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Association between serum uric acid and bone
mineral density in patients with type 2 diabetes

A 6-year longitudinal study in China

Kun Yang, MD?, Huilei Miao, MD®, Ruijie Zhao, MD®, Xiling Wu, MDY, Bo Liu, MD®, Shuigiao Zheng, MD®,
Dan Huang, MD®, Zhao Ping, MD®"

Abstract \
The relationship between serum uric acid (UA) and bone mineral density (BMD) has been proposed by several researchers. However, |
there has been no consensus regarding the relationships among serum UA, diabetes, and BMD. The aim of this study is to investigate
the association between UA, BMD, and at least osteopenia in type 2 diabetes patients.

This research was a longitudinal study performed at Xiao-Tang-Shan Hospital in Beijing. Type 2 diabetes diagnosis was consistent
with the WHO standard classification. Participants with osteopenia or osteoporosis documented by dual-energy X-ray
absorptiometry were defined as having “at least osteopenia.” A generalized additive model and multivariable logistic regressions were
performed to explore the relationship between serum UA and at least osteopenia. Receiver operating characteristic analysis was
conducted. Propensity score matching was used to verify the correctness of the cutoff point.

In total, 3476 type 2 diabetes patients free of any osteopenia-related diseases were recruited in 2012 and followed up to 2018. The
general proportions of patients with at least osteopenia in 2018 was 16.46% (572/3476). Serum UA was negatively associated with
BMD stratified by sex, age group, and BMI level. Setting the first quartile as the reference, the risk of at least osteopenia in the fourth
quartile was significant among all patients (odds ratio [OR]: 0.75; 95% confidence interval [Cl]: 0.57, 0.98) and specifically in females
(OR: 0.79; 95% ClI: 0.43, 0.97), patients aged over 50years (OR: 0.79; 95% ClI: 0.60, 0.97) and patients with a BMI greater than 25
(OR: 0.74; 95% ClI: 0.47, 0.97). The optimal cutoff point for the serum UA level to distinguish at least osteopenia in diabetic patients
was 395 pmol/L.

Serum UA concentration is negatively associated with the occurrence of at least osteopenia in Chinese patients with type 2
diabetes.

Abbreviations: AUC = area under the curve, BMD = bone mineral density, BMI = body mass index, Ca = calcium, Cl =
confidence interval, Cr = creatinine, eGFR = estimated glomerular filtration rate, GGT = glutamyl transpeptidase, HbA1c =
glycosylated hemoglobin, HCT = hematocrit, HDL = high density lipoprotein, HGB = hemoglobin, MPV = mean platelet volume, OP
= osteoporosis, OR = odds ratio, PDW = platelet distribution width, PLT = platelets, PSM = propensity score matching, ROC =
receiver operating characteristic, SD = standard deviation, T2DM = type 2 diabetes mellitus, TG = triglycerides, UA = serum uric acid,
WBC = white blood cells.
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1. Introduction

Type 2 diabetes mellitus (T2DM) has become a major clinical and
publicissue due to the increasing morbidity and high mortality and
disability rates.'! T2DM is a metabolic disorder characterized by
chronic hyperglycemia and vascular complications,”! and T2DM
patients face bone turnover problems and present a special skeletal
phenotype and aberrant structure and function, resulting in an
increased risk of osteopenia, osteoporosis (OP) and fracture.!®!
Diabetes can influence the bone through many mechanisms, some
of which are still controversial."*! Investigating the association
between T2DM and osteopenia, especially the possible risk factors,
is of vital importance and may provide a theoretical basis for the
prevention of osteopenia-OP in T2DM patients.'®!

Osteopenia or OP is a complex, multifactorial condition
characterized by a reduced bone mass and impaired micro-
architectural structure with increasing fragility that predisposes
the bone to fractures. The mechanism by which T2DM leads to
osteoporosis is controversial.”! Oxidative stress reactions might play
a vital role in osteopenia.!®! Participating in the pathophysiological
processes of bone metabolism, antioxidants might have a protective
function in relation to osteopenia, and lower levels of antioxidants
have detrimental effects on bone health. Serum uric acid (UA) is an
oxidative stress factor and a final product of purine metabolism in
humans. Excess serum UA might increase metabolic diseases such as
arthritis, renal calculus, and other diseases, including cardiovascular
disorders.”) Moreover, hyperuricemia is a risk factor for the
development of insulin resistance and diabetes mellitus.!*"!

Several studies have concentrated on whether serum UA
influences bone mineral density (BMD) in T2DM patients. Some
researchers concluded that elevated serum UA concentrations
were related to higher BMD and lower risk of OP in Chinese
men.' 12 After stratifying by sex and body mass index (BMI), a
positive association was also observed.®! Both studies were
cross-sectionally designed, and the level of evidence was not
strong and did not consider the concentrations of blood calcium
and phosphate. The eventual effect of serum UA on osteopenia or
OP in T2DM is still unclear.

In this longitudinal study, associations between the serum UA
levels and osteopenia or OP in Chinese T2DM patients were
examined, stratified by age group, sex and BMI level. Therefore,
we hypothesized that

1. high serum UA levels play a protective role independent of
diabetic osteopenia or OP and that

2. the cutoff value of serum UA could serve as a predictor of
osteopenia or OP in T2DM patients.

2. Methods
2.1. Study population

This study was part of the Beijing Health Management Cohort
study. The Beijing Health Management Cohort study is a large
prospective dynamic cohort study, and its design has been
described in former research."* The participants went to the
hospital for physical examinations annually. Participants with a
previous diagnosis of liver disease, renal dysfunction, hyperthy-
roidism, hyperparathyroidism, hypogonadism, and at least
osteopenia, which could significantly affect bone metabolism,
were excluded at baseline. In addition, all individuals enrolled
during 2012 to 2014 were free use of drugs for at least 3 months,
such as glucocorticoids, bisphosphonates, and calcitonin injection,
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which could significantly affect bone and calcium metabolism (see
Fig. S1, http://links.lww.com/MD/G47, Supplemental Content,
which illustrates the details of data collection and measurements,
http:/links.lww.com/MD/G49). The study was approved by the
Ethics Committee of Capital Medical University (approval
number: 20155Y33).

2.2. Data collection

All individuals in the study who received routine physical
examinations underwent anthropometrically and laboratory
tests. Interviews pertaining to sociodemographic characteristics,
medication records, and any previous medical or surgical diseases
were conducted by trained staff. Weight and height were
measured without shoes, and the BMI was calculated as the
weight (kg) divided by the squared height (m). Patients were
instructed to fast for at least 10 hours before morning blood
collection. Blood samples were collected from an antecubital vein
into tubes containing ethylenediaminetetraacetic acid in the
morning after overnight fasting. Platelets (PLT), mean platelet
volume (MPV), platelet distribution width (PDW), Fasting
plasma glucose, triglycerides (TG), high density lipoprotein
(HDL), white blood cells (WBC), red blood cells, hemoglobin
(HGB), hematocrit (HCT), and erythrocyte mean corpuscular
volume were measured by an autoanalyzer (Sysmex SE-9000,
Kobe, Japan). Fasting serum UA, calcium (Ca), phosphate and
creatinine (Cr) levels were measured using an automatic
biochemical analyzer (Modular E170, Roche, Basel,
Switzerland). Glycosylated hemoglobin (HbA1c) was measured
by high-performance liquid chromatography. Information on
drug usage was obtained from individuals’ medical history.
Drugs were adjusted as covariates in the analysis. All analyses
were performed in accordance with the manufacturer’s recom-
mendations. Renal function is an important factor for serum UA
and osteoporosis. Modification of Diet in Renal Disease
equations were used to calculate the estimated glomerular
filtration rate (eGFR), which can represent the renal function.

2.3. Measurements

T2DM was diagnosed consistent with the latest update in 2019 of
the WHO standard classification criteria.'* In this paper, we
defined T2DM as follows: fasting plasma glucose >7.0 mmol/L
(126 mg/dL), 2-hour postload plasma glucose >11.1 mmol/L (200
mg/dL), glycosylated hemoglobin (HbAlc) >6.5% (48 mmol/
mol), or random blood glucose >11.1 mmol/L (200 mg/dL) and the
presence of signs and symptoms considered to indicate diabetes.
BMD was measured at the lumbar spine (L1-L4) by dual-energy
X-ray absorptiometry. According to the criteria recommended by
the WHOM"®! and recommendations of the Epidemiology and
Quality of Life Working Group of The Committee of Scientific
Advisors of International Osteoporosis Foundation,'”! osteopenia
was diagnosed by —2.5 < T-score < —1.0 standard deviation (SD),
and OP was diagnosed by T-score < —2.5 SD. In this study, T2DM
patients with osteopenia or OP were defined as having “at least
osteopenia (T-score < —1.0),” according to a previous study.'!

2.4. Statistical analysis

The statistics were summarized to demonstrate the characteristics
of the variables’ distributions. The Shapiro-Wilk test and Q-Q
plots were performed to confirm the normality. All normally
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Figure 1. Nonlinear relationship between serum UA and the risk of at least osteopenia. A: the whole population, B: the age-level subgroup, C: the BMI-level

subgroup, D: the sex subgroup.

distributed continuous variables were described as the mean+
SD. Analysis of variance was conducted to compare continuous
variables with quantiles of serum UA, and Dunnett multiple
comparison tests were performed. Pearson correlation between
serum UA and BMD was calculated and visually displayed
through a scatter plot using the ggplot package in the R language.
A generalized additive model with spline smoothing function was
used to test the nonlinear association between serum UA and at
least osteopenia in Figure 1.

The original continuous serum UA was categorized into 4
levels (Q1, Qa, Qs, and Q4) using the 3 quartiles of P»s, Pso, and
P-s as critical values, with <P, for Q; (<297 umol/L, n=862),
>P,s and <Ps, for Q, (298-350 pwmol/L, n=865), >Psy and
<P;s for Q3 (351-406 umol/L, n=867), and >P;s for Q4
(>407 umol/L, n=882).

To better examine the association between serum UA and at
least osteopenia, 3 logistic regression models were estimated to
adjust for confounding factors. Model 1 was a univariate model.
Model 2 was adjusted for sex and BMI level. Serum Ca, serum
phosphate, eGFR, TG, HGB, PLT, and glutamyl transpeptidase
(GGT) were additionally adjusted for in model 3 using full-
adjusted model combining with expert knowledge.

Receiver operating characteristic (ROC) analysis was con-
ducted to determine the accuracy of serum UA concentration in
distinguishing between diabetic patients with and without at least
osteopenia. The area under the curve (AUC) was reported. At

least osteopenia was used as an independent variable, and the
probability value was calculated using logistic regression. The
optimal cutoff point was determined by the maximum Youden
index, which is equal to sensitivity + specificity —1.

Propensity score matching (PSM) was used to verify the
correctness of the cutoff point. A propensity score (the probability
of having a high serum UA level) was estimated using logistic
regression based on the baseline characteristics. The dependent
variables included sociodemographic characteristics and clinical
indices than adjust in model 3. The cutoff value for UA
classification was obtained from ROC analysis. Nearest neighbor-
hood caliper matching!®! was used to match patients based on the
logit of the propensity score using a caliper from 0.0001 to 0.1 of
the SD. A 1:1 matching without replacement was used for relatively
higher statistical power than other matching ratios.

Analyses were completed in SAS (Version 9.2; SAS Institute
Inc., Cary, North Carolina), MedCalc (Version 12.0; Maria-
kerke, Belgium) and R (version 3.6.1). All P values were two-
sided, and P<.05 indicated statistical significance.

3. Results

3.1. Baseline characteristics

The general characteristics and clinical and laboratory information
of the participants are displayed in Table 1. In total, 3476 patients
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Baseline clinical characteristics according to the UA quantile.
Total subjects Q1: <297 wmol/L Q2: 298-350 p.mol/L Q3: 351-406 .mol/L Q4: > 407 L.mol/L

(n=23476) (n=862) (n=865) (n=867) (n=882) P value
BMD (g/cm?) 0.57+1.20 0.49+1.15 0.47+1.08 0.62+1.26 0.70+1.27 04
Serum UA (wmol/L) 356.43+84.39 255.83+34.25 324.27+15.25 376.78+16.17 466.31+55.19 <.001
Male (n,%) 2869 (82.54%) 617 (21.51%) 702 (24.47%) 751 (26.18%) 799 (27.85%) <.001
Age (Yn) 62.39+12.90 60.54+12.62 62.53+12.24 62.79+12.87 63.66+13.62 <.001
>50 (n,%) 2898 (83.37%) 677 (23.36%) 734 (25.33%) 743 (25.64%) 744 (25.67%) <.001
BMI (kg/m?) 26.61+3.31 25.86+3.51 26.29+3.14 26.76+3.04 27.47+3.33 <.001
>25 (n,%) 2196 (63.18%) 453 (20.63%) 529 (24.09%) 580 (26.41%) 634 (28.87%) <.001
Serum Ca (mmol/L) 2.35+0.14 2.33+£0.14 2.34+0.14 2.36+0.14 2.36+0.14 <.001
Serum phosphate (mmol/L) 1.16+0.15 1.14+0.15 1.14+0.15 1.18+0.15 1.18+0.16 <.001
Hb1AC (%) 6.91+1.08 7.10+1.33 6.96+1.10 6.83+1.01 6.80+0.88 .001
BUN (mmol/L) 5.80+1.68 547+1.39 5.66+1.60 5.80+1.56 6.24+2.00 <.001
Cr (mol/L) 79.55+21.34 71.61+19.96 76.89+18.26 80.62+16.30 88.87+25.72 <.001
eGFR (mL/min/1.73 m?) 95.15+43.70 80.59 +42.00 89.38+37.72 96.94 +33.47 113.28 £52.35 <.001
TC (mmol/L) 4.65+1.07 471118 4.63+1.00 4.64+1.01 4.63+1.08 .35
TG (mmol/L) 1.93+247 1.82+3.71 1.74+1.64 1.85+1.51 2.28+2.38 <.001
HDL (mmol/L) 1.20+0.32 1.28+0.33 1.23+0.34 1.17+0.29 1.13+0.29 <.001
LDL (mmol/L) 2.93+0.88 2.94+0.88 2.92+0.89 2.98+0.88 2.87+0.88 .05
AST (UL)/ALT (UL 0.99+0.35 1.02+0.38 0.98+0.32 1.00+0.33 0.97+0.35 .01
WBC (10"211) 6.58+1.62 6.40+1.68 6.56+1.63 6.59+1.61 6.74+1.55 <.001
HGB (g/L) 147.18+14.23 145.31+13.88 147.86+14.19 148.66 +14.22 146.89+14.42 <.001
PLT (10°0) 204.79+50.58 212.86+50.44 201.69+48.86 199.05+49.66 205.58+52.28 <.001
MPV (fL) 10.80+0.85 10.77+0.88 10.81+£0.82 10.83+0.81 10.79+0.87 50
PDW (%) 13.00+1.87 12.93+1.92 13.02+1.78 13.03+1.79 13.01+1.98 72
RDW (%) 12.81+0.72 12.75+0.76 12.81+0.68 12.81+0.65 12.88+0.80 .01
HCT (%) 43.33+3.73 42.83+3.62 43.54+3.74 43.71+£3.72 43.23+3.77 <.001
GGT (UN) 33.33+32.23 29.78+29.82 32.18+31.43 33.06+25.77 38.17+39.59 <.001

ALT = alanine aminotransferase (mmol/L), AST = aspartate aminotransferase (mmol/L), BMD = bone mineral density, body mass index (kg/m?), BUN = urea nitrogen (mmol/L), Cr = creatining (mol/L), eGFR =
estimated glomerular filtration rate, GGT = glutamyl transpeptidase (U/L), Hb1AC = glycated hemoglobin (%), HCT = red blood cell specific volume (%), HDL = high-density lipoprotein (mmol/L), HGB =
hemoglohin (g/L), LDL = low-density lipoprotein (mmol/L), MPV = mean platelet volume (fL), PDW = platelet distribution width (%), PLT = blood platelet (10%/L), RDW = red blood cell distribution width (%), TC =
total cholesterol (mmol/L), TG = triglyceride (mmol/L), UA = serum uric acid, WBC = white blood cell (10'?/L).

diagnosed with T2DM who were free of osteopenia or OP were
enrolled in 2012. The average age was 62+ 13 years (from 23 to
93), and the mean serum UA concentration was 356.43 +84.39
mol/L (ranging from 46 to 725 wmol/L). Participants with higher
serum UA levels tended to be elder and had greater BMI.
Comparing to those with lower serum UA levels, some laboratory
index, like serum Ca, serum phosphate, blood urea nitrogen , Cr
levels, eGFR, TG, WBC, HGB, PDW, HCT, and GGT were
significantly higher at the highest UA level, While HbA1lc, HDL,
LDL, AST/ALT, and PLT were lower. BMD, TC, MPV, and PDW
showed no significant differences across the 4 quantiles.

3.2. Relationship of serum UA with BMD and osteopenia-
related outcomes

Correlation results between serum UA concentration and BMD
were displayed through scatter plots (see Fig. S2-S6, http://links.
lww.com/MD/G48, Supplemental Content, which illustrates the
correlation between serum UA and BMD stratified by different
stratification). Serum UA concentration was positively associated
with BMD in the total sample. In the female-sex and age-younger-
than-50-years subgroups, serum UA was negatively associated
with BMD, while the other groups exhibited a positive
association (see Table S7, http:/links.lww.com/MD/GS50, Sup-
plemental Content, which shows the correlation coefficient and
its significance of serum UA and BMD).

Osteopenia-related outcomes at the end of follow-up to 2018
are shown in Table 2. The incidences of patients with osteopenia,

osteoporosis and at least osteopenia were 15.02% (522/3476),
1.44% (50/3476), and 16.46% (572/3476), respectively.

The nonlinear relationship between serum UA concentration
and the risk of at least osteopenia is shown in Figure 1. Except for
in the age-younger-than-50-years subgroup, serum UA concen-
tration was positively associated with the risk of at least
osteopenia.

After adjusting for potential confounders in multiple logistic
regression analyses, serum UA was negatively associated with at
least osteopenia. Setting Q as the reference, the risk of at least

Osteopenia related outcomes at the end of follow-up.

At least
Osteopenia Osteoporosis osteopenia P value”

Total sample 522 (15.02%) 50 (1.44%) 572 (16.46%)
Stratified factors

Female 361 (69.16%) 22 (44.00%) 189 (31.14%) <.001

BMI>=25 304 (58.24%) 28 (56.00%) 332 (15.12%) .01

Elder than 50 433 (82.95%) 47 (94.00%) 480 (16.56%) .70
UA quantile <.001

Q1 150 (5.01%) 16 (0.53%) 171 (19.84%)

Q2 128 (4.28%) 14 (0.47%) 146 (16.88%)

Q3 121 (4.04%) 11 (0.37%) 144 (16.61%)

Q4 86 (2.87%) 5 (0.17%) 111 (12.59%)

" P value of the results of the comparison with the at least osteopenia group.
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Subgroup Risk Ratio(95 %CI) P Value
Overall (572,3476)

Model 1 . 0.496(0.375-0.655)  <.0001

Model 2 —®— 1(.686(0.538-0.874)  0.0023

Model 3 1 (.746(0.568-0.98) 0.0352
Female

Model 1 —®—10.62(0.337-1.138) 0.1223

Model 2 s 0.444(0.242-0.813)  0.0085

Model 3 —®—10.793(0.429-0.974)  0.0276
Age=50

Model 1 - 0.41(0.301-0.559) <.0001

Model 2 = 0.564(0.407-0.781)  0.0006

Model 3 —®10.79(0.604-0.967) 0.0163
BMI=25

Model 1 —— 0.511(0.355-0.736)  0.0003

Model 2 —®—10.687(0.504-0.935)  0.0171

Model 3 " —10.741(0.466-0.968)  0.0329
Female, Age250

Model 1 ————t 0.418(0.222-0.787)  0.0068

Model 2 % 10.452(0.239-0.856)  0.0148

Model 3 [ 0.509(0.273-0.95) 0.034
Female, Age250, BMI225

Model 1 — " 10.388(0.181-0.829)  0.0145

Model 2 0.00 0.50 100.23(0.07-0.80) 0.0403

Figure 2. Stratified analysis of the relationship between serum UA and at least
osteopenia.

osteopenia in Q4 (odds ratio [OR]=0.75; 95% confidence
interval [CI]=0.57-0.98; P=.04) was significant (see Fig. 2).

Subgroups were defined according to sex, age group and BMI
levels to further explore the association between serum UA and at
least osteopenia. Setting Q as the reference, in the females, the
risk of at least osteopenia in Q4 (OR=0.73; 95% CI=0.43-
0.97; P=.03) was statistically significant. For people older than
50vyears, the risk of at least osteopenia in Q4 (OR=0.79; 95%
CI=0.60-0.97; P=.02) was significant. Among the individuals
with a BMI higher than 235, the risk of at least osteopenia in Qq4
(OR=0.74; 95% CI=0.47-0.97; P=.03) was statistically
significant. Among the female participants who were older than
50years, the risk of at least osteopenia in Q4 (OR=0.51; 95%
CI=0.27-0.95; P=.03) was statistically significant. For partic-
ipants who were female, older than 50years old, and had a BMI
higher than 235, the risk of at least osteopenia in Q4 (OR=0.23;
95% CI=0.07, -0.80; P=.04) was significant. In general, when
compared with the subjects in Q1, the odds for at least osteopenia
in Q4 corresponded to a lower risk of at least osteopenia (see
Table S8, http://links.lww.com/MD/G51, Supplemental Content,
which displays the results of logistic regression).

100 |-

80

Sensitivity: 79.8
Specificity: 32.3
Criterion: <395

60 |

Sensitivity

40}

40 60 80 100
100-Specificity

Figure 3. ROC curve of the relationship between serum UA and at least
osteopenia.

3.3. The optimal cutoff point for serum UA and its
validation

According to the ROC analysis and Youden index, the optimal
cutoff point of the serum UA level to distinguish diabetic patients
with at least osteopenia from those without at least osteopenia
was 395 pmol/L, with a sensitivity of 79.8%, a specificity of
32.3%, and the highest AUC was equal to 0.58 [(0.56-0.59),
P <.001] (see Fig. 3).

The traditional regression method and PS matching technique
were used to verify the cutoff point in the dataset (see Table S9,
http:/links.lww.com/MD/GS52, Supplemental Content, which
presentations the summed results using the propensity score).
In participants whose serum UA concentration was lower than
395 pmol/L, the risk of at least osteopenia was 0.75 (95% CI:
0.56, 0.99, P=.04) in the fully adjusted model 3 and 0.67 (95 %
CIL: 0. 49, 0. 92, P=.01) after PS matching, and the results are
shown in Table 3.

4. Discussion

This study identified that elevated serum UA levels were
negatively associated with at least osteopenia in a hospital-based
cohort of T2DM patients, and this association was independent
of other possible risk factors. Furthermore, we discussed the
stratified effects of sex, age, and BMI. To the best of our
knowledge, this is the first study to identify a cutoff serum UA

Multivariable analysis of the association of serum uric acid with osteoporosis.

95% Cl
Estimate Stand Error Wald chi square OR Lower Upper P
Result of traditional regression (N=3476)
Model 1 —0.6128 0.1154 28.2029 0.542 0.432 0.679 <.001
Model 2 —0.2761 0.1098 6.3211 0.759 0.612 0.941 0119
Model 3 —0.2912 0.1448 4.0445 0.747 0.563 0.993 .0443
Using propensity score as a covariate —0.3744 0.1133 10.9120 0.688 0.551 0.859 .001
Results after PSM (n=686) —0.1990 0.0808 6.0622 0.672 0.489 0.922 0138

Model 1 was a univariate model. Model 2 was adjusted for gender and BMI. Model 3 included the parameters of model 2 and was additionally adjusted for serum Ca, serum phosphate, eGFR, TC, HGB, PLT, and

GGT.
" Indicates the results of regression using the propensity score (PS) as a covariate.
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concentration of 395 pmol/L according to a ROC analysis.
Moreover, we verified this result with the traditional regression
method and the PSM technique. This cutoff value may be used as
a potential threshold to demarcate at least osteopenia from no
osteopenia in T2DM patients.

The relationship between serum UA and OP has been proposed
by several researchers, but there has been no consensus regarding
the relationships among serum UA, diabetes and at least
osteopenia.['”! One researcher did not find a protective effect
of higher serum UA on bone health.*”! Research concerning this
topic has expanded from epidemiology to animal modeling with
the establishment of a rat model of inducible mild hyperuricemia.
Interestingly, no differences in either BMD or bone volume
density were observed in hyperuricemia rats.*!! Except for these
2 studies, all the others found a positive and significant
association between serum UA and bone health, especially
BMD, at all skeletal sites.'"?*! Additionally, some researchers
noted that high serum UA was associated with a lower risk of
incident osteoporotic fracture risk.2>**! Hyperuricemia might be
independently associated with BMD and fractures,'® indicating
a protective role of serum UA in bone disorders./*’!

Similar results have been verified in our study. There are several
mechanisms that can explain why serum UA is negatively
associated with at least osteopenia. Serum UA is a final enzymatic
product in the degradation of purine nucleosides and free bases in
humans, and it accounts for approximately half of the
antioxidant properties of human plasma. Its antioxidant effects
might be an important source of its protective effect on
osteopenia and OP.1*®! Physiological concentrations of soluble
serum UA were chondroprotective and anti-inflammatory. Serum
UA exerted protective effects against arthritis in oxonic acid-
treated mice, as these mice displayed less inflammatory cell
infiltration in the synovium, less synovial hyperplasia, less
cartilage damage, and less bone erosion than control mice.”’
Osteopenia is associated with increased reactive oxygen species
(ROS), as ROS greatly suppress osteoblast generation, differen-
tiation and enhance osteoclast development and activity.[*”!

It is well established that osteopenia or OP and diabetes are
prevalent diseases with significant associated morbidity and
mortality.*! First, the antioxidative characteristics of serum UA
displayed paradoxical roles depending on blood concentration.
Serum UA showed antioxidative value at the normal concen-
trations but served as an important risk factor for metabolic
syndrome in hyperuricemia®”! Serum UA not only has several
antioxidant properties, including the ability to clear oxygen
radicals and participate in the chelation of metals, but also
displays prooxidant features, such as the ability to reduce nitric
oxide bioavailability and increase ROS production; the pro- or
antioxidant features of serum UA depend on its chemical
microenvironment. Thus, serum UA can have different roles in
atherosclerosis depending on the chemical microenvironment.
Therefore, serum UA may be differentially associated with
different atherosclerotic lesions and metabolic patterns in
different populations. Additionally, the differences in methodol-
ogy, analysis, and study populations may also result in
discrepancies among studies.

Sex was an important factor. A study that recruited 943 males
and 4256 postmenopausal females showed that serum UA was
negatively correlated with BMD only in females.*®' Studies have
demonstrated a positive association between serum UA levels and
BMD in males,*!! and the sexual dimorphism could be observed
in many ways, such as bone structure, osteoporosis pathophysi-
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ology and treatment response, which might be related to the sex
difference. Furthermore, a positive association between serum
UA levels and BMD in postmenopausal women was detected.!>!
Antioxidant function was an important mediating effect between
the UA levels and BMD in the patients with T2DM.3! Female
estrogen prevents and protects against osteoporosis. Postmeno-
pausal women constituted an estrogen-deficient**!  group
vulnerable to oxidative stress associated with many molecules,
including vitamin E, hydrogen peroxide and other antioxidants, a
leading cause for the high risk of osteoporosis.*>3!

This study also found that UA had a protective influence on
osteopenia in the group with a BMI higher than 25, which is
consistent with other studies. The BMI stratification showed that
a positive association existed between serum UA and BMD at all
sites in all healthy subjects and may explain approximately 1/4 of
the variance in the effect of serum UA on BMD.!"?! A cross-
sectional study involving 17,735 normal weight and overweight
individuals®”! has confirmed the protective effect of serum UA on
bone health, which was significantly stronger in nonobese men
than in obese men.*®! Percent body fat was negatively associated
with BMD.P? In summary, high BMI or obesity was an effect
modifier to UA and BMD, consistent with the conclusions of
other studies.!*)

In conclusion, there might be 2 ways to explain the protective
effect of serum UA:

1. the UA-hyperglycemia association might be sex-dependent
among Asian populations; and

2. the relationship might be nonlinear, and hyperglycemia could
impair tubular reabsorption of serum UA according to BMI
and aging.

The serum UA concentration differed between men and
women, which should be carefully considered before using serum
UA as an indicator of osteopenia and OP in Chinese participants.
The serum UA concentration was higher in men than in women
because of differences in the renal clearance rate. Additionally, a
high estradiol concentration may be a reason for the lower
concentration of serum UA in women, although the precise
mechanism has not yet been clarified, limiting for the clinical use
of serum UA as an osteoporotic marker.

This longitudinal study could provide stronger evidence than
cross-sectional studies for clinical application. However, serum
UA level remains a double-edged sword, because excessive UA
concentration increases the risk of metabolic diseases and
cardiovascular disorders. Clinicians should consider the overall
condition of individual T2DM patients and maintain a moderate
UA level to reduce the risk of both osteopenia and hyperuricemia.
For those asymptomatic hyperuricemia T2DM patients facing a
high risk of osteoporosis, both UA levels and the patient’s general
condition should be considered during the treatment.

4.1. Limitations

Our study has several limitations. First, genes associated with the
development of osteopenia and OP and diabetes were not
included in this investigation. In addition, BMD assessments with
DXA were not performed at other sites of the body, such as the
ribs, hands, and feet. Furthermore, details on the women’s
menopausal status were not available. The subjects were patients
who came for voluntary health check-ups at a single tertiary
hospital, causing 41% loss of enrolled participant and the bias
might occur. The conclusion was limited to Chinese people, thus
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more data should be collected in further analysis. This paper
obtained a relatively low AUC and specificity, and attention
should be paid when using this cutoff point in clinical practice.

4.2. Future directions

Animal experiments and genes-associated clinical researches are
needed to explore the mechanism in the future studies.

5. Conclusion

Elevated serum UA levels were negatively related to at least
osteopenia and may be a useful indicator of at least osteopenia in
hospital-based T2DM patients. This finding may provide some
evidence for the management of osteopenia and osteoporosis in
Chinese patients with T2DM.
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