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Abstract

Background Uric acid (UA), the terminal breakdown product of purine metabolism, possesses contradictory roles,
functioning both as an inflammatory mediator and as an antioxidant. Its clinical relevance, particularly in geriatric pop-
ulations, remains a topic of ongoing debate. Aiming to elucidate whether circulating UA is detrimental or beneficial to
human health, we investigate the association between serum UA concentrations and the frailty index—a comprehen-
sive measure of biological aging in a nationally representative cohort of community-dwelling older adults.
Methods We conducted a population-based, cross-sectional study utilizing data from the Korea National Health and
Nutrition Examination Survey. The sample included 4268 participants aged 65 years and above. A deficit accumulation
frailty index (FI) was constructed using 38 items that assess physical, cognitive, psychological, and social domains.
Based on the FI, participants were categorized into non-frail (FI ≤ 0.15), pre-frail (0.15 < FI ≤ 0.25), or frail
(FI > 0.25). Serum UA levels were quantified through a colorimetric enzymatic assay.
Results After controlling for confounders such as age, sex, socioeconomic status (including income and education
level), lifestyle factors (smoking status), and medical history (hypertension, diabetes, dyslipidemia, stroke, cardiovas-
cular diseases), and body mass index, serum UA levels were observed to be significantly higher in frail participants com-
pared with their non-frail counterparts (P < 0.001). Furthermore, serum UA concentrations demonstrated a positive
correlation with the FI (P < 0.001), and the odds ratio for frailty per 1 mg/dL increase in serum UA was 1.22
(P < 0.001). Additionally, older adults in the highest quartile of UA levels exhibited a significantly higher FI and
1.66-fold increased odds of frailty compared with those in the lowest quartile (P = 0.011 and P = 0.005, respectively).
Conclusions These findings suggest that elevated circulating UA levels may act as a pro-aging factor rather than an
anti-aging one in older adults, highlighting its potential role in accelerating biological aging. The data further support
the utility of serum UA as a potential blood-based biomarker for frailty in this demographic, contributing to the
expanding evidence on its significance in geriatric health assessments.
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Introduction

Frailty in older adults is a critical geriatric syndrome charac-
terized by diminished physiological capacity, leading to in-
creased vulnerability to various stressors, and is more reflec-
tive of an individual’s holistic well-being and functional
prowess than merely chronological age.1,2 Its clinical impor-
tance is highlighted by its association with adverse health
outcomes such as falls, disability, and death, necessitating ro-
bust assessment tools.2,3 Although various tools, such as the
Edmonton Frail Scale, Tilburg Frailty Indicator, and Clinical
Frailty Scale, have been proposed for assessing frailty,4,5 the
‘phenotypic frailty’ or Fried criteria focuses predominantly
on physical aspects and is widely used due to its simplicity.6

However, the ‘frailty index’ developed by Rockwood et al.,7,8

which includes a broader array of deficits such as cognitive,
psychological, and social factors, is recognized as a more
comprehensive and superior predictor of critical outcomes
like hospitalization and mortality.9,10 In fact, a recent longitu-
dinal study has underscored the frailty index as the most re-
liable indicator of biological age,11 promoting its use as a pri-
mary endpoint in clinical research on aging. This approach
not only enhances the accuracy of frailty assessments but
also supports more effective interventions to improve quality
of life and extend healthy living among the older adults,
highlighting the need for continuous advancements in frailty
research, particularly through the development and integra-
tion of reliable biomarkers.

Experimental investigations have revealed that uric acid
(UA), a by-product of purine metabolism, can induce inflam-
mation, oxidative stress, vasoconstriction, and endothelial
dysfunction.12 Moreover, epidemiological research has con-
sistently demonstrated associations between elevated serum
UA levels and an increased risk of diabetes, hypertension,
cardiovascular disorders, metabolic syndrome, and kidney
disease.13–15 As such, UA is traditionally considered a risk
factor for a diverse array of diseases, predominantly those
related to aging. Contrarily, there is growing evidence to
suggest a potentially beneficial physiological role for UA as
an antioxidant, which might contribute to its free radical
scavenging capabilities, thereby possibly extending life
expectancy.16–18 Indeed, higher concentrations of serum
UA have been linked with slower progression of neurode-
generative conditions such as Huntington’s disease,
Parkinson’s disease, and mild cognitive impairment.19,20

Given these dual implications—both potentially beneficial
and detrimental—of serum UA on human health, its role in
the aging process remains ambiguous. To address these un-
resolved questions, our study investigates the relationship
between circulating UA concentrations and the frailty index,
a robust indicator of biological aging, in a comprehensive,
nationally representative cohort including community-
dwelling older adults.

Methods

Study population

This cross-sectional analysis utilized data from the Korea Na-
tional Health and Nutrition Examination Survey (KNHANES),
conducted between 2016 and 2018. KNHANES, initiated in
1998, aims to assess the health and nutritional status of the
Korean population nationwide. It monitors trends in health
risk factors, the prevalence of significant chronic diseases,
and serves as a foundation for developing and evaluating
health policies and programs in Korea.21 KNHANES employs
a complex, multistage probability sampling design to repre-
sent the entire non-institutionalized civilian population. An-
nually, the survey selects primary sample units (PSUs) from
census blocks or resident registration addresses, typically
comprising 50 to 60 households. From each PSU, 20–25
households are chosen for participation through field sur-
veys. All individuals aged 1 year and above residing in these
households are included in the survey.

During the study period, 4956 older adults (aged
≥65 years) participated in KNHANES. After excluding 208 indi-
viduals missing over 20% (more than seven items) of the
frailty assessment data and 480 participants without UA mea-
surements, 4268 participants were included in the analysis
(Figure 1). Our study did not exclude individuals with specific
conditions such as gout or kidney stones to ensure the gener-
alizability of our results and to align with the objective of
using a comprehensive frailty index to capture the true bur-
den of health deficits in older adults. All participants had pro-
vided written informed consent. Personal data collected were
de-identified prior to public release. The study received ap-
proval from the Institutional Review Board of Chonnam Na-
tional University Bitgoeul Hospital, with a waiver for addi-
tional informed consent (IRB No. CNUBH-2024-005),
adhering to the Declaration of Helsinki.

Serum uric acid concentration measurement

Blood samples for serum UA level determinations were col-
lected from participants aged 10 years and older, with in-
formed consent. After fasting overnight for at least 8 h, blood
was drawn from the antecubital vein in the morning. Samples
were immediately refrigerated, transported to the Central
Testing Institute (Neodin Medical, Inc., Seoul, Korea), and
analysed within 24 h. Serum UA concentrations were mea-
sured using a colorimetric enzymatic method (uricase) with
the Hitachi Automatic Analyser 7600-210 (Hitachi, Japan).
The analytical kit used had a detection limit of less than
1.0 mg/dL and a coefficient of variation (CV) under 5%. The
quality control details are publicly available on the KNHANES
homepage (https://knhanes.kdca.go.kr).

2 M.-g. Kang et al.

Journal of Cachexia, Sarcopenia and Muscle
DOI: 10.1002/jcsm.13561

 1353921906009, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcsm

.13561 by G
w

angju Institute of Science and T
echnology (G

IST
), W

iley O
nline L

ibrary on [21/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://knhanes.kdca.go.kr


Frailty-related factors evaluation

Blood pressure was measured on the right arm using a
Baumanometer® Wall Unit 33(0850) (W.A. Baum, Copiague,
NY, USA) by trained nurses. Participants were instructed to
sit quietly for at least 5 min before measurements were
taken. Blood pressure was recorded three times, with the fi-
nal systolic and diastolic values calculated as the average of
the second and third readings. Blood samples were collected
as part of the survey. Body mass index (BMI) was determined
by dividing the body weight in kilograms (kg) by the square of
the height in meters (m2). Socioeconomic and lifestyle data
were collected via self-reported questionnaires. Household
income was categorized into quartiles: the lowest quartile
for households earning <$680 per month; the lower-middle
quartile for those earning between $680 and $1360; the
upper-middle quartile for incomes between $1360 and
$2230; and the highest quartile for incomes above $2230
per month. Education levels were divided into four catego-
ries: elementary or lower, middle school, high school, and col-
lege or higher. Smoking status was assessed by identifying in-
dividuals who had smoked at least five packs of cigarettes in
their lifetime and were current smokers. Participants were
also classified by medical conditions based on diagnoses re-
ceived from a physician.

Frailty index

The frailty index in our study was developed following a stan-
dardized methodology, as outlined in previous literature,22

and was adapted from existing frailty indices constructed
using data from the KNHANES.23,24 This index quantifies
frailty on a continuous scale from 0 (indicating optimal
health) to 1 (indicating severe frailty).10

From 2016 to 2018, the KNHANES included 38 items in the
frailty index, encompassing a wide spectrum of factors such as
co-morbidities, functional abilities, signs and symptoms, and
laboratory results. The co-morbidities included in the index
are anaemia, arthritis, bronchial asthma, cancer, cardiovascu-
lar disease, cataract, chronic obstructive pulmonary disease,
depression, diabetes, dyslipidaemia, hypertension, and
stroke. Functional abilities were evaluated based on criteria
such as physical inactivity, reduced exercise capacity, limita-
tions in activities of daily living, social activity restrictions, in-
ability to self-care, hearing impairment, and difficulty in
chewing. Signs and symptoms assessed included pain or dis-
comfort, weight loss, depression or anxiety, suicidal thoughts,
and stress. Laboratory measures incorporated into the index
included systolic and diastolic blood pressure, heart rate
regularity, pulmonary function, haemoglobin levels, blood
urea nitrogen, creatinine, total cholesterol, triglycerides,

Figure 1 Flow diagram of the study participants. Q, quartile. Uric acid quartiles: Q1 = serum uric acid ≤ 4.1 (mg/dL), Q2 = 4.1 < serum uric acid ≤ 4.9,
Q3 = 4.9 < serum uric acid ≤ 5.8, Q4 = serum uric acid > 5.8.
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high-density lipoprotein cholesterol, fasting glucose, and
urine protein levels. Additionally, current smoking status and
BMI were included (Table S1). Participants were stratified into
three categories based on the frailty index values: non-frail
(frailty index ≤ 0.15), pre-frail (0.15 < frailty index ≤ 0.25),
and frail (frailty index > 0.25), consistent with criteria from
prior studies.25,26

Statistical analysis

This study utilized complex sample analysis methods with
assigned weights to derive national-level statistical estimates.
A pooled analysis of the annual surveys was conducted,
treating each year’s sample as independent. Data were re-
ported as means with standard errors (SEs) or counts with
percentages, unless specified otherwise. Baseline characteris-
tics of the study participants were analysed using a general
linear model for continuous variables and cross-tabulation
for categorical variables. Confounding variables selected
due to their clinical relevance and statistical significance in
univariate analyses included age, sex, income, education
level, current smoking status, hypertension, diabetes,
dyslipidaemia, stroke, cardiovascular diseases, and BMI. Lin-
ear regression analysis was employed to examine the associ-
ation between higher serum UA levels and an increased
frailty index, with the frailty index serving as the dependent
variable and serum UA as the independent variable. The risk
of pre-frailty and frailty in relation to serum UA levels or se-
rum UA quartiles was explored using multiple logistic regres-
sion. Additionally, differences in the frailty index across se-
rum UA quartiles were assessed with a general linear
model. All analyses were two-tailed, with statistical signifi-
cance set at P < 0.05, and performed using SPSS version
21.0 (IBM Corporation, Armonk, NY, USA).

Results

Baseline characteristics of study participants

Table 1 presents the baseline characteristics of 4268 partici-
pants aged 65 years and older. Of these, 1274 (30.4%) were
categorized as non-frail, 1728 (41.0%) as pre-frail, and 1266
(28.6%) as frail. The distribution of gender within these
groups was significantly different: 666 (51.8%) non-frail, 752
(43.0%) pre-frail, and 450 (33.9%) frail participants were
men (P < 0.001). The mean ages were 71.0 years for non-
frail, 72.9 years for pre-frail, and 74.4 years for frail individ-
uals, showing a statistically significant increase with greater
frailty (P < 0.001). Socioeconomic and health characteristics
worsened progressively from non-frail to frail groups,
including lower income, less education, higher numbers of
smokers, and a higher prevalence of hypertension, diabetes,
dyslipidaemia, stroke, cardiovascular diseases, and increased
BMI (all P < 0.001).

Serum uric acid concentrations and frailty status

Differences in serum UA concentrations by frailty status were
analysed using a general linear model within a complex
sample analysis framework (Figure 2). Prior to adjustment, a
linear increase in UA levels was observed as frailty severity in-
creased from non-frail to frail (P for trend = 0.002), with frail
adults showing significantly higher serum UA levels compared
with non-frail counterparts (P = 0.002). These differences
persisted after adjustments for age, sex, and further adjust-
ments for socioeconomic and health factors including in-
come, education, smoking status, hypertension, diabetes,
dyslipidaemia, stroke, cardiovascular diseases, and BMI (both
P < 0.001).

Table 1 Baseline characteristics of the study participants according to frailty status

Non-frail (N = 1274) Pre-frail (N = 1728) Frail (N = 1266) P value

Age (years), mean (SE) 71.0 (0.2) 72.9 (0.1) 74.4 (0.2) <0.001
Sex (male sex), n (%) 666 (51.8%) 752 (43.0%) 450 (33.9%) <0.001
Income quartile
(low/mid-low/mid-high/high), %

36.6%/30.6%/17.6%/15.2% 44.6%/26.4%/17.6%/11.4% 61.3%/22.1%/10.6%/5.9% <0.001

Level of education
(1st/2nd/3rd/4th), %

44.6%/18.2%/20.8%/16.5% 57.3%/14.6%/17.7%/10.4% 71.2%/12.7%/11.6%/4.5% <0.001

Smoking, n (%) 67 (5.5%) 174 (10.4%) 153 (11.7%) <0.001
Hypertension, n (%) 581 (45.2%) 1134 (65.1%) 994 (80.8%) <0.001
Diabetes, n (%) 130 (10.2%) 454 (27.0%) 496 (41.4%) <0.001
Dyslipidaemia, n (%) 277 (22.3%) 594 (35.7%) 540 (43.9%) <0.001
Stroke, n (%) 22 (1.8%) 77 (5.0%) 155 (12.3%) <0.001
Cardiovascular disease
(MI, angina), n (%)

39 (2.6%) 122 (6.8%) 188 (14.1%) <0.001

BMI (kg/m2), mean (SE) 23.5 (0.1) 24.2 (0.1) 24.9 (0.1) <0.001

Continuous and categorical variables were compared using general linear model and crosstabs analyses in a complex sample analysis
method, respectively. Bold numbers indicate statistically significant values.
BMI, body mass index; MI, myocardial infarction; SE, standard error.
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Association between serum uric acid levels and
frailty index

Linear regression analyses indicated that higher serum UA
levels were consistently associated with an elevated frailty
index, both before and after adjusting for potential con-
founders (Table 2; P < 0.001 to 0.001).

Risk of frailty in relation to serum uric acid levels

Multiple logistic regression analyses explored the risk of
frailty relative to serum UA levels (Table 3). An increase of
1 mg/dL in serum UA was associated with a non-significant
increase in the odds of pre-frailty (P = 0.061 to 0.499), except
in the age- and sex-adjusted model (P = 0.020). However, the
same increase was associated with a significant risk of
becoming frail, with crude odds ratios of 1.12 (P = 0.001),
and a 25% and 22% increase in risk in the age- and sex-ad-
justed and multivariable adjusted models, respectively (both
P < 0.001).

Threshold effect of serum uric acid on frailty

To investigate potential threshold effects, participants were
divided into quartiles based on serum UA levels (Figure 3).
The frailty index displayed a J-shaped curve across these
quartiles. Older adults in the highest quartile (Q4, serum
UA > 5.8 mg/dL) exhibited a significantly higher frailty index
than those in the lowest quartile (Q1, serum UA ≤ 4.1 mg/
dL) in both the age- and sex-adjusted and multivariable ad-
justed models (P < 0.001 and P = 0.011, respectively). Fur-
thermore, logistic regression analyses revealed that partici-
pants in Q4 had a 1.82-fold higher odds ratio for frailty
compared with those in Q1 in the age- and sex-adjusted
model (Figure 4; P < 0.001), and this elevated risk remained
significant even after adjusting for all potential confounders
(P = 0.005).

Risk of frailty according to the presence of
hyperuricaemia

The widely accepted upper limit cut-off values for UA are
7 mg/dL for men and 6 mg/dL for women, with
hyperuricaemia defined as levels exceeding these thresholds.
When participants were divided into two groups based on UA
levels, separately for men and women, we found that partic-
ipants in the hyperuricaemia group exhibited a significantly
higher frailty index compared with those in the reference
group, even after adjusting for confounding factors, in both
men and women (Figure S1; all P < 0.001). Furthermore, lo-
gistic regression analyses of the unadjusted model revealed
that older adults in the hyperuricaemia group had 2.33-fold
and 4.30-fold higher odds ratios for frailty in men and
women, respectively, compared with those in the reference
group (Figure S2; both P < 0.001). These elevated odds ratios
for frailty in the hyperuricaemia group remained statistically
significant even after adjusting for potential confounders

Figure 2 Differences in serum uric acid levels according to the frailty status. (A) Unadjusted, (B) age and sex adjusted, and (C) multivariable (age, sex,
income, level of education, smoking, hypertension, diabetes, dyslipidaemia, stroke, cardiovascular diseases, and body mass index) adjusted. The esti-
mated means with 95% confidence intervals were generated and compared using general linear model analysis in a complex sample analysis method.
Asterisk indicates statistically significant difference from the non-frail group.

Table 2 Multiple linear regression analysis to determine whether serum
uric acid level is independently associated with frailty index

Adjustment

Dependent variable: frailty index

β SE P value

Unadjusted 0.004 0.001 0.001
Age and sex 0.008 0.001 <0.001
Multivariable 0.005 0.001 <0.001

General linear model analysis was performed with frailty index as a
dependent variable, and with serum uric acid level (mg/dL) as an in-
dependent variable. Multivariable adjustment model includes age,
sex, income, level of education, smoking, hypertension, diabetes,
dyslipidaemia, stroke, cardiovascular diseases, and body mass in-
dex as confounding factors. Bold numbers indicate statistically sig-
nificant values.
β, regression coefficient; SE, standard error.
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such as age, income, education level, smoking status, hyper-
tension, diabetes, dyslipidaemia, stroke, cardiovascular dis-
eases, and BMI in both men and women (P = 0.016 and
P < 0.001, respectively).

Discussion

UA, known for its dual role in the inflammatory response and
as an antioxidant, presents a paradox in its clinical implica-

Figure 3 Differences in frailty index according to serum uric acid quartiles. (A) Unadjusted, (B) age and sex adjusted, and (C) multivariable (age, sex,
income, level of education, smoking, hypertension, diabetes, dyslipidaemia, stroke, cardiovascular diseases, and body mass index) adjusted. The esti-
mated means with 95% confidence intervals were generated and compared using general linear model analysis in a complex sample analysis method.
Asterisk indicates statistically significant difference from the Q1 (lowest quartile). Q, quartile. Uric acid quartiles: Q1 = serum uric acid ≤ 4.1 (mg/dL),
Q2 = 4.1 < serum uric acid ≤ 4.9, Q3 = 4.9 < serum uric acid ≤ 5.8, Q4 = serum uric acid > 5.8.

Figure 4 Logistic regression analyses to determine the odds ratios for pre-frail and frail status according to serum uric acid quartiles. (A) Unadjusted,
(B) age and sex adjusted, and (C) multivariable (age, sex, income quartile, level of education, smoking, hypertension, diabetes, dyslipidaemia, stroke,
cardiovascular diseases, and body mass index) adjusted. OR, odds ratio; CI, confidence interval; Q, quartile. Uric acid quartiles: Q1 = serum uric
acid ≤ 4.1 (mg/dL), Q2 = 4.1 < serum uric acid ≤ 4.9, Q3 = 4.9 < serum uric acid ≤ 5.8, Q4 = serum uric acid > 5.8.

Table 3 Logistic regression analyses to determine the odds ratios for pre-frail and frail status according to serum uric acid level

Adjustment

Pre-frail

P value

Frail

P value
Odds ratio
(95% CIs)a

Odds ratio
(95% CIs)a

Unadjusted 1.02 (0.96–1.09) 0.499 1.12 (1.05–1.20) 0.001
Age and sex 1.08 (1.01–1.15) 0.020 1.25 (1.16–1.35) <0.001
Multivariable 1.07 (1.00–1.15) 0.061 1.22 (1.12–1.33) <0.001

Multivariable adjustment model includes age, sex, income, level of education, smoking, hypertension, diabetes, dyslipidaemia, stroke, car-
diovascular diseases, and body mass index as confounding factors. Bold numbers indicate statistically significant values.
CI, confidence interval.
aPer 1 mg/dL increment in serum uric acid level.
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tions, particularly in geriatric populations where its signifi-
cance remains debated. This study, involving community-
dwelling older adults, demonstrated that serum UA levels
were significantly higher in frail participants compared with
their non-frail counterparts. Furthermore, the data reveal a
significant correlation between increased serum UA levels
and both an elevated frailty index and a higher risk of devel-
oping frailty. These results clinically underscore the potential
of circulating UA as a pro-aging factor rather than an
anti-aging one in this demographic. Moreover, this research
adds to the growing body of evidence that suggests serum
UA could serve as a potential blood-based biomarker for de-
tecting frailty in older adults.

While both the phenotype model and the cumulative
deficit model have demonstrated reliability in predicting the
natural progression of diseases and responses to
interventions,2 the Rockwood frailty index offers distinct ad-
vantages. It encompasses a more extensive array of health
deficits, providing a comprehensive assessment of frailty.7,8

This comprehensive approach affords a holistic perspective
on an individual’s health status, in contrast to the phenotypic
model, which is limited to five physical criteria and
categorizes frailty in a binary manner.6 The continuous nature
of the frailty index allows for a nuanced representation of
the spectrum of frailty, facilitating early detection of
incremental health deteriorations. Such sensitivity enhances
its utility in forecasting critical health outcomes, including
hospitalizations and mortality rates.8–10 Importantly, the
KNHANES provides a robust dataset that is crucial for
constructing the Rockwood frailty index, capturing diverse
factors such as co-morbidities, cognitive functions, and psy-
chosocial elements.21 Given its comprehensive and represen-
tative data, KNHANES serves as an ideal large-scale, nation-
wide cohort for clinical research on frailty, a field of
growing importance in the context of an aging population.

Frailty, characterized by muscular weakness, diminished
energy, reduced physical activity, and decreased resilience,
is increasingly recognized as clinically significant in societies
experiencing profound aging.1 Consequently, there is an esca-
lating interest in identifying potential biomarkers for early de-
tection of individuals at high risk of developing frailty.27 De-
spite numerous clinical investigations into the association
between circulating UA levels and various chronic diseases
that may predispose individuals to frailty, research directly
analysing its impact on frailty per se remains sparse. To date,
only a single study has reported a correlation, indicating an
increased risk of frailty concurrent with rising serum UA con-
centrations in older adults.28 This study, however, primarily
employs the criteria defined by Fried et al.,6 focusing largely
on physical dimensions and potentially insufficient for estab-
lishing a comprehensive correlation between frailty—which
encompasses overall well-being and functional capacity—
and UA levels. Our study addresses this gap by being the first
to utilize robust national datasets in human UA research, con-

structing a frailty index that incorporates the cumulative im-
pact of medical, functional, and psychosocial deficits associ-
ated with aging. This approach provides compelling clinical
evidence supporting the role of UA as a pro-aging factor in
the development of frailty.

The association between high serum UA concentrations
and increased risk of frailty can be attributed to several under-
lying mechanisms. Most importantly, as mentioned earlier, UA
can induce systemic inflammation and oxidative stress by pro-
moting the formation of reactive oxygen species (ROS) and ac-
tivating inflammatory pathways, leading to cellular damage
and physiological decline, which are central to frailty.12,16 Sec-
ond, UA is associated with endothelial dysfunction, which im-
pairs blood flow and nutrient delivery, exacerbating muscle
weakness and physical decline.29 Third, elevated UA levels
also correlate with insulin resistance, contributing to muscle
protein breakdown and reduced physical capability.30 Finally,
high UA levels can adversely affect renal function, impacting
the body’s ability to eliminate waste and maintain fluid bal-
ance, thereby enhancing fatigue and decreasing physical activ-
ity, which are critical factors in the development of frailty.31,32

Collectively, these pathways underscore the multifaceted role
of UA in promoting age-related physiological challenges and
advancing the frailty syndrome.

A particularly intriguing finding in our study was the
J-shaped curve observed in the changes of the frailty index
across serum UA quartiles. Specifically, compared with older
adults in the lowest quartile of UA, those in the second
quartile exhibited a lower tendency in frailty index, which
gradually increased, resulting in a statistically significant rise
in the highest quartile group (Figure 3). Similarly, the risk of
frailty, assessed through logistic regression analysis, showed
a decreasing trend in the second quartile, followed by an
increase in the third quartile, and a statistically significant
elevation in the fourth quartile (Figure 4). These results align
with numerous epidemiological studies demonstrating a
J-shaped association between serum UA concentrations and
cardiovascular events as well as all-cause mortality.33,34 The
findings suggest that while circulating UA at optimal levels
may serve a protective antioxidant role, excessive concentra-
tions can trigger adverse health effects through threshold
mechanisms. Indeed, there is supporting evidence that UA
transitions from an antioxidant to a pro-oxidant state under
hyperuricaemic conditions, influenced by factors such as the
local oxidant environment, acidity, or depletion of other
antioxidants.35 Identifying the precise serum UA concentra-
tions that are beneficial or harmful is crucial and warrants
further clinical investigation.

The present study demonstrates a positive correlation be-
tween elevated serum UA levels and an increased frailty index
in older adults. However, the question remains whether high
UA levels are causative, associative, or merely a compensatory
response to frailty. To address this limitation, it is essential to
investigate the impact of UA-lowering interventions on frailty
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measures. Notably, allopurinol has shown promise in
improving both physical and cognitive functional outcomes
in elderly populations.36–38 Consequently, future research
should focus on interventional trials utilizing allopurinol or
other UA-lowering agents to assess their effects on frailty
measures. Such studies are crucial to determine whether low-
ering UA levels can alleviate frailty and improve overall func-
tional health in older adults, thereby clarifying the potential
causative role of UA in the development of frailty.

While our study primarily focuses on the association be-
tween serum UA levels and frailty per se in older adults, we
acknowledge that higher UA levels are often linked to various
dietary habits and medical conditions. Elevated UA levels can
be influenced by high purine intake, fructose consumption,
and obesity, as well as by conditions such as hypertension, di-
abetes, and kidney disease.39 Although these factors were
not the central focus of our research, understanding their im-
pact on UA levels is crucial. Avoiding dietary and lifestyle
choices that increase UA can help mitigate frailty by reducing
the risk of elevated UA levels. Therefore, public health strat-
egies aiming to control UA levels through nutrition and dis-
ease management may play a significant role in preventing
frailty in the aging population.

Our study’s principal strength is the utilization of complex
sample analysis methods with assigned weights, which facili-
tated the estimation of national-level statistics, thereby en-
hancing the generalizability of our findings. Moreover, the ex-
tensive sample size allowed for adjustments for a broad
range of confounding factors, increasing the statistical ro-
bustness of our results. Nonetheless, it is crucial to acknowl-
edge certain limitations that should be considered when in-
terpreting our data. A significant limitation of our study is
its cross-sectional design, which impedes the establishment
of a causal relationship between serum UA levels and frailty.
Furthermore, the KNHANES dataset does not include mea-
surements of systemic inflammation and oxidative stress in
the collected samples, limiting our ability to confirm whether
the observed increase in frailty risk due to high UA concentra-
tions is directly attributable to these factors. Another limita-
tion is our reliance on self-reported data, which may intro-
duce recall and social desirability biases. In addition, while
the KNHANES provides comprehensive health-related data,
it did not specifically include assessments of participants’
consumption of purine-rich foods that affect serum UA levels.
Lastly, as our study exclusively involved a Korean population,
the applicability of our findings to other demographic groups,
particularly Caucasians, may be limited.

In conclusion, findings from a nationally representative co-
hort indicate that elevated serum UA levels are robustly
linked with an increased frailty index that encompasses phys-
ical, cognitive, psychological, and social dimensions, as well as
an elevated risk of frailty among older adults. This evidence
supports the notion that high circulating UA levels may serve
as a pro-aging factor rather than providing anti-aging benefits
in this population. Future studies are warranted to explore
whether interventions aimed at lowering UA levels can ame-
liorate oxidative stress and inflammatory responses, ulti-
mately contributing to improved biological aging outcomes.
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