG) (<150 mg/dL expected)

e HDL cholesterol (>40 mg/dL men; >50 mg/dL women expected)
Automated analyzers with internal/external quality control were used.

Definition of Metabolic Syndrome
MetS was diagnosed using NCEP-ATP III criteria (any three of the following)':
1. WC>90 cm (men), >80 cm (women)

2. BP=>130/85 mmHg
3. FPG =100 mg/dL
4. TG =150 mg/dL

5.

HDL <40 mg/dL (men), <50 mg/dL (women)

Operational Definitions
e  Physical inactivity: <150 minutes/week of moderate activity
e  Current smoker: tobacco use in past 30 days
e  Alcohol use: >1 drink/week
e Family history: first-degree diabetic/hypertensive

Statistical Analysis:

Data were entered into Microsoft Excel and analyzed using IBM SPSS Statistics version 20.0 Continuous variables were
expressed as mean + standard deviation (SD). Categorical variables were presented as frequencies and percentages.
Comparisons between groups (MetS vs. non-MetS) were performed using the Independent t-test for continuous variables
and the Chi-square test for categorical variables.

To identify independent predictors of metabolic syndrome, binary logistic regression analysis was performed. Variables
found significant in univariate analysis (p < 0.05) were entered into the multivariable model. Results were expressed as
Adjusted Odds Ratios (AOR) with 95% CI.

A p-value < 0.05 was considered statistically significant for all analyses.

RESULTS:

A total of 400 adults participated in the study. All participants completed anthropometric evaluation, blood pressure
measurement, and fasting biochemical assessment. The findings are presented below under demographic characteristics,
prevalence of MetS, distribution of individual components, and predictors of MetS

The mean age of participants was 44.2 + 12.7 years, with slightly more males (52%) than females (48%). The mean BMI
was 26.8 + 4.2 kg/m?, indicating that overweight and obesity were common. Approximately 38% of participants reported

physical inactivity, and 33% had a family history of diabetes as shown in Table 1.

TABLE 1: DEMOGRAPHIC CHARACTERISTICS OF STUDY PARTICIPANTS

|Parameter ||Value |

|Mean age (years) ||44.2 +12.7 |

[Gender: Male |[208 (52%) |

|Gender: Female 1192 (48%) |
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|Parameter ||Value

|
IMean BMI (kg/m?) 26.8+42 |
[Physical inactivity 152 (38%) |
ISmokers 191 (22.8%) |
|Alcoh01 users “1 18 (29.5%) |
[Family history of diabetes 132 33%) |
[Family history of hypertension 1121 (30.3%) |

The prevalence of metabolic syndrome based on NCEP-ATP III criteria was 31.8% (95% CI: 27.1-36.9). Among males,
prevalence was 29.8%, whereas among females it was slightly higher at 33.9%, though not statistically significant as shown
in Table 2.

TABLE 2: PREVALENCE OF METABOLIC SYNDROME (N=400)

|Category ||F requency (%) |
Individuals with MetS 1127 31.8%) |
|Prevalence in males ||62 (29.8%) |
|Preva1ence in females ||65 (33.9%) |
95% Confidence Interval 127.1-36.9% |

Abdominal obesity and low HDL were the most frequent abnormalities, followed by dyslipidemia and elevated blood
pressure. Table 3 details parameter-wise deviations from expected values as shown in Table 3.

TABLE 3: DISTRIBUTION OF INDIVIDUAL COMPONENTS OF METABOLIC SYNDROME

|C0mp0nent HExpected Normal Value “Abnormal (%) |
|Waist circumference ||<9O cm (M), <80 cm (F) || 176 (44%) |
|Blood pressure ||<130/85 mmHg ||144 (36%) |
|Fasting glucose “<IOO mg/dL “112 (28%) I
|Triglycerides <150 mg/dL 1128 (32%) |
IHDL cholesterol [>40 mg/dL (M), >50 mg/dL (F) 164 (41%) |

Logistic regression identified four significant predictors: age >45 years, BMI >25 kg/m?, physical inactivity, and family
history of diabetes. Alcohol and smoking showed no significant association as shown in Table 4.

TABLE 4: LOGISTIC REGRESSION ANALYSIS OF PREDICTORS OF METABOLIC SYNDROME

|Predictor ||Adjusted Odds Ratio (AOR) ||95% CI Hp-value |
|Age >45 years 2.6 [1.7-41 <0001 |
[BMI >25 kg/m? 3.2 [2.1-50  ]<0.001 ]
[Physical inactivity 2.1 1433 ]0.002 |
[Family history of diabetes 1.8 1127 Jo.o1 |
|Alcohol use 1.4 0921 Jo.07 |
[Smoking 1.3 lo.8—2.0  Jo.1 |

Patients with MetS had significantly higher BMI, waist circumference, BP, glucose, and triglycerides compared to those
without MetS. As shown in Table 5

TABLE 5: COMPARISON OF MEAN VALUES BETWEEN METS AND NON-METS GROUPS

|Parameter ||MetS (n=127) ||N0n—MetS (n=273) Hp—value |

[BMI (kg/m?) 28.9+ 4.6 [25.7+38 |[<0.001 |

|Waist circumference (cm) 96.4 £9.8 |84.2+7.3 |<0.001 |

[SBP (mmHg) [138.6+ 14.7 [124.4 112 |<0.001 |

IDBP (mmHg) [89.1+9.8 79575 ||<0.001 |
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|Parameter ||MetS (n=127) ||N0n—MetS (n=273) ||p-Value

|
[Fasting glucose (mg/dL) l113.4+21.6 92.8 + 14.2 ||<0.001 |
|Triglycerides (mg/dL) |[188.5 + 58.1 [132.7£453 |<0.001 |
[HDL (mg/dL) 38.4+9.6 [47.3+11.4 ||<0.001 |
DISCUSISON:

In the present study, the prevalence of metabolic syndrome (MetS) among adults attending a tertiary care centre was 31.8%,
indicating a substantial metabolic health burden. This prevalence is comparable to recent Indian studies showing MetS
rates between 28—41%, particularly in urban and semi-urban populations where lifestyle transitions are prominent!>~!7,
Internationally, MetS prevalence ranges from 20-25%, suggesting that South Asian populations—including Indians—may
be at a comparatively higher metabolic risk®.

The most common abnormal components observed were low HDL cholesterol (41%) and central obesity (44%). These
findings are consistent with the well-documented “South Asian phenotype,” characterized by increased visceral fat,
dyslipidemia, and metabolic susceptibility at lower BMI levels's,'*. Studies from Chennai and Delhi have similarly
highlighted the predominance of abdominal obesity and low HDL as major contributors to metabolic risk in India® ?'.

Advanced age emerged as a strong predictor of MetS (AOR: 2.6). Age-related changes in body composition, increased
insulin resistance, and endothelial dysfunction are known contributors to the rise in MetS prevalence with age'*,?2. Obesity
(BMI >25 kg/m?) was the most powerful predictor in this study (AOR: 3.2), similar to findings from the CURES and
ICMR-INDIAB studies, which emphasize the central role of adiposity in metabolic clustering?,?.

Physical inactivity was also significantly associated with MetS (AOR: 2.1). Sedentary behaviour reduces glucose uptake
by muscle tissue, increases adiposity, and promotes insulin resistance. These associations are well supported by Indian and
global evidence indicating that insufficient physical activity doubles the risk of MetS!¢,25,

A positive family history of diabetes was another significant predictor (AOR: 1.8). Genetic predisposition, shared dietary
patterns, and early-life metabolic programming are recognized contributors to the familial aggregation of MetS?¢. Similar
associations were reported in studies from Kerala and Maharashtra, underscoring the importance of family history as a risk
marker in the Indian context!’,?”.

Although alcohol and smoking were more common among individuals with MetS, their associations were not statistically
significant. This may be due to variations in consumption patterns, underreporting, or confounding by lifestyle and dietary
habits, which has been noted in previous Indian analyses?®.

The clustering of elevated blood pressure, hyperglycemia, hypertriglyceridemia, and low HDL among MetS subjects in
this study reinforces the syndrome’s role as a precursor to cardiovascular disease and diabetes. Numerous prospective
studies have demonstrated that MetS increases the incidence of type 2 diabetes by five-fold and cardiovascular events by
two- to three-fold?,*, underscoring the importance of early identification and intervention.

Overall, our findings highlight the need for targeted screening strategies in tertiary care settings, especially for older adults,
obese individuals, physically inactive patients, and those with a family history of diabetes. Lifestyle modification—focused
on weight reduction, increased physical activity, and dietary adjustments—remains the cornerstone of MetS prevention and
management. Public health strategies should also prioritize awareness programs and early metabolic screening, especially
in high-risk groups.

CONCLUSION:

Metabolic syndrome was found to be highly prevalent in the study population, with central obesity and low HDL as the
most frequent abnormalities. Older age, higher BMI, physical inactivity, and family history of diabetes were significant
predictors. These findings highlight the need for routine screening and targeted lifestyle interventions to reduce
cardiometabolic risk and prevent future diabetes and cardiovascular disease.

Declaration:

Conflicts of interests: The authors declare no conflicts of interest.
Author contribution: All authors have contributed in the manuscript.
Author funding: Nill

REFERENCES:
1.  Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome—a new worldwide definition. Lancet. 2005;366:1059-62.
2. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;365:1415-28.

Dr. Rudra Reddy et al. Prevalence and Predictors of Metabolic Syndrome Among Adults at A Tertiary Care Centre. 942
Int. ] Med. Pharm. Res., 6 (6): 938-943, 2025



Nk

10.
11.
12.
13.
14.
15.

16.

17.

18.

19.
20.
21.

22.
23.
24.
25.
26.

27.
28.
29.
30.
31.

Misra A, Khurana L. Obesity and the metabolic syndrome in developing countries. J Clin Endocrinol Metab.
2008;93:S9-30.

Reddy KS, Prabhakaran D. Global burden of metabolic disorders. Lancet. 2012;379:563-75.

Gupta R, Deedwania PC, Sharma K, et al. Metabolic syndrome in India. Indian Heart J. 2018;70:593—7.
Ramachandran A, Snehalatha C. Metabolic syndrome in urban India. Diabetes Res Clin Pract. 2003;60:199-204.
Prasad DS, Kabir Z, Dash AK, Das BC. Prevalence of metabolic syndrome in India. /nt J Diab Dev Ctries. 2012;32:64—
9.

Grundy SM. Metabolic syndrome: cardiovascular implications. Circulation. 2004;109:433-8.

Expert Panel. NCEP-ATP III guidelines. Circulation. 2002;106:3143-421.

American Diabetes Association. Clinical practice guidelines. Diabetes Care. 2022;45:S1-S12.

Mohan V, Deepa R, Farooq S. Predictors of metabolic syndrome in Indians. Diabetes Med. 2006;23:192-9.

Lakka HM, Laaksonen DE. Physical activity and metabolic syndrome. JAMA. 2003;288:2709—16.

Ford ES. Family history and metabolic risk. J Clin Endocrinol Metab. 2005;90:3655-9.

Misra A, Vikram NK. Insulin resistance in Indians. Metab Syndr Relat Disord. 2004;2:199-208.

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive Summary of
the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel (Adult Treatment Panel III).
JAMA. 2001;285(19):2486-97.

Singh AK, Gupta R, Misra A, et al. Metabolic syndrome in India: prevalence and implications. Diabetes Metab Syndr.
2016;10(1):24-31.

Shah NS, Mckeever Bullard K, Cowie CC. Physical inactivity and metabolic syndrome risk. Am J Prev Med.
2015;49(6):840-9.

Thankappan KR, Mini GK, Sarma PS. Prevalence of metabolic syndrome in Kerala. Indian J Med Res. 2010;131:606—
12.

Misra A, Khurana L. The South Asian phenotype and metabolic risks. Nutrition. 2011;27:105-12.

Mohan V, Deepa R. Obesity and dyslipidemia in Asian Indians. Obes Rev. 2006;7(3):223-8.

Ramachandran A, Snehalatha C, Vijay V. Metabolic syndrome in urban South Indians. Diabetes Res Clin Pract.
2003;60:199-204.

Wasir JS, Misra A. Central obesity in North India. Metab Syndr Relat Disord. 2008;6:187-94.

Hildrum B, Mykletun A, Dahl AA. Age-related metabolic risk. BMC Public Health. 2007;7:220.

Deepa M, Anjana RM, Manjula D, et al. ICMR-INDIAB: metabolic risk findings. Diabet Med. 2014;31:1254—62.
Mohan V, Sandeep S, Deepa R. CURES study: risk factor spectrum. J Assoc Physicians India. 2006;54:697-702.
Ford ES, Giles WH, Dietz WH. Worldwide prevalence comparison of metabolic syndrome. JAMA. 2002;287(3):356—
9.

Meigs JB, Cupples LA, Wilson PW. Familial clustering of metabolic traits. Diabetes. 2000;49:220-5.

Pawar A, Kumbhakar D, Patil S. Metabolic syndrome in Western India. J Assoc Physicians India. 2017;65:14-8.
Freiberg MS, Cabral HJ, Heeren TC. Alcohol consumption and metabolic risk. Diabetes Care. 2004;27:1755-60.
Grundy SM. Metabolic syndrome and cardiovascular risk. Circulation. 2004;109:433-8.

Lorenzo C, Okoloise M, Williams K. Metabolic syndrome and diabetes incidence. Diabetes Care. 2003;26:3153-9.

Dr. Rudra Reddy et al. Prevalence and Predictors of Metabolic Syndrome Among Adults at A Tertiary Care Centre. 943
Int. ] Med. Pharm. Res., 6 (6): 938-943, 2025



