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Background: The results of previous studies on the association between serum
uric acid levels and bone mineral density and the risk of osteoporosis are
controversial. Fat free mass (FFM) is more strongly associated with bone
mineral density (BMD) than it is with body fat mass (BFM). Skeletal muscle
mass is assumed to contribute indirectly to the relationship between serum
uric acid levels and BMD. Therefore, we aimed to evaluate the association
between serum uric acid levels and BMD and abnormal BMD (at least
osteopenia) by considering body composition in men aged > 50 years.

Methods: This was a retrospective observational cross-sectional study. We used
data obtained from 2,991 men aged >50 years who completed questionnaires,
anthropometric surveys, laboratory tests, and bone mineral density scans. A
subgroup analysis of 1,135 men who additionally underwent body composition
data analysis using Inbody® was performed. Multiple linear regression analysis
was used to explore the relationship between serum uric acid levels and BMD at
three sites (L1-L4, Femur neck, Femur total). In addition, multiple logistic
regression analysis was performed to determine the association of serum uric
acid levels with abnormal BMD (at least osteopenia).

Results: Positive correlations between serum uric acid levels and BMD at the
three sites (L1-L4, Femur neck, Femur total) were observed in unadjusted and
fully adjusted models except the BMD of the femoral neck (P-
value=0.054).Furthermore, FFM and skeletal muscle mass index (SMI) showed
positive association with serum uric acid level and BMD at three sites, with
statistical significance. An increase in serum uric acid level was associated with a
lower risk of abnormal BMD after adjusting for confounders including FFM and
SMI.

Conclusion: Serum uric acid level was positively associated with BMD at three
sites and had a protective effect against abnormal BMD after adjusting for
multiple confounders, including FFM and SMI, in men aged > 50 years.
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1 Introduction

The prevalence of osteoporosis increases with age (1). As Korea
is rapidly becoming a super-aged society, the prevalence of
osteoporosis and osteoporotic fractures is increasing steeply,
leading to significant social costs (2). Particularly, osteoporotic
fractures resulting from bone fragility cause pain, prolonged
immobilization, and even death (3). According to data from the
National Health Insurance Service (NHIS) regarding osteoporotic
patients in 2015, the death rate within 1 year after osteoporotic
femur fracture was 21% in men and 14% in women, and
osteoporotic lumbar fracture was 9% in men and 4% in women.
Data of 66-year-old women who underwent life turning point
health examination provided by the NHIS showed that fracture
risk was higher among patients with osteopenia than those with
normal bone mineral density (BMD) (4). According to the national
nutritional survey data from 2008 to 2011, the prevalence of
osteopenia in adults over 50 years of age was 47.9% (46.8% in
men and 48.9% in women) (2) Therefore, for the prevention of
future fractures, it is important to aggressively manage not only
osteoporosis but also osteopenia (4).

Uric acid is recognized as a pro-oxidative marker intracellularly
but also a protective factor as an anti-oxidant extracellularly (5, 6).
Hyperuricemia has been recognized as a risk factor for not only
gout and kidney stones, but also as a metabolic syndrome (5, 7, 8).
In addition it is either a consequence or a cause of these related
conditions (6). However, paradoxically, uric acid is responsible for
up to two-third of total plasma antioxidant capacity by scavenging
for peroxyl radicals (ROO-) and chelating iron (9, 10). Moreover, an
imbalance between oxidative stress and antioxidation affects bone
remodeling (5, 8). In a 2016 systematic review and meta-analysis,
higher serum uric acid level was associated with higher BMD, lower
prevalence of osteoporosis, and new fractures during the follow-up
period (8). However, some studies reported no association (3, 11,
12) or different association by sex (13, 14). Besides, the majority of
studies have been on women.

In addition, high body weight and BMI have long been
demonstrated to have a protective effect against the decline in
BMD (15). Based on a meta-analysis of 44 studies, Ho-Pham et al.
showed that fat free mass (FFM) was more associated with BMD than
did body fat mass (BFM) in men and women (16). Dong XW et al.
found that serum uric acid level had positive correlations with BMD
and skeletal muscle mass index (SMI). Moreover, path analysis
explained that beneficial association between serum uric acid and
BMD might be mediated by increased SMI (17). Furthermore,
although previous studies on the relationship between serum uric
acid levels and skeletal muscle mass are limited and controversial, a
positive correlation is estimated among relatively healthy, middle-
aged and older adults (18, 19). Therefore, we aimed to evaluate the
relationship between serum uric acid and BMD, considering body
composition in men aged =50 years.
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2 Methods
2.1 Study participants

We investigated participants who voluntarily visited the Health
Promotion/Disease Prevention Center of Seoul National University
Hospital, Seoul, Korea between July 1, 2013 and August 19, 2020,
for a health-screening program. The study population consisted of
19,467 participants who completed questionnaires, anthropometric
surveys, laboratory tests, and BMD scans. We excluded 14,766
participants for the following reasons: no response to the question
on sex (n=8), women (n=13,819), and men aged <50 years (n=939).
Further exclusion criteria were as follows: missing uric acid values
(n=176), missing laboratory research variables (n= 48), no response
to any questions on smoking (20), alcohol (21) and exercise (22)
(n=256), and medical histories affecting bone metabolism, such as
osteoporosis, gout, chronic kidney disease, hyperthyroidism (23),
chronic liver disease (24, 25), cancer, history of transplantation (26),
rheumatic disease, autoimmune disease (27-29), and
skeletomuscular disease (n=1,230). Therefore, 2,991 participants
were included in the primary analysis. Afterward, we analyzed the
data of 1,135 participants with body composition data to investigate
the association of serum uric acid with BMD, considering FFM and
SMI (Figure 1).

2.2 Bone mineral density test

BMD was evaluated using dual-energy X-ray absorptiometry
(Model; BHR-3-76, USA), and the BMD and T score of three sites
(lumbar spine 1-4, the femoral neck and femur total) were
extracted. Using the minimum T score, osteoporosis was defined
as a T score of 2.5 SD below the young adult level (T score < -2.5),
osteopenia was defined as a T score of 1-2.5 SD below the young
adult level (-2.5 < T score < -1) and abnormal BMD was defined as a
T score <1 SD below the young adult level (T score < -1) (2, 30)

2.3 Anthropometric survey and body
composition test

Anthropometric data were measured by trained personnel using
standardized protocols and instruments. Height (m) and weight
(kg) were measured using a digital scale and BMI (kg/m (2)) was
calculated. Body composition test was performed with the Inbody
770 using bioelectrical impedance analysis (BIA); and we collected
data on BFM (total weight of body fat, including surface and
internal levels), FFM (weight of all tissues in the body except
body fat), SMM (total weight of lean muscles present at every
body segment), and SMI (appendicular skeletal muscle mass (kg)/
height (2) (m) (2)) (31, 32).
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Participants of medical checkup
(n=19,467)
[2013.07.01~2020.08.19]

l

Men aged >50 years old
(n=4,701)

Participants of Primary analysis
(n=2,991)

l

Participants of Subgroup analysis
(n=1,135)

FIGURE 1
Flow chart of participants

2.4 Other clinical assessments

Medical history and lifestyle activities, including smoking,
alcohol consumption, and exercise, were documented using self-
reported questionnaires. For alcohol consumption, we surveyed the
frequency per week and month and the amount of alcohol
consumed at once. The participants were categorized as non-
drinkers (never and past drinkers) and current drinkers.
According to the Korean guidelines for adequate alcohol
consumption, “adequate drinkers” was defined as < eight drinks
per week in men aged < 65 years and < four drinks per week in men
aged > 65 years (21). Smoking status was classified as nonsmoker
(never or past smoker) or current smoker. In addition, we also
surveyed the frequency and duration by intensity (vigorous,
intermediate, or low) of the exercise types. Adequate exercise was
defined as > 150 min/week of intermediate intensity or > 75 min/
week of vigorous intensity (22).

2.5 Laboratory measurements

Blood tests were performed via venipuncture after overnight
fasting. Laboratory examinations included the determination of
serum uric acid level as the main variable and other variables
associated with bone metabolism, including alkaline phosphatase
(ALP), OHVitD3, calcium (Ca), phosphorous (P), blood urea
nitrogen (BUN), creatinine (Cr), high sensitivity C-reactive
protein (hsCRP), albumin (Alb), total cholesterol (TC),
triglycerides (TG), low density lipoprotein (LDL), high density
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No response to gender (n=8)
Women (n=13,819)
Men aged <50 years old (n=939)

Missing value of Uric acid (n=176)
Missing value of blood tests (n=48)
No response to Alc/Smk/Exr (n=256)
Diseases affecting bone metabolism
(n=1,230)

Missing value of BIA (n=1,856)
[2013.07.01~2017.11.15]

lipoprotein (HDL), fasting blood sugar (FBS), and glycated
hemoglobin (HbAlc). High hsCRP refers to hsCRP >0.5
(reference value: 0-0.5). Because TG, one of the confounders,
does not follow a normal distribution owing to skewness and
kurtosis, we applied a natural log. For the exclusion criteria, we
checked free T4 (fT4), thyroid-stimulating hormone (TSH) for
hyperthyroidism (23) and hepatitis B surface antigen (HBsAg),
hepatitis C antibody (anti-HCV) for chronic liver disease, and
hepatitis B or C carriers (24, 25). In addition, we calculated eGFR
using the MDRD equation, and excluded eGFR<60ml/min/1.73m
(2) for chronic kidney disease (CKD) (33).

2.6 Statistical analyses

Statistical analyses were performed using STATA version 16.0.
The general characteristics of the participants grouped according to
abnormal BMD were compared using the independent t-test for
continuous variables and Pearson’s chi-square test for categorical
variables. We performed multiple linear regression to examine the
relationship between serum uric acid levels and BMD, and the
following variables were corrected as confounders: age, BMI, SHx;
social history (20)(smk; smoking, alc; alcohol, exr; exercise), PMHx;
past medical history (14)(HTN; Hypertension, DM; Diabetes
mellitus, DL; Dyslipidemia), and Lab; laboratory test (hsCRP (5),
InTG (34), Alb (35)). In addition, we performed multiple logistic
regression to show association between serum uric acid, and
abnormal BMD (at least osteopenia) and we used the same
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TABLE 1 General characteristics of participants with abnormal bone
mineral density (BMD) and the control group.

confounders mentioned above. In the subgroup analysis, we used
FFM and SMI as confounders.

Characteristics Normal BMD Abnormal
. (n=2,152) BMD (n=839)
2.7 Ethics statement
Age (year) 59.84 + 6.44 62.04 +7.12 <0.001

The study protocol was reviewed and approved by the BMI (kg/m~2) 24.59 2.72 23.22 277 <0.001
Institutional Review Board of the Seoul National University Uric acid (mg/dL) 6.04 + 131 576 + 1.25 <0.001
College of Medicine (approval no. H- 2306-037-1437).

Ca (mg/dL) 9.33 £ 0.34 9.33 £ 0.34 0.763
P (mg/dL) 325 + 0.44 328 + 0.46 0.141
3 Results BUN (mg/dL) 14.44 + 347 14.46 + 3.56 0.845
. . Cr (mg/dL) 0.96 + 0.12 093 +0.12 <0.001
3.1 Baseline characteristics of study
participants eGFR (mL/min/1.73 8220 + 12.77 84.42 + 12.97 <0.001
mA2)

The baseline characteristics of the study participants are Alb (g/dL) 4452027 4442027 0.163
presented in Table 1. Abnormal BMD was observed in 839 ALP (IU/L) 62.64 + 16.24 66.61 + 17.61 <0.001
(28.05%) participants. Participants with abnormal BMD were FBS (mg/dL) 10268 + 23.98 0837 + 19.82 0001
older and thinner and had significantly lower serum uric acid A B '
levels (5.76 vs 6.04) than those with normal BMD. These trends HbAlc (%) 597 £0.80 585+ 0.69 <0.001
were also seen in subgroup with the information on the body TC (mg/dL) 196.29 + 40.32 195.46 + 39.35 0.608
composition (Supplementary Table 1). In addition, the average and TG (mg/dL) 123,34 + 84.44 L1443 + 70.01 0.007
standard deviation of uric acid, the major variable, was 5.96 and
1.30, respectively, in primary analysis and 5.72 and 1.24, InTG 467+ 052 461 £0.50 0.005
respectively, in subgroup analysis. HDL (mg/dL) 51.59 + 13.39 54.27 + 14.79 <0.001

LDL (mg/dL) 122.93 + 37.50 121.68 + 37.23 0.411
3.2 Serum uric acid level and bone mineral OHVItD3 (ng/ml) 22:59 £ 857 22.64 £ 875 0.870
denS|ty L1-4 BMD (g/cmA2) 1.30 + 0.16 1.03 £ 0.11 <0.001
Femur neck BMD (g/ 0.99 £ 0.11 0.81 £ 0.09 <0.001
The association between serum uric acid and BMD at three sites cmA2)
was examined using a multiple linear regression model with the Femur total BMD (¢ L0702 089 + 0.0 0,001
emur tof K + 0. R + 0. <0.
following potential confounders: age, BMI, SHx, and Lab. Positive cmA2) &
correlations between serum uric acid level and BMD at three sites oh )
ity (% 871 (40.47 202 (24.08 0.001
were shown in the unadjusted and fully adjusted models except for wsity () (@047 (2409) -
the BMD of femoral neck (P=0.054) (Table 2). The two-way plot High hsCRP (%) 129 (5.99) 51 (6.08) 0.931
showed a positive linear relationship between serum uric acid levels Smoking (smk)
and BMD in the unadjusted model (Supplementary Figure 1). ot (0 L0 (7570 631 (7521 0750
t (% 1620 (75.7 75. 7

In subgroup analysis, we additionally adjusted for FFM and SMI neverfpast (%) 7570 7521
in the unadjusted and fully adjusted models. All had a statistically current (%) 523 (24.30) 208 (24.79)
significant positive association (p<0.05) (Supplementary Table 2). Alcohol consumption

(alc)
3 3 S . d l l d b l never/past (%) 640 (29.74) 318 (37.90) <0.001
. erum uric acia tevel and abnorma
bone mineral density current (%) 1,512 (70.26) 521 (62.10)
Adequate drinker 2,090 (97.12) 818 (97.50) 0.572

Table 3 shows the odds ratio (OR) of serum uric acid level for (%)
abnormal BMD using multivariable logistic regression analysis with Adequate exercise 869 (40.38) 279 (33.25) <0.001
the same confounders such as age, BMI, SHx, PMHX, and Lab. The (%)
adjusted OR of serum uric acid level for abnormal BMD was 0.91 HTN (%) 735 (34.15) 260 (30.99) 0.099
[95% confidence interval (CI) = 0.85-0.98, P = 0.008]. DM (%) 393 (1826) 101 (12.00 0001

In the subgroup analysis, we further adjusted for FFM and SMI. ' ' '
The adjusted OR of serum uric acid level for abnormal BMD was DL (%) 650 (30.20) 202 (24.08) 0.001
0.88 (95% CI=0.79-0.997) in multivariate adjusted model, 0.88 (Continued)
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TABLE 1 Continued

Characteristics Normal BMD Abnormal P-
(n=2,152) BMD (n=839) value

Osteoporosis (%) 0 (0.00) ‘ 67 (7.99) ‘ <0.001

Osteopenia (%) 0 (0.00) 817 (97.38) ‘ <0.001

Continuous variables are expressed as mean + standard deviation

Categorical variables expressed as number(n) and proportion(%) of the subjects

Ca, Calcium; P, Phosphorous; BUN, Blood urea nitrogen; Cr, Creatinine; Alb, Albumin; ALP,
Alkaline phosphatase; FBS, Fasting blood sugar; HbAlc, glycated hemoglobin; TC, Total
cholesterol; TG, Triglyceride; HDL, High density lipoprotein; LDL, Low density lipoprotein;
hsCRP, high sensitivity C-reactive protein; HTN, Hypertension; DM, Diabetes mellitus; DL,
Dyslipidemia.

(0.78-0.99) in the further adjusted model for FFM and 0.88 (0.78-
0.995) in the further adjusted model for SMI (Table 4).

3.4 Fat free mass and skeletal muscle index
and serum uric acid level and bone mineral
density in subgroup analysis

FFM and SMI showed positive association with serum uric acid
level and BMD at three sites, with statistical significance (p<0.05)
(Supplementary Tables 3, 4) (Supplementary Figure 2).

4 Discussion

In the present study, we demonstrated a positive association
between serum uric acid level and BMD at three sites (lumbar spine
1-4, femoral neck, and femur total) and a protective effect against
abnormal BMD after adjusting for multiple confounders, including
FFM and SMI in men aged > 50 years. In addition, FFM and SMI
showed positive association with serum uric acid level and BMD at
three sites, with statistical significance.

The main results of our study were consistent with those of a
previous large multicenter Chinese study that divided uric acid level
into quartiles, and as uric acid level increased from Q1 to Q4, BMD
increased and the risk of abnormal BMD decreased even after
adjusting for confounders in men >50 years of age and
postmenopausal women (35). Besides, a systematic review and
meta-analysis by Veronese N. et al. in 2016 reported that high

TABLE 2 Multivariable linear regression model showing the association
between serum uric acid level and bone mineral density (BMD) at three
sites in the unadjusted and fully adjusted model.

Unadjusted Fully adjusted ®
SE | P-value B SE  P-value
L1-L4 BMD 0016  0.003 <0.001 0011  0.003 <0.001
ENBMD | 0011 0002 <0.001 0.004  0.002 0.054
FTBMD | 0013  0.002 <0.001 0.005 = 0.002 0.004

Alc omitted due to collinearity

*Adjusted for age, body mass index, SHx (smk, alc, exr), PMHx (HTN, DM, DL), and Lab
(hsCRP, InTG, Alb).
B, Beta(p)-coefficients; SE, Standard error.
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TABLE 3 Crude and adjusted odds ratio [OR] (95% confidence interval
[CI]) of serum uric acid level for abnormal BMD in primary analysis.

OR (95% ClI) P-value

Unadjusted 0.84 (0.79-0.900) <0.001

Fully adjusted * 0.91 (0.85-0.98) 0.008

*Adjusted for age, body mass index, SHx (smk, alc, exr), PMHx (HTN, DM, DL), and Lab
(hsCRP, InTG, Alb).

serum uric acid level was associated with high BMD at the lumbar
spine, hip joint, and femoral neck, low prevalence of osteoporosis after
adjusting for confounders and low risk of new fractures in longitudinal
follow-ups (8). The results of following studies were not consistent
with our study findings. A US study of 6,704 participants men aged
>18 years found no association between serum uric acid level and
lumbar BMD after correcting for confounders (3). First, this study
included young men aged <50 years and investigated only lumbar
BMD (2, 30). A study involving a cross-sectional and longitudinal
analyses of Korean postmenopausal women showed no association
between tertiles of serum uric acid level and BMD in the spine and
femoral neck. However, the sample size was small (328 and 186), and
the mean interval length was relatively short (14.6 months) (36).

Oxidative stress is a state of excessive production of free
radicals, reactive oxygen species (ROS) and reduced antioxidative
system (6). It stimulates osteoclast differentiation and suppresses
osteoblast differentiation via ERK and ERK-dependent NF-Kb
activation demonstrated in experiment, resulting in bone loss
(10). In addition, it promotes myofibrillar proteolysis and muscle
atrophy (17, 37-39). The result of our study can be explained by the
antioxidant effect of uric acid, which reduces oxidative stress-related
bone loss (5, 8, 14). Furthermore, an in vitro study showed that
administration of uric acid reduced osteoclastogenesis in a dose-
dependent manner leading to reduced bone resorption (8, 40).

The subgroup analysis indicated that mechanical muscle force
affects on bone strength; moreover it is affected by how much body
mass is supported by the muscle and bone (16). In addition, the
muscle-derived mechanical loading and cytokines via the endocrine
and paracrine pathway stimulate bone development and
maintenance (17, 38).

This study has several strengths. First, we excluded patients with
medical histories that could affect bone metabolism. Additional
laboratory tests were performed to identify patients with
hyperthyroidism, carriers of hepatitis B or C and chronic kidney
disease. Second, we adjusted for multiple confounders (5, 35, 36).

TABLE 4 Crude and adjusted odds ratio[OR] (95% confidence interval
[CI]) of serum uric acid level for abnormal BMD in the subgroup analysis.

OR (95% Cl)

P-value

Unadjusted 0.83 (0.74-0.92) 0.001

Fully adjusted * ‘ 0.88 (0.79-0.997) 0.044
Fully adjusted * with FFM ‘ 0.88 (0.78-0.99) 0.038
Fully adjusted * with SMI ‘ 0.88 (0.78-0.995) 0.041

“Adjusted for age, body mass index, SHx (smk, alc, exr), PMHx (HTN, DM, DL), and Lab
(hsCRP, InTG, Alb).
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Third, we included not only osteoporosis but also osteopenia, which
has a rising prevalence and growing in importance (2, 4) and used the
dual-energy X-ray absorptiometry, which is a gold standard diagnostic
tool (30).

This study has several limitations. First, it was a retrospective
cross-sectional study; therefore, we could not determine the
causality between serum uric acid levels and BMD. Second, the
participants had spontaneously comprehensive medical
examination at a university hospital; therefore, this may cause a
bias and the participants may have had different characteristics
from the general population. Third, uric acid level was measured
once as the main variable. Another previous study measured
baseline uric acid levels retrospectively and used the average value
(17). Fourth, fracture history was not checked.

Despite these limitations, this is the first large-scale Korean
study to show that serum uric acid may have a protective effect on
BMD, even after adjusting for SMI and FFM. Therefore, it is
important to acknowledge the dual role of uric acid in clinical
practice (5). Further longitudinal studies are needed to examine the
causal association among serum uric acid levels, bone mineral

density, and osteoporotic fractures.
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