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Abstract  22 

Background 23 

Waist circumference (WC) and uric acid (UA) are significantly related. Still, their 24 

temporal sequence and how the sequence works on future risk of insulin resistance 25 

(IR) are unknown, especially in the Chinese population.  26 

Methods 27 

Cross-lagged panel model was used to analyze the reciprocal, longitudinal 28 

relationships between a set of inter-related variables. The mediation model was 29 

constructed to test the impact of the relationship between WC and UA on IR. 30 

Results 31 

A total of 5,727 subjects in our study population were enrolled, of which 53.5% were 32 

women, and the mean age was 59.0 (SD, 8.62) years. After adjusting for traditional 33 

confounding factors, we found that a higher level of baseline WC was significantly 34 

associated with a higher level of follow-up UA (β = 0.003, P = 0.031) and follow-up 35 

triglycerides glucose index (TyG) (β = 0.003, P < 0.001);. Simultaneously, there was 36 

no statistical association between the level of baseline UA and the level of follow-up 37 

WC (β = -0.009, P = 0.951). Besides, the cross-lagged panel model showed that the 38 

baseline WC had influenced the level of follow-up UA. The mediation effects of UA 39 

on WC-IR were estimated to be 18.1% in general adults, and 36.2% in women. 40 

Conclusions 41 

The current study demonstrated that the higher WC levels probably preceded UA in 42 

general population, and UA mediated the relationship of WC to TyG, especially 43 



among females. However, the mediation effect was different between men and women, 44 

and the possible mechanism would require further clarification.   45 

Keywords: waist circumference; uric acid; insulin resistance; temporal relationship 46 
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Background 66 

Type 2 diabetes mellitus (T2DM) is prevalent in the Chinese population, and insulin 67 

resistance (IR) is the main reason for T2DM [1]. At the same time, IR plays a crucial 68 

role in the pathophysiological mechanisms of T2DM and metabolic syndrome (MetS) 69 

[2,3]. In addition, it is closely associated with other non-communicable diseases 70 

(NCDs), including cardiovascular disease (CVD) [4-6] and cancer [7-9]. Currently, 71 

some studies have detected that one reason Asians have a higher risk of T2D and IR is 72 

the proximity of fat to the vital organs [10,11]. Therefore, early detection of IR is 73 

mandatory, especially among high-risk populations without symptoms.  74 

Many researchers have reported that visceral fat (determined by WC) is related to 75 

IR [12-14]. Besides, some studies have found that WC is a simpler and more effective 76 

measurement indicator used to discriminate IR compared with other indicators such as 77 

waist-to-height ratio [15]. Obesity not only refers to the increase in the number or size 78 

of fat cells but also means the abnormal distribution of fat tissue in the body. Growing 79 

evidence demonstrated that abdominal adiposity assessed by WC causes more health 80 

risks than total adiposity evaluated by body mass index (BMI) [16]. Compared with 81 

BMI or waist to hip ratio, WC has been shown as a more effective indicator of 82 

visceral adiposity in epidemiological studies, which performed better in correlation 83 

with visceral fat [16]. 84 

At the same time, some studies have demonstrated that the measurement of 85 

obesity was positively related to the serum levels of UA [17-19]. The result of one 86 

prospective study has found that the increase of serum UA is related to the increased 87 



risk of clinical diseases based on IR [20]. As we all know, serum UA's level is 88 

associated with the metabolism of glucose and lipid. In addition, the level of serum 89 

UA is also related with the increase of body fat deposition [21,22]. The data of the 90 

potential clinical role of serum UA beyond the rheumatologic field is increasing. 91 

However, the evidence regarding the predictive value of serum UA in the 92 

development of insulin resistance has not offered sufficient supporting results [23-30]. 93 

TyG levels, which are associated with insulin resistance, play a significant role in 94 

predicting the incidence of diabetes and cardiovascular disease. However, it is unclear 95 

that the WC is related to TyG and to what extent is  associated with TyG.To date, 96 

there was few literature from general population studies, particularly for a prospective 97 

cohort study of Chinese adults, who are having an increase in WC and TyG. Therefore, 98 

we hypothesized the possible association of WC and TyG mediated by UA. based on 99 

this, the current study aimed to investigate the relationship between UA and TyG 100 

component to WC level. In addition, a separate subgroup analysis between men and 101 

women was conducted to evaluate the influence of the level of WC, UA, and TyG 102 

(CA) on sex. 103 

Methods 104 

Study population 105 

China Health and Retirement Longitudinal Study (CHARLS) was a nationally 106 

representative survey that conducted by the National School of Development of 107 

Peking University. From June 2011 to March 2012 (baseline survey), a multistage, 108 

random cluster sampling process was performed to select a representative sample 109 



aged ≥45 years in 10,287 households in 450 villages/urban. 17,708 individuals were 110 

enrolled in the baseline survey through face-to-face household interviews. Since 111 

recruitment, 17,708 individuals would be re-surveyed every two years using the same 112 

questionnaires as the baseline, periodically. Blood samples were collected in 2011 and 113 

2015. The protocol of the blood-based biomarker sample collection study was 114 

approved by the ethical review committee of Peking University (IRB 115 

00001052-11014). The detailed information regarding the CHARL has been described 116 

on the CHARLS website (http://charls.pku.edu.cn/en). The ethical committees have 117 

approved the study protocol of Peking University, and all the written informed 118 

consent has been provided by participants. 119 

Our study was a post hoc analysis of CHARLS from 2011 to 2015. Of the 17,708 120 

individuals at baseline, 1,099 subjects were younger than 45 years, 2,363 subjects 121 

missed contact information or refused to attend the follow-up, and 134 subjects 122 

indicated cancer or malignant tumor at baseline. Finally, 14,112 participants were 123 

eligible to participate in the follow-up. All the subjects with complete data in gender, 124 

ethnicity, smoking status, drinking status, educational level, systolic blood pressure 125 

(SBP), diastolic blood pressure (DBP), heart rate (HR), BMI, and WC at 2011 and 126 

2015 follow-up can be included in this study. In addition to this, all the subjects 127 

should have complete data on triglycerides (TG), fasting plasma glucose (FPG), 128 

high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol 129 

(LDL-C), uric acid (UA), and creatinine test. The participants had cancer or malignant 130 

tumor at baseline were excluded. Finally, 5,727 subjects were included in our study. 131 



At the same time, we used a flow chart (Fig. 1) to show the detailed information about 132 

the sample size of subjects and exclusion reasons in our study.  133 

Exposures and Covariates 134 

Information on demographics (gender, age, ethnicity, and education), lifestyle factors 135 

(smoking status and drinking status), and history of diseases (diabetes, chronic kidney 136 

disease, and hypertension) were obtained by the structured home interview. Data on 137 

health behaviours were obtained from the subjects’ self-reported health questionnaire 138 

including frequency of alcohol consumption (never, less than once a month, and more 139 

than once a month), and smoking status in the past year (never, former, and current 140 

smoker). Smoking means smoking ≥ 100 cigarettes in one’s all life. Data on diabetes, 141 

chronic kidney disease, and hypertension were collected by trained health staff 142 

members. 143 

Data on collection and measurement of cholesterol indexes, fasting plasma 144 

glucose, biochemical blood indexes, and other blood pressure indexes has detailed on 145 

the CHARLS website (http://charls.pku.edu.cn/en). TG, LDL-C and HDL-C were 146 

measured using an auto-analyzer (Olympus AU640 Auto-Analyzer, Olympus Corp, 147 

Kobe, Japan). Omron™ HEM-7200 Monitor (Omron (Dalian) Co., LTD., Dalian, 148 

China) was used to measure SBP and DBP by certified investigators in the sitting 149 

position after 5 minutes rest among each measurement. The mean of 3 blood pressure 150 

values was calculated and used for our analysis. The BMI was calculated using the 151 

weight and height indicators; the formulate as follows: BMI = weight (Kg) / height2 
152 

(m2). 153 



Dependent variable (Y) 154 

The TyG index was calculated as the follows formulate: TyG = ln [fasting TG 155 

(mmol/L) * FPG (mmol/L) *0.5*159.37] [31]. TG and FPG were measured by the 156 

Enzymatic colourimetric test method.  157 

Independent variable (X) 158 

A soft tape measure was used to measure WC and inserted it at the navel level to 159 

measure WC at the standing pose, with a cloth measuring tape. At the same time, all 160 

participants needed to take a normal breath and exhale, holding the breath at the end 161 

of exhaling and letting the tape out slightly. 162 

Mediators (M) 163 

Uric acid was measured by UA Plus method, and creatinine was measured by 164 

Rate-blanked and compensated Jaffe creatinine method. These assays were performed 165 

at the Youanmen Center for Clinical Laboratory of Capital Medical University. 166 

Statistical analysis 167 

All analysis was performed by IBM SPSS version 22.0 and SPSS Amos 22.0. A 168 

2-sided P < 0.05 was deemed statistically significant. 169 

Percentiles was used to describe the categorical variables and mean (standard 170 

deviation, SD) to describe the continuous variables that met the normal distribution. 171 

For some continuous variables that did not meet the normal distribution, we used the 172 

median (inter-quarter range) method to describe the central and discrete trends. At the 173 

same time, we used student t test or Mann-Whitney U test or Pearson’s χ2 -tests to 174 

compare the statistics significant between men and women.  175 



We constructed a linear regression model to explore the association of whether 176 

WC (UA) predicted future variation of TyG, in which model future TyG variation was 177 

the dependent variable and baseline WC(UA) was the independent variable. First, the 178 

multicollinearity problem among independent variables was examined by the variance 179 

expansion factor (VIF). VIF > 10 was deemed multicollinearity signification. Second, 180 

we used three models to explore the association between baseline (examination at 181 

2011) WC(UA) and future (follow-up at 2015) TyG as follows: model 1: just adjusted 182 

for baseline WC(UA); model 2: at the fundamental basis of model 1, plus baseline age, 183 

sex and ethnicity; model 3: at the basic model 2, plus baseline education, current 184 

smoking, alcohol drinking, SBP, DBP, HR, BMI, HDL-C, LDL-C, and creatinine.  185 

Longitudinal changes of WC and UA indices were measured at two-time points. 186 

Previous study introduced the theory and application of cross-lagged panel design 187 

[32]. Overall, we can use the cross-lagged panel model to analyze the longitudinal 188 

relationships among a set of inter-related variables [33]. In Figure 2, the path with β1 189 

showed the effect of baseline UA on follow-up WC, β2 showed the effect of baseline 190 

WC on follow-up UA. In addition, the values of WC, UA were adjusted by baseline 191 

and follow-up variables, respectively: sex, age, ethnicity, education, current smoking, 192 

alcohol drinking, SBP, DBP, HR, BMI, HDL-C, LDL-C, and creatinine in linear 193 

regression analyses and save residual. After this, we used Z-transformation to 194 

standardize the residuals (mean = 0; SD = 1). The model fits were evaluated by the 195 

Comparative Fit Index (CFI). Root mean square residual (RMR) <0.05 and 196 

comparative fitness index (CFI) >90 meant a relatively good model fit to the observed 197 



data in the cross-lagged path model. In addition, the cross-lagged analysis model was 198 

constructed in groups of men and women, separately. 199 

Once the temporal relationship between WC and UA has been established, the 200 

mediation model was constructed to test the impact of the relationship between WC 201 

and UA on TyG. It was worth noting that the values of TyG were analyzed by linear 202 

regression residual model and standardized by Z-transformation (mean=0, SD=1), too. 203 

According to results of the cross-lagged path analysis model to determine the X and 204 

M, X was predictor, M was mediator, TyG was the outcome. The detailed mediation 205 

model was presented in Fig.3, which involved three models, 206 

including effect) total(  X Y Model TolTol  ββ ,207 

1)effect indirect  = ( X  = M Model 11 ββ  208 

effect).direct   2,effect indirect  ( X +M  = Y Model Dir2Dir2  β We used the 209 

formula to calculate the proportion of the mediation effect, as follows: Mediation 210 

effect (%) = %100
Tol

21 




.  211 

Results 212 

A total of 5,727 subjects in our study population were enrolled, of which 53.5% was 213 

women, and the mean age was 59.0 (SD, 8.62) years. Detailed baseline and follow-up 214 

characteristics of the study population were summarized in Table 1. By comparing the 215 

difference among sex groups, the result indicated that SBP, DBP, HR, and FPG were 216 

no significant difference at baseline and FPG was no significant difference at 217 

follow-up. 218 

Table 2 showed the prospective association of baseline WC with follow-up UA 219 



and TyG. After adjusting for baseline UA, age, sex, ethnicity, education, current 220 

smoking, alcohol drinking, SBP, DBP, HR, BMI, HDL-C, LDL-C, and creatinine, the 221 

result revealed that a higher level of WC was associated with a higher level of 222 

follow-up UA (β = 0.003, P = 0.031) and follow-up TyG (β = 0.003, P < 0.001).  223 

Table 3 showed the prospective association of baseline UA with follow-up WC 224 

and TyG. We found that a higher level of UA was associated with a higher level of 225 

follow-up TyG (β = 0.051, P < 0.001). However, the level of baseline UA was no 226 

significantly  related to the level of follow-up WC (β = -0.009, P = 0.951). 227 

Results of the cross-lagged path analysis of WC and UA in the general population 228 

with age ≥ 45 were shown in Figure 2. The WCbaseline → UAfollow-up path coefficients 229 

(β1 = 0.025) were significantly different from 0 (P = 0.021). However, the UAbaseline 230 

→ WCfollow-up path coefficients (β2 = 0.001) were not significantly different from 0 (P 231 

= 0.921). The study results showed that widening WC at baseline resulted in an 232 

increase in UA levels at follow-up but not the increase in UA levels at baseline, 233 

leading to later WC widening. Model fitting parameters were CFI=0.991 and 234 

RMR=0.016 in the model of WC with UA. The values of CFI and RMR showed a 235 

relatively good model fit to the observed data in our cross-lagged path model.  236 

Figure 3 showed the mediation effects of follow-up TyG on the association 237 

between baseline level of WC and follow-up level of UA, adjusted for sex, age, 238 

ethnicity, education, current smoking, alcohol drinking, SBP, DBP, HR, BMI, HDL-C, 239 

LDL-C, creatinine after excluding cancer or malignant tumour at baseline. The 240 

standardized total effect of WC on TyG was 0.06104, and the standardized direct 241 



impact was 0.050. Indirect effect 1 and 2 formed the overall indirect effect. According 242 

to the formula in the statistics method, the overall indirect effect was 0.01104 243 

( 0.1840.060 ), the percentage of the total effect mediated by follow-up UA was 244 

estimated at 18.1% ( 100%
0.06104

0.01104
 ). 245 

 The results of subgroup analyses between men and women were shown in 246 

Figure 4 and Figure 5. For women, we found that the WCbaseline → UAfollow-up path 247 

coefficients (β1 = 0.033) was significantly different from 0 (P = 0.014), and the 248 

UAbaseline → WCfollow-up path coefficients (β2 = 0.019) was not significantly different 249 

from 0 (P = 0.340). However, for men, we found that the WCbaseline → UAfollow-up path 250 

coefficients (β1 = 0.015) was not significantly different from 0 (P = 0.407), and the 251 

UAbaseline → WCfollow-up path coefficients (β2 = -0.013) was not significantly different 252 

from 0 (P = 0.444). These results indicated that an increase in baseline WC might 253 

affect subsequent UC increases, mainly in women, not in men. For women, the 254 

percentage of the total effect mediated by follow-up UA was estimated at 36.2% 255 

( 100%
0.03762

0.01362
 ). 256 

Discussion 257 

The results of current study were 4-fold: (1) confirming the temporal relationship 258 

between WC and UA (WCbaseline → UAfollow-up); (2) verifying UA mediate on WC to 259 

TyG; (3) estimating the percentages of UA index mediation effect on WC - TyG 260 

(18.1%); (4) and finding the mediation effect of UA on WC - TyG in women not in 261 

men.  262 

As we all know, with the change of diet structure and lifestyle, and the increase of 263 



social pressure, the global obesity rate has shown apparent upward trend [1-3]. With 264 

the deepening of the research on the relationship between obesity and disease, 265 

abnormal fat distribution in the body, especially the accumulation of abdominal fat, 266 

has a higher correlation with the occurrence of IR [12-14]. WC is a simple and 267 

reliable measure of central obesity. Studies have demonstrated that WC can be used as 268 

an indicator to assess early insulin secretion [15]. In addition, serum UA and obesity 269 

are related to enhanced the level of IR and the incidence of MetS [20]. Some studies 270 

have demonstrated that UA was an independent risk factor for gout and some major 271 

public health threat as Parkinson’s disease, renal diseases, cardiovascular, metabolic 272 

syndrome, hypertension, and even DM. WC as the obesity indicator is considered  273 

the main risk factor for hyperuricemia [21,22], however, the temporal relationship 274 

between WC and hyperuricemia is still controversial. In this study the cross-lagged 275 

path analysis was applied to explore the chicken-and-egg question as a practical 276 

statistical approach in analyzing the causal relationship among two intercorrelated 277 

variables. In current study, the result revealed that the unidirectional relationships 278 

from WC to UA. In addition, because sex may influence the level of WC, UA, and 279 

TyG (CA), we conducted a subgroup analysis between men and women separately. 280 

The unidirectional relationship from WC to UA was significantly stronger in women 281 

than that in men. UA mediated the effect of WC on TyG, and the mediation effect of 282 

UA was in women, not in men. The mechanism of gender differences needed in-depth 283 

study. 284 

Previous study has shown that 1/2 of diabetes participants could be attributed to 285 



the increased serum UA level [34]. The increased level of serum UA is known to be 286 

related to hypertension, glucose intolerance, and obesity [35]. Previous study 287 

demonstrated that the high level of UA predicted the development of 288 

hyperinsulinemia [36]. Some studies have showed that hyperuricemia was associated 289 

with adiposity and IR [23-30]. Therefore, UA's mediation effects on IR should be 290 

considered when examining the association between the WC and IR. The high level of 291 

UA was positively associated with the level of high-sensitivity C-reactive protein 292 

(hs-CRP) [37]. Oxidative-stressed adipose tissue was a risk factor of IR because 293 

oxidative-stressed adipose tissue can decrease insulin sensitivity. Simultaneously, the 294 

generation of reactive oxygen species (ROS) and the levels of NADPH oxidase tissue 295 

can be increased by soluble UA. Increasing serum UA can cause IR through 296 

depressing the bioavailability of Nitric Oxide (NO) and leading to oxidative stress in 297 

mitochondria. Viazzi et al. [38] in 2014 stated that this mechanism happened because 298 

of the role of hyperinsulinemia, which acted as an excellent marker in measuring IR.  299 

The rising IR-related health burden emphasizes the significance and urgency for 300 

the searching and managing risk factors for IR. In addition, IR plays a substantial role 301 

in the pathophysiology of T2DM and MetS. At the same time, IR is strongly 302 

associated with some non-communicable diseases, including cancer and 303 

cardiovascular abnormalities. In addition, IR may by increasing the risk of mortality 304 

by promoting DNA damage, stimulation of mitogenesis, and the disruption of glucose 305 

[39,40]. Therefore, IR is early detected and controlled is crucial, and it should be 306 

carried out even in the absence of symptoms. Recently, Homeostatic Model 307 



Assessment (HOMA-IR) is a commonly used measurement index. However, the 308 

HOMA-IR is time-consuming and expensive; some studies have developed and 309 

assessed some surrogate markers for IR [41]. One of these biomarkers is the TyG, and 310 

it has been examined in different populations with stable results, although in 311 

normal-weight adults [41]. Therefore, we used the TyG in our study as the IR’s 312 

predictor.  313 

Currently, the prevalence of abdominal obesity has increased and has been 314 

considered a major health hazard. Abdominal obesity is significantly related to the 315 

risk of mortality, CVD, and other diseases. Comparing to generalized obesity, central 316 

obesity is more closely linked to IR. WC as a predicted measure of health risk is a 317 

convenient and effective index of abdominal obesity. It has a significant, predictable 318 

association with intra-abdominal fat area and volume. One cross-sectional study of 319 

participants without diabetes demonstrated that the insulin sensitivity index 320 

significantly correlated with WC across populations [42]. Previous literature has 321 

evidenced that WC is a suitable proxy measure for central obesity [15]. Studies have 322 

found that with the increase of BMI and adipose tissue, the incidence of type 2 323 

diabetes gradually increases [16]. However, the ratio of adipose tissue to the muscle 324 

will affect the BMI, so the situation of human adipose tissue cannot be entirely and 325 

objectively reflected. Simultaneously, increased triglyceride-rich lipoprotein secretion 326 

and impairment of clearance of these lipoproteins are the potential mechanism of 327 

central obesity leading to hypertriglyceridemia [43,44]. After controlling for BMI, 328 

WC as a marker of abdominal obesity has significantly associated with type 2 329 



diabetes risk [45]. In addition, it has been debated that cardiometabolic diseases and 330 

IR are associated with the increase in visceral adipose tissue, and WC is a better 331 

marker of changes in fat distribution comparing to BMI. A study has shown that 332 

participants with a higher WC are more susceptible to metabolic syndrome (MetS) 333 

and diabetes caused by IR than the participants with lower WC among the same BMI 334 

[39]. 335 

The Finnish Diabetes Prevention Study with impaired glucose tolerance risk 336 

population showed that UA's change was significantly associated with the change in 337 

fasting insulin [46]. Serum UA as the product of purine metabolism, its level is 338 

determined by the level of purine metabolism in the liver, excretion from the kidney, 339 

and secretion from adipose tissue. Some literature proved that central obesity might 340 

be associated with hypertriglyceridemia is by increasing the triglyceride-rich 341 

lipoprotein secretion and impairing this lipoprotein clearance [43,44]. The mechanism 342 

may include the abnormal secretion of very-low-density lipoproteins related with the 343 

means that may have the abnormal secretion of very-low-density lipoproteins 344 

associated with the increased of visceral adiposity [43]. 345 

Strength and limitation 346 

All WC, UA, and TyG measurements were carried out by trained staff under the 347 

unified and standardized measuring instrument with high repeatability. Most 348 

importantly, we controlled the subgroup analysis between males and females about 349 

the UA’ss mediation effects on WC to IR in a representative sample of the Chinese 350 

population with age over 45 years. In addition, the current study provided information 351 



on education, current smoking, alcohol drinking, SBP, DBP, HR, BMI, HDL-C, 352 

LDL-C, and creatinine. However, excluding the missing data, only 5,727 participants 353 

included in our finally analysis.  354 

Conclusions 355 

The result of this research demonstrated that the baseline level of WC and UA were 356 

associated with the future risk of IR, the temporal relationship between WC and UA 357 

was WCbaseline → UAfollow-up, and the mediation effect of UA on WC - TyG was found 358 

in women, not in men. Further studies are required to explore the possible underlying 359 

mechanism. 360 
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Figure legends 532 

Fig.1. Flow chart of participants included in this study after inclusion and exclusion. 533 

Fig.2. Cross-lagged path analysis of WC and UA index(n=5727), agjusted for baseline 534 

and follow-up variables, respectively: sex, age, ethnicity, education, current smoking, 535 

alcohol drinking. r1=synchronous correlations; r2, r3 = tracking correlations; r1, r2 = 536 

cross-lagged path coefficients; R2 = variance explained); * represent coefficients 537 

different from 0, P < 0.001; CFI = 0.991, RMR = 0.016 538 

Fig.3. Mediation effect of UA index on the WC-TyG association (n =5727), * 539 

represent coefficients different from 0, P < 0.001. 540 

Fig.4. In men: Cross-lagged path analysis of WC and UA index(n=2663), agjusted for 541 

baseline and follow-up variables, respectively: sex, age, ethnicity, education, current 542 

smoking, alcohol drinking, SBP, DBP, HR, BMI, HDL-C, LDL-C, and creatinine. 543 

r1=synchronous correlations; r2, r3 = tracking correlations; r1, r2 = cross-lagged path 544 

coefficients; R2 = variance explained); * represent coefficients different from 0, P < 545 

0.001; CFI = 0.995, RMR = 0.015; In women: Cross-lagged path analysis of WC and 546 

UA index(n=3064), agjusted for baseline and follow-up variables, respectively: sex, 547 

age, ethnicity, education, current smoking, alcohol drinking, SBP, DBP, HR, BMI, 548 

HDL-C, LDL-C, and creatinine. r1=synchronous correlations; r2, r3 = tracking 549 

correlations; r1, r2 = cross-lagged path coefficients; R2 = variance explained); * 550 

represent coefficients different from 0, P < 0.001; CFI = 0.984, RMR = 0.019 551 

Fig.5. Mediation effect of UA index on the WC-TyG association (n =3064) in women, 552 

* represent coefficients different from 0, P < 0.001. 553 



Figures

Figure 1

Flow chart of participants included in this study after inclusion and exclusion.



Figure 2

Cross-lagged path analysis of WC and UA index(n=5727), agjusted for baseline and follow-up variables,
respectively: sex, age, ethnicity, education, current smoking, alcohol drinking. r1=synchronous
correlations; r2, r3 = tracking correlations; r1, r2 = cross-lagged path coe�cients; R2 = variance explained);
* represent coe�cients different from 0, P < 0.001; CFI = 0.991, RMR = 0.016



Figure 3

Mediation effect of UA index on the WC-TyG association (n =5727), * represent coe�cients different from
0, P < 0.001.

Figure 4

In men: Cross-lagged path analysis of WC and UA index(n=2663), agjusted for baseline and follow-up
variables, respectively: sex, age, ethnicity, education, current smoking, alcohol drinking, SBP, DBP, HR, BMI,
HDL-C, LDL-C, and creatinine. r1=synchronous correlations; r2, r3 = tracking correlations; r1, r2 = cross-
lagged path coe�cients; R2 = variance explained); * represent coe�cients different from 0, P < 0.001; CFI



= 0.995, RMR = 0.015; In women: Cross-lagged path analysis of WC and UA index(n=3064), agjusted for
baseline and follow-up variables, respectively: sex, age, ethnicity, education, current smoking, alcohol
drinking, SBP, DBP, HR, BMI, HDL-C, LDL-C, and creatinine. r1=synchronous correlations; r2, r3 = tracking
correlations; r1, r2 = cross-lagged path coe�cients; R2 = variance explained); * represent coe�cients
different from 0, P < 0.001; CFI = 0.984, RMR = 0.019

Figure 5

Mediation effect of UA index on the WC-TyG association (n =3064) in women, * represent coe�cients
different from 0, P < 0.001.


