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Background and objective: Oxidative stress has been demonstrated to be a mechanism
that leads to bone mass reduction, and according to many studies, serum uric acid (UA) is
a strong endogenous antioxidant that can protect bone mineral density (BMD). To date, there
have been no large-scale, cross-sectional studies based on the population in northeast China
to assess the relationship between serum UA and BMD. Therefore, we examined the
association between serum UA and BMD among a Chinese population older than 60 years
old in northeast China.

Methods: This research was a cross-sectional study of 3465 Chinese individuals over
60 years old in nine communities from the city of Shenyang, which is the capital of northeast
China’s Liaoning Province. Participants were stratified into three groups by serum UA or
BMD levels, and then Pearson’s correlation analysis and multiple regression analysis were
used to study the relationship between serum UA and BMD.

Results: We found that participants with higher serum UA levels had significantly greater
BMD and T-values compared to those of participants with lower serum UA levels. After
adjusting for confounding factors, Pearson’s correlation analysis and multiple regression
analysis showed that higher serum UA levels remained associated with higher BMD levels
(P<0.05). In different models, the prevalence of osteoporosis (OP) among participants with
higher serum UA levels was reduced by 23% to 26% (P<0.05) compared to that in individuals
with lower serum UA levels. In addition, serum UA levels were negatively correlated with
estimated glomerular filtration rate (¢GFR) and positively correlated with 25-hydroxy vitamin
D; [25-(OH)D;] (P<0.05).

Conclusion: We concluded that higher serum UA levels are associated with greater BMD,
and serum UA might have a protective effect on bone metabolism due to its antioxidant
properties.

Keywords: serum uric acid, bone mineral density, osteoporosis

Introduction

Osteoporosis (OP) is a chronic metabolic bone disease caused by a variety of
factors and characterized by a reduction in bone mass, destruction of the bone
microstructure, and an increase in bone fragility, leading to increased fracture risk.'
Age is one of the most important factors affecting BMD. With population ageing,
the prevalence of OP has increased exponentially, according to statistics,the pre-
valence of OP in people older than 50 years old in the United States was 10.3% in
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2010, and the prevalence of OP in 2020 and 2030 is
predicted to reach 19% and 32%, respectively.>® Further,
the number of individuals at high risk for osteoporosis
fractures worldwide will grow from 158 million in 2010
to 316 million in 2040.%° In addition, the increased disease
prevalence has also increased social and economic
burden.”

In recent studies, oxidative stress has been reported to
be a fundamental pathological process leading to bone loss
and bone degradation.®* For example, reactive oxygen
species (ROS) can inhibit the formation and differentiation
of osteoblasts and enhance the development and activity of
this pathological process. Lower levels of serum antiox-
idants were related to a higher risk of OP and osteoporotic
fractures in humans.”® Serum UA, which is the final
product of purine metabolism in humans, has the dual
effects of antioxidation and pro-oxidation. Many studies
have shown that, although UA excess can cause gout,
kidney stones and inflammatory reactions, it can play
a protective role in humans owing to its antioxidant effect
in oxidative stress.”'® Therefore, a hypothesis was pro-
posed that serum UA might facilitate fracture healing and
protect the body from OP owing to its antioxidant
effects.’’ In addition to its antioxidant properties, UA
may affect BMD by other factors. Studies have found
that a significant positive correlation between serum 25
(OH)D and serum UA levels,'> and men with lower UA
levels had an impaired 25-hydroxylation of vitamin D.*'
Subsequently, a series of observational studies or epide-
miological studies were conducted on the possible effects
of UA on BMD. In 2011, Nabipour et al were the first to
report a positive correlation between serum UA and BMD
in a large-scale population study of older men.'? In addi-
tion, studies from other countries have also confirmed that
high levels of serum UA can protect BMD.'*>* However,
Zhang et al found that serum UA was independent of
BMD after adjusting for confounding variables and apply-
ing multivariate analysis in a large-sample study based on
the American adult population.”> Therefore, the relation-
ship between serum UA and BMD is still not identical,
and more in-depth research is needed to determine whether
serum UA has an effect on bone metabolism.

OP is currently a serious public health problem in China,
where population ageing is becoming more serious.
Epidemiological studies based on the Chinese population
have confirmed that higher levels of serum UA play
a protective role in BMD.'® ' However, except for studies
by Dong et al,*° the majority of the above studies were

limited to southern China, the sample sizes were small,
and most of the subjects were male or hospital patients. To
date, there have been no large-scale, cross-sectional studies
based on the population in northeast China to assess the
relationship between serum UA and BMD. Therefore, we
conducted this cross-sectional study among the Chinese
population older than 60 years old in the city of Shenyang
to investigate the association between serum UA and BMD.

Materials and methods

Study population

From September 2016 to August 2017, we conducted this
cross-sectional study in nine communities in the city of
Shenyang, which is the capital of northeast China’s
Liaoning Province. In this study, we cooperated with
nine community health service centres. Community staff
members made telephone appointments with residents
older than 60 years old, they informed the residents of
the contents of this study in detail, and signed written
informed consent forms were provided by the residents.
To participate in the study, participants had to be 60 years
old or older. During the period, a total of 5694 individuals
participated in the study. The exclusion criteria were as
follows: secondary osteoporosis; rheumatoid arthritis;
gout; malignant tumours; hepatic failure; renal failure;
thyroid disease; use of active vitamin D or treatment
with non-active vitamin D of >800 U/d within the previous
six months or use of these drugs for more than six months;
taking drugs that affect bone metabolism within previous
six months, such as bisphosphonates or glucocorticoids;
and taking drugs that affect UA metabolism, such as
allopurinol, febuxostat or benzbromarone. In addition,
individuals without complete information or those who
dropped out halfway were excluded. Finally, a total of
3465 eligible participants were included in the study.
This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of the First Affiliated Hospital of China
Medical University (Shenyang, China, ethical approval
project identification code: AF-SOP-07-1.0-01). The origi-
nal data have been registered at the China Clinical Trial
Center (Registration No. ChiCTR-ERC-17011100). Written
informed consent was obtained from each participant.

General data collection
Standardized questions were asked in our investigation

during face-to-face interviews to collect general
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information about the participants, such as age, gender,
ethnicity, education, history of smoking, history of drink-
ing, illnesses, and medications, such as drugs affecting
bone metabolism, including hormone therapy, bisphospho-
nates, calcitonin, vitamin D and calcium or other multi-
vitamin supplements. In addition, a physical examination
was performed on each participant to measure height,
weight, waist circumference (WC), etc. Participants were
asked to wear light clothing and no shoes, and then height
and weight were measured. Height was measured to the
nearest 0.01 cm, and weight was recorded to the nearest
0.01 kg. The WC was measured to the nearest 0.1 cm,
using a non-elastic tape at the umbilicus. Body mass index
(BMI) was calculated as body weight divided by height in
metres squared(kg/m?).

Biochemical measurements

The participants were asked to fast for 12 h before morning
blood collection. Blind duplicate blood samples were col-
lected to analyse the following parameters: serum UA, total
cholesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol
(LDL-C), and serum calcium (Ca). In addition, serum 25-
hydroxyvitamin D; [25(OH)D;] was measured by liquid
chromatography-tandem mass spectrometry (LC-MS/MS).
Estimated glomerular filtration rate [eGFR; (ml/min/
1.73 m?)] was calculated using the Chronic Kidney Disease
Epidemiology Association (CKD-EPI) formula.

BMD measurements

The heel BMD was measured using an ultrasonic bone
densitometer (Hologic Sahara ultrasound bone density
densitometer, software:version 3.1, American Hologic
Corporation). The ultrasonic bone densitometer uses
sonic conduction velocity (SOS) and amplitude attenua-
tion (BUA) to reflect the bone mineral content, bone
structure and bone strength, which have good correlations
with dual energy X-ray absorption measurement (DEXA).
In this study, according to the 1994 WHO recommended
criteria, normal BMD was diagnosed by T-scores >-1
standard deviation (SD), osteopenia was diagnosed at
—2.5< T-scores <-1.0 SD, and osteoporosis was diagnosed
at T-scores <-2.5 SD.

Statistical analysis
Statistical analysis was performed using SPSS software,
version 19.0. The participants were divided into three

groups according to their T-scores (normal BMD,

osteopenia, and osteoporosis) or divided into three
groups according to tertiles of serum UA. Continuous
variables were reported as the mean = SD, and one-way
analysis of variance (ANOVA) was used for comparison
between groups. Normal distribution data were analysed
using analysis of variance (ANOVA), and non-normal
distribution data were analysed using the rank sum test.
Categorical variables were reported as percentages (%),
and the chi-square test was used for comparisons
between groups. Pearson’s correlation analysis was
used to study the relationship between serum UA and
BMD; partial correlation analysis was used to reassess
the relationship between serum UA and BMD after
adjusting for potential confounding factors, such as
age, gender, BMI, history of drinking, history of smok-
ing, illnesses, TC, TG, HDL, LDL, eGFR, serum Ca,
and 25(OH)Ds. Multivariate regression analysis was then
performed to investigate the association between UA and
BMD after adjusting for potential confounders in differ-
ent models. The accepted level of statistical significance
was P<0.05.

Results
The baseline characteristics and laboratory parameters of
the study population stratified by T-scores are shown in
Table 1. A total of 3465 participants were included, of
whom 2226 were female and 1239 were male. The parti-
cipants were stratified into three groups based on their
T-scores as follows: the control group (T-scores >-1 SD),
the osteopenia group (—2.5< T-scores <-1.0 SD) and the
osteoporosis group (OP group, T-scores <-2.5 SD). There
were 1540 participants suffering from osteopenia and 1296
participants suffering from osteoporosis, accounting for
44.4% and 37.4% of our study population, respectively.
Compared to the control group, the individuals in the
other two groups were older (P<0.001), and the proportion
of male OP was significantly lower than that of female OP
(32.7% versus 67.3%, P<0.001, data not shown). The
individuals with OP had lower levels of TG (P<0.05),
25-(OH)D; (P<0.05), eGFR(P<0.05) and UA (P<0.001)
than the individuals in the other two groups, whereas the
levels of HDL-C showed the opposite trend (P<0.001).
Individuals with OP tended to be female, smoke, drink
and have a lower education level (all P<0.05). However,
there were no significant differences in ethnicity, WC,
BMI, TC, LDL-C, serum Ca, or history of hypertension,
diabetes, and cardiovascular disease (all P>0.05) among
the three groups. In addition, the individuals in the OP
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Table | Baseline characteristics and laboratory parameters of the study population stratified by T-score
Variables Control group(n=629) Osteopenia group(n=1540) Osteoporosis group(n=1296) p-value
Age (years) 66.9+6.9 67.2+6.7 68.9+6.9 <0.001
Male (%) 45.0 345 327 <0.001
Race (%) 0.345
Han 95.1 95.3 94.2
Other® 4.9 4.7 5.8
Education (%) 0.033
Primary school or below 15.7 15.4 19.1
Middle school or high school 65.8 69.0 65.7
College or above 18.4 15.6 15.3
History of hypertension (%) 35.6 32.6 337 0.398
History of diabetes(%) 232 227 21.2 0.526
History of CAD (%) 5.6 4.6 6.7 0.052
Current smoking (%) 18.0 12.9 14.5 0.009
Current drinking (%) 25.1 21.6 19.4 0.017
WC (cm) 87.319.0 87.2+9.3 87.2+9.6 0912
BMI (kg/m?) 24.7+3.1 24.8+3.2 24.8+3.5 0.922
TC (mmol/L) 5.06+1.04 5.12+1.01 5.09+1.04 0.390
TG (mmol/l) 1.79£1.25 1.70£1.07 1.63£1.04 0.018
HDL-C (mmol/L) 1.31£0.45 1.39£0.41 1.40£0.46 <0.001
LDL-C (mmol/L) 3.24%1.12 3.22%1.00 3.19+0.92 0.946
eGFR (mL/min/1.73m?) 86.3+18.8 85.8+14.1 84.7+16.4 0.034
Ca (mmol/L) 2.42+0.21 2.46+0.95 2.430.65 0.541
25-(OH)D5 (ng/mL) 22.74x7.97 22214743 21.77£7.77 0.029
BMD (g/cm?) 0.562+0.07 0.392+0.04 0.254+0.06 <0.001
UA (umol/L) 326.2486.0 317.6£84.9 309.3£79.9 <0.001

Notes: Control group was defined as participants with normal bone mineral density, regardless of other comorbidities. *Including some ethnic minorities in China, such as

Mongols and Manchus.

Abbreviations: CAD, cardiovascular diseases; WC, waist circumference; BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Ca, serum calcium; 25-(OH)D3, 25-hydroxy vitamin D3; BMD, bone

mineral density; UA, serum uric acid

group had significantly lower levels of serum UA than
those in the other two groups (P<0.001).

To better understand the clinical implications of the study,
we reclassified the individuals into three groups according to
the serum UA concentrations (low UA group: 29-277 umol/L,
middle UA group: 278-344 umol/L and high UA group:
345-989 pmol/L, Table 2), with 1166, 1152 and 1147 partici-
pants, respectively. Individuals with higher levels of serum
UA tended to be older, male, to smoke, drink, have hyperten-
sion, obesity, dyslipidaemia and have a lower education level
(all P<0.05). In addition, the individuals in the high UA group
had significantly lower eGFR than those with lower UA con-
centrations (P<0.001), with significantly higher 25-(OH)D;
and T-values (P<0.001). However, there were no significant
differences in ethnicity, history of diabetes or cardiovascular
disease (all P>0.05) among the three groups.

The individuals with higher serum UA levels had signifi-
cantly higher BMD (P<0.001, Figure 1A), and male BMD

was higher than female BMD in the three groups (P<0.05,
Figure 1B). Similarly, after the individuals were divided into
three age groups, we found that older participants tended to
have lower BMD (P<0.001, Figure 1C). Among individuals
in the 70-79-year-old and >80-year-old groups, male BMD
was higher than female BMD (P<0.001, Figure 1D). In the
60—69-year-old group, male BMD levels were slightly higher
than female levels, but the difference was not statistically
significant (P>0.05, Figure 1d).

Pearson’s correlation analysis showed a positive corre-
lation between the serum UA levels and BMD (r=0.131,
P<0.001) (Table 3). Confounding factors, such as age
(r=0.042, P=0.014), gender (r=—0.318, P<0.001), hyper-
tension (r=0.101, P<0.001), smoking (r=0.102, P<0.001),
drinking (r=0.173, P<0.001),WC (r=0.252, P<0.001), BMI
(r=0.182, P<0.001), TC (r=—0.048, P=0.005), TG
(r=0.143, P<0.001), eGFR (r=—0.191, P<0.001), and
VitD3 (r=0.112, P<0.001) were all associated with serum
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Table 2 Baseline characteristics and laboratory parameters of the study population stratified by levels of UA
Variables Low UA Group Middle UA Group High UA Group p-value
(n=1166) (n=1152) (n=1147)
Age(years) 67.4£6.5 67.86.8 68.27.2 0.034
Male (%) 18.5 35.2 539 <0.001
Race(%) 0.933
Han 95.1 94.8 94.9
Other® 4.9 5.2 5.1
Education (%) <0.001
Primary school or below 20.3 15.9 14.2
Middle school or High school 66.8 68.2 66.5
College or above 12.9 15.9 19.3
History of hypertension(%) 29.2 335 38.0 <0.001
History of diabetes(%) 22.5 21.9 223 0.938
History of CAD (%) 52 5.4 6.1 0.622
Current smoking(%) 10.7 12.9 19.6 <0.001
Current drinking(%) 13.6 20.8 30.0 <0.001
WC(cm) 84.2+9.4 87.5+8.9 89.9+8.9 <0.001
BMI(kg/m?) 23.8+3.3 25.043.3 25.6+3.2 <0.001
TC(mmol/L) 5.15+1.04 5.10£0.97 5.02+1.06 0.006
TG(mmol/L) 1.51+0.94 1.72+1.14 1.84+1.16 <0.001
HDL-C(mmol/L) 1.60+0.48 1.36+0.40 1.31+0.44 <0.001
LDL-C(mmol/L) 3.20£1.01 3.21+0.92 3.26+1.02 0.532
eGFR(ml/min/1.73m?) 88.7£15.3 86.0+14.8 81.7x16.7 <0.001
Ca(mmol/L) 2.43+0.52 2.44+0.70 2.45+0.97 0.799
25-(OH)Dj3(ng/mL) 22.1347.33 22.14+7.77 23.16£7.75 <0.001
BMD(g/cm?) 0.363%0.10 0.376+0.12 0.381%0.12 0.001
T-score —2.2+1.2 —2.0£1.3 —1.9+1.3 <0.001

UA levels. After adjusting for confounding factors in
model 2 (r=0.126, P<0.001) and model 3 (r=0.111,
P<0.001), partial correlation analysis was used to examine
the association between the serum UA levels and BMD,
and we found that the correlation between serum UA
levels and BMD remained significant (Table 3). Multiple
linear regression analysis showed that the serum UA levels
remained correlated with BMD after adjusting for con-
founding factors in models 1 and 2 (R?=0.019 in model
1 and 0.021 in model 2,P<0.05, Table 4).

The proportion of participants with OP was 37.4%
(1296/3465) in this study. The proportions of partici-
pants with OP from the lowest UA group (low UA
group) to the highest UA group (high UA group)
were 41.8% (487/1166), 35.7% (411/1152) and 34.7%
(398/1147), respectively. After adjusting for potential
confounding factors, multiple logistic regression analy-
sis showed that the the exponent of B-coefficients
[Exp(B)] for OP decreased gradually from the low
UA group to the high UA group (P<0.05; Table 5).
In model 3, after adjusting for age, gender, WC,

hypertension, smoking, drinking, BMI, TC, TG, eGFR
and 25-(OH)D3, the possibility for OP was 21% lower
in the middle UA group and 23% lower in high UA
group than in the high UA group.

Discussion

In this cross-sectional study of 3465 Chinese subjects
older than 60 years old, after adjusting for confounding
factors, partial correlation analysis and multiple regression
analysis, were used to examine the association between
serum UA levels and BMD. We found that higher serum
UA levels were associated with greater BMD, and higher
serum UA could have a protective effect on BMD. These
results indicated that specific higher levels of serum UA
have a protective effect on bone metabolism.

With the ageing of the population, OP, hyperuricaemia and
other chronic diseases affecting the health and quality of life of
the elderly have increased. Knowledge of the diagnosis and
treatment of these diseases has increased, and the need to
identify associations with these diseases has driven additional
research. As a large developing country, China has marked
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Table 3 Correlation analysis of the relationship between leves of
serum uric acid and BMD in different models

Variables | Model | Model 2 Model 3
r P r P r P
BMD 0.131 | <0.001 | 0.126 | <0.001 | O.111 | <0.001

Notes: Model I: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted
for age, sex, WC, history of hypertension, history of smoking, history of drinking,
BMI, TC, TG, eGFR, and 25-(OH)D;

Table 4 Multiple linear regression analysis of the relationship
between the serum UA levels and BMD in different models

BMD(g/lcm?) | B SE P AR?
Model | 0.013 (0.001,0.025) | 0.006 | <0.001 | 0.019
Model 2 0.010 (0.002,0.018) | 0.004 | <0.001 | 0.021

Notes: Model |: adjusted for age and gender; Model 2: adjusted for age, gender,
WC, history of hypertension, history of smoking, history of drinking, BMI, TC, TG,
eGFR,and 25-(OH)D;.

Abbreviation: AR? adjusted R%.

regional differences and different populations. The differences
in regional environment, climate and lifestyle can lead to
differences in BMD. Compared to southern China, the city of

Shenyang is located in northeast China, where the winter is
long and cold, from November to April of the following year;
consequently, residents of this area have fewer daily activities
and insufficient sunlight exposure, which can result in insuffi-
cient vitamin D synthesis, leading to a higher prevalence of OP
than in other regions. In addition, the residents prefer high
protein and high fat foods, and they consume more meat,
pickles and alcohol than residents elsewhere. As a result, the
prevalence of hyperuricaemia in northeast China was relatively
higher than in other areas. However, related studies have found
that the prevalence of hyperuricaemia in northeast China was
relatively higher than in other parts of China,***” but the
prevalence of osteoporosis was not significantly higher than
in the south.”®*’ Similarly, a meta-analysis of 33 studies con-
ducted in 2010-2016 showed that the overall prevalence of OP
in the Chinese population older than 60 years old was 36%.%
In this study, we found that the prevalence of OP was 37.4%,
when compared to other regions, which has not significantly
increased. Since hyperuricaemia means elevated UA, we
speculated that the cause of this phenomenon was that higher
levels of serum UA could have a protective effect on BMD.
This result was consistent with our previous speculation.
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Table 5 The risk of osteoporosis in relation to different levels of serum UA
Low UA Group Middle UA Group High UA Group p-value
(n=1166) (n=1152) (n=1147)
Osteoporosis
Model | | 0.77 (0.65-0.91) 0.74 (0.62-0.87) 0.001
Model 2 | 0.78 (0.65-0.92) 0.75 (0.63-0.91) 0.003
Model 3 | 0.79 (0.66-0.94) 0.77 (0.64-0.94) 0.011

Notes: Model I: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, WC, history of hypertension, history of smoking, history of drinking, BMI,

TC, TG, eGFR, and 25-(OH)D;.

To date, the protective mechanism of serum UA on
BMD has not been completely understood; therefore, this
mechanism was hypothesized in this study as follow. First,
oxidative stress is a mechanism that can potentially inhibit
osteoblastogenesis and bone formation.>**° For example,
ROS have been shown to suppress osteoblast proliferation
and differentiation by regulating the redox signalling path-
ways, as well as promoting osteoclast differentiation and
enhancing osteoblast development and activity.” >3!>*
Serum UA is an important endogenous antioxidant that
may directly participate in the pathogenesis of OP based
on its antioxidant properties, thereby reducing bone loss
and increasing BMD. This is consistent with the results
that subjects with higher serum UA levels have greater
BMD in our study. Second, Nabipour et al'*> found that
higher serum UA is associated with higher levels of serum
25 (OH) Dj and speculated that serum UA may increase
Ca absorption and increase BMD by increasing the active
vitamin D levels. In this study, serum UA level correlated
positively with serum 25 (OH) D3, confirming that serum
UA might have a protective effect on BMD by increasing
the active vitamin D levels.

In this study, participants with higher serum UA levels
tended to be male and older, whereas subjects with higher
BMD tended to be male and younger. It is well known that
age and gender are both factors influencing BMD and UA.
A large number of epidemiological studies have confirmed
that hyperuricaemia is significantly different between the
sexes.>*7%The serum UA levels in men were signifi-
cantly higher than in women within the same age range,
indicating that UA was affected by sex hormones. This
mechanism is due to androgen inhibition of UA excretion
and promotion of reabsorption, leading to a rise in UA
levels.>* Many studies have reported that sex hormones are
factors influencing bone metabolism. BMD in men in the
same age group decreased slowly compared with meno-
pausal women. It has been speculated that oestrogen can
enhance osteoblast differentiation, which is involved in the

maintenance of bone mass. In addition, oestrogen pro-
motes apoptosis of osteoclasts, and their precursor cells
were significantly weakened once oestrogen was absent.**
Age was an independent risk factor for OP, and related
studies have shown that serum UA levels increased with
increased age. The mechanism could include renal arterio-
sclerosis, renal blood perfusion, glomerular filtration rate
(GFR) and decreased renal tubular excretion function lead-
ing to an increase in serum UA levels. In our study, there
was still a positive correlation between serum UA levels
and BMD after adjusting for age and gender.

Although higher levels of serum UA have a protective
effect on BMD, studies in patients with gout and kidney
disease have found that excessive UA can act to reduce
serum 1,25(OH),D; by inhibiting 1a-hydroxylase activity,
resulting in significant decreases in intestinal calcium absorp-
tion, and a negative calcium balance, causing adverse effects
on bone health.*>*® Moreover, urate can inhibit the formation
of osteoblasts and strengthen the role of osteoclasts when it is
deposited in the joints, resulting in reduced bone formation
and increased bone resorption.”? In conclusion, serum UA
could have a dual impact on the body. Physiological concen-
trations of serum UA have a protective effect in stabilizing
bone mass, while excessive serum UA has the opposite
effect. Therefore, monitoring of BMD and serum UA levels
dynamically, as well as keeping serum UA levels at their
normal high values, is not only beneficial to reducing the
prevalence of chronic diseases in the older population but
also contributes to stabilizing the patient’s bone mass and
reducing the incidence of bone loss and OP, thereby prevent-
ing the occurrence of subsequent fragility fractures.

Conclusion

In conclusion, our study showed that there is a positive
correlation between serum UA and BMD after adjusting
for confounding factors in the elderly population older
than 60 years old in the city of Shenyang, which is located
in northeast China. These results indicated that specific
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higher levels of serum UA have a protective effect on bone
metabolism. Considering that different levels of UA have
the diametrically opposite effect on BMD, large-sample,
epidemiological studies and basic research or in-depth
research are needed to determine the specific values of
serum UA and to clarify its exact mechanism.

Limitations of this study

There were a few limitations to this study. First, this study
was a cross-sectional study. We could not determine the
causal relationship between serum UA and BMD due to the
limitations of the data. Second, the participants in our study
were from the elderly population older than 60 years old in
the city of Shenyang, which is located in northeast China.
Our study population might not be representative of the
general population and could have a certain degree of bias.
Third, although we have studied a variety of factors related to
serum UA and BMD,such as age,gender, there remain some
possible confounding factors that were not detected.

Data sharing statement
The authors do not intend to share personally identifiable
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