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ABSTRACT

Context: Metabolic syndrome (MetS) raises the chance of cerebrovascular accidents and cardiovascular illness in type 2 diabetes
mellitus (T2DM) individuals. Early identification of MetS allows for suitable prophylactic and treatment strategies to reduce the risks.
Aim: To estimate the prevalence of MetS and its risk factors in T2DM individuals. Settings and Design: This cross-sectional study
investigated MetS and its component’s prevalence among newly diagnosed T2DM at the tertiary care hospital. Methods and Material: The
study was conducted from January 2022 to December 2022 and included 300 participants above 18 years, with most being men (55%,
165), and using the World Health Organization (WHO) STEPS questionnaire for assessing selected risk factors. Along with blood
glucose, different components of MetS were assessed, that is serum triglyceride (TG) level, serum high-density lipoprotein (HDL)
level, blood pressure (BP) and waist circumference (WC), as per the National Cholesterol Education Program (NCEP) Adult Treatment
Panel III (ATP III) criteria. Statistical Analysis Used: Data analysis includes mean and standard deviation (SD) for numerical variables
with an unpaired t-test to compare means and percentage and proportions for categorical variables with the Chi-square test for the
associations. Multivariate logistic regression was used for assessing the predictors of MetS. Results: The prevalence of components
of MetS, that is obesity, hypertension (HTN), TG and HDL components, was 64.0% (192), 45.7% (137), 46.0% (138) and 30% (90),
respectively. Overall, MetS was 57% (170). Moderate activity of 150 min/week, sitting/reclining, WC, diastolic BP, TG and HDL had
a significant association with MetS. Conclusions: MetS was highly associated with newly diagnosed T2DM with obesity being the
most common component.
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Background

“The metabolic disorder known as Diabetes Mellitus (DM) is
characterized by hyperglycemia brought on by abnormalities
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in insulin synthesis, insulin action, or both’. The prevalence of
DM has risen globally and affects the two sexes uniformly. The
massive increase in diabetes cases brought on by urbanization
and technological advancement has put significant pressure on
healthcare systems.!"! Every population and region in the globe,
even rural areas of nations with low and moderate incomes,
has DM.P As per the World Health Organization (WHO), 422
million persons had diabetes globally in 2014. Adult age-adjusted
prevalence rose, with nations with low and moderate incomes
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seeing the greatest tises, from 4.7% in 1980 to 8.5% in 2014.”
Type 2 diabetes mellitus (T2DM) prevalence in Asiatic Indians
rose from 5.5% in 1990 to 7.7% in 2016.P!

A group of metabolic disorders known as metabolic
syndrome (MetS) are intimately linked to non-communicable
disease (NCD) risk factors. MetS includes measurements
for cholesterol, blood sugar, blood pressure (BP) and waist
circumference (WC). Several standards for determining MetS
have been provided by various international organizations,
such as WHO in 1996, The National Cholesterol Education
Program (NCEP) Adult Treatment Panel I1I (ATP I1I) in 2005
and the International Diabetes Foundation (IDF) in 2005.F¢
In the Indian context, the definition offered by NCEP ATP
III has widespread acceptance for both clinical and research
purposes.[? According to Nolan PB ¢ a/’s!"! examination
of pooled data, MetS prevalence in young adults over the
world ranges from 5% to 7%. MetS affects between 25% and
45% of utban people in India.®! Amidst disputes about the
medical relevance of MetS, there is mounting evidence that it is
a common syndrome associated with the onset of T2DM and
heart disease (cardiovascular disease (CVD)).['" MetS is linked
to a 1.5-fold increase in the risk of total mortality, a 1.5-fold
increase in the danger of CVD and CVD mortality, as well as a
1.5-fold enhanced stroke risk.['"

MetS is thought to affect the vast majority of people with
T2DM or impaired glucose tolerance, which is nearly double

the prevalence in the general community.['?

1 MetS prevalence
was found to be 25.8% among the common population and
over 50% among the T2DM group in population-based
research from Chennai in southern India.' DM and MetS
together considerably increase the incidence of cardiovascular
illnesses. DM is accompanied by a wide range of risk factors,
which are heightened by the existence of MetS. CVD risk can
be increased by two to four times by MetS with DM.I It has
been documented that having MetS reduces survival in T2DM
patients by at least 10 years.'" MetS is a major problem in public
health right now. Further study is consequently required. Because
the two conditions are linked, diagnosing MetS components
in diabetic patients is critical for recognizing, preventing and
controlling the hidden threats and decreasing the frequency of
CVD deaths. Evaluation of MetS and its components pinpoints
clinically significant high-risk subgroups of T2DM for tailored
CVD risk factor therapy and possible insulin resistance-targeting
therapies. Numerous studies also failed to account for the length
of diabetes, which may have resulted in estimates of the incidence
and components of MetS that were inaccurate. This study aimed
to estimate the burden of MetS and its components in T2DM
patients with a 6-month illness duration.

Methods

A hospital-based cross-sectional study was conducted at the
diabetes outpatient department (OPD) among newly diagnosed
T2DM participants from January 2022 to December 2022.
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To ensure the adequacy of the sample, the prevalence of MetS
and its components among DM patients in an Indian study was
taken as 49% for the hypertension (HIN) component.' After
adjusting with population size and non-responders 5%, the
final sample size was estimated as 300. A consecutive sampling
method was used to select the participants above 18 years of
age, T2DM diagnosed within the last 6 months. Pregnant women
and first-year postpartum women were excluded.

Variable definition and instruments

The WHO STEPS tool was used to evaluate risk factors and
measurements, such as anthropometry and BR' The interview
schedule was divided into the following sections: step 1
included obtaining information on the demographic profile and
behavioural measurements, such as physical activity, tobacco use,
medical history, alcohol consumption and dietary habits. Step
2 included selected physical measures, such as height, weight,
BP and WC, and step 3 included obtaining fasting venous
blood for the analysis of a few biochemical indicators, such as
high-density lipoproteins (HDL), triglycerides (T'G) and fasting
blood sugars (FBS).

‘According to the revised NCEP ATP III criterion for the
classification of MetS, study participants should have at least
three of the five following components: WC (>90 cm for
males and >80 cm for females); BP (2130/85 mm/Hg ot
use of anti-hypertensive drugs); HDL (<40 mg/dl for males
and <50 mg/dl for females or use of antilipidemic drugs);
TG (2150 mg/dl or use of dyslipidemia drugs) and/or
FBS (>100 mg/dl ot use of hypoglycaemic drugs)’.l"

For the study of Global Physical Activity Questionnaire (GPAQ)
data in the WHO STEPS questionnaire and to describe the level
of physical activity, METs (metabolic equivalents) were used. We
can determine overall physical exercise by applying MET values

to activity levels.l"]

WC was measured at the level of the midpoint between the high
point of the iliac crest and last rib on the sides and the umbilicus

anatomy, using a non-stretchable tape measuring with the person
lightly clothed.!"

Sitting BP was measured with an automated sphygmomanometer
with a universal cuff placed just 1 to 2 centimetres above the
elbow joint, using the patient’s non-dominant arm and after
15 minutes of rest. Two readings were taken within a 3-minute
relaxation period between two measurements, and the mean was

used for analysis.l"’]

Weight was obtained from patients, while they were barefoot and
wearing light clothing, using a portable digital scale with 150 kg

of capacity and 0.1 kg of accuracy."

Height was assessed with a measuring tape with a scale of 0.5 cm.
Aiming to guarantee the accuracy of measurements, participants
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were instructed to stand upright and motionless, with their palms
touching their thighs and their heads adjusted to the plane."!

A completely automatic instrument was used in the laboratory
to quantify HDL, TG and FBS from venous blood samples that
were taken after an overnight fast. Blood samples were taken in
red and green vacutainers to assess fasting lipids (T'G and HDL)
and estimate FBS. Blood samples totalling 5 ml were taken from
each subject.

The participants’ informed written consent was obtained after
they were made aware that their involvement in the research was
voluntary and would not harm them in any way. Institutional
ethical committee approval was obtained.

Data were entered and analysed using the Statistical Package for
the Social Science (SPSS) version 23 software. Demographic
indicators and different parameters for MetS recorded at the time
of enrolment were analysed. Descriptive analysis was conducted
and reported as mean, standard deviation (SD) and median
for continuous variables and frequencies and percentages for
categorical vatiables.

Results

Sociodemographic characteristics

Of the 300 study participants in the study, 185 (65%) were males.
Around half of the total study participants (51.3%) were of the
age group 41 to 60 years followed by 61 to 80 years (28.4%).
Most of the participants were residents of rural areas (84.0%),
Hindu by religion (92.7%) and were married (87.3%). More than
half of the participants (52.7%) belonged to a joint family, and
39% of the participants belonged to socioeconomic class II as
per the revised BG Prasad classification 2022.

MetS was found in 57% (170/300) of the patients in the total
study, with prevalence rates of 47.9% and 67.4% for males and
females, respectively. Participants with increased WC component
were 193 (64%), BP component, 137 (45%), TG component,
138 (46%) and HDL component, 90 (30%). Among female
participants, the most common elevated component was WC,
and for male participants, it was the TG component [Figure 1].

Prevalence of MetS and its components

90 83.7%
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Figure 1: Prevalence of metabolic syndrome and its components
among participants. Legends: blue — male participants, orange —female
participants, grey — total participants

Journal of Family Medicine and Primary Care

The proportion of study participants having only one component
was 7.3%, whereas 34%, 29.7% and 21.7% had two, three and
four components of MetS, respectively. All five components of
MetS were present in 6.7% of participants [Figure 2].

A significant difference was observed between the groups in
whom MetS was present and absent in the case of age category
and gender (P < 0.005). No statistically significant difference
was observed in the case of other sociodemographic variables,
such as rural or urban residence, religion, marital status and
socioeconomic class (P > 0.05) [Table 1].

Analysis of risk factors

The proportion of total study participants engaged in smoking
was 15.7%, and MetS was absent in more than half of them
(53.2%). About 28.7% of the study population consumed
alcohol, and a higher proportion (54.7%) were positive for
the presence of MetS. No significant difference was observed
statistically between the two groups regarding alcohol
consumption and smoking [Table 2]. The average amount
of fruits consumed assessed as servings per week was higher
among the MetS absent group, but the mean consumption
of vegetables remained similar in both groups. The amount
of consumption of fruits and vegetables did not show any
significant statistical difference between both groups [Table 2].
The majority of the study participants were not engaged in
vigorous physical activity, and the results were similar in both
groups. Moderate physical activity was found to be higher
among the MetS absent group and significantly different in both
groups (P = 0.001). It was also observed to have a significant
difference in the mean hours per day spent sitting or reclining
among the two groups [Table 2].

The average weight among the study participants was 70 £ 8.9,
having a significantly higher value among the MetS present
group (P = 0.001). A significant difference was also observed in
body mass index (BMI) and WC among the two groups, which
was higher among the MetS present group (P = 0.001). Systolic
and diastolic BP were also observed to be significantly high
among the MetS present group similar to TG levels (P < 0.05).
There was no significant difference in FBS levels among both
groups; the mean FBS level was 156.9 + 55.6 g/dl. The level of
HDL was found to be significantly low among the MetS present
group (P = 0.001).

34.7%
29.7%
30
25 21.7%
15
10 7.3% 6.7%
1 2 3 4 5

Number of criteria positive for Metabolic syndrome

Percentage of study participants
« 8

o

Figure 2: Distribution of the study participants according to the number
of criteria fulfilled for metabolic syndrome
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Table 1: Sociodemographic characteristics among the study participants

Characteristics Total (n=300) MetS present (n=170) MetS absent (n=130) P
Gender, n (%)
Females 135 (45) 91 (67.4) 44 (32.0) 0.001
Males 165 (55) 79 (47.9) 86 (52.1)
Age group (in years), n (%)
18-40 61 (20.3) 24 (39.3) 37 (60.7) 0.001
41-60 154 (51.3) 92 (59.7) 62 (40.3)
61-80 85 (28.4) 54 (63.5) 31 (36.5)
Locality
Urban 48 (10) 23 (47.9) 25 (52.1) 0.18
Rural 252 (84) 147 (58.3) 105 (41.7)
Religion
Muslim 22 (7.3) 16 (72.7) 6 (27.3) 0.11
Hindu 278 (92.7) 154 (55.0) 124 (44.6)
Family type
Joint 158 (52.7) 94 (59.5) 64 (40.5) 0.29
Nuclear 142 (47.3) 76 (53.5) 66 (46.5)
Socioeconomic class®, n (%)
I (upper class) 72 (24.0) 38 (52.8) 34 (47.2) 0.76
II (upper middle class) 117 (39.0) 68 (58.1) 49 (41.9)
IIT (middle class) 76 (25.3) 42 (55.3) 34 (44.7)
IV and V (lower middle class and lower class) 35 (11.7) 22 (62.9) 13 (37.1)

“Based on revised BG Prasad’s socioeconomic status scale 2022

Table 2: Association of behavioural, anthropometric and biochemical risk factors with metabolic syndrome

Characteristics

Total (%) n=300 MetS present (%) n=170  MetS absent (%) n=130 P

Current smoker, n (%)
Yes
No
Alcohol consumption, n (%)
Yes
No
Vigorous activity of 75 min per week
Not engaged
HEngaged
Moderate activity of 150 min per week
Not engaged
Engaged
Sitting (hr/day), meantSD
Consumption of fruits (servings per week), mean+SD
Consumption of vegetables (servings per week), meantSD
Anthropomettic and biochemical measurements
Weight (kgs)
Height (cm)
BMI (kg/m?)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting blood sugars (g/dl)
Triglycerides (g/dl)
High-density lipoproteins (g/dl)

47 (15.7)
253 (84.3)

86 (28.7)
214 (71.3)

286
14

233
67
6.8%£1.5
4.0£2.1
12.7+2.2

70.4£8.9
159.7£8.9

27.6£5.9
98.5+14.8
130.2+18.6
78.7£10.6
156.9£55.6
173.5%£89.0
4541124

22 (46.8) 25 (53.2) 0.13
148 (58.5) 105 (41.5)
47 (54.7) 39 (45.3) 0.19
123 (57.5) 91 (42.5)
164 (57.3) 122 (42.7) 0.28
6 (42.9) 8 (57.1)
162 (69.5) 71 (30.5) 0.001
8 (11.9) 59 (88.1)
7.740.7 5.6%1.6 0.001
3.942.1 42421 0.8
12,8422 12,6423 0.4
7514158 64.3%11.2 0.001
158.349.1 161.748.2 0.08
27.8%4.6 29.9%5.9 0.001
105.7£13.6 89.2+10.5 0.001
137.2422.1 119.9+14.2 0.001
85.5%19.3 73.148.1 0.001
157.6+55.8 158.8+51.5 02
208.6£102.7 137.5448.7 0.001
443+138 50.3+8.7 0.001

Logistic regression

Selected risk factors that are associated significantly with a

P value less than 0.05 were entered in univariate binatry logistic

regression. After considering probable confounding effects, risk
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factors with a P value of 0.05 or below on univariate logistic
regression analysis were included in a multivariate binary logistic
regression model to find risk factors that independently predict
the MetS. It was observed from the above “Table 3’ that people
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Table 3: Univariate and multivariate binary logistic regression

Variables Odds ratio (95% CI) Adjusted odds ratio (95% CI) P
Gender

Female 2.2 (1.4-3.6) 4.07 (0.84-19.7) 0.08

Male (ref) 1 1 -
Age category

19—-40 (ref) 1 1 -

41-60 2.21.2-4.1 0.90 0.21-3.79 0.89

61-80 2.6 (1.3-5.2) 3.91 (0.60-25.41) 0.15
Moderate activity of 150 mins per week

Not engaged 16.8 (7.6-37.0) 5.50 (1.20-25.2) 0.02

Engaged 1 1 -
Siting/reclining (hrs/day) 2.98 (2.3-3.7) 3.56 (2.07-6.11) 0.001
Weight 1.05 (1.03-1.08) 0.98 (0.89-1.08) 0.80
BMI 1.2 (1.1-1.3) 1.05 (0.80-1.38) 0.71
Waist circumference 1.1 (1.07-1.1) 1.14 (1.07-1.21) 0.001
Systolic blood pressure 1.05 (1.03-1.06) 1.01 (0.97-1.06) 0.41
Diastolic blood pressure 1.1 (1.07-1.14) 1.12 (1.04-1.21) 0.001
Triglycerides 1.01 (1.01-1.02) 1.02 (1.01-1.21) 0.001
High-density lipoproteins 1.1 (1.07-1.14) 0.91 (0.86-0.96) 0.001

with elevated parameters, such as TG, diastolic BP, WC,
sitting/reclining (hrs/day) and not engaged in the moderate
activity of 150 mins/week, had a higher odd of 1.02,1.12,1.14,
3.56 and 5.50 times getting MetS among diabetes patients with a
statistically significant P value less than 0.05. HDL was observed
to have a protective effect (OR: 0.91) on MetS.

Discussion

The prevalence of MetS was estimated to be 65% in our study.
Our findings are comparable to other studies which included
the ones by Shiferaw W ¢z /. (2020)"* in sub-Saharan African
nations and Nsiah K ¢7a/. (2015)"” in Ghana, with the respective
prevalence of 59.6% and 58.0%. On the contrary, a few studies
by Pokharel D ¢ al. (2014)!" in Nepal, Surana S ez a/. (2014)P in
India, MU Khan e# /. (2021)? in Pakistan, Uprety T ez o/l in
Nepal in 2020 and Gemeda D ¢# /P in Ethiopia in 2022 found
a higher prevalence of MetS among T2DM, with percentages of
83.0%, 77.2%, 73.6%, 68.5% and 68.3%, respectively. Disparities
in the stated frequency between various research may be partly
due to variances in the diagnosis parameters for this condition.
The high prevalence of MetS found in our research was expected
as MetS is present in nearly every person with T2DM or impaired
glucose tolerance, making it twice as prevalent as in people in
general..l'”

Elevated WC followed by increased TG and elevated BP are
common cluster components of MetS among participants.
Results wete by the findings of MU Khan ¢# a/,”" whereas
Pokharel D ef al!' revealed that low HDL and increased TG
followed by elevated BP are found to be potential risk factors
for MetS.

Yadav ez al!' reported that 87% of the study participants had
elevated WC, whereas our study showed less prevalence of
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elevated WC (64%). This might be because of the study setting
where our study included only newly diagnosed participants
unlike Yadav e# a/’s where the duration of diabetes among the
study participants varied ranging from 1 to 20 years with an
average of 6 years.

We observed that the prevalence of central obesity (83.7%,
47.9%) and low HDL (40.0%, 21.8%) was higher among
females than males, whereas raised BP (44.2%, 47.4%) and high
TG (43.0%, 48.5%) were higher in males similar to the findings
reported by Pokharel D ez @/ Due to their home-based activities
and spending most of the time in the kitchen compared to other
family members, increased chances of regular consumption
of starchy foods, processed carbohydrates, late-night eating,
exercising less frequently and leading a sedentary lifestyle might
be the contributions to this. The most common factor in men
was hypertriglyceridemia, which was subsequently followed in
prevalence by high BP, an expanded WC and finally a decreased
HDL. The findings of Nsiah K ¢ a/. and Felix Val ¢/ /. and this

result are consistent.!*?’!

Predictors of MetS in T2DM

In our study “Table 3’, no physical activity for 150 minutes
per week was the best predictor of MetS, whereas in Zerga
et al’s study,™ BMI (>25 kg/m2) was found to be the
greatest indicator of MetS among T2DM, with an adjusted
odds ratio (aOR) of 9.59, followed by older age (aOR, 4.5),
sedentary behaviours (aOR, 3.9) and frequency of red meat
consumption (aOR, 2.61). Females were twice as likely as
men to acquire MetS (aOR 2.3), whereas coffee consumption
among T2DM patients had a negative relationship (aOR,
0.36) with MetS. The share of MetS components may vary
depending on the nation, gender and ethnic group. Obesity is
a key factor in the emergence of MetS and occurs before the
other MetS components.™ It is believed that the main event
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in the progression of MetS is the onset of obesity, or more
specifically, a rise in abdominal fat. Asian Indians are more likely
to experience central obesity than overall fat.

Our study found no discernible distinction between individuals
with MetS T2DM and those who did not in terms of their
mean fruit and vegetable consumption [Table 2]. Nevertheless,
Gemeda D ¢ a/’sP? findings show that as compared to
respondents who ate fruit and vegetables twice more frequently
per week, MetS was substantially more common among those
who consumed these foods once per week and never. Fruits
and vegetables have more fibre, antioxidant content and lower
glycaemic index than other foods, which may account for their
comparatively lower energy content.

Our findings regarding ever-alcohol consumers and current
smokers’ proportions [Table 2] corroborated with the research
conducted by Gemeda e¢7 a/.,*# Nsiah K ¢# @/, and Lira Neto
J et al. (2017)P% in Brazil. On the contraty, in another study
from China, drinking alcohol and smoking are linked to a
higher proportion of MetS.”” The outcomes of out research
might not seem to support any judgments regarding MetS
and addictions. Additional research on the subject revealed
a significant discrepancy in findings about the relationship
between MetS and addictions.””) More studies in this area
should be conducted with a bigger sample size to determine
the precise relationships.

In our study, there was a significant link between moderate
activity and MetS, and there was no correlation between
strenuous exercise and MetS. The mean number of sedentary
hours was greater for individuals with MetS than those without,
and these differences were significant. As per Gemeda D ¢z al.,*?
participants likely to have MetS were 6.9 times more, if they
were not physically active. Zerga ef al?¥ noted a substantial
positive correlation between MetS and idle time spent engaging
in sedentary activities. Participants who got to spend their leisure
time reading, watching television or doing other sedentary
activities had a 2.65 higher chance of developing MetS than those
who strolled, cycled, performed sports or did housework. The
correlation between physical activity, cardiorespiratory fitness,
body weight and obesity has been demonstrated to be inverse,
according to observational studies. In accordance with the 2008
Physical Activity Guidelines for Americans’ recommendations,
‘some physical activity is better than none’, and ‘additional
benefits occur with more physical activity’. Physical activity’s
favourable impacts on body composition, such as increased
skeletal muscle insulin sensitivity and decreased insulin resistance,
could be used to explain the benefits. This could be because
obesity, insulin resistance and impaired lipid metabolism are all
brought on by sedentarism, which also causes MetS.

Strength and limitations

The major strength of our study is that it was conducted
among newly diagnosed T2DM patients, unlike other studies
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where the duration of the study was not considered. We have
also performed data triangulation as data were collected from
the patient through history, anthropometry measurements and
records through previous OPD prescriptions and investigation
reports.

There might be recall bias and social desirability which might
result in some degree of error when describing patterns of food
diversification, alcohol intake, smoking and tobacco chewing.

Conclusion

The results of the research have worrying ramifications for
India’s prevalence of MetS in T2DM. MetS was found in
57% of the patients in the study, with higher prevalence rates
among females. Elevated WC followed by increased TG and
elevated BP are common cluster components of MetS among
participants. The predictors of MetS include no moderate activity
of 150 min/week being the strongest predictor followed by
sitting/reclining, raised WC, elevated diastolic BP, increased TG
and decreased HDL, which was remarkably linked with MetS.
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