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Abstract

Background: Increasing evidence suggests a positive correlation between serum uric acid (SUA) levels and incident hypertension (IHT).
However, few studies have focused on the sex-differential impact of SUA levels on IHT in populations with a normal body mass index
(BMI). Methods: This study included participants without hypertension who had a BMI in the normal range (18.5–23.9 kg/m2). Sex-
specific quartiles of SUA levels (Q1–Q4) were defined as: ≤180, 181–213, 214–249, and >249 µmol/L for females; ≤282, 283–324,
325–373, and >373 µmol/L for males. IHT was considered present when systolic blood pressure (SBP) was ≥140 mmHg or diastolic
blood pressure (DBP) was ≥90 mmHg, or antihypertensive drugs were used. Cox proportional hazards models and mediation analysis
were performed to estimate hazard ratios (HRs) and potential mediators in the relationship between sex-differential SUA levels and IHT.
Results: This study included 24,538 participants, comprising 13,063 females and 11,475 males, with an IHT of 4.9% in females and
11.4% in males during 24 (12, 36) months. In the sex-stratified analysis, females exhibited higher unadjusted HRs for Q4 versus Q1 (HR
= 3.487, 95% CI: 2.701–4.500; p < 0.001) compared to males (HR = 2.016, 95% CI: 1.719–2.365; p < 0.001). After adjustment for
multiple variables, the HRs for females remained higher than those for males (2.237 [1.670–2.998] vs. 1.904 [1.601–2.265]); however,
the magnitude of the difference was notably reduced. Mediation analysis indicated that the association between SUA levels and IHT was
primarily driven by age (19.42%), low-density lipoprotein (LDL) cholesterol (10.90%), and triglycerides (10.46%) in females, and by
BMI (9.94%), triglycerides (TG) (8.73%), serum creatinine (7.26%), and age (7.23%) in males. Conclusion: SUA levels among Chinese
adults with a normal BMI range were positively associated with IHT, with an apparent stronger association in females than in males.
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1. Introduction
Hypertension, characterized by elevated blood pres-

sure levels, is a major global public health concern due
to its association with an increased risk of cardiovascular
diseases, stroke, and renal complications [1–3]. Despite
significant advancements in preventive and therapeutic ap-
proaches, the prevalence of hypertension remains high,
contributing substantially tomorbidity andmortality world-
wide [4]. While various factors influence the development
of hypertension, the role of serum uric acid (SUA) levels
in this context has received considerable attention in recent
years.

As a metabolic end product of purine metabolism,
SUA has been implicated in the pathogenesis of hyper-
tension through several mechanisms. Elevated SUA lev-
els have been associated with endothelial dysfunction, ox-
idative stress, inflammation, and activation of the renin-
angiotensin-aldosterone system, all of which contribute
to the development and progression of hypertension [5,

6]. Moreover, SUA has been shown to promote vascular
smooth muscle cell proliferation and arterial stiffness, fur-
ther exacerbating hypertension [7]. However, the relation-
ship between SUA and hypertension appears to be complex,
influenced by various factors including sex and body mass
index (BMI).

Sex-based differences in the relationship between
SUA and hypertension have become increasingly evident,
with studies suggesting that the strength and nature of
this association may vary by sex [8–10]. Additionally,
the impact of BMI on this association has attracted atten-
tion, given the rising prevalence of obesity worldwide [11].
Despite these observations, studies investigating the sex-
differential association between SUA and incident hyper-
tension (IHT) in individuals with normal BMI are limited,
necessitating further exploration to elucidate potential sex-
specific differences in this relationship.

The purpose of this study was to investigate the sex-
differential association between SUA levels and the inci-
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dence of hypertension in a Chinese population with normal
body mass index, with particular attention to potential sex-
specific differences. Furthermore, we sought to explore po-
tential mechanisms underlying any observed sex-specific
differences, thereby contributing to our understanding of
the pathophysiology of hypertension and paving the way
for sex-tailored approaches in the management of hyper-
tension.

2. Materials and Methods
2.1 Study Design and Population

This retrospective study involved participants from
the First Affiliated Hospital of Wenzhou Medical Univer-
sity, who underwent annual health checkups between De-
cember 2009 and 2014. Participants included in the study
were those without a previous hypertension diagnosis or an-
tihypertensive drug use, had a BMI within the normal range
(18.5–23.9 kg/m2) at the time of their initial examination,
and had attended at least one follow-up assessment. This
study was conducted in accordance with the Declaration of
Helsinki. Personal identifiers were replaced with health ex-
amination numbers to ensure confidentiality. The study’s
protocol received approval from the Ethics Committee of
the First Affiliated Hospital of Wenzhou Medical Univer-
sity (KY2025-R205).

2.2 Measurements and Definitions
Before the health checkup, participants were required

to fast and avoid smoking and strenuous activity for at least
12 hours. The examination included a doctor’s physical
evaluation, anthropometric data collection, blood pressure
(BP) measurements, and blood sampling. Height was mea-
sured without shoes to the nearest centimeter, and weight
was recorded in light clothing, also without shoes, to the
nearest 0.1 kg. BMI was calculated in the conventional
manner as body mass divided by the square of body height.
Measurements of systolic and diastolic BP were obtained
with a noninvasive automated sphygmomanometer (OM-
RON, Kyoto, Japan), following a 5-minute rest period with
the participant seated in a calm environment. Duplicate
measurements were performed during the same appoint-
ment, with the mean value considered for subsequent anal-
yses. If the initial readings varied by ≥10 mmHg, ad-
ditional measurements were made, and the analysis used
the average of the last two measurements. Levels of
SUA, fasting plasma glucose (FPG), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), creatinine (Cr), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
hemoglobin (HB), platelet (PLT), and white blood cells
(WBC) were determined.

2.3 Follow-up
The occurrence of hypertension was tracked over time

through yearly follow-up examinations conducted through-

out the duration of the study. These follow-up evalua-
tions mirrored the baseline examination procedures. IHT
was defined by meeting one or more of the following cri-
teria: (1) elevated BP ≥140/90 mmHg at examination; (2)
commencement of antihypertensive treatment; or (3) a con-
firmed hypertension diagnosis documented by a physician
during annual follow-up.

2.4 Statistical Analysis

Given the pronounced sex-related differences in SUA
distribution, participants were grouped into sex-specific
SUA quartiles: for females—Q1: ≤180, Q2: 181–213, Q3:
214–249, Q4: >249 µmol/L; and for males—Q1: ≤282,
Q2: 283–324, Q3: 325–373, Q4: >373 µmol/L. Continu-
ous variables were described using mean ± SD or median
(interquartile range, IQR), depending on distribution. Cat-
egorical variables were reported as counts and percentages.
Differences were assessed using independent sample t-tests
for continuous variables and chi-squared tests for categor-
ical variables. Cox proportional hazards models estimated
hazard ratios (HRs) and 95% confidence intervals (CIs) for
the risk of IHT across SUA level quartiles. The cumula-
tive incidence of IHT during follow-up was estimated us-
ing Kaplan–Meier analysis. To examine potential nonlinear
trends between SUA and the risk of hypertension, gener-
alized additive models (GAMs) were employed separately
for males and females. Stratified analyses explored the im-
pact of pre-specified factors (age, BP, BMI, Cr, and FPG)
on the SUA-hypertension relationship. To further explore
the mechanisms underlying the association between SUA
levels and IHT, we performed mediation analysis to esti-
mate the indirect effects of potential mediators. The anal-
ysis quantified the proportion of the total effect of SUA on
hypertension that could be explained by intermediate vari-
ables such as age, BP, BMI, Cr, and FPG. The mediation ef-
fect was evaluated using a regression-based approach with
bootstrapping to estimate confidence intervals for indirect
effects. Proportion mediated was defined as the proportion
of the total effect mediated via the mediator. Separate me-
diation models were constructed for males and females to
account for potential sex-specific pathways. Least absolute
shrinkage and selection operator (LASSO) regression in-
troduces an L1 regularization term to ordinary least squares
regression, effectively shrinking certain coefficients toward
zero. This method serves the dual purpose of feature selec-
tion and preventing model overfitting, thereby enhancing
the model’s interpretability and generalizability. It is par-
ticularly useful in scenarios with numerous correlated pre-
dictors, helping to pinpoint the most significant features im-
pacting the outcome. Data management and analyses were
performed using SPSS Statistics version 24.0 (SPSS, IBM
Corp., Armonk, NY, USA) and the statistical package R
version 4.3.2 (R Foundation for Statistical Computing, Vi-
enna, Austria). All tests were two-sided, with p values <
0.05 denoting statistical significance.
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3. Result
3.1 Characteristics of Participants

The study comprised 24,538 participants, with base-
line characteristics detailed by sex (Table 1). Among them,
13,063 were females, with an average age of 37.9 ± 11.0
years, and 11,475 were males, with an average age of 39.6
± 13.4 years. SUA levels averaged 217.6 ± 54.8 µmol/L
in females and 330.5 ± 70.9 µmol/L in males. Males
showed significantly higher values than females in several
parameters, including systolic blood pressure (SBP), di-
astolic blood pressure (DBP), BMI, age, SUA, HB, ALT,
AST, serum creatinine (SCr), FPG, TG, LDL-C, and WBC.
Conversely, HDL-C and PLT were significantly lower in
females. During the study, 635 females (4.9%) and 1310
males (11.4%) developed hypertension during a follow-up
of 24 (12, 36) months.

3.2 Association Between Uric Acid and Incident
Hypertension

Fig. 1 indicates that uric acid levels have a more sub-
stantial impact on the incidence of hypertension in females
compared to males. As SUA levels increase, there is a
more marked rise in the incidence of hypertension among
females, suggesting a stronger association between elevated
uric acid levels and the development of hypertension in this
group.

Cox regression results showing IHT risk by SUAquar-
tiles are presented in Fig. 2. In the total population, the
unadjusted HRs for IHT in Q4 versus Q1 was 2.351 (95%
CI: 2.056–2.688, p < 0.001). After adjusting for known
risk factors, the association remained significant but was

attenuated, with an HR of 2.061 (95% CI: 1.779–2.388, p
< 0.001). Sex-stratified analysis revealed that the unad-
justed HR for Q4 versus Q1 was higher in females (3.487;
95%CI: 2.701–4.500; p< 0.001) than inmales (2.016; 95%
CI: 1.719–2.365; p< 0.001). After adjustment for multiple
variables, the HRs for females remained higher than those
for males (2.237 [1.670–2.998] vs. 1.904 [1.601–2.265]);
however, the magnitude of the difference was notably re-
duced. The relationship between baseline SUA and IHT
was further evaluated in stratified analyses by key clinical
factors such as age, BP, BMI, SCr, and FPG. The find-
ings consistently indicated a positive association between
the highest category of SUA levels and an increased risk
of developing hypertension. These results are illustrated in
forest plots of HRs presented in Fig. 3. Interaction analysis
was performed to assess the consistency of these associa-
tions across the subgroups defined by the aforementioned
factors. The analysis revealed that the positive correlations
between elevated SUA levels and the risk of hypertension
were uniformly observed across all stratified groups, with
all of interaction p values > 0.05. These consistent find-
ings indicate that the link between elevated SUA and the
risk of hypertension remains stable across different clinical
and demographic subgroups.

The mediation analysis was performed to elucidate
how various covariates mediate the link between elevated
SUA levels and the development of hypertension, with sep-
arate analyses for females and males. Fig. 4 shows that
the association between SUA levels and IHT was primar-
ily driven by age (19.42%), LDL-C (10.90%), and TG
(10.46%) in females, and by BMI (9.94%), TG (8.73%),
SCr (7.26%), and age (7.23%) in males.

Table 1. Baseline characteristics.
Characteristics Total (n = 24,538) Women (n = 13,063) Men (n = 11,475) p-value

Incident hypertension 1945 (7.9%) 635 (4.9%) 1310 (11.4%) <0.001
Age, years 38.7 ± 12.2 37.9 ± 11.0 39.6 ± 13.4 <0.001
BMI, kg/m2 21.3 ± 1.5 20.9 ± 1.5 21.8 ± 1.5 <0.001
SBP, mmHg 114.1 ± 9.4 111.5 ± 9.5 117.1 ± 8.4 <0.001
DBP, mmHg 70.4 ± 6.7 69.0 ± 6.5 72.0 ± 6.6 <0.001
Uric acid, µmol/L 270.4 ± 84.4 217.6 ± 54.8 330.5 ± 70.9 <0.001
ALT, U/L 19.3 ± 21.6 15.4 ± 11.6 23.5 ± 28.0 <0.001
AST, U/L 21.6 ± 10.6 20.0 ± 8.6 23.3 ± 12.0 <0.001
Serum Cr, µmol/L 79.2 ± 18.3 67.1 ± 9.2 93.0 ± 16.3 <0.001
FPG, mmol/L 5.1 ± 0.7 5.0 ± 0.5 5.2 ± 0.9 <0.001
TG, mmol/L 1.2 ± 1.0 1.0 ± 0.5 1.5 ± 1.3 <0.001
HDL-C, mmol/L 1.5 ± 0.3 1.6 ± 0.3 1.3 ± 0.3 <0.001
LDL-C, mmol/L 2.4 ± 0.6 2.3 ± 0.6 2.5 ± 0.6 <0.001
HB, g/L 137.4 ± 14.7 126.9 ± 10.2 148.5 ± 9.9 <0.001
PLT, 109/L 189.9 ± 44.0 195.1 ± 45.5 184.0 ± 41.4 <0.001
WBC, 1012/L 5.9 ± 1.5 5.7 ± 1.4 6.2 ± 1.5 <0.001
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cr, creatinine;
DBP, diastolic blood pressure; FPG, fasting plasma glucose; HB, hemoglobin; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PLT, platelet count; SBP, systolic
blood pressure; TG, triglyceride; WBC, white blood cell.
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Fig. 1. Curve-fitting and Kaplan–Meier analysis of hypertension incidence and sex-specific serum uric acid levels. (A) The curve-
fitting analysis indicates that the risk of hypertension associated with increased serum uric acid levels is significantly higher in females
than in males. (B,C) Kaplan–Meier analysis reveals that elevated serum uric acid levels substantially increase the risk of developing
hypertension for both genders, with females experiencing a greater increase in hypertension incidence compared to Q1. HRs, hazard
ratios; IHT, incident hypertension; SUA, serum uric acid.

Fig. 2. Hazard ratios (HRs) with 95% confidence intervals (CIs) for quartiles of serum uric acid levels stratified by Sex. (A)
unadjusted HRs; (B) shows HRs adjusted for all known factors. These factors include age, body mass index, systolic blood pressure,
diastolic blood pressure, fasting plasma glucose, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
serum creatinine, alanine aminotransferase, aspartate aminotransferase, hemoglobin, platelet count, and white blood cell count. It is
evident that, before adjustment, the HRs for females in Q4 vs Q1 are significantly higher than those for males. After adjustment for
multiple variables, the HRs for females remain higher than those for males, but the magnitude of the difference is notably reduced.

3.3 Development of a Risk Prediction Model for Incident
Hypertension

The study employed a LASSO penalized regression
model to identify key parameters closely associated with
the incidence of hypertension, as illustrated in Fig. 5. The

LASSO model identified DBP, SBP, age, SUA, and FPG as
the factorsmost strongly correlatedwith the risk of develop-
ing hypertension. Based on these findings, a risk prediction
nomogram was developed, incorporating these five factors
due to their substantial predictive value for the incidence of
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Fig. 3. Forest plots display sex-stratified hazard ratios (HRs) with 95% confidence intervals (CIs) for serum uric acid quartiles,
adjusted for multiple covariates. These factors include alanine aminotransferase, aspartate aminotransferase, age, body mass index
(BMI), diastolic blood pressure, fasting plasma glucose (FPG), hemoglobin, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, platelet count, serum creatinine (SCr), systolic blood pressure (SBP), triglycerides, and white blood cell count. This detailed
adjustment aims to isolate the effect of serum uric acid (SUA) levels on the risk of hypertension, accounting for a wide array of potential
confounders.

hypertension. The effectiveness of this nomogram model
in predicting the risk of hypertension was further validated
by a receiver operating characteristic (ROC) curve, demon-
strating considerable predictive accuracywith an area under
the curve (AUC) of 0.834, as shown in Fig. 6.

4. Discussion

This study reveals a significant sex-specific corre-
lation between SUA levels and hypertension incidence
among Chinese adults maintaining a normal BMI, thereby
enhancing our understanding of hypertension’s pathophysi-
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Fig. 4. Mediation analysis identified indirect effects of covariates on this relationship between serum uric acid and incident hyper-
tension in females and males. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting
plasma glucose; HB, hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PLT, platelet count; TG, triglyceride;
WBC, white blood cell; SCr, serum creatinine.

ology. Our research adds to the accumulating evidence that
elevated SUA levels constitute a significant risk factor for
hypertension, with the association appearing stronger in fe-
males than in males.

A previous longitudinal study conducted over an av-
erage follow-up period of 5.41 years in a Taiwanese co-
hort indicated 1119 persons (34.3%) had experienced pro-
gression to a higher blood pressure stage and 496 per-
sons (15.2%) had developed hypertension. The adjusted
HRs comparing the highest and lowest SUA quartiles were
1.68 (1.23–2.04) for IHT [12]. Recent data from the
Health Examinees Study, a community-based prospective
cohort study conducted in Korea from 2004 to 2013 demon-
strated that higher baseline SUA levels were associatedwith
greater increases in BP during follow-up, and this effect was
strongest in females aged 40–49 years (β = 0.87 and p <

0.01 for systolic blood pressure) [13]. Aligned with these
prior studies, our findings confirm a distinct positive rela-
tionship between SUA levels and the likelihood of hyper-
tension, persisting even after accounting for various con-

founders. This relationship was notably more pronounced
among females, especially within the highest SUA quartile,
suggesting a potential sex-specific vulnerability to the hy-
pertensive consequences of uric acid. These observations
are consistent with research conducted across diverse pop-
ulations, reinforcing the global significance of SUA as an
indicator for the risk of hypertension [5,6].

In our study, the risk of IHT became statistically sig-
nificant from the second SUA quartile (181–213 µmol/L
in females and 283–324 µmol/L in males), suggesting that
even modestly elevated uric acid levels—below the con-
ventional hyperuricemia threshold—may carry clinical rel-
evance. This is consistent with the URRAH study [14],
which proposed cardiovascular-specific SUA cut-offs as
low as 5.6 mg/dL (≈333 µmol/L) for cardiovascular mor-
tality and 4.7 mg/dL (≈279 µmol/L) for all-cause mortal-
ity. These values are significantly lower than the traditional
definition of hyperuricemia. The similarity of our findings
with those of URRAH underscores the importance of es-
tablishing cardiovascular-specific cut-off points for SUA,
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Fig. 5. The LASSO penalized regression analysis for identifying key dietary factors related to incident hypertension. (A) This
part illustrates the coefficient shrinkage process for all 15 covariates involved in the study. The graphical representation showcases how
coefficients for different dietary factors adjust under varying degrees of shrinkage, with each line’s color denoting a distinct feature.
(B) Displays a 10-fold cross-validation of the LASSO regression model, a technique that ensures the model’s reliability and predictive
accuracy by dividing the dataset into ten parts to validate the model ten times on different subsets. LASSO, least absolute shrinkage and
selection operator.

Fig. 6. Establishment and validation of a risk prediction model for incident hypertension. (A) A nomogram model was constructed
from five critical factors pinpointed through LASSO regression analysis. This visual tool enables the calculation of an individual’s risk
of developing hypertension by aligning each of the identified factors along their respective axes. (B) Features the receiver operating
characteristic (ROC) curve used to assess the nomogram model’s predictive accuracy for hypertension. LASSO, least absolute shrinkage
and selection operator; AUC, area under the curve; DBP, diastolic blood pressure; SBP, systolic blood pressure; SUA, serum uric acid;
FPG, fasting plasma glucose.
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rather than relying solely on thresholds used for gout or
nephrolithiasis. Such tailored thresholdsmay improve early
identification of at-risk individuals, especially in popula-
tions with normal weight and among females, and could
enhance the precision of cardiovascular risk stratification
[3,15].

The sex-specific effects of SUA on hypertension, as
delineated in our research, also suggest underlying biolog-
ical and possibly lifestyle-driven disparities in the mech-
anisms of hypertension between genders. Existing litera-
ture indicates that estrogen may offer a protective buffer
against urate-induced hypertension in premenopausal fe-
males, which could elucidate the increased sensitivity noted
after menopause [16,17]. Moreover, variations in crucial
mediators such as LDL-C, TG, and BMI underscore the
presence of gender-specific routes through which uric acid
influences blood pressure [18,19]. These insights underline
the importance of adopting gender-tailored strategies in the
prevention and treatment of hypertension, especially for in-
dividuals presenting with high SUA levels.

Overweight has traditionally been a foundational met-
ric in evaluating cardiovascular risk, supported by substan-
tial evidence associating obesity with various health com-
plications, notably hypertension [20]. Nonetheless, our
study highlights a significant oversight in this conventional
approach by demonstrating that individuals with a normal
BMI range can still be susceptible to hypertension if they
have elevated SUA levels. This finding points to the in-
adequacies of using only normal or high BMI classifica-
tion exclusively as an indicator of cardiovascular health and
makes a compelling case for including metabolic markers
like SUA in risk assessment protocols. The contribution
of BMI to cardiovascular risk assessment is nuanced, re-
flecting the realization that while obesity remains a pivotal
risk factor for hypertension, metabolic factors within nor-
mal weight ranges indicate a complex relationship between
body composition, metabolic health, and hypertension [21].
A study aimed to examine cardiometabolic health misclas-
sifications given standard BMI categories found that nearly
half of overweight individuals, 29% of obese individuals,
and even 16% of obesity type 2/3 individuals were metabol-
ically healthy [22]. In the present study, even after ad-
justment for multiple variables, the HRs for Q4 versus Q1
was 2.061 (1.779, 2.388). The pronounced link between
elevated SUA levels and the risk of hypertension within
individuals of a normal BMI underscores the need for a
paradigm shift in how cardiovascular risk is assessed. It
elevates the role of SUA from a secondary marker to a pri-
mary factor in identifying individuals at heightened risk for
hypertension.

Additionally, ourmediation analysis identified that the
association between SUA levels and hypertension was pri-
marily driven by age (19.42%), LDL cholesterol (10.90%),
and triglycerides (10.46%) in females, and byBMI (9.94%),
TG (8.73%), serum creatinine (7.26%), and age (7.23%) in

males. In females, the effect of uric acid on the develop-
ment of hypertension appears to be more strongly medi-
ated by age. The difference between the two groups may
be partly attributed to hormonal influences. This hormonal
protection might explain the increased sensitivity to hy-
pertension observed in females post-menopause, as the de-
cline in estrogen levels could diminish this protective ef-
fect, thereby heightening the risk associated with elevated
SUA [23]. Thesemediators underscore themultifaceted na-
ture of the development of hypertension, implicating lipid
metabolism and body composition as well as uric acid as
critical factors. The role of these mediators suggests po-
tential intervention points, including lipid management and
weight control, to mitigate the risk of hypertension in indi-
viduals with elevated SUA levels. Future research should
aim to elucidate the mechanisms by which these factors in-
teract with uric acid, offering insights into more compre-
hensive and targeted prevention strategies.

Finally, while our study focused on SUA levels,
it is important to recognize that the pathogenic role of
uric acid may depend on its compartmentalization. Evi-
dence suggests that intracellular uric acid can act as a pro-
oxidant, promoting oxidative stress, endothelial dysfunc-
tion, and inflammation—mechanisms implicated in hyper-
tension, insulin resistance, themetabolic syndrome, chronic
kidney disease, and cardiovascular disease [5,24]. Con-
versely, extracellular uric acid may exert antioxidant effects
in the plasma but can contribute to gout and nephrolithiasis
when present in excess amounts. Although we did not mea-
sure intracellular uric acid levels in this study, these mech-
anistic insights provide a broader context for understanding
the complex role of uric acid in cardiometabolic diseases.

5. Limitations and Future Directions

While our study provides valuable insights, it is not
without limitations. The observational nature of the study
precludes definitive conclusions about causality between
SUA levels and hypertension. Baseline data on the use
of lipid-lowering or anti-diabetic medications were un-
available, which may have affected the analysis of cer-
tain metabolic parameters. Additionally, our findings are
based on a Chinese population with normal BMI, and thus,
may not be generalizable to other ethnic groups or popula-
tions with different BMI ranges. Future studies employing
longitudinal designs and including diverse populations are
warranted to validate our findings and explore the mecha-
nisms underlying the observed associationswith sex. More-
over, further research is needed to evaluate the effectiveness
of interventions targeting SUA levels in the prevention of
hypertension and to determine whether such interventions
should be tailored by sex. Exploring the genetic basis of
the variability in SUA levels and its relationship with hy-
pertension could also offer new avenues for personalized
medicine.
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6. Conclusion
In conclusion, our study identifies the sex-differential

association between SUA levels and the incidence of hy-
pertension in a Chinese population with normal BMI, un-
derscoring the potential of SUA as a predictive biomarker
for the risk of hypertension. The stronger association ob-
served in females highlights the importance of considering
sex-specific factors in the assessment and management of
hypertension. These findings advocate for a more nuanced
approach to cardiovascular risk assessment, incorporating
the monitoring of SUA levels alongside traditional risk fac-
tors. Further research into the biological mechanisms driv-
ing these associations and into effective, sex-specific inter-
vention strategies is essential for advancing hypertension
prevention and management.
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