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Abstract: Objective To investigate the relationship between dynamic changes in cholesterol, high—density lipoprotein, and
glucose index (CHG) and new—onset cardiovascular disease (CVD) in the middle—aged and elderly Chinese population.
Methods In this study, the China Health and Retirement Longitudinal Study (CHARLS) data were utilized. Both K—means
clustering and cumulative measures were used to characterize the dynamic changes of CHG. Cox proportional hazards
regression model was used to assess the association between CHG changes with CVD. The nonlinear relationship between
cumulative CHG and CVD was further assessed using restricted cubic spline. Subgroup analyses were conducted to assess
whether the association between CHG changes and CVD differed across participant subgroups. Results A total of 4 710
participants were included, and a total of 785 (16.7%) developed CVD during the follow—up period. The patterns of changes
in CHG over the two follow—up visits were categorized into three classes by K—means clustering: persistently low (class 1),
persistently medium (class 2), and persistently high (class 3). The risk of CVD was significantly increased in class 2 (HR=
1.38, 95% CI: 1.17-1.64) and class 3 (HR=1.44, 95% CI: 1.11-1.87), compared with class 1. With the first quartile as
reference, the third and fourth quartile of cumulative CHG had an increased risk of CVD and stroke. RCS analysis revealed a
significant positive linear relationship between cumulative CHG and the risk of CVD (Pueaiy=0.372) and stroke (P,eaiy=0.200).
Subgroup analyses did not identify variables that significantly interacted with changes in CHG. Conclusion Dynamic changes
in CHG are significantly associated with the risk of CVD. The simplicity and affordability of CHG make it particularly
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valuable for large—scale screening, providing a new reference index for the risk prediction of CVD in the future.

Keywords: Middle—aged and elderly Chinese population; Cholesterol, high—density lipoprotein and glucose index; Dynamic

change; Cardiovascular disease
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Table 1 Basic characteristics of research objects [(xxs), n(%)]

CHG Ag k285

7R ST 1 ) %3 P{H
NEL 4710 1985 2236 489
AR (%) 57.86 + 8.37 57.44 +8.45 58.23 +8.37 57.88 + 8.00 0.009
51
% 2134 (45.3) 940 (47.4) 088 (44.2) 206 (42.1) 0.039
e 2576 (54.7) 1045 (52.6) 1248 (55.8) 283 (57.9)
JE A3
i 1520 (32.3) 539 (27.2) 788 (35.2) 193 (39.5) <0.001
RS 3190 (67.7) 1 446 (72.8) 1 448 (64.8) 296 (60.5)
WS AR T
&Y/ 4099 (87.0) 1726 (87.0) 1940 (86.8) 433 (88.5) 0.573
HoAth 611 (13.0) 259 (13.0) 296 (13.2) 56 (11.5)
XEH 1348 (28.6) 563 (28.4) 656 (29.3) 129 (26.4) 0.170
I 1923 (40.8) 838 (42.2) 894 (40.0) 191 (39.1)
e R UL 1 439 (30.6) 584 (29.4) 686 (30.7) 169 (34.6)
BMI(kg/m?) 23.72 £10.78 2276 = 15.92 2420 +3.83 25.40 + 3.99 <0.001
WA
7 3285 (69.7) 1330 (67.0) 1598 (71.5) 357 (73.0) 0.002
= 1425 (30.3) 655 (33.0) 638 (28.5) 132 (27.0)
el
w 3106 (65.9) 1242 (62.6) 1516 (67.8) 348 (71.2) <0.001
2 1604 (34.1) 743 (37.4) 720 (32.2) 141 (28.8)
A A I
& 3711 (79.1) 1692 (85.6) 1700 (76.4) 319 (65.6) <0.001
I 978 (20.9) 285 (14.4) 526 (23.6) 167 (34.4)
SR BAT IR
s 4 441 (95.0) 1 944 (98.6) 2132 (96.0) 365 (75.9) <0.001
i 233 (5.0) 28 (1.4) 89 (4.0) 116 (24.1)
S ILAGSH
7 4258 (92.1) 1 865 (95.6) 2000 (91.2) 393 (81.7) <0.001
= 367 (1.9) 85 (4.4) 194 (8.8) 88 (18.3)
ST A
w 4562 (97.2) 1911 (96.5) 2177 (97.8) 474 (97.5) 0.039
b 130 (2.8) 69 (3.5) 49 (2.2) 12 (2.5)
P CHG 15.77 + 1.09 14.84 + 0.46 16.12 £ 0.43 17.96 + 0.95 <0.001
CHGan 532 +0.44 498 £0.22 5.45+0.22 6.14 £0.50 <0.001
CHGas 5.19£0.36 4.92£0.20 530 +0.20 5.84 +0.40 <0.001
TCoppz (mg/L) 1931.7 £81.7 1793.9 £321.3 1996.6 + 354.0 21942 +496.3 <0.001
TCays (mg/L) 1853.8 +368.8 1731.6 +308.4 1909.3 +339.2 2095.6+514.9 <0.001
HDLoyy, (mg/L) 512.8 + 152.1 605.2 = 146.6 462.8 +109.7 366.9 = 1153 <0.001
HDLays (mg/L) 517.7 + 118.1 577.0 +123.1 481.4 £ 89.4 4427 £101.9 <0.001
FBGan: (mg/L) 10922 +345.1 975.0 + 135.6 10784 +190.5 1631.2+748.8 <0.001
FBGas (mg/LL) 1034.3 +340.1 913.7 £ 1244 1022.5+183.2 1577.8 +737.4 <0.001
CVD
i 3925 (83.3) 1722 (86.8) 1822 (81.5) 381 (77.9) <0.001
2 785 (16.7) 263 (13.2) 414 (18.5) 108 (22.1)
PR
& 4420 (93.8) 1907 (96.1) 2067 (92.4) 446 (91.2) <0.001
I 290 (6.2) 78 (3.9) 169 (7.6) 43 (8.8)
OERG
Ea 4152 (88.2) 1782 (89.8) 1954 (87.4) 416 (85.1) 0.005
= 558 (11.8) 203 (10.2) 282 (12.6) 73 (14.9)
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Table 2 Analysis of the association between CHG changes and CVD

AR 1 R 2 T 3
CHG 751k - - -
HR (95%CI) P{H HR (95%ClI) PH HR (95%CI) P{H
CHG M2 5]
%1
%2 1.44 (1.23 ~ 1.68) <0.001 1.43 (1.22 ~ 1.67) <0.001 1.38 (1.17 ~ 1.64) <0.001
%3 1.75 (1.40 ~ 2.19) <0.001 1.76 (1.41 ~ 2.21) <0.001 1.44 (1.11 ~ 1.87) 0.006
ZH CHG
Q1
02 1.04 (0.83 ~ 1.29) 0.758 1.03 (0.83 ~ 1.28) 0.805 0.99 (0.78 ~ 1.26) 0.957
03 1.43 (1.16 ~ 1.75) 0.001 1.40 (1.14 ~ 1.73) 0.001 1.37 (1.10 ~ 1.71) 0.005
04 1.62(1.32 ~ 1.97) <0.001 1.62 (1.33 ~ 1.99) <0.001 1.40 (1.12 ~ 1.76) 0.003
P s 1.21 (1.14 ~ 1.29) <0.001 1.22 (1.14 ~ 1.30) <0.001 1.16 (1.08 ~ 1.25) <0.001
F 3 CHG b5 rh XU I 43 #r
Table 3 Analysis of the association between CHG changes and stroke
- R 1 [ E) A 3
HR (95%CI) P HR (95%CI) PIH HR (95%CI) PiE
CHG B3
%1
%2 1.96 (1.50 ~ 2.56) <0.001 2.01 (1.53 ~ 2.63) <0.001 1.97 (1.47 ~ 2.64) <0.001
%3 2.30 (1.58 ~ 3.33) <0.001 2.45 (1.68 ~ 3.57) <0.001 2.01 (1.31 ~ 3.08) 0.001
L CHG
01
02 1.22 (0.83 ~ 1.81) 0.310 1.25 (0.85 ~ 1.85) 0.260 1.21 (0.79 ~ 1.85) 0.380
Q3 1.88 (1.31 ~ 2.69) 0.001 1.91 (1.33 ~2.74) <0.001 1.96 (1.33 ~ 2.88) 0.001
04 2.30 (1.62 ~ 3.25) <0.001 2.47 (1.74 ~ 3.50) <0.001 2.11 (1.43 ~3.13) <0.001
P 1.34 (1.21 ~ 1.47) <0.001 1.37 (1.24 ~ 1.51) <0.001 132 (1.17 ~ 1.47) <0.001
R4 CHG AL 5.0 MR 1 5G4 4
Table 4 Analysis of the association between CHG changes and heart disease
. R 1 R 2 R 3
CHG 721k
HR (95%CI) PAE HR (95%CI) PAiE HR (95%CI) PiE
CHG BiES )
%1
%2 1.25 (1.04 ~ 1.50) 0.016 1.23 (1.03 ~ 1.47) 0.025 1.17 (0.96 ~ 1.42) 0.116
%3 1.50 (1.15 ~ 1.96) 0.003 1.48 (1.13 ~ 1.93) 0.004 1.16 (0.85 ~ 1.58) 0.362
ZHCHG
Q1
02 0.97 (0.76 ~ 1.26) 0.844 0.96 (0.75 ~ 1.24) 0.753 0.93 (0.71 ~ 1.22) 0.609
03 1.27 (1.00 ~ 1.62) 0.047 1.24 (0.98 ~ 1.58) 0.075 1.16 (0.90 ~ 1.50) 0.250
04 1.37 (1.08 ~ 1.73) 0.008 1.35 (1.07 ~ 1.71) 0.013 1.15 (0.88 ~ 1.49) 0.312
P s 1.14 (1.06 ~ 1.24) 0.001 1.14 (1.05 ~ 1.23) 0.001 1.06 (0.97 ~ 1.16) 0.190
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Figure 2 Nonlinear associations between cumulative CHG and outcomes

&5 CHG 25 CVD KR L HR(95%CI) ]
Table 5 Subgroup analysis of the association between CHG
categories and CVD [HR (95% CI) ]

ik %1 %2 %3 PoufH
RS () 1.00 0.270
<60 1.00 1.34(1.07 ~ 1.68) 1.05 (0.72 ~ 1.51)
>60 1.00 1.44 (1.11 ~1.86) 1.96 (1.34 ~ 2.86)
P51 1.00 0.701
% 1.00 1.28 (0.98 ~ 1.66) 1.53 (1.01 ~2.31)
“ 1.00 136 (1.09 ~ 1.71)  1.24 (0.88 ~ 1.76)
JEAE Hh 1.00 0.158
Wi 1.00 1.67 (1.18 ~2.36)  2.18 (1.37 ~ 3.48)
ARy 1.00 1.22 (1.00 ~ 1.50)  1.09 (0.78 ~ 1.52)
W HRIR L 1.00 0.077
@A/ 1.00 1.33 (1.10 ~ 1.60) 1.4 (1.09 ~ 1.91)
HAte 1.00 1.27 (0.80 ~2.01) 0.67 (0.25 ~ 1.78)
ZHHENKT 1.00 0.766
XH 1.00 1.24 (0.90 ~ 1.69) 1.41 (0.87 ~2.28)
/N 1.00 1.41(1.09 ~ 1.83) 1.47 (0.98 ~2.22)
e UL 1.00 1.27 (0.90 ~ 1.78)  1.14 (0.68 ~ 1.91)
SR 1.00 0.620
i 1.00 1.40 (1.14~ 1.72)  1.36 (0.99 ~ 1.85)
b= 1.00 1.17 (0.85 ~ 1.60) 1.28 (0.77 ~ 2.14)
A 1.00 0.945
1 1.00 1.29 (1.04 ~ 1.59) 1.30 (0.95 ~ 1.79)
= 1.00 1.38(1.03 ~ 1.86) 1.56 (0.95 ~ 2.56)
BMI(kg/m?) 1.00 0.646
RENFE 1.00 1.38 (0.64 ~2.97) 1.77 (0.32 ~9.74)
IEH A 1.00 1.35(1.07 ~ 1.70)  1.33 (0.86 ~ 2.06)
i 1.00 1.28 (0.92~1.78) 1.44(0.93 ~2.21)
JEL 1.00 0.89 (0.53 ~ 1.49) 0.79 (0.42 ~ 1.52)
RAEAEIE  1.00 0.127
w 1.00 1.42(1.16 ~ 1.74)  1.21 (0.85 ~ 1.72)
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