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ABSTRACT

Background: Metabolic syndrome is the accumulation of cardiovascular disease components in
an individual which increases the risk of several non-communicable diseases. Several diagnostic
criteria for determining MS have been proposed by different organizations but the disparities in
outcomes using these criteria are well-evident in numerous literature. Objective: The present
review aims to enlighten the hindrance in understanding the actual prevalence of MS globally
using different cut-offs in a single study as well as the prevalence of MS phenotypes in Asian-
Indians using hitherto available definitions along with Asian Indian specific Cut-offs.
Methodology: Literature search was done from the peer-reviewed journals using the following
keywords: ‘Metabolic syndrome’, ‘Asian Indian’, ‘global population’, ‘NCEP ATP III’,
‘modified NCEP ATP III’, ‘IDF criteria’, ‘Harmonized criteria’, “WHO criteria’ and ‘Asian
specific criteria’. 57 papers have been systematically reviewed out of which 30 papers were
retrieved from Google Scholar, 11 papers from PubMed, 10 papers from Researchgate, and 6
papers by Google searching. Conclusion: There is an urgent need for using a uniform criterion
for determining MS in any of the global population and as it also hinders in determining the
diagnostic criteria for pediatric MS. Asian Specific criterion is a more significant way for
defining MS in the Asian Indian population.
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INTRODUCTION

Metabolic syndrome (MS) is the aggregation of cardiovascular disease (CVD) risk factors like
dyslipidemia, hypertension, hyperglycemia/ insulin resistance (IR) and obesity, etc. It
predisposes a person to fivefold risk of type 2 diabetes mellitus and doubled risk of CVD.
Several definitions of MS have been proposed since decades amongst which the most commonly
used criteria are of World Health Organization (WHO), National Cholesterol Education
Programme-Adult Treatment Panel III (NCEP ATP III), Indian Diabetes Federation (IDF),
modified NCEP ATP III and Harmonized criteria (Table 1) (1

Apart from the above-mentioned criteria, rests are as the following f21,

European Group for Study of Insulin Resistance (EIGR) considered MS as Insulin
Resistance (IR) Syndrome and in the year 1999 proposed a modified version of WHO criteria.
EIGR criteria considered plasma insulin of >75" percentile as a mandatory factor, replaced
WHR by waist circumference (WC): >94 cm for males and >80 cm for females and added
impaired fasting blood glucose (FBG) as another factor. Cut off of high BP, elevated TG and low
HDLc were same as WHO. Along with plasma insulin of >75% percentile, any two of the rest
factors defines MS as per EIGR criteria.

NCEP ATP III did not consider IR to be a mandatory criterion for MS but it is used
broadly used by the researchers and health practitioners for its simplicity and clinical feasibility.
But further in 2002, the American Association of Clinical Endocrinologists (AACE) referred MS
as insulin resistance syndrome and considered impaired glucose tolerance, hypertension, obesity,
elevated TG and low HDLc as the diagnostic criteria for MS but they did not mention any
particular number of conditions to define MS.

In the year 2009, a revised guideline for obesity and MS specifically for the Asian
Indians was formulated.””! The Asian Indian specific guidelines mentioned WC cut off as >90cm
for males and >80 cm for females and the rest of the criteria were the same as modified NCEP
ATP IIL
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We can find plentiful literature using different cut-offs to define MS among the global
populations and Asian Indians. This obscures to understand the actual prevalence of MS in the
population. The present review is a unique attempt to edify the disparities in the outcomes in the
existing literature in diagnosing the MS and justify the significance of using the population-
specific criteria with special reference to the South Asian Indian specific criteria among the
Asian Indians.

1.1.  Aim of the study

The present review aims to enlighten the hindrance in understanding the actual
prevalence of MS globally using different criteria as well as the prevalence of MS phenotypes in
Asian-Indians using hitherto available definitions along with South Asian Indian specific criteria
with the hypothesis that prevalence of MS phenotypes in the same population do vary using
available definitions of MS.

2. METHODOLOGY

We seek to find papers stepwise which compare the prevalence of MS using more than
one criterion (Figure 1). In this review, 57 papers have been systematically selected and
reviewed out of which 30 papers were retrieved from Google Scholar, 11 papers from PubMed,
10 papers from Researchgate, and 6 papers by manual searching in Google. Papers have been
selected from the peer-reviewed journals. The keywords used for the literature search are
‘Metabolic syndrome’, ‘Asian Indian’, ‘global population’, ‘NCEP ATP III’, ‘modified NCEP
ATP IIl, ‘IDF criteria’, ‘Harmonized criteria’, “‘WHO criteria’ and ‘Asian specific criteria’.

2.1. Findings
Continental variation in the prevalence of metabolic syndrome

The disparity in the outcomes in the same population by using different diagnostic
criteria global/non-Asian Indian and Asian Indian population is shown in table 2 and 3,
respectively. The findings from the different continental countries have been represented in the
following paragraphs:

Prevalence of MS in African continental countries: A cross-sectional study from Ethiopia
reported 38.9%, 4.5% and 10.2% higher prevalence of MS using NCEP ATP III criteria than
WHO, modified NCEP ATP III and IDF criteria, respectively.”! Another study from Nigeria
reported 5% higher prevalence using modified NCEP ATP III criteria than the NCEP ATP I
Again, from Ethiopia modified NCEP ATP III criteria 13.7% and ~50% more individuals with
MS than WHO and NCEP ATP III, respectively.m From Sudan, 2.3% and ~1% more individuals
with MS were detected by modified NCEP ATP III criteria than WHO and NCEP ATP III,
respectively.[6] A hospital-based cross-sectional study 7.4% higher prevalence of using
harmonized criteria than the NCEP ATP IIL'! The modified NCEP ATP III criteria again
detected ~9% more individuals in Cameroon than the classical one.™® Another study from Ghana
diagnosed ~21% more patients of T2DM with MS using IDF criteria than NCEP ATP IIL"
Further[?o]study detected 26.6% prevalence using the NCEP criteria and 22.7% using the IDF
criteria.
Prevalence of MS in North and South American continental countries: A study among the
patients of Hemodialysis IDF criteria detected ~1% more individuals with MS of Brazil than the
NCEP ATP III criteria.'"! A case-control study from Argentina diagnosed 5% more patients of
rheumatoid arthritis using IDF criteria than the NCEP ATP IIL!"*! Again, a study from Brazil
specifically among the climacteric females reported 15.1% more prevalence in general, 13%
more among the pre-menopausal and 17.1% among the post-menopausal females using IDF
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criteria than the NCEP ATP IIL!*! The harmonized criteria diagnosed 7.3% and 2.4% higher
prevalence of MS than the NCEP ATP III and IDF, respectively from Brazil."* The harmonized
criteria again diagnosed 1.4% higher prevalence of MS than the NCEP ATP III in Canada.! A
study among the Asian Indian immigrants in the United States documented 11.3% and 5.5%
higher prevalence of MS by IDF criteria than the classical and modified NCEP ATP III,
respectively.'®!
Prevalence of MS in European continental countries: A cross-sectional study from Luthiana
diagnosed 9% and 13% more individuals with MS using harmonized criteria than WHO and
NCEP ATP III criteria.'”! In a study from Finland, IDF criteria detected 7.7% more prevalence
of MS among the airline employees than the NCEP ATP IIL"® The IDF criteria again
documented 4% more prevalence of MS among the menopausal females of the United States
than the NCEP ATP III'" however reverse finding was observed in another study among the
adults, children, and adolescents of Canada.”” A cross-sectional study among the pregnant
mothers of Spain reported 7.4% higher prevalence of MS among the gestational diabetic mothers
using NCEP ATP III criteria as compared to the WHO criteria but 15% higher MS prevalence
was detected by WHO criteria among the hypertensive mothers in the same study.m]
Prevalence of MS in Oceania continental countries: A longitudinal study documented a very
high prevalence of MS among the patients of T2DM of Australia and New Zealand. In this study,
the harmonized criteria diagnosed 5.7%, 9.3% and 7.1% more individuals with MS than the
WHO, NCEP ATP III, and IDF criteria, respectively. However, few European individuals were
also a part of this study.*
Prevalence of MS in Asian continental countries:
Eastern Asia: A comparative study from China reported 6.4% and 13.7% higher prevalence of
MS using the IDF criteria than the classical and modified NCEP ATP III criteria, respectively.[23 ]
Another population-based cross-sectional study from China again reported 7.2% and 4.3%
higher prevalence of MS using the IDF criteria than the classical and modified NCEP ATP III
criteria, respectively.”" A 2.3% higher prevalence of MS in a Korean population was found by
NCEP ATP III criteria than the IDF criteria.””>! Another study from Hong Kong reported ~4%
higher prevalence by IDF criteria than NCEP ATP IIL*%
Western Asia: A case-control study from Turkey detected 2.6% more Vitiligo patients with MS
using IDF criteria compared to the NCEP ATP III criteria.””’ A cross-sectional study from Arab
detected 35.2% adults with MS using modified NCEP ATP III and IDF criteria; ~5% less
prevalence was diagnosed by classical NCEP ATP III criteria.”® Another cross-sectional study
from Syria diagnosed ~2% more prevalence of MS among individuals with T2DM using
modified NCEP ATP III criteria than the classical one.””’ Again, another study from Turkey
reported 5% and 3% higher prevalence of MS in Type 1 DM patients by NCEP ATP III criteria
than the WHO and IDF."” Further, NCEP ATP III criteria diagnosed ~20% and 16.5% more
individuals with MS than IDF criteria in two studies from Palestine."*'*!
Southern Asia: Two recent community-based cross-sectional studies from Iran reported ~3%
more prevalence of MS using IDF criteria than NCEP ATP III criteria.”>** Another cross-
sectional study from Iran among the arthritis patients reported 1.5% more prevalence of MS
using modified NCEP ATP III criteria than the classical one. Another study from Iran
reported 6.25% and 3.45% higher prevalence using IDF criteria than modified and classical
NCEP ATP III criteria, respectively.Bé] A hospital-based study from Nepal detected 11% more
patients of T2DM with MS using IDF criteria than NCEP ATP III criteria.””) Again, a cross-
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sectional study showed 1.36% higher prevalence of MS among the Iranian patients with T2DM
using IDF criteria than the NCEP ATP III criteria.*®! A very high prevalence of MS among the
individuals with T2DM was found in a retrospective cohort study of Pakistan. The NCEP ATP
I cri‘ggr]ia diagnosed 10.4% and 5.2% higher MS prevalence than WHO and IDF criteria in the
study.

South-Eastern Asia: A prospective, community-based study from Malaysia diagnosed ~17% and
6% more individuals with MS using the harmonized criteria than the classical and modified
NCEP ATP III criteria in Malaysia.'*” A very high prevalence of MS was reported among the
T2DM patients in a hospital-based cross-sectional study of Malaysia. In this study again the
harmonized detected 1.9%, 1.6%, and 13.2% more individuals compared to WHO, NCEP ATP
111, and IDF criteria, respectively.*"! But in another Malaysian study, IDF detected 19.8% and
3.7% more individuals than WHO and NCEP ATP III criteria./**!

Prevalence of MS in India (Asian-Indians): In a recent cross-sectional study from Gwalior,
India detected ~2% higher percentage of individuals with MS using harmonized criteria than the
NCEP ATP III and IDF criteria.**" Another cross-sectional study from Kashmir reported ~5%
higher percentage of individuals with MS using WHO criteria than the NCEP ATP III and IDF
criteria.*”!  Five studies from different parts of India detected 11.9%, 8.9% and 19.5% more
individuals with MS using IDF criteria than NCEP ATP III criteria, [#46474890 hospital-based
study diagnosed 2.4% and 7% higher prevalence of MS than IDF criteria among the
schizophrenic and bipolar patients of North India using the modified NCEP ATP III criteria. 1501
But a hospital-based study from Chandigarh again detected ~1% higher proportion of
schizophrenic patients using the IDF criteria than the harmonized criteria.”" Another study from
Chandigarh reported 9.5% and 5.8% more individuals with MS using the modified NCEP ATP
III criteria than the classical NCEP ATP III and IDF criteria.”” A cross-sectional study from
South India again reported 10.1% higher prevalence of MS using the modified NCEP ATP III
criteria than the IDF criterja.””!

DISCUSSION

From the above-mentioned findings, it is very difficult to determine which MS diagnostic
criteria 1S most relevant and whether any uniform criteria can be effectively applied for the
global population.

In the non-Asian Indian population, the highest prevalence of MS is found as 95.8%,
96.1%, 84.8% and 97.7% using WHO, NCEP ATP III, IDF and harmonized criteria,
respectively, in a cross-sectional hospital-based study conducted among the with T2DM patients
of Malaysia.'*"! In this study, the WHO, NCEP ATP III, and IDF criteria failed to detect 1.9%,
1.6% and 12.9% individuals with MS as compared to the Harmonized criteria.

In the Asian-Indian population, the highest prevalence of MS is found as 84.5%, 79.5%
and 78% using WHO, NCEP ATP III and IDF criteria, respectively, in a cross-sectional hospital-
based study conducted among the Kashmiri population.”** In this study, the NCEP ATP III, and
IDF criteria failed to detect 5% and 6.5%, respectively as compared to the WHO criteria.

Hence, it is a matter of skepticism whether the Harmonized criteria is more relevant
predictor or the WHO criteria from the global perspective.

The highest prevalence of MS among the non-Asian Indians is found in the age 55.7+9.2
years using WHO, classical NCEP ATP III, IDF and harmonized criteria, respectively[“]; and the
modified NCEP ATP III revealed the highest prevalence in age 59+8 years.””! Hence, the older
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individuals tend to have highest risk of MS. All these individuals are found diabetic which
further suggests T2DM as a strong risk factor for the development of MS.

The NCEP ATP III criteria was modified and announced on year 2005 and it was
mentioned not so different from the classical ATP III criteria 2001 except in the case of
abdominal obesity cutoff for Asian and IFG cutoff.”" However in the present study, notable
differences in the diagnosis percentage could be observed which indicates the WC as a
significant criterion for MS in the Asian population.

Among the Asian-Indians highest prevalence of MS among the non-Asian Indians is
found in the age 57.6+11.43 years using WHO, classical NCEP ATP III and IDF criteria,
respectively'*” while the harmonized criteria detected 52.9+£10.97 years aged individuals with
highest prevalence.'*! Hence, the older aged individuals are more prone to the MS.

Among the non-Asian Indians, the highest prevalence among males™ was 82.6%,
90.3%, 92.5% and 94.7% and among the females was 85.7%"", 95.9%", 85%**! and 90.3%""!
detected by WHO, classical NCEP ATP III, IDF and harmonized criteria, respectively.

Among the Asian-Indians, the highest prevalence among males was 74%, 65.9% and
63.8% and among the females was 90.8%, 87.9% and 86.8% detected by WHO, classical NCEP
ATP III and harmonized criteria, respectively.[44]

It is clear from the above-mentioned findings that majority of the findings suggests the
females at the higher risk of developing MS. Thus, the preventive measures should be initiated
shortly.

The disparity is often influenced by the ecological condition of habitat because of vast
variation in lifestyle and food culture occurs due to ecological contrast. The ecological influence
can somewhat be controlled by using the population-specific diagnostic criteria of any particular
population.

Using the Asian Specific criteria for MS, a cross-sectional study among 312 adult
individuals of Bolpur-Santiniketan reported 28.2% of individuals with MS; prevalence was
higher among females than males (36.9% versus 23.9%).”> Another community based cross-
sectional study among 350 adults of Kolkata reported 31.4% individuals with MS and 3fold
higher risk among females than males.”® Another study from Lucknow reported 77%
individuals have MS using the Asian Specific criteria.””! In these studies, no extensive cultural
and ecological differences can be drawn between the studied areas and the outcomes are more
justified as those are based on the criteria specifically formulated for the studied population.

3. CONCLUSION

There is no remarkable difference in the prevalence of MS between the developed and
developing countries (Ex- India). India is the second largest countries in the globe however; the
number of studies is very scarce. The Asian-Indian population comprises a heterogeneous
cultural tradition leading to enormous variation in daily lifestyle and food habits which are much
different from the other population. Hence, the Asian-specific criteria specifically formulated for
the population should be strictly followed for determining MS.

There is an urgent need for using a uniform criterion for determining MS in any of the
global population because it hinders in determining the diagnostic criteria for pediatric MS as
well.

4. LIMITATIONS

The scarcity of papers from Indian origin is notable in this review. We could find

plentiful of recent papers from the global population but it lacks from the Indian origin.
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Population-specific criterion has been used very often by the researchers. There is an urgent need
to give attention to the population-specific criterion for determining the actual prevalence of MS
in any population because such criteria are proposed specifically based on the characteristics of
that population. Hence, such criteria are the most accurate predictor of the MS condition in any
of the global population.

Several studies included in this review have been conducted among the individuals
associated with some diseases like diabetes mellitus type 1 and 2), schizophrenia, bipolar
disorder, and arthritis, etc. Many studies are also found to be conducted among the adult
population. But information is very scanty among the children, adolescents and geriatric
population. Childhood obesity has become a global health burden in a few decades. Over and
above, the geriatric population is also associated with different prolonged diseases. Hence, these
two groups of individuals should be also provided urgent attention from the researchers.

No significant literature could be found among the obstetric population of India depicting
the prevalence of MS. Dyslipidaemia, gestational diabetes, excessive gestational weight gain
(MS factors) are the factors which are associated with the future health status of the neonates.
Therefore, the expected mothers should be carefully followed up during pregnancy for earlier
screening of different non-communicable diseases (ex- T2DM, CVDs, etc.) of the children in
their future life.

Not a single significant study could be found from the northern and central Asian
countries; these areas seem to be scorned by the researchers. Therefore, extensive works on these
areas are highly anticipated in the forthcoming research works. A need for more community-
based or population-based kinds of literature in the review is noticed for an explicit overview.
Researchers should expand their view towards longitudinal large cohort studies in the general
population also to prevent the growing burden of MS worldwide by earlier screening for the
betterment of the health condition of the countries.
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Highlights:

Following a uniform criterion for determining metabolic syndrome is urgently needed for a
better understanding of its actual prevalence

Waist circumference is a significant criterion for MS in the Asian population

The Asian-specific criteria specifically formulated for the population should strictly be followed
for determining metabolic syndrome
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Table 1: Diagnostic criterion to determining MS.

WHO criteria(1998) NCEP ATPIII  Modified NCEP IDF criteria Harmonized

criteria(2001) ATP III criteria (2006) criteria(2009)
(2005)

Diabetes mellitus Any three from  Any three of the A slightly WC cut off was

and/or insulin the following: following: modified mentioned as

resistance along with diagnostic >90 cm for males

any two or more of 1. WC: 2120 cm 1. high BP: criteria of MS in  and >80 cm for

the following: in males and >88  >130/85 mmHg which the females. Rest of

1. High blood pressure
(BP): >140/90 mm
Hg, ii. elevated
plasma triglycerides
(TG): 2150 mg/dl
and/or high density
lipoprotein
cholesterol (HDLc):
<35 mg/dl in males
and<39 mg/dl in
females,

11i. waist-hip ratio
(WHR): >0.9 in males
and >0.85 in females
and/or Body Mass
Index (BMI) >30
kg/m® and
iv.microalbuminuria:
urinary albumin
excretion >20
pgm/min or albumin
creatine ratio >300

pgm/mg.

cm in females,
i1. high BP:
>130/85 mmHg,
iii. impaired
FBG: >110
mg/dl,

iv. elevated TG:
>150 mg/dl and
v. elevated
HDLc: <40
mg/dl in males
and <50 mg/dl in
females.

and/or under
antihypertensive
drug treatmalest,
1. WC: >90 cm
for Asian
American Indians,
iii. elevated TG:
>150 mg/dl and/or
under treatmalest
for this
abnormality,

iv. reduced
HDLc: <40 mg/dl
in males and <50
mg/dl in females
and/or under
treatmalest for
this abnormality
and v. impaired
FBG: >100 mg/dl
and/or under
treatmalest for
this abnormality.

measure of WC
were defined
with ethnicity
specific values
and rest of the
criteria is same
as modified
NCEP ATP III.

the criteria is
same as of
modified NCEP
ATP III.
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Authors Year Area Nature of Studied WHO NCEP ATP Modified IDF criteria Harmonized
Study Population criteria III criteria NCEP Criteria
ATPIII
criteria
Bahar et 2020 Iran Cross- 10,255 adult 41.10% 44.60%
al.®! sectional individuals of
50.23+9.37
years
Tanacan et 2020 Turkey Cross- 230 adults; 37.4% and 40% and
al.l"! sectional case- 155 vitiligo 19.4%, 26.5%,
control patients of respectively respectively
37.04+12.07
years and 155
control of
37.37£12.60
years
Zidi et 2020 Great Cross- 2708 adult 30.4% 35.2% 35.2%
al.?® Tunis, sectional individuals of
Arab Community 18-64 years
based
Mobini et 2020 Iran Cross- 200 females 54.5% 56%
al.®! sectional of 50.29+6.2
years with
rheumatoid
arthritis(RA)
Ghaemet 2020 Iran Cross- 10663 adult 33.82% 37%
al.}¥ sectional individuals of
Population 51.94+8.27
based years
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Woo et
al.?¥

Bakir et
al.*”!

Yayici et
al.m"

Wube et
al.l’!

Fotouhi et
al.3®

Ayomabi
et al.!

2019

2019

2019

2019

2019

2019

China

Syria

Turkey

Ethiopia

Iran

Nigeria

Cross-
sectional

Comparative

Cross-
sectional

Cross-
sectional
Descriptive

Cross-
sectional

Cross-
sectional

Cross-
sectional

182
individuals of
49.749 years;

95 ex-
farmers, 87
farmers
424 adults
with T2DM
of 59+8
years; 209
males and 25
females

200

individuals

with T1IDM

of 13.8+2.8
years

314
individuals of

49.849.8
years
4737 adults;
1946 males of
56.5+6.2
years and
2791 females
of 55.4+6.2
years
80 university
students of
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36.8% and 29.5% and 43.2% and
13.8%, 11.5%, 17.2%,
respectively  respectively  respectively
67% 69.3%
8.5% 13.5% 10.5%
31.2% 70.1% 65.6% 59.9%
53.75% 56.55% 60%
2.5% 7.5%
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Birarra et
al.l!

Damiri et
al.B!

Elamin et
al.[®!

Tavares et
al.l”!

2018

2018

2016

2016

Ethiopia

Palestine

Khartoum,
Sudan

Angola

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional
Hospital-

24.4+45.87
years; 28
male and 52
females
256 adults
with T2DM
of >20 years;
113 males
and 143
females

689 adult
refugees of
18-65 years;

329 males

and 360
females

1012
university
students of

20+1.94
years; 332
males and
680 females

675 pregnant
mothers of
24.7+6.7
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43.3% 7.03%

51.9% and
52.2%
overweight
and obese
males and
females,
respectively

6.1% 7.5%

29.2%

57%

71.8% and
67.6%
overweight
and obese
males and
females,
respectively

8.4%

36.6%
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Oliveira et
al !

Yan et
al.?4!

Ramli et
al 14!

Butnoriene
et al.l'”!

Ng et
al.l*!

2015

2014

2013

2013

2013

Brazil

North-
west
China

Malaysia

Raseiniai,
Luthiana

Malaysia

based

Cross-
sectional
Observational

Cross-
sectional
Population-
based

Prospective,
Community-
based cohort

Cross-
sectional

Cross-
sectional
Hospital-

based

years

115 patients
on
Hemodialysis
of 50.2+14.7
years

2990 adult
individuals of
50.6%1.0
years; 1035
males and
1955 females
8836 adults of
53.21+10.6
years; 3766
males and
5070 females

1115 adults of
62.0£9.6
years; 562
males and
553 females
313 adult
T2DM
patients of
55.749.2
years; 150
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41.7%
7.9%
26.5%
34% 30%
95.8% 96.1%

10.8%

42.6%

15.1%

37.4% 43.4%
43%

84.8% 97.7%
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Saurit et 2013  Argentina

Cross-
al %!

sectional
Case-control

Kengneet 2012 Cameroon, Cross-
al.l®! Sub- sectional
Saharan
Africa
Gyakobo 2012 Ghana Cross-
et al.” sectional
Bhattarai 2012 Nepal Cross-
et al.’’! sectional
Hospital-
based

males and
163 females
1033 adults;
409 RA
patients of
55.5+13.2and
624 controls
of 57.3%13.1
years
308 T2DM
patients of
55.8+10.5
years; 157
males and
151 females
228 rural
adults of
44.446.9
years; 102
males and
104 females
66 adult
T2DM
patients; 44
males of
mean age 55
years and 22
females of
mean age 56
years
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30% RA
patients and
39% controls

Overalll
60.4%;
43.1% males
and 68.1%
females

Overall 15%:;
5.9% males
and 24%
females

Overall 71%;
72% males
and 91%
females

35% RA
patients and
40% controls

Overall
71.7%;
55.7% males
and 72.1%
females
Overall
35.9%;
15.7% males
and 55.8%
females
Overall 82%:;
80% males
and 95%
females
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Sirdah et
al.?%

Ahmed et
al.?”!

Puttonen
et al.l'®

Fuchs et
al 14!

2012

2012

2012

2012

Palestine

Karachi,

Pakistan

Finland

Brazil

Cross-
sectional

Cross-
sectional

Restrospective

cohort

Cross-
sectional

Cross-
sectional
Hospital-

based

230 Gaza

strip adults of
20-64 years;

116 males
and 114
females

210 T2DM
patients of

53.67+11.17

years; 112

males and 98

females
1811 airline

employees of

43.3+8.9
years; 1009
males and
802 females
1868 HIV
infected
patients of
38.6+10.1
years; 1240
males and

628 females

Overall
81.4%;
77.7%
males and
85.7%
females
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Overall 23%;
18.1% males

and 28.1%
females

Overall
91.9%;

88.4% males

and 95.9%
females

20.8%

Overall
17.2%;

15.2% males

and 19.2%
females

Overall
22.1%;
20.7% males
and 23.5%
females

Overall
39.5%;

45.7% males

and 33.3%
females

Overall
86.7%;

78.6% males

and 95.9%
females

28.5%

Overall
24.5%;

24.6% males

and 24.8%
females
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Marjani et
al.’"

Mohamed
et al.[*!

Riediger et
al.l”

Scott et
al.?%

2011

2011

2011

2011

Iran

Malaysia

Canada

Australia,
New
Zealand
and
Finland

Cross-
sectional

Cross-
sectional

Cross-
sectional

Longitudinal

293 T2DM
patients of
53.11£10.15
years; 170
males and
123 females

298 adults;
124 males of
49.82+11.74

and 175
females of
48.58+11.67
years

1800 adult

individuals of

18-79 years

9795 adult
patients with
T2DM of 50-

75 years;

3067 males

and 1833

females
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Overall
75.43%;
62.60%
males and
84.70%
females

12.4% 28.5%

Overall
17.7%;
15.9% males
and 19.5%
females
Overall
78.3%;
90.3% males
and 82.8%
females

Overall
81.9%;
82.6%
males and
80.7%
females

Overall
76.79%:;
60.97%
males and
88.23%
females

32.2%

Overall
80.5%;
92.5% males
and 85%
females

Overall
19.1%;
17.8% males
and 20.5%
females
Overall
87.6%;
94.7% males
and 90.3%
females
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Neto et
al[?!

Ekpebegh
et al.ll"

Misra et
al 1o

Cho et
al.*!

2010

2010

2010

2008

Brazil

South
Africa

United
States

Korea

Cross-
sectional

Cross-
sectional
Case-control

Cross-

sectional

Cross-
sectional

323
climacteric
females of
mean age
49.7 years

231 adults; 86

HIV patients
of 37.7£9.2
years with
anteretroviral
therapy and
125 controls
of 36.3+13.7
years
1038 Adult
Asian Indian

immigrants of

45.7+12.8
years
1071 adult
individuals of
mean age
53.3 years;
1035 males
and 1955
females
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Overall
34.7%; 24%
pre-
malesopausal
and 44.4%
post-
malesopausal
females
26.6%,
15.7% and
21.9% for
respective
groups

26.9%

26.6%

32.7%

Overall
49.8%; 37%
pre-
malesopausal
and 61.5%
post-
malesopausal
females
22.7%,
23.2% and
19.3% for
respective
groups

38.2%

24.3%
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Tong et
al.[*°!

Brown et
al.l!

Bartha et
al.2!!

Kaler et
al.?%

2008

2008

2008

2006

Hong
Kong

United
States

Spain

Canada

Cross-
sectional

Cross-
sectional

Cross-

sectional
Cohort

Cross-
sectional
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6350 adults of 50.5% 54.2%
55.1+£13.3
years
372 post- 70% 74%
malesopausal
females of
65.3+8.4
years
90 pregnant 3.3% 10%
mothers of gestational gestational
23-35 years diabetic diabetic
mothers, mothers,
35% 20%

gestational gestational
hypertensive hypertensive
mothers and mothers and

30% pre- 30% pre-
eclamptic eclamptic
group group
176 adults of 52.3% 50%
39.4+13.3
years
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Table 3: Prevalence of MS in Asian-Indian population using different criterion.

Authors Year Area Nature of Studied WHO NCEP Modified IDF criteria Harmonized
Study Population criteria ATPIII NCEP ATP criteria
criteria III criteria
Prasad et 2019 Gwalior Cross-sectional 1190 adults of 50.2% 53.9% 72.7%
al.l*! Clinic-based 52.9+10.97
years; 819
males and 371
females
Lone et 2017 Kashmir Cross-sectional 1000 adult Overall Overall Overall 78%;
al.[* Hospital-based patients of 84.5%; 79.5%; 63.8% males
57.6x11.43 74% 65.9% and 86.8%
years age; 385  males males females
males and 615 and and
females 90.8% 87.9%
females females
Manjunath 2014 Hyderabad, Cross-sectional 473 young Overall Overall 6.6%;
et al.[*! Andhrapradesh adults of 20+2 3.6%:; 8.4% males
years; 322 4.7% and 2.6%
males and 151 males females
females and
1.3%
females
Groveret 2014 North India Cross-sectional 248 36.5% 34.1%
al.P% Hospital-based  individuals of Schizophrenic  Schizophrenic
>15 years; 126 patients and patients and
with 62.5% bipolar  55.5% bipolar
Schezophrenia patients patients
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Yadav et
al 14!

Grover et
al.P!

Mangat et
al.l*7l

2013

2012

2010

Madhyapradesh  Cross-sectional

Chandigarh

Chandigarh

Cross-sectional
Hospital-based

Community-
based cross-
sectional

of
30.69+10.73
years, 72 with
bipolar
disorders of
37.79+13.10
years and 50
healthy
controls of
37.74+13.32
years
700 adults of
28-87 years
with T2DM
individuals;
504 males of
5549.5 years
and 196
females of
53+10 years
227 patients
with
Schezophrenia
of
34.67+12.84
years
605 adults of
44.99+14.74
years; 290
males and 315
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Overall
45.8%;
41%
males
and
58.1%
females

44.5%

Overall
38.5%;
39.5%
males

Overall
57.7%; 52.7%
males and
70.4%
females

43.6%

Overall
47.4%:; 40.4%
males and
59.6%
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Kaur et
al.>!

Bhansali
et al.’?

Vaidya et
al.[**!

Deepa et
al.[?

2010

2010

2010

2007

South India

Chandigarh

Western India

Chennai

Cross-sectional

Population-
based
cross-sectional

Cross-sectional

Epidemiological
Cross-sectional
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females and
44.8%
females
1077 male
industrial
workers of
37.7£8.83
years
2225 adults of
42.74+16.61
years; 1068
males and
1157 females
498 adult
females of
49.8+8.49
years

35.8%

26001
individuals of
40+13 years

18.3%

females

51.4% 41.3%

45.3% 39.5%

45% pre-
menopausal
and 55%
post-
menopausal
women

37.8%

44% pre-
menopausal
and 56%
post-
menopausal
women
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Asian-specific criterion for

Figure 1: Stepy
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population and 14 papers from
Indian origin were finally included i

ure

for review.
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A single criteria for

defining MS was used.

226



