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Two-year changes in body composition significantly influenced SUA levels, particularly in men and premenopausal

Conc[usio N women. Increasing muscle mass and reducing adiposity may be associated with improved urate control in KJ l M j

individuals with hyperuricemia or those prone to gout.

Background/Aims: Obesity elevates serum uric acid (SUA) levels, but the influence of muscle mass remains unclear. As a
major endogenous purine pool, skeletal muscle may affect SUA dynamics. We evaluated the impact of changes in body com-
ponents, including skeletal muscle mass index (SMI), fat mass index (FMI), and waist-to-hip ratio (WHR), on SUA in a large
cohort of healthy Koreans.

Methods: We analyzed 39,505 adults (24,623 men; 14,180 premenopausal and 702 postmenopausal women) who under-
went health checkups in 2015-2017. Body composition was assessed using bioimpedance analysis. Participants were cate-
gorized into seven groups based on 2-year changes in SMI, FMI, and WHR (tertiles of increase, decrease, and no change).
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Hyperuricemia was defined as SUA > 7 mg/dL in men and > 6 mg/dL in women. Odds ratios (ORs) for achieving optimal SUA
levels (< 6 mg/dL) and regression coefficients for SUA changes were calculated.

Results: Mean SUA levels were 6.25 + 1.21 mg/dL in men, 4.23 + 0.88 mg/dL in premenopausal women, and 4.34 + 0.91
mg/dL in postmenopausal women. SUA changed dose-dependently with body component: SMI increases were associated
with reduced SUA (OR [95% ClI] for the highest tertile = 1.45 [1.32-1.59] in men; 1.48 [1.06-2.06] in premenopausal wom-
en), while FMI and WHR increases correlated positively with SUA.

Conclusions: Two-year changes in body composition significantly influenced SUA levels, particularly in men and premeno-
pausal women. Increasing muscle mass and reducing adiposity may be associated with improved urate control in individuals

with hyperuricemia or those prone to gout.
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INTRODUCTION

Uric acid (UA) is the end product of purine metabolism in
humans. Both exogenous and endogenous sources contrib-
ute to the body’s purine pool. The exogenous pool mainly
depends on dietary intake, while the endogenous pool in-
volves several organs and tissues, including the liver, kid-
ney, intestines, and skeletal muscles [1]. Obesity has drawn
considerable attention in modern society. It mainly results
from a lavish diet and is characterized by excess body fat,
which contributes to metabolic disorders such as gout. Hy-
peruricemia and obesity are often considered closely relat-
ed conditions. In this regard, we previously reported that
changes in body mass index (BMI) and fat mass significantly
affect serum UA (SUA) levels [2,3], suggesting that weight
loss could be an effective strategy for managing individuals
with hyperuricemia.

However, weight changes do not originate solely from
alterations in fat mass. Variations in other body compo-
nents may also affect SUA levels. Skeletal muscles, anoth-
er UA-producing site, serve as an endogenous pool of pu-
rines, including adenine nucleotide [4-6]. Many investigators
have assessed the relationship between SUA and skeletal
muscles, but have reported inconsistent results. For exam-
ple, findings from National Health and Nutrition Examina-
tion Survey (NHANES) Ill showed that low skeletal muscle
mass was associated with elevated SUA levels [7]. In men
with type 2 diabetes, higher SUA levels were reported to
be significantly associated with low skeletal muscle mass
index (SMI) [8]. In contrast, Chinese community-based stud-
ies showed a significant association between elevated SUA
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levels and increased muscle mass [9,10]. Similarly, SUA lev-
els and muscle mass were positively associated in patients
undergoing peritoneal dialysis and kidney transplantation
[11,12]. Such discrepancies may be attributed to the diverse
study populations and cross-sectional designs.

Despite these findings, the direct relationship of muscle
mass on SUA levels has been investigated only occasionally.
Muscle mass has been identified as an important correlate
of SUA levels in children and adolescents, with a greater in-
fluence on the variability of SUA levels observed in boys than
in girls (43% vs. 7%), suggesting sexual-related differences
[13]. Another large-scale Japanese survey suggested that
SUA levels may partly reflect UA production within skeletal
muscles [14].

Given that skeletal muscles represent a possible source of
UA, in this study, we investigated the impact of changes in
muscle mass on SUA levels in a clinically healthy population.
We also examined which body composition parameters,
including muscle mass, would be most attributable to the
change in SUA levels, in line with our previous findings link-
ing BMI and fat mass changes with SUA alterations.

METHODS

Study subjects

We recruited individuals who participated consecutively
in a health checkup program conducted by the Kangbuk
Samsung Hospital Total Healthcare Centers between 2015
and 2017. This program is part of a regular examination
mandated by the Industrial Safety and Health Laws of the
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ol ~ ~|8 % I3 Republic of Korea, which requires employers to provide an-
o . .
2 TE § § § S} § r_EQ nual or biennial health checkups for employees at no cost.
r_f = % 2 2 More than 80% of the study participants were employees
v © + . . . . .
N > 2 . of various corporations and companies, including local
(] — = . O — . . .
Sl T &5 8 " T overnmental organizations, or their spouses, who also re-
g oo @ oln S © ° 9 9
3|7 T T2 S o ceived free checkups. The remaining participants voluntaril
e P N - S p g parucp y
3 3s o 3|2B = i= underwent self-paid health checkups.
S e e|E = .
§ Sl 5 Q|® g 3z E Among 131,632 screened individuals, we excluded those
5 o o| ® O i 2 . - . . .
° 2 °lec Q£ A who had underlying conditions and medical histories at
L © < ying
S P = o baseline as follows: hypertension (n = 11,717), heart disease
2(8|% § 512 2 2 T (n = 959), diabetes (n = 3,592), stroke (n = 515), chronic
21%8c o o|ex o) § liver disease (including liver cirrhosis on ultrasonography)
= 5= L8 g grapny,
2 S S ;-’w E (n = 44), chronic kidney disease (estimated glomerular fil-
+ TR X X
- = = =5 2 2 tration rate [eGFR] < 60 mL/min/1.73 m2, n = 304; or se-
Slola g als s z = - ' ' o
3|05 2 @ E - f S rum creatinine level > 1.4 mg/dL, n = 273), thyroid disease
) o r\I‘ <|I‘ (‘\? o — © g y
25|18 5 lL32 S é ~ (n = 17,209), lung disease (including asthma and chronic
N2 IS o S|w g S T T b ; | di _ 2 l
sle|Z 5 2T 5 N £ obstructive pulmonary disease) (n = 2,782), malignancy (n
& e o T
8|°|3 = pucl R 2 2s = 3,754), dyslipidemia (n = 4,735), gout (n = 530), or the
g g 0 = use of sedatives and anxiolytics (n = 880), steroid (n = 143),
olme =~ o e & 39 2 and medications for hypertension (n = 7,341), as well as
T @ © — . .
28 8 |2 G a9 tuberculosis (n = 420) and malignancy (n = 487). None were
=13|c o c|lg & g Qo5 5 9 y
% Q £9 % L2288 taking gout medication.
€ S e = &2 S We further excluded participants with missing data on
.2 - S @ S L @ g
Blolg & T © e 5 key study variables, including the food frequency question-
“|=2ld 4 TIl8e E5 o & £« naire (FFQ) (n = 62,957), lifestyle factors (n = 2,699), an-
—_— = © 1 .
LIS 2 S|l e ST g thropometric measurements (n = 8), or laboratory results (n
o|l=|L £ 2|V © R=SNv] n s s p y
2|52 & 3lo S 8BS 95¢ O = 24,847). Participants with extreme BMI values were also
S — S| R s = == .
° °le & S $23T3 excluded—underweight (BMI < 18.5 kg/m?, n = 5,342) and
v g g o 0 Ew 5
2; s £ 3 % 25 severely obese (BMI > 35 kg/m?, n = 548). A total of 39,505
59 I« G E g ?8 S ”E 9 participants were included in the final analysis: 24,623 men
© H N ?5 5 S E f cg % o and 14,882 women (14,180 premenopausal and 702 post-
N < QO = O
Vit w8 2T 2w a VY menopausal). Premenopausal and postmenopausal women
RS 0 0 co| © & T > = 2
g § 6 g S © K ?i were analyzed separately to account for estrogen-related ef-
= [%) = = (<) . . .
T ec SE =552 fects on SUA levels. The Institutional Review Board of Kang-
> S5 o = 3 wezyg
ﬁ S o<|gs = § gez=> buk Samsung Hospital approved this study (KBSMC 2019-
- |2 S ) 2 c 8.2 . . ]
2lo|™ o Ul 5 v o |Lw T 09-001) and waived the requirement for informed consent
n 8 d|fS S £ £ RO q
Nlom ola g we =385 9= because only de-identified data were used.
$5 o - g8 £ 2
Sy RE Edg 3 . . .
S 3% gReg Anthropometric and biochemical
£5 Tc §58E2 measurements
- @ = § é 5885 Comprehensive data were collected during health checkups,
g | < 288:% c£33: el tamile medical hi dicat
2| = 22585 5593 including personal and family medical history, medication
€| % 59328 o Suuw use, laboratory test results, and anthropometric measure-
S| 2 v 2Y9F% oz z232 - - ot
. T W mlgeese 22X ments (height, weight, blood pressure [BP], and waist cir-
P § FEEY 33 S 3 33T cumference), as previously described [15,16]. At enroliment,
5| = S38Sc82 238858 iy . . o
el » S 5555 sE=s= all participants completed a 103-item semi-quantitative,
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° o % i self-reported FFQ, developed and validated in Korea [17].
2 TE N L:J 2 g Collected variables included: age (yr), weight (kg), height
m L - - . . .
T2 22 2 ©° g (m), waist circumference (cm), smoking status (never, for-
o s é < _ mer, or current), alcohol consumption (g/day), health-en-
[} - . . .
B =N _ = § 2 £ 3 hancing physical activity (HEPA) level, education level (high
=3 < |m E E - g oy 2 school or college graduate), medication use, and medical
m o
g 3 é o oolw = 3 E < history. Daily dietary intake data were derived from the FFQ,
2 Sleeseclag o 2 including total energy (kcal), protein (g), fat (g), fiber (g),
Mm MmN - = 2 . . .
U= é % g B calcium (mg), and vitamin C (mg). EMI wa§ calculategl as
=% 3 2 weight divided by height (kg/m2), while obesity was defined
2|8 = g ?Eo S as BMI > 25 kg/m?, according to the Asia—Pacific criteria
28 ¥ g|s2 % 2
5la|S ® 2w 2 = el _
< ° t—; = s i Fasting blood samples for laboratory tests were obtained
— 5= v 2 after an overnight fast. Serum levels of UA, triglycerides,
= 2 8 £ g gly
30|~ |2 5 © low-density lipoprotein cholesterol (LDL-C), creatinine, al-
oO|o|B @ <|C .- ] © y Ipop
=N N 5 L—C" IS o é ~N kaline phosphatase, high sensitivity C-reactive protein (hs-
o = = — . . . .
N2 0 2ew = T g CRP), and insulin were measured as previously described
I|5|ls s S|LE ~ =8 y
s) ~ o < |=*F o <= [19]. The eGFR was calculated using the Modification of Diet
> N — 0| © g ~N E c . 9 . .
S < S|235 ° S 3 in Renal Disease study equation [20]. Insulin resistance was
~ L © . . .
© < £ 0 2 Z estimated using the homeostasis model assessment of insu-
w O © = . . . . .
_ ,—3 © © 3 T g § o ; 9 lin resistance (HOMA-IR), calculated as fasting insulin (mU/L)
% QL 2= % £ $ L L& x fasting glucose (mmol/L)/22.5. Hyperuricemia was defined
E & £ % & 'r% g as SUA > 7 mg/dL in men and > 6 mg/dL in women. Values
P = wn o - . X .
_rg — = @ = % J % below these thresholds were classified as normouricemia.
S|V R In| > x y LL — C &
S22 85|88 BEpugcs ” :
BS|h L ols s TEQIEL Body composition measurements via
S8l S ¢ §g s %g 5§ EQ bioelectrical impedance analysis
o =2 3 . L . .
g § ® % s g 2 g9 After an overnight fast, body composition, including skeletal
S22 L£o%3°" muscle mass (kg) and fat mass (kg), was assessed using a
-5 S S ERE ° ; 2
0§ g 5 % o709 bioelectrical impedance analysis (BIA) device (InBody 720;
o T [~ = . ..
© . % v g¢e E cg % & Biospace Inc., Seoul, Korea). Before measurements, partici-
F oo X8 > = o . . .
SlVvIR 2 3|, =2 § SowaYy ants’ palms and soles were wiped with electrolyte tissues.
° N M T35 S g' > = & P y
= == <83 = =28% 35 Subsequently, each participant was made to stand with
El 885|205 85€3¢5¢8 uenTy, sach parte
T &2 o 59 g5 both soles on the electrode-embedded platform and grasp
£E8S00 _ ,
ﬁ g2 = § P —é the electrode handle with both hands in an abducted po-
o) [ cC = = L . .
2w o o T g 25 F sition from the body. A tetrapolar 8-point tactile electrode
—~ = +— ©
"TegIS5Y YEES £ § system (two electrodes for each hand and foot) was used to
F‘ s . g _o -+ . . .
Svx§ET oo oEE separately measure segmental impedance in the right arm,
<+ ~ m| 5 2 2 =25 0y S P y 9 9
3”_ ® r—g - eRsT left arm, trunk, right leg, and left leg at six frequencies (1, 5,
§ § TEsse2 50, 250, 500, and 1,000 kHz). Total body impedance was
B % < § % é g g _é calculated by summing the segmental impedance values,
S| ° 27 gEs=323 and skeletal muscle and fat mass were estimated according
(= > (@)] © T T
£ < = g % 8 > T © © , . . 5 .
E| % 25 295888 to the manufacturer’s instructions, adjusted for body height.
v = . E 59 s 5 £ E f‘ i The BIA technique is a validated tool for assessing body
o~ < — s c g v — — — . . . .
9| 8 |FEFI2EE0 cUTTT composition, showing good correlation with dual-energy
o = G5 £ © C . . .
o = b= § o 2 E S33 X-ray absorptiometry (DXA) in the Korean population [21].
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olo ~ < % £ = ‘g Lean mass (kg), fat mass (kg), and body fat percentage (%)
2l N F(8E ¥ & were measured using this device. The waist-to-hip ratio
Ql>|c o ol @ £ -
© . .
S| o x 2 (WHR) was also measured as a marker of abdominal obesity.
+ © ‘E‘ T +— ) y
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) ® ™ ~|o v ™ = . .
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o Ol|l= < T .= D o ko] 5
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2137 7T %8 4 © & o comparison, SMI and fat mass index (FMI) were calculated
mHe RS sy T o = .
TS o S|28 £ 0= = as follows: SMI (%) = skeletal muscle mass (kg)/body weight
ae) ~ ~ ~ | O e A ko] .
2158 ¥ 8] E 3 2 2 (kg) x 100; FMI (%) = fat mass (kg)/body weight (kg) x 100.
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g g = £ 2 Statistical analysis
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2l%ls sl £ ¢ ES] deviations or medians with interquartile ranges, and categor-
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Tl=|l% g J|lsc & = 5
% O 09 2 x|l F = e the baseline examination (2015) and the 2-year follow-up
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S|H8 YR 2 & £ (2017) for each participant. For baseline characteristics as-
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— - o o . . .
g oo = S| s 5 5 £s according to changes in muscle mass over 2 years: increase
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L2 9 .5 kg); and decrease > 2.5 kg, 1.5-2.5 kg, or 0.5-1.5 kg.
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< | = . . . .
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=3 8 &8 R “g 5 2 3 ;; IS £ ) T3 (greatest), T2, and T1 (smallest) decreases. The tertile
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é <, o T L g ] = © © © . . .
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adjustments for potential confounders: model 1, adjusted 38.6 £ 6.5 years in men, 37.2 + 5.4 years in premenopausal
for age, education level, daily alcohol consumption, HEPA women, and 46.1 + 8.2 years in postmenopausal women.
level, and systolic BP (SBP); model 2, additionally adjusted Mean SUA levels were 6.25 £ 1.21 mg/dL in men, 4.23 +
for intake of total energy, protein, fat, calcium, vitamin C, 0.88 mg/dL in premenopausal women, and 4.34 + 0.91
and fiber based on FFQ data; model 3, further adjusted for mg/dL in postmenopausal women. Hyperuricemia was most
triglyceride, hs-CRP, eGFR, and HOMA-IR laboratory find- prevalent in men (26.08%), followed by postmenopausal
ings; and model 4, additionally adjusted for baseline BMI, (4.42%) and premenopausal women (3.22%).
body weight, and SUA. Because FMI was the main indepen- The mean muscle mass and BMI were 53.6 + 5.6 kg and
dent variable of interest, additional stratified multiple linear 24.8 + 2.8 kg/m? in men, 37.2 + 3.7 kg and 22.1 + 2.7 kg/
regression analyses according to obesity status (non-obese m?2 in premenopausal women, and 36.7 + 3.7 kg and 22.6
vs. obese) were performed for FMI, corresponding to mod- + 2.7 kg/m? in postmenopausal women, respectively. Over
els 3 and 4. All covariates in the multivariate models had a 2 years, muscle mass changes were mostly within + 2.5 kg,
variance inflation factor < 5.0, which is considered accept- with decreases occurring more frequently than increases
able for deflecting relevant multicollinearity [23]. (men: 49.6% vs. 23.8%; premenopausal women: 44.1%
All analyses were performed separately for men, pre- vs. 22.9%; postmenopausal women: 38.3% vs. 26.8%),
menopausal women, and postmenopausal women. Statisti- excluding those with no change (+ 0.5 kg).
cal significance was set at p < 0.05. STATA 16.1 (StataCorp Men and premenopausal women with decreased mus-
LP, College Station, TX, USA) was used for all statistical anal- cle mass tended to be less obese, less physically active, and
yses. more likely to have hyperuricemia at baseline, while LDL-C

and education levels were comparable across the groups.
Participants with increased muscle mass had significantly

RESULTS higher baseline SBP and HOMA-IR values, as well as higher
total protein intake (and higher fat intake in men), whereas
Participant characteristics other dietary factors showed no significant differences.

The baseline characteristics of the study population are pre-
sented in Supplementary Tables 1-3. The mean age was

—o— Men —o— Men —o— Men
~4— Premenopausal women 04 ~&- Premenopausal women ~¢— Premenopausal women
05 — Postmenopausal women - Postmenopausal women 05 Postmenopausal women
03

04 - 0 | {/i 04
S

SIGN
" .
o1 %\T\?\l s ] W

03

| ]
ilsas H

03 T T T T T T 05 T T T T T T T 03 T T T T
3 T T1 Nochange T1 T2 3 T3 T2 T1 Nochange T1 T2 T3 T3 T T1 Nochange T1 T2 T3

Decrease by Increase by Decrease by Increase by c Decrease by Increase by
SMI change FMI change WHR change

Figure 1. Relationships between (A) SMI change and SUA variability, (B) FMI change and SUA variability, and (C) WHR change and SUA
variability in men, premenopausal women, and postmenopausal women according to each tertile change during the 2-year follow-up. A
closed dot for each tertile of SMI, FMI, and WHR indicates the beta-coefficient of SUA change (z standard error), and the solid line con-
nects the individual dots to highlight the direction and size of SUA change according to each tertile of variables. Each dot was estimated
from a linear regression model representing the adjusted dose-response associations between each variance and SUA level variability. blue
diamond dot and line display the result for men, red circle and line for premenopausal women, and green square one for postmenopausal
women. Models were adjusted for age, education level, daily alcohol consumption, HEPA level, SBP, dietary intake (total energy, protein,
fat, calcium, vitamin C, and fiber based on the FFQ) and laboratory parameters (triglycerides, hs-CRP, eGFR, and HOMA-IR). SMI, skeletal
muscle mass index; SUA, serum uric acid; FMI, fat mass index; WHR, waist-to-hip ratio; HEPA, health-enhancing physical activity; SBP, sys-
tolic blood pressure; FFQ, food frequency questionnaire; hs-CRP, high sensitivity C-reactive protein; eGFR, estimated glomerular filtration
rate; HOMA-IR, homeostasis model assessment of insulin resistance.

Coefficient of serum urate levels change (mg/dL)
Coefficient of serum urate levels change (mg/dL)

Coefficient of serum urate levels change (mg/dL)
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er hormone-adjusted postmenopausal cohorts is required.
Incorporating detailed hormone status, including hormone
replacement therapy, may help explain the weaker associa-
tions observed in postmenopausal women.

This study has several strengths. The longitudinal design
with a 2-year follow-up enabled temporal assessments of
body composition and SUA changes, providing stronger
causal inference than that of cross-sectional approaches.
The large sample size, inclusion of both sexes and meno-
pausal strata, and comprehensive adjustment for metabolic,
lifestyle, and renal parameters further enhance the robust-
ness of the findings. Moreover, the concurrent evaluation
of SMI, FMI, and WHR allowed a nuanced understanding of
their independent and opposing associations to SUA regu-
lation.

However, some limitations should be noted. First, body
composition was assessed using BIA, which is less precise
than DXA. Second, participants were voluntary health
checkup examinees, introducing potential selection bias
toward healthier individuals. Third, the 2-year observation
period may not have fully captured short-term variations
in lifestyle or SUA levels. Finally, changes in muscle and fat
mass at the population level were assessed in this study
rather than tracking concurrent intra-individual alterations.
Because muscle and fat compartments often shift recipro-
cally within the same individual, the lack of paired longitu-
dinal analyses limits the direct translation of these findings
into individualized clinical applications. Despite these limita-
tions, this study provides valuable insights into how changes
in body composition are associated with UA metabolism in
relatively healthy adults.

In conclusion, this large-scale longitudinal analysis pro-
vided significant evidence that dynamic changes in body
composition are important correlates of SUA variability. Rel-
ative gain in skeletal muscle mass and reduction in fat mass
were independently associated with lower SUA levels. These
findings highlight the clinical importance of targeting body
composition, and not merely body weight, as a comprehen-
sive strategy for preventing and managing hyperuricemia
and related cardiometabolic disorders, particularly in men
and premenopausal women.

552  www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 3, May 2026

KEY MESSAGE

1. Dynamic changes in body composition are key
determinants of SUA variability, particularly in men
and premenopausal women.

2. Muscle gain and fat loss have opposing, yet inde-
pendent associations with SUA regulation.

3. Body composition, not body weight alone, may be
a more relevant target for preventing and manag-
ing hyperuricemia, especially in men and premeno-
pausal women.
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Supplementary Table 6. Explanatory size of SMI, FMI, and WHR for the association with SUA variability in men and women
using linear regression analysis

Adjusted R?
Subgroup and model
SMI FMI WHR
Men (n = 24,623)
Model 1 0.0209 0.0292 0.0148
Model 2 0.0212 0.0295 0.0151
Model 3 0.0324 0.0405 0.0255
Premenopausal women (n = 14,180)
Model 1 0.0193 0.0261 0.0142
Model 2 0.0196 0.0265 0.0144
Model 3 0.0435 0.0500 0.0351
Postmenopausal women (n = 702)
Model 1 0.0063 0.0219 0.0087
Model 2 0.0158 0.0332 0.0182
Model 3 0.0419 0.0590 0.0402

SMI, skeletal muscle mass index; FMI, fat mass index; WHR, waist-hip ratio; SUA, serum uric acid; HEPA, health-enhancing physical
activity; SBP, systolic blood pressure; FFQ, food frequency questionnaire; hs-CRP, high sensitivity C-reactive protein; eGFR, estimated
glomerular filtration; HOMA-IR, homeostasis model assessment of insulin resistance.

Model 1 was adjusted for age, education level, daily alcohol consumption, HEPA level, and SBP.

Model 2 was adjusted for the intake of total energy, total protein, total fat, calcium, vitamin C, and fiber based on the FFQ in
addition to the variables listed in Model 1.

Model 3 was additionally adjusted for triglyceride, hs-CRP, eGFR, and HOMA-IR to the variables listed in Model 2.
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