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The longitudinal levels of metabolic insulin resistance score are positively

correlated with the risk of incident cardiovascular disease
ZHANG He—-qun, LI Qi, TU Hong, REN Hong-qiang
Department of Cardiovascular Center, Suining Central Hospital, Suining, Sichuan 629000, China

Abstract: Objective To investigate the longitudinal association between the metabolic score for insulin resistance (METS-IR)
and the risk of cardiovascular disease (CVD) and its subtypes (heart disease and stroke) in middle—aged and older adults.
Methods This study used data from 4 567 participants in the China Health and Retirement Longitudinal Study (CHARLS)
cohort. METS-IR levels measured in 2011 and 2015 were standardized, and K—means cluster analysis was used to classify
participants into four categories (Class 1-4). Cumulative METS-IR exposure levels were calculated. Multivariable Cox regression
models, adjusted for potential confounders, were used to evaluate the association between METS-IR and incident CVD.
Restricted cubic spline analysis assessed the dose-response relationship between cumulative METS-IR exposure and CVD
risk. Subgroup analyses explored heterogeneity by gender and age. The predictive performance of METS-IR for CVD was
evaluated using time—dependent receiver operating characteristic (ROC) curves. Results Over a median follow—up of 3 years,
531 CVD events occurred among 4 567 participants. Cox regression analysis showed that compared to Class 1 (lowest
persistent METS-IR levels), Class 4 (highest persistent METS-IR levels) was associated with a 77% increased risk of
incident CVD (HR=1.77, 95%CI: 1.24-2.52), including a 67% increased risk of heart disease (HR=1.67, 95%CI: 1.10-2.54)
and a significant 117% increased risk of stroke (HR=2.17, 95%CI: 1.31-3.59). A significant linear dose—response relationship
was observed between cumulative METS—IR exposure and CVD risk. ROC curve analysis indicated that cumulative METS-IR
had the best predictive performance for CVD, with an area under the curve (AUC) of 0.613. Conclusion Persistently elevated
longitudinal levels of METS-IR are associated with an increased risk of incident CVD. Dynamic monitoring of METS-IR
levels is important for the prevention and treatment of CVD.
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Figure 1 Clustering maps and post—clustering density distribution maps of METS-IR measurements in 2011 and 2015
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Table 1 Comparison of baseline data for different METS—IR categories [(x£5),n(%),M(Ps,Ps)]

_— METS-IR
JEREN 250 1 Zh0 2 2551 3 250 4 PAH
FEA 4567 776 1 464 1391 936
RS (4F) 58.42 + 8.54 61.46 £ 8.95 58.64 + 8.54 57.61+8.33 56.76 + 7.82 <0.001
Sk 2 123 (46.49) 436 (56.19) 724 (49.45) 599 (43.06) 364 (38.89) <0.001
JEFE] (em) 85.02£9.13 75.74 +5.32 81.05+5.98 87.65 + 6.57 94.99 +7.55 <0.001
£ (em) 157.86 +8.34 157.43 + 8.61 157.65 + 8.35 158.08 £ 8.27 158.24 +8.20 0.116
e (kg) 57.7(51.4,65.1) 483 (43.8,52.9) 54.1 (50.1,59) 60.7 (55.95,65.8)  69.05 (63.3,75) <0.001
BMI(kg/m?) 23.42+3.29 19.48 +1.53 2191+ 158 2443 +1.94 27.56 +2.47 <0.001
W <0.001
A B AR 2816 (61.89) 391 (50.65) 868 (59.57) 909 (65.44) 648 (69.53)
H B A 1734 (38.11) 381 (49.35) 589 (40.43) 480 (34.56) 284 (30.47)
o SlLi RV <0.001
MR AR 2973 (65.34) 431 (55.83) 927 (63.62) 947 (68.18) 668 (71.67)
KF1&/A 1577 (34.66) 341 (44.17) 530 (36.38) 442 (31.82) 264 (28.33)
" 0.340
AL 2205 (48.28) 396 (51.03) 696 (47.54) 657 (47.23) 456 (48.72)
HoAte 2362 (51.72) 380 (48.97) 768 (52.46) 734 (52.77) 480 (51.28)
Wi H (mm Hg) 129.89 +26.53 125.49 +23.75 127.23 £25.55 130.74 +25.58 136.45 + 30.06 <0.001
&1k (mm Hg) 75.19 = 12.10 7193 +11.74 7333+ 1171 76.16 + 11.74 79.36 = 12.17 <0.001
i (Y /43 71.87 = 10.30 70.90 + 10.49 7120 +10.23 71.88+9.76 73.71 +10.79 <0.001
iRy 1639 (35.89) 197 (25.39) 408 (27.87) 543 (39.04) 491 (52.46) <0.001
WERG 665 (14.56) 63 (8.12) 152 (10.38) 203 (14.59) 247 (26.39) <0.001
TR ML 326 (7.33) 19 (2.50) 62 (4.35) 103 (7.61) 142 (15.69) <0.001
103.55 74.34 92.04 113.28 161.96
TG (mg/dl) <0.001
(74.34,150.45) (58.19,94.70) (69.03,125.01) (82.31,160.19) (115.94,235.63)
190.98 191.75 188.66 191.754 19291
TC(mg/dl) 0.001
(167.40,214.95) (167.40,214.18) (165.07,211.08) (168.17,216.11) (169.72,220.07)
LDL-C(mgid) 114.05 109.02 113.66 117.91 114.82 —0001
(93.94,136.86) (89.69,131.44) (94.62,134.54) (97.23,141.11) (91.24,138.79)
HDL-C(mg/dl) 49.87 (40.98,60.31) 63.60 (54.90,75.00) 53.74 (46.39,62.63) 46.39 (39.82,53.74) 38.66 (32.86,46.01) <0.001
102.06 100.80 102.42 107.28
FBG(mg/dl) 98.28 (90.72,106.20) <0.001
(94.32,112.14) (93.42,109.26) (95.04,112.41) (99.00,122.99)
HbAle(%) 524 +0.75 5.11+0.55 5.16 +0.62 5.23+0.68 551+ 1.05 <0.001
UA(mg/dl) 424 (3.52,5.07) 420 (3.48,5.01) 4.10 (3.44,4.92) 4.25 (3.55,5.06) 4.49 (3.71,5.33) <0.001
BUN(mg/dl) 15.10 (12.58,18.09) 15.91 (13.19,19.17) 15.11 (12.63,18.12) 14.90 (12.35,17.93) 14.87 (12.44,17.42) <0.001
SCR(mg/dl) 0.746 (0.64,0.87)  0.76 (0.65,0.88) 0.75 (0.64,0.86) 0.75 (0.64,0.87) 0.75 (0.64,0.87) 0.450
eCrR 87.03 (75.65,98.09) 83.217 (72.11,93.79) 87 (75.61,96.93)  88.26 (76.80,99.40) 89.95 (78.11,101.13) <0.001
[ml/(min-1.73 m?) ]
TyG 8.66 + 0.63 8.23+0.43 8.47 +0.50 8.74+0.56 9.19 % 0.65 <0.001
TyG-BMI 203.30 +35.30 160.09 + 13.71 185.40 + 14.92 213.16 + 18.33 252.46 +21.60 <0.001
K25 il 11 665 (14.56) 54 (6.96) 116 (7.92) 225 (16.18) 270 (28.85) <0.001
KRR 259 1l 327 (7.16) 19 (2.45) 64 (4.37) 103 (7.40) 141 (15.06) <0.001
K251 121 (2.65) 7 (0.90) 21 (1.43) 34 (2.44) 59 (6.30) <0.001
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Table 2 Cox regression analysis of METS-IR categories and incident CVD

FEOR 10 R 2P RN 3¢
AR b Case(%)
HR(95%CI) PAE HR(95%CI) PfE HR(95%CI) P

CVD

METS-IR 2%

250 1 65(8.38) 1.00(Ref) 1.00(Ref) 1.00(Ref)

J5 2 156(10.66) 1.29(0.96 ~ 1.72) 0.087 1.43(1.07 ~ 1.91) 0.017 1.46(1.06 ~ 2.09) 0.022

255 3 161(11.57) 1.41(1.06 ~ 1.88) 0.019 1.61(1.20 ~ 2.16) 0.001 1.44(1.04 ~ 2.00) 0.030

255 4 149(15.92) 1.98(1.48 ~ 2.65) <0.001 2.33(1.73 ~ 3.14) <0.001 1.77(1.24 ~ 2.52) 0.002

Pfor trend <0.001 <0.001 0.005
OB

METS-IR 2%

50 1 48(6.19) 1.00(Ref) 1.00(Ref) 1.00(Ref)

) 2 101(6.90) 1.12(0.79 ~ 1.57) 0.53 1.20(0.85 ~ 1.70) 0.302 1.24(0.84 ~ 1.83) 0.272

25 3 105(7.55) 1.23(0.87 ~ 1.73) 0.24 1.34(0.94 ~ 1.89) 0.103 1.26(0.85 ~ 1.86) 0.257

A5 4 95(10.15) 1.68(1.19 ~ 2.38) 0.003 1.86(1.30 ~ 2.65) 0.001 1.67(1.10 ~ 2.54) 0.016

P for trend 0.001 <0.001 0.022
7

METS-IR 2451

Jh 1 28(3.61) 1.00(Ref) 1.00(Ref) 1.00(Ref)

25 2 72(4.92) 1.38(0.89 ~ 2.14) 0.148 1.70(1.09 ~ 2.63) 0.019 1.52(0.96 ~ 2.42) 0.075

250 3 73(5.25) 1.48(0.96 ~ 2.29) 0.078 1.99(1.28 ~ 3.09) 0.002 1.64(1.03 ~ 2.64) 0.039

25 4 75(8.01) 2.27(1.47 ~3.51) <0.001 3.31(2.12 ~ 5.16) <0.001 2.17(1.31 ~ 3.59) 0.003

Pfor trend <0.001 <0.001 0.004
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HbAle LDL-C R eGFR 2G4 1] BEla 21 R RE26

2.4 METS-IR 2RAELH L CVD e9AaxX . 7
B, 45 RE METS-IR B8R4 A LA frdb T Ab
FESE AR Z2 R R 3 vh, 255 IR, R
METS-IR BEHGI0 1 AFrifE2E 547 (19.6),CVD B XL
B3N 17% ., Jorfr, U B0 18 RURS 38 i 16% , i ki
A R XU DT 0 269% , W3 3 A, 3 BRI =
WHRES AT i — D40 2 METS-IR 5 CVDXUES:

ZIP R . SRR 22 2 (B 3) 5 1y 45 58 ik
7, ZFMETS-IR 5 CVD KU 22 [ 7775 i & Ay iE ]
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Table 3 Cox regression analysis of the changes in cumulative METS-IR and incident CVD

AT 10 LT 2P AR 30
ER e R s HPUMETS-IR
HR(95%CI) P HR(95%CI) P HR(95%CI) P
DB B L ADARERE T 1.25(1.15 ~ 1.36) <0.001 1.31(1.20 ~ 1.43) <0.001 1.17(1.06 ~ 1.31) 0.003
OB B 1ANPALIRRIERZE © 1.19(1.08 ~ 1.33) 0.001 1.23(1.11 ~ 1.37) <0.001 1.16(1.02 ~ 1.32) 0.027
7 BELASRAIRRIEZE T 1.28(1.13 ~ 1.45) <0.001 1.43(1.26 ~ 1.63) <0.001 1.26(1.08 ~ 1.47) 0.003

T R METS-IR R ARIEZE AR 19.65 KRS 1 R BEATIRIRE s BE 2 (18 TARWS M0 0RO DRI 5« 1Y 3 FEAEAY 2 Sk
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Figure 2 Restricted cubic spline analysis of the association between cumulative METS-IR and the risk of cardiovascular disease, heart disease, and stroke
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Figure 3 Subgroup analysis of METS-IR categories and the risk of cardiovascular disease, heart disease, and stroke
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