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Abstract: [ Objective] To investigate the temporal trend of weight—adjusted—waist index (WWI) and its association
with the risk of incident cardiovascular diseases (CVD) among middle—aged and older Chinese adults.[ Methods] Based on
the China Health and Retirement Longitudinal Study (CHARLS) , this research enrolled participants aged 45 and above
with complete physical measurement data from the 2011, 2013, and 2015 waves. Complex sampling weights were applied
to calculate the mean WWI, and the Mann—Kendall test was used to analyze its trend. From the 2011 baseline survey,
individuals with a history of cardiovascular disease or missing key covariates were further excluded. New—onset
cardiovascular outcome events were collected during follow—up until 2020. Participants were categorized into Q1 — Q4

groups based on baseline WWI quartiles. Multivariable log—binomial regression models were constructed to assess the
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association between WWI and CVD, while restricted cubic splines were employed to evaluate potential nonlinear
relationships. Sensitivity analyses were conducted to verify the robustness of the findings. [ Results] From 2011 to 2015,
the weighted mean WWI among Chinese middle—aged and older adults remained generally stable (2011: 11.17+1.68;
2013: 11.28+1.35; 2015: 11.24+1.59; P for trend <0.05). During the longitudinal follow—up, 1 784 incident CVD cases
were documented. After multivariable adjustment, each unit increase in WWI was associated with a 17% increased risk of
CVD (RR: 1.17, 95%CI: 1.10-1.24). Compared with the Q1 group, the risk of CVD in the Q2, Q3, and Q4 groups
increased by 23% (RR: 1.23, 95% CI: 1.07-1.40), 27% (RR: 1.27, 95% Cl: 1.11-1.44) , and 40% (RR: 1.40, 95%
CI: 1.22-1.60) , respectively. A significant linear trend was observed between the increasing WWI and elevated CVD risk
(P for trend <0.001). Subgroup analysis revealed a stronger association in participants aged 45-60 years (P for
interaction <0.05). The results of sensitivity analysis were consistent with the main research results. [ Conclusions] The
overall trend of WWI level in the middle-aged and elderly population in China is stable from 2011 to 2015. The higher
level of WWI is associated with an increased risk of CVD, suggesting that WWI may be used as a simple and effective
indicator to evaluate the risk of cardiovascular metabolism in middle—aged and elderly people.
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Trend of Weight-adjusted Waist Index
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* Participants with CVD at/before baseline (n=1667)
L * Participants with missing data on covariates (1=55)
Year 2020

é

11049 participants

Longitudinal association between WWI and CVD

CI: WWI: weight—adjusted—waist index; CVD: cardiovascular disease.
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Fig.1 Flow diagram of participants in the study
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Table 1 Baseline Characteristics of Study Participants in 2011

(M (P,—P,), n(%)]

Q1 Q2 Q3 Q4
Variables Overall P
(8.87-10.56) (10.57-11.09) (11.10-11.66) (11.67-13.44) ’
N 11049 2763 2762 2762 2762
Agelyears 58 (51-64) 55 (49-61) 56 (49-62) 58 (51-64) 62 (56-69) <0.001
Gender <0.001
Male 5450 (49.3) 1942 (70.3) 1674 (60.6) 1224 (44.3) 610 (22.1)
Female 5299 (50.7) 821 (29.7) 1088 (39.4) 1538 (55.7) 2152 (77.9)
Residence <0.001
Rural 7 146 (64.7) 1906 (69.0) 1752 (63.4) 1727 (62.5) 1761 (63.8)
Urban 3903 (35.3) 857 (31.0) 1010 (36.6) 1035 (37.5) 1001 (36.2)
Education <0.001
Less than
) 3101 (28.0) 509 (18.4) 578 (20.9) 822 (29.8) 1192 (43.2)
primary
C 1
OMPEEOR 6779 (61.4) 1835 (66.4) 1828 (66.2) 1 675 (60.6) 1441 (52.2)

education
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Variables Overall Q Q Q < o
(8.87-10.56) (10.57-11.09) (11.10-11.66) (11.67-13.44) '
High school
1169 (10.6) 419 (15.2) 356 (12.9) 265 (9.6) 129 (4.6)
and above
Married <0.001
Yes 9689 (87.7) 2495 (90.3) 2500 (90.5) 2434 (88.1) 2260 (81.8)
Other 1360 (12.3) 268 (9.7) 262 (9.5) 328 (11.9) 502 (18.2)
Smoking <0.001
Yes 3559 (32.2) 1304 (47.2) 1043 (37.8) 762 (27.6) 450 (16.3)
Other 7490 (67.8) 1459 (52.8) 1719 (62.2) 2000 (72.4) 2312 (83.7)
Drinking <0.001
Yes 3780 (34.2) 1244 (45.0) 1105 (40.0) 869 (31.5) 562 (20.3)
Other 7269 (65.8) 1519 (55.0) 1657 (60.0) 1893 (68.5) 2200 (79.7)
Dyslipidemi
yeipidemia 412 (3.7) 58 (2.1) 86 (3.1) 130 (4.7) 138 (5.0)  <0.001
therapy
Hypertensi
YPERERSIOn 1 707 (15.4) 247 (8.9) 375 (13.6) 476 (17.2) 609 (22.0)  <0.001
therapy
Diabetes thera-
352 (3.2) 36 (1.3) 75 (2.7) 105 (3.8) 136 (4.9) <0.001

py

Participants were stratified into Q1-Q4 groups according to baseline weight—adjusted—waist index quartiles; Cochran—Armitage test was used for

trend test; N refers to the total number of each group.
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11.5+
-~ Total WWI

11.3+

11.1+

Mean WWI
.\

A

T T T
2011 2013 2015

11.17 (1.68) 11.28 (1.35) 11.24 (1.59) P for trend <0.05

11.74

— Male
/\ == — Female
11.4+
=
=
§ 1117
=
—
—
10.8+

T T T C
2011 2013 2015

Male 10.87 (1.17)  10.97 (1.03) 10.94 (1.20) P for trend <0.05

Female 11.44 (1.43) 11.56 (1.47) 11.52(1.35) P for trend <0.05

11.6
4559

11.4- g Soeagy =0

Mean WWI
—_
=
B

11.0

10.8

B

T T T
2011 2013 2015
45-59 10.98 (1.19) 11.10 (1.04) 11.06 (1.28) P for trend <0.05

>60 1142 (1.37) 11.47(1.23) 11.40 (1.26) P for trend =0.281

11.74

—— Rural
—— Urban
11.4+
=
z c
§ 111 !
=
10.81
D

T T T
2011 2013 2015
Rural 11.14 (1.61) 11.26 (1.36) 11.23 (1.59) P for trend <0.05

Urban 11.21 (1.78) 11.30 (1.30) 11.25(1.56) P for trend =0.175

The distribution of WWI was described using the weighted mean and standard deviation. The trend in weighted WWI from 2011 to 2015 was

assessed using the Mann—Kendall test.
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Fig.2 Trendsof mean WWI values in all participants (A) and stratified by age (B), sex (C) and residence (D) in Chinese adults
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Table 2 Factors associated with weight—adjusted—waist index in 2011
Univariable model Multivariable model
Factors _
b (95%CI) P value b (95%CI) P value
Age
45-59 0 (Reference) 0 (Reference)
=60 0.401 (0.372,0.431) <0.001 0.394 (0.365, 0.422) <0.001
Gender
Female 0 (Reference) 0 (Reference)
Male -0.595 (-0.623, -0.567) <0.001 -0.528 (-0.564, -0.492) <0.001
Residence
Rural 0 (Reference) 0 (Reference)
Urban 0.058 (0.026,0.089) <0.001 0.088 (0.060, 0.117) <0.001
Education

Less than primary
Compulsory education
High school and above
Married
Other
Yes
Smoking
Other
Yes
Drinking
Other
Yes
Dyslipidemia therapy
No
Yes
Hypertension therapy
No
Yes
Diabetes therapy
No
Yes

0 (Reference)
-0.378 (-0.411, —0.345)
-0.593 (-0.645, —0.540)

0 (Reference)
-0.291 (-0.336, —0.245)

0 (Reference)
-0.423 (-0.454, —0.392)

0 (Reference)
-0.337 (-0.368, -0.306)

0 (Reference)
0.277 (0.198, 0.356)

0 (Reference)
0.313 (0.272, 0.354)

0 (Reference)
0.341 (0.256, 0.426)

0 (Reference)
<0.001 -0.116 (-0.149, —0.083) <0.001
<0.001 -0.242 (-0.294, —0.189) <0.001

0 (Reference)
<0.001 -0.058 (-0.100, —0.016) 0.007

0 (Reference)
<0.001 -0.067 (=0.103, -0.032) <0.001

0 (Reference)
<0.001 -0.040 (-0.069, -0.011) 0.013

0 (Reference)
<0.001 0.140 (0.068, 0.212) <0.001

0 (Reference)
<0.001 0.176 (0.138, 0.214) <0.001

0 (Reference)
<0.001 0.190 (0.113, 0.267) <0.001

The factors associated with WWI were assessed using generalized linear models. CI: Confidence interval.
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Table 3 Association of weight—adjusted—waist index with cardiovascular disease

RR (95%CI)

Group

Model 1 Model 2 Model 3
Continuous WWT 1.24 (1.18, 1.31) ™ 1.16 (1.09, 1.22)™ 1.17 (1.10, 1.24)™
Quartered WW1I

Q1 (8.87-10.56)

Q2 (10.57-11.09)

Q3 (11.10-11.66)

Q4 (11.67-13.44)
P for trend

1 [Ref]

1.28 (1.12, 1.46)™"
1.37 (1.21, 1.56) ™
1.63 (1.44, 1.84)™

< 0.001

1 [Ref]
1.24 (1.09, 1.42)~
1.27 (1.11, 1.45)
1.38 (1.21, 1.59)™
<0.001

1 [Ref]

1.23(1.07, 1.40)™
1.27 (1.11, 1.44)™
1.40 (1.22, 1.60) ™

<0.01

Multivariate Log—binomial regression model was used to evaluate the association between WWI and CVD. Model 1 adjusted for none; Model 2

adjusted for age and gender; Model 3 adjusted for age, gender, education, BMI, marital status, residence, smoking and drinking status. CI: Confi-

dence interval; WWI: weight—adjusted—waist index. **P<0.01, **P<0.000 1.

2.01 P for overall<0.001 0.5
P for nonlinear = 0.285

L 0.4
3] =
§ ______________ B L 0.3 =
o 1.0 g
EZ’ 53
~ 02 A

0.1

0.0 0.0

9 10 11 12 13
WWI

The solid curved line represents the estimates for the association
of WWI with Cardiovascular disease, and shading, the 95% CI. The
frequency histogram illustrates the distribution of baseline WWI.
Models were adjusted for age, gender, education, BMI, marital status,
residence, smoking and drinking status.

B3 WWIS & gk 8- R X R
Fig.3 The dose-response relationship between WWI

and cardiovascular disease
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Table 4 Association of WWI with Stroke and Heart disease

RR (95%CI)

72

Outcome 01 Q2

Stroke

Model 1 1 [Ref] 1.31 (1.04, 1.66) "
Model 2 1 [Ref] 133 (1.05 ,1.67)"
Model 3 1 [Ref] 1.32 (1.04, 1.66)"
Heart diseases

Model 1 1 [Ref] 1.34 (1.14, 1.58) ™
Model 2 1 [Ref] 1.28 (1.09 ,1.50)
Model 3 1 [Ref] 1.27 (1.08, 1.49) "

Q3 Q4 P
1.31 (1.04, 1.65)" 1.59(1.27, 1.98)™ < 0.001
1.34 (1.06, 1.70) " 1.64(1.29, 2.09)" <0.001
1.34 (1.05, 1.70) 1.65(1.29, 2.10)™ <0.001
1.47 (1.25, 1.72) ™ 1.71(1.47, 1.99)™ < 0.001
1.29 (1.10, 1.51)~ 1.39(1.13, 1.57)" <0.001
1.29 (1.10, 1.52) 1.35(1.14, 1.59)™ <0.001

Model 1 adjusted for none; Model 2 adjusted for age and gender; Model 3 adjusted for age, gender, education, BMI, marital status,

residence, smoking and drinking status. CI: Confidence interval; WWI: weight—adjusted—waist index. *P<0.05, **P<0.01, **++P<0.000 1.

2.0

P for overall<0.001
P for nonlinear = 0.107

RR(95%CI)
5

0.0

9 10 11 12 13
WWI

3.0

P for overall<0.001
P for nonlinear = 0.404

2.0

RR(95%CI)

e

00 9 10 11 12 13 14 B

WWI

The solid curved line represents the estimates for the association of WWI with Cardiovascular disease, and shading, the 95% CI. Models were

adjusted for age, gender, education, BMI, marital status, residence, smoking and drinking status.
B4 WWISDRER(A)FZER(B)HFE-REX R
Fig. 4 Dose-response relationships of WWI with heart disease (A) and stroke (B)
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Subgroup Sample size RR(95%CTI) P for Interaction
Age E 0.009

45-59 6 494 i — 1.31(1.20,1.43)
=60 4555 —— 1.07(0.99,1.15)
Sex . 0.484
Male 5450 P 1.15(1.04,1.26)
Female 5599 y === 1.17(1.09,1.26)
Smoking 5 0.425
Yes 3559 e 1.12(0.99,1.26)
Other 7 490 P 1.18(1.10,1.26)
Drinking : 0.178
Yes 3780 —_— 1.30(1.16,1.45)
Other 7269 L o—— 1.13(1.05,1.21)
Married 5 0.382
Yes 9 689 L 1.20(1.12,1.27)
Other 1360 —— 1.04(0.89,1.22)
Education Level : 0.060
Less than primary 3101 '—f—'—' 1.05(0.95,1.16)
Compulsory education 6 779 T 1.22(1.12,1.31)
High school and above 1 169 E ' 1.31(1.08,1.58)
Residence : 0.828
Rural 7146 P —— 1.17(1.09,1.26)
Urban 3903 g 1.17(1.06,1.29)
BMI 5 0.661
<18.5 789 [ 0.98(0.81,1.16)
18.5-23.9 6012 | 1.16(1.06,1.26)
=24 4248 = 1.12(1.02,1.23)
(1.8 IIAO 1|42 I‘A l|.6

P
Lowerrisk  Higher risk
5 WWI5 CVD XU R4 53 #7

Fig.5 Subgroups and interaction analyses of WWI and the risk of CVD across subgroups
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Table 5 Sensitivity analysis of the association between WWI and CVD

RR (95%C1)

Outcome Q1 Q2 Q3 Q4 P

trend

Excluding participants who developed CVD within the first two years of follow—up

Model 1 1 [Ref] 1.30 (1.13, 1.50) "™ 1.45 (1.26, 1.66) 1.70 (1.49, 1.94)™ < 0.001

Model 2 1 [Ref] 1.26 (1.10, 1.46) ™ 1.33 (1.16, 1.54)™ 1.44 (1.24, 1.66) ™" <0.001

Model 3 1 [Ref] 1.26 (1.09, 1.45)" 1.34 (1.16, 1.54)™ 1.45(1.25, 1.68) ™" <0.001
Logistic model

Model 1 1 [Ref] 1.33 (1.14, 1.55) ™ 1.45(1.25, 1.69) ™ 1.78 (1.54, 2.07) ™ <0.001

Model 2 1 [Ref] 1.29 (1.10, 1.50) ™ 1.32(1.13, 1.55)™ 1.47 (1.26, 1.73)™ <0.001

Model 3 1 [Ref] 1.28 (1.10, 1.49)™ 1.33(1.13, 1.55)™ 1.50 (1.27, 1.76) ™ <0.001
Excluding participants with a baseline history of therapy for Dyslipidemia, Hypertension, and Diabetes.

Model 3 1 [Ref] 1.18 (1.00, 1.38)" 1.19 (1.01, 1.39)" 1.31(1.11, 1.55) ™ <0.01
E value = 1.76 1.85 2.15

Model 1 adjusted for none; Model 2 adjusted for age and gender; Model 3 adjusted for age, gender, education, BMI, marital status,

residence, smoking and drinking status.*P<0.05, *#P<0.01, *++P<0.000 1.
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