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ABSTRACT

Objective We aimed to reveal the potential of four
different metabolic syndrome (Mets) definitions to
differentiate subjects according to 10-year risk of
cardiovascular disease.

Design A cross-sectional analysis of a prospective cohort.
Setting This study used baseline data from the Shiraz
Heart Study, a prospective cohort study in Shiraz, Iran.
Participants were screened against Mets definitions
including modified WHO, National Cholesterol Education
Program Adult Treatment Panel lll (NCEP ATP Ill), American
Heart Association (AHA) and International Diabetes
Federation (IDF). Also, Framingham risk score (FRS) and
atherosclerotic cardiovascular disease (ASCVD) risk score
were determined for each participant.

Participants A total number of 7225 participants of both
genders entered the study. They were selected through
defined family physician centres in different geographical
areas. Urban residents with no migration plan were included.
Those who were far from study centres or with disabilities that
made them incapable to cooperate were excluded.

Results Participants were 47.68% (N=3445) male

with the mean age of 52.13+8.00 years. The number

of subjects with Mets identified by WHO was the lowest
(N=1676), while the percentage of subjects with high risk
score was the highest, 17.1% (N=282) in FRS and 9.8%
(N=162) in ASCVD risk score. There were statistically
significant differences in the mean risk scores between
participants with and without Mets according to AHA, WHO
and NCEP ATP Il definitions (p<0.001). In IDF definition,
the risk scores of subjects with Mets were not statistically
different compared with peers without Mets, neither based
on FRS (p=0.247) nor ASCVD risk score (p=0.193).
Conclusions IDF was not the appropriate definition for
discrimination of subjects with Mets and/or those at high
risk of future cardiovascular events. AHA, WHO and NCEP
ATP Il definitions were effective to discriminate subjects
with Mets from peers without Mets.

INTRODUCTION

Worldwide escalation of metabolic syndrome
(Mets) makes it a burgeoning health
concern, and this rising trend is expected

1

Strengths and limitations of this study

» This study is extracted from the baseline data of
a prospective cohort with a sizeable sample of the
general urban population.

» This study possesses added value in terms of
demonstration of specific country/regional differ-
ences in the field of metabolic syndrome definitions
and 10-year cardiovascular risk scores.

» This study suffers from inherent limitations of cross-
sectional design.

to continue in the future.' Mets has a strong
relation to cardiovascular disorders, mainly
coronary heart disease.” Indeed, Mets could
be assigned as a predictor of poor cardiovas-
cular outcomes and all-cause mortality.” Tt is
defined as the concomitant occurrence of
several cardiovascular risk factors including
abdominal obesity, insulin resistance, elevated
blood pressure and dyslipidaemia.*

Despite considerable efforts to define
Mets, there are still disagreements over its
definition.” There are four main defini-
tions proposed by different expert Banels:
the WHO in 1998° (revised in 19997); the
National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III)
in 2001%? (revised in 2004'"); the NCEP ATP
III definition has subsequently been revised
by the American Heart Association (AHA)/
National Heart, Lung, and Blood Institute“;
and lastly, the International Diabetes Federa-
tion (IDF) consensus group in 2005.'*'?

Uncertainty about the most appropriate
definition among different populations has
challenged identification of subjects with
Mets. Although main features are identical
among these definitions, existence of critical
differences in some components as well as
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diverse threshold measures result in non-homogeneous
identification of subjects with Mets leading to different
reports on Mets prevalence.'* Also, this discrepancy
lowers differentiation potential of Mets from subjects
without Mets, and consequently, decreases the efficiency
of established therapeutic and preventive strategies. In
other words, it is of utmost importance to precisely iden-
tify subjects who have cardiovascular risk factors, and
accordingly, at high risk of cardiovascular events.

Cardiovascular risk prediction models play a crucial
role in the prevention and management of cardiovascular
disease (CVD), especially in clinical settings. Tradition-
ally, Framingham risk score (FRS) has been widely used
to estimate the risk of coronary events in a 10-year interval
considering different variables.'” Another distinct algo-
rithm that has been developed to predict 10-year CVD
risk is atherosclerotic cardiovascular disease (ASCVD) risk
score that was provided by the AHA/American College of
Cardiology."® In previous studies, different definitions of
Mets have been tested for their potential to predict CVD
which showed inconsistent results.'” ' These inconsisten-
cies include, but are not limited to, determination of the
superior or inferior definition with respect to identifica-
tion of high-risk subjects.'?*'

In the present study, the potential of four Mets defi-
nitions was compared for discrimination of patients with
different 10-year cardiovascular risk scores according to
Framingham and ASCVD criteria.

METHODS

Study population

This is a cross-sectional analysis that was founded on the
baseline data (obtained during 2016-2019) of the Shiraz
Heart Study (SHS). SHS is a cardiovascular-oriented
prospective cohort that is being conducted to scrutinise

cardiovascular risk factors and incidence of cardiovas-
cular events, mainly coronary heart disease, for 10 years
in a middle-aged urban population in Shiraz, Iran. SHS
protocol including the method of participants’ selec-
tion as well as inclusion and exclusion criteria have been
published previously.*

Definitions of Mets, FRS and ASCVD risk score

Four definitions of Mets with their components are
provided in table 1. It should be noted that modified WHO
criteria were used in the present study due to the lack of
data about microalbuminuria in our dataset. FRS has tradi-
tionally been used to evaluate the risk of cardiac events in
a 10-year interval by the aid of incorporating certain data
including gender, age, total cholesterol, high-density lipo-
protein (HDL) cholesterol, blood pressure, diabetes and
smoking status.'® Scores were classified into low (<10%),
intermediate (10%-20%) and high risk (>20%).”* An
ASCVD risk score calculator is another valuable tool to
predict the risk of cardiovascular events in the upcoming
10 years. Practically, it is used clinically to identify high-
risk patients to implement preventive strategies.'® Age,
gender, systolic blood pressure, total and HDL cholesterol,
smoking status and treatment for hypertension (HTN)
were considered in risk score calculation. All ASCVD calcu-
lators provide the risk score in numerical values. Risk scores
were then categorised into low-risk (<5%), borderline-risk
(5%—7.4%), intermediate-risk (7.5%-19.9%) and high-risk
(>20%) groups.”® In this way, association of each risk level
with subjects with and without Mets could be assessed in
different definitions. Furthermore, based on the NCEP ATP
III definition, different clusters of Mets components were
defined, and occurrence of the clusters was sought in each
gender. Expected prevalence of each cluster was calculated
based on independent occurrence of five alterations.?’

Table 1 Four definitions of metabolic syndrome
AHA WHO NCEP ATP Il IDF
At least any three of the five Number 2*+at least any two of At least any three of the Number 1*+at least any two
Criteria criteria below the criteria below five criteria below of the criteria below
1 Waist circumference: 2102 cm Waist/hip ratio: >0.90 (M), >0.85  Waist circumference: >102  Central obesity (waist
(M), =289 cm (F) (F); or BMI >30 kg/m? cm (M), >88 cm (F) circumference): 294 cm (M),
>80 cm (F)
2 Fasting glucose >100 mg/dL or  Glucose intolerance, IGT, Fasting glucose >110 mg/ Fasting glucose >100 mg/dL
Rx diabetes, and/or other evidence  dL or Rx or Rx
of IR
3 TG 2150 mg/dL or Rx TG 2150 mg/dL or HDL-C: <35 TG 2150 mg/dL or Rx TG 2150 mg/dL or Rx
mg/dL (M), <89 mg/dL (F)
4 HDL-C: <40 mg/dL (M), <50 mg/ - HDL-C: <40 mg/dL (M), <50 HDL-C: <40 mg/dL (M), <50
dL (F) or Rx mg/dL (F) or Rx mg/dL (F) or Rx
5 >130 mm Hg systolic or 285 mm >140/90 mm Hg >130 mm Hg systolic or 285 >130 mm Hg systolic or 285

Hg diastolic or Rx

mm Hg diastolic or Rx mm Hg diastolic or Rx

WHO®7; National Cholesterol Education Program Adult Treatment Panel Ill (NCEP ATP 11)®%'; American Heart Association (AHA)?? and International
Diabetes Federation (IDF).'2 '3
*Obligatory criterion.

BMI, body mass index; F, female; HDL-C, high-density lipoprotein cholesterol; IGT, impaired glucose tolerance; IR, insulin resistance; M, male; Rx, on
treatment; TG, triglycerides.
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Table 2 The prevalence of Mets according to four definitions stratified by gender

Gender N AHA (N, %) WHO (N, %) NCEP ATP Il (N, %)  IDF (N, %)
Total 7225 3582 (49.6) 1676 (23.2) 3294 (45.5) 4940 (68.4)
Female 3780 2120 (56.1) 876 (23.2) 2010 (53.2) 3091 (81.8)
Male 3445 1462 (42.4) 800 (23.2) 1284 (37.3) 1849 (53.7)
P value <0.001 0.962 <0.001 <0.001

Bold values imply statistical significance.

AHA, American Heart Association; IDF, International Diabetes Federation; Mets, metabolic syndrome; N, number; NCEP ATP llI, National

Cholesterol Education Program Adult Treatment Panel Ill.

Statistical analysis

Continuous and categorical variables are presented as
mean+SD and number (%), respectively. X* test was used
for comparison of categorical variables. Independent
sample t-test as well as analysis of variance were used for
comparison of continuous variables. Presence of within-
groups association in each Mets age-stratified definition
was evaluated by trend test. Q kappa agreement coeffi-
cient was carried out to assess concordance between Mets
definitions. P value of less than 0.05 was considered statis-
tically significant.

Patient and public involvement

The present study was conducted on previously collected
data. In the original study, participants were notinvolved in
the development of research questions, nor the outcome
measures/the design of the study. Also, they were not
involved in the recruitment to or conduct of the study. In
the original cohort, the participants are informed about
their blood parameters, and the results of other examina-
tions are gradually shared with them. The overall findings
and benefits of the study will be disseminated through
public media.

RESULTS

This study included 7225 participants with 3445 men
(47.68%) and a mean age of 52.13+8.00 years. Table 2
demonstrates the prevalence of Mets in both genders.

The prevalence rates of Mets were 49.6%, 23.2%, 45.5%
and 68.4% according to the AHA, WHO, NCEP ATP III
and IDF, respectively. Unlike in WHO, the prevalence of
Mets was significantly different between genders in favour
of female dominance.

Mets prevalence was significantly different among age
groups in all four definitions (X? test) (table 3). In fact,
the prevalence of Mets and age are in a positive associ-
ation in a way that the elderly participants were more
likely to have Mets (trend test). Increasing trend of Mets
prevalence with age is substantiated from 36.4% to 61.6%
for AHA, 12.2% to 38.6% for WHO, 32.3% to 58.1%
for NCEP ATP III, and 63.8% to 71.4% for IDF in those
younger than 45 years to peers older than 65 years.

In order to measure the extent of agreement between
definitions, kappa agreement coefficient was used. Levels
of agreement could be grouped into six categories
according to kappa coefficient: none (0-0.20), minimal
(0.21-0.39), weak (0.40-0.59), moderate (0.60-0.79),
strong (0.80-0.90) and perfect (above 0.90).%® As demon-
strated in table 4, AHA and NCEP ATP III are in perfect
agreement (0.909), while WHO and IDF are in non-
agreement situation (0.147). Other definitions are in
weak or minimal agreements with each other.

Table 5 demonstrates the prevalence of Mets compo-
nents in each definition. High HDL was the prevalent
disorder according to the AHA and NCEP ATP III defi-
nitions. The most prevalent feature in the WHO and IDF

Table 3 The prevalence of Mets according to the four definitions stratified by age groups

Age group N AHA (N, %) WHO (N, %) NCEP ATP Il (N, %)  IDF (N, %)
40-45 1840 669 (36.4) 224 (12.2) 595 (32.3) 1174 (63.8)
45-50 1513 683 (45.1) 277 (18.3) 628 (41.5) 998 (66.0)
50-55 1356 758 (55.9) 359 (26.5) 698 (51.5) 971 (71.6)
55-60 1213 673 (55.5) 345 (28.4) 619 (51.0) 856 (70.6)
60-65 845 517 (61.2) 294 (34.8) 488 (57.8) 614 (72.7)
65-70 458 282 (61.6) 177 (38.6) 266 (58.1) 327 (71.4)
P value X2 test <0.001 <0.001 <0.001 <0.001
Trend test <0.001 <0.001 <0.001 <0.001

Bold values imply statistical significance.

AHA, American Heart Association; IDF, International Diabetes Federation; Mets, metabolic syndrome; NCEP ATP Ill, National Cholesterol

Education Program Adult Treatment Panel Ill.
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Table 4 Kappa agreement coefficient between four
definitions of Mets

NCEP ATP
Definition AHA WHO n
IDF 0.424 0.147 0.402
NCEP ATP Il 0.909 0.401
WHO 0.347

Bold values imply highest and lowest agreements.

AHA, American Heart Association; IDF, International Diabetes
Federation; Mets, metabolic syndrome; NCEP ATP Ill, National
Cholesterol Education Program Adult Treatment Panel Ill.

definitions was high waist circumference (WC). Diabetes
is the least prevalent component among all definitions.

FRS and ASCVD risk score in relation to Mets

FRS and ASCVD risk score were 10.81+8.72 and 5.54+6.16
for all the participants, respectively. Correlation between
these two scores was 0.834 (figure 1). Tables 6 and 7 depict
the mean of FRS and ASCVD risk score for subjects with
and without Mets for all definitions. There are statistically
significant differences in the risk scores between the two
groups according to AHA, WHO and NCEP ATP III defi-
nitions (p<000.1). In contrast, the IDF definition consid-
ered no significant difference in the risk score between
subjects with Mets and without Mets (p=0.247 for FRS,
and p=0.193 for ASCVD risk score).

In tables 8 and 9, FRS and ASCVD risk score were clas-
sified into different categories, and each category was
compared between subjects with Mets and without Mets
for each definition. The only definition in which subjects
with Mets and without Mets were not differentially
grouped with respect to the categorised risk score was that
of the IDF (p=0.845 for FRS and p=0.853 for ASCVD risk
score). However, there are significant differences in all
the categories, either FRS or ASCVD risk score, between
subjects with Mets and without Mets in three other defini-
tions (AHA, WHO and NCEP ATP III) (p<0.001).

Table 5 The prevalence of Mets components in each
definition

AHA(N, WHO (N, NCEP ATP

Feature %) %) (N, %) IDF (N, %)
we 3955 (54.7) 5886 (81.5) 4039 (55.9) 5592 (77.4)
TG 3826 (53.0) 3826 (53.0) 3826 (53.0) 3826 (53.0)
HDL 4308 (59.6) 2696 (37.3) 4308 (59.6) 4308 (59.6)
HTN 3129 (43.3) 2299 (31.8) 3129 (43.3) 3129 (43.3)
DM 2853 (39.5) 1724 (23.9) 1724 (23.9) 2853 (39.5)

Bold values imply the component with the highest prevalence in
each definition.

AHA, American Heart Association; DM, diabetes mellitus; HDL,
high-density lipoprotein; HTN, hypertension; IDF, International
Diabetes Federation; Mets, metabolic syndrome; NCEP ATP lIl,
National Cholesterol Education Program Adult Treatment Panel lll;
TG, triglycerides; WC, waist circumference.

R? Linear = 0.698
60 o

554

ASCVD

FRS

Figure 1 Correlation between Framingham risk score (FRS)
and atherosclerotic cardiovascular disease (ASCVD) risk
score (correlation coefficient=0.834).

Furthermore, comparison of FRS and ASCVD risk score
showed that the former identified a greater proportion of
subjects as high-risk patients in all definitions (15.3% vs 5.6%
in AHA, 17.1% vs 9.8% in WHO, 15.2% vs 6.0% in NCEP
ATP III, and 12.1% vs 3.5% in IDF) (figures 2 and 3).

Table 10 shows that the most prevalent cluster in men was
triglycerides (TG)+HDL+HTN, while the cluster WC+T-
G+HDL was the prevalent one in women (NCEP ATP III).
Other than dyslipidaemia, it seems that HTN and high WC
were the major culprits in the prevalent clusters in men and
women, respectively. As it was shown, observed and expected
prevalence of cluster components were significantly different
in both genders. In spite of clear association between high
blood pressure and early arterial ageing, the extent to which
HTN contributes to the elevated risk of cardiovascular events
should be further investigated.”

DISCUSSION

Metabolic syndrome

This study was a cross-sectional analysis of a prospective
cohort which has been detailed elsewhere.” *' In the
current study, 7225 participants were screened against
four different Mets definitions. The prevalence of Mets

Table 6 Framingham risk score in subjects with and
without Mets in the four definitions

Mets (mean+SD)

Definition No Yes P value
AHA 9.90+8.31 11.71+9.01 <0.001
WHO 10.34+8.62 12.37+8.84 <0.001
NCEP ATP IlI 10.09+8.43 11.66+8.97 <0.001
IDF 10.74+9.35 10.48+8.39 0.247

Bold values imply significant differences.

AHA, American Heart Association; IDF, International Diabetes
Federation; Mets, metabolic syndrome; NCEP ATP I, National
Cholesterol Education Program Adult Treatment Panel IIl.
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Table 7 ASCVD risk score in subjects with and without
Mets in the four definitions

Mets (mean=SD)

Definition No Yes P value
AHA 4.23+4.73 6.85+7.08 <0.001
WHO 4.54+4.85 8.84+8.44 <0.001
NCEP ATP IlI 4.32+4.79 6.97+7.19 <0.001
IDF 5.40+6.18 5.61+6.15 0.193

Bold values imply significant differences.

AHA, American Heart Association; ASCVD, atherosclerotic
cardiovascular disease; IDF, International Diabetes Federation;
Mets, metabolic syndrome; NCEP ATP lll, National Cholesterol
Education Program Adult Treatment Panel Ill.

was found to be close for the AHA (49.6%) and NCEP
ATP 1II (45.5%), while the highest (68.4%) and the
lowest (23.2%) subjects with Mets were identified by
the IDF and WHO definitions, respectively. It is not,
however, a concluding remark to classify the latter defi-
nitions into the strongest or the weakest ones for Mets
diagnosis as they use different criteria, and reasonably,
differences in the prevalence of Mets are not an unex-
pected phenomenon. The prevalence of Mets is widely
varied between different populations. Studies reported
Mets prevalence of 21.5% in France,” 33.5% in Turkey,”
34.1% among American adults® and 54.8% in Mexico.”
The prevalence of Mets (NCEP ATP III) among 8698 US
adults was reported to be 34.3%=+0.8%, which remained
unchanged during 2007-2014. Regarding trend of Mets
components, there was a significant increase in abdom-
inal obesity, especially in women, while the prevalence
of raised triglyceridaemia and fasting hyperglycaemia

decreased.” During 2011-2016, Mets prevalence was esti-
mated to be 34.7% among 17 048 US adults, which shows
a remarkable increase in young adults and high preva-
lence in those older than 60 years.” In a pooled analysis
on 26 609 participants from 34 studies, the most prevalent
Mets (NCEP ATP III) component was low HDL, which
was followed by HTN, abdominal obesity, raised TG and
elevated fasting glucose.”™ According to the NCEP ATP
III definition, low HDL was the most prevalent compo-
nent in our population as well. It is closely followed by
elevated WC and hypertriglyceridaemia. Also, the cluster
of low HDL and hypertriglyceridaemia, either combined
with HTN in male or with raised WC in female, was the
prevalent one in the present study.

A systematic review reported the pooled estimate of
25% for Mets prevalence in Middle East countries.”” Mets
is considered as a frequent disorder in Iranian population
as well,*” and people living in urban areas were recognised
as more risky ones in comparison with rural residents.*' **
In Iran, multiple studies reported the prevalence of Mets
differently; 34.7% by NCEP ATP III and 37.4% by IDF,*
37% by IDF and 33.8% by NCEP ATP IIL,* 42.87% by
IDF and 40.68% by NCEP ATP IIL* According to the
Isfahan Healthy Heart Program, the age-adjusted preva-
lence of Mets was reported to be 23.3% according to the
NCEP ATP III definition in urban and rural populations
of three cities of Iran.*! In all definitions, except WHO,
the prevalence of Mets was higher in women.

In one large European multicentre study, arterial stiff-
ness was compared between four different age groups
and in individuals with or without Mets as well (according
to the revised version of NCEP ATP III). They concluded
that arterial stiffness was correlated with age, and patients
with Mets had higher arterial stiffness in all age groups.

Table 8 Comparison of categorised Framingham risk score between subjects with Mets and without Mets in the four

definitions
Mets

Definition Risk score No (n, %) Yes (n, %) P value
Low 2245 (64.1) 1991 (56.2)

AHA Intermediate 847 (24.2) 1007 (28.4) <0.001
High 408 (11.7) 542 (15.3)
Low 3392 (62.9) 844 (51.2)

WHO Intermediate 1332 (24.7) 522 (31.7) <0.001
High 668 (12.4) 282 (17.1)
Low 2396 (63.3) 1840 (56.5)

NCEP ATP llI Intermediate 934 (24.7) 920 (28.3) <0.001
High 456 (12.0) 494 (15.2)
Low 1348 (62.3) 3054 (62.6)

IDF Intermediate 541 (25.0) 1231 (25.2) 0.845
High 275 (12.7) 591 (12.1)

Bold values imply significant differences. Low (<10%), intermediate (10%-20%) and high risk (>20%). Some data may contain missing values.
AHA, American Heart Association; IDF, International Diabetes Federation; Mets, metabolic syndrome; NCEP ATP Ill, National Cholesterol

Education Program Adult Treatment Panel Ill.
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Table 9 Comparison of categorised ASCVD risk score between subjects with Mets and without Mets in the four definitions

Mets

Definition Risk score No (n, %) Yes (n, %) P value
Low 2463 (70.3) 1942 (54.8)

AHA Borderline 373 (10.7) 469 (13.2) <0.001
Intermediate 623 (17.8) 931 (26.3)
High 41 (1.2) 199 (5.6)
Low 3697 (68.5) 708 (42.9)

WHO Borderline 603 (11.2) 242 (14.7) <0.001
Intermediate 1017 (18.9) 537 (32.6)
High 78 (1.4) 162 (9.8)
Low 2641 (69.7) 1764 (54.2)

NCEP ATP IlI Borderline 415 (11.0) 430 (13.2) <0.001
Intermediate 687 (18.1) 867 (26.6)
High 46 (1.2) 194 (6.0)
Low 1350 (62.3) 3055 (62.6)

IDF Borderline 267 (12.3) 578 (11.9) 0.853
Intermediate 481 (22.2) 1073 (22.0)
High 69 (3.2) 171 (3.5)

Bold values imply significant differences. Low (<5%), borderline (5%-7.5%), intermediate (7.5%-20%) and high (>20). Some data may contain

missing values.

AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease; IDF, International Diabetes Federation; Mets, metabolic
syndrome; NCEP ATP lIl, National Cholesterol Education Program Adult Treatment Panel Il

Interestingly, among Mets components, only hypergly-
caemia and HTN were in a positive association with arte-
rial stiffness, and dyslipidaemia (low HDL and high TG
components) was not associated with arterial stiffness.
More unexpectedly, there was an association between
high WC and lower arterial stiffness.*’

M High
] Intermecdiate:
HLow

100.00-

80.00

60.00

%

40.004

20.004

00—

AHA WHO ATP IDF

Figure 2 Comparison of different categorisations of
Framingham risk score for each definition. AHA, American
Heart Association; IDF, International Diabetes Federation;
NCEP ATP lll, National Cholesterol Education Program Adult
Treatment Panel Ill.

Following or in conjunction with coronary artery disease
and other cardiovascular complications, components of
Mets like central obesity, hyperlipidaemia and insulin
resistance are all risk factors of endothelial function®’

I High

B intermediate

E] Borderline
Low

100.00

80.00

60.00

40.00

20.00

00 r
AHA WHO ATP IDF

Figure 3 Comparison of different categorisations of
atherosclerotic cardiovascular disease risk score for
each definition. AHA, American Heart Association; IDF,
International Diabetes Federation; NCEP ATP Ill, National
Cholesterol Education Program Adult Treatment Panel ll.
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Table 10 Observed and expected prevalence of specific clustering of Mets components in both genders according to NCEP

ATP IlI definition

Male Female
Components Observed Expected Observed Expected
WC+TG+HDL 8.4 9.6 24.5 22.9
WC+TG+HTN 5.7 7.7 3.6 7.7
WC+TG+DM 1.2 2.6 1.0 3.7
WC+HDL+HTN 41 7.2 9.1 141
WC+HDL+DM 0.9 2.6 2.9 6.7
WC+HTN+DM 2.4 21 2.3 2.2
TG+HDL+HTN 21.8 21.7 2.1 &3
TG+HDL+DM 9.5 7.9 1.2 1.5
TG+HTN+DM &3 6.3 0.2 0.5
HDL+HTN+DM 2.6 5.9 0.2 0.9
WC+TG+HDL+HTN 10.4 8.4 21.3 15.4
WC+TG+HDL+DM 3.6 3.0 9.3 7.3
WC+TG+HTN+DM 1.2 2.4 1.0 2.5
WC+HDL+HTN+DM 2.1 2.3 2.4 4.5
TG+HDL+HTN+DM 12.3 6.9 1.6 1.0
WC+TG+HDL+HTN+DM 11.6 2.7 18.4 4.9
X2 42.28 50.90
P value <0.001 <0.001

Bold values imply statistical significance.

DM, diabetes mellitus; HDL, high density lipoprotein; HTN, hypertension; Mets, metabolic syndrome; NCEP ATP Ill, National Cholesterol
Education Program Adult Treatment Panel Ill; TG, triglycerides; WC, waist circumference.

that possibly lead to kidney impailrrnents.48 Studies
revealed that subjects with four or more Mets compo-
nents had significantly decreased glomerular filtration
rate compared with those with one or no components at
all.” To substantiate, obesity increases the risk of diabetic
nephropathy, hypertensive nephrosclerosis, and focal
and segmental glomerular sclerosis. Furthermore, obesity
accelerates development and progression of chronic
kidney disease. Early manifestation of Mets-associated
kidney injury is microalbuminuria. In fact, Mets deteri-
orates renal physiology and metabolism through certain
mechanisms including change in adipokine levels, oxida-
tive stress and inflammation.*

FRS and ASCVD risk score

The correlation between FRS and ASCVD risk score is
high, which is also evident in the next analyses. However,
the numerical value of FRS mean is nearly double that of
ASCVD risk score for all the participants. Having calcu-
lated FRS and ASCVD risk score, subjects with Mets in
AHA, WHO and NCEP ATP III definitions showed signifi-
cantly higher scores compared with subjects without Mets.
This finding revealed that, unlike IDF, the criteria of the
other three definitions are efficient enough to differen-
tiate subjects with Mets from their counterparts without
Mets. Lack of potential to make differentiation between
subjects with Mets and without Mets could be assumed

as a negative point for IDF definition since subjects with
Mets are logically at greater risk of experiencing cardio-
vascular events.

Mets association with FRS and ASCVD risk score

It can be concluded that IDF definition is not only unsuit-
able for our population for identification of subjects with
Mets, but also, it did not reveal any significant difference
between subjects with Mets and without Mets in catego-
rised risk score groups. Percentage of high-risk subjects
was higher in WHO definition, which can be attributed
to the lower number of subjects with Mets in this group.
This case is completely opposite of IDF definition. The
discrepancies in detecting subjects with Mets or high
risk score may be originated from dissimilar threshold
values of different components which are determinant
factors for defining Mets and calculation of risk scores.
For instance, an absolutely required component in WHO
definition is insulin resistance while significance of WC
is emphasised as a key feature in IDF definition. Accord-
ingly, the best definition for detecting high-risk individ-
uals still remains elusive.

The lower predictive value of IDF definition for CVD
has been mentioned in previous studies.'®* On the other
hand, NCEP ATP III criterion has been identified as a
useful tool to predict CVD in several studies.”® * In a
population sample from Germany,” the IDF definition is
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recognised to have lower predictive ability for CVD than
the NCEP ATP III, despite the fact that the prevalence
of Mets was higher according to IDF definition. In the
meanwhile, some other studies reported no superiority
for any of the definitions over the others, and suggested
further longitudinal investigations should be imple-
mented to obtain a clearer picture.l7 *I The present study
showed that there may be differences in the 10-year esti-
mated risk of developing CVD among identified subjects
with Mets depending on the type of Mets definition. The
complex multistage probability sample design of our orig-
inal study, besides a good sample size, provides a suitable
representation of the urban population in the country.
The study suffers from inherent limitations subjected
to its cross-sectional design such as inability to assess
incidence and to make causal inference. Longitudinal
prospective assessments are more useful to clearly
measure the incidence of cardiovascular events and their
degree of association with Mets definitions as well as with
every component of each definition. Thereafter, selection
of the most precise definition is feasible for detection
of subjects with Mets and those with high risk of life-
threatening incidents. As we did not examine the partic-
ipants for microalbuminuria at the baseline survey of the
original cohort, modified WHO definition was used that
may have imposed some deviations from the real values.

Conclusion

Mets is an outstanding feature to identify high-risk individ-
uals, particularly in the general population. Our findings
revealed that the IDF definition was not the appropriate
one to identify subjects with Mets and subjects with high
risk of cardiovascular events. However, AHA, WHO and
NCEP ATP III were able to discriminate between subjects
with Mets and without Mets according to FRS and ASCVD
risk score. To assess the validity of this classification,
further longitudinal studies are required to determine
which Mets definition is effective for prognostication of
future cardiovascular events.
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