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Objective: Although elevated uric acid is associated with obesity and considered a predictor of hypertension, the causal linkage
between the three metabolic conditions is not very clear. We aim to examine whether elevated uric acid mediates the effects of obesity
on hypertension development.

Methods: A total of 1984 participants (mean aged 53 years, 62.10% female) with repeated measurements of obesity, blood pressure,
and uric acid 4 years apart in the Gusu cohort were included. We first applied cross-lagged panel analysis and bidirectional association
analysis to delineate the temporal association between obesity and hyperuricemia. Then, a causal mediation model was constructed to
further examine the causal role of hyperuricemia in the linkage between obesity and hypertension. Age, sex, education, cigarette
smoking, alcohol consumption, fasting blood glucose, and lipids were adjusted.

Results: The cross-lagged panel analysis demonstrated that the relationship from baseline obesity to follow-up hyperuricemia was
stronger than that from baseline hyperuricemia to follow-up obesity (B: 0.09 vs 0.06, P<0.01 for BMI, B: 0.13 vs 0.07, P<0.01 for
WC). Bidirectional association analysis found that baseline obesity predicted the risk of incident hyperuricemia (OR = 1.09, P<0.01
for BMI, OR = 1.05, P<0.01 for WC), but the other directional association was not statistically significant (all P>0.05). The causal
mediation analysis found that hyperuricemia partially mediated the association of baseline BMI (mediate proportion: 3.09%, 95% CI:
0.97%~6.00% for SBP, 3.74%, 95% CI: 1.55%~7.00% for DBP) and baseline WC (mediate proportion: 5.56%, 95% CI: 2.01%
~11.00% for SBP, 5.81%, 95% CI: 2.59%~10.00% for DBP) with follow-up blood pressures.

Conclusion: Obesity preceded hyperuricemia and the latter partially mediated the relationship between obesity and hypertension,
independent of behavioral and other metabolic factors.

Keywords: bidirectional association analysis, causal mediation analysis, cross-lagged panel analysis, blood pressures, temporal
relationship, uric acid, obesity

Introduction

Attributable risk estimates from large epidemiological studies suggest that obesity may be responsible for at least 40% of
the risk of hypertension,’ but clinical trials found a much smaller effect size — only about 10-15% of hypertensive
incidents could be prevented by weight loss interventions, eg, bariatric surgery.> A better understanding of the underlying

mechanisms would improve the prevention and control of hypertension for individuals with obesity. It is widely believed
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that purine metabolism has been associated with both obesity and hypertension, and may thereby participate in the causal
effect of obesity on blood pressure regulation.%5 As the final enzyme product of purine metabolism, uric acid (UA)

levels in serum have been associated with many diseases,’ including metabolic syndrome,” diabetes mellitus,®

19 and liver dysfunctions.'' Recent studies have demonstrated that serum UA

6,12

dyslipidemia,” chronic kidney disease,
levels are also associated with obesity and are considered a predictor of cardiovascular disorders'® including
hypertension.'*'> However, the causal linkages between the three metabolic conditions are not very clear. For example,
some observational studies, including our previous Mendelian Randomization study,'® found that obesity proceeded with
elevation of serum UA, whereas some others found that uric acid levels can predict subsequent weight gain.'”'®
Although numerous trials have found that weight loss interventions can result in a decrease in UA for participants

19-21

with obesity, whether strategies for lowering uric acid can reduce weight for participants with hyperuricemia is

unknown. These findings may suggest a bidirectional effect between obesity and elevated UA but lack epidemiological

evidence. On the other hand, although trials did not find a consistent result,*>??

almost all observational studies suggest
that elevation of UA proceeded with the incidence of hypertension.'>?*2¢ All these findings indicate that elevated UA
may cross-talk with obesity during hypertension. Mediation analysis is typically used to interpret molecular mechanisms
and potential causal associations in epidemiological studies®’ and therefore could be applicable to delineate the causal
associations amongst obesity, hyperuricemia, and hypertension. While this mediation has not yet been studied in humans,
it is critical for precision medicine of hypertension. Therefore, leveraging a prospective longitudinal study of Chinese
adults in the Gusu cohort, we aimed to examine (1) the temporal and bidirectional association between obesity and
hyperuricemia and (2) the mediating effect of uric acid on the association between obesity and hypertension or the

mediating effect of obesity on the association between hyperuricemia and hypertension.

Methods
Study Participants

The Gusu cohort is a community-based, prospective longitudinal study that aimed to identify new risk factors for
cardiovascular disease (CVD) in Chinese adults. The study design and participants’ recruitment have been detailed
previously.?® In brief, a total of 2,498 community members over 30 years old and free of overt CVD were included from
eight randomly selected communities in the baseline examination in 2010 (phase 1). Of them, all surviving participants
were invited to participate in the follow-up examination in 2014 (Phase 2) where some behavior and metabolic factors
were repeatedly measured. The protocols of the Gusu cohort were approved by the Soochow University Ethics
Committee. Written informed consent was obtained from all study participants. This research was conducted ethically
following the World Medical Association Declaration of Helsinki.

Figure 1 shows the selection of study participants in the current study. After excluding participants who died (N = 24),
had missing data on obesity measurements or serum UA (N = 3), and were denied to participate in the follow-up
examination (N = 487), 1984 participants with repeated measurements of obesity and serum UA 4 years apart were
finally included in the current study.

Measurement of BMI/WC and Definition of Obesity/Central Obesity

Anthropometry was provided for all participants at baseline and follow-up examinations. Body weight and height were
measured using a regularly calibrated stadiometer and balance-beam scale with participants wearing light clothing and no
shoes. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Waist circumfer-
ence (WC) was measured at 1 cm above the umbilicus. Hip circumference was measured around the widest portion of the
buttocks, with the tape parallel to the floor. Obesity was defined as BMI >28 kg/m? and central obesity was defined as WC
>85 cm for men and as WC >80 cm for women, based on the recommendations of the Working Group on Obesity in China.?’

Measurement of Serum Uric Acid and Definition of Hyperuricemia
At both examinations, blood samples were obtained from venipuncture after fasting for at least 8 hours. UA in serum was
measured enzymatically on Hitachi 7020 Automatic Biochemical Analyzer using a commercial reagent (FUJIFILM,
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Figure | A flowchart illustrating the selection of study participants and the statistical plan.

Japan). Hyperuricemia was commonly defined as serum UA >420umol/L for men and >360pumol/L for women. This

definition has been commonly used in prior studies.*

Measurement of Blood Pressure and Definition of Hypertension

Blood pressure is measured using a mercury sphygmomanometer based on the international standard measurement
method. Three consecutive blood pressure measurements with an interval of about 30 seconds were performed for
participants in a sitting position.*' The average of the three measurements was calculated as the systolic blood pressure
(SBP) and diastolic blood pressure (DBP) of participants. Hypertension has been defined as SBP >140 mmHg and/or
DBP >90 mmHg or use of antihypertensive medication in the past 2 weeks.”'

Assessment of Risk Factors of Hypertension

Sociodemographic data, including age, sex and education level, were obtained by questionnaires administered by trained
staff. Cigarette smoking was classified as current smoking or not. Current smoking was defined as having smoked at least
100 cigarettes in one’s life, smoking frequently, and smoking currently. Alcohol consumption was classified as current
drinkers or not. Current drinkers are those who have been drinking in the past year. Fasting blood glucose and lipids,
including total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C), were analyzed enzymatically on a Hitachi 7020 automatic biochemical analyzer using commercial
reagents (FUJIFILM, Japan) using standard laboratory methods.*®

Statistical Analysis

To delineate the causal role of hyperuricemia in the link between obesity and hypertension, as illustrated in Figure 1, we
first applied cross-lagged panel analysis and bidirectional association analysis to examine the temporal association
between obesity and hyperuricemia. Then, we applied causal mediation analysis to further help causal inference for
the role of hyperuricemia in the association between obesity and hypertension. All statistical analyses were performed
using R version 4.0.5. A 2-tailed P value less than 0.05 is considered statistically significant.
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Cross-Lagged Panel Analysis

To examine the temporal association between obesity and hyperuricemia, the repeated measurements of BMI/WC and
serum UA were first standardized with Z-transformation (mean = 0, SD = 1) and the generated values were then used to
construct a cross-lagged panel analysis model. In this model, Pearson correlation coefficients and cross-lagged path
coefficients were examined, adjusting for age, sex, education level, cigarette smoking, alcohol consumption, fasting
glucose, LDL-C, and HDL-C. The validity of model fitting was represented by the root mean square residual (RMSR)
and comparative fit index (CFI). The cross-lagged panel analysis was performed by the “lavaan” R package.>® The
rationale for using the cross-lagged panel analysis model here is that this model can simultaneously examine reciprocal
and longitudinal relationships among a series of interrelated variables.

Bidirectional Association Analysis

To further examine whether hyperuricemia at baseline predicts the risk of obesity during follow-up, we constructed
a logistic regression model in a subsample of participants free of obesity at baseline, in which incident obesity during
follow-up was the dependent variable and baseline hyperuricemia (continuous UA or categorized as normal versus
hyperuricemia) was the independent variable, adjusting for the confounding factors listed above as well as baseline BMI.
The association between hyperuricemia at baseline and incident central obesity during follow-up was similarly examined
in participants free of central obesity at baseline. To examine other directional associations between baseline obesity/
central obesity and incident hyperuricemia during follow-up, a similar logistic regression model was constructed for
participants free of hyperuricemia at baseline.

Causal Mediation Analysis

Once the temporal relationship between obesity and hyperuricemia was established, a causal mediation model was
applied to infer the causation of obesity and hyperuricemia in hypertension development. To examine whether hyper-
uricemia linked obesity with hypertension, we constructed a causal mediation model with baseline BMI/WC (after
Z-transformation) as the predictor, serum UA (after Z-transformation) at follow-up examine as the mediator, and SBP/
DBP at follow-up examination as the outcome. The causal mediation analysis was performed using the R package

“mediation”,** adjusting for covariates listed above.

Results

Baseline Characteristics of Study Participants

Our analysis included 1984 participants (mean aged 53 years, 62.10% female), including 190 (9.58%), 287 (14.47%), and
1047 (52.77%) participants with hyperuricemia, obesity, and central obesity at baseline. Their clinical characteristics at
baseline and follow-up examinations are shown in Table 1. The levels of serum UA were significantly increased after an
average of 4 years of follow-up (mean: 276.12 vs 315.62 mmol/L, P<0.01). The levels of other biochemical parameters
such as fasting glucose, triglyceride and LDL-C were also significantly increased after an average of 4 years of follow-up
(all P<0.05). We did not find significant changes in BMI or WC between the baseline and follow-up examinations.

Temporal Relationship Between Obesity/Central Obesity and Hyperuricemia

As illustrated in Figure 2A, there was a significant correlation between BMI and serum UA at baseline (1=0.25, P<0.05).
After adjusting for age, sex, education level, cigarette smoking, alcohol consumption, LDL-C, HDL-C, and fasting glucose,
the cross-lagged path coefficients from baseline serum UA to follow-up BMI (3,=0.06, P<0.01) and from baseline BMI to
follow-up serum UA ($,=0.09, P<0.01) were all significant, but the later seemed to be larger. This model was fitted well in
our sample, as indicated by the RMSR and CFI of 0.009 and 0.978, respectively. This result may indicate that obesity
precedes hyperuricemia. The cross-lagged panel analysis regarding WC and serum UA also found a similar phenomenon
(Figure 2B). After adjusting for the above confounding variables, the cross-lagged path coefficient from baseline WC to
follow-up serum UA (B,=0.13, P<0.01) was also significantly larger than that from baseline serum UA to follow-up WC (j3,
=0.07, P<0.01). This model was also well fitted as indicated by the RMSRand CFI of 0.007 and 0.987.
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Table | Baseline Characteristics of Study Participants in the Gusu Cohort (n = 1984)

Characteristics Baseline Follow-Up P value*
Age, years 52.749.1 57.549.2 <0.01
Sex, female (%) 1232 (62.10) -
Education level, high school or above (%) 370 (18.65) - -
Current smoking, n (%) 455 (22.93) 462 (23.29) 0.79
Current drinking, n (%) 369 (18.60) 467 (23.54) <0.01
Body mass index, kg/m? 24.75+3.58 24.75+3.24 0.98
Waist circumference, cm 82.27+9.07 82.0419.20 0.09
Fasting glucose, mmol/L 5.39+1.29 571+1.33 <0.01
Total cholesterol, mmol/L 5.19+1.39 5.10+0.92 <0.01
Triglycerides, mmol/L 1.44+1.56 1.54+1.24 <0.01
Low-density lipoprotein cholesterol, mmol/L 3.01+0.76 3.08+0.72 <0.01
High-density lipoprotein cholesterol, mmol/L 1.51+£0.46 1.24+0.32 <0.01
Serum uric acid, mmol/L 276.12+94.64 315.62+84.09 <0.01
Systolic blood pressure, mmHg 130.4%16.9 126.7+16.6 <0.01
Diastolic blood pressure, mmHg 84.9+9.3 80.8+9.7 <0.01

Notes: Results were presented with mean # standard deviation unless otherwise noted. *a Paired t-test was applied to compare means
between groups.

Baseline Obesity/Central Obesity Predicted Incident Hyperuricemia

Of the 1794 participants free of hyperuricemia at baseline, 218 participants developed new hyperuricemia after an
average of 4 years of follow-up. They had a significantly higher level of BMI (25.87 vs 24.33, P<0.01) and WC (86.83 vs
81.03, P<0.01) at baseline than those who remained free of hyperuricemia during follow-up. As shown in Table 2,
participants with a higher level of BMI at baseline were more likely to develop hyperuricemia during follow-up (OR =
1.09, P<0.01). Compared to participants with a normal BMI at baseline, those with obesity at baseline had a 106% higher
risk of developing hyperuricemia (OR = 2.06, P<0.01). A higher level of WC at baseline was also significantly associated
with a higher risk of hyperuricemia development during follow-up (OR = 1.05, P<0.01). Participants with central obesity
at baseline had a 51% higher risk of hyperuricemia (OR = 1.51, P<0.01) than those with a normal WC at baseline.

Baseline Hyperuricemia Did Not Predict Incident Obesity or Central Obesity

Of the 1697 participants with a normal BMI at baseline, 96 participants developed new obesity at the follow-up
examination. There was a significant difference in serum UA at baseline between participants who developed obesity
and those who did not (307.39 vs 266.62, P<0.01). Nevertheless, we did not find a significant association between
baseline serum UA and obesity (Table 3, P>0.05). Similarly, 96 of the 937 participants with a normal WC at baseline
developed new central obesity at the follow-up examination. We failed to find a significant association between serum
UA at baseline and central obesity at follow-up (P>0.05).

Results of Causal Mediation Analysis
Results from cross-lagged panel analysis and bidirectional association analysis showed that hyperuricemia may be
a consequence caused by obesity and central obesity. Here, we further examined whether hyperuricemia mediated the
association between obesity/central obesity and hypertension. As shown in Figure 3, after adjusting for confounding
variables including age, sex, education level, cigarette smoking, alcohol consumption, fasting glucose, LDL-C, and HDL-
C, about 3.09% (95% CI: 0.97-6.00%) of the total effect of baseline BMI on the follow-up SBP (B.,=3.26, 95% CI:
2.56-3.96) was mediated by follow-up UA (Bneq=0.10, 95% CI: 0.03-0.19). Approximately 3.74% (95% CI: 1.55—
7.00%) of the relationship between baseline BMI and follow-up DBP (B,=2.05, 95% CI: 1.62-2.48) was mediated by
follow-up UA (Bmeq=0.08, 95% CI: 0.03-0.14).

Similarly, as shown in Figure 4, serum UA at follow-up mediated about 5.56% (95% CI: 2.01-11.00%) and 5.81%
(95% CI: 2.59-10.00%) of the total effect of baseline WC on the follow-up SBP and DBP, respectively.
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Figure 2 An illustration of the cross-lagged panel analysis models for the temporal associations of BMI (A) and WC (B) with serum UA, adjusting for age, sex, education
level, cigarette smoking, alcohol consumption, low-density lipoprotein, high-density lipoprotein, and fasting glucose. All values were standardized with Z-transformation. The
goodness of fit test: RMSR=0.009 and CFI=0.978 for BMI and RMSR=0.007 and CFI=0.987 for WC. Bl and B2 indicate cross-lagged path coefficients. rl indicates
a synchronous correlation. r2 and r3 indicate tracking correlations. *P < 0.05.

Abbreviations: UA, uric acid; BMI, body mass index; WC, waist circumference; RMSR, root mean square residual; CFl, comparative fit index.

Discussion

For a large sample of participants who had repeated measurements of obesity, UA, and blood pressure 4 years apart
participating in a prospective longitudinal study, we systematically examined for the first time the temporal consequence
between obesity and hyperuricemia, as well as their causal roles in hypertension. Specifically, we first applied cross-
lagged panel analysis and bidirectional association analysis to delineate the temporal association between obesity and
hyperuricemia. The results suggested that obesity and central obesity preceded the development of hyperuricemia. Then,
we further examined the causal role of hyperuricemia in the linkage between obesity and hypertension using causal
mediation analysis. The results showed that the causal effects of obesity and central obesity on elevated blood pressure
were partially mediated through the elevation of serum UA. In light of these findings, obesity may deliver its
cardiovascular effect, at least in part, by affecting purine metabolism. Strategies against hyperuricemia may be of
usefulness in improving the prevention and control of cardiovascular disease for participants with obesity or central
obesity, but further evidence is still needed.

Although the cross-sectional association between UA and obesity has been widely reported in various pulsations,**
the temporal relationship between obesity and hyperuricemia has not been studied very well. In line with our study, the
observed temporal relationship between obesity and hyperuricemia was also demonstrated in previous studies. For
example, a prospective cohort study including 2,611 young adults found that a higher level of BMI and WC at baseline
significantly predicted an elevation of UA during 10 years of follow-up in both blacks and whites.*> A pilot trial
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Table 2 Prospective Associations of Obesity and Central Obesity at Baseline with
Hyperuricemia Development During Follow-Up (n = 1794)

Obesity/Central Obesity at Baseline Incident Hyperuricemia
Unadjusted Adjusted*

OR (95% CI) | P value | OR (95% Cl) | P value
Obesity
Continuous BMI I.15 (1.10-1.20) | <0.0l 1.09 (1.04-1.15) | <0.01
Normal BMI 1.00 (reference) | — 1.00 (reference) | —
Obesity 2.93 (2.08-4.12) | <0.01 2.06 (1.42-2.99) | <0.0l
Central obesity
Continuous WC 1.08 (1.06-1.10) | <0.01 1.05 (1.03-1.07) | <0.0l
Normal WC 1.00 (reference) | — 1.00 (reference) | —
Central obesity 2.19 (1.62-2.96) | <0.01 I.51 (1.09-2.11) | 0.0l

Notes: *Adjusting for baseline age, sex, education level, cigarette smoking, alcohol consumption, body mass index, low-
and high-density lipoprotein cholesterol, fasting glucose, and follow-up years.
Abbreviations: BMI, body mass index; WC, waist circumference; OR, odds ratio; Cl, confidence interval.

Table 3 Prospective Associations of Hyperuricemia with Obesity and Central Obesity
Development During Follow-Up

Unadjusted Adjusted*

Baseline Uric Acid

OR (95% CI) P value OR (95% CI) P value

Obesity (n = 1697)
1-SD increment 1.54 (1.26,1.87) 0.0l
Normal 1.00 (reference) -

219 (120-397) | 00l

1.17 (0.90,1.52) 0.25
1.00 (reference) -
Hyperuricemia 0.99 (0.49-2.01) 0.99
Central obesity (n = 937)
1-SD increment 1.05 (0.85,1.29) 0.64
1.00 (reference) -

0.78 (0.37-1.62) 0.49

1.20 (1.02,1.41) 0.02
Normal 1.00 (reference) -
0.97 (0.49-1.92) 0.93

Hyperuricemia

Notes: *Adjusting for baseline age, sex, education level, cigarette smoking, alcohol consumption, body mass index, low-
and high-density lipoprotein cholesterol, fasting glucose, and follow-up years.
Abbreviations: Cl, confidence interval; OR, odds ratio.

including 60 patients with type 2 diabetes and morbid obesity (BMI >35 kg/m?) found that the prevalence of
hyperuricemia reduced from 83% to 33% 1 year after laparoscopic sleeve gastrectomy.>® Another pilot trial, which
included thirteen white men with acute intermittent gout, found that 16 weeks of low-calorie diet intervention resulted in
a significant weight loss and serum UA reduction.’” A real-world study including 4,047 obese participants further
demonstrated the effect of weight loss on hyperuricemia, where the incidence of hyperuricemia was significantly lower in
the bariatric surgery group than that in the conventional treatment group after 2 (surgery vs control, 4% vs 16%, P<0.01)
and 10 (surgery vs control, 17% vs 28%, P<0.01) years of post-treatment follow-up.? Although some prospective cohort

1724 our study suggested that obesity was

studies found that UA levels at baseline could predict the future risk of obesity,
more likely to precede the elevation of UA. Also, our group previously demonstrated the causal effect of obesity on
hyperuricemia by using a Mendelian Randomization analysis based on summary data.'® Our results, together with
findings of previous studies, increased the probability of the causal effect of obesity on hyperuricemia.

In line with our study, a prospective association between increased levels of UA and hypertension has also been found
in many populations.*® Considering the causal role of increased UA or hyperuricemia in the development of hypertension

22,39

as demonstrated by randomized clinical trials, we speculated that hyperuricemia may mediate, at least in part, the

contribution of obesity to hypertension. However, the mediation effect of hyperuricemia or elevation of UA on the
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Figure 3 A schematic illustration of the causal mediating effect of serum uric acid on the association between baseline BMI and follow-up blood pressures, adjusting for age,
sex, education level, cigarette smoking, alcohol consumption, fasting glucose, high-density lipoprotein, and low-density lipoprotein. *P<0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

relationship between obesity and hypertension remains largely unknown. Our study is the first to examine the mediation
of hyperuricemia in the causal association between obesity and hypertension, leveraging a prospective longitudinal study
design. Results of the causal mediation analysis showed that elevation of serum uric acid partially mediated the
association between increased BMI/WC level at baseline and elevation of blood pressure during follow-up. These results
may suggest that obesity and central obesity cause the development of hypertension partially through dysregulating the
metabolism of uric acid. As expected, the elevation of UA preceded the elevation of blood pressure in our study
participants (Supplementary Figure S1). In light of these findings, dysregulation of uric acid metabolism may already

occur in individuals with obesity and central obesity, before the development of hypertension. Serum UA levels may
therefore need to be monitored and controlled in individuals with obesity or central obesity, to improve the prevention
and control of hypertension.

The mechanisms underlying the mediation observed in our study merit discussion and a better understanding of them
would definitely improve the management and prevention of hypertension, especially for individuals with obesity. Obese
individuals are usually complicated with other metabolic disorders, which can also increase UA concentrations.***!
Upon the elevation of serum uric acid develops into hyperuricemia, uric acid crystals can deposit on vascular endothelial
cells and directly induce the injury of vascular endothelial cells, which can lead to the deposition of lipids in blood under
the damaged endothelial cells and induce atherosclerosis.** In addition, obesity is often caused by excessive caloric
intake and sufficient energy supply for purine synthesis, resulting in increased uric acid production. After abnormal UA
metabolism, uric acid crystals can damage the intima of arterioles and lead to arteriosclerosis, reducing renal blood flow,
and then induce the activation of the renin-angiotensin-aldosterone system (RAAS), causing vascular smooth muscle
proliferation and leading to hypertension.*> Admittedly, elevated uric acid only mediated a very small proportion (around
5%) of the contributing effect of obesity and central obesity on the risk of hypertension. Other mechanisms beyond uric
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Figure 4 A schematic illustration of the causal mediating effect of serum uric acid on the association between baseline WC and follow-up blood pressures, adjusting for age,
sex, education level, cigarette smoking, alcohol consumption, fasting glucose, high-density lipoprotein, and low-density lipoprotein. *P<0.05.
Abbreviations: WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure.

acid metabolism may be involved in the causality between obesity and hypertension. For example, visceral adiposity
plays a central role in hypertension through a greater release of free fatty acid in systemic circulation and a consequent
increase in insulin resistance and hyperinsulinemia.** These changes are firmly related to augmented arterial stiffness and
a decrease in vasodilation.*’

The strengths of this study include the prospective longitudinal study design, comprehensive measurement and adjust-
ment of potential confounding factors, and systemic analyses to delineate the temporal and causal relationships amongst
obesity, hyperuricemia, and hypertension. Specifically, we first applied the cross-lagged panel analysis in combination with
bidirectional association analysis to examine the temporal consequence between obesity and hyperuricemia, followed by
a causal mediation analysis to delineate their causal effect on hypertension. In addition, there are also some limitations in our
study. First, we only included Chinese adults in our study. The generalizability of our results in populations with other ethnic
backgrounds and younger ages is uncertain. Second, as with all observational studies, residual confounding may exist in our
study. Although causal mediation analysis revealed a probable causal relationship between obesity and hyperuricemia,
whether obesity is a risk factor for hyperuricemia still needs evidence from clinical trials.

Conclusions

Our study found that obesity and central obesity preceded the elevation of serum uric acid, and the latter partially
mediated the relationship between obesity/central obesity and hypertension, independent of behavioral and other
metabolic factors. In light of these findings, dysregulated uric acid metabolism may already occur in participants with
obesity or central obesity, before the development of hypertension. Serum uric acid may need to be monitored and
controlled for individuals with obesity, to prevent the development of hypertension. Nevertheless, the effectiveness of
strategies against hyperuricemia in hypertension warranted further investigation.
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