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Abstract

Purpose To investigate whether the metabolic score for insulin resistance (METS-IR) is associated with an increased risk
of cardiovascular disease (CVD).

Methods A total of 6489 participants aged 35-70 years without a history of CVD were included in this prospective cohort
study. The median follow-up time was 10.6 years. The METS-IR was calculated as In [2 X FPG (mg/dL) + fasting TG (mg/
dL)] x BMI (kg/m?)/In [HDL-C (mg/dL)]. The primary outcome was CVD, defined as the composite of coronary heart
disease (CHD) and stroke.

Results During follow-up, 396 individuals developed CVD. Kaplan—Meier survival curves by quintiles of METS-IR showed
statistically significant differences (log-rank test, P <0.001). Multivariate Cox regression analysis showed that the hazard
ratio [95% confidence interval (95% CI)] of CVD was 1.80 (1.24-2.61) in quintile 5 and 1.17 (1.05-1.31) for per standard
deviation (SD) increase in METS-IR. In subgroup analysis, the significant association between METS-IR and CVD was
mainly observed among females and subjects without diabetes mellitus. A significant interaction was found between gender
and METS-IR (P-interaction=0.001). Moreover, adding METS-IR to models with traditional risk factors yielded a significant
improvement in discrimination and reclassification of incident CVD.

Conclusion The elevated METS-IR was independently associated with incident CVD, suggesting that the METS-IR might
be a valuable indicator for risk stratification and early intervention of CVD.
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Introduction

Despite advances in prevention, diagnosis, and treatment,
cardiovascular disease (CVD), especially coronary heart dis-
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control potential risk factors. Insulin resistance (IR), which
is a prominent characteristic of metabolic syndrome and
type 2 diabetes mellitus (T2DM), also contributes to the
progression of CVD [3-5]. The increase of metabolic risk
factors impeded the control of CVD, which presented major
and persistent challenges for the reduction in cardiovascu-
lar disease burden, particularly in developing countries [6].
These facts show that early identification of IR has clinical
implications in the prevention of CVD development.

In this regard, the metabolic score for insulin resistance
(METS-IR) has been evaluated as a surrogate for IR and
demonstrated a high concordance with the hyperinsuline-
mic—euglycemic clamp [7]. Previous studies showed that the
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METS-IR was associated with multiple risk factors of CVD,
such as diabetes, obesity, hypertension, hyperuricemia, and
nonalcoholic fatty liver disease [7-10]. A cohort study con-
ducted among Korean has found that elevated METS-IR
level was an independent risk factor for incident ischemic
heart disease (IHD) in community-dwelling individuals
without diabetes [11].

CVD mortality is higher in middle-income countries
compared with high- or low-income countries [12]. In
China, the largest middle-income country, CVD accounts for
40% of deaths [13]. Eastern China has distinct geographic
characteristics and lifestyles compared with other regions of
the country. In Eastern China, with rapid economic devel-
opment, the metabolic risk factors increased remarkably
over the past 2 decades and the mortality and morbidity of
CVD continue to rise at an alarming rate [14]. Due to the
heavy burden of metabolic risk factors and CVD among
Eastern Chinese population, we prospectively examined the
association between the METS-IR and incident CVD in a
10-year follow-up cohort.

Materials and methods
Study design and participants

Participants were selected through a random, multi-stage
and cluster sampling scheme and assessed at baseline from
2005 to 2006. Twelve communities were selected and a
total of 8161 participants aged 35-70 years (4276 women
and 3885 men) who had lived in Eastern China for at least
5 years were enrolled. During the follow-up period, 987 par-
ticipants were lost to follow up, and the follow-up rate was
87.9%. After exclusion of subjects with CVD at baseline
and those with missing baseline covariates (n=685), 6489
individuals [3291 women (1535 postmenopausal women,
46.6%) and 3198 men] were included in the final analysis.

This study complied with the Declaration of Helsinki
and was approved by the Ethics Review Committee of the
Shandong Academy of Medical Sciences. All participants
provided written informed consent.

Data collection

Clinical data were collected using standardized interviewer-
administered questionnaires by trained clinicians who were
blinded to the study arm. The data included participants’
demographic factors, socioeconomic status, health his-
tory, tobacco and alcohol use, physical activity, diet, and
other CVD risk factors. Physical activity was assessed by
the International Physical Activity Questionnaire (IPAQ)
[15]. The Food Frequency Questionnaire (FFQ) was used
to record data on food consumption and calculate the
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percentage of energy provided by fat and carbohydrate [16].
Physical measurements included weight, height, waist and
hip circumferences, and blood pressure. Research staff were
trained to minimize the errors in measurements. The mean of
two measurements was used in this study. All blood samples
of subjects were collected in the morning after overnight
fasting (12 h minimum). The biochemical testing was per-
formed at the central laboratory of the city hospital by stand-
ard and quality-controlled procedures. The levels of fasting
plasma glucose (FPG), total cholesterol (TC), triglyceride
(TG), and high-density lipoprotein-cholesterol (HDL-C)
were measured enzymatically using an autoanalyzer (Type
7600; Hitachi Ltd., Tokyo, Japan). Low-density lipoprotein-
cholesterol (LDL-C) was calculated by the Friedewald equa-
tion [17] when TG level was less than 4.5 mmol/L.

Definition of terms

Body mass index (BMI) was calculated as weight (kg)
divided by the square of height (m?). Waist-to-hip ratio
(WHR) was calculated as waist circumference (cm) divided
by hip circumference (cm). High WHR was defined as a
WHR greater than 0.9 in men or greater than 0.85 in women.
Hypertension was defined as baseline blood pressure >
140/90 mm Hg, self-reported history of hypertension, or
use of antihypertensive medications. Diabetes was defined
as a baseline fasting glucose > 7 mmol/L, self-reported
history of diabetes, or use of antidiabetic drugs or insulin.
Energy intake from fat and carbohydrate was split into ter-
tiles (Energy intake from fat: tertile 1, < 13.4%; tertile 2,
13.4% to 17.8%; tertile 3,> 17.8%. Energy intake from car-
bohydrate: tertile 1, < 59.6%; tertile 2, 59.6% to 68.4%; ter-
tile 3, > 68.4%). Low physical activity was defined as < 600
metabolic equivalent task (MET)X minutes per week
or < 150 min per week of moderate intensity physical activ-
ity. METS-IR was calculated as In [(2 X FPG (mg/dL)) + fast-
ing TG (mg/dL)] x BMI (kg/m?)/In [HDL-C (mg/dL)] [7].

Assessment and definition of the outcome

The primary outcome of our study was CVD, defined as
the composite of CHD and stroke (ischemic, hemorrhagic,
or unspecified). CHD was defined as myocardial infarction,
angina pectoris, and angiography-proven CHD. The second-
ary outcomes included CHD and stroke. These events were
collected using standardized case-report forms and reported
based on common definitions.

Statistical analysis
Statistical analysis was performed using SPSS version 25.0

(SPSS, Chicago, IL) and R software version 4.1.3 (R Foun-
dation for Statistical Computing). Continuous variables were
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presented as mean + standard deviation (SD) and compared
using the ANOVA test. Categorical variables were expressed
with counts and percentages and compared using the Chi-
square test. The associations between METS-IR and clini-
cal parameters were assessed using Pearson or Spearman
correlation analysis, as appropriate. The 10-year cumulative
CVD incidence in quintiles of the METS-IR was studied
using the Kaplan—Meier method. We performed Cox regres-
sion analysis to further determine whether METS-IR was an
independent predictor for the incidence of CVD. We built 3
regression models of increasing confounders: Model 1 was
the unadjusted model; Model 2 was the partially adjusted
model that was adjusted for age and gender; Model 3 was
the fully adjusted model that was controlled for age, gender,
high WHR, tobacco use, alcohol use, energy intake from fat,
energy intake from carbohydrate, physical activity, educa-
tion, diabetes mellitus (DM), hypertension, family history
of cardiovascular disease (FH-CVD), TC, LDL-C, use of
antihypertensive drugs, and use of antidiabetic drugs or
insulin. METS-IR was entered into the models as continu-
ous variables and categorical variables (the quartiles of
METS-IR), respectively. METS-IR was further standard-
ized to determine the predictive value of per SD increase.
The variance inflation factor (VIF) of the variables included
in the models was calculated to avoid the result deviation
caused by multicollinearity. We did not find evidence of col-
linearity in the models, given the VIF of <5. We compared
the nonlinear restricted cubic spline models with linear
models and tested the potential nonlinearity. The value of
Akaike information criterion (AIC) was lowest when the
METS-IR was entered into the models as linear term and no
statistically significant evidence for nonlinearity was found
(all nonlinear P values > 0.05). Therefore, we performed the
analysis by including METS-IR as linear term in this study.
We also performed subgroup analysis based on age, gender,
DM, and hypertension to determine whether the association
between METS-IR and incident CVD differed across various
subgroups and P for interaction was calculated. To evaluate
whether an increased METS-IR had incremental predictive
value for incident CVD, we compared the partially and fully
adjusted models (Model 2 and Model 3) with and without
METS-IR, and C-statistics and continuous net reclassifica-
tion improvement (NRI) were obtained. A p value of less
than 0.05 was considered to be statistically significant.

Results
Baseline characteristics
A total of 6489 participants (3291 women and 3198 men)

without a history of CVD were enrolled in this study, with an
average age of 49.03 +9.98 years, and the average METS-IR

index value was 38.24 +6.61. Participants were divided
into five groups according to the quintiles of METS-IR. As
shown in Table 1, subjects in the quintile 5 group had the
highest mean age, BMI, WHR, SBP, DBP, FPG, TC, and
TG values, and the highest proportions of high WHR, DM,
hypertension, FH-CVD, antihypertensive drugs’ use, and
antidiabetic drugs or insulin use (Table 1).

Correlations between METS-IR and cardiovascular
risk factors

The associations between METS-IR and cardiovascular risk
factors were examined using Spearman or Pearson correla-
tion analysis. As shown in Table 2, METS-IR was positively
associated with age, BMI, WHR, SBP, DBP, FPG, TC, TG,
and LDL-C (P <0.001), and negatively associated with
HDL-C (P=0.004) (Table 2).

METS-IR and incidence of CVD

After a median follow-up of 10.6 years (interquartile range:
9.9-10.8), a total of 396 individuals (6.1%) developed CVD.
We compared the 10-year cumulative incidence rate of CVD
according to the quintiles of the METS-IR. The highest
10-year CVD incidence was observed in the quintile 5 group
(9.2%; 95% CI 7.8-10.9%), while the lowest incidence was
observed in the quintile 1 group (4.0%; 95% CI 3.1-5.2%)
(log-rank test, P <0.001) (Fig. 1).

As presented in Table 3, the unadjusted HR (95% CI)
for incidence of CVD with per SD increase in METS-IR
was 1.27 (1.17-1.39). Multivariate Cox regression analyses
showed that METS-IR, whether considered as a categorical
or continuous variable, remained significant after adjusting
for confounders. In the partially adjusted regression model
(adjusted for age and gender), the adjusted HR (95% CI) for
incident CVD with per SD increase in METS-IR was 1.22
(1.12-1.34). Compared with individuals in the lowest quin-
tile, the partially adjusted HR for CVD was 2.01 (95% CI
1.45-2.79) in the highest quintile. The increased risk of inci-
dent CVD from quintile 1 to quintile 5 was statistically sig-
nificant (P for trend < 0.001). A similar pattern was observed
in fully adjusted model (Per SD increase: HR=1.17,95% CI
1.05-1.31; Quintile 5: HR=1.80, 95% CI 1.24-2.61; P for
trend =0.008) (Table 3).

During the follow-up period, 247 (3.8%) and 169 (2.6%)
cases of CHD and stroke occurred. We further studied the
associations between METS-IR and CHD and stroke. As
shown in Table 4, for each SD increase in METS-IR, the
HR (95% CI) for CHD was 1.28 (1.12-1.47) in the fully
adjusted regression model. A test for trend with increasing
quintiles of METS-IR was significant (P for trend=0.001)
for incident CHD. The fully adjusted HR (95% CI) for CHD
was 2.93 (1.73-4.97) in the highest quintile. Although the

@ Springer



526

Journal of Endocrinological Investigation (2023) 46:523-533

Table 1 Baseline characteristics of the study population according to the METS-IR quartiles

Variables METS-IR P value Total (n=6489)
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
(n=1296) (n=1298) (n=1295) (n=1300) (n=1300)
METS-IR <32.6 32.6-36.1 36.1-39.4 39.4-433 >43.3 38.24+6.61
Age (years) 47.37+10.37 47.74+9.95 49.01+9.84  50.03+9.51 50.99+9.74 <0.001 49.03+9.98
Gender, n (%)

Male 597 (46.1) 607 (46.8) 658 (50.8) 680 (52.3) 656 (50.5) 0.004 3198(49.3)
Female 699 (53.9) 691 (53.2) 637 (49.2) 620 (47.7) 644 (49.5) 3291(50.7)
BMI (kg/m?) 20.23+1.48  22.78+0.99  2451+1.12 26.15+1.36  29.32+2.99 <0.001 24.60+3.53
WHR 0.85+0.05 0.86+0.05 0.87+0.04 0.88+0.05 0.90+0.05 <0.001 0.87+0.05
High WHR 322 (24.8) 427 (32.9) 590 (45.6) 735 (56.5) 946 (72.8) <0.001 3020 (46.5)

SBP (mm Hg) 130.89+21.28 135.78 £20.83 138.26+22.01 140.78+£20.24 146.06+22.59 <0.001 138.36+21.99
DBP (mm Hg) 79.15+£12.33  82.40+11.99 84.39+12.70 86.18+12.04 89.53+13.02 <0.001 84.33+12.90
Tobacco use, 1 (%)

Never 955 (73.7) 1019 (78.5) 997 (77.0) 985 (75.8) 1025 (78.8) <0.001 4981(76.8)

Former 23 (1.8) 22 (1.7) 51(3.9) 42 (3.2) 47 (3.6) 185(2.9)

Current 318 (24.5) 257 (19.8) 247 (19.1) 273 (21.0) 228 (17.5) 1323(20.4)
Alcohol use, n (%)

Never 1018 (78.5) 1040 (80.1) 1016 (78.5) 989 (76.1) 999 (76.8) 0.036 5062 (78.0)

Former 21 (1.6) 10 (0.8) 19 (1.5) 32 (2.5) 26 (2.0) 108 (1.7)

Current 257 (19.8) 248 (19.1) 260 (20.1) 279 (21.5) 275 (21.2) 1319 (20.3)
Energy intake from fat (%)

First tertile 503 (38.8) 444 (34.2) 406 (31.4) 392 (30.2) 418 (32.2) <0.001 2163(33.3)

Second tertile 419 (32.3) 460 (35.4) 439 (33.9) 439 (33.8) 406 (31.2) 2163(33.3)

Third tertile 374 (28.9) 394 (30.4) 450 (34.7) 469 (36.1) 476 (36.6) 2163(33.3)
Energy intake from carbohydrate (%)

First tertile 362 (27.9) 384 (29.6) 435 (33.6) 480 (36.9) 502 (38.6) <0.001 2163(33.3)

Second tertile 446 (34.4) 459 (35.4) 448 (34.6) 422 (32.5) 388 (29.8) 2163(33.3)

Third tertile 488 (37.7) 455 (35.1) 412 (31.8) 398 (30.6) 410 (31.5) 2163(33.3)
Low physical activity 182 (14.1) 232 (17.9) 207 (16.0) 243 (18.8) 232 (17.9) 0.011 1096(16.9)
Education, n (%)

Primary or less 550 (42.4) 467 (36.0) 441 (34.1) 446 (34.3) 499 (38.4) <0.001 2403(37.0)

Secondary 681 (52.5) 745 (57.4) 754 (58.2) 758 (58.3) 700 (53.8) 3638(56.1)

Trade, college, or university 65 (5.0) 86 (6.6) 100 (7.7) 96 (7.4) 101 (7.8) 448(6.9)
DM, n (%) 6 (0.5) 20 (1.5) 38 (2.9) 75 (5.8) 167 (12.8) <0.001 306(4.7)
Hypertension, n (%) 398 (30.7) 516 (39.8) 612 (47.3) 720 (55.4) 856 (65.8) <0.001 3102(47.8)
FH-CVD, n (%) 210 (16.2) 228 (17.6) 254 (19.6) 275 (21.2) 277 (21.3) 0.002 1244(19.2)
FPG (mmol/L) 4.14+0.74 4.44+1.11 4.67+1.26 5.01+1.73 5.51+2.02 <0.001 4.76+1.52
TC (mmol/L) 4.24+0.84 4.48+0.85 4.66+0.90 4.84+0.92 5.03+1.05 <0.001 4.65+0.95
TG (mmol/L) 0.87+0.42 1.08 +0.50 1.37+0.85 1.76 +1.06 2.75+2.35 <0.001 1.57+1.41
LDL-C (mmol/L) 2.53+0.66 2.70+0.67 2.79+0.70 2.80+0.77 2.65+0.91 <0.001 2.69+0.75
HDL-C (mmol/L) 1.31+£0.36 1.28+0.31 1.26 +£0.29 1.26+0.28 1.26+0.32 <0.001 1.27+0.32
Use of antihypertensive drugs, 44 (3.4) 81 (6.2) 132 (10.2) 184 (14.2) 253 (19.5) <0.001 694 (10.7)

n (%)
Use of antidiabetic drugs or 3(0.2) 13 (1.0) 19 (1.5) 38 (2.9) 60 (4.6) <0.001 133 (2.1)

insulin, n (%)

P values in bold are < 0.05. Data were given as mean + SD or number (%)

METS-IR the metabolic score for insulin resistance, BMI body mass index, WHR waist-to-hip ratio, SBP systolic blood pressure, DBP diastolic
blood pressure, DM diabetes mellitus, FH-CVD family history of cardiovascular disease, FPG fasting plasma glucose, TC total cholesterol, TG

triglyceride, LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol
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Table 2 Correlations between the METS-IR and cardiovascular risk
factors

Variables Correlation coefficient P value
Age 0.141 <0.001
BMI 0.942 <0.001
WHR 0.368 <0.001
SBP 0.250 <0.001
DBP 0.284 <0.001
FPG 0.369 <0.001
TC 0.288 <0.001
TG 0.588 <0.001
LDL-C 0.086 <0.001
HDL-C -0.036 0.004

P values in bold are <0.05

METS-IR the metabolic score for insulin resistance, BMI body mass
index, WHR waist-to-hip ratio, SBP systolic blood pressure, DBP
diastolic blood pressure, FPG fasting plasma glucose, TC total cho-
lesterol, TG triglyceride, LDL-C low-density lipoprotein-cholesterol,
HDL-C high-density lipoprotein-cholesterol

incidence of stroke was likely to increase with increasing
quintiles of METS-IR, no statistical significance between
METS-IR and incident stroke was found (Table 4).

Moreover, multivariate Cox regression analyses showed
that aging, hypertension, higher carbohydrate intake, and
family history of CVD increased the risk of CVD/CHD
(Figs. 2, 3).

Subgroup analysis

The association between METS-IR and CVD was exam-
ined in the subgroup analysis and the P value for interac-
tion was calculated. A significant interaction was found
between gender and the METS-IR for incident CVD in
the fully adjusted model (Model 3) (P values for inter-
action=0.001). Accordingly, a significant association
between METS-IR and CVD was found only among
females (Fig. 4). The association was significant both
in premenopausal women and postmenopausal women
(Table S1). Although no interaction was found between
DM and METS-IR (P value for interaction =0.469), the
statistical significance was observed only among patients
without DM. No interaction was found between age,
hypertension, and METS-IR for incidence of CVD (Both
P values for interaction > 0.05) (Fig. 4).

Given that a gender-by-METS-IR interaction was
observed, we explored the association between METS-IR
and CHD and stroke in males and females. A significant
association between METS-IR and CHD was found only
among females (Table S2). The METS-IR was an inde-
pendent predictor for stroke in females as a continuous
variable, but not in males (Table S3).

Fig.1 Cumulative incidence of Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
CVD by quintiles of METS-IR 15
over 10 years. METS-IR the
metabolic score for insulin —
resistance, CVD Cardiovascular §
disease o)
3]
&
5 10
9]
£
o
>
(@]
o
2 5
kS
=]
S
=]
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0
0 1 2 3 4 5 6 7 8 9 10
Years of Follow-up
Cumulative number of CVD
0 1 1 4 7 10 16 29 35 45 52
0 2 4 7 9 13 22 32 42 52 61
0 2 3 7 20 26 31 47 55 68 78
0 1 5 10 13 22 27 42 53 63 69
0 2 6 14 24 32 48 66 82 98 116
0 1 2 3 4 5 6 7 8 9 10

Years of Follow-up
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Table 3 Univariate and

HR (95% CI)

Model 1

Model 2

Model 3

-2 . METS-IR Incident CVD, n (%)

multivariate Cox regression

analyses for incident CVD
Per unit increase 396 (6.1)
Per SD increase —
Quintile 1 52 (4.0)
Quintile 2 68 (5.2)
Quintile 3 81(6.3)
Quintile 4 75 (5.8)
Quintile 5 120 (9.2)
P for trend -

1.04 (1.02—-1.05)%**
1.27 (1.17-1.39)%**
1 (Reference)

1.31 (0.91-1.88)
1.59 (1.12-2.25)*
1.46 (1.03-2.08)*
2.39 (1.72-3.31)%**
<0.001

1.03 (1.02—-1.05)*%**
1.22 (1.12—1.34)***
1 (Reference)

1.28 (0.89-1.84)
1.45 (1.03-2.06)*
1.30 (0.91-1.85)
2.01 (1.45-2.79)%*%**
<0.001

1.02 (1.01-1.04)**
1.17 (1.05-1.31)**
1 (Reference)

1.30 (0.90-1.87)
1.40 (0.98-2.01)
1.20 (0.82-1.75)
1.80 (1.24-2.61)**
0.008

Model 1: unadjusted

Model 2: adjusted for age and gender

Model 3: adjusted for age, gender, high WHR, tobacco use, alcohol use, energy intake from fat, energy
intake from carbohydrate, physical activity, education, DM, hypertension, FH-CVD, TC, LDL-C, use of
antihypertensive drugs, and use of antidiabetic drugs or insulin

METS-IR the metabolic score for insulin resistance, CVD cardiovascular disease, HR Hazard ratio, SD
standard deviation

*P<0.05; **P<0.01; ***P<0.001

Table 4 Multivariate Cox

. METS-IR Incident CHD, n (%) HR (95% CI) for CHD Incident HR (95% CI) for stroke

regression analyses for CHD stroke, 1

and stroke (%)
Per unit increase 247 (3.8) 1.04 (1.02-1.06)*** 169 (2.6) 1.01 (0.99-1.04)
Per SD increase  — 1.28 (1.12—1.47)%%*=* - 1.08 (0.91-1.28)
Quintile 1 21 (1.6) 1 (Reference) 3124 1 (Reference)
Quintile 2 41 (3.2) 1.87 (1.10-3.17)* 27 (2.1) 0.90 (0.53-1.52)
Quintile 3 60 (4.6) 2.43 (1.46-4.05)%** 29 (2.2) 0.91 (0.53-1.53)
Quintile 4 43 (3.3) 1.60 (0.93-2.76) 37 (2.8) 1.10 (0.66-1.85)
Quintile 5 82 (6.3) 2.93 (1.73-4.97)*** 45 (3.5) 1.26 (0.74-2.16)
P for trend - 0.001 - 0.281

Adjusted for age, gender, high WHR, tobacco use, alcohol use, energy intake from fat, energy intake from
carbohydrate, physical activity, education, DM, hypertension, FH-CVD, TC, LDL-C, use of antihyperten-
sive drugs, and use of antidiabetic drugs or insulin

METS-IR the metabolic score for insulin resistance, CHD coronary heart disease, HR hazard ratio, SD
standard deviation

*P<0.05; **P<0.01; ***P<0.001

Evaluation of the predictive performance of METS-IR
for CVD

The incremental predictive value of METS-IR for CVD is
shown in Table 5. Risk prediction was improved by adding
METS-IR to the model including age and sex (Model 2) [the
C-statistic increased from 0.696 to 0.702 (difference, 0.6%;
P <0.001); continuous NRI (95% CI) 0.187 (0.085-0.288),
P <0.001]. Adding the METS-IR to the fully adjusted model
(Model 3) also significantly improved risk discrimination and
reclassification of incident CVD [the C-statistic increased from
0.725 to 0.728 (difference, 0.3%; P=0.006; continuous NRI
(95% CI) 0.126 (0.025-0.228), P=0.015]. The models with
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METS-IR showed a reduction of false positives while not at
the expense of increasing false negatives [Model 2: continuous
NRI for CVD (95% CI): 0.020 (— 0.078 to 0.119), P=0.688;
continuous NRI for Non-CVD (95% CI) 0.167 (0.142-0.192),
P <0.001. Model 3: continuous NRI for CVD (95% CI)
— 0.005 (— 0.104 to 0.093), P=0.920; continuous NRI for
Non-CVD (95% CI) 0.132 (0.107-0.157), P <0.001].
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Variables HR (95% ClI) P-value

l METS-IR

! First quintile 1 (Reference)

—_— Second quintile 1.30 (0.90, 1.87) 0.161

—_— Third quintile 1.40 (0.98, 2.01) 0.069

B —— Fourth quintile 1.20 (0.82, 1.75) 0.342
! + Fifth quintile 1.80 (1.24, 2.61) 0.002

: —— Age (Per SD) 1.67 (1.50, 1.86) < 0.001
—_— Gender (male) 0.92 (0.70, 1.20) 0.533

—— High WHR 1.14 (0.91, 1.42) 0.255

I Tobacco use

: Never 1 (Reference)

- Former 1.27 (0.77, 2.07) 0.346

—— Current 1.33(0.98, 1.79) 0.066

I Alcohol use

| Never 1 (Reference)

. * Former 1.32 (0.73, 2.38) 0.362

—— Current 1.00 (0.73, 1.37) 0.981
| Energy intake from fat (%)

| First tertile 1 (Reference)

— Second tertile 0.88 (0.67, 1.15) 0.347
—— Third tertile 0.87 (0.64, 1.19) 0.391
| Energy intake from carbohydrate (%)

! First tertile 1 (Reference)

—— Second tertile 1.37 (0.99, 1.90) 0.055
— Third tertile 1.20 (0.89, 1.61) 0.235
—_— Low physical activity 1.18 (0.89, 1.57) 0.245

! Education

: Primary or less 1 (Reference)

—— Secondary 0.86 (0.69, 1.08) 0.206

E——— Trade, college, or university 0.82 (0.52, 1.28) 0.384

_— DM 1.17 (0.72, 1.91) 0.529

| —— Hypertension 1.51 (1.19, 1.92) 0.001

I —_— FH-CVD 1.63 (1.30, 2.03) <0.001

—— TC 0.97 (0.83, 1.14) 0.736

—_— LDL-C 1.01 (0.83, 1.22) 0.928

| ——— Use of antihypertensive drugs 1.42 (1.10, 1.84) 0.007

—e Use of antidiabetic drugs 1.17 (0.60, 2.27) 0.649
| I I I I I I
0 0.5 1 1.5 2 25 3

Fig.2 Hazard Ratios (95% CI) of incident CVD for covariates. P val-
ues in bold are <0.05. HR Hazard ratio, METS-IR the metabolic score
for insulin resistance, WHR waist-to-hip ratio, DM diabetes mellitus,

Discussion

In Eastern China, the metabolic risk factors have remark-
ably increased along with an economic boom over recent
decades. In this study, we investigated the relationship
between the METS-IR and incident CVD among Eastern
Chinese population. The main findings of our study were
as follows: (1) The METS-IR was significantly associated
with increased risk for incident CVD/CHD, independent of
traditional cardiovascular risk factors. (2) A significant inter-
action was found between gender and METS-IR for incident
CVD, and the significant association between METS-IR
and CVD was mainly observed among females. (3) Add-
ing the METS-IR to the models with traditional risk factors
yielded a significant improvement in outcome prediction.
Taken together, this 10-year follow-up cohort among East-
ern Chinese population revealed the predictive value of the
METS-IR for incident CVD and CHD.

Metabolic risk factors have been one of the leading driv-
ers of the burden of CVD [6]. Insulin resistance (IR) is a
general term, meaning that adipose tissue, skeletal muscle,

FH-CVD family history of cardiovascular disease, TC total choles-
terol, LDL-C low-density lipoprotein-cholesterol

liver, and pancreas display a low response to insulin action.
Several mechanisms that IR aggravates atherosclerosis
have been elucidated, including systemic inflammation,
endothelial dysfunction, and oxidative stress [18, 19]. Pre-
vious studies have shown that IR was an independent risk
factor for CVD [20, 21]. The hyperinsulinemic—euglyce-
mic clamp technique is the gold standard to assess IR and
HOMA-IR is the most widely used method. However, the
hyperinsulinemic—euglycemic clamp technique is costly and
time-consuming [22], whereas HOMA-IR is likely to cause
significant bias because of insulin measurements [23, 24].
In this regard, the METS-IR, as a simple surrogate for IR,
has proven to be associated with multiple risk factors of
CVD [7-10]. However, the predictive value of METS-IR
for CVD remains poorly known.

In our present study, we found that participants with high
METS-IR had more cardiovascular risk factors. Our results
also revealed the correlation between METS-IR and other
risk factors, which was consistent with previous studies
[7, 8]. Yoon J et al. found that METS-IR was an independ-
ent predictor of incident ischemic heart disease (IHD) in
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Variables R (95% ClI) P-value
I METS-IR
! First quintile 1 (Reference)
| — Second quintile 1.87 (1.10, 3.17) 0.021
: < Third quintile 2.43 (1.46, 4.05) 0.001
— Fourth quintile 1.60 (0.93, 2.76) 0.091
! * Fifth quintile 2.93 (1.73, 4.97) <0.001
| —— Age (Per SD) 1.66 (1.45, 1.90) <0.001
——- Gender (male) 0.77 (0.55, 1.09) 0.142
—— High WHR 1.01 (0.76, 1.33) 0.967
! Tobacco use
' Never 1 (Reference)
—_— Former 1.55 (0.86, 2.81) 0.149
—— Current 1.35(0.91, 2.01) 0.131
1 Alcohol use
! Never 1 (Reference)
—_— Former 1.33(0.62, 2.83) 0.462
—— Current 0.92 (0.62, 1.38) 0.694
1 Energy intake from fat (%)
! First tertile 1 (Reference)
—r Second tertile 0.87 (0.61, 1.24) 0.430
—— Third tertile 0.76 (0.52, 1.12) 0.161
\ Energy intake from carbohydrate (%)
! First tertile 1 (Reference)
| —— Second tertile 2.09 (1.38, 3.15) <0.001
—_—— Third tertile 1.48 (0.99, 2.19) 0.055
—_— Low physical activity 1.17 (0.82, 1.67) 0.394
! Education
' Primary or less 1 (Reference)
—— Secondary 1.01 (0.75, 1.35) 0.961
D Trade, college, or university 1.21 (0.74, 2.00) 0.452
—_— DM 1.09 (0.59, 2.03) 0.784
—— Hypertension 1.31(0.98, 1.77) 0.072
| —— FH-CVD 1.74 (1.32, 2.29) <0.001
-0{- TC 0.92 (0.74, 1.13) 0.420
—— LDL-C 1.13 (0.87, 1.46) 0.355
—— Use of antihypertensive drugs 1.29 (0.92, 1.80) 0.139
—_— Use of antidiabetic drugs 0.98 (0.41, 2.33) 0.959

Fig.3 Hazard ratios (95% CI) of incident CHD for covariates. P val-
ues in bold are <0.05. HR hazard ratio, METS-IR the metabolic score

for insulin resistance, WHR waist-to-hip ratio, DM diabetes mellitus,

FH-CVD family history of cardiovascular disease, TC total choles-
terol, LDL-C low-density lipoprotein-cholesterol

Fig.4 Subgroup and interaction HR (95% ClI) P-value P for interaction
analysis between METS-IR (Per -
SD) and CVD across various Total P—— 1.17 (1.05,1.31)  0.005
subgroups. P values in bold Age : 0.669
are <0.05. HR hazard ratio < 50 years : 125(1.02, 1.54) 0,032
= 50 years §—0— 1.14 (1.00, 1.29)  0.045
Gender i 0.001
Female | —e—— 1.37(1.19,158) <0.001
Male —oi— 0.98 (0.83,1.17)  0.845
Diabetes Mellitus é 0.469
Yes —————————— 1.10(0.76,1.60) 0.617
No 5 —_— 1.18 (1.05,1.33)  0.004
Hypertension E 0.197
Yes E—o— 1.15(1.01,1.31)  0.038
No :_._ 1.24 (1.01,1.53)  0.042
T T E T
0 0.5 1 1.5

CVD other than IHD was not studied. The predictive value
of METS-IR for CVD in the Eastern Chinese population
was first discovered in this study. In our data analysis, per

a longitudinal study among Korean without diabetes [11].
However, the previous study was limited to subjects with-
out diabetes, and the relationship between METS-IR and
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Table 5 The incremental predictive value of METS-IR for incident CVD
Model 2 without Model 2 with METS- P value Model 3 without Model 3 with METS- P value
METS-IR IR METS-IR IR
C-Statistic (95% CI) 0.696 (0.672-0.720) 0.702 (0.678-0.726) <0.001 0.725 (0.701-0.749) 0.728 (0.704-0.752) 0.006
Continuous NRI (95%  Ref. 0.187 (0.085-0.288) <0.001 Ref. 0.126 (0.025-0.228) 0.015
CI)
Continuous NRI for Ref. 0.020 (- 0.078-0.119) 0.688 Ref. —0.005 (- 0.104— 0.920
CVD (95% CI) 0.093)
Continuous NRI for Ref. 0.167 (0.142-0.192) <0.001 Ref. 0.132 (0.107-0.157) <0.001

Non-CVD (95% CI)

P values in bold are <0.05
Model 2: adjusted for age and gender

Model 3: adjusted for age, gender, high WHR, tobacco use, alcohol use, energy intake from fat, energy intake from carbohydrate, physical activ-
ity, education, DM, hypertension, FH-CVD, TC, LDL-C, use of antihypertensive drugs, and use of antidiabetic drugs or insulin

METS-IR the metabolic score for insulin resistance, CVD cardiovascular disease, NRI net reclassification improvement

SD increase in METS-IR was associated with 17% and 28%
higher risks for CVD and CHD events in the fully adjusted
model, respectively. We also found that the fifth quintile of
METS-IR had 80% and 193% higher risks for incident CVD
and CHD, respectively.

In subgroup analyses, a significant interaction was found
between gender and METS-IR for incident CVD (P value
for interaction =0.001). Accordingly, a significant associa-
tion between METS-IR and CVD was found only among
females. Previous studies have reported the sex differences
in the risk of cardiovascular disease associated with IR. A
meta-analysis included 87 studies found that females with
metabolic syndrome had a higher risk of CVD than males
[25]. The Framingham study also showed that females with
impaired fasting glucose had increased CVD risk to a similar
degree as established diabetes, but not in males [26]. This
excess risk in females could be attributable partly to sex dif-
ferences in the body anthropometry and preferred location
of fat storage [27]. Moreover, the heavier risk factor burden
and a greater effect of elevated blood pressure, low HDL-C,
and high triglycerides in women might also be part of the
reason for this difference [28].

In subjects without diabetes, a significant association
between METS-IR and incident CVD was observed, which
suggested that METS-IR might be independent of diabe-
tes to influence cardiovascular outcomes. Yoon J et al. also
reported the independent predictive value of METS-IR
among Korean without diabetes [11]. However, the associa-
tion between METS-IR and CVD was not statistically sig-
nificant in subjects with diabetes. In patients with T2DM,
the classic CVD risk factors are major predictors of CVD
events, and the risk is further increased by hyperglycemia,
but to a lesser extent as by insulin resistance alone [18].
In addition, different antidiabetic drugs may have different
effects on insulin action. In patients receiving antidiabetic
therapy, the calculation of METS-IR was affected by drugs,

and, as a result, diminished the predictive value for incident
CVD.

The usefulness of METS-IR in the improvement of CVD
risk prediction was uncertain when combining the tradi-
tional risk factors. In our study, adding the METS-IR to the
model including age and sex yielded an increment of 0.006
in the C-statistic (P <0.001) and a continuous NRI of 18.7%
(P <0.001). Adding the METS-IR to the fully adjusted
model also provided a statistically significant improvement
in risk discrimination and reclassification, with an increment
of 0.003 in the C-statistic (P =0.006) and a continuous NRI
of 12.6% (P=0.015). These results had clinical implications
for risk stratification and early intervention of CVD.

Several limitations of this study should be considered.
First, laboratory parameters were only detected once at
admission with a potential bias due to measurement error.
Second, our analysis was restricted to participants aged
35-70 years. Finally, all participants in this study were
selected from Eastern China; therefore, our findings cannot
be generalized to other population.

Conclusion

In conclusion, the present data demonstrate that METS-IR
is a valuable predictor of incident CVD and CHD. There-
fore, we propose that METS-IR is a simple, inexpensive, and
timely index for the risk stratification and early intervention
of CVD.
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