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a b s t r a c t

Objective: We report prevalence and risk factors of metabolic syndrome (MS) in the obese workforce of
organized sector in hill city of Himachal Pradesh (HP), India.
Methods: The cross-sectional survey study of employees of organized sectors in Shimla city of HP, India,
was conducted to collect data of demographics, health behavior, psychosocial factors, anthropometry,
blood pressure, and blood chemistry to measure blood glucose and lipid profile in fasting state in 3004
employees using validated tools. Out of 3004 subjects screened, data of 418 subjects with body mass
index of �30 are analyzed to estimate the prevalence of MS and its risk determinants. The association of
demographics, health behavior, and psychosocial factors as the risk determinants were analyzed using
multivariable logistic regression modeling.
Results: MS was prevalent in 57.6% [95% confidence interval (CI): 52.8%e62.3%]. The central obesity (odds
ratio: 10.6, 95% CI: 2.32e48.4) and consumption of frequent or daily alcohol (odds ratio: 1.94, 95% CI: 1.05
e3.59),and extra salt (odds ratio: 3.34, 95% CI: 1.09e10.2) were independent risk factors for MS. The
consumption of tobacco, vegetables, sugar-sweetened drinks, physical inactivity, and psychosocial factors
had no significant association with MS in obese population.
Conclusions: MS is highly prevalent among obese employees of organized sector. The consumption of
alcohol and extra salt were major behavioral risk factors for MS and therefore have important impli-
cations in behavioral modifications for prevention of MS among obese employees in organized sectors.
© 2019 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Metabolic syndrome (MS) is an emerging risk factor for diabetes
and cardiovascular disease (CVD).1,2 The CVD and diabetes are the
leading causes of disease burden globally. There is a trend of
increasing incidence of obesity with rapid urbanization and eco-
nomic transition.3 Prevalence of MS is higher in the obese popu-
lation. The obesity refers to increased body fatmass. Themajority of
the patients of obesity have metabolic abnormalities of MS. How-
ever, about 25% of the obese patients may not have metabolic ab-
normalities and are referred to as metabolically healthy obese.4e8

Understanding of risk factors for MS in the obese population is of
great importance in formulating evidence-based interventions for
its prevention. Health risk behavior and psychosocial factors could
influence the risk of MS in the obese population.
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There are number of observational and a few interventional
studies determining the risk factors of MS.9e12 However, studies
on risk determinants of MS among obese populations are
limited. We aimed to estimate the prevalence and health
behavior, depression, anxiety, and stress as the risk determinants
of MS in the obese population of employees working in different
organized sectors of Shimla city in the hill state of Himachal
Pradesh (HP).

2. Methods

2.1. Study design, population, and sampling method

In this cross-sectional survey study of employees working in
different government and public sector units in Shimla city, in-
dividuals selected by convenient sampling method formed the
study population. The Shimla city is situated at about 800 feet
height above sea level at coordinates of 31.10480 north and 77.17340

east. An attempt was made to select organized sectors from
different departments involved in varied areas of services, e.g.
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education, health, police, transportation, business houses, and
public sector units. Employees with body mass index (BMI) of �30
formed the study sample of present reporting.

2.2. Survey instruments

World Health Organization steps (WHO STEPs) approach survey
instrument was used to record the data on sociodemographic,
health behavior. The psychosocial factors such as depression, anx-
iety, and stress were measured using the scale-21 (DASS-21).13 The
anthropometry data were measured using validated tools. Weight
was recorded using hard surface spring balance weighing machine
calibrated against standard weight, height using Secca stadiometer
and waist circumference with 1 cm width non-stretchable
measuring tape. The blood pressure (BP) was measured using a
digital BP recorder, Omron model HEM 7201. The measurement of
blood glucose and lipid profile was done using fully autoanalyzer
Arba Panacea using standard kits in fasting state.

2.3. Survey team and training

Four contractual research staff of multidisciplinary research unit
(MRU) of the Department of Health Research, Government of India,
under MRU scheme, consisting of lab assistant, two lab technicians,
and one research associate (post Ph.D.) constituted the research
team. The research teamwas trained by investigators to administer
survey instruments. Pretesting of administration of survey in-
struments was evaluated for each member on 10 subjects, and
reliability of the responses and data collected were cross-checked
by investigators. The discrepancies observed with the data recor-
ded with any member were addressed through retraining. Once
members were well-versed with the use of survey instruments, the
survey study was initiated.

2.4. Implementation strategy of a survey study

The head of the management was approached by the teamwith
the request letter explaining the objectives of the study, and their
permission was sought on a voluntary basis. When permission for
survey study was granted, the list of all employees was prepared
with the help of management. The appointment for employees
volunteering to participate in the study was fixed day prior for the
study in batches. A separate room was provided by the manage-
ment for the survey team to conduct the study.

2.5. Ethical approval

The study protocol was approved by the IGMC ethical
committee.

2.6. Data collection

The data collection started from March 2017 to March 2018. The
self-reported data of socioeconomic, demographic, and health risk
behaviorwere recorded. The dietary intakewas recorded using food
frequency questionnaire to capture intake of sugar-sweetened
drinks, butter and/or ghee (liquefied butter) and use of extra salt
at the table, vegetables, and fruits. The frequency of consumption
was reported as never/occasional, frequent or daily and based on
consumption, less than once a week, more than 4 times in a week,
or all days in a week, respectively. The consumption of alcohol was
recorded as never or occasional (once a month or so), frequent (two
to three times aweek), or daily. The current consumption of tobacco
in smoke and/or smokeless form was recorded as tobacco con-
sumer. The frequent or daily consumers of sugar-sweetened drinks,
vegetables, fruits, extra salt, butter, and alcohol were labeled as
consumers, while daily consumers of tobacco were labeled as to-
bacco consumers. The stress, anxiety, and depressionwere recorded
using validated questionnaire on depression, anxiety, and stress
(DASS-21) scale.13 This was followed by physical examination to
measure weight in kilograms (Kg) in light clothes using validated
flat surface spring balance weighing machine. The waist circum-
ference was measured in centimeters using 1 cm width non-
stretchable flexible measuring tape in erect posture at the end of
expiration during normal breathing at a midpoint between the
anterior superior iliac crest and last rib holding measuring tape
parallel to the ground. Three readings were measured, and an
average was used for analysis. Height was measured using Secca
stadiometer without shoes or hat, if any, subject standing erect and
looking straight ahead with tragus of the ear and inferior margin of
eye orbit parallel to the ground. The height wasmeasured inmeters.
Three readings of BP at an interval of 2e3 minwere measured after
5 min of rest using appropriate size BP cuff in sitting position, back
resting, and uncrossed feet supported on the ground with validated
digital BP recorder OMERONmodel HEM 7201, and an average value
was taken for analysis.

The 5 ml of venous blood sample was drawn after 8e10 h of
fasting and collected in appropriate vials to measure blood glucose
and lipid profile next morning. The blood sample was transported
to MRU lab of IGMC hospital in cold chain container for processing
and estimation. Blood glucose and lipid profile were measured
using standard kits and standardized solution in fully autoanalyzer
model EM360 Transasia. The socioeconomic state was calculated
based on education, employment status, and per capita income
using Kuppuswamy method.14

3. Definitions

Metabolic syndrome: The MS was diagnosed using modified
3rd adult treatment panel (ATP III) criteria based on presence of any
of the following three out of five criteria:

➢ Fasting blood glucose �100 mg/dl and/or diabetic on sugar
lowering drugs;

➢ BP � 130/85 mmHg and/or hypertensive patients on drugs;
➢ Triglyceride level �150 mg/dl or on lipid lowering drugs;
➢ High density lipoprotein cholesterol (HDL-C) �40 mg/dl in men

and �50 mg/dl in women;
➢ Waist circumference�90 cm in men and �80 cm in women.

Dyslipidemia: It was diagnosed if any of the following criteria
was met:

➢ Total cholesterol more than 240 mg/dl;
➢ Low density lipoprotein cholesterol (LDL-C) more than 130 mg/

dl;
➢ Triglyceride levels more than 150 mg/dl;
➢ HDL-C less than 40 mg/dl in males and less than 50 mg/dl in

females.

Mixed dyslipidemia: It was diagnosed when combination of
elevated total cholesterol (�240 mg/dl) and/or elevated levels of
LDL-C (�130 mg/dl) with elevated triglyceride (�150 mg/dl) was
found.

Physical inactivity: The subjects were labeled physically inac-
tive, if cumulative moderate intensity exercise was of less than
150 min in a week.

Stress: It was diagnosed with DASS-21 score of �15.
Anxiety: DASS-21 score of � 8.
Depression: DASS-21 score �10.
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4. Data analysis

The data of 418 employees with BMI�30 out of the total of 3004
employees screened with complete data were analyzed to estimate
the prevalence and the risk factors of MS among obese employees.
The characteristics of the study population were reported in ab-
solute counts, and percentages for categorical variables and
mean ± standard deviation for continuous variable were distrib-
uted normally. The significance of the difference in the distribution
of sociodemographic, occupation, type of organized sector, health
behavior, stress, anxiety, depression, and cardiometabolic risk fac-
tors was compared between group with and without MS using the
c2 test. The association of MS with sociodemographic characteris-
tics, psychosocial factors, and health risk behavior were analyzed
with univariate logistic regression model, by estimating crude odds
ratio with 95% confidence interval (CI), respectively. The variables
having significant association in univariate logistic regression
model entered in multivariable logistic regression modeling to
determine the independent association with MS and adjusted odds
ratio with 95% CI were reported. The two-sided p-value of <0.05
was taken as statistically significant. The statistical analysis was
done using STATA, version 13.

5. Results

5.1. Characteristics of the study population and prevalence of MS

Detailed description of sociodemographics, health behavior,
occupation status, and organized sectors-wise representation of
the study sample is reported in Table 1. The study sample con-
sisted of middle age (48.0 ± 9.4) population, 56.1% male, pre-
dominantly married, about 3/4th from upper lower class (ULC),
upper middle class (UMC), and upper class (UC) socioeconomic
state with the education level of graduation and above in about
40%, mostly engaged in skilled and professional occupation in
diverse organized sectors. There was a significant gender-based
difference in the distribution of marital status, socioeconomic
state, nature of occupation, and types of organized sectors
employment. The consumption of extra salt and sugar-sweetened
drinks was significantly higher in males though the consumption
of vegetable and fruit were similar. The tobacco and alcohol con-
sumption was recorded only in men. Physical inactivity was
equally prevalent among men and women and of whom two-third
were leading a sedentary life. The cardiometabolic risk factors
were highly prevalent among the obese population; about 84%
had dyslipidemia, 52% were hypertensive, and about 18% were
diabetic. The mixed dyslipidemia was the common most form of
dyslipidemia. The MS was prevalent in 57.6%, had 95% CI of 52.8%e
63.2%, and was significantly more in men as compared with
women. Hypertension and central obesity were more prevalent in
men. Overall, less than 10% of obese employees had symptoms of
depression, anxiety, and/or stress and were equally prevalent
among men and women.

5.2. Distribution characteristics of MS

The detailed description of distribution characteristics of MS in
the study sample is reported in Table 2. MS was more frequent
among men, and the frequency distribution varied significantly
across organized sectors, the nature of jobs employees were
engaged in, and employees consuming tobacco, alcohol, and extra
salt. MS was equally prevalent among employees with different
levels of education and socioeconomic state, consumption status of
vegetables, fruits, and sugar-sweetened drinks, and status of psy-
chosocial factors.
5.3. Risk determinants of MS

The demographic, health behavior, and central obesity were
analyzed as the potential independent risk factors for MS (Table 3).
The consumption of alcohol and extra salt and central obesity were
significantly associated with MS in the obese population. There was
a trend of association with physical inactivity, consumption of
sugar-sweetened drinks, and consumption of vegetables but was
statistically not significant. The odds of MS was low in those
consuming butter and/or ghee but was statistically not significant.
The association between depression, anxiety, and stress with MS
was statistically not significant.

5.4. Risk determinants of cardiometabolic risk factors

The detailed description of the association of demographic,
behavioral, and psychosocial factors with components of MS is
reported in Table 4. In brief, age, gender, consumption of tobacco,
and consumption of alcohol had a significant association with
components of MS. There was a trend of inverse association of
consumption of butter and/or ghee with central obesity, while
consumption of sugar-sweetened drinks had a positive association
with central obesity. The psychosocial factors had no significant
association.

6. Discussion

The prevalence of MS is increasing with the emerging epidemic
of obesity. In a cross-sectional study of obese employees of orga-
nized sector in hill city of HP, India, MS was prevalent in 57.6%,
having 95% CI of 52.8%e63.2%. The central obesity and consumption
of alcohol and extra salt were the independent risk factors associ-
ated with MS. Although, the physical inactivity and consumption of
sugar-sweetened drinks demonstrated trends of association, it was
statistically not significant. The psychosocial factors such as
depression, anxiety, and stress were not significantly associated
with MS.

The association of central obesity with MS suggests the truncal
distribution of adipose tissue and identifies an obese population at
a risk of metabolic abnormalities. Although increased BMI is a good
indicator of increased adiposity, however, it does not provide in-
formation about the distribution and functionality of adipose tis-
sue. The obesity is a pathophysiological condition reflecting the
state of dysregulated energy homeostasis as a result of the resis-
tance of central neural centers to leptin, regulating appetite and
satiety.15e17 The resultant imbalance between intake and expen-
diture increases the adiposity. The increased adiposity is associated
with a state of inflammation resulting in insulin resistance and
associated metabolic abnormalities.18e21 What transforms meta-
bolically healthy adiposity to adiposity with a metabolic abnor-
mality is unclear. Is it the insulin resistance that determines the
distribution of fat in event of excess caloric intake? Or is it a type of
fuel substrate that determines the site of fat deposition? Analysis of
association between types of fuel substrate consumed with central
obesity in the present study revealed trends of association with
consumption of sugar-sweetened drinks [odds ratio: 2.85
(0.66e12.3)], and an inverse association with consumption of
butter and/or ghee [odds ratio: 0.27 (0.07e1.01)]. The refined car-
bohydrate-based diet is an important determinant of
dyslipidemia than saturated fat diet observed in the latest reviews
of observational studies.22e26 The observational and interventional
studies suggests that sugar-sweetened beverages increases the risk
of obesity and diabetes.26e31

The number of behavioral risk factors has been found to be in
association with MS in cross-sectional and longitudinal



Table 1
Characteristics of study population.

Characteristics Overall population (N ¼ 418) Men
N ¼ 239 (57.1%)

Women
N ¼ 179 (42.8%)

p value

Age 418 (48.0 ± 9.4) 239 (48.1 ± 10.1) 179 (47.8 ± 8.3) 0.70
Marital status
Married 407 (97.3%) 236 (98.7%) 171 (95.5%) 0.04
Socioeconomic state
Lower middle class 103 (24.6%) 64 (26.7%) 39 (21.7%) 0.01
Upper middle class 142 (33.9%) 92 (38.4%) 50 (27.9%)
Upper lower class 52 (12.4%) 27 (11.3%) 25 (13.9%)
Upper class 121 (28.9%) 56 (23.4%) 65 (36.3%)
Education status
Primary 40 (9.5%) 18 (7.5%) 22 (12.2%) 0.11
Middle 193 (46.1%) 119 (49.7%) 74 (41.3%)
Higher 185 (44.2%) 102 (42.6%) 83 (46.3%)
Occupation
Unskilled 11 (2.8%) 2 (0.8%) 9 (5.4%) 0.001
Semi-skilled 19 (4.8%) 3 (1.3%) 16 (9.7%)
Skilled 213 (54.6%) 148 (65.7%) 65 (39.3%)
Professional 147 (37.6%) 72 (32.0%) 75 (45.4%)
Organization
Business houses 170 (40.6%) 125 (52.3%) 45 (25.1%) 0.001
Police 18 (4.3%) 17 (7.1%) 1 (0.5%)
Himachal road transport corporation 20 (4.7%) 13 (5.4%) 7 (3.9%)
Education 22 (5.2%) 3 (1.2%) 19 (10.6%)
Public sector units 188 (44.9%) 81 (33.8%) 107 (59.7%)
Health behavior
Tobacco consumption status
Current tobacco consumers 55 (13.1%) 55 (23%) 0 0.001
Ex tobacco consumers 2 (0.4%) 2 (0.8%) 0
Current alcohol consumer 97 (23.2%) 97 (40.5%) 0 0.001
Consumption of vegetables 413 (98.8%) 235 (98.3%) 178 (99.4%) 0.29
Consumption of fruits 354 (84.9%) 204 (85.3%) 150 (83.8%) 0.66
Consumption of fried foods 86 (20.5%) 62 (25.9%) 24 (13.4%) 0.002
Consumption of sweet drinks 374 (89.4%) 220 (92.0%) 154 (86.0%) 0.04
Consumption of butter/ghee 160 (38.2%) 87 (36.4%) 73 (40.7%) 0.36
Consumption of extra salt 23 (5.5%) 18 (7.5%) 5 (2.7%) 0.03
Overall physical activity status
Sedentary 242 (57.8%) 137 (57.3%) 105 (58.6%) 0.96
Moderate 62 (14.8%) 36 (15%) 26 (14.5%)
Vigorous 114 (27.2%) 66 (27.6%) 48 (26.8%)
Cardiometabolic risk factors
Metabolic syndrome 241 (57.6%)

(52.8e62.3)
149 (62.3%)
(55.9e68.3)

92 (51.4%)
(44.0e58.7%)

0.02

Hypertension 221 (52.8%)
(48.0e57.6)

140 (58.5%)
(52.1e64.6)

81 (45.2%)
(38e52.6)

0.007

Diabetes 77 (18.4%)
(14.9e22.4)

47 (19.6%)
(15e25.2)

30 (16.7%)
(11.9e23)

0.44

Dyslipidemia 352 (84.2%)
(80.3e87.4)

203 (84.9%)
(79.7e88.9)

149 (83.2%)
(76.9e88)

0.63

Central obesity 402 (96.1%)
(93.8e97.6)

229 (95.8%)
(92.3e97.7)

173 (96.6%)
(92.6e98.4)

0.66

Depression (yes) 18 (5.7%) 11 (5.9%) 7 (5.4%) 0.84
Anxiety (yes) 23 (7.3%) 10 (5.4%) 13 (10.0%) 0.11
Stress(yes) 12 (3.8%) 4 (2.1%) 8 (6.2%) 0.06
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observational studies. Meta-analysis of cohort studies reported 84%
rise in risk of MS among heavy alcohol drinkers, while light
drinkers have 14% lower risk compared with non-drinkers.9 In the
present study, frequent or daily alcohol drinkers had significant
association with MS compared with never or occasional drinkers
with odds ratio of 1.71 and 95% CI of 0.97e3.34, adjusted for age,
sex, tobacco consumption, and extra salt consumption.

The association of salt intake and risk of MS has been reported in
a number of cross-sectional and longitudinal follow-up observa-
tional studies.32e34 The animal experimental studies have demon-
strated improvement in insulin sensitivity and hypertension with
salt reduction diet.35,36 The salt-sensitive individuals with excessive
salt intake predispose to hypertension and diabetes and have the
common basis of cell membrane defect where increased sodium is
exchanged with calcium leading to increased cytosolic calcium
levels. High cytosolic calcium in pancreatic beta cells in turn hikes
the secretion of insulin resulting in hyperinsulinemia and in a
smooth muscle cell of the arteries, advances the vascular tone
leading to hypertension and microvascular dysfunction of skeletal
muscles and reduced glucose uptake and its insulin resistance.37 In
the present study, the association of use of extra salt with MS was
found to be statistically significant even after adjustment of alcohol
intake, central obesity, and physical inactivity [odds ratio (95% CI):
3.34 (1.09e10.2)].

The active and passive smoking has been reported to be asso-
ciated with MS in observational studies. The meta-analysis of
cohort studies reported significant raise in the risk of MS in a
population exposed to tobacco smoke and had a doseeresponse
relationship. Risk of MS was significantly higher in heavy smokers
compared with light and non-smokers.11,38,39 In the present study,



Table 2
Distribution characteristics of metabolic syndrome in study population.

Characteristics Obese with MS
N ¼ 241 (57.6%)

Obese without MS
N ¼ 177 (42.3%)

Odds ratio (95% CI) p value

Age 241 (48.3 ± 9.4) 177 (47.5 ± 9.3) 1.00 (0.99e1.03) 0.36
Gender (male) 149 (61.8%) 90 (50.8%) 1.56 (1.05e2.31) 0.02
Marital status
Married 237 (98.3%) 170 (96%) 2.43 (0.70e8.46) 0.14
Socioeconomic state
LMC 63 (26.1%) 40 (22.6%) Reference 0.27
UMC 87 (36.1%) 55 (31%) 1.00 (0.59e1.69)
ULC 30 (12.4%) 22 (12.4%) 0.86 (0.43e1.70)
UC 61 (25.3%) 60 (33.9%) 0.64 (0.37e1.09)
Education status
Primary 23 (9.5%) 17 (9.6%) Reference 0.62
Middle 116 (48.1%) 77 (43.5%) 1.11 (0.55e2.21)
Higher 102 (42.3%) 83 (46.8%) 0.90 (0.45e1.81)
Occupation
Unskilled 5 (2%) 6 (3.3%) Reference 0.04
Semi-skilled 10 (4.1%) 9 (5%) 1.33 (0.30e5.91)
Skilled 153 (63.4%) 88 (49.7%) 2.11 (0.62e7.17)
Professional 73 (30.2%) 74 (41.8%) 1.18 (0.34e4.05)
Organization
Police 8 (3.3%) 10 (5.6%) Reference 0.01 (trends)
Business house 114 (47.3%) 56 (31.6%) 2.5 (0.95e6.8)
HRTC 11 (4.5%) 9 (5%) 1.5 (0.42e5.5)
Education 9 (3.7%) 13 (7.3%) 0.86 (0.24e3.0)
PSU 99 (41%) 89 (50.2%) 1.39 (0.52e3.6)
Health risk behavior
Never tobacco consumers 204 (84.4%) 159 (89.8%) Reference
Tobacco pack years (<20) 8 (3.3%) 8 (4.5%) 0.77 (0.28e2.1) 0.6
Tobacco pack years (>20) 29 (12.0%) 10 (5.6%) 2.3 (1.1e4.8) 0.03
Current alcohol consumer 68 (28.2%) 29 (16.4%) 2.02 (1.24e3.30) 0.005
Consumption of vegetables (yes) 239 (99.1%) 174 (98.3%) 1.2 (0.87e1.64) 0.42
Consumption of fruits (yes) 204 (84.6%) 154 (84.7%) 0.99 (0.57e1.70) 0.97
Consumption of fried foods 54 (22.4%) 32 (18.1%) 1.30 (0.80e2.13) 0.27
Consumption of sugar sweetened drinks (yes) 220 (91.3%) 154 (87.0%) 1.56 (0.83e2.92) 0.15
Frequent/daily consumption of butter/ghee 85 (32.3%) 75 (42.3%) 0.74 (0.49e1.10) 0.14
Frequent/daily use of extra salt 19 (7.9%) 4 (2.3%) 3.70 (1.23e11.0) 0.01
Physical inactivity 145 (60.2%) 97 (54.8%) 1.24 (0.84e1.84) 0.27
Waist circumference (cm) 241 (107.2 ± 9.7) 177 (102.9 ± 11.2) �4.2 (�6.2 to �2.2) 0.0001
BMI (mean ± SD) 241 (32.7 ± 3.2) 177 (33.1 ± 3.4) 0.43 (0.19 to 1.07) 0.08
Hyperuricemia 143 (59.5%) 106 (59.8%) 0.98 (0.66e1.47) 0.95
Depression (yes) 10 (55.5%) 8 (44.4%) 0.96 (0.37e2.51) 0.94
Anxiety (yes) 15 (65.2%) 8 (34.7%) 1.49 (0.61e3.63) 0.37
Stress(yes) 7 (58.3%) 5 (41.6%) 1.08 (0.33e3.50) 0.88

CI, confidence interval; MS, metabolic syndrome; BMI, body mass index; SD, standard deviation; HRTC, Himachal roadways transport corporation; PSU, public sector unit;
LMC, low middle class.
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there was no significant association with MS [odd ratio (95% CI):
0.96 (0.46e2.01)]. In the present study among obese population,
whether obesity modifies the effect of tobacco consumption on the
risk of MS needs to be studied.

The physical inactivity and consumption of sugar-sweetened
drinks have been reported to be associated with MS in number of
observational studies.26e31,40e42 However, we did not find any
significant association. There was a trend of higher risk of MS
Table 3
Independent risk determinants of metabolic syndrome.

Characteristics Adjusted odd ratio
(95% CI)

Two-sided
p value

Age 1.00 (0.98e1.02) 0.77
Gender (male) 1.17 (0.73e1.86) 0.55
Socioeconomic state 0.87 (0.73e1.05) 0.46
Tobacco consumption 0.96 (0.46e2.01) 0.92
Alcohol consumption 1.94 (1.05e3.59) 0.03
Sugar-sweetened drinks 1.15 (0.58e2.27) 0.67
Consumption of butter/ghee 0.76 (0.50e1.17) 0.22
Consumption of vegetables 2.68 (0.40e17.9) 0.30
Consumption of extra salt 3.34 (1.09e10.2) 0.03
Central obesity 10.6 (2.32e48.4) 0.002
Physical inactivity 1.22 (0.81e1.85) 0.34

CI, confidence interval.
among obese employees leading to sedentary life [odds ratio (95%
CI): 1.22 (0.81e1.85)] and those consuming sugar-sweetened
drinks [odds ratio (95% CI): 1.15 (0.58e2.27)].

The consumption of saturated fat (butter/ghee) had trends of an
inverse association with MS adjusted for age, gender, physical
inactivity, consumption of extra salt, alcohol, and sugar-sweetened
drinks [odds ratio (95% CI): 0.76 (0.50e1.17)]. The type of fuel
substrate; a carbohydrate or saturated fat determines the site of fat
deposition; viscera or subcutaneous depot. The analysis of the as-
sociation between the consumption of butter/ghee with central
obesity revealed the odds of central obesity was significantly low
among obese population consuming butter and/or ghee [odd ratio
(95% CI): 0.27 (0.07e1.01)], while odds of central obesity was 2.85
(0.66e12.3) in those consuming sugar-sweetened drinks. Pro-
spective population-based follow-up observational studies and
meta-analysis of cohort studies reported lower risk of developing
central obesity in people consuming dairy fats significantly.43,44

Psychosocial factors such as depression, anxiety, and stress
operates through activation of hypothalamic, pituitary, and adrenal
axis resulting in enlarged levels of cortisol, affecting the immune
system and metabolic pathways. The association of depression,
anxiety, and stress with MS and diabetes is found variable in
observational studies. We assessed depression, anxiety, and stress



Table 4
Independent risk determinants of cardiometabolic risk factors.

Characteristics Raised glucose/diabetes Central obesity Hypertriglyceridemia Low HDL-C Hypertension
Adjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

Age 1.06 (1.02e1.10) 1.07 (1.01e1.14) 0.99 (0.97e1.02) 0.97 (0.94e0.99) 1.05 (1.02e1.08)
Sex (male) 1.49 (0.75e2.94) 0.40 (0.08e1.86) 2.78 (1.59e4.85) 0.50 (0.28e0.91) 1.22 (0.71e2.12)
Physical inactivity 0.98 (0.53e1.81) 1.18 (0.34e4.05) 1.05 (0.65e1.71) 1.65 (0.96e2.81) 0.81 (0.49e1.31)
Current tobacco 1.38 (0.50e3.78) 1.53 (0.25e9.21) 1.25 (0.60e2.62) 1.06 (0.43e2.57) 2.69 (1.19e6.10)
Current alcohol 0.39 (0.15e0.97) 0.73 (0.16e3.23) 1.15 (0.60e2.19) 0.73 (0.33e1.63) 1.29 (0.65e2.57)
Sugar-sweetened drinks 0.43 (0.18e1.01) 2.85 (0.66e12.3) 1.16 (0.54e2.49) 1.20 (0.53e2.69) 1.12 (0.53e2.35)
Extra salt consumption 2.41 (0.76e7.62) 1 1.09 (0.40e3.00) 0.96 (0.31e2.95) 1.92 (0.62e5.97)
Butter/ghee 0.99 (0.53e1.85) 0.27 (0.07e1.01) 0.96 (0.59e1.57) 1.12 (0.66e1.88) 0.79 (0.48e1.28)
Depression 0.18 (0.01e1.72) 1 1.18 (0.34e4.04) 1.02 (0.27e3.76) 1.06 (0.30e3.75)
Anxiety 1.59 (0.47e5.38) 0.28 (0.02e2.98) 0.86 (0.30e2.43) 1.64 (0.59e4.54) 2.27 (0.79e6.52)
Stress 0.70 (0.06e7.74) 1 0.82 (0.17e4.00) 1.44 (0.31e6.68) 0.97 (0.20e4.56)

CI, confidence interval.
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among obese subjects to gain insight into possible association with
MS but did not find any significant association with obese
population.

6.1. Limitation of study

The estimation of consumption of butter/ghee, extra salt, sugar-
sweetened drinks, and alcohol was not quantified. Although, the
frequency of consumption is a surrogate marker for quantity
consumed, internal and external validation of the data captured by
the survey team was not done to ensure the quality of data. Thus,
the present data should be interpreted in this context. Future
intervention studies are required to evaluate the role of dietary and
psychosocial factors as the risk factors for MS in the obese
population.

6.2. Conclusion

The cross-sectional study of obese employees of organized
sectors in Shimla city of hill state of HP revealed that more than 50%
had MS. Central obesity and consumption of alcohol and extra salt
were found to be independently associated with MS. The con-
sumption of sugar-sweetened drinks and physical inactivity had
trends of association but were statistically not significant. Con-
sumption of butter and/or ghee had trends of inverse association
with MS.
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