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Abstract

Recent evidence shows that uric acid is protective against some neurological diseases, but can be detrimental in many metabolic and
cardiovascular disorders. In this study, we examined the association between serum uric acid levels and bone metabolism in Chinese
males and postmenopausal females. A total of 943 males and 4256 postmenopausal females were recruited in Shanghai. The levels
of serum uric acid and bone turnover markers (BTMs) were detected along with other biochemical traits. In addition, the fat distribution
was calculated through MRI and image analysis software, and bone mineral density (BMD) was determined using dual-energy X-ray
absorptiometry. For postmenopausal females, the prevalence of osteoporosis was significantly lower in the hyperuricemia group
compared with the normouricemic group (P=4.65E-06). In females, serum uric acid level was significantly associated with osteoporosis,
with odds ratio (OR) and 95% confidence interval (95% CI) of 0.844 [0.763; 0.933] (P=0.0009) after adjusting for age, body mass
index, HbAlc, lean mass, visceral and subcutaneous fat areas, albumin, 25-hydroxyvitamin D3 [25(0H)D3], and parathyroid hormone
(PTH). In females, serum uric acid level was positively correlated with the BMD of the femoral neck (B+SE: 0.0463+0.0161; P=0.0042),
total hip (B£SE: 0.0433+£0.0149; P=0.0038) and L1-4 (B£SE: 0.0628+0.0165; P=0.0001) after further adjusting for age, BMI, HbAlc,
lean mass, VFA, SFA, albumin, 25(0OH)D3 and PTH. Regarding BTMs, serum uric acid level was negatively correlated with N-terminal
procollagen of type | collagen (PINP) in females (B£SE: -0.1311+0.0508; P=0.0100). In summary, our results suggest that uric acid has
a protective effect on bone metabolism independent of body composition in Chinese postmenopausal females.
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Introduction
With the aging of the population and changes in lifestyle, the
average prevalence of osteoporosis in adults has reached 13%
in China!l. With its high prevalence and the related disability,
morbidity, mortality and costs of osteoporotic fractures, osteo-
porosis has become a serious public health problem” and has
received a great amount of attention globally; therefore, many
studies have attempted to identify the risk factors of osteopo-
rosis.

As the end product of purine metabolism, uric acid used to
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be recognized as a waste product; in fact, excess serum uric
acid can cause gouty arthritis and renal lithiasis. However,
recent studies have found that uric acid is protective against
some neurological diseases™ but can be detrimental in many
metabolic® and cardiovascular® disorders. Therefore, the role
of uric acid remains an oxidant-antioxidant paradox®.
Reduced bone mineral density (BMD) is related to a pro-oxi-
dative and pro-inflammatory environment”. Plasma antioxi-
dant levels are markedly decreased in osteoporotic women'®;
therefore, bone loss and osteoporosis are linked to oxidative
stress and inflammatory status. Epidemiological evidence
has indicated that uric acid is positively correlated with BMD
B 1 Considering the
link between oxidative stress and bone health, the association

and is protective against osteoporosis

between uric acid and osteoporosis is likely based on the anti-
oxidant capacity of uric acid™!. However, some studies have



[12]

found no association of uric acid with osteoporosis'~ or osteo-

porotic fracture™,

Considering the controversial effects of
uric acid on osteoporosis found in previous experimental and
clinical studies along with the oxidant-antioxidant paradox of
uric acid, the role of uric acid in bone metabolism requires fur-
ther clarification.

Bone loss occurs during the bone remodeling process, which
is reflected by bone turnover markers (BTMs)". Evaluating
the associations between uric acid and BTMs, including osteo-
calcin, N-terminal procollagen of type I collagen (PINP) and
B-cross-linked C-telopeptide of type I collagen (B-CTX), will
offer more clues regarding the role of uric acid in bone metab-
olism.

In addition, uric acid concentration is strongly influenced by

[16]

age, hormonal factors" and body composition®, which also

1718 Therefore, interfer-

influence BMD and osteoporosis risk!
ence from these confounders may also affect the role of uric
acid in osteoporosis.

In this study, we aimed to evaluate the association of uric
acid with osteoporosis and BTMs in Chinese males and post-
menopausal females separately, correcting for age and mul-

tiple indices of adiposity.

Materials and methods

Ethics statement

This study was in accordance with the principles of the Second
Revision of the Declaration of Helsinki. It has been approved
by the Institutional Review Board of Shanghai Jiao Tong Uni-
versity Affiliated Sixth People’s Hospital, and the approval
number is 2015-KY-002(T).
ten informed consent.

Every participant provided writ-

Subjects
Our study recruited 5404 participants from the Nicheng com-
munity of the Shanghai area. A similar database has also been

sl 2 Patients whose uric acid levels

used in previous studie
were not tested were excluded. Participants with cancer,
hepatic disease, kidney disease, or patients using medica-
tions (eg, diphosphonate, glucocorticoids, estrogen, diuretics,
and allopurinol) that might influence the bone metabolism or
uric acid level were also excluded. Finally, 5199 participants,
including 943 males and 4256 postmenopausal females, were
retained in this study. Patients with serum uric acid levels
greater than 7 mg/dL for males and 6 mg/dL for females
received a diagnosis of hyperuricemial".

Clinical measurements

Age, height (m) and weight (kg) were recorded for all partici-
pants. The body mass index (BMI) was calculated as weight/
height®. A type 7600-020 Automated Analyzer (Hitachi,
Tokyo, Japan) was used to measure fasting serum triglyceride,
total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol and albumin levels in every
participant. HbAlc values were tested by high-performance
liquid chromatography with a Bio-Rad Variant II hemo-
globin testing system (Bio-Rad Laboratories, Hercules, CA,
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USA). The fasting levels of bone metabolism-related mark-
ers, including osteocalcin in the form of N-terminal osteocal-
cin molecules, PINP, B-CTX, serum 25-hydroxyvitamin D3
[25(OH)D3], and parathyroid hormone (PTH), were measured
at the same time point with an automated Roche electroche-
miluminescence system (Roche Diagnostics Gmbh, Germany).
The intra- and inter-assay coefficients of variation (CVs) were
2.9% and 4.0% for osteocalcin, 2.3% and 2.8% for PINP, 2.5%
and 3.5% for B-CTX, 5.6% and 8.0% for 25(OH)D3, and 1.7%
and 2.9% for PTH, respectively. Regarding body composition,
a BC-420 Tanita Body Composition Analyzer (Tanita, Tokyo,
Japan) was used to determine body fat percentage, with each
subject standing with barefooted on the analyzer footpads; the
impedance between the two feet was measured with an alter-
nating current passing through the lower body. Abdominal
visceral fat area (VFA), subcutaneous fat area (SFA), and lean
mass were calculated using image analysis software (SLICEO-
MATIC, version 4.2; Tomovision, Inc, Montreal, QC, Canada)
and magnetic resonance imaging (MRI) images acquired at the
abdominal level between the fourth and fifth lumbar vertebrae
with subjects in the supine position using a 3.0-T MRI system
(Achieva; Philips, Best, The Netherlands).

BMD measurement and osteoporosis diagnosis

The BMD values of the lumber spine (L1-4), femoral neck and
total hip were determined by Dual-energy X-ray absorptiome-
try (DXA, Hologic QDR-2000, Hologic Corporation, Waltham,
MA, USA), and the CVs for the DXA measurements at L1-4,
the total hip, and the femoral neck were 1.39%, 0.7%, and
2.22%, respectively. The T-scores for L1-4, the femoral neck,
and the total hip were calculated separately using the fol-
lowing formula: (Measured BMD-Young adult mean BMD)/
Young adult population standard deviation (SD)*. Osteopo-
rosis was defined as a T-score in any site less than -2.5 SD, and
participants with T-scores greater than -2.5 SD in all sites were

included as controls®.

Statistical analysis

All statistical analyses were performed with SAS 9.2 (SAS
Institute, Cary, NC, USA). For continuous variables, nor-
mality testing was performed, and variables with skewed
distributions were log transformed for further analysis. The
mean*SD or the median (interquartile range) was used for
general description, and differences between groups were
determined with the Wilcoxon test. For categorical variables,
the number of subjects and proportions were used for general
description, and the x* test was used to determine differences
between groups. Multivariable logistic regression analysis
was performed to assess the effects of uric acid on osteoporo-
sis susceptibility. Multiple linear regression analysis was per-
formed to evaluate the associations of uric acid with BMD and
BTMs.

Results
The clinical characteristics of the study samples are summa-
rized in Table 1. As shown in Figure 1, for females, the preva-
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Figure 1. Prevalence rates of osteoporosis in different groups. The
prevalence of osteoporosis in the hyperuricemia group was significantly
lower than that in the normouricemia group. “P<0.05 by the x? test.

lence of osteoporosis was significantly lower in the hyperuri-
cemia group than in the normouricemic group (P=4.65E-06).
However, no significant distinction was observed for males
(P=0.3452). In the multivariable logistic regression analysis,
for females, uric acid was significantly associated with osteo-
porosis after adjusting for age and BMI, with an odds ratio
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0.928] (P=1.03E-05), or after further adjusting for age, BMI,
HbAlc, lean mass, VFA and SFA (OR [95% CI]: 0.842 [0.785;
0.904]; P=2.11E-06); no similar findings were obtained for
males. As serum albumin, 25(0OH)D3 and PTH levels can also
affect bone metabolism™!, we further evaluated the associa-
tion between uric acid and osteoporosis adjusted for age, BMI,
HbAlc, lean mass, VFA, SFA, albumin, 25(OH)D3 and PTH
and found that uric acid was still significantly associated with
osteoporosis (OR [95% CI]: 0.844 [0.763; 0.933]; P=0.0009).

The associations between uric acid and the BMD levels of
different sites are shown in Figure 2. When controlling for
age, BMI, HbAlc, lean mass, VFA and SFA, uric acid was
significantly correlated with the BMD values of the femoral
neck and the total hip in both males (Ptstandard error (SE):
0.0462+0.0222; P=0.0377; B+SE: 0.0531+0.0182; P=0.0036) and
females (B+SE: 0.0470£0.0110; P=2.01E-05; f+SE: 0.0499+0.0101;
P=8.65E-07), but a significant correlation between uric acid
and the BMD of L1-4 was only observed in females (3+SE:
0.0712+0.0113; P=3.01E-10). Moreover, uric acid was still
associated with the BMD of the femoral neck, the total hip
and L1-4 in females (B£SE: 0.0463+£0.0161; P=0.0042; p£SE:
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Figure 2. Correlations between uric acid and the BMD levels of different sites. Simple correlations between uric acid and the BMD levels of L1-4, the
femoral neck and the total hip were evaluated in males (A, B, C) and postmenopausal females (D, E, F) separately. Uric acid and the BMD levels of
L1-4, the femoral neck and the total hip were all analyzed after log transformation. BMD, bone mineral density.
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Figure 3. Correlations between uric acid and BTMs. Simple correlations between uric acid and BTMs were evaluated in males (A, B, C) and
postmenopausal females (D, E, F) separately. All variables, including uric acid, osteocalcin, PINP and B-CTX, were analyzed after log transformation.
BTM, bone turnover marker; PINP, N-terminal procollagen of type | collagen; B-CTX, B-cross-linked C-telopeptide of type | collagen.

0.0433+0.0149; P=0.0038; B£SE: 0.0628+0.0165; P=0.0001;) after
further adjusting for age, BMI, HbAlc, lean mass, VFA, SFA,
albumin, 25(0OH)D3 and PTH.

The associations of uric acid with BTMs are shown in Figure
3. When controlling for age and BMI, uric acid was negatively
correlated with osteocalcin (P£SE: -0.0646+0.0214; P=0.0026),
PINP (B+SE: -0.0146+0.0424; P=0.0006) and B-CTX (B+SE:
-0.0776%0.0385; P=0.0439) in females. However, no similar
results were obtained in males. After further adjusting for age,
BMI, HbA1c, lean mass, VFA and SFA, uric acid was only neg-
atively correlated with PINP (B+SE: -0.1403+0.0509; P=0.0059)
in females. This association was still significant after further
controlling for age, BMI, HbAlc, lean mass, VFA, SFA, albu-
min, 25(OH)D3 and PTH (B+SE: -0.1311+0.0508; P=0.0100). No
significant associations of uric acid with osteocalcin or p-CTX
were observed in either gender.

Discussion

As both uric acid and bone metabolism are influenced by age
and gender, we mainly focused on the association of uric acid
with bone metabolism in males and postmenopausal females
separately. In postmenopausal females, uric acid was protec-
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tive against osteoporosis and was positively correlated with
the BMD of L1-4, the femoral neck and the total hip. How-
ever, in males, uric acid had no association with osteoporosis
risk and was only significantly associated with the BMD of the
femoral neck and the total hip. Regarding BTMs, after control-
ling for age and BMI, uric acid was negatively correlated with
osteocalcin, PINP and B-CTX in postmenopausal females, but
no significant associations were obtained in males. Further-
more, after controlling for age, BMI, HbAlc, lean mass, VFA
and SFA, uric acid was negatively correlated with PINP in
females only.

As hyperuricemia has become an important component of
metabolic syndrome, serum uric acid is usually assessed to
determine the risk of gouty arthritis or cardiovascular effects;
however, the role of uric acid remains controversial, especially
in bone health.

In postmenopausal females, uric acid was protective against
osteoporosis and was positively correlated with the BMD
values of L1-4, the femoral neck and the total hip. Similar
to previous observational studies™ *!
epidemiological evidence that uric acid has a beneficial effect

, our results provide

on bone metabolism. The findings of this study are also in



accordance with functional research showing that uric acid
can promote the proliferation and osteogenic differentiation of

human mesenchymal stem cells®.

Considering that there is
a link between oxidative stress and osteoporosis and that uric
acid can function as a central nervous system antioxidant®),
uric acid might exert its protective effects against osteoporosis
via its antioxidant function.

PINP, secreted by osteoblasts, is a bone formation marker
reflecting collagen formation and osteoblast activation. In this
study, uric acid had a negative correlation with PINP inde-
pendent of age, BMI, HbAlc, lean mass, VFA and SFA in post-
menopausal females. During the bone turnover process, bone
formation and resorption are tightly coupled, and bone loss
tends to occur. Uric acid was negatively correlated with bone
formation markers, suggesting that it can reduce the bone
turnover rate, thus decreasing bone loss. Regarding other
BTMs, uric acid was negatively associated with osteocalcin
and B-CTX after controlling for age and BMI, but this associa-
tion was attenuated after further controlling for HbAlc, lean
mass, VFA and SFA. It has been revealed that reactive oxygen
species could mediate osteoclast differentiation™ and that uric
acid, as an an-oxidant, can restrain reactive oxygen; thus, uric
acid may reduce bone absorption because of its antioxidant
property[zgl
suggested that body composition and bone metabolism are

. Furthermore, as several lines of evidence have

interrelated™® ** ', this result indicated that the associations of
uric acid with osteocalcin and 3-CTX might due to body com-
position.

However, uric acid was only associated with the BMD of
the femoral neck and the total hip and had no association with
osteoporosis susceptibility in males. For bone metabolism,
uric acid had no associations with BTMs after controlling for
age and BMI or after further controlling for age, BMI, HbAlc,
lean mass, VFA and SFA. There are several possible mecha-
nisms that may explain the different roles of uric acid in osteo-
porosis between the genders. In postmenopausal females,
without estrogen protection, uric acid levels will increase
more significantly than that in males™, and the effect of uric
acid against bone loss is more obvious™ than that in males.
In addition, the high prevalence of osteoporosis risk factors
in males, such as smoking, drinking and eating habits, might
neutralize the beneficial effects of uric acid on bone metabo-
lism. Therefore, no significant associations were observed in
males.

There are some limitations to our study. First, as the asso-
ciation of uric acid with bone metabolism was only confirmed
in our cross-sectional observational study, in which serum uric
acid was only tested once, and timely selection errors could
not be corrected, further prospective studies or interventional
trials are vital to clarify the role of uric acid in osteoporosis.
Second, although we controlled for age, blood glucose level
and body composition, we did not evaluate lifestyle factors,
such as dietary calcium, alcohol consumption, physical activ-
ity, smoking, and intake of fruit, tea and vegetables, which
might influence bone health!.
factors will be necessary to evaluate the association between

Further studies covering such

www.chinaphar.com
Yan DD et al

631

uric acid and bone health. Third, when determining the
osteoporosis status of the participants, we did not take frac-
ture status into consideration, although the prevalence rates
of osteoporosis fracture were only approximately 12.2% for
males and 14.9% for females™); therefore, we could not evalu-
ate the association of uric acid with osteoporotic fracture in
the participants. Fourth, we only excluded patients using
medications that might influence bone metabolism at the time
of investigation; we did not take the medicine history into
consideration. Thus, we were unable to exclude the remain-
ing interference of some medicines, such as disphosphonate,
glucocorticoids, estrogen, and bisphosphonates, among others,
especially bisphosphonates, which have a long half-life.

In conclusion, serum uric acid was protective against osteo-
porosis, positively correlated with BMD, and negatively asso-
ciated with bone formation in postmenopausal females. In
addition, these effects of uric acid on bone metabolism were
independent of obesity and body composition.
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