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ABSTRACT
Aims/Introduction: The aim was to examine the joint effect of metabolic syndrome
(MetS) and insulin resistance (IR) with ideal cardiovascular health (iCVH) status on incident
cardiovascular diseases (CVDs).
Materials and Methods: The study included 6,240 Iranian adults ≥30 years, free of
prior cardiovascular disease. Ideal cardiovascular health was determined based on
American Heart Association’s Life Simple 7. Metabolic syndrome was defined according to
the Joint Interim Statement Criteria, and insulin resistance was defined as HOMA-IR ≥1.85
in women and ≥2.17 in men. Multivariable Cox proportional hazard ratios (HRs) were
applied to examine the impact of metabolic syndrome, and insulin resistance at various
levels of iCVH status.
Results: During the median follow-up of 14.0 years, 909 cases of cardiovascular disease
occurred. Metabolic syndrome and insulin resistance were significantly associated with
incident cardiovascular disease events. In the poor and intermediate status, metabolic
syndrome increased cardiovascular disease events with HRs of 1.83 and 1.57, respectively;
the corresponding values for insulin resistance in the mentioned categories were 1.91 and
1.25, respectively (P values < 0.05). In the intermediate and poor iCVH status,
hypertriglyceridemia was linked to a 40% and 35% higher risk of cardiovascular disease,
the corresponding values for low HDL-C was 20% and 60%, respectively (P values < 0.05).
Although adding metabolic syndrome, its dyslipidemia and insulin resistance to iCVH
status in both poor and intermediate status significantly improve the prediction of
cardiovascular disease using net reclassification improvement (P values < 0.05), the value
of C-index did not change.
Conclusions: Metabolic syndrome and the dyslipidemia component had a negligible
but significant improvement in the prediction of cardiovascular disease among individuals
with non-optimal iCVH status.

INTRODUCTION
Cardiovascular disease (CVD) remains a significant global
health concern, accounting for a substantial number of prema-
ture deaths worldwide1. The Middle East and North Africa
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(MENA) is a particularly affected region, due to the high bur-
den of cardiovascular disease risk factors2.
To reduce premature cardiovascular disease mortality by

20% from 2010 to 2020, the American Heart Association
(AHA) developed the AHA’s Life Simple 7 to monitor
population- and individual-level cardiovascular health status3.
This term was composed of seven modifiable factors and classi-
cal cardiometabolic risk factors, including smoking status, body
mass index (BMI), physical activity, diet, total cholesterol (TC),
blood pressure (BP), and fasting plasma glucose (FPG). The
impact of maintaining ideal cardiovascular health (iCVH) status
has been studied extensively and linked to various outcomes,
including non-communicable disorders, cardiovascular diseases,
cancers, and mortalities4,5.
On the other hand, metabolic syndrome (MetS) is a cluster

of interconnected risk factors6,7, that is widely considered a
clinical manifestation of insulin resistance (IR)7. Insulin resis-
tance has been shown to contribute independently to the pro-
gression of cardiovascular disease events8. Further, dyslipidemia
in metabolic syndrome (high triglyceride (TG) and low HDL-
C) is shown to be strongly associated with insulin resistance9

and consequent cardiovascular disease events10,11. These two
lipid abnormalities were not addressed directly in the original
AHA’s Life Simple 73. Furthermore, in 2022, Life’s Essential 8
was released, which substituted total cholesterol with non-
HDL-C (encompassing all atherogenic lipoproteins except
HDL-C)12.
To the best of our knowledge, this is the first study to inves-

tigate the joint impact of metabolic syndrome and iCVH status,
as two closely related concepts to CVDs events over a decade-
long follow-up period. In addition, we explored the collective
risk of iCVH status and metabolic syndrome components that
were not directly addressed in Life’s Simple 7 (TG, HDL-C,
and waist circumference (WC))12. We further analyzed the joint
effect of insulin resistance using the Homeostatic Model Assess-
ment of Insulin Resistance (HOMA-IR) in a subgroup of the
population with insulin data. Finally, the added value of meta-
bolic syndrome, its dyslipidemia component, and insulin resis-
tance into iCVH status for prediction of cardiovascular disease
events was examined.

METHODS
Study design and population
The Tehran Lipid and Glucose Study (TLGS), which was estab-
lished in 1999, is a population-based prospective cohort aimed
to identify predictors for non-communicable diseases (NCDs)
and related outcomes in the urban population of Tehran.
Follow-up visits are conducted at approximately 3-year inter-
vals, during which healthy lifestyle interventions are
implemented13.
Following the primary examination conducted between 1999

and 2002, subsequent examination cycles were carried out as
follows: phase 2 (2002–2005), phase 3 (2005–2008), phase 4
(2009–2011), phase 5 (2012–2015), and phase 6 (2015–2018).

For the present study, phase 2 was considered the baseline,
comprising 7,122 participants aged 30 years and above. The
analysis excluded participants with prevalent cardiovascular dis-
ease (n = 520) and those without follow-up or with missing
anthropometric and laboratory data relevant to the diagnosis of
iCVH status, metabolic syndrome components, and covariates
(n = 362, accounting for overlapping groups). The final data
analysis included 6,240 participants, of whom 2,704 were men,
resulting in a response rate of 94.5%. Due to unavailable insulin
data for the entire population, the combined impact of insulin
resistance and iCVH status on cardiovascular disease events
was assessed in a subsample of 3,433 participants.
The study protocol received approval from the Ethics Com-

mittee of the Research Institute for Endocrine Sciences (RIES)
at Shahid Beheshti University of Medical Sciences in Tehran,
Iran. Written informed consent was obtained from all
participants.

Measurements
Information on lifestyle behaviors including smoking status,
physical activity, educational level, medication use (such as anti-
hypertensive, lipid-lowering, and anti-diabetes drugs), demo-
graphic status, and history of cardiovascular disease and
premature cardiovascular disease in first-degree relatives (i.e.,
parents and siblings under 55 years for males and under
65 years for females) was collected through a questionnaire.
Weight was measured using a digital scale (Seca 707: range 0/
0–150/0 kg; Seca GmbH, Hamburg, Germany) with a sensitiv-
ity of 0.1 kg, while participants were without shoes and wore
minimal clothing. Height was measured in a standing position,
with shoulders in a neutral alignment, without shoes, using a
stadiometer (Seca225; Seca GmbH, Hamburg, Germany). The
BMI was calculated by dividing weight (kg) by the square of
height (m). Waist circumference was measured at the level of
the umbilicus using a tape measure (accuracy, 0.5 cm). Blood
pressure was measured twice on the right arm after a 15 min
sitting rest period using a standard mercury sphygmomanome-
ter to obtain systolic blood pressure (SBP) and diastolic blood
pressure (DBP), and the average of the two measurements was
used for calculating the participants’ blood pressure. Physical
activity level was evaluated using the modifiable activity ques-
tionnaire (MAQ), which recorded various types of activities,
including leisure time, work, and household activities, over the
past year14. Physical activity levels were expressed in terms of
metabolic equivalent (MET) minutes per week (MET-min/
week)15.

Biochemical assessments
Following an overnight fast of 12–14 h, venous blood samples
were collected from all participants to assess fasting plasma glu-
cose and lipid levels. Laboratory analyses were conducted on
the same day of blood collection using commercially available
kits (Pars Azmoon, Tehran, Iran) and an automated Selectra 2
analyzer (Vital Scientific, Spankeren, the Netherlands). Fasting
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plasma glucose levels were determined using an enzymatic col-
orimetric method employing glucose oxidase. Triglyceride and
total cholesterol were measured using enzymatic colorimetric
methods involving glycerol phosphate oxidase and cholesterol
esterase-cholesterol oxidase, respectively. The HDL-C levels
were quantified after precipitating apolipoprotein B-containing
lipoproteins with phosphotungstic acid. All samples were ana-
lyzed only if they met the acceptable criteria for internal quality
control. The coefficients of variation for intra- and inter-assay
precision were below 2.2% for glucose, 1.9% for triglyceride,
and 2.9% for HDL-C.

Definition of term
Metabolic syndrome was defined based on the criteria outlined
in the Joint Interim Statement (JIS)16. It required the presence
of at least three of the following criteria: elevated fasting plasma
glucose levels (≥5.6 mmol/L) or the use of medications to lower
glucose levels, elevated serum triglyceride levels (≥1.7 mmol/L)
or the use of lipid-lowering drugs, reduced levels of HDL-C
(<1.03 mmol/L for men and <1.29 mmol/L for women), ele-
vated blood pressure (≥130/85 mmHg) or the use of antihyper-
tensive medications, and enlarged abdominal circumference
(≥95 cm according to the population- and country-specific cut-
off points for Iranian adults of both genders based on guide-
lines of the Iranian National Committee of Obesity)17,18. Insulin
resistance was assessed by calculating the HOMA-IR as fasting
insulin (lU/mL) multiplied by FPG (mg/dL) divided by 405.
Insulin resistance was defined as HOMA-IR ≥1.85 in women
and ≥2.17 in men19. The AHA defines iCVH status based on
six factors, including three behavioral and three biological, each
classified into ideal, intermediate, and poor levels3. Blood pres-
sure was considered ideal (<120/80 mmHg if untreated), inter-
mediate (120–139/80–89 mmHg or treated), or poor (≥140/
90 mmHg); fasting plasma glucose was considered ideal
(<100 mg/dL if untreated), intermediate (100–125 mg/dL or
treated), or poor (≥126 mg/dL); total cholesterol was considered
ideal (<200 mg/dL if untreated), intermediate (200–239 mg/dL
or treated), or poor (>240 mg/dL); smoking status was consid-
ered ideal for those who never smoked or quit for more than
12 months, intermediate for former smokers or those who had
abstained for ≤12 months, and poor for current smokers; BMI
was considered ideal (<25.0 kg/m2), intermediate (25.0–29.9 kg/
m2), or poor (≥30.0 kg/m2); and physical activity was consid-
ered ideal (≥1,500 MET-min/week), intermediate (600–1,500
MET-min/week), or poor (<600 MET-min/week). A score of 1
was assigned to the ideal category and 0 to the intermediate or
poor categories. The overall iCVH score was calculated by sum-
ming up the scores for the six iCVH metrics and classified as
ideal (≥5), intermediate (3, 4), or poor (0–2).

Outcomes
During annual face-to-face visits, the TLGS participants were
contacted to inquire about any hospitalizations that had
occurred during the previous year, and these events were

documented20. If participants reported hospitalization, a skilled
nurse followed up to gather more information about the case,
and a specialist physician collected additional data from medical
records and home visits. A judging committee reviewed all the
collected documents, and experts from various medical fields,
such as cardiologists, internists, endocrinologists, and epidemi-
ologists, evaluated the data to conclude the outcome. The defi-
nition of CVD included any fatal and non-fatal strokes and
coronary heart disease (CHD) events. Coronary heart disease
was categorized as definite myocardial infarction (MI) (diagnos-
tic electrocardiography and biomarkers), probable myocardial
infarction (positive electrocardiograph findings plus cardiac
symptoms or signs plus missing biomarkers or positive electro-
cardiograph findings plus equivocal biomarkers), and angio-
graphic proven coronary heart disease. Incident stroke was
defined as all cases of definite and a possible stroke and tran-
sient ischemic attack21. TLGS used ICD-10 criteria and AHA
classification for cardiovascular events (i.e., ischemic heart dis-
ease (ICD10 codes I20–I25), sudden cardiac death (I46.1), or
stroke (ICD-10 codes I60–I69))22.

Statistical analysis
All statistical analyses were conducted using SPSS software ver-
sion 18 (SPSS, Chicago, IL, USA) and STATA version 14 (Sta-
taCorp., College Station, TX, USA). The normality of variables
was assessed using both the Kolmogorov–Smirnov test and his-
tograms. Descriptive statistics were presented as
mean – standard deviation, median (interquartile range (IQR)),
or percentage, as appropriate. Baseline characteristics of the
study population were compared among the three groups of
iCVH categories, stratified by the presence or absence of meta-
bolic syndrome, using analysis of variance (ANOVA). To estimate
the hazard ratios (HRs) and 95% confidence intervals (CIs) of
cardiovascular disease events associated with metabolic syn-
drome, insulin resistance, and iCVH status (with the ideal cate-
gory as the reference), multivariable Cox proportional hazards
regression analyses were performed.
Furthermore, using a joint classification approach, HRs for

cardiovascular disease events were estimated based on the base-
line status of metabolic syndrome, insulin resistance, and the
three components of hypertriglyceridemia, low HDL-C, and
abdominal obesity at different levels of iCVH status (poor,
intermediate, and ideal) in three models. The first model was
unadjusted, the second model was adjusted for age and sex,
and the third model was additionally adjusted for educational
level, marital status, and history of premature cardiovascular
disease.
To evaluate whether adding the metabolic syndrome, its dys-

lipidemia component and insulin resistance to iCVH status
could improve the predictive value for cardiovascular disease,
the Harrell’s concordance statistic (C-index) was calculated in
poor and intermediate iCVH status. Additionally, net reclassifi-
cation improvement (NRI) and integrated discrimination
improvement (IDI) were also calculated for comparison of
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models and to further evaluate the incremental predictive value
of these variables.

RESULTS
The study population included 6,240 individuals (56.6%
women) with a mean age of 48.1 (12.5) years. Table 1 presents
the baseline characteristics of the individuals according to the
joint classification of iCVH and metabolic syndrome status.
Individuals with ideal iCVH status and without metabolic syn-
drome had a lower mean age, BMI, WC, SBP, DBP, FPG, TC,
and TG, and HOMA-IR and a higher level of HDL-C com-
pared with those with metabolic syndrome and poor iCVH sta-
tus. In addition, participants with ideal iCVH status and
without metabolic syndrome were more likely to be female and
insulin sensitive, less likely to be smokers, and more physically

active than those with metabolic syndrome and poor iCVH sta-
tus. Furthermore, the percentage of individuals with a higher
education level and the percentage of participants using glucose
and lipid-lowering drugs and anti-hypertensive drugs in the
group with ideal iCVH status and without metabolic syndrome
were lower than the group with metabolic syndrome and poor
iCVH status. No significant difference was observed in other
baseline characteristics, including marital status and premature
cardiovascular disease.
During the median (IQR) 14.0 (12.6–15.1) years of follow-

up, 909 (14.6%) new cases of cardiovascular disease were iden-
tified. Figure 1 presents the results of the individual assessment
of the association of metabolic syndrome, insulin resistance,
and iCVH status with cardiovascular disease events. Adjusted
for age, sex, education, marital status, and premature

Table 1 | Baseline characteristics of participants according to the joint classification of ideal cardiovascular health status and metabolic syndrome:
Tehran Lipid and Glucose Study (TLGS), 2002–2018

Poor/MetS Poor/
non-MetS

Intermediate/
MetS

Intermediate/
Non-MetS

Ideal/MetS Ideal/
Non-MetS

P-value

Age (year) 55.3 – 11.9 53.7 – 13.0 50.9 – 11.9 45.9 – 12.1 44.1 – 10.1 41.4 – 10.7 <0.001
BMI (kg/m2) 30.9 – 4.5 27.7 – 2.8 30.0 – 4.4 26.9 – 3.8 28.6 – 4.0 24.2 – 3.5 <0.001
Waist (cm) 103.3 – 9.1 93.1 – 8.3 99.8 – 9.1 89.5 – 9.3 98.5 – 6.5 82.5 – 9.0 <0.001
SBP (mmHg) 134.8 – 19.9 124.9 – 13.8 126.4 – 19.4 113.0 – 15.2 112.1 – 15.2 105.1 – 10.7 <0.001
DBP (mmHg) 82.3 – 10.8 78.5 – 7.5 80.2 – 10.5 73.2 – 8.9 73.8 – 9.2 68.5 – 7.2 <0.001
FPG (mg/dL) 133.9 – 52.2 105.6 – 29.8 108.1 – 38.4 90.6 – 17.9 92.5 17.6 86.8 – 13.1 <0.001
TC (mg/dL) 230.4 – 39.5 228.1 – 28.4 204.7 – 40.5 195.1 – 37.5 177.8 – 16.8 169.4 – 27.0 <0.001
HDL cholesterol (mg/dL) 36.8 – 9.5 47.2 – 12.2 35.2 – 8.2 41.8 – 11.3 29.5 – 5.7 40.7 – 10.3 <0.001
TG (mg/dL) 216 (168–295) 130 (99.2–164.5) 192 (155–255) 118 (89–148) 203 (164–251) 97 (72–129) <0.001
Men 312 (50.0) 48 (66.7) 959 (43.9) 1,057 (43.0) 22 (52.4) 306 (35.7) <00.01
Educational level (year)
≤6 55 (8.8) 7 (9.7) 221 (10.1) 397 (16.2) 4 (9.5) 169 (19.7) <0.001
6–12 224 (35.9) 33 (45.8) 959 (43.9) 1,316 (53.5) 21 (50.0) 511 (59.6)
>12 345 (55.3) 32 (44.4) 1,006 (46.0) 745 (30.3) 17 (40.5) 178 (20.7)

Physical activity (MET-min/week)
≤600 364 (58.3) 40 (55.6) 752 (34.4) 1,025 (41.7) 0.0 (0) 148 (17.3) <0.001
600–1,500 202 (32.3) 26 (36.1) 457 (20.9) 745 (30.3) 0.0 (0) 112 (13.1)
≥1,500 58 (9.4) 6 (8.3) 977 (44.7) 688 (28.0) 42 (100.0) 598 (69.6)

Smoking status
Current smoking 170 (27.2) 35 (48.6) 221 (10.1) 432 (17.5) 0.0 (0) 51 (5.9) <0.001
Former smokers 101 (16.2) 19 (26.4) 161 (7.4) 207 (8.4) 0.0 (0) 17 (1.9)
Never smoked 353 (56.6) 18 (25.5) 1,804 (82.5) 1,819 (74.1) 42 (100.0) 790 (92.2)

Marital status
Married 536 (85.9) 67 (93.1) 1,907 (87.2) 2,164 (88.0) 42 (100.0) 739 (86.1) <0.001
Divorced/widowed 78 (12.5) 4 (5.6) 234 (10.7) 176 (7.2) 0.0 (0.0) 37 (4.3)
Single 10 (1.6) 1 (1.4) 45 (2.1) 118 (4.8) 0 (0.0) 82 (9.6)

Glucose lowering drug use, yes 131 (21.0) 5 (6.9) 192 (8.8) 36 (1.5) 1 (2.4) 6 (0.7) <0.001
Anti-hypertensive drug use, yes 137 (22.0) 6 (8.3) 311 (14.2) 84 (3.4) 0 (0.0) 4 (0.5) <0.001
Lipid-lowering drug use, yes 80 (12.8) 0 (0) 118 (5.4) 24 (1.0) 0 (0.0) 2 (0.2) <0.001
Family history of CVD, yes 130 (20.8) 11 (15.3) 426 (19.5) 465 (18.9) 10 (23.8) 145 (16.9) 0.364
HOMA-IR† 3.0 (2.1–4.5) 2.1 (1.5–3.2) 2.4 (1.7–3.3) 1.5 (1.1–2.2) 2.2 (1.6–2.7) 1.3 (0.9–1.7) <0.001
Insulin resistance† 229 (78.7) 19 (55.9) 768 (65.0) 443 (31.5) 13 (68.4) 106 (21.2) <0.001

IR was defined as HOMA-IR ≥1.85 in women and ≥2.17 in men. †Data were included for 3,433 participants. BMI, body mass index; CVD, cardiovascu-
lar diseases; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL cholesterol, high density lipoprotein; HOMA-IR, Homeostatic Model
Assessment of Insulin Resistance; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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cardiovascular disease, metabolic syndrome (HR: 2.01; 95% CI:
1.74–2.31) and insulin resistance (HR: 1.56; 95% CI: 1.29–1.89)
were associated with an increased risk of cardiovascular disease.
Moreover, the multivariable analysis revealed that the cardiovas-
cular disease risk among poor and intermediate iCVH status
was significantly higher than those with ideal iCVH status, with
HRs of 5.81 (3.97–8.48) and 2.95 (2.06–4.24), respectively.
Table 2 presents the incident cardiovascular disease events

according to the joint classification of iCVH status, metabolic
syndrome, and insulin resistance, as well as the three metabolic
syndrome components of hypertriglyceridemia, low HDL-C,
and abdominal obesity. In the poor and intermediate categories
of iCVH metrics, metabolic syndrome was associated with a
higher risk of cardiovascular disease events in all models com-
pared with subjects without metabolic syndrome, with corre-
sponding HRs of 1.83 (1.08–3.10) and 1.57 (1.34–1.84) in
model 3, respectively. In the group with ideal iCVH status, no
cardiovascular disease events were observed among the 42 cases
of metabolic syndrome. A high triglyceride concentration
resulted in a 42% increased risk of cardiovascular disease events
in the poor status group (1.42, 1.01–2.00) and a 35% increased
risk in the intermediate iCVH status group (1.35, 1.16–1.58),
compared with a low triglyceride concentration, after adjusting
for confounders in model 3. Additionally, in the group with
poor and intermediate iCVH status, participants with a low
HDL-C had a higher risk of cardiovascular disease compared

with those with a higher HDL-C (HR: 1.63, 1.14–2.35; 1.21,
1.00–1.47, respectively). Furthermore, abdominal obesity only
increased the risk of cardiovascular disease events in subjects
with intermediate iCVH status (1.19, 1.02–1.40). Finally, insulin
resistance as defined by HOMA-IR increased the risk of cardio-
vascular disease events among those with poor and intermedi-
ate status by 90% (1.91, 1.13–3.23) and 25% (1.25, 1.00–1.56),
respectively. In participants with ideal iCVH status, the pres-
ence of insulin resistance, high triglyceride, low HDL-C, and
abdominal obesity did not increase the risk of cardiovascular
disease events.
In terms of discrimination assessed by the C-index, the addi-

tion of MetS, its dyslipidemia component, and insulin resistance
to the iCVH status in both poor and intermediate status did
not improve the predictive performance for the risk of cardio-
vascular disease. However, the result of the IDI and NRI
showed that in a poor status, adding metabolic syndrome (IDI
0.006, P < 0.001; NRI 0.13, P = 0.015), high TG concentration
(0.004, P < 0.001; 0.12, P = 0.014), low HDL-C (0.005,
P = 0.042; 0.09, P = 0.036), and IR (0.011, P = 0.045; 0.11,
P = 0.042) to the iCVH status had an incremental effect on
the predictive value for cardiovascular disease. Furthermore, in
intermediate status, the addition of metabolic syndrome (0.002,
P = 0.005; 0.14, P = 0.032), and low HDL-C (0.0007,
P = 0.003; 0.13, P = 0.012) to the iCVH status improved the
risk prediction for cardiovascular disease (Table 3).

Figure 1 | The hazard ratio (95% confidence interval) association of global cardiovascular health status, metabolic syndrome, and insulin resistance
with the risk of cardiovascular event.
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Table 2 | Incidence of cardiovascular diseases according to joint classification of ideal cardiovascular health status, metabolic syndrome and its
components, and insulin resistance: Tehran Lipid and Glucose Study, 2002–2018

n/N Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Poor
Non-MetS 15/72 1.00 1.00 1.00
MetS 217/624 1.76 (1.04–2.98) 0.033 1.83 (1.08–3.10) 0.024 1.83 (1.08–3.10) 0.024

Intermediate
Non-MetS 241/2,458 1.00 1.00 1.00
MetS 405/2,186 1.99 (1.70–2.34) <0.001 1.60 (1.36–1.88) <0.001 1.57 (1.34–1.84) <0.001

Ideal
Non-MetS 31/858 1.00 1.00 1.00
MetS 0/42 — — — — — —

Poor
Low TG 42/144 1.00 1.00 1.00
High TG 190/552 1.22 (0.87–1.70) 0.242 1.39 (0.99–1.95) 0.051 1.42 (1.01–2.00) 0.039

Intermediate
Low TG 276/2,295 1.00 1.00 1.00
High TG 370/2,348 1.33 (1.13–1.55) <0.001 1.37 (1.17–1.61) <0.001 1.35 (1.16–1.58) <0.001

Ideal
Low TG 24/724 1.00 1.00 1.00
High TG 7/176 1.11 (0.48–2.59) 0.795 1.11 (0.47–2.61) 0.801 0.92 (0.38–2.19) 0.859

Poor
High HDL-C 35/141 1.00 1.00 1.00
Low HDL-C 195/551 1.47 (1.02–2.11) 0.035 1.62 (1.13–2.33) 0.008 1.63 (1.14–2.35) 0.007

Intermediate
High HDL-C 131/971 1.00 1.00 1.00
Low HDL-C 514/3,668 1.00 (0.83–1.22) 0.936 1.22 (1.01–1.48) 0.041 1.21 (1.00–1.47) 0.049

Ideal
High HDL-C 10/223 1.00 1.00 1.00
Low HDL-C 21/676 0.63 (0.29–1.34) 0.231 0.90 (0.41–1.94) 0.789 0.84 (0.39–1.83) 0.672

Poor
Non-abdominal obesity 34/124 1.00 1.00 1.00
Abdominal obesity 191/547 1.26 (0.87–1.81) 0.213 1.18 (0.82–1.71) 0.356 1.17 (0.81–1.69) 0.400

Intermediate
Non-abdominal obesity 261/2,255 1.00 1.00 1.00
Abdominal obesity 374/2,257 1.46 (1.25–1.71) <0.001 1.22 (1.04–1.43) 0.012 1.19 (1.02–1.40) 0.026

Ideal
Non-abdominal obesity 26/773 1.00 1.00 1.00
Abdominal obesity 4/111 1.04 (0.36–2.99) 0.933 0.84 (0.29–2.42) 0.757 0.75 (0.26–2.18) 0.608

Poor
Insulin sensitivity† 17/77 1.00 1.00 1.00
Insulin resistance 87/248 1.76 (1.04–2.96) 0.033 1.86 (1.10–3.15) 0.020 1.91 (1.13–3.23) 0.015

Intermediate
Insulin sensitivity 170/1,378 1.00 1.00 1.00
Insulin resistance 159/1,211 1.07 (0.86–1.33) 0.499 1.26 (1.01–1.58) 0.035 1.25 (1.00–1.56) 0.046

Ideal
Insulin sensitivity 16/400 1.00 1.00 1.00
Insulin resistance 1/119 0.20 (0.03–1.52) 0.122 0.31 (0.04–2.47) 0.275 0.29 (0.04–2.31) 0.247

Model 1: crude. Model 2: adjusted for age and sex. Model 3: Model 2 + further adjusted for educational level, marital status, and history of prema-
ture CVD. Global cardiovascular health status defined according to the number of ideal metrics: 0–2 (poor), 3–4 (intermediate), and 5–6 (ideal). Low
TG (<150 mg/dL); High TG (≥150 mg/dL); Low HDL cholesterol (<50 mg/dL in women and <40 mg/dL in men); High HDL cholesterol (≥50 mg/
dL in women and ≥40 mg/dL in men); non-abdominal obesity (WC < 95 cm); abdominal obesity (WC ≥ 95 cm); insulin resistance (HOMA-IR >1.85
in women and >2.17 men). †Data were included for 3,433 participants. HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; TG,
triglyceride. Bold font indicates statistical significance.
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DISCUSSION
In this prospective study, we evaluated whether the coexistence
of metabolic syndrome with iCVH status could affect the risk
of cardiovascular disease. Our findings indicate that intermedi-
ate and poor iCVH status increased the risk of cardiovascular
disease events by approximately 3-fold and 5-fold, respectively,
compared with ideal iCVH status. Additionally, the presence of
metabolic syndrome or insulin resistance status was associated
with about a 2-fold increased risk. Importantly, we found that
the metabolic syndrome increased the risk of cardiovascular
disease events among individuals with intermediate and poor
iCVH status, but not among those with an ideal iCVH score.
This issue is mainly attributable to the dyslipidemia component
of metabolic syndrome. Importantly metabolic syndrome had a
negligible but significant improvement in the prediction of car-
diovascular disease applying C-index and IDI/NRI.

Based on our data analysis, individuals with intermediate and
poor iCVH status who exhibit insulin resistance, as diagnosed by
either metabolic syndrome or HOMA-IR, are at higher risk for
cardiovascular disease events. In particular, those with poor
iCVH status face a significantly greater cardiovascular disease risk
of up to 100%. In previous prospective studies, the inclusion of
metabolic syndrome did not add to the traditional risk factors in
predicting cardiovascular disease in both US and MENA
populations23–25. Contrary to these studies, use of MetS/IR an
improvement in the risk prediction of cardiovascular disease was
observed among individuals with coronary artery diseases26 and
type 2 diabetes27,28. It seems consistent with our findings that the
diagnosis of metabolic syndrome and insulin resistance improved
the predictive power of traditional risk factors for cardiovascular
disease only among participants with a high risk of cardiometa-
bolic diseases. Poor lifestyle habits can exacerbate the

Table 3 | Predictive value of the metabolic syndrome, its components and insulin resistance for cardiovascular diseases

Cox models C statistic Integrated discrimination improvement Net reclassification index

Index 95% CI P value Index 95% CI P value Index 95% CI P value

Poor CVH status
MetS
Model 1 0.682 0.648–0.715 <0.001
Model 2 0.684 0.651–0.717 <0.001 0.006 0.004–0.007 <0.001 0.13 0.05–0.16 0.0154
High TG
Model 1 0.682 0.648–0.715 <0.001
Model 2 0.687 0.654–0.720 <0.001 0.004 0.003–0.006 <0.001 0.12 0.05–0.17 0.0140
Low HDL-C
Model 1 0.682 0.648–0.715 <0.001
Model 2 0.686 0.653–0.719 <0.001 0.005 0.0001–0.008 0.042 0.09 0.05–0.16 0.0362
Abdominal obesity
Model 1 0.682 0.648–0.715 <0.001
Model 2 0.679 0.645–0.713 <0.001 0.005 -0.003 to 0.013 0.241 0.09 -0.19 to 0.18 0.1662
Insulin resistance†

Model 1 0.682 0.648–0.715 <0.001
Model 2 0.696 0.647–0.744 <0.001 0.011 0.0002–0.021 0.045 0.11 0.06–0.18 0.04259

Intermediate CVH status
MetS
Model 1 0.759 0.742–0.775 <0.001
Model 2 0.760 0.744–0.777 <0.001 0.002 0.0007–0.004 0.005 0.14 0.10–0.21 0.03212
High TG
Model 1 0.759 0.742–0.775 <0.001
Model 2 0.759 0.743–0.776 <0.001 0.0006 -0.0004 to 0.001 0.265 0.07 -0.12 to 0.22 0.0862
Low HDL-C
Model 1 0.759 0.742–0.775 <0.001
Model 2 0.760 0.744–0.776 <0.001 0.0007 0.0003–0.001 0.003 0.13 0.09–0.25 0.0123
Abdominal obesity
Model 1 0.759 0.742–0.775 <0.001
Model 2 0.756 0.739–0.772 <0.001 -0.0007 -0.003 to 0.002 0.612 0.09 -0.15 to 0.26 0.2652
Insulin resistance
Model 1 0.759 0.742–0.775 <0.001
Model 2 0.761 0.738–0.784 <0.001 0.0006 -0.001 to 0.002 0.478 0.10 -0.17 to 0.17 0.2159

†Data were included for 3,433 participants. HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; TG, triglyceride.
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cardiovascular impact of insulin resistance by increasing the like-
lihood of developing type 2 diabetes at an earlier age29. Further-
more, some studies have suggested that the coexistence of
metabolic disorders, such as dyslipidemia, may potentiate the vas-
cular damage induced by insulin resistance29. Notably, as empha-
sized in a recent review study by Adeva-Andany et al.,8 the
impact of insulin resistance on subclinical atherosclerosis risk is
independent of other cardiovascular predictors and diabetes sta-
tus. Additionally, individuals who engage in risky behaviors, such
as smoking, tend to experience more cardiovascular complica-
tions as a result of insulin resistance30. Overall, our findings sug-
gest that early intervention for insulin resistance may be critical
for reducing cardiovascular disease risk in individuals with inter-
mediate and poor iCVH status.
The healthy cardiovascular index has been investigated exten-

sively to date. To better account for the risk of cardiovascular
disease, the updated version includes non-HDL-C as the main
lipid component. Non-HDL cholesterol is superior to LDL-C
for the prediction of major cardiovascular disease events and is
responsible for half of all worldwide deaths31–33. The role of the
management of non-HDL cholesterol in the prevention of
CVD events is unequivocal34–36. This index includes athero-
genic lipoproteins, apolipoprotein b-containing lipoproteins,
including LDL-C, very low-density lipoprotein cholesterol,
intermediate-density lipoprotein cholesterol, lipoprotein (a),
chylomicrons, and their TG-rich remnants37. Triglyceride,
which is also a component criterion of dyslipidemia in meta-
bolic syndrome, is included in the iCVH scoring index as part
of non-HDL cholesterol in the updated version of Life’s Essen-
tial 8. We found that hypertriglyceridemia, as a component of
metabolic syndrome, was respectively associated with a 40%
and 35% higher risk of cardiovascular disease among those with
intermediate and poor iCVH status as defined by AHA’s Life
Simple 7. Triglyceride-rich lipoprotein was also reported as a
well-established independent marker of cardiovascular events,
which is supported by Mendelian randomization studies indi-
cating the causality of triglyceride for cardiovascular disease
events38. Furthermore, recent studies have shown that metabolic
markers, including triglyceride (i.e., triglyceride-glucose index,
triglyceride to HDL-C ratio), are becoming recognized as sub-
stitute predictors for atherosclerotic peripheral artery and cere-
brovascular diseases39. It has been reported that among
individuals with prior coronary artery disease with LDL-C less
than 70 mg/dL, lowering triglyceride to less than 200 mg/dL
was associated with a lessening of coronary atheroma progres-
sion and a lowering of the residual risk of cardiovascular dis-
ease events37. In the current study, we also found that
triglyceride is a useful measure, but with a slight predictive per-
formance for cardiovascular disease and this predictive power
was observed only among individuals with a poor status iCVH.
Hence, we might speculate that interventions in the hypertrigly-
ceridemia cut-off point of metabolic syndrome could still pro-
vide clinical benefits to individuals with poor iCVH status
defined by Life’s simple 712.

Herein, we also observed that individuals with intermediate
and poor iCVH status had a greater proportion of cardiovascu-
lar disease attributed to low HDL-C, at 20% and 60%, respec-
tively. Furthermore, an improvement in risk prediction
performance was observed with the inclusion of HDL-C in
non-optimal iCVH status. Our findings are aligned with other
previous studies showing that incorporation of HDL-C into the
basic risk prediction model led to a small improvement in risk
discrimination40,41. This suggests that the risk of HDL-C-related
cardiovascular disease is particularly elevated among individuals
with non-optimal iCVH status, rather than those adhering to
healthy habits. Individuals with poor life habits, even in healthy
status, are reported to be at a substantial risk of subclinical car-
diovascular disease42. Accordingly, some studies suggested that
low HDL-C is an independent factor in the development of
subclinical atherosclerosis in such cases43. The independent role
of low HDL-C on incident premature cardiovascular disease
was also observed by a recent meta-analysis with 12.7 million
participants44. In high risk cardiovascular situations, the func-
tion of HDL-C is disrupted, and its protective effect in prevent-
ing cardiovascular diseases is reduced45,46. However, Bian
et al.43 reported that among participants with risky behavior
that for each 1 mm/L HDL-C increase, the carotid plaque bur-
den was significantly reduced by 67%. It seems that manage-
ment of low HDL-C in primary prevention among
intermediate and poor healthy individuals may reduce the
excess risk of subclinical atherosclerosis and subsequent clinical
cardiovascular diseases. Meanwhile, further studies are required
to better elucidate the conflicting protective role of HDL-C on
cardiovascular disease progression, particularly among those not
having ideal status iCVH.
As a strength, this study is a novel contribution to the litera-

ture, as it is the first investigation to evaluate the joint impact of
metabolic syndrome and its components and iCVH status in esti-
mating the risk of cardiovascular disease events. Moreover, the
precise measurement of metabolic syndrome components in the
TLGS cohort, rather than self-reported data, added to the validity
of our findings. Additionally, the reasonable duration of follow-
up further strengthened the reliability of our results. This study
should also be discussed in the context of limitations. First, data
on insulin resistance, as captured by the HOMA-IR criteria, were
not available for the total population. Second, precise data on diet
were not available during phase 2 of TLGS. However, we have
previously demonstrated that the finding of adding the nutrition
score to the total iCVH score in a subpopulation was similar to
the result of the main analysis in the total population47,48. Third,
due to low statistical power among ideal iCVH participants, the
reported effect sizes were unstable. Therefore, further studies with
larger samples are required to confirm the present findings.
Fourth, despite reported gender differences in the impact of met-
abolic syndrome on cardiovascular disease events49, due to lim-
ited number of events in different subgroups, we did not address
gender-specific differences in the risk estimation of the corre-
sponding joint model. Fifth, residual confounding factors, such as
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socio-psycho-economic metrics, may have affected the final find-
ings. Last but not least, the present study was conducted in the
Tehran metropolis; hence, the findings may not be extrapolated
to rural regions.

CONCLUSION
In this prospective study of Iranian adults, we observed that
the presence of insulin resistance could exacerbate the risk of
cardiovascular disease events among individuals with intermedi-
ate and poor iCVH status. Additionally, dyslipidemia compo-
nents of MetS were associated with an increased risk of
cardiovascular disease. Incorporating metabolic syndrome, insu-
lin resistance, and dyslipidemia into iCVD status results in
slight but significant improvements in risk discrimination
among individuals with non-optimal iCVH status. In contrast,
the diagnosis of insulin resistance among individuals with an
ideal iCVH score did not significantly affect the cardiovascular
disease risk detected by the AHA’s Life Simple 7 metrics.
Therefore, identifying and managing insulin resistance status
and dyslipidemia components of metabolic syndrome may
reduce the incidence of cardiovascular disease among individ-
uals with poor and intermediate iCVH status.
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