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Abstract
Purpose Lifestyle changes in diabetes mellitus leads to metabolic syndrome, thus resulting in a hike in micro and macrovascular
complications in diabetes mellitus patients. Themain objective of the study was to identify the occurrence of metabolic syndrome
and to evaluate the gender-associated difference in each component of metabolic syndrome by using International Diabetic
Federation (IDF) and National Cholesterol Education Program Adult Treatment Panel III (NCEPATP III)criteria.
Methods This is a cross-sectional study conducted in 350 type II diabetes mellitus patients. All the study participants within 30–
80 years were enrolled. Subjects with type I DM and pregnant women were excluded from the study.
Results The occurrence of metabolic syndrome among the diabetic population was found to be 42.28% and 28.85% using the
IDF and the NCEPATP III criteria respectively. It was observed that the prevalence was found to be higher in females than males
as per IDF and NCEP ATP III criteria and was found to be statistically significant (p < 0.001). Central obesity elevated blood
pressure, and reduced high-density lipoprotein was significantly higher in female patients. The most frequently occurring risk
factor in this study population was central obesity followed by hypertension. A comparative analysis of IDF and NCEPATP III
criteria implies that when compared to diabetes patients without metabolic syndrome, all the metabolic risk elements were
significantly higher in diabetes patients with metabolic syndrome.
Conclusions This study concluded that the occurrence of metabolic syndrome was dreadfully high among the diabetic popula-
tion, especially among female subjects.
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Introduction

Diabetes Mellitus (DM) is a metabolic disease defined by
hyperglycemia due to defects in insulin secretion, insulin ac-
tion, or both. The predominance of diabetes has increased
worldwide in both genders equally [1]. There is a dramatic

increase in the ubiquity of diabetes owing to modernization
and urbanization that has brought about a substantial burden
on health care services [1, 2]. Metabolic syndrome (Met S) is
defined as a cluster of cardiovascular risk factors which in-
clude raised fasting plasma glucose, central obesity, hyperten-
sion, raised triglycerides, and reduced High-Density
Lipoprotein (HDL) cholesterol. Met S is known to be caused
by insulin resistance or insulin resistance-linked obesity also
known as syndrome X or insulin resistance syndrome; it has
been recognized since the 1980s [3]. The guidelines for the
diagnosis of metabolic syndrome have been given by different
organizations such as World Health Organization (WHO),
International Diabetic Federation (IDF), and National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) imparted a new working definition of the
metabolic syndrome and thus, it is easily applicable and
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provides strong clinical evidence [3, 4]. DM is associated with
a three to fivefold increased risk for the development of
Metabolic Syndrome (Met S) which has now reached high
proportions in many countries. The worldwide prevalence of
Met S is between 7.9–43% in males and 7–56% in females.
The Met S is influenced by several factors, some of which can
accelerate the disease progression to various complications
that aggravate the morbidity [5]. Studies on the prevalence
of Met S among type II DM patients are still lacking in India
especially in south India. There is a high need for identifying
the risk factors and preventing the Met S in diabetic patients.
Hence, identification of Met S and its factors helps to show
maximum compliance to therapeutic regimen and healthy life-
style. Moreover, the increase in public awareness and health
education programs help in preventing the onset of more co-
morbidity that compromises the health and improvement of
the quality of life of the population. [6]. The main aim of the
study was to identify the occurrence of Met S and to evaluate
the gender-associated difference in each component of Met S
by using IDF and NCEPATP III criteria.

Methods

A cross-sectional study was conducted in the department
of general medicine K.S Hegde Charitable Hospital (a
1200 bed private tertiary care teaching hospital) located
in Dakshina Kannada, Mangalore. Ethical approval was
obtained from the Institutional Ethics Committee (Ref
no. NGSMIPS/IEC/05/2019-20) and registered in the
Clinical Trial Registry (CTRI REF/2019/08/027830)
government of India before enrolling the patients. The
study was conducted in accordance with the Helsinki
declaration. The aim of the study was explained to all
the participants and was assure about the confidentiality
and freedom to participate in the study. The subjects
giving consent after explaining the study were taken.
The patient who met the inclusion criteria were enrolled
in the study by random sampling method. Male and
female patients diagnosed with type II Diabetes
Mellitus. Patients age between 30 and 80 years and
should be on diabetic treatment were included in the
study. Type I Diabetes Mellitus patients, seriously ill
patients, who were under ventilation support and in al-
tered mental status, patients not giving consent and
pregnant women were excluded from the study. Patient
demographics, socioeconomic and lifestyle details, rou-
tine biochemical investigations, and comorbidities were
collected from patient medical records and direct inter-
view method. Metabolic Syndrome was assessed by IDF
and NCEP ATP III guidelines.

Estimation of sample size

The sample size calculation was estimated by using the
formula.

n ¼ Z1−∝=2ð Þ=E½ �2 � P � Q

¼ 1:96

0:05

� �2

� 0:35� 0:65

¼ 350

n = Sample Size.

Z1-α = Confidence Interval.

E = Absolute error.

P = Anticipated Proportion.

Q = Proportion of a target population with certain
characteristics.

The minimum sample required for conducting this study
was found to be 350.

Assessment of Metabolic Syndrome (Met S) using IDF
Criteria

The subjects who meet the conditions defined by the
International Diabetic Federation (IDF) to be considered as
having metabolic syndrome (Met S). The condition is as fol-
lows: [7]

1) Central obesity (defined as waist circumference with
ethnicity-specific.

For South Asians:
Male ≥ 90 cm.
Female ≥ 80 cm).

PLUS any two of the following four factors.

2. Raised Triglycerides ≥ 150 mg/dL (1.7 mmol/L)
Or specific treatment for this lipid

abnormality

3. Reduced High Density
Lipoproteins

< 40 mg/dL (1.03 mmol/L) in males
< 50 mg/dL (1.29 mmol/L) in females
Or specific treatment for this lipid

abnormality

4. Raised Blood Pressure Systolic BP ≥ 130 or Diastolic
BP ≥ 85 mm Hg

Or the treatment of previously diagnosed
hypertension

5. Raised Fasting plasma
glucose

(FPG) ≥ 100 mg/dL (5.6 mmol/L)
Or previously diagnosed type II

diabetes.

J Diabetes Metab Disord (2020) 19:437–443438



Assessment of Metabolic Syndrome (Met S) using
NCEP ATP III Criteria

The subjects who meet the conditions defined by NCEPATP
III Criteria to be considered as having metabolic syndrome
(Met S) when three or more of the following criteria were
satisfied. The condition is as follows:

Statistical analysis

The data were tabulated and calculated using the Statistical
Program for Social Science (SPSS V-21) for windows soft-
ware. Continuous variables were expressed as mean ± SD.
Categorical data were being expressed as a percentage and
corresponding frequency. The χ2 – test helps to determine
the association between categorical variables. For normally
distributed variables difference between the groups were de-
termined by an independent sample t-test. The Mann-
Whitney U test can be used for nonparametric data.

Results

In this study, 450 patients were screened based on inclusion
and exclusion criteria. A total of 350 patients (male:216, fe-
male:134) were enrolled in this study. Table 1 shows the gen-
eral characteristics of study population. The mean age (± SD)
of the study population was 57.76 (± 11.15) years. The mean
age of the males were 57.59 (± 11.30) and females were 58.03
(± 10.930) with no significant difference. Of all type II DM
patients, the 61.71% were males and 38.28% were females.
The maximum numbers of patients were in the age group
between 51 and 60 followed by 61–70. A total of 350 patients
were analyzed for Met S 42.28% and 28.85% DM patients
were found to have metabolic syndrome according to IDF and
NCEP ATP III criteria respectively. A higher prevalence rate
was observed with IDF criteria. Females were more affected
according to two criteria. The overall prevalence of metabolic

syndrome was found to be increased with age, peaking at 51–
60 years of age followed by 61–70 years. The prevalence of
metabolic syndrome was found to be significantly associated
with age. Age-wise Prevalence of metabolic syndrome among
type II DM patients is shown in Fig. 1. In this study, it was
found that a higher number of patients were having DM for 1–
5 years. The incidences rate of Met S more common in pa-
tients who have duration of diagnosis 1–5 years. It was found
to be statistically significant (p < 0.01). Patients with metabol-
ic syndrome had a significantly higher body weight and Body
Mass Index as compared to the group without metabolic syn-
drome. A higher proportion of patients with Met S had

1. Raised Triglycerides ≥ 150 mg/dL (1.7 mmol/L)
Or specific treatment for this lipid

abnormality

2. Reduced High
Density
Lipoproteins

HDL cholesterol < 40 mg/dL (1.0 mmol/l) in
men,

< 50 mg/dl (1.3 mmol/l) in women

3. Raised Blood Pressure Systolic BP ≥ 130 or Diastolic BP ≥ 85 mm
Hg

Or known treatment for hypertension

4. Raised Fasting plasma
glucose

fasting plasma glucose ≥ 150 mg/dL (5.6
mmol/l)

5 Central obesity waist circumference > 88 cm (35 inches)
women, 102 (40 inches) cm in men

Table 1 General Characteristics of study population

Parameters N (%)

AGE 30–40
41–50
51–60
61–70
71–80

32 (9.13)
59 (16.85)
115 (32.85)
100 (28.5)
44 (12.57)

Gender Male
Female

216 (61.72)
134 (38.28)

Family History of DM Absent
Present

234 (66.85)
116 (33.15)

Alcoholic Nonalcoholic
alcoholic

268 (76.57)
82 (23.43)

Smoker Non smoker
Smoker

330 (94.28)
20 (5.72)

Substance Abuse Absent
Present

298 (85.14)
52 (14.86)

Physical Activity Do exercise
Do not exercise

55 (15.71)
295 (84.29)

Met S (IDF) Absent
Present

202 (57.71)
148 (42.29)

Met S (NCEP) Absent
Present

249 (71.14)
101 (28.86)

FBS Normal
Increased

25 (7.14)
325 (92.86)

TG Normal
Increased

262 (74.85)
88 (25.15)

HDL Normal
Decreased

228 (65.14)
122 (34.86)

BP Normal
Increased

111 (31.71)
239 (68.29)

WC Normal
Increased

180 (51.42)
170 (48.58)

BMI Underweight
Normal
Overweight
obese

2 (0.57)
176 (50.28)
159 (45.42)
13 (3.73)

FBS: Fasting Blood Sugar, TG: Triglycerides, HDL: High-Density
Lipoprotein, BP: Blood Pressure, WC: Waist circumference, DM:
Diabetes Mellitus, Met S: Metabolic Syndrome, NCEP: National
Cholesterol Education Panel Adult Treatment Plan III, IDF:
International Diabetic Federation
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increased waist circumference as compared to DM patients
without Met S. It was not found to be statistically significant
(83.46 ± 5.75 vs. 92.24 ± 7.35, p = 0.148).

In this study, we have used the IDF and NCEP ATP III
guidelines for identifying Met S. Since this study popula-
tion was diabetic, a higher fasting blood sugar level be-
came an unchangeable criterion in our study cohort.
Raised plasma glucose level was found in 92.85% of the
study population. The most frequent metabolic compo-
nents of the study subjects were higher BP (68.28%)
and waist circumference (48.57%). Hypertension was
present in more than half of the study subjects. The next
most frequent component was lower HDL (34.85%). The
least frequently occurring risk factors were found to be
elevated TG levels (25.14%). Among various components
of Met S were analyzed higher fasting blood sugar and
waist circumference were most frequent risk factors found
in DM patients with Met S. The least frequently occurring
risk factors in DM patients with Met S was found to be
elevated TG levels (43.91%). The Prevalence of each
component of metabolic syndrome in patients with and
without metabolic syndrome is shown in Table 2. The
overall mean BMI value of females (25.1 ± 3.1) was found
to be higher than that of males (24.94 ± 2.84) .
Associations of individual components of metabolic syn-
drome were significantly noted for female DM patients
with hypertension (p < 0.001), low high-density lipopro-
tein (p = 0.013) and waist circumference (p = 0.006).
Whereas triglyceride levels (p = 0.128) and fasting blood
sugar level (p = 0.670) did not show any significant dif-
ference with gender. Association of components of meta-
bolic syndrome with gender is shown in Fig. 2.

Discussion

People with metabolic syndrome are at increased risk of devel-
oping macro and microvascular complications of diabetes
mellitus and cardiovascular disease with an unclear mechanism.
To our knowledge, this is the first study from this region to
identify the prevalence ofmetabolic syndrome and its association
with components of metabolic syndrome among type II DM
patients. Risk factors that were analyzed for the significance of
the relationship with Met S include age, gender, Blood pressure,
WC, serum HDL, TG level blood glucose and BMI.

A higher prevalence of metabolic syndrome was observed
in this population according to IDF (42.28%) and NCEPATP
III (28.85%) criteria. The highest prevalence of metabolic
syndrome was observed with IDF criteria. The reason for
IDF criteria is being more susceptible than NCEP ATP III
for metabolic syndrome might be due to our patients were
having higher body mass index and central obesity and the
requirement of any two metabolic risk factors in addition to
central obesity [8]. An important finding of this study accord-
ing to IDF and ATP III criteria was the higher prevalence of
metabolic syndrome among females (61.94% and 47.01%)
compared with males (36.09% and 17.59%). The Prevalence
of Met S in females was found to be twice as common as
males. This result was found to be similar to the results ob-
tained from other studies [1–3, 6–13]. A higher prevalence in
women might be related to their higher rates of obesity and
body mass index. In this study, it was found that upper body
adiposity and abdominal obesity especially deposition of fats
in the buttock, hip and limb areas are more common in fe-
males than males. We also found that a significant number of
females with metabolic syndrome were at their post-

Fig. 1 Comparison of Age-wise
prevalence of metabolic syn-
drome among type II DM patient
with IDF and NCEPATP III
criteria
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menopausal age. These specific characteristics and lifestyle
factors might be the reasons for the occurrence of metabolic
syndrome in female patients [14]. The frequency of Met S
more common in patients who have a duration of diagnosis
1–5 years. This might lead to more macro and microvascular
complications.

The occurrence rate of Mets S was increased with age and
number of comorbidities associated with DM. This study ob-
served a significantly higher prevalence of metabolic syn-
drome in older people. Similar results were obtained from
the study done by Xiao J et al. [15]. In this study, it was
identified that a higher prevalence rate of Met S was seen in
the fifth decade followed by the sixth decade. In a study done
by Bhat RA et al. in Kasmir, similar results were found. In this
study, it was observed that nearly 95% of patients with Met S

were greater than 41 years old [16]. Yadav et al. also reported
the same prevalence in Gwalior, India [17]. About three fourth
of the subjects who participated in the study were overweight/
obese (BMI ≥ 23 kg/m2), which is a prime determinant of Met
S occurrence. Studies conducted by Sawant et al. also reported
the high association between obesity and metabolic syndrome
[18]. Studies have been identified that Asian Indians tend to
develop central obesity rather than generalized obesity. This
might be one of the main reasons for the higher occurrence of
Met S among DM patients according to IDF criteria. Increased
levels of triglyceride, raised BP, increased waist circumference
and fasting blood glucose levels and reduction in HDL cho-
lesterol were found to be strongly associated with Met S in
diabetic patients of both genders. Higher BP and waist cir-
cumference were the strongest metabolic risk factors of Met
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Fig. 2 Association of
components of Metabolic
Syndrome with gender

Table 2 Association of various
risk components with metabolic
syndrome

Components of Metabolic Syndrome Met S Absent

(N = 202, 57.71%)

Met S Present

(N = 148, 42.29%)

P value

BP Normal 84 (41.59) 27 (18.84) < 0.001*
Elevated 118 (58.41) 121 (81.76)

TG Normal 179 (88.62) 83 (56.08) < 0.001*
Increased 23 (11.38) 65 (43.92)

FBS Normal 22 (10.90) 3 (2.02) < 0.001*
Increased 180 (89.10) 145 (97.98)

WC Normal 180 (89.10) 0 (0) < 0.001*
Increased 22 (10.90) 148 (100)

HDL Normal 166 (82.17) 62 (41.89) < 0.001*
Reduced 36 (17.83) 86 (58.11)

Met S: Metabolic Syndrome, FBS: Fasting Blood Sugar, TG: Triglycerides, HDL: High-Density Lipoprotein,
BP: Blood Pressure,WC: Waist circumference,DM: Diabetes Mellitus. *Represents statistically significant at p
< 0.05,
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S in this study. Similar results were found in a study done by
Zafar U et al. Peterson PN et al. conducted a study reported
that adverse cardiac outcomes are more common in diabetic
women as compared to diabetic men [19, 20]. Our study
shows that type II DM patients with Met S have been associ-
ated with higher rate of cardiometabolic risk factor especially
abdominal obesity, high BMI, and hypertension. This result is
consistent with a previously published report on the Indian
population by Sharma KK et al. [21].

In this study, it was found that, Low HDL level more fre-
quently seen in females than males. Studies conducted by
Supriya et al., Linu Mohan et al. shared similar observations
[10, 22]. This might be due to their menopausal age. Studies
have been reported that lack of estrogens at menopausal age
can lead to a decrease in HDL levels. In this study, it was
observed that subjects with metabolic syndrome were physi-
cally inactive and were having a high body mass index. A
possible explanation of effective physical activity on metabol-
ic syndrome could be due to the reduction of systemic oxida-
tive stress. Nitric oxides play an important role in the reduc-
tion of cardiometabolic risk factors through the dilation of
blood vessels [12]. The positive effect of exercise against obe-
sity, heart disease and metabolic syndrome has been already
proven.

This study did not show a significant relationship be-
tween smoking and alcoholism with metabolic syndrome.
Studies have been reported the effect of alcohol and nic-
otine on the incidence of metabolic syndrome. The
higher incidence rate of metabolic syndrome among
smokers could be due to an increase in the risk of ab-
dominal obesity and insulin resistance [23]. The results
in our study should be considered with some limitations.
The sample size in our study was small. In addition, this
study was a single centre hospital based study hence the
result cannot be generalized. Large multicentre studies
are required to confirm the results. Despite of these lim-
itations, this study provides an important data regarding
the relation between different components of metabolic
syndrome in type II DM patients.

Conclusions

This study concluded that; the prevalence of Met S is
higher in type II DM patients. Older age, female gender,
high BMI/obesity, higher blood pressure, low HDL level,
and waist circumference significantly contributed to an
increased risk of metabolic syndrome among the diabetic
population. Routine screening for metabolic components
may be benefit for appropriate interventions and help in
preventing premature morbidity and mortality. Many fac-
tors associated with metabolic syndrome are modifiable
so, early intervention, particularly with a lifestyle

change, would delay the onset of advanced forms of
Met S and a high-risk status. Regular physical activity,
lifetime abstinence of tobacco, avoidance in the con-
sumption of trans fats (fried food), and reduced intake
of saturated fats together with an increased intake of
fruits and vegetables form the foundation of lifestyle
changes. Adopting a healthy lifestyle beginning in child-
hood can reduce the incidence of complications associat-
ed with metabolic syndrome among patients with
Diabetic Mellitus.
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