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Abstract

Background and Aims: Continuous scoring systems were developed versus

traditional dichotomous approaches to define metabolic syndrome. The current

study was carried out to evaluate the ability of scoring systems to predict fatal and

nonfatal cardiovascular events.

Materials and Methods: The data of 5147 individuals aged 18 years or more

obtained from a population‐based cohort study were analyzed. The occurrence of

atherosclerotic cardiovascular disease (ASCVD) in the period of 7 years follow‐up

was considered as the associated outcome. Joint Interim Statement (JIS) definition,

as a traditional definition of metabolic syndrome (MetS), and two versions of MetS

scoring systems, based on standardized regression weights from structural equation

modeling (SEM) and simple method for quantifying metabolic syndrome (siMS) were

considered as potential predictors.

Results: The scoring systems, particularly, based on SEM, were observed to have

a significant association with composite cardiovascular events (HR = 1.388 [95%

CI = 1.153–1.670], p = .001 in men and HR = 1.307 [0.95% CI = 1.120–1.526] in

women) in multiple Cox proportional hazard regression analyses, whereas the

traditional definition of MetS did not show any significant association. While

both two scoring systems showed acceptable predictive abilities for cardiovas-

cular events in women (MetS score based on SEM: area of under curve

[AUC] = 0.7438 [95% CI = 0.6195–0.7903] and siMS: AUC = 0.7207 [95%

CI = 0.6676–0.7738]), the two systems were not acceptable for identifying risk

in men.
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Conclusion: Unlike the dichotomous definition of MetS, the scoring systems showed

an independent association with cardiovascular events. Scoring systems, particularly

those based on SEM, may be useful for the prediction of cardiovascular events in

women.
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1 | INTRODUCTION

Cardiovascular diseases (CVD) are considered as the leading cause

of death worldwide.1 Based on a recent data, CVD are the causes

of one‐third of all deaths worldwide.2 The age standardized deaths

related to CVD have reduced, particularly in high‐income countries

by preventive measures and high‐quality interventions in spite of

increase in absolute CVD deaths worldwide.3,4 Despite a large

decrease in the burden of CVD in the United States, the huge

disparities in the total burden of CVD among different US states

can be attributed to the differences in exposure to some

modifiable risk factors.5 Some of these well‐known and modifiable

cardiovascular risk factors including high blood pressure, abdomi-

nal obesity, high fasting blood sugar (FBS), low high‐density

lipoprotein (HDL) levels, and obesity are used to define metabolic

syndrome (MetS). A cluster of these multiple cardio‐metabolic

abnormalities is defined as metabolic syndrome.6–8 Hence, a high

association between the MetS and CVD is expected.9–13 As the

prevalence of chronic diseases rises globally, it is important to

identify individuals at greater risks of disease progression by

evaluating their MetS statuses. However, this assessment of MetS

severity and changes over time is challenging given the traditional

dichotomous nature of the components that define MetS. Even a

negligible change of one of the components can lead to classifying

a person as having MetS or not. The limitations of the dichotomous

MetS definition and its lack of universality have prompted the

consequent development of continuous scoring systems with

different approaches.14–17 Even then, most available scoring

equations have been formulated based on the western popula-

tions. On the other hand, cardiovascular risk assessment tools such

as Systematic Coronary Risk Evaluation (SCORE) equations,

Framingham general cardiovascular risk profile in primary care

settings and American College of Cardiology/American Heart

Association (ACC/AHA) risk prediction tool also have their own

limitations.18–20 For instance, related models mostly are based on

data that have already become out of date regarding the changes

in preventive interventions and changes in the rate of end-

points.21,22 Furthermore, these models mostly were developed in

western countries and validated in small populations. As a result,

the current study was conducted to evaluate the ability of the

metabolic scoring systems, specific to attributes of the Iranian

population, to predict the fatal and nonfatal CVD events.

2 | METHODS

2.1 | Study population

The present cohort study was carried out in two phases: Phase I in

2009–2010 and Phase II in 2016–2017. The study was performed on

the population of Amol city, a relatively populated city in the central

area of northern Iran. The sampling frame of our initial cohort study

was based on the data from Health houses where an exact sampling

frame is obtainable due to primary healthcare services delivered in

these sittings. We divided the sampling frame into 16 strata based on

gender and age groups, including 10–19, 20–29, 30–39, 40–49,

50–59, 60–69, 70–79, and 80–89 years. The size of each stratum in

the sampling frame was calculated in proportion to the size of

population in the same stratum using a stratified probability

proportion sampling strategy. After 7 years, participants from the

previous study in Phase I were invited again to participate in Phase II

of the study. Since 2009–2010 up to the beginning of Phase II in

2016–2017, the study participants were annually contacted to

collect related information about probable outcomes. A schematic

view of the study population is shown in Figure 1.

The comprehensive evaluations of Phase II of our cohort

started in 2016 and continued in 2017. This included a detailed

evaluation of demographic, anthropometric, and laboratory data

in addition to providing the related outcomes of people based on

associated medical documents. It is worth noting that we

confirmed and modified, where necessary, the related outcomes

based on the data from various authentic sources, such as valid

documented data from hospitals, clinics, physician offices, and

also medical records, particularly if there was any inconsistency in

the findings.

2.2 | Anthropometric parameters and blood
pressure measurements

Participants’ heights were measured via a nonstretchable meter. This

was performed when they were in the upright position with a small

gap between the legs (usually 10 cm) and their back of heads,

shoulder blades, buttocks, and heels in contact with the wall. Also,

participants’ weights were measured using a calibrated scale with a

precision of 100 g. Waist circumference (WC) was measured by
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trained staff from the narrowest point between the lower borders of

the rib cage and the iliac crest using a nonstretchable tape measure.

Participants’ blood pressure was measured by trained staff using a

mercury sphygmomanometer after the participant sat on a chair for a

minimum of 5min of physical inactivity in a quiet room. After

inflation of the cuffs 20–30mmHg above the point of disappearance

of the radial pulse, the cuffs were deflated at a rate of approximately

2–3mmHg. Thus, the appearance and disappearance of Korotkoff

sounds were considered as the systolic (SBP) and diastolic (DBP)

blood pressures, respectively. The average of two measurements of

blood pressures for each participant was considered as the associated

blood pressure of the participant.

2.3 | Biochemical measurements

Totally, 10 ml of whole blood was obtained from each participant

using a serum separator tube (SST; tiger top tube). Following

12‐h fasting, FBS, and lipid profiles were evaluated. All the

tests, including FBS, triglycerides (TG), HDL, LDL, and cholesterol

were enzymatically assessed using the BS200 Auto analyzer

(Mindray).

2.4 | Metabolic syndrome

Dichotomous version of metabolic syndrome definition was defined

based on Joint Interim Statement (JIS).23

2.5 | Outcomes

The occurrence of atherosclerotic cardiovascular disease (ASCVD)

was considered the associated outcome of the present study. The

definition of ASCVD was considered as a history of nonfatal acute

myocardial infarction and ischemic heart disease death and fatal and

nonfatal cerebrovascular accident.24

The outcome data were annually collected from the participants,

although a comprehensive assessment in Phase II of the cohort was

performed, too. Outcomes were obtained from the records of

hospital admissions, including myocardial infarction or other CVD

events, angiographically proven coronary heart diseases, history of

percutaneous coronary interventions, and cerebrovascular diseases

(from 2009–2010 to 2016–2017). All self‐reported data were

confirmed or adjusted based on direct observation of valid

documentations of medical records. The death certificates for fatal

CVD events and hospital discharge records were also evaluated and

verified. We actively contacted the medical centers where the

patients were admitted, if a medical record did not seem to be

correct. Each inconsistent finding between the outcomes of the

comprehensive assessment and the annually obtained outcomes data

were modified based on valid documented data.

A 12‐lead electrocardiogram (ECG) was performed by trained

nurses for all participants who participated in Phase II of the cohort

study. Consequently, if any ECG abnormality was seen in the

participants from the Phase II cohort, their abnormality was not

included as the outcome, the participant was comprehensively

examined by the internist of our team, and was also referred to an

expert cardiologist to rule out any silent CVD events in the follow‐up

periods. Finally, all associated outcomes were confirmed by the

internist of our cohort study team.

2.6 | Statistical analysis

We conducted a confirmatory factor analysis (CFA) using maximum

likelihood estimation to evaluate factor validity of MetS in addition to

computing the standardized regression weights of related observed

variables. Thus, a single‐factor model was conducted in which MetS

was considered as the latent variable and the components of MetS

were considered as the observed variables. To enable a comparison

of the MetS single‐factor model and the simple method for

quantifying metabolic syndrome (siMS) score, we considered the

same observed variables included in siMS score in our CFA models.

These variables included the SBP, FBS, TG, HDL, and WC as

observed variables. However, a model based on SBP, FBS, WC, and

the natural logarithm of (TG/HDL) obtained the best‐fit indices in

F IGURE 1 A schematic view of the study population in Phase I
and Phase II of the cohort study. CVD, cardiovascular disease.
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structural equation modeling (SEM) models. Figure S1 shows a

scheme of the indices of the SEM model used in our study.

The related fit indices were standardized root mean square

residual (SRMR), Comparative Fit Index, Goodness of Fit Index (GFI),

and root mean square error of approximation (RMSEA). Despite lack

of a general agreement about the appropriate values of these fit

indices, some thresholds for a good model fit were suggested for

these indices, as follows: GFI ≥ 0.95, RSMEA < 0.08, SRMR < 0.08 (the

values greater than 0.1 denote a poor fit), AGFI = 0.95, and

CFI ≥ 0.95. However, according to Hu and Bentler, an RSMEA = 0.06

can be considered as an appropriate value of model fit.25–28 The

regression weights of the observed variables were utilized to build

the MetS score models. A related equation is shown below:

( )( )

β β

β

β

MetS Score (based on SEM)

= × WC (cm) + × SBP (mmHg)

+ × ln

+ × FBS (mg/dl),

WC SBP

ln

TG (mg / dl)

HDL (mg / dl)

FBS

TG
HDL

where the βs are considered the related standardized regression

weights. To obtain the MetS score (based on SEM), the related

standardized regression weights of SEM were inserted instead of

associated coefficients (βs) in the above formula. The MetS scores were

calculated based on the above formula for all participants. CFA was

conducted in men and women separately, and different standardized

regression weights were obtained in men and women based on the

CFA, separately. The SEM was conducted in AMOS IBM SPSS 21.

siMS was calculated based on the following formula15:

siMS score = 2 × + +

+ + .

WC (cm)

Height (cm)

FBS (mg / dl)

100

TG (mg / dl)

150

SBP (mmHg)

130

HDL (mg / dl)

40 in men and 50 in women

To determine the predictive ability of two versions of MetS

scores, receiver operating characteristic (ROC) analyses were

conducted. Thus, the related MetS scores were considered as the

classification variables and CVD events were considered as

the reference variable (Y = 1 for the occurrence of outcomes in the

participants during the 7 years of follow‐up and Y = 0 for the

nonoccurrence of outcomes in this period). The related outcomes

were fatal CVD events, nonfatal CVD events, and composite CVD

events (summation of fatal and nonfatal CVD events). The ROC

analyses were separately conducted on these three types of CVD

events in men and women. The predictive abilities were reported

based on the results of the areas under curves (AUCs). Thus, AUCs

were calculated based on plotting the sensitivities of infinite decision

thresholds of the classification variables versus their false‐positive

rates in the prediction of related CVD outcomes. An AUC of >0.5 to

<0.7 was considered as poor ability, AUC >0.7 to <0.8 as acceptable

ability, AUC >0.8 to <0.9 as an excellent ability, and AU >0.9 to <1.0

was considered as outstanding ability. Also, an AUC = 0.5 indicated

“no” ability while an AUC = 1 indicated a “perfect” ability. These

considerations were based on Hosmer and Lemeshow's guidelines.29

In ROC analyses, all statistical analyses were conducted using

Stata software, version 12 (STATA Corp). The rocreg (ROC regres-

sion) package of Stata software was used to obtain the AUCs and the

plots of ROC curves.

The simple and multiple Cox hazard regression proportion

models were performed where the time of occurrence of fatal and

nonfatal CVD events was considered as related outcomes. In multiple

hazard regression proportion models, the age, LDL‐C level, smoking

status, and DBP were entered in addition to the MetS scores. We

conducted the Cox regression models for the two versions of MetS

scores (their Z‐scores) separately for both men and women. The Cox

models were also performed on CVD events for dichotomous version

of MetS definition (based on JIS definition). The related hazard ratios

(and their 95% confidence intervals [CI]) were reported. The multiple

hazard regression proportion models were conducted using SPSS,

version 21 (Chicago Statistical Software, Inc.).

3 | RESULTS

Table 1 shows basic characteristics of the study population based on

sex. While the mean age (p = .003), weight (p < .001), DBP (p = .022),

and SBP (p < .001) were significantly higher in men, BMI (p < .001),

TABLE 1 Basic characteristics of the study population of primary
phase of cohort

Variables

Mean ± SD

p valueMen (n = 2926)
Women
(n = 2221)

Age (year) 44.46 ± 16.73 43.25 ± 15.25 0.003

Weight (kg) 76.86 ± 15.08 72.71 ± 14.36 <0.001

Hip circumference (cm) 100.88 ± 8.36 106.69 ± 10.92 <0.001

WC (cm) 90.82 ± 12.43 91.49 ± 13.40 0.068

BMI (kg/m2) 26.53 ± 4.61 29.66 ± 5.67 <0.001

DBP (mmHg) 76.59 ± 12.61 75.76 ± 13.20 0.022

SBP (mmHg) 117.25 ± 15.55 115.27 ± 17.70 <0.001

FBS (mg/dl) 98.53 ± 29.86 103.80 ± 41.33 <0.001

TG (mg/dl) 144.80 ± 91.86 141.75 ± 98.44 0.065

Cholesterol (mg/dl) 178.64 ± 41.85 188.69 ± 43.04 <0.001

HDL‐C (mg/dl) 43.49 ± 11.58 46.37 ± 12.11 <0.001

LDL‐C (mg/dl) 104.95 ± 30.94 109.49 ± 31.41 <0.001

MetS score (based

on SEM)

153.55 ± 17.64 163.77 ± 24.92 <0.001

siMS score 2.83 ± 0.918 3.12 ± 1.07 <0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBS,
fasting blood sugar; HC, hip circumference; HDL‐C, high‐density
lipoprotein cholesterol; LDL‐C, low‐density lipoprotein cholesterol; SBP,
systolic blood pressure; TG, triglyceride; WC, waist circumference.

Significance level for the difference between men and women was
considered p < .05.
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FBS (p < .000), cholesterol (p < .001), HDL‐C (p < .001), and LDL‐C

(p < .001) were significantly lower in men as compared with those in

women. No significant difference in terms of mean WC and TG was

observed between men and women; however, both the MetS and

siMS scores were significantly higher in women (p's <.001).

Figure 2 shows the results of fit indices and the standardized

regression weights of the SEM models in men and women,

separately. The related formulas of scoring models were built

based on the standardized regression weights of these SEM

models.

The predictive ability and CIs of the two versions of MetS

scores for CVD events are shown in Table 2. In men, the predictive

ability of MetS score based on SEM was acceptable for fatal CVD

events (AUC = 0.7049 [95% CI = 0.6195–0.7903]), while in women,

excellent predictive abilities were obtained by both scoring

systems for this type of events (MetS scores based on SEM:

AUC = 0.8277 [95% CI = 0.7614–0.8940] and siMS systems: AUC =

0.8447 [95% CI = 0.7986–0.9808]). For nonfatal CVD events in

women, only the MetS score based on SEM showed an acceptable

ability (AUC = 0.7129 (95% CI = 0.6504–0.7754]). When consider-

ing composite CVD events, both two scoring systems showed

acceptable predictive abilities in women (MetS score based on

SEM: AUC = 0.7438 [95% CI = 0.6195–0.7903] and siMS: AUC =

0.7207 [95% CI = 0.6676–0.7738]), but poor abilities were found

in men (AUC > 0.5–<0.7).

Additionally, in women, there was no statistical difference

between the two scoring systems for fatal, nonfatal, and compos-

ite CVD events with both scores being excellent and acceptable

predictors for fatal and composite events, respectively (Table 2

and Supplementary Figure 2). However, the degree of predictive

ability for the MetS Score (based on SEM) was superior for

nonfatal CVD events as compared with the siMS score (poor

ability). On the other hand, in men, MetS score (based on SEM) was

statistically superior to siMS for all events (p<.05 for fatal,

nonfatal, and composite). Yet, all of the MetS scores (based on

SEM and siMS) in men, aside from the MetS score based on

SEM for fatal CVD events which showed marginal acceptable

prediction, were classified as poor according to the AUC

considerations based on Hosmer and Lemeshow's guidelines29

(Table 2 and Figure S2).

Table 3 shows the results of simple and multiple Cox

proportional hazards regression analyses where the time of the

occurrence of CVD events (fatal, nonfatal, and composite) was

considered as the associated outcome. In simple Cox analysis, the

MetS score (based on SEM) and siMS showed a significant

association with fatal, nonfatal, and composite CVD events in

men and women. While the traditional definition of MetS did not

show any association with CVD events in men, a significant

association was detected in women for all types of the events.

In multiple Cox proportional hazards regression analysis, no

F IGURE 2 The results of SEM models and related MetS scoring systems. CFI, Comparative Fit Index; CI, confidence interval; FBS, fasting
blood sugar; GFI, Goodness of Fit Index; ln, natural logarithm; MetS, metabolic syndrome; RMSEA, root mean square error of approximation;
SBP, systolic blood pressure; SEM, structural equation modeling; SRMR, standardized root mean square residual; TGHDL, TG (triglyceride) to
HDLc (high‐density lipoprotein cholesterol) ratio; WC, waist circumference.
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independent association was detected between CVD events and

the traditional dichotomous definition of MetS. However, a

significant independent association was detected between the

two versions of scoring systems and all types of CVD events

except for nonfatal CVD events and siMS in men.

4 | DISCUSSION

We evaluated the association between CVD events and MetS by

applying simple and multiple Cox proportional hazards models. Thus,

two versions of MetS scores and MetS definition, based on JIS,23

TABLE 2 The predictive ability of two
versions of MetS scores for CVD eventsOutcomes Sex

AUC (95% CI)
p valueMetS score (based on SEM) siMS score

Fatal CVD events Men 0.7049 (0.6195–0.7903) 0.6121 (0.5246–0.6995) <0.001

Women 0.8277 (0.7614–0.8940) 0.8447 (0.7986–0.9808) 0.581

Nonfatal CVD
events

Men 0.6232 (0.5743–0.6722) 0.5720 (0.5243–0.6197) 0.005

Women 0.7129 (0.6504–0.7754) 0.6779 (0.6151–0.7408) 0.117

Composite CVD
events

Men 0.6458 (0.6041–0.6876) 0.5834 (0.5416–0.6252) 0.001

Women 0.7438 (0.6906–0.7971) 0.7207 (0.6676–0.7738) 0.216

Abbreviations: AUC, area under receiver operating characteristic (ROC) curve; CI, confidence interval;
CVD, cardiovascular disease; MetS, metabolic syndrome; SEM, structural equation modeling.

Significance level for the difference between scoring systems was considered p < .05.

TABLE 3 Simple and multiple Cox regression proportional analyses on the time of the occurrence of CVD events in which the MetS scores
were the predictor

Gender Scoring system CVD outcomes
Simple Multiple
HR (95% CI) p value HR (95% CI) p value

Men MetS score (based on standardized regression

weights of SEM)

Fatal 2.286 (1.765–2.961) <.001 1.778 (1.268–2.493) <.001

Nonfatal 1.586 (1.337–1.882) <.001 1.293 (1.037–1.612) .022

Composite 1.749 (1.516–2.018) <.001 1.388 (1.153–1.670) .001

siMS Fatal 1.505 (1.179–1.920) .001 1.503 (1.113–2.028) .008

Nonfatal 1.243 (1.065–1.450) .006 1.108 (0.929–1.321) .256

Composite 1.306 (1.145–1.488) <.001 1.171 (1.006–1.363) .042

MetS definition based on JIS Fatal 1.405 (0.733–2.692) .306 1.111 (0.555–2.224) .767

Nonfatal 1.380 (0.978–1.948) .067 1.096 (0.752–1.596) .633

Composite 1.386 (1.022–1.879) .036 1.080 (0.776–1.504) .647

Women MetS score (based on standardized regression
weights of SEM)

Fatal 1.830 (1.484–2.257) <.001 1.472 (1.092–1.983) .011

Nonfatal 1.569 (1.378–1.786) <.001 1.276 (1.062–1.533) .009

Composite 1.632 (1.462–1.821) <.001 1.307 (1.120–1.526) .001

siMS Fatal 1.635 (1.375–1.943) <.001 1.656 (1.208–2.270) .002

Nonfatal 1.429 (1.261–1.620) <.001 1.247 (1.019–1.526) .032

Composite 1.485 (1.342–1.644) <.001 1.325 (1.120–1.568) .001

MetS definition based on JIS Fatal 25.40 (3.423–188.402) .002 7.700 (1.002–59.145) .050

Nonfatal 2.561 (1.528–4.291) <.001 1.095 (0.616–1.948) .758

Composite 3.602 (2.227–5.825) <.001 1.416 (0.837–2.397) .195

Abbreviations: CVD, cardiovascular disease; CI, confidence interval; HR, hazard ratio; JIS, Joint Interim Statement MetS, metabolic syndrome; SEM,
structural equation modeling.

Significance level was considered p < .05.
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were considered as potential predictors. According to our results,

while the scoring systems showed a significant association with CVD

events in multiple Cox models removing potential mediators,

including age, DBP, LDLc, and smoking status, we found that the

MetS, according to the definition of JIS, did not have any association

in this aspect. In this regard, consideration of the continuous values

of risk components and the weightings thereof in the scoring system

showed an improvement in its ability to predict CVD relative to the

use of the MetS dichotomous classification. The dichotomous

approach in the definition of MetS ignores the severity of individual

components of MetS and thus a large part of important information

in this syndrome will be missed. Consequently, it is likely that the

association between this syndrome and CVD events is under-

estimated. On the other hand, in the dichotomous approach, even

a negligible change of one of the components can lead to classifying a

person as having MetS or not. Thus, two patients with an almost

similar nature of the related CVD risk factor may be classified into

different statuses of MetS (has/has not). As a result, a potential

association may not be identified. The limitations of the dichotomous

MetS definition and the lack of universal agreement in this type of

definition make it necessary to develop other types of definitions,

particularly continuous scoring systems.14–17

The present study also compared the predictive ability of two

versions of the scoring systems of the MetS in the prediction of

fatal and nonfatal CVD events in a cohort study with the follow‐up

period of 7 years. Overall, the results showed that the scoring

system based on SEM had a better predictive ability compared

with the siMS scoring system. The ability of Mets scoring systems

was excellent for the prediction of fatal CVD events in women. In

men, while scoring system based on SEM showed an acceptable

ability for the prediction of fatal CVD events, the ability of the

siMS to predict the same events was considered poor. As for

nonfatal events, both scoring systems showed poor predictive

abilities in men. However, for women, the scoring system based on

SEM showed an acceptable ability for the prediction of nonfatal

CVD events relative to the siMS scoring of poor predictive ability.

Our results in women revealed that Mets score based on SEM had

an ability approximately similar to that of MetS score, as evaluated

by Yang et al.16 in the Kazakhs population in the far west of China

for composite CVD events applying age in addition to MetS

components. Yang et al.16 showed that the ability of MetS risk

score in the prediction of CVD events was not acceptable

(AUC = 0.647). However a different approach was applied to

develop the scoring system by Yang et al.16 Moreover, when the

authors incorporated age into the model, an acceptable ability for

the prediction of CVD events was obtained. Age may therefore

play a role in predicting the development of CVD using MetS risk

scores. Our study did not apply age in the scoring system based on

SEM as applying age did not fit appropriately with our data in the

single‐factor model. Age is one of the most important prognostic

variables to develop the CVD events.24

On the other hand, several cardiovascular risk assessment tools

have been developed to predict the CVD events. In this regard,

Kavousi et al.30 showed that SCORE equations (for the prediction of

fatal CVD events) had an acceptable ability for fatal CVD events both

in men and women. In the male population of Kavousi et al. study, the

abilities of the American College of Cardiology/American Heart

Association (ACC/AHA) and Adult Treatment Panel III (ATPIII) models

were found to be higher than that of MetS scores based on SEM in

the male population of our study for the prediction of composite

CVD events. However, the MetS scores based on SEM showed a

higher prediction ability in our women compared with the cardiovas-

cular risk assessment tools used in the women population of Kavousi

et al. study. This may emphasize gender as an important variable in

CVD prediction with the MetS scoring systems. However, the

difference in the mean age of the population included in the two

studies should cause the comparison of the results of the two studies

to be interpreted with more caution. Although the MetS scoring

system based on SEM showed a comparable result with those of risk

assessment tools, in which age was utilized to estimate the 10‐year

CVD risks, the development of risk MetS scores applying this

approach and considering age as a prognostic factor may improve the

ability of these MetS scores.

Our study had certain limitations, which should be taken into

consideration before any generalization. Although a comprehen-

sive evaluation was performed to obtain the related outcomes, the

lack of ECG data in the Phase I of the cohort may have resulted in

the possibility that some participants may have developed silent

CVD events during follow‐up and that these outcomes would

have been excluded from our data. However, our evaluation did

detect 21 cases of ECG changes that were not included as

outcomes in our study. These participants were evaluated by the

team internist and also referred to an expert cardiologist to

determine their possible outcomes. Furthermore, a scenario

analysis including the outcomes of these participants did not

show any significant and reportable changes. Also, in the present

study, we did not consider the MetS scores based on age due to

nonfitting of the single factor of the model wherein age was also

applied. As mentioned previously, age is a strong prognostic factor

for the development of cardiovascular events and thus the

predictive ability of models based on age can be improved.

Nevertheless, our study provided insight on parameters related to

the prediction of CVD, particularly the ability of the scoring

systems in women and its implications for public health initiatives

in northern Iran populations.

5 | CONCLUSION

It was found that the scoring systems showed a stronger association

with CVD events compared with the definition of the Mets. Both

scoring systems showed an excellent ability to predict fatal CVD in

women and acceptable ability in composite CVD events irrespective

of gender. Overall, the ability of the scoring system based on SEM

was superior to siMS. Since the early prediction of CVD plays an

important role in decreasing CVD incidence and developing effective
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target population‐based strategies, the scoring systems of MetS can

be valuable in this instance.

ACKNOWLEDGMENTS

The authors would like to appreciate the kind efforts of all GILDRC’

staff (www.gildrc.ac.ir) for their contribution to the present national

research project. Furthermore, we appreciate all staffs of

17‐Shahrivar Hospital, Amol and the health providers in centers

and branches of Health network of Amol city and the suburb as well

as staffs of Mazandaran University of Medical Sciences who

collaborated in this project. This study was supported by Gastro-

intestinal and Liver Diseases Research Center, Firoozgar Hospital,

Iran University of Medical Sciences, Tehran, Iran.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data supporting this study's findings are available from the

corresponding author upon reasonable request.

ORCID

Farhad Zamani http://orcid.org/0000-0001-7409-3412

REFERENCES

1. Wang H, Naghavi M, Allen C, et al. Global, regional, and national
life expectancy, all‐cause mortality, and cause‐specific mortality
for 249 causes of death, 1980–2015: a systematic analysis for the

Global Burden of Disease Study 2015. Lancet. 2016;388(10053):
1459‐1544.

2. GbdS Collaborators. Measuring the health‐related sustainable
development goals in 188 countries: a baseline analysis from the
global burden of disease study 2015. Lancet. 2016;10(1016):

S0140‐S6736.
3. Mensah GA, Roth GA, Sampson UK, et al. Mortality from

cardiovascular diseases in sub‐Saharan Africa, 1990–2013: a
systematic analysis of data from the Global Burden of Disease
Study 2013. Cardiovasc J Afr. 2015;26(2 Suppl):S6‐S10.

4. Smith Jr., SC. Reducing the global burden of ischemic heart disease
and stroke: a challenge for the cardiovascular community and the
United Nations. Am Heart Assoc. 2011;124:278‐279.

5. Roth GA, Johnson CO, Abate KH, et al. The burden of cardiovascular

diseases among US states, 1990‐2016. JAMA Cardiol. 2018;3(5):
375‐389.

6. Alberti KGMM, Zimmet PZ. Definition, diagnosis and classification of
diabetes mellitus and its complications. Part 1: Diagnosis and
classification of diabetes mellitus. Provisional report of a WHO

consultation. Diabetic Med. 1998;15(7):539‐553.
7. Grundy SM. Third report of the national cholesterol education

program (NCEP) expert panel on detection, evaluation, and
treatment of high blood cholesterol in adults (Adult Treatment
Panel III) final report. Circulation. 2002;106:3143‐3421.

8. Ford ES. Prevalence of the metabolic syndrome defined by the
International Diabetes Federation among adults in the US. Diabetes
Care. 2005;28(11):2745‐2749.

9. Rosenzweig JL, Ferrannini E, Grundy SM, et al. Primary prevention
of cardiovascular disease and type 2 diabetes in patients at

metabolic risk: an endocrine society clinical practice guideline.
J Clin Endocrinol Metab. 2008;93(10):3671‐3689.

10. Kazlauskienė L, Butnorienė J, Norkus A. Metabolic syndrome related
to cardiovascular events in a 10‐year prospective study. Diabetol
Metab Syndr. 2015;7(1):102.

11. Dada AS, Ajayi DD, Areo PO, et al. Metabolic syndrome and

Framingham risk score: observation from screening of low‐income
semi‐urban African women. Medicines. 2016;3(2):15.

12. Hwang Y‐C, Jee J‐H, Oh EY, et al. Metabolic syndrome as a predictor
of cardiovascular diseases and type 2 diabetes in Koreans. Int

J Cardiol. 2009;134(3):313‐321.
13. Kang G, Guo L, Guo Z, et al. Impact of blood pressure and other

components of the metabolic syndrome on the development of
cardiovascular disease. Circulation. 2010;74(3):456‐461.

14. Vukovic R, Milenkovic T, Stojan G, et al. Pediatric siMS score: a new,
simple and accurate continuous metabolic syndrome score for

everyday use in pediatrics. PLoS One. 2017;12(12):0189232.
15. Soldatovic I, Vukovic R, Culafic D, Gajic M, Dimitrijevic‐Sreckovic V.

siMS score: simple method for quantifying metabolic syndrome.
PLoS One. 2016;11(1):0146143.

16. Yang W, Ma R, Zhang X, et al. Comparison between metabolic

syndrome and the Framingham Risk Score as predictors of
cardiovascular diseases among Kazakhs in Xinjiang. Sci Rep. 2018;
8(1):1‐8.

17. Zou T‐T, Zhou Y‐J, Zhou X‐D, et al. MetS risk score: a clear scoring

model to predict a 3‐year risk for metabolic syndrome. Horm Metab

Res. 2018;50(09):683‐689.
18. Conroy RM, Pyörälä K, Fitzgerald AP, et al. Estimation of ten‐year

risk of fatal cardiovascular disease in Europe: the SCORE project. Eur
Heart J. 2003;24(11):987‐1003.

19. D'Agostino RB Sr., Vasan RS, Pencina MJ, et al. General cardiovas-
cular risk profile for use in primary care: the Framingham Heart
Study. Circulation. 2008;117(6):743‐753

20. Goff DC J.r, Lloyd‐Jones DM, Bennett G, et al. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of the

American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol. 2014;63(25 Pt B):
2935‐2959

21. Yang L, Wu H, Jin X, et al. Study of cardiovascular disease prediction
model based on random forest in eastern China. Sci Rep. 2020;10(1):

5245.
22. Damen JA, Hooft L, Schuit E, et al. Prediction models for

cardiovascular disease risk in the general population: systematic
review. BMJ. 2016;353:i2416.

23. Alberti K, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and Inter-

national Association for the Study of Obesity. Circulation. 120(16)
2009:1640‐1645.

24. Andrus B, Lacaille D. 2013 ACC/AHA guideline on the assessment
of cardiovascular risk. J Am Coll Cardiol. 2014;63(25 Pt A):2886

25. Bollen KA, Long JS. Testing Structural Equation Models. Sage; 1993.

26. Hu, L‐t, Bentler, PM, Kano, Y. Can test statistics in covariance
structure analysis be trusted? Psychol Bull. 1992;112(2):351‐362.

27. Mulaik SA. Linear Causal Modeling with Structural Equations. CRC
Press; 2009.

28. Lt Hu, Bentler PM. Cutoff criteria for fit indexes in covariance

structure analysis: conventional criteria versus new alternatives.
Structural Equation Modeling: A Multidisciplinary Journal. 1999;6(1):
1‐55.

29. Hosmer Jr., DW, Lemeshow S, Sturdivant RX. Applied Logistic

Regression. John Wiley & Sons; 2013.
30. Kavousi M, Leening MJG, Nanchen D, et al. Comparison of

application of the ACC/AHA guidelines, Adult Treatment Panel III
guidelines, and European Society of Cardiology guidelines for

648 | MOTAMED ET AL.

http://www.gildrc.ac.ir
http://orcid.org/0000-0001-7409-3412


cardiovascular disease prevention in a European cohort. JAMA.
2014;311(14):1416‐1423.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Motamed N, Ajdarkosh H, Karbalaie

Niya MH, et al. Scoring systems of metabolic syndrome and

prediction of cardiovascular events: A population based

cohort study. Clin Cardiol. 2022;45:641‐649.

doi:10.1002/clc.23827

MOTAMED ET AL. | 649

https://doi.org/10.1002/clc.23827



