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Introduction:

 Metabolic syndrome (MetS), also known as 

“Syndrome X” or “insulin resistance syndrome”, 

includes a group of metabolic abnormalities like central 

obesity, hypertriglyceridemia, low levels of high-density 

lipoprotein (HDL) cholesterol, hyperglycemia, and 
[1] hypertension. This syndrome is often associated with 

diabetes mellitus and the risk of cardiovascular diseases, 

stroke and premature death. Risk factors for this 

syndrome are obesity/overweight, sedentary lifestyle, 
[1] genetic predisposition, ageing and lipodystrophy. MetS 

can be diagnosed if any three of the following five 

criteria are fulfilled, viz, elevated waist circumference, 

hypertriglyceridemia, reduced HDL-C, hypertension 
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Abstract:

 Introduction: Metabolic syndrome, or MetS is a major cause of morbidity and mortality among diabetic 

patients. Physical activity could be beneficial in preventing the various components of MetS. Objectives: To 

evaluate the association of physical activity with glycemic control and presence of MetS among the study population 

and to estimate the burden of metabolic syndrome in patients attending the diabetes out-patient department (OPD) of 

a tertiary care hospital in Kolkata. Method: An observational study with a cross-sectional design was conducted on 

384 patients with diabetes mellitus seeking healthcare service from the Diabetes OPD of a tertiary care hospital of 

Kolkata from 8th April to 8th June 2023, using a predesigned, pretested and structured schedule that included the 

International Physical Activity Questionnaire. The participants were selected by a consecutive sampling technique. 

Face-to-face interviews, review of records and anthropometry were carried for data collection. Results: Among the 

384 participants, 57.8% had inadequate physical activity. Patients performing adequate vigorous physical activity 

had a higher odds ratio of having ideal/satisfactory glycaemic control. Adequate moderate (OR 0.595, 95% CI 0.361-

0.983, p 0.043) or vigorous (OR 0.139, 95% CI 0.049-0.395, p <0.001) physical activity had a significantly lower 

odds ratio of having MetS. Conclusion: Performing physical activity for adequate duration helps in attaining 

satisfactory glycemic control and preventing MetS in diabetic patients.

Keywords: Diabetes Mellitus Type 2, Exercise, International Physical Activity Questionnaire, Metabolic 

Syndrome, Outpatients
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[2]and uncontrolled fasting glucose.  These features can be 

efficiently managed through lifestyle modification 

involving an appropriate balance of physical activity and 
[2]caloric intake.

[3] 
 Noubiapet et al. in their meta-analysis of global 

data from the general adult population observed that the 

prevalence of MetS varied from 12.5% to 31.4% 

globally. The prevalence of MetS was reported as 24.5% 

(22.5–26.6) for a fasting plasma glucose > 5.6 mmol/L in 
[3] 

this study. Bhalwar that the age-adjusted reported 

prevalence of MetS was 25% (31% in women and 18.5% 
[4] in men) in urban populations of India. As per the 

systematic review and meta-analysis of data from the 
[5]

adult Indian population by Krishnamoorthy et al  in 
[6] 2020, the burden of MetS was 30%. Meher et al stated 

that 1.1% women and 0.7% men in West Bengal had 

metabolic syndrome. MetS is a common finding in 

patients with diabetes mellitus, as reported in previous 
[7-9]

studies.  India is often regarded as the “Diabetic 

Capital of the World”. As per NFHS-5 data, 13.5% 

women and 15.6% men in India have diabetes 
[10] 

mellitus. In West Bengal, the prevalence of diabetes 

mellitus among women and men was recorded as 17.5% 
[11]and 21.3% respectively.  Thus, MetS is an important 

public health problem in India and West Bengal.

 Physical activity has been known to reduce the risk 
[12,13]

of both type 2 diabetes mellitus and MetS in adults.  

As per WHO recommendations, at least 150–300 

minutes of moderate-intensity aerobic physical activity; 

or at least 75–150 minutes of vigorous-intensity aerobic 

physical activity; or an equivalent combination of 

moderate and vigorous-intensity activity throughout the 

week is recommended for adults with type 2 diabetes 
[14]mellitus.  There is a dearth of studies explaining the 

role of physical activity in MetS, especially among 

diabetic patients in India. Thus, this study was conducted 

to estimate the burden of metabolic syndrome in patients 

attending the diabetes out-patient department (OPD) of a 

tertiary care hospital in Kolkata; to identify the 

participants with inadequate physical activity and; to 

evaluate the association of physical activity with 

glycemic control and presence of MetS among the study 

population.

Methods:

Study type, design, settings and duration: Descriptive 

type of observational study with cross-sectional design 

was conducted in the Diabetes OPD of Institute of Post-

Graduate Medical Education & Research and Seth 

Sukhlal Karnani Memorial Hospital (IPGME&R and 
th th 

SSKMH), Kolkata, from 8  April 2023 to 8 June 2023.

Study population and selection criteria: The study 

was conducted on patients with diabetes mellitus seeking 

healthcare services from the Diabetes OPD of a tertiary 

care hospital, Kolkata. The study included patients aged 

between 18-65 years with diagnosed type 2 diabetes 

mellitus who were able to present their laboratory 

investigation reports (FBS, PPBS, Serum HDL and 

Serum Triglycerides) on samples taken within the last 3 

months from the date of data collection. Pregnant and 

lactating women and those unable to respond to the 

questions due to their mental instability were excluded 

from the sample.

Sample size estimation and sampling technique: 

Sample size was estimated as 374 using Cochran’s 
2 2

formula [Z p(p-1)/l ], where Z is the standard normal 

deviate (taken as 1.96 at 95% CI), p is the prevalence of 

MetS in diabetic patients [taken as 50.7% from a study 
[15]

by Lira et al  and l is relative error (10%)]. The final 

sample size was calculated as 411 after considering a 

non-response rate of 10%. The patients were selected 

through a consecutive sampling technique. As the total 

number of days for data collection was 24, so as to 

achieve the required sample size, 18 participants, 

fulfilling eligibility criteria, were selected consecutively 

every day from the OPD.

Study tools, techniques and methods of data 

collection: The patients were approached after they 

consulted the physician at the Diabetes OPD. They were 

explained the purpose of the study and were assured that 

the data provided by them would be anonymous and 

confidential. A predesigned, pretested and structured 

schedule including the International Physical Activity 
[16]Questionnaire (IPAQ)  was employed to collect data 

from the participants by interview. In addition, 

anthropometric measurements (height, weight, waist 

circumference), measurement of blood pressure and 
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review of records (previous OPD prescriptions and 

laboratory investigation reports) were also done. 

Study variables: While the dependent variable was the 

presence of MetS in diabetic patients, the independent 

variables included socio-demographic characteristics, 

clinical profile related to diabetes (duration, family 

history, current glycemic control) and adequacy of 

physical activity (using IPAQ).  

Operational definition

1.� MetS–As per National Cholesterol Education 

Program Adult Treatment Panel III (NCEP ATP III) 

criteria, MetS is present if any three of the following 

five criteria are fulfilled, viz, elevated waist 

circumference (>102 cm in men, >88 cm in 

women), elevated triglycerides (>150 mg/dL), 

reduced HDL-C (<40 mg/dL in men, <50 mg/dL in 

women), elevated blood pressure (>130 mm Hg 

systolic BP or >85 mm Hg diastolic BP) and 
[2]

elevated fasting glucose (>100 mg/dL).

2.� Glycemic control –As per ICMR guidelines, it can 

be defined as a fasting blood sugar (FBS) < 126 

mg/dl and a post-prandial blood sugar (PPBS) < 181 

mg/dl for patients on medication for type 2 diabetes 
[17]

mellitus.

3.� Adequate physical activity –Patients with type 2 

diabetes mellitus should engage in at least 150 

minutes of moderate-intensity aerobic physical 

activity; or 75 minutes of vigorous-intensity aerobic 

physical activity; or an equivalent combination of 

these activities throughout the week as per WHO 
[14]

recommendations.

Statistical analysis: Data were then tabulated in 

Microsoft Office Excel 2019 (Microsoft Corp, 

Redmond, WA, USA), and analysis was done using 

Statistical Package for the Social Sciences (IBM, New 

York City, USA) Version 25.0. Descriptive statistical 

measures were employed to summarize the data. The 

dependent variables did not follow normal distribution 

(Kolmogorov-Smirnov test: p value = <0.001; Shapiro-

Wilk test: p value = <0.001). Data were checked for 

multicollinearity; Variance Inflation Factor was found to 

be less than 10 and tolerance was greater than 0.1. Thus, 

binary logistic regression was employed to ascertain the 

relationship between the dependent and the independent 

variables. A p-value of <0.05 was considered significant. 

Ethics statement: Data collection was initiated after 

approval from the Institutional Ethics Committee (IEC) 

(IEC/2023/211, dt. 08/04/23). Informed written consent 

of the suitable participants in the local language was 

taken prior to enrolment. Left thumb impression was 

taken from the illiterate participants in place of signature 

in the presence of an impartial witness

Results: 

 The final sample included 384 patients with type 2 

diabetes (non-response 6.6%). Majority of the 

participants were in the age group of 50-59 years 

(34.3%), were males and were married. Most of them 

were educated up to the primary level (46.9%) and 

belonged to Class IV socio-economic status (32.2%) as 

per the Modified BG Prasad Scale, updated in October 
[18]2023. [Table 1]

Table 1: Distribution of study participants according 
               to their socio-demographic characteristics 
               (N=384)

Socio-demographic variables Number (%)

Age group (in completed years)
 18-29 15 (3.9)
 30-39 43 (11.2)
 40-49 117 (30.5)
 50-59 132 (34.4)
 60 & above 77 (20.1)
Gender
 Male 202 (52.6)
 Female 182 (47.4)
Education
 Illiterate 66 (17.2)
 Literate 39 (10.2)
 Primary 180 (46.9)
 Middle & Secondary 43 (11.2)
 Higher Secondary & above 56 (14.6)
Marital Status
 Married 341 (88.8)
 Single 16 (4.2)
 Widow/ Widower 27 (7.0)
Socio-economic status (As per Modified BG Prasad 
Scale, October 2023)
 Class V 94 (24.5)
 Class IV 124 (32.3)
 Class III 81 (21.1)
 Class II 52 (13.5)
 Class I 33 (8.6)
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 Table 2 shows the diabetes profile of the 

participants. Most of the participants were diabetic for 

more than 10 years. Strikingly, 85.2% patients did not 

have satisfactory glycemic control in spite of taking 

medications.

 MetS was observed in 74% participants. Among the 

284 participants with MetS, 60.2% had elevated blood 

pressure, 42.2% had increased waist circumference, 

5 6 . 3 %  h a d  u n c o n t r o l l e d  F B S ,  6 4 . 1 %  h a d 

hypertriglyceridemia and 45.3% had low HDL-C. 

[Figure 2]

 Binary logistic regression was employed to check 

the association of physical activity with glycemic control 

and the presence of MetS. Patients performing adequate 

vigorous physical activity had a higher odds ratio of 

having ideal/satisfactory glycemic control (OR 3.141, 

95% CI 1.024-9.633, p 0.045). Adequate moderate      

(OR 0.595, 95% CI 0.361-0.983, p 0.043) or vigorous 

(OR 0.139, 95% CI 0.049-0.395, p <0.001) physical 

activity had a significantly lower odds ratio of having 

MetS. Engaging in vigorous physical activity for an 

adequate duration was protective against having 

elevated blood pressure (OR 0.094, 95% CI 0.029-0.301, 

p <0.001) or having increased waist circumference     

(OR 0.021, 95% CI 0.062-0.795, p 0.021). Patients 

performing a combination of moderate and vigorous 

physical activity had a significantly lower odds ratio of 

developing hypertriglyceridemia (OR 0.335, 95%          

CI 0.122-0.918, p 0.034).

Discussion: 

 Physical activity is well known to have countless 

health benefits. Numerous studies have been conducted 

in the past to study the role of physical activity in the 

prevention of various non-communicable diseases. This 

research is different as it lays emphasis on the role of 

physical activity in the prevention of MetS in patients 

with established diabetes mellitus.

 The percentage of diabetic patients on medication 

with unsatisfactory glycemic control was much higher in 

the present research (85.2%) compared to studies 
[19]

conducted by Bereda  in ambulatory clinic in Ethiopia 

Table 2: Distribution of study participants according 
               to their diabetes profile (N=384)

Figure 1: Distribution of the study population 

                according to the adequacy of physical 

                activity performed by them. (N=384)

Figure 2: Distribution of the study population 

                according to the presence of MetS. 

                (N=384)

Diabetes profile Number (%)

Duration of diabetes

 <1 year 62 (16.1)

 1-5 years 123 (32.0)

 6-10 years 91 (23.7)

 >10 years 108 (28.1)

Family history of diabetes

 Yes 174 (45.3)

 No 210 (54.7)

Current glycemic control

 Ideal/Satisfactory 57 (14.8)

 Unsatisfactory 327 (85.2)

Both moderate and 
vigorous 

adequately, 4.7

Adequate 
Moderate
only, 33.1 Inadequate, 

57.8

Adequate 
vigorous 
only, 4.4

Based on IPAQ, it was noted that 57.8% had inadequate 

physical activity. [Figure 1]

Absent, 26.0

Present, 74.0

Physical Activity on Metabolic SyndromeNaskar S et al 
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[20] (60.7%); Borgharkar et al in urban healthcare facilities 

across 26 states and union territories in India 
[21](76.6%)and; Pan et al  in an urban health centre of West 

Bengal (37.5%). This could be because the study area in 

the current survey is a tertiary care hospital where 

complicated cases are referred for management from the 

peripheral institutions.

 The problem of inadequate physical activity in the 

current study (57.8%) was almost double the observation 
[22]of Wang et al , where 28.6% Chinese diabetic patients 

performed low physical activity. This belief was 
[23] 

strengthened by the findings of Paulin et al in Tamil 

Nadu, where similar to our study, 56% diabetics were 

physically inactive.

[15] 
 In the study by Lira et al in urban primary health 

centres of Floriano, 50.7% diabetic patients had MetS. 

The burden of MetS among type 2 diabetics was much 
[24] 

higher in our work (74%); the research by Essafi et al at 

the Endocrinology, Diabetology, and Nutrition 

department of the Hassan II University Hospital in Fez 
[25](78.4%) and; the cross-sectional study by Singh et al  

in Varanasi (more than 70%).In the present survey and 
[24]

the Fez-based study , high blood pressure was the most 

common abnormality in type 2 diabetes patients with 

MetS. This suggests that patients with type 2 diabetes are 

more prone to develop hypertension. Complimenting the 
[26] [27] observations of Park et al  in Korea and Banerjee et al

in Durgapur, the current research reported a positive 

relation between physical activity and glycemic control.

[28] Lee et al in their analysis of data from the Korean 

National Health and Nutrition Examination Survey, 

1999–2012 noted that physical inactivity was associated 

with fasting glucose, HDL cholesterol, and waist 

circumference among diabetics with MetS.  Alike our 
[29]study, El Bilbeisi et al  also employed IPAQ for 

assessment of physical activity among type 2 diabetes 

patients with MetS in Palestine. This study portrayed that 

the level of physical activity has a relationship with 
[29]triglycerides, HDL-cholesterol and blood pressure.  An 

[30]Indian study by Goyal et al.  using the Global Physical 

Activity Questionnaire revealed that physical inactivity 

was associated with hypertriglyceridemia in males and 

with raised hip circumference, blood pressure, 

triglycerides and FBS in females. The current study 

established the role of adequate physical activity in 

p reven t ing  hyper tens ion ,  inc rease  in  wais t 

circumference and hypertriglyceridemia. But, our 

research failed to confirm the association of physical 

activity with HDL-cholesterol and FBS which was 
[29,30]

evident in other studies.  Moreover, this research 

confirmed that physical activity is protective against 

MetS in patients with type 2 diabetes.  Thus, patients 

with type 2 diabetes should engage in adequate physical 

activity to prevent the onset of MetS which might result 

in morbidity and mortality.

Limitation: 

 The survey helped in furnishing evidence in favour 

of physical activity in diabetics. Still, the research had 

few limitations, viz, shorter duration of study, inclusion 

of patients from a single OPD and lack of intervention to 

address the issue of physical inactivity.

Conclusions: 

 A substantial number of diabetic patients in Kolkata 

suffer from MetS. A major chunk of diabetic patients do 

not engage themselves in adequate physical activity. 

Performing moderate-to-vigorous physical activity for 

an adequate duration helps in preventing MetS in 

diabetic patients. Vigorous physical activity is also 

beneficial in attaining glycemic control.

Recommendation:

 A major chunk of diabetic patients do not engage 

themselves in adequate physical activity. Performing 

moderate-to-vigorous physical activity for adequate 

duration helps in preventing MetS in diabetic patients. 

Vigorous physical activity is also beneficial in attaining 

glycemic control.

Declaration

Funding: Nil

Conflict of Interest: Nil

Use of AI: Nil



:: 46 ::

References:

1. Eckel RH. The Metabolic Syndrome. In: Jameson JL, Fauci AS, 

Kasper DL, Hauser SL, Longo DL, Loscalzo J, editors. Harrison's 

Principles of Internal Medicine. 20th ed. New York, NY: McGraw-

Hill Education; 2018.

2. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 

Franklin BA, et al. Diagnosis and management of the metabolic 

syndrome: an American Heart Association/National Heart, Lung, 

and Blood Institute Scientific Statement. Circulation. 2005 Oct 

25;112(17):2735-52. doi: 10.1161/CIRCULATIONAHA.105. 

169404. PMID: 16157765. 

3. Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga 

UF, Ngouo AT, et al. Geographic distribution of metabolic 

syndrome and its components in the general adult population: A 

meta-analysis of global data from 28 million individuals. Diabetes 

Research and Clinical Practice. 2022;188:109924.

4. Bhalwar R. Metabolic syndrome: The Indian public health 

perspective. Med J Armed Forces India. 2020 ;76(1):8–16.

5. Krishnamoorthy Y, Rajaa S, Murali S, Rehman T, Sahoo J, Kar SS. 

Prevalence of metabolic syndrome among adult population in 

India: A systematic review and meta-analysis. PLoS One. 

2020;15(10):e0240971.

6. Meher T, Sahoo H. The epidemiological profile of metabolic 

syndrome in Indian population: A comparative study between men 

and women. Clinical Epidemiology and Global Health. 2020 

;8(4):1047–52. 

7. Regufe VMG, Pinto CMCB, Perez PMVHC. Metabolic syndrome 

in type 2 diabetic patients: a review of current evidence. Porto 

Biomed J. 2020;5(6):e101. Published 2020 Dec 3. doi:10.1097 

/j.pbj.0000000000000101

8. James M, Varghese TP, Sharma R, Chand S. Association Between 

Metabolic Syndrome and Diabetes Mellitus According to 

International Diabetic Federation and National Cholesterol 

Education Program Adult Treatment Panel III Criteria: a Cross-

sectional Study. J Diabetes MetabDisord. 2020;19(1):437-443. 

Published 2020 May 5. doi:10.1007/s40200-020-00523-2

9. Banerjee R, Dasgupta A, Naskar NN, Kundu PK, Pan T, Burman J. 

A Study on the Prevalence of Metabolic Syndrome and its 

Components among Adults Aged 18-49 Years in an Urban Area of 

West Bengal. Indian J Community Med. 2019;44(3):261-4. 

doi:10.4103/ijcm.IJCM_64_19

10. Ministry of Health and Family Welfare. National Family Health 

Survey 5 (2019-20), India Fact Sheet. India: International Institute 

for Population Sciences; 2022. Available from: http://rchiips.org/ 

nfhs/NFHS-5_FCTS/India.pdf

11. Ministry of Health and Family Welfare. National Family Health 

Survey 5 (2019-20), State Fact Sheet – West Bengal. India: 

International Institute for Population Sciences; 2022. Available 

from: http://rchiips.org/nfhs/NFHS-5_FCTS/West_Bengal.pdf

12. Xiao J, Shen C, Chu MJ, Gao YX, Xu GF, Huang JP, et al. Physical 

Activity and Sedentary Behavior Associated with Components of 

Metabolic Syndrome among People in Rural China. PLOS ONE. 

2016 ;11(1):e0147062. 

13. Gemeda D, Abebe E, Duguma A. Metabolic Syndrome and Its 

Associated Factors among Type 2 Diabetic Patients in Southwest 

Ethiopia, 2021/2022. Journal of Diabetes Research. 2022 

;2022:e8162342. 

14. Physical activity [Internet]. Who.int. [cited 2026 Mar 15]. Available 

from: https://www.who.int/news-room/fact-sheets/detail/physical-

activity

15. Lira JCG, Xavier M de A, Borges JWP, Araújo MFM de, 

Damasceno MMC, Freitas RWJF de. Prevalence of Metabolic 

Syndrome in individuals with Type 2 Diabetes Mellitus. Rev Bras 

Enferm. 2017 ;70:265–70. 

16. Hagströmer M, Oja P, Sjöström M. The International Physical 

Activity Questionnaire (IPAQ): a study of concurrent and construct 

validity. Public Health Nutr. 2006;9(6):755-2. doi:10.1079/phn 

2005898

17. ICMR Guidelines for Management of Type 2 Diabetes 2018. New 

Delhi: Indian Council of Medical Research; 2018. Available from: 

https://main.icmr.nic.in/sites/default/files/guidelines/ICMR_Guid

elinesType2diabetes2018_0.pdf

18. Pentapati SSK, Debnath DJ. Updated BG Prasad's classification for 

the year 2022. Journal of Family Medicine and Primary Care. 2023 

;12(1):189.

19. Bereda G. The Incidence and Predictors of Poor Glycemic Control 

among Adults with Type 2 Diabetes Mellitus in Ambulatory Clinic 

of Mettu Karl Referral Hospital, South Western, Ethiopia: A 

Prospective Cross Sectional Study. International Archives of 

Endocrinology Clinical Research. 2021;7(1):024.

20. Borgharkar SS, Das SS.  BMJ Open Diabetes Res Care. 2019;7(1): 

e000654. doi:10.1136/bmjdrc-2019-000654

21. Pan T, Dasgupta A, Suman S, Paul B, Banerjee R, Burman J. 

Assessment of glycaemic control in patients with type 2 diabetes: a 

clinic-based study in a slum of Kolkata. International Journal Of 

Community Medicine And Public Health. 2018 ;5(11):4768–2. 

22. Wang Q, Zhang X, Fang L, Guan Q, Gao L, Li Q. Physical Activity 

Patterns and Risk of Type 2 Diabetes and Metabolic Syndrome in 

Middle-Aged and Elderly Northern Chinese Adults. Journal of 

Diabetes Research. 2018 ;2018:e7198274. 

23. Paulin G, Subramanian R. Physical Inactivity among Diabetic 

Patients in Urban Tamil Nadu: A Community-Based Study. J 

Community Med Health Educ 2019;9(2):649.

24. Essafi MA, Bouabdellaoui L, Aynaou H, Salhi H, Ouahabi HE, 

Essafi MA, et al. Metabolic Syndrome in Patients With Diabetes 

Mellitus. Cureus. 2022 Apr 25;14(4).

25. Singh S, Singh R, Singh S, Iquebal M, Jaiswal S, Rai P. Prevalence 

and Predictors of Metabolic Syndrome and Its Association with 

Vitamin D Deficiency in Patients with Newly Onset Type 2 

Diabetes Mellitus: A Cross Sectional Study. International Journal of 

Medicine and Public Health. 2022;12(4):186–90. 

Physical Activity on Metabolic SyndromeNaskar S et al 



:: 47 ::

Healthline Journal Volume 17 Issue 1 (January-March 2026)

26. Park JH, Lee YE. Effects of exercise on glycemic control in type 2 

diabetes mellitus in Koreans: the fifth Korea National Health and 

Nutrition Examination Survey (KNHANES V). J PhysTher Sci. 

2015;27(11):3559-4. doi:10.1589/jpts.27.3559

27. Banerjee G, Kumar R, Basu D, Chakraborty SN, Hansda K, Munshi 

BD. Physical activity pattern and its impact on glycemic control 

among patients with type-2 diabetes mellitus attending an 

integrated diabetes and gestational diabetes clinic of Eastern India. 

Natl J Physiol Pharm Pharmacol 2020;10(02):177-3.

28. Lee J, Kim Y, Jeon JY. Association between physical activity and 

the prevalence of metabolic syndrome: from the Korean National 

Health and Nutrition Examination Survey, 1999–2012. 

SpringerPlus. 2016 Oct 25;5(1):1870. doi:10.1186/s40064-016-

3514-5

29. El Bilbeisi AH, Hosseini S, Djafarian K. The Association between 

Physical Activity and the Metabolic Syndrome among Type 2 

Diabetes Patients in Gaza Strip, Palestine. Ethiop J Health Sci. 

2017;27(3):273-2. doi:10.4314/ejhs.v27i3.9

30. Goyal R, Singhai M, Mahmood T, Saxena V. Association between 

the physical activity and metabolic syndrome in residents of a foot-

hill area in India. Diabetes MetabSyndr. 2022;16(4):102471. 

doi:10.1016/j.dsx.2022.102471


