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ANNEXURE III- CTRI REGISTRATION  
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ANNEXURE IV- CONSENT FORM  
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ANNEXURE V- RESEARCH PARTICIPANT INFORMATION SHEET 
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 ANNEXURE VI- QUESTIONNAIRE   
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ANNEXURE VII- FOOD FREQUENCY QUESTIONNAIRE   
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ANNEXURE VIII- 24 HOUR DIET RECALL  
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ANNEXURE IX- KAP QUESTIONNAIRE   

  

 NAME:         AGE:     GENDER:    UHID:  

KNOWLEDGE, ATTITUDE AND PRACTICE ON LIFESTYLE MODIFICATION AND BODY 

COMPOSITION ANALYSIS AMONG METABOLIC SYNDROME PEOPLE  

Explain to the participant: I will ask you few questions about lifestyle modification, body composition 

Metabolic syndrome, and Body Composition. We are asking these questions to various people in the 

community who were selected independently and willing to participate in the study. Please let me 

know if you need me to clarify any of the questions. Feel free to ask any questions you may have.  

I.  KNOWLEDGE QUESTIONS 1. Score on knowledge about healthy diet/ general 

nutrition  

i. Nutritious substances that people eat/ drink to maintain life and growth  

a. Food  b. Nutrient  c. Rice    d. Vegetables  

ii. What are macronutrients  

a. Carbohydrates b. Proteins  c. Only a & b d. Fats along with a & b  

iii. Vitamins and minerals are  

a. Essential   b. Non essential      

iv. Name 3 food groups------------------------------------------------------------------  

a. Could name   b. Couldn’t name   

v. Breakfast should be  

a. Consumed    b. Skipped  

vi. Food Pyramid guides us to  

a. Choose as per desire b. As per requirement  

vii. Factors influencing Human nutrition are  

a. Modifiable  b. Non-modifiable  c. Both a & b  

viii. Portioning sizes per meal are better given in  

a. Food Pyramid  b. My Plate  

ix. Individuals' meal per day should be as per  

a. Age    b. Gender  c. Occupation     d. RDA  

x. We can alter our foods one with another through  

a. Food Exchange List    b. Availability c. Affordability  

xi. Water and Fiber are also essential for health  

a. Only water    b. Only Fiber c. Yes  
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xii. Fruits should be consumed daily  

a. Yes b. No need  

2. Score on knowledge about Exercise  

i. Exercise should be done only when weight is high  

a. Yes   b. No  

ii. In the exercise pyramid what is on the top side  

a. Watching TV/ Being sedentary b. Playing games/ Being Active  

iii. Exercise should be done   

a. Daily if possible b. Weekly is enough c. Monthly is enough  

iv. FITT means  

a. Frequency Intensity Time and Type of exercise  

b. Fully Individualised / Tailor made Training plan of exercise  

v. Warm up and cool down are important for  

a. Elderly  b. Adults  c. Adolescents  d. All age groups vi. 

Overweight/ obesity is due to  

 a. Eating habits  b. Physical Inactivity  c. Unknown d. Both a & b  

3. Score on knowledge about Body Composition   

i. Body Mass Index (BMI) is calculated with  

a. Age and Height b. Age and Weight  c. Height and weight  

ii. BMI and Body Composition are same  

a. Yes    b. More or less     c. No  

iii. Key for weight management is  

a. Energy Balance b. Energy Intake- Energy Expenditure c. Both a& b  

iv. Weight comprises of  

a. Total body water & Body Fat mass    c. Both a and b  
b. Protein and Minerals  d. Fat mass& Fat Free mass d. Both c& d  

v. Visceral Fat area should be  

a. Less than 100cm2  b. More than 100cm2   

vi. Central obesity in males and females is defined as  

a. BMI <30           c. Both a& b       

b. Waist Circumference >90 or >80cm   d. BMI <22 
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4. Score on knowledge about Metabolic syndrome and diet to be followed  

i. Health problems that can occur when a person is overweight or obese  

a. DM, HTN    b. DM, CVD, Metabolic syndrome  c. HTN   

ii. Metabolic syndrome is  

a. High Waist circumference, DM, High triglycerides, HTN, Low 
HDL cholesterol  b. Any two factors from a c. Any three factors from a  iii. 
What does a healthy lifestyle include  

 a. Eating habits b. Physical activity       c. Only a & b    

 d. Social habits of Alcohol, Smoking & Stress Management  e. a, b & c  

  iv. Lifestyle diseases comprise of  

a. DM    b. HTN   c. Cancers  d. CVD  e. Metabolic Syndrome f. All the above  

  v. Risk factors leading to Metabolic syndrome  

  a. High HDL cholesterol  b. Low Blood pressure c. Both d. None of the above  
 vi. Metabolic syndrome occurs in  
  a. Elderly  b. Adults  c. Adolescents  d. All age groups  

II. ATTITUDE QUESTIONS  

i. Do you believe lifestyle adaptations can help prevent Metabolic syndrome  

 a. Yes    b. No   c. May be    d. Not known  

ii.  How important is it to follow a healthy lifestyle pattern  a. 

Not important b. Not sure c. Important   

If Not Important: Can you tell me the reasons why it is not important?  

----------------------------------------------------------------------------------------------------

- iii.  How confident do you feel in following a healthy lifestyle  a. Not 

confident b. Ok/so-so c. Confident   

If Not confident: Can you tell me the reasons why you do not feel confident?  

-------------------------------------------------------------------------------------------------------  

iv.  Overweight/ Obesity/ DM+/ HTN+/ De-ranged Lipid values are due to a. 

Family History/ Gene    

b. Lifestyle habits of Diet pattern/ Physical activity/ Alcohol/ Smoking  

c. Both    d. Not Known  
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 v.  Do you feel Lifestyle counseling is necessary from an Expert?  

a. Yes    b. No   If No Reason- I’m aware of everything/ I’ll search 

on google/ My family/ friends/colleagues will help me/ I have the expert 

advice already  

  

 vi.  To what extent you can follow each of them and what is the challenge  

for not following ----------------------------  

a. When need comes I’ll follow b. I can surely follow  

  

III.  PRACTICE QUESTIONS  

i. Intake of Fruits is daily   a. Yes   b. No  

  

ii. Cooking methods Daily ----------- Weekly-------------- Fortnight -------------  

  

iii. Exercise is followed 30 minutes minimum 5 days/ week Activity  

  

 a. Yes   b. No  

  

iv. Diet varies due to    ----------------------            

    

 How frequently?         ---------days/ months/ ½ year/ Years  

  

How long it’ll take to fall back into healthy routine again? ---------days/ months/ 

½ year/ Years  

  

v. Physical Activity varies due to --------------------          

  

 How frequently?         ---------days/ months/ ½ year/ Years  

  

How long it’ll take to fall back into healthy routine again? ---------days/ months/ 

½ year/ Years  

  

vi. Social habits vary due to           

 How frequently?         ---------days/ months/ ½ year/ Years  

  

How long it’ll take to fall back into healthy routine again? ---------days/ months/ 

½ year/ Years  
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 SCORE  REMARK  

I.  KNOWLEDGE REGARDING     

1.  Healthy diet/ general nutrition  /12    

2.  Benefits of Exercise  /6    

3.  Body composition  /6    

4.  Metabolic syndrome  /6    

II.  ATTITUDE   /6    

III.  PRACTICE  /6    

  

VARIABLE  

 I.  KNOWLEDGE SCORING SCALE  

Score on knowledge about healthy diet/ general nutrition  

0–5 (Poor knowledge)  

6–9 (Average knowledge)  

10–12 ( Good knowledge)  

Score on knowledge about benefits of exercise and weight loss  

0-2 (Poor knowledge)  

3-4 (Average knowledge)  

5–6 (Good knowledge)  

Knowledge Regarding Body composition  

0-2 (Poor knowledge)  

3-4 (Average knowledge)  

5–6 (Good knowledge)  

Knowledge Regarding Metabolic syndrome and diet to be followed   

0-2 (Poor knowledge)  

3-4 (Average knowledge)  

5–6 (Good knowledge)  

 II.  ATTITUDE SCORING SCALE  

0 (Strongly negative)   

1 (Negative)  

2 (Neutral)  

3 (Positive)  

4-6 (Strongly positive)  

 III.  PRACTICE SCORING SCALE  

0 (Very poor practice)  

1 (Poor practice)  

2 (Neutral)  

3 (Good practice)  

4-6 (Very good practice)  
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EDUCATION MODULE 1: BASICS OF NUTRITION 

  
  

ANNEXURE   –   X   

EDUCATION MODULE   
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EDUCATION MODULE 1: BASICS OF NUTRITION (CONTINUED)  
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EDUCATION MODULE 2: NUTRITION FOR HEALTHY LIVING  
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EDUCATION MODULE 2: NUTRITION FOR HEALTHY LIVING (CONTINUED)  
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EDUCATION MODULE 3: BODY MASS INDEX, BODY COMPOSITION ANALYSIS NUTRITIONAL STATUS  
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EDUCATION MODULE 4: LIFESTYLE TO BE FOLLOWED IN METABOLIC SYNDROME  
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EDUCATION MODULE 4: LIFESTYLE TO BE FOLLOWED IN METABOLIC SYNDROME (CONTINUED)  
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EDUCATION MODULE 4: LIFESTYLE TO BE FOLLOWED IN METABOLIC SYNDROME (CONTINUED)  
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EDUCATION MODULE 5: EXERCISE AS A PART OF HEALTHY LIFESTYLE  

  

  

EDUCATION MODULE 5: EXERCISE AS A PART OF HEALTHY LIFESTYLE (CONTINUED)  
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EDUCATION MODULE 6: STRESS RELIEF TIPS FOR RELAXING TO LEAD A HEALTHY LIFE  
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EDUCATION MODULE 7: MIGHTY MILLETS  
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EDUCATION MODULE 7: MIGHTY MILLETS (CONTINUED)  
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EDUCATION MODULE 8: BREAK THE FAST WITHOUT SKIPPING THE MAIN MEAL OF THE DAY  
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EDUCATION MODULE 8: BREAK THE FAST WITHOUT SKIPPING THE MAIN MEAL OF THE DAY (CONTINUED)  

  

EDUCATION MODULE 8: BREAK THE FAST WITHOUT SKIPPING THE MAIN MEAL OF THE DAY (CONTINUED)  
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EDUCATION MODULE 8: BREAK THE FAST WITHOUT SKIPPING THE MAIN MEAL OF THE DAY (CONTINUED)  
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EDUCATION MODULE 9: FRESH FRUITS IN OUR DAY TO DAY CONSUMPTION  

  

  

EDUCATION MODULE 9: FRESH FRUITS IN OUR DAY TO DAY CONSUMPTION (CONTINUED)  

  



 

243 

 

  



 

244 

 

EDUCATION MODULE 9: FRESH FRUITS IN OUR DAY TO DAY CONSUMPTION (CONTINUED)  
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EDUCATION MODULE 9: FRESH FRUITS IN OUR DAY TO DAY CONSUMPTION (CONTINUED)  
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EDUCATION MODULE 10: ANTIOXIDANTS (CONTINUED)  

  

  

EDUCATION MODULE 10: ANTIOXIDANTS (CONTINUED)  



 

 

  



DOI:10.21048/IJND.2021.58.S1.27532The Indian Journal of Nutrition and Dietetics
ISSN: 0022-3174; eISSN: 2348-621X 
www.ijndonline.org

The Indian Journal of Nutrition and Dietetics, Supplement - 1, January - March 2021 1

Influence of Lifestyle Factors on Metabolic  
Syndrome Criteria

Challagundla Reddy Jyothsna1 and Kowsalya, S. 2

1. Department of Clinical Nutrition, Sakra World Hospital,  Bengaluru, 560 103,  
Karnataka, India 

2. Department of Food Science and Nutrition, Avinashilingam Institute for Home Science 
and Higher Education for Women, Coimbatore, 641 043, Tamil Nadu, India)

e-mail: jyothsnard@gmail.com

Abstract

In Urban India especially among the young and middle aged adults the Metabolic 
Syndrome (MetS) is increasing day by day. Lifestyle influences the individual parameters of 
MetS. The MetS criteria are adversely affecting the health and performance of an individual. 
During this Covid-19 pandemic situation, the lifestyle of individuals altered to a great extent 
and equally influenced MetS. To study the influence of lifestyle factors on MetS criteria, 
a prospective observational study was performed in the Clinical Nutrition department. 
A total of 465 subjects were screened initially. Both males and females with age 25-54 
years were included in the study. Subjects who recovered from Covid-19, pregnant and 
lactating women were excluded. Using a questionnaire the subjects’ previous and current 
data of anthropometric measures of Waist Circumference (WC), weight and height were 
noted. The Body Mass Index (BMI) was computed. Serum values of Triglycerides, HDL 
cholesterol, Fasting Blood Sugar (FBS), Glycosylated Haemoglobin were noted along 
with the Blood Pressure (BP) measurement. Food Frequency Questionnaire (FFQ) and 
three days diet recall was written down. The daily calorie uptake was calculated. Their 
habits pertaining to smoke, alcohol and Physical Activity (PA) patterns were gathered. The 
NCEP-ATP-III criteria were used to categorize under MetS. The obtained data in the study 
was analysed by SPSS 20. Females-100 and Males-182 were included in the study and 
assessed further. The percentage of overweight individuals did not increase significantly. 
But there was a significant increase by about 10% in obesity. 3% of non-diabetics became 
diabetic. The FBS were higher at 75% subjects compared to 62% earlier. High-Triglycerides 
(TG) was observed in 75% individuals compared to 66% subjects earlier. There was no 
significant increase in individuals with low HDL and high BP. Lack of PA was seen in 63% 
subjects compared to 42% earlier. Also it is observed that the intensity and consistency 
of PA activity dropped. Calories consumption per day >2000 kcal was observed in 68% 



Introduction 

Metabolic Syndrome (MetS) is an 
emerging disorder which might be causing 
cardio-metabolic risk among people with 
central obesity, altered serum lipid values, 
insulin resistance or glucose intolerance 
and elevated blood pressure. Worldwide it 
is observed that the prevalence of MetS is 
increasing rapidly as a result of the obesity 
epidemic and it is observed that there 
is a considerable impact on the Global 
incidence of Type 2 diabetes mellitus and 
cardiovascular disease. Central obesity, 
triglycerides (TG), High Density Lipoprotein 
(HDL) cholesterol, blood sugars and blood 
pressure were the five criteria of MetS. 

Using these criteria MetS is defined variedly 
by many researchers.

According to World Health 
Organisation (WHO, 1998) a person is said 
to have MetS if the insulin resistance or 
type 2 diabetes for sure and two out of five 
other criteria (i) obesity-body mass index > 
30 kg/ m2 or waist/hip ratio males > 0.9 or 
females >0.85 (ii) TG ≥ 177 mg/ dl (iii) HDL 
< 39 mg/dl (iv) blood pressure ≥ 140/90 mm 
Hg (v) microalbuminuria.

In 1999 European Group for the 
study of Insulin Resistance (EGIR) came 
up defining MetS when a person has 
hyper- insulinemia and two out of four 
criteria- (i) waist circumference (WC) males 

subjects compared to 47% earlier. Alcohol habit was observed in 52%. Smoking habit 
was observed in 43% individuals. Though there was no significant increase in smoking 
or alcohol consuming individuals, the frequency and quantity of consumption of smoke 
and alcohol increased significantly. Three criteria of MetS were observed in 46% subjects 
when compared to 33% previously. The altered lipid values and high BMI had a significant 
correlation with lack of PA and high calorie diet consumed. High WC and high BMI had a 
significant correlation. Elevated TG had significant correlation with alcohol consumption. 
Moderate correlation was observed between the factors of increased calorie consumption 
and raised blood sugars/ high WC. The people who had lack of PA, high intake of calories 
on a day to day basis and alcohol consumption had MetS significantly. From the present 
study it was found that MetS is at the raise in the current pandemic situation. Identifying 
lifestyle and interventions necessary in means of education to correct lifestyle of the young 
adults emphasizing to choose healthy food ingredients, cooking methods and alternative 
PA is very important to raise MetS in the community.

Keywords: Metabolic syndrome, MetS, lifestyle, Covid-19, MetS criteria, pandemic, 
physical activity
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≥ 94 cm, females ≥ 80 cm (ii) triglycerides                            
≥ 177 mg/dl (iii) HDL cholesterol < 39 mg/
dl (iv) blood pressure ≥ 140/90 mm Hg or if 
taking medicines to treat hypertension.

International Diabetes Federation 
(IDF, 2005) stated that people are said to 
have MetS if one has central obesity (WC 
females ≥ 80 cm, males ≥ 94 cm) and two 
out of four other criteria (i) fasting blood 
sugars ≥ 100 mg/dl (ii) TG ≥ 150 mg/dl  
(iii) HDL cholesterol males < 40 mg/dl, 
females < 50 mg/dl or on anti-statin 
medications (iv) taking medicines to control 
blood pressure or systolic > 130 mm Hg or 
diastolic  > 85 mm Hg.

The National Cholesterol Education 
Program Adult Treatment Panel III (NCEP 
ATP III, 2005) revision stated in simple 
terms that if a person is having any three 
out of the five criteria (i) WC (males > 
40 inches and females > 35 inches) (ii) 
fasting blood sugars (FBS) ≥ 100 mg/dl  

(iii) TG ≥ 150 mg/ dl (iv) HDL cholesterol 
(males <40 mg/dl or females < 50 mg/dl) 
(v) blood pressure systolic > 130 mm Hg or 
diastolic > 85 mm Hg or if on medications 
to treat either elevated blood sugar or blood 
pressure or altered lipid.

Though each definition has some 
common and varying components, the 
measurement of Insulin Resistance (IR) is 
required by WHO and EGIR classifications. 
But it is majorly used in research. The 
NCEP ATP III defines criteria that can be 
used in the outpatient clinic and became 
the backbone for upcoming classifications 
given in the IDF diagnostic criterion.

Covid-19 pandemic changed the 
living pattern of the entire population 
and a new normal was created based on 
the economic status, accessibility and 
availability to the commodities, their prior 
and current health condition. The lack of 
caution and awareness put them at altered 

TABLE I

Metabolic Syndrome Criteria (as per NCEP ATP III 2005 Revision)

Absolutely required	 None

Criteria	 Any three of the five criteria below

Central obesity	 * Waist circumference > 90cm male; > 80cm female

Hyperglycemia 	  Fasting glucose ≥ 100 mg/dl or Rx

Dyslipidemia	  Triglycerides ≥ 150 mg/dl or Rx

Dyslipidemia (2nd separate criteria)	  HDL < 40 mg/dl Male or < 50 mg/dl Female or Rx

Hypertension	 > 130 mm Hg systolic or > 85 mm Hg diastolic or Rx

* Criteria for Central Obesity are specific for Asian- Indian Population3

Influence of Lifestyle Factors on Metabolic Syndrome Criteria
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nutritional and health status. During this 
covid-19 pandemic the people varied in 
their lifestyle habits pertaining to intake 
of food and beverage, day to day habits 
of physical activity, smoking and alcohol 
consumption. Both the nutrition security and 
food Security of the population diversified 
a lot. The altered lifestyle of individuals 
equally influenced MetS. The most widely 
used MetS criteria particularly in OPD 
clinics as per NCEP ATP III 2005 (revision) 
is being used in the present study (Table I). 

Materials and Methods

A prospective observational study 
was performed in the Clinical Nutrition 
department. A total of 465 subjects were 
screened. 

Subjects and measurements

Both males and females with age 25-54 
years were included into the study. Subjects 
who are having Covid-19 or recovered from 
Covid-19, pregnant and lactating women 
were excluded. Using a standardized 
nutritional assessment questionnaire the 
subjects were interviewed. The prior data 
of the subjects before February 2020 was 
noted and current data during the pandemic 
situation was again noted down. 

The anthropometric measurements 
of Waist Circumference (WC), weight and 
height were measured. Body Mass Index 
(BMI) was computed. Fasting Blood Sugar 
(FBS), Glycosylated Hemoglobin (HbA1C), 

Triglyceride (TG) and HDL (High Density 
Lipoprotein) cholesterol, Blood Pressure 
(BP) were noted down. 

The details of the food security and 
nutrition security were captured using Food 
Frequency Questionnaire (FFQ) of both 
before and during the pandemic situation. 
A three day diet recall method was used 
to capture the day to day items they were 
consuming. Later the per day consumed 
calories was calculated. The day to day 
habits pertaining to their Physical Activity 
(PA), smoking and alcohol consumption 
pattern were jotted down. NCEP ATP 
III (revision 2005) criteria were used to 
categorize under MetS. 

All the patients were given nutrition 
education with proper handouts with 
meal plan and Medical Nutrition Therapy, 
emphasis was given to include feasible 
physical activity and sustain in doing it. 
The importance and means of stress 
relieving practices were also discussed 
as the pandemic situation created a lot of 
changes in the thought process impacting 
the eating, sleeping and physical activity 
of an individual. Also counselled and 
encouraged the cessation of smoking and 
alcohol habits. The data was analyzed 
using SPSS 20. 

Results and Discussion

A total of 465 people were screened in 
the Clinical Nutrition Department. Later both 
males and females of age 25 to 54 years 
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were included excluding the pregnant/ 
lactating women and males/ females who 
recovered from Covid-19 pandemic. The 
study included 100 females and 182 males 
and were assessed further. The study 
included 66 subjects in the age group of 
25-34 years; 107 subjects of 35-44 years 
and 109 subjects of 45-54 years (Figure 1).

The body mass index was calculated 
and WHO classification was used to 
categorise into various grades and are 
observed as shown in Figure 2. The 
percentage of overweight individuals did 
not increase significantly. But there was 
a significant increase by about 10% in 
obesity. 

A 3% of the non-diabetics became 
diabetic. The FBS were higher at 75% 
compared to 62% of earlier. Figure 3 
shows the FBS observed in the subjects 
included in the study. Most of the subjects 
indulged in consuming sweets/ desserts on 

a more regular basis during the pandemic 
than before the pandemic situation. In the 
interview they even mentioned that the 
quantity and frequency of consumption 
increased with regard to fruits, fruit juices, 
sweetened dishes and rice consumption 
particularly. In few subjects, the  
consumption of dry fruits was also 
observed on a daily basis compared to 
weekly consumption earlier to pandemic. 
One more reason what the diabetics were 
mentioning was as regular lab monitoring 
of blood sugars was not there they were 
little lenient on Direct sugar / jaggery 
consumption. In few subjects due to high 
sugar values, they lost weight drastically 
and they ignored the loss of weight thinking 
they are not proper on food consumption 
and they started eating more quantity as 
and when they were feeling hungry and 
few were happy as they were losing weight 
and ignored the actual fact finding for 
their weight loss. This put them into risk of 
diabetes and pre-diabetes.

Figure 1
Number of subjects included from each age group
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High Triglycerides (TG) was observed 
in 75% compared to 66% earlier. There was 
no significant increase in individuals with 
Low HDL and High BP. The major nutrient 
from which the calories were consumed had 
a great influence on increased TG and lack 
of physical activity seen in 63% compared 

to 42% earlier also contributed to altered 
lipids. Also it is observed that the intensity 
and consistency of PA activity dropped. 
Calories consumption per day >2000 kcal 
was observed in 68% subjects compared 
to 47% earlier. Alcohol habit was observed 
in 52%. Smoking habit was observed 

Figure 2
Body Mass Index as per WHO classification

Figure 3
Fasting blood sugars of the subjects before and during pandemic situation
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in 43% individuals. Figure 4 shows the 
details of smoking, alcohol and >2000 kcal/
day consumption. Though there was no 
significant increase in smoking or alcohol 
consuming individuals, the frequency and 
quantity of consumption of smoke and 
alcohol increased significantly. 

Even the subjects who had healthy 
weight were observed to have MetS. Three 

criteria of MetS were observed in 46% 
when compared to 33% previously. Figure 5 
shows MetS criteria observed in the 
subjects included in the study. The altered 
serum lipid values and high BMI were due 
to physical inactivity and high consumption 
of calories on a day-to-day basis. High 
WC and high BMI correlated significantly. 
The elevated TG was observed in those 
with an alcohol habit and had significant 

Figure 4
Physical activity, smoking habit, alcohol habit and >2000kcal/day consumption
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correlation. Blood sugars had a moderate 
correlation with high WC and raised serum 
sugar levels. The physically inactive people 
with high calorie / alcohol consumption had 
a significant MetS criteria observed in them. 
On the whole the MetS risk increased in the 
observed population. 

Conclusion

Findings suggest that MetS is on 
the rise in the present pandemic situation. 
Though the population studied is not a 
representative sample of the community on 
the whole, are should not ignore the findings 
observed and studies should be conducted 
on larger groups to derive conclusive 
evidence. But with the current study it can  

be recommended to Identifying lifestyle and 
interventions / education to correct lifestyle 
of the young adults emphasizing to choose 
healthy food ingredients, cooking methods 
and alternative PA is very important to 
contain raising MetS in the community. 
Living a healthy lifestyle is one of the best 
preventive steps to be away from MetS or 
its individual criteria.
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Abstract 
 

Metabolic Syndrome (MetS) is one among the Non-Communicable Diseases (NCDs) 

which might occur due to genetic, environmental, physiological and behavioural factors. 

MetS is increasing alarmingly in the population. Addressing the modifiable factors to reduce 

the risk is of prime importance. The current study is intended to observe the prevalence of 

Metabolic Syndrome criteria with respect to its relation to lifestyle factors among subjects 

post pandemic situation and the MetS incidence to understand how the disease can be 

prevented and the means to improve the public health. Random sampling method was 

used to enrol 20–50 year old (male and female) urban adults of Bengaluru into the study. 

Type-I-diabetics, lactating and pregnant women, post-cardiac surgery/ pre-post-transplant/ 

covid-19 recovered patients were excluded. Height, weight, Waist-Circumference (WC) 

and hip-circumference were measured. BMI and Waist–Hip Ratio (WHR) were calculated. 

Fasting Blood Glucose (FBS), Triglycerides (TG), HDL, Blood Pressure (BP) values were 

analysed and recorded. Diet recall was captured and calories consumed per day was 

estimated. The habits of exercise routine, smoking, tobacco chewing and alcohol were 

observed. IDF (International Diabetes Federation, 2006) criteria was used to categorise 

MetS. The data was analysed using relevant statistical tools. A total of 1211 adults (females 

486 and males 725) were assessed. High WC indicating central obesity was observed in 

55%. High FBS was observed in 29%. Hyper-triglyceridemia was more in males (36%) than 

females (19%). Low HDL was observed in 65% females against 43% males. High BP was 

observed among 10% in males and 8% in females. Lack of exercise was observed among 

81% of the adults. Due to pandemic situation 10.7% stopped doing exercise. Moderate 

activity in 5.6% and vigorous activity in 2.8% was recorded; 68% of the subjects were 

http://www.ijndonline.org/
mailto:jyothsnard@gmail.com
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consuming >2000 calories/day on an average; 18.6% were alcoholic. MetS was observed 

in 10.6% and MetS-2 criteria in 33.4% and MetS-1criteria in 24.5% before pandemic 

situation and post pandemic there was an increase. MetS was observed in 12.2% and 

MetS-2criteria in 49.7% and MetS-1criteria in 27.9% post pandemic. The lack of exercise 

and high-calorie consumption had a significant correlation with altered lipid values and 

central obesity. High WC had significant relation to High BMI. WHR had very significant 

correlation with high FBS and TG. Women had significantly high WC compared to men. 

The alcohol habit had a significant correlation with hypertriglyceridemia in males. 

Increased calorie consumption had a moderate correlation with raised FBS and WHR. 

MetS was significantly observed in those who had lack of exercise, high calorie 

consumption and alcohol habit. Findings suggest that MetS is in rise in 31-50 year age 

group. Central obesity, dyslipidemia and high FBS were predominant in 31-40 year group. 

High BP was observed in 45-50 years age group. Identifying and educating the young 

adults to correct their life style is the need of the hour to reduce increase of MetS in 

community. 

Keywords: Metabolic syndrome, central obesity, lifestyle, NCD’s, covid-19, pandemic 

 

Introduction 

Non-Communicable Diseases 

(NCDs) are contributing to great extent to 

morbidity and mortality across the globe 

due to swift demographic transition and 

changes in the lifestyle of the individuals. 

As per International Diabetes Federation 

(IDF, 2021)1, by 2045, 700 million adults 

will have diabetes. According to the 

CDC 2021, currently 463 million adults 

have diabetes, worldwide. In India the 

prevalence of diabetes is 11.2% in the 15-

49 year age group that the study 

evaluated; in Karnataka the prevalence 

rate is 4.6%. World Health Organisation 

reports that India is the third most obese 

country in the world. Prevalence of obesity 

in India is 40.3%. The south Indian urban 

women are found to be more obese than 

their other counter parts. National Health 

Portal of India, (2019) observes that in 

India approximately 25-30% of urban are 

suffering from dyslipidaemia. Although, 

Metabolic Syndrome (MetS) is more 

common among males, but it affects both 

the genders2. As per research studies 25% 

Indians have Metabolic syndrome3-5. There 

are various definitions used to evaluate the 

Metabolic syndrome5-8. As per IDF, 2006 

definition1 to categorise under MetS central 

obesity is a definite criterion along with 

two other criteria out of increased fasting 

blood sugars, high triglyceride values, low 

level of HDL cholesterol and high blood 

pressure. Due to diet and lifestyle changes 

in developing countries the prevalence 
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rate of Metabolic syndrome is gradually 

increasing9-11. As the individual criteria listed 

under MetS definition are increasing; the 

prevalence is proportionately increasing12-14. 

The COVID pandemic situation has highly 

influenced the lifestyle and MetS of the 

population, worldwide. The Metabolic 

syndrome is defined to be the group of 

metabolic abnormalities which includes 

central obesity any two out of four defined 

factors which include diabetes mellitus 

that is due to insulin resistance, high blood 

pressure, dyslipidemic state of a person 

which can be hyper-triglyceridemia or 

low levels of high-density lipoproteins. All 

the individual criteria that might result in 

metabolic syndrome have direct or indirect 

impact based on life style15. In the pandemic 

situation the individual criteria of metabolic 

syndrome are altered to a great extent 

putting more individuals at risk of metabolic 

syndrome. The objective of the study is 

to evaluate the dynamic criteria behind 

the increase in the incidence of metabolic 

syndrome rise during the pandemic 

situation and the ways and means by which 

it can be prevented. 

Materials and Methods 

The individuals were randomly 

selected and enrolled for   the   study 

from those visiting the Health Check 

Department of Sakra World Hospital, 

Bengaluru. Inclusion and exclusion 

criteria were defined for enrolling the 

subjects into the research study. Men and 

women in the age group of 20-50 years 

undergoing health check-up currently 

with pre-pandemic health records were 

included. People with Type I diabetes, post- 

surgical or pre / post-transplant patients, 

those who recovered from Covid 19, 

lactating and pregnant women; those 

who undergone health checks in pre 

pandemic period were excluded. As per the 

previous research studies, the incidence of 

metabolic syndrome is found to be around 

19% in South Indian Population. Using 

the statistical formula considering 90% 

confidence level the worked-out sample 

size is 150 with total screening population 

N- 1500. 

c2 Np(1-p) 

n = 

(A2 N) + (c2 p[1-p]) 

n - Sample Size N - Total population 

c - To be 90% sure of the result the 

constant c = 1.645 

p - The average proportion of records 

expected to meet the various criteria 

A pre tested questionnaire was used 

to collect the information. The age in 

years, gender (male or female), education 

(illiterate, primary schooling, secondary 

schooling, technical diploma certificate 

courses, graduate, professional or 

honours), occupation (un-employed, semi- 

routine and routine occupations, lower 

supervisory and technical occupations, 

small employers and own account 

workers, intermediate occupations, higher 
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managerial, administrative and professional 

occupations). 

Socioeconomic class (upper, upper 

middle, lower middle, upper lower and 

lower) was determined by using modified 

Kuppuswamy socio-economic scale 

updated for the year 202116,17. To derive 

at socioeconomic class- the scores were 

marked after collecting total monthly income 

of the family, occupation and education 

of the head of the family. Socioeconomic 

class was marked basing on score; if score 

is 26-29 Upper, score 16-25 Upper Middle, 

score 11-15 Lower Middle, score 5-10 

Upper Lower and score <5 Lower. 

Religion (Jainism, Hinduism, 

Christianity and Islam), family structure 

(single member, nuclear family, joint 

family and extended family) and marital 

status (unmarried, married, divorcee and 

widowed) of the participants was collected. 

Exercise routine was collected from 

the subjects under four headings- Never (0)- 

Not attempted any exercise routine, Former 

(1)- stopped exercise routine for >1year and 

if any exercise is performed; then duration 

of activity and frequency of activity was 

obtained and classified under moderate 

activity (2) (3-6 metabolic equivalents- 3.5 

to 7 kcal/min) and vigorous activity (3) 

(greater than 6 metabolic equivalents- 

more than 7 kcal/min)18,19. Smoking habit, 

tobacco chewing and alcohol consumption 

were obtained under three major headings- 

never (0), former (1) (if the habit is left since 

>1yr) and current (2). 

Diet pattern / history / recall and food frequency 

questionnaire 

The dietary pattern (vegetarian-1 

those who consume no milk and milk 

products, vegetarian-2 those who consume 

milk and milk products, ova-vegetarian 

those who consume milk and egg, 

predominantly vegetarian and at times non 

vegetarian, predominantly non- vegetarian 

and at times vegetarian. More detailed Diet 

history was obtained using FFQ (Food 

Frequency Questionnaire) which gave 

diversity of food groups included by the 

subject and 24-hour dietary recall of two 

days (the day before of the interview and a 

typical weekend) was obtained. For better 

communication and quantification of recall, 

standardized cups, spoons and measures 

were used. The daily caloric consumption 

was calculated using IFCT20. 

Anthropometric measurements 
 

Anthropometric measures of height, 

weight, waist circumference and hip 

circumference were measured21. All the 

equipment used for measuring were 

calibrated periodically. In-body stadiometer 

was used to measure the height in cm to 

the nearest 0.1 cm. Weight measurement 

was done in fasting state using Tanita 

weighing scale in kg to precision of g. 

The measurement was taken thrice to 

attain consistent reading of the participant. 
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The waist and hip circumference were 

measured using a measuring tape in cm 

to the nearest 0.1 cm. All men with waist 

circumference >90 cm and women with 

>80 cm was categorised under abdominal 

obese central obesity category. 

Body Mass Index (BMI) 
 

BMI is calculated by taking weight in 

kilogram and dividing by the square of the 

person’s height in metre (kg/m2). Altered 

BMI can caution the risk of comorbidities 

and the individual can take the primary 

precautionary steps to attain normal BMI. 

BMI is the primary index to determine 

the nutritional status of a person. World 

Health Organisation (WHO), International 

Association for the Study of Obesity (IASO) 

and International Obesity Task Force (IOTF) 

in 2000- in a publication22. The Asia-Pacific 

Perspective: Redefining Obesity and its 

Treatment proposed the revision of cut off 

values as stated in the Table I to prevent 

the risk of developing health issues. 

Waist-Hip Ratio (WHR) was 

calculated by dividing waist circumference 

by the hip circumference. WHR of ≥ 0.90 

for men and ≥ 0.85 women were classified 

as obese category7. 

Basal metabolic rate and total energy expenditure 
 

The basal metabolic rate BMR was 

calculated using Harris-Benedict equation23. 

In men, BMR=66.4730 + 13.7516 x weight 

in kg + 5.0033 x height in cm – 6.7550 x 

age in year. In women, BMR=655.0955 + 

9.5634 x weight in kg + 1.8496 x height 

in cm – 4.6756 x age in year. The total 

energy expenditure (TEE) was estimated 

by multiplying physical activity level (PAL) 

factor with BMR. PAL factor 24,25 considered 

for Sedentary (little or no exercise) 1.2, 

Lightly active (light exercise/sports 1-3 

days/week) 1.375, Moderately active 

(moderate exercise/sports 3-5 days/week) 

1.55, Very active (hard exercise/sports 6-7 

days a week) 1.725 and if vigorous activity 

(very hard exercise/sports and a physical 

job) 1.9. 

 

 

TABLE I 

Asian Adult’s BMI proposed Classification (WHO, IASO and IOTF, 2000) 
 

BMI Nutritional Status Risk of comorbidities 

<18.5 Underweight Low (but increased risk of other problems) 

18.5 - 22.99 Normal Average 

23 - 24.99 Overweight Increased 

25 - 29.99 Obesity class I Moderate 

30 - 35.99 Obesity class II Severe 
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Blood Pressure 
 

Blood pressure (BP) is measured in 

units of milli-meter of mercury (mmHg). 

The readings are upper (systolic) value and 

lower (diastolic) value. The blood pressure 

levels were recorded by using a manual 

sphygmomanometer. Measurements were 

recorded two times, and the average was 

taken as recorded measurement. Digital 

Automatic BP monitor (HEM- 8712 Model, 

Omron Health Care Manufacturing Vietnam 

Co. Ltd., Singapore) was also used to 

cross-check the measurement. 

All the measurements were taken 

using standard techniques as defined by 

Centers for Disease Control and Prevention 

(CDC), National Health And Nutrition 

Examination Survey21. 

Blood sample 
 

Trained and certified lab professionals 

drew the blood samples to analyse the 

fasting blood glucose, triglycerides and 

high density lipo-protein levels. Prior 

information was given to the participant 

that 6ml blood will be drawn for analysis. 

First morning blood sample required for 

analysing Fasting Blood Sugar (FBS) and 

Lipid profile was drawn. VITROS XT 7600 

equipment was used for testing FBS and 

lipid profile. The reference values were 

specified in reagent kit inserts given by 

manufacturer Ortho clinical diagnostics of 

VITROS XT 7600. Calibration was done 

once in six months or whenever reagent lot 

was changed or if any Quality Control (QC) 

variations were observed. The test results 

were run in Biored unity software for QC 

purpose and LJ- Levey-Jennings graphs 

were observed. West guard rules (six rules) 

were observed for QC check. Co-efficient 

of variation used was ± 2SD (Table II). 

Metabolic syndrome classification 

The new IDF, 2006 definition6,7 was 

used for classifying metabolic syndrome 

TABLE II 

Method of Analysis for the Blood parameters and Biological Reference Interval 
 

Blood/ Serum Method Biological reference interval 

FBS Glucose Oxidase peroxidase Hypoglycemia: < 70 mg/dL 

Normal: 70 - 99 mg/dL 

Pre-diabetes: 100 - 125 mg/dL 

Diabetes: ≥ 126 mg/dL 

Triglycerides Enzymatic procedure Normal: <150 mg/dL 

Borderline high: 150-199 mg/dL 

High: 200-500 mg/dL 

Very high: >500 mg/dL 

HDL Non-HDL precipitation 40 - 60 mg/dL 
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subjects. According to the definition, a 

subject has the MetS if central obesity- 

Waist Circumference >90 cm men and 

>80 cm women is present along with two 

or more criteria Hypertriglyceridemia: ≥150 

mg/dl or on medication, Low HDL-C: <40 

mg/dl in men and <50 mg/dl in women 

or on medication, High blood pressure 

(BP): >130/85 mmHg or on medication, 

High fasting glucose: ≥100 mg/dl or on 

medication. 

Ethical committee approval 
 

IHEC (Institutional Human Ethics 

Committee) of Avinashilingam Institute 

for Home Science   and   Higher 

Education   for    Women,    Coimbatore 

first approved (IHEC17-18/FSN/50) the 

present research study. Later the research 

study was proposed and clearance was 

obtained from Sakra World Hospital IEC 

(Institutional Ethics committee) (IEC/ 

SWH/CN/26619). The study was enrolled 

in Clinical Trials Registry India (CTRI) 

(CTRI/2021/07/035254). The research 

subject information sheet and consent form 

were available in English and Kannada. 

Statistical analysis 

Appropriate, standard statistical tools 

and measures were used to analyse the 

data. Continuous variables were expressed 

as mean values ± Standard Deviation (SD). 

All statistical tests were two-tailed. The 

statistical significance was set at p<0.05 

and p<0.001. 

Results and Discussion 

A total of 1211 adults were enrolled 

in the study from a total health check-up 

subject of 1850. From total study subjects 

enrolled 1211; 486 were females (40.1%) 

and 725 were males (59.9%). 

The mean age (year) of the 

participants was 37.8±7. The mean height 

(cm) and weight (kg) were males- 171.7± 

6.4, 77.9 ± 12.97 and females- 158.4±6.1, 

67.35 ± 13.18. 

Professional or honours degree was 

held by 12.88% of participants in the study 

group. 54.42% were graduates; 24.61% 

had technical diploma or have undergone 

certificate courses sufficient to take up a 

job; 7.6% had secondary schooling and 

0.25% had primary schooling.0.25% were 

illiterate. Occupation wise 54.17% of them 

were placed into intermediate jobs and 

27% were self-employed.   1.32%   were 

in managerial jobs. 8.67% were in lower 

supervisory technical jobs and 8.75% were 

unemployed. 

Majority of subjects (85.96%) were 

from upper- middle income group; 8.09% of 

were from high- income group and 5.95% 

of the subjects were of lower middle income 

group. 90.75% of the subjects were Hindus, 

5.12% were Christians, 3.14% were Islam, 

and <1% were Jains. Nuclear family set up 

was observed in 84.56% of the subjects with 

only 4.13% in joint extended family system; 

11.81% of the subjects were living alone 
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single members. Married individuals were 

66.14% and 32.2% were unmarried. 1.07% 

were divorce and 0.58% were widowed. 

Smoking habit was observed 

among 4.79% and alcohol consumption 

in 18.58% among the subjects. None of 

the participants had tobacco chewing 

habit. Vigorous activity level was observed 

among 2.81% and moderate exercise level 

was observed in 5.45%. Nearly 12.97% 

males and 7.2% females discontinued the 

exercise routine due to covid 19 pandemic 

situation and 81.09% of the subjects had 

no exercise routine. Predominantly non- 

veg and occasional non veg group were 

84.72%. 9.58% of the subjects used non 

veg more than vegetarian food. Around 

1.98% were ovo-vegetarian and 2.56% 

were lacto vegetarians; 1.16% were 

vegans- who included only vegetarian food 

and no animal products. 

This lifestyle habit had a significant 

relation to central obesity or dyslipedemic 

state among the enrolled subjects. Table III 

presents the socio- economic state and life 

style habits of the subjects. 

 

TABLE III 

Characteristics of the Research Participants (N=1211) 
 

Measured Parameter Research subjects (N) 
Males 

n ± S.D 

Females 

n ± S.D 

Total number of subjects N-1211 (100) 725 (59.9) 486 (40.1) 

Mean age (year) 37.8 ± 7.0 38.4 ± 6.7 36.9 ± 7.3 

Mean height (cm) 166.32 ± 9.05 171.7 ± 6.4 158.4 ± 6.1 

Mean weight (kg) 73.67 ± 14.0 77.9 ± 12.97 67.35 ± 13.18 

Education level N (%)    

Illiterate 3 (0.25) 1 (0.14) 2 (0.41) 

Primary schooling 3 (0.25) 0 (0) 3 (0.62) 

Secondary schooling 92 (7.60) 48 (6.62) 44 (9.05) 

Technical / diploma certificate courses 298 (24.61) 225 (31.03) 73 (15.02) 

Graduate 659 (54.42) 362 (49.93) 297 (61.11) 

Professional or Honours 156 (12.88) 89 (12.28) 67 (13.79) 

Occupation N (%)    

Unemployed 106 (8.75) 0 (0) 106 (21.81) 

Semi-routine and routine occupations 0 (0) 0 (0) 0 (0) 

Lower supervisory and    

technical occupations 105 (8.67) 22 (3.03) 83 (17.08) 

Small employers and own    

account workers 328 (27.09) 283 (39.03) 45 (9.26) 
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Intermediate occupations 656 (54.17) 408 (56.28) 248 (51.03) 

Higher managerial, administrative and    

professional occupations 16 (1.32) 12 (1.66) 4 (0.82) 

Socioeconomic class N (%)    

Lower (Score <5) 0 (0) 0 (0) 0 (0) 

Upper Lower (Score 5-10) 0 (0) 0 (0) 0 (0) 

Lower- middle (Score 11-15) 72 (5.95) 43 (5.93) 29 (5.97) 

Upper- middle (Score 16-15) 1041 (85.96) 598 (82.48) 443 (91.15) 

Upper (Score 26-29) 98 (8.09) 84 (11.59) 14 (2.88) 

Religion N (%)    

Jainism 12 (0.99) 7 (0.97) 5 (1.03) 

Hinduism 1099 (90.75) 655 (90.34) 444 (91.36) 

Christianity 62 (5.12) 39 (5.38) 23 (4.73) 

Islam 38 (3.14) 24 (3.31) 14 (2.88) 

Family structure N (%)    

Single member 143 (11.81) 128 (17.66) 15 (3.09) 

Nuclear family 1018 (84.06) 567 (78.21) 451 (92.80) 

Joint family 35 (2.89) 22 (3.03) 13 (2.67) 

Extended family 15 (1.24) 8 (1.1) 7 (1.44) 

Marital status N (%)    

Unmarried 390 (32.20) 223 (30.768) 167 (34.36) 

Married 801 (66.14) 494 (68.14) 307 (63.17) 

Divorcee 13 (1.07) 7 (0.97) 6 (1.23) 

Widowed 7 (0.58) 1 (0.14) 6 (1.23) 

Consumption of alcohol N (%)    

Never 983 (81.17) 564 (77.79) 419 (86.21) 

Former 3 (0.25) 3 (0.41) 0 (0) 

Current 225 (18.58) 158 (21.79) 67 (13.79) 

Smoking habit N (%)    

Never 1142 (94.30) 664 (91.59) 478 (98.35) 

Former 11 (0.91) 11 (1.52) 0 (0) 

Current 58 (4.79) 50 (6.90) 8 (1.65) 

Exercise pattern N (%)    

Never 982 (81.09) 567 (78.21) 415 (85.39) 

Former 129 (10.65) 94 (12.97) 35 (7.20) 

Moderate 66 (5.45) 41 (5.66) 25 (5.14) 

Vigorous 34 (2.81) 23 (3.17) 11 (2.26) 
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Dietary pattern N (%)    

Vegetarian-1 (No milk and milk products) 14 (1.16) 8 (1.10) 6 (1.24) 

Vegetarian-2 (Includes milk and    

milk products) 31 (2.56) 19 (2.62) 12 (2.47) 

Ovo- vegetarian (Includes milk and egg) 24 (1.98) 15 (2.07) 9 (1.85) 

Predominantly veg and at times non-veg 1026 (84.72) 597 (82.34) 429 (88.27) 

Predominantly non-veg and at times veg 116 (9.58) 86 (11.86) 30 (6.17) 
 

In the study the IDF definition for 

metabolic syndrome was taken into 

consideration. The covid pandemic situation 

has put most of the study subjects at risk 

of having one to two metabolic syndrome 

criteria. 

Age wise distribution 
 

The mean age was 37.8±7. The 

age group 31-40 years had 536 subjects 

(44.3%) - 319 males (44%) and 217 females 

(44.7%) and 41-50 years age range for 474 

subjects (42.8%) - 310 males (42.8%) and 

164 females (33.7%) and rest of them - 201 

subjects (16.6%) were of 21-30 years - 96 

males (13.2%) and 105 females (21.6%). 

Age wise distribution of the selected 

subjects is highlighted in Figure 1. 

The study subjects were classified 

based on the IDF metabolic syndrome. 

The enrolled subjects (1211) pre covid 

health records were checked and the MetS 

criteria were recorded. Figure 2 shows the 

pre covid period and post covid period data 

of the MetS criteria of the enrolled subjects. 

Pre and post covid pandemic period MetS 

criteria were observed in 148 (12.2%) 

against 128 (10.6%) and MetS-2 criteria 

in 602 (49.7%) against 404 (33.4%) and 

MetS-1 criteria in 338 (27.9) against 297 

(24.5%). Pre pandemic period 381 subjects 

 

 

Figure 1 

Age group of research participants 
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Figure 2 

Metabolic Syndrome (MetS) criteria among the participants in pre and post COVID period 

had zero MetS criteria which decreased to 

124 subjects with zero MetS criteria. 

Further in the current data of enrolled 

subjects   of   males   (725)   and   females 

(486) - zero metabolic syndrome criteria is 

observed in 10.2% (123 subjects- 90 males 

and 33 females) of the study subjects. The 

subjects having one to two criteria are at 

risk of developing Metabolic syndrome- 

77.6% (one criteria - 27.9% and two criteria- 

49.7%). 4.2% of them had three MetS 

criteria; 5.8% had four MetS criteria and 

five MetS criteria was observed in 2.2%. 

A total of 12.2% - 148 subjects - 100 males 

and 48 females of the study subjects had 

metabolic syndrome having 3-5 criteria and 

is depicted in Figure 3. 

 

 
Figure 3 

            Metabolic syndrome (MetS) criteria among the research participants 
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Figure 4 

MetS individual criteria among the men and women 
 

Age had statistically significant 

correlation with central obesity and hyper 

triglyceridemia with p<0.01. Age to BMI and 

Age to low level of HDL were statistically 

not significant. In the research study the 

central obesity and low level of HDL has 

contributed to high prevalence of MetS 

662 and 629 subjects respectively. High 

FBS and hypertriglyceridemia levels was 

observed in 348 and 354 subjects. Around 

111 subjects had elevated BP. Among males 

and females, the p value was <0.01 for low 

HDL levels and high waist circumference. 

The p value was <0.05 among males and 

females for hyper triglycerides and high 

FBS. The BP had no significance among 

males and females. These are represented 

in the Figure 4. 

Table IV shows the Correlation 

Coefficient between MetS criteria Waist 

Circumference (WC), Fasting Blood Sugar 

(FBS), Triglycerides (TG), High Density 

Lipoproteins (HDL); anthropometric 

measures - Body Mass Index (BMI), 

Waist- Hip Ratio (WHR) and lifestyle habits 

pertaining to exercise, alcohol, smoking, 

tobacco chewing and high calorie intake of 

the research subjects (N=1211). High WC 

had significant correlation with FBS, TG, 

BMI, HDL, High calorie intake and lack of 

exercise. The p value was <0.01. BMI and 

waist to hip ratio were statistically significant 

p < 0.001. FBS had statistically significant 

correlation with high triglycerides, low HDL. 

Exercise had significant correlation with 

WC, BMI, WHR, FBS, TG, HDL and BP. 

Alcohol habit had significant correlation with 

triglycerides and HDL. In the present study, 
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TABLE IV 

Correlation Coefficient between Mets Criteria, Anthropometric Measures and Lifestyle of the 

Research Subjects (N=1211) 
 

 WC BMI WHR FBS TG HDL Exercise Alcohol Smoking BMR TEE 

WC - .001*** .001*** .001*** .001*** .001*** .001*** .001*** .001*** .001*** .001*** 

BMI  - .001*** 0.59 0.32 .001*** 0.76 0.11 0.66 .001*** .001*** 

WHR   - .001*** .001*** .001*** .001*** .001*** .001*** .001*** .001*** 

FBS    - .001*** 0.48 .001*** .001*** .01** 0.29 0.73 

TG     - .001*** .001*** .001*** .01** 0.03 0.29 

HDL      - 0.64 .01** .01** .001*** .001*** 

Exercise       - .001*** .01** 0.14 0.001 

Alcohol        - .001*** 0.01 0.01 

Smoking         - 0.03 0.09 

BMR          - 0 

TEE           - 

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level 

(2-tailed); *** Correlation is significant at the 0.001 level (2-tailed) 
 

smoking had no significant correlation with 

any of the tested parameter. 
 

High calorie consumption compared 

to their BMR had significant correlation with 

WC, BMI, WHR, FBS and TG. During the 

pandemic years high caloric intake was 

observed coming through high fatty foods, 

simple carbohydrate foods and lack of 

exercise has put the individuals at risk of 

MetS. 

The BMR calculated using Harris- 

Benedict for the group was 1654.28±203.78 

and Total energy Expenditure calculated 

using the Physical Activity Level was 

2024.11±287.15.   The   BMR   and   TEE 

of   Males   were   1889.15±293.18   and 

2266.98±351.81 and of females were 

1554.82±218.84    and    1865.79±262.61. 

Equally the intake of fresh fruits, reduction 

in consuming restaurant foods / salt 

preserved / fast foods, comparatively less 

salt used in the diet along with reduction 

in travel stress had contributed to a great 

extent for normal blood pressure values. 

According to the data consumption of high 

fatty or sugary foods leading to high caloric 

intake and low or no exercise is one of the 

main aetiologies for metabolic syndrome. 

The level of significance is stated in the 

Table IV as three categories with p values 

<0.05, <0.01 and <0.001. 

The Metabolic syndrome criteria 

observed in the research subjects (N=1211) 
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Figure 5 

MetS criteria among the men and women 

 

Figure 6b 

Fasting blood sugar of the MetS subjects 

 

is graphically represented in Figure 5. 

Among the studied research subjects, the 

dynamic criteria contributing to metabolic 

syndrome were high WC and low HDL in 

both males and females. High WC and low 

HDL levels were 45 and 46% in female 

subjects and 63% each in male subjects. 

The high FBS and high TG were in 32 and 

33% of males respectively. In females 22% 

of them had high FBS and 9% had high TG. 

In the current enrolled research subjects 

6% females and 8% males had elevated 

BP. 

 
 
 

Figure 6a 

Waist circumference of the MetS subjects 

The individual Metabolic Syndrome 

criteria of the subjects using box and 

whisker plots is shown in the Figure 6 

(a to e). 

As represented in Figure 6a- Waist 

circumference (in cm) of males ranged from 

85 to 124.5 with 99.9 as median and 139 

and 144 as outliers. In females, the waist 

circumference ranged from 79 to 119.4 with 

98.5 as median and 124.5 as outlier. 
 
 

Figure 6c 

Triglycerides of the MetS subjects 
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Figure 6d 

High density lipo-proteins of the MetS 

subjects 

As plotted in Figure 6b- fasting sugars 

(in mg/dl) of males was in lower range of 76 

to 306 (median 116.5) and outliers of 345 

and 476 in comparison to that of females 

ranging between 87 to 167 (median 109) 

and 188, 208, 239, 255, 272 and 330 as 

outliers. Triglycerides of the MetS subjects 

is shown in Figure 6c. Males TG levels 

(mg/dl) were in slightly on higher range 

46- 441 (median 203.7) that compared to 

females 74-419.1 (median 206) with 549 

and 618 as outliers. 

High Density Lipo-protein (HDL) 

values (mg/dl) are as plotted in Figure 6d. 

In males, the HDL median was 36.5 mg/dl 

with range of values between 23.9 and 

52.1. Whereas in females the HDL values 

median was 38.5 and ranged between 

26.6 to 52.6 with an outlier 21.5. Figure 

6e shows the systolic and diastolic blood 

pressure values (mmHg) in males and 

females. In males, it ranged between 90-

164 and 68-103 with median 120 and 

80 for systolic and diastolic pressure. In 

females, systolic and diastolic pressure 

ranged   as   197-150   and   60-100   with 

Figure 6e 

Systolic and diastolic blood pressure of the 

MetS subjects 

 

median values of 120 and 80 for systolic 

and diastolic. Diastolic blood pressure had 

60 as outlier in both males and females and 

63 in males. 

Conclusion 

The current study shows the 

prevalence of metabolic syndrome 

among the study group at the age of 31- 

40 years and the risk of developing MetS 

is high as one - two criteria are present in 

a more than one third (77%) in the study 

group. The results suggest apart from 

abdominal obesity or central obesity which 

is a compulsory MetS criteria as defined 

by IDF; low HDL levels was another major 

criteria of Metabolic syndrome observed 

in the study group. The study population 

showed both men and women are equally 

at risk of developing metabolic syndrome. 

Hypertriglyceridemia is more   among 

men compared to women which might be 

due to high calorie consumption, alcohol 

consumption and stopping of exercise 

routine due to pandemic situation. 
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The research findings also call 

attention to the need for comprehensive 

planning for evidence-based prevention, 

diagnosis, and management of metabolic 

syndrome and its associated factors by 

conducting the research in larger group. 

The individual factors criteria should 

also be addressed as primary prevention 

from the onset of metabolic syndrome and 

addressing the cluster criteria together 

might be the secondary prevention aspect. 

As soon as one-two criteria of MetS criteria 

are prevalent in an individual the corrective 

steps have be to taken to normalise them 

and reduce the risk of MetS. The research 

should further continue by intervening 

with diet and life style tailor made to the 

individual needs and review over a defined 

time frame interval, systematically. 
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