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Higher serum uric acid le
vels are associated with
reduced risk of hip osteoporosis in
postmenopausal women with rheumatoid arthritis
Han-Na Lee, MDa,b, Aran Kim, MDa,b, Yunkyung Kim, MDc, Geun-Tae Kim, MD, PhDc, Dong Hyun Sohn, PhDd,
Seung-Geun Lee, MD, PhDa,b,∗

Abstract
Although the positive correlation between serum uric acid (UA) levels and bone mineral density (BMD) has been reported in the
general population, there are little data regarding the effect of serum UA levels on bone loss in patients with rheumatoid arthritis (RA).
We investigated whether increased serum UA levels were associated with a reduced risk of osteoporosis in postmenopausal

women with RA.
In this retrospective cross-sectional study, 447 postmenopausal female patients with RA and 200 age-matched, postmenopausal

healthy controls underwent BMD examination by dual energy x-ray absorptiometry and serumUA levels measurement. Osteoporosis
was diagnosed when the T-score was <�2.5.
The median UA level in postmenopausal RA patients was found to be significantly lower than that in the healthy women (4 vs 4.1

mg/dL, P= .012) and the frequency of osteoporosis incidence in the lumbar spine, hip, and either site in RA patients was 25.5%,
15.9%, and 32.5%, respectively; the values were significantly higher than those of the controls. After adjusting for confounding
factors, a significantly lower risk for osteoporosis of the hip in RA patients was observed within the highest quartile (odds ratio [OR]=
0.37, 95% confidence interval [CI]=0.16–0.72, P= .021) and the second highest quartile (OR=0.44, 95%CI=0.2–0.95, P= .038) of
serum UA levels as compared with the lowest quartile, but this association was not found to be consistent with respect to the lumbar
spine. Serum UA levels also showed an independently positive correlation with femoral neck BMD (b=0.0104, P= .01) and total hip
BMD (b=0.0102, P= .017), but not with lumbar BMD.
Our data suggest that UA may exert a protective effect on bone loss in RA, especially in the hip.

Abbreviations: anti-CCP Ab = anti-cyclic citrullinated peptide antibody, AS = ankylosing spondylitis, BMD = bone mineral
density, BMI= bodymass index, CI= confidence intervals, CRP=C-reactive protein, DAS28-ESR= disease activity score assessed
using the 28-joint count for swelling and tenderness with ESR, DEXA = dual energy X-ray absorptiometry, DMARDs = disease-
modifying antirheumatic drugs, eGFR = estimated glomerular filtration rate, ESR = erythrocyte sedimentation rate, GCs =
glucocorticoids, IQR = interquartile range, OR = odds ratios, RA = rheumatoid arthritis, RF = rheumatoid factor, SD = standard
deviation, UA = uric acid, WHO = World Health Organization.
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1. Introduction

Uric acid (UA) is the final metabolite of purine metabolism in
humans. It is produced by xanthine oxidase and can crystallize
into monosodium urate, which is a causative factor of gout and
urinary stones. UA can act as a proinflammatory and pro-
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oxidative agent when its levels exceed the physiological range,
and hyperuricemia is traditionally considered a risk factor for
conditions like metabolic syndrome, chronic kidney diseases, and
cardiovascular diseases.[1,2] Conversely, serum UA within the
physiological range exerts anti-inflammatory and anti-oxidative
effects, which play a defensive role in oxidative stress-induced
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diseases and in aging.[1] There is accumulating evidence that UA
may also play a protective role in neurodegenerative disorders
such as Alzheimer and Parkinson disease.[3,4] As oxidative stress
has also been implicated in the development of osteoporosis,[5–7]

the effect of UA on generalized bone loss is drawing increasing
scrutiny. Recently, several observational studies have revealed
that a higher serum UA level was associated with higher bone
mineral density (BMD), and therefore, a reduced risk of
osteoporosis and fragility fractures in men and post- and peri-
menopausal women.[8–13] This indicates that UA may exert a
protective effect against bone loss.
Rheumatoid arthritis (RA) is a chronic, autoimmune, and

inflammatory arthritis of unknown etiology, characterized by
progressive joint destruction, functional impairment, and various
extra-articular manifestations. In addition to localized periartic-
ular bone loss, systemic osteoporosis is a well-established
complication of RA. Previous epidemiological studies found that
the prevalence of osteoporosis and osteoporotic fractures in RA
patients is approximately twice that of the general population, in
both sexes,[14–16] which imposes a significant clinical and
socioeconomic burden on patientswith RA.RA-associated factors
such as chronic inflammation, immobilization, disability, sarco-
penia, and use of glucocorticoids (GCs), alongwith traditional risk
factors, such as aging, low body mass, and the postmenopausal
state, have been implicated in the development of secondary
osteoporosis in RA.[17] However, it is necessary to identify
additional risk factors inciting bone loss, to prevent fragility
fractures in patients with RA. Although the relationship between
serum UA levels and BMD has been evaluated in the general
population,[8–13] in patients with type 2 diabetes,[18] and in those
with ankylosing spondylitis (AS),[19] to our knowledge, data
regarding the effect of UA levels on bone loss in patients with RA
was lack. Therefore, in this study, we investigated the correlation
between increased serum UA levels and the risk of osteoporosis in
postmenopausal women with RA. We also analyzed the associa-
tion of serum UA level with BMD of the lumbar spine and hip.
2. Methods

2.1. Study design and patients

This was a retrospective, cross-sectional study of medical records
obtained from the rheumatology department of our university-
affiliated tertiary referral center in South Korea. We collected
data of 447 postmenopausal female patients with RA and 200
age-matched (± 2 years) postmenopausal healthy women. All the
study patients underwent dual energy x-ray absorptiometry
(DEXA) scanning for their BMD evaluation, as outpatients at the
center, from January 2008 to December 2017. The “postmeno-
pausal status" was defined as the history of cessation of menses
for at least 1 year.[11] All patients with RA satisfied the 1987
American College of Rheumatology (formerly American Rheu-
matism Association) revised classification criteria for RA,[20]

whereas those with rheumatoid diseases other than RA (except
for secondary Sjogren syndrome) were excluded. The healthy
controls were selected randomly from postmenopausal women
who visited the health promotion center of the same hospital for
comprehensive routine health examinations. This subset included
patients with no history of rheumatic disease, including RA and
also had no history of other chronic conditions that could affect
bone metabolism, such as thyroid disorder or malignancy. The
exclusion criteria for both groups were as follows: study subjects
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diagnosedwith gout or urinary stones, study subjects with history
of spine and/or hip surgery or with metal implants in-situ that
could affect the BMD evaluation, study subjects who had been
administered antiosteoporotic medications such as bisphospho-
nates, selective estrogen receptor modulators, teriparatide, or
denosumab (excepting calcium and/or vitamin D), study subjects
taking xanthine oxidase inhibitors such as allopurinol and
febuxostat or receiving uricosuric agents such as benzbromarone
and probenecid, study subjects with an estimated glomerular
filtration rate (eGFR)<30mL/min/1.73 m2. All patients with RA
as well as the healthy controls included in our study were South
Korean women. The study was approved by the Research and
Ethical Review Board of the Pusan National University Hospital,
which waived informed consent for study participation, consider-
ing the retrospective study design (IRB no. 1708-033-058).

2.2. BMD measurements

The BMD of the lumbar spine (Levels L1–4) and the left hip
(femoral neck and total hip) was measured, using DEXA
equipment (GE-Lunar Prodigy, GE, Madison, MA). All measure-
ments were taken by experienced operators on the same machine
using standardized positioning and scanning protocols. The
BMDwas expressed in grams per square centimeter (g/cm2) along
with the standard deviation (SD) measured from the healthy
young population (T-score). For the BMD reference values, we
used baseline data applicable to South Korean women, as
provided by the equipment manufacturers. The diagnosis of
osteoporosis in the postmenopausal women was determined
based on the T-score criteria (��2.5 SD) established by the
World Health Organization (WHO).[21]

2.3. Clinical and laboratory data

The relevant clinical data including demographic parameters such
as age, height, weight, and body mass index (BMI) and the
laboratory data including serum UA levels, serum creatinine, and
eGFR were collated from the records of the patients with RA and
the healthy controls. The BMI was calculated by dividing each
subject’sweight inkilograms, by the squareof their height inmeters
(kg/m2). The serum UA and creatinine levels were assessed using
overnight fasting blood samples collected from all subjects. Serum
UA levels of all the study patients were estimatedwithin 2weeks of
the DEXA scan. The samples were assessed via an enzyme
colorimetric assay using the Roche-Hitachi Cobas 8000 c702
chemistry autoanalyzer (Cobas 8000, Roche Diagnostics,
Switzerland). The eGFR in all patients was calculated using the
Modification ofDiet inRenalDisease formula, that is, eGFR=186
� (serum creatinine)�1.154 � (age)�0.203 � 0.742 (if female).[22]

The following disease-related data were collected from the
records of the RA patients: disease duration, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) level, disease
activity score assessed using the 28-joint count for swelling and
tenderness with ESR (DAS28-ESR), rheumatoid factor (RF) level,
anti-cyclic citrullinated peptide antibody (anti-CCP Ab) level,
and details of current medications such as calcium, vitamin D3,
disease modifying anti-rheumatic drugs (DMRADs) and GCs.
The DAS28-ESR score was calculated using the formula-
½0:56 � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðtender joint conut 28Þp � þ ½0:28 � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðswolle joint coutn 28Þp �þ
½0:70 � ln ESR� þ ½0:0014 � visual analog scale score� .[23]

The disease activity was classified into 4 groups as follows- high
disease activity was defined as DAS28-ESR of >5.1, moderate
disease activity was defined as 3.2<DAS28-ESR � 5.1, low



Table 1

Comparisons of clinical and demographic features between
postmenopausal women with rheumatoid arthritis and healthy
subjects.

RA patients
(n=447)

Controls
(n=200) P

Age, y, mean ± SD 61.1±8.5 60.7±6.6 .522
SUA, mg/dL, median (IQR) 4 (3.3–4.8) 4.1 (3.6–4.8) .012
Creatinine, mg/dL, mean ± SD 0.73±0.14 0.71±0.11 .233
eGFR, mL/min/1.73m2, mean ± SD 91.7±22.3 92.6±14.7 .52
BMI, kg/m2, mean ± SD 22.7±3 23.1±2.7 .069
Lumbar spine BMD, g/cm2, mean ± SD 0.93±0.16 1.11±0.19 <.001
Lumbar spine T score, mean ± SD �1.5±1.3 �0.2±1.4 <.001
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disease activity was defined as 2.6<DAS28-ESR� 3.2, and
remission was defined as DAS28-ESR �2.6. The serum RF titer
was assessed using a particle-enhanced immunoturbidimetric
assay (range 0–14IU/ml) and the serum anti-CCP Ab titer was
measured using a chemiluminescent micro-particle immunoassay
(range 0–5U/mL). The DMARDs found in current use in this
study included methotrexate, sulfasalazine, hydroxychloroquine,
leflunomide, tacrolimus, and biologic DMARDs. The cumulative
dose (in grams) of GCs was expressed in the form of “prednisone
equivalents" and was determined bymultiplying the current daily
dose by the number of days for which patient with RA had been
treated with GCs (calculated from the date of the first
prescription).
Femoral neck BMD, g/cm , mean ± SD 0.75±0.12 0.87±0.12 <.001
Femoral neck T score, mean ± SD �1.3±0.9 �0.3±1 <.001
Total hip BMD, g/cm2, mean ± SD 0.81±0.12 0.95±0.13 <.001
Total hip T score, mean ± SD �1.1±1 0±1 <.001
Osteoporosis at lumbar spine, n (%) 114 (25.5) 14 (7) <.001
Osteoporosis at hip, n (%) 71 (15.9) 3 (1.5) <.001
Osteoporosis at either site, n (%) 145 (32.5) 16 (8) <.001

BMD=bone mineral density, BMI=body mass index, eGFR= estimated glomerular filtration rate,
RA= rheumatoid arthritis, SUA= serum uric acid.

Table 2

Baseline clinical features in postmenopausal patients with
rheumatoid arthritis.

RA patients (n=447)

Disease duration, mo, median (IQR) 32 (12.8–74)
ESR, mm/h, median (IQR) 24 (10–48)
CRP, mg/dL, median (IQR) 0.26 (0.07–0.9)
DAS28-ESR, mean ± SD 3.11±1.46
RF, IU/mL, median (IQR) 41.3 (20–148.9)
Anti-CCP antibody, U/mL, median (IQR) 70.8 (8.8–100)
RF positive, n (%) 354/437 (79.2)
Anti-CCP antibody positive, n (%) 239/309 (77.3)
DMARDs
Methotrexate, n (%) 265 (59.3)
Sulfasalazine, n (%) 64 (14.3)
2.4. Statistical analyses

Continuous variables were expressed as mean ± SD or median
(with interquartile range [IQR]), as appropriate, whereas the
categorical variables were expressed as number of cases with the
percentage. The Kolmogorov-Smirnov test was utilized to assess
the normality of distribution of the continuous variables. The
group comparisons between RA patients and the healthy subjects
for the continuous variables were performed using the Student
t test or the Mann-Whitney U test and for the discrete variables,
by using the x2 test or Fisher exact test, as indicated. The patients
with RA were divided into 4 quartiles as per their serum UA
levels, and comparisons between the groups were conducted
using the analysis of variance test with the least significant
difference post-hoc test or the Kruskal-Wallis test for the
continuous variables and by the x2 test or Fisher exact test for
the categorical variables, as appropriate. The association of
serum UA levels with BMD and with other clinical parameters
such as BMI, eGFR, and age, were studied using Spearman
correlation analyses. To estimate the statistical power of the
association between serum UA levels and BMD in patients with
RA, we applied stepwise multivariable linear regression models,
including variables with P< .1 in univariable analyses and
clinically relevant variables such as BMI and eGFR. In addition,
the correlation between serum UA levels and the occurrence of
osteoporosis in RA patients was assessed by applying backward
multivariable logistic regression models, which included cova-
riates with P< .1 in univariable analyses and other variables with
clinical relevance such as BMI and eGFR. The results were
calculated in the form of odds ratios (ORs) with 95% confidence
intervals (CIs), and the odds for osteoporosis in the RA patients in
each of higher 3 quartiles were compared to the odds for those in
the lowest quartile. A 2-sided P< .05 was considered statistically
significant. All statistical analyses were conducted using the
STATA version 15.0 of Windows software (StataCorp LP,
College Station, TX) and GraphPad Prism software (PRISM 7.0;
GraphPAD Software Inc., San Diego, CA).
Hydroxychloroquine, n (%) 189 (42.3)
Leflunmoide, n (%) 84 (18.8)
Tacrolimus, n (%) 10 (2.2)
bDMARDs, n (%) 17 (3.8)

GCs, n (%) 367 (82.1)
Current GCs dose, mg, median (IQR) 5 (2.5–7.5)
Cumulative GCs dose, g, median (IQR) 4.05 (0–10.8)
Calcium and/or vitamin D, n (%) 97 (21.7)

Anti-CCP antibody= anti-cyclic citrullinated peptide antibody, bDMARDs=biologic disease-modifying
anti-rheumatic drugs, CRP=C-reactive protein, DAS28-ESR=disease activity score 28-erythrocyte
sedimentation rate, DMARDs=disease-modifying anti-rheumatic drugs, ESR= erythrocyte sedi-
mentation rate, GCs=glucocorticoids, RA= rheumatoid arthritis, RF= rheumatoid factor.
3. Results

3.1. Baseline characteristics

The comparison of clinical and laboratory characteristics of the
postmenopausal RA patients with the healthy controls is shown
in Table 1. Although there was no significant difference with
respect to factors such as age, eGFR, and BMI between the 2
groups, the median (IQR) UA levels of postmenopausal RA
patients were found to be significantly lower than those of the
3

healthy controls (4 [3.3–4.8] vs 4.1 [3.6–4.8] mg/dL, P= .012).
Patients with RA had a significantly lower lumbar spine, femoral
neck, and total hip BMD as compared to that of the healthy
controls. In addition, the overall occurrence of osteoporosis in
patients with RA was significantly higher than that in the control
group (lumbar spine: 25.5% vs. 7%, P< .001; hip: 15.9% vs
1.5%, P< .001; either site: 32.5% vs 8%, P< .001, respectively).
Table 2 details the baseline clinical features in postmenopausal

patients with RA. The median (IQR) disease duration was 32
(12.8–74) months and the mean ± SD DAS28-ESR was 3.11±
1.46. The proportion of patients with RA having positive results
for RF and anti-CCP Ab was 79.2% and 77.3%, respectively.

http://www.md-journal.com


Table 3

Comparisons of clinical and laboratory characteristics in patients with rheumatoid arthritis according to the quartiles of serum uric acid
levels.

Variables
Q1: 1.1–3.3 mg/dL

(n=118)
Q2: 3.4–3.9 mg/dL

(n=116)
Q3: 4–4.7 mg/dL

(n=104)
Q4: 4.8–10.1 mg/dL

(n=109) P

Age, y, mean ± SD 60.3±8.3 61.4±9 61.4±8.9 61.3±8.1 .699
Disease duration, mo, median (IQR) 35 (17.8–86) 28 (6–70.8) 33 (18–74.5) 29 (6–60) .585
eGFR, mL/min/1.73m2, mean ± SD 99.6±22.7 97±23.9 88.6±18.9

∗,† 80.4±18.7 ‡,x,jj <.001
BMI, kg/m2, mean ± SD 22.1±2.6 22.2±2.7 22.7±3.5 23.8±2.8 ‡,x,jj <.001
DAS28-ESR, mean ± SD 3.16±1.47 3.05±1.44 3.11±1.52 3.1±1.41 .957
Calcium and/or vitamin D, n (%) 21 (17.8) 31 (26.7) 28 (26.9) 17 (15.6) .077
GCs, n (%) 100 (84.7) 99 (85.3) 85 (81.7) 83 (76.7) .258
Cumulative GCs dose, g, median (IQR) 4.2 (0.71–11.82) 4.8 (0.02–11.07) 4.8 (0–10.48) 2.7 (0–9.34) .172
Methotrexate, n (%) 87 (73.7) 65 (56) 60 (57.7) 53 (48.6) .001
Lumbar spine BMD, g/cm2, mean ± SD 0.91±0.15 0.94±0.16 0.94±0.16 0.95±0.17 .208
Lumbar spine T score, mean ± SD �1.8±1.2 �1.5±1.3 �1.5±1.3 �1.4±1.4 .191
Femoral neck BMD, g/cm2, mean ± SD 0.74±0.11 0.74±0.12 0.75±0.12 0.77±0.11 .07
Femoral neck T score, mean ± SD �1.5±0.9 �1.5±1 �1.3±1 �1.2±0.9‡,x .049
Total hip BMD, g/cm2, mean ± SD 0.8±0.13 0.8±0.13 0.81±0.13 0.84±0.12‡,x .026
Total hip T score, mean ± SD �1.2±1 �1.3±1 �1.1±1.1 �0.9±1‡,x .014
Osteoporosis at lumbar spine, n (%) 28 (32.2) 25 (21.6) 27 (26.2) 24 (22) .216
Osteoporosis at hip, n (%) 26 (22) 21 (18.1) 14 (13.5) 10 (9.2) .048
Osteoporosis at either site, n (%) 48 (40.7) 35 (30.2) 34 (32.7) 28 (25.7) .102
∗
P< .05 for comparison between Q1 and Q3.

† P< .05 for comparison between Q2 and Q3.
‡ P< .05 for comparison between Q1 and Q4.
x P< .05 for comparison between Q2 and Q4.
jj P< .05 for comparison between Q3 and Q4.
BMD=bone mineral density, BMI=body mass index, DAS28-ESR=disease activity score 28-erythrocyte sedimentation rate, eGFR= estimated glomerular filtration rate, GCs=glucocorticoids.
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The most common concomitant DMARD in use was methotrex-
ate (59.3%), followed by hydroxychloroquine (42.3%) and
leflunomide (18.8%). Most patients with RA (82.1%) were
receiving GCs and the median (IQR) cumulative prednisone-
equivalent dose of GCs was 4.05 (0–10.8) g, and 97 RA patients
(21.7%) were being treated with calcium and/or vitamin D
supplementation as well.

3.2. Comparisons clinical and laboratory characteristics of
the postmenopausal women with RA according to serum
UA levels

Table 3 presents the clinical and laboratory characteristics of the
postmenopausal women with RA, subdivided into 4 quartiles
according to their serum UA levels (Q1: 1.1–3.3mg/dL, Q2: 3.4–
3.9mg/dL, Q3: 4–4.7mg/dL, Q4: 4.8–10.1mg/dL). The femoral
neckT-score, total hipBMD,and totalhipT-scoreof thepatients in
the highest quartile (Q4) were all significantly higher than those of
the patients in the lowest and second lowest quartiles (Q1 andQ2,
respectively). The frequency of osteoporosis incidence at the hip
significantly differs between the patients in the different quartiles,
whereas no significant difference was observed in the frequency of
osteoporosis incidence at the lumbar spine and at either site
according to the quartiles of serum UA levels. In addition, RA
patientswithin theQ4group showed significantly lower eGFRand
higher BMIs than those within the remaining 3 groups and there
was a significant difference in the frequency of methotrexate use
according to the quartiles of serum UA levels (Table 3).

3.3. Correlations between serum UA levels and clinical
parameters in the postmenopausal women with RA

As depicted in Figure 1, serum UA concentrations in postmeno-
pausal patients with RAwere found to have a positive correlation
4

with the lumbar spine BMD (r=0.102, P= .032), femoral neck
BMD (r=0.123, P= .01), and total hip BMD (r=0.146,
P= .002). In addition, serum UA levels correlated positively
with the BMI (r=0.231, P< .001), and inversely with the eGFR
(r= -0.363, P< .001), whereas no significant association was
found between serum UA levels and age in RA patient.

3.4. Association of serum UA levels with BMD and
osteoporosis in the postmenopausal women with RA

Table 4 shows the results of the linear regression analyses of
associated factors for BMD in postmenopausal patients with RA.
The serum UA levels had a significantly higher positive
association with the BMD of all three sites in the univariable
analyses, but this relationship was no longer significant with
respect to the lumbar spine BMD when the multivariable linear
regression model was applied (b=0.009, P= .136). However,
serum UA levels showed independent positive associations with
femoral neck BMD (b=0.0104, P= .01) and total hip BMD (b=
0.0102, P= .017) after adjusting for confounding factors. In
addition, factors like older age, higher DAS28-ESR, and lower
BMI were found to be significantly associated with a lower BMD
at all sites, after adjusting for confounding factors. A higher
cumulative dosage of GCs had a significantly positive correlation
with lower BMD at the femoral neck and at the total hip in
multivariable analysis.
Associated factors for osteoporosis in postmenopausal women

withRAevaluated by logistic regressionmodels are summarized in
Table 5. After adjusting for confounding factors, a significantly
lower risk for osteoporosis at the hip in RA patients within
the highest (Q4) and second highest (Q3) quartiles was observed,
as compared to the lowest quartile (Q1), (Q4: OR=0.37, 95%
CI=0.16–0.72, P= .021, Q3: OR=0.44, 95% CI=0.2–0.95,



Figure 1. Correlation plots between serum uric level and clinical parameters in postmenopausal women with rheumatoid arthritis.
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P= .038). The RA patients within the second lowest quartile (Q2)
showed a trend of lower risk for hip osteoporosis as compared
within those in Q1, but the finding did not achieve statistical
Table 4

Linear regression models for bone mineral density in postmenopaus

Univ

Dependent variables Independent variables Unstandardized

Lumbar spine BMD SUA, mg/dL 0.0127 (0.0
Age, y �0.0053 (0.0
BMI, kg/m2 0.0113 (0.0
DAS28-ESR �0.024 (0.0
Cumulative GCs dose, g �0.001 (0.0
Disease duration, y �0.0001 (0.0
eGFR, mL/min/1.73m2 �0.0001 (0.0
Calcium and/or vitamin D �0.0019 (0.0
Methotrexate use �0.0037 (0.0

Femoral neck BMD SUA, mg/dL 0.0125 (0.0
Age, y �0.0062 (0.0
BMI, kg/m2 0.0086 (0.0
DAS28-ESR �0.0127 (0.0
Cumulative GCs dose, g �0.0015 (0.0
Disease duration, y �0.0021 (0.0
eGFR, mL/min/1.73m2 0.0004 (0.0
Calcium and/or vitamin D �0.0198 (0.0
Methotrexate use 0.0035 (0.0

Total hip BMD SUA, mg/dL 0.0138 (0.0
Age, y �0.0048 (0.0
BMI, kg/m2 0.0112 (0.0
DAS28-ESR �0.0161 (0.0
Cumulative GCs dose, g �0.0017 (0.0
Disease duration, y �0.0021 (0.0
eGFR, mL/min/1.73m2 0.0004 (0.0
Calcium and/or vitamin D �0.0166 (0.0
Methotrexate use 0.0031 (0.0

∗
Estimated using stepwise multivariable linear regression models including variables with P< .1 in uni

BMD=bone mineral density, BMI=body mass index, DAS28-ESR=disease activity score 28-erythrocyte
uric acid.
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significance (OR=0.51, 95%CI=0.24–1.01,P= .082).However,
this association between serumUA levels and osteoporosis was not
found at the lumbar spine and at either site in postmenopausal RA
al women with rheumatoid arthritis.

ariable model Multivariable model

b (SE) P
∗
Unstandardized b (SE) P

063) .044 0.009 (0.0061) .136
009) <.001 �0.0049 (0.0008) <.001
025) <.001 0.0093 (0.0024) <.001
051) <.001 �0.0204 (0.0049) <.001
006) .065 — —

014) .954
003) .776 — —

185) .918 — —

156) .0815
045) .006 0.0104 (0.004) .01
006) <.001 �0.006 (0.0055) <.001
018) <.001 0.0064 (0.0016) <.001
037) .001 �0.0093 (0.0032) .004
004) <.001 �0.001 (0.0034) .002
01) .043 — —

03) .103 — —

134) .139 — —

113) .755
048) .004 0.0102 (0.0043) .017
021) <.001 �0.0057 (0.0006) <.001
019) <.001 0.0089 (0.0017) <.001
04) <.001 �0.0126 (0.0034) <.001
004) <.001 �0.0013 (0.0004) <.001
011) .066 — —

003) .131 — —

142) .244 — —

12) .794

variable analysis and variables with clinical relevance such BMI and eGFR.
sedimentation rate, eGFR= estimated glomerular filtration rate, GCs=glucocorticoids, SUA= serum
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Table 5

Associated factors for osteoporosis in postmenopausal women with rheumatoid arthritis evaluated by logistic regression models.

Univariable model Multivariable model

Dependent variables Independent variables Crude OR (95% CI) P
∗
Adjusted OR (95% CI) P

Osteoporosis at lumbar spine Age, y 1.06 (1.03–1.09) <.001 1.06 (1.03–1.08) <.001
BMI, kg/m2 0.89 (0.83–0.96) .002 0.9 (0.83–0.97) .005
DAS28-ESR 1.2 (1.04–1.39) .012 1.17 (1.01–1.36) .037
Cumulative GCs dose, g 1.01 (0.99–1.03) .149
eGFR, mL/min/1.73m2 1 (0.99–1.02) .258 — —

Disease duration, y 1 (0.96–1.04) .965
Methotrexate use 1.13 (0.73–1.74) .594
SUA
Q1: 1.1–3.2 mg/dL 1 (Reference) — — —

Q2: 3.3–3.9 mg/dL 0.76 (0.42–1.37) .355 — —

Q3: 4–4.7 mg/dL 0.65 (0.36–1.19) .165 — —

Q4: 4.8–10.1 mg/dL 0.66 (0.37–1.2) .177
Osteoporosis at hip Age, y 1.11 (1.08–1.15) <.001 1.11 (1.07–1.15) <.001

BMI, kg/m2 0.82 (0.74–0.91) <.001 0.84 (0.76–0.94) .001
DAS28-ESR 1.1 (0.92–1.3) .291
Cumulative GCs dose, g 1.03 (1.01–1.04) .001 1.02 (1.01–1.04) .013
eGFR, mL/min/1.73m2 1 (0.99–1.01) .832 — —

Disease duration, y 1.05 (1.01–1.1) .017 — —

Methotrexate use 1.07 (0.63–1.79) .811
SUA
Q1: 1.1–3.2 mg/dL 1 (Reference) — 1 (Reference) —

Q2: 3.3–3.9 mg/dL 0.63 (0.32–1.25) .186 0.51 (0.24–1.01) .082
Q3: 4–4.7 mg/dL 0.57 (0.29–1.12) .104 0.44 (0.2–0.95) .038
Q4: 4.8–10.1 mg/dL 0.34 (0.16–0.72) .005 0.37 (0.16–0.85) .021

Osteoporosis at either site Age, y 1.09 (1.06–1.11) <.001 1.09 (1.06–1.12) <.001
BMI, kg/m2 0.87 (0.81–0.94) <.001 0.88 (0.81–0.95) .002
DAS28-ESR 1.15 (1.01–1.32) .043 — —

Cumulative GCs dose, g 1.02 (1.01–1.03) .015 1.01 (1–1.03) .062
eGFR, mL/min/1.73m2 1 (0.99–1.01) .357 1.01 (1–1.02) .033
Disease duration, y 1.02 (0.99–1.06) .253
Methotrexate use 1.24 (0.83–1.86) .301
SUA
Q1: 1.1–3.2 mg/dL 1 (Reference) — — —

Q2: 3.3–3.9 mg/dL 0.68 (0.39–1.19) .182 — —

Q3: 4–4.7 mg/dL 0.68 (0.39–1.18) .166 — —

Q4: 4.8–10.1 mg/dL 0.53 (0.3–0.93) 027 — —

∗
Estimated using backward multivariable logistic regression models including variables with P< .1 in univariable analysis and variables with clinical relevance such BMI and eGFR.

BMI=body mass index, DAS28-ESR=disease activity score 28-erythrocyte sedimentation rate, eGFR= estimated glomerular filtration rate, GCs=glucocorticoids, SUA= serum uric acid.
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patients. In addition, application of the multivariable logistic
regression models revealed that a higher DAS28-ESR value was
associated with a higher risk for osteoporosis at the lumbar spine
but not at hip and at either site. A higher cumulative GC dosage
correlated with an increased risk for lumbar spine and hip
osteoporosis, while advanced age and lower BMI were found to
be independent risk factors for osteoporosis at all evaluated sites,
after adjusting for confounding factors (Table 5).
4. Discussion

In the present study, we found that serum UA levels in
postmenopausal women with RA were significantly lower than
those in healthy controls, despite no significant differences in age,
eGFR, and BMI between the 2 groups. In postmenopausal
women with RA, increased serum UA levels were independently
associated with a lower risk of osteoporosis at the hip, but this
relationship was not observed with respect to osteoporosis at the
lumbar spine. In addition, serumUA levels in RA patients showed
a significant positive correlation with femoral and total hip BMD,
6

but not with the BMD of the lumbar spine, after adjusting for
potential confounding factors. Our data provide evidence that
UAmay have a protective effect on bone loss at the hip, but not at
the lumbar spine in postmenopausal patients with RA.
To our knowledge, this is the first study to demonstrate an

association of serum UA levels with osteoporosis and BMD in
postmenopausal women with RA. Since Nabipour et al[8] first
reported a relationship between serum UA concentrations and
bone health in older men, observational studies have consistently
reported that a higher serumUA level had a significantly positively
correlation with higher BMD in peri- and postmenopausal
women[10–13,24,25] and men[26,27] and was associated with a lower
risk of osteoporotic fractures,[9,27,28] although conflicting data on
the topic has also been reported.[29,30] Most previous studies
assessing the relationship between UA and bone metabolism have
been performed in the healthy general population. Kang et al[19]

also reported a positive association between serum UA concen-
trations and BMD in young male patients with AS. When the
existing literature is considered in its entirety, it can be theorized
that serumUAmay have an inhibitory effect on bone loss, not only
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in the general population, but also in patients with rheumatic joint
diseases such as RA and AS.
The protective effect of UA in osteoporosis may be mediated

through its antioxidant effect on bone metabolism. An excess of
reactive oxygen species (ROS) produced by oxidative stress have
been identified in RA,[31] which contribute to the pathological
process of osteoporosis by stimulating osteoclast differentiation
and inhibiting osteoblast activity, a process which can be
countered by antioxidants.[32] As mentioned above, at physio-
logic level, UA is considered an important endogenous antioxi-
dant that scavenges ROS and mitigates cellular and vascular
damage caused by oxidative stress,[1] which is suggestive of its
potential in preventing bone loss. This notion is supported by an
in-vitro study which showed how UA significantly suppressed
osteoclastogenesis in a dose-dependent manner, by reducing ROS
production in mice osteoclast-precursor cells[11] Alternately, UA
can also stimulate inflammatory reactions by inducing oxidative
stress and producing proinflammatory cytokines,[1] which can
suppress 1-a hydroxylase activity and subsequently lead to a
reduced production of active vitamin D.[33] This may result in a
detrimental effect on bone metabolism. Gout, a chronic
inflammatory arthritis caused by hyperuricemia, was reported
to be associated with an increased risk of hip fractures, in a recent
epidemiologic study.[34] Therefore, the net effect of UA on bone
mass may be dependent on its levels in the human body or on
other specific conditions.
More importantly, our study showed that the serum UA level

was an independent protective factor against osteoporosis and a
decreasing BMD of the hip, but not of the lumbar spine. Given
that bone loss induced by oxidative stress was reported be more
prominent in trabecular bone than in cortical bone[35] and that
the beneficial effect of UA on bonemetabolism could be related to
its antioxidative action, this finding was unexpected. One of the
possible explanations for this result may be the potential
inaccuracy of lumbar spine BMD in patients with RA, in our
study. In previous studies, a substantial proportion of RA
patients have been documented with abnormal radiologic
findings of the lumbar spine such as endplate erosion,
spondylolisthesis and osteophytes,[36,37] which could compro-
mise the accuracy of DEXA measurements in the lumbar spine.
As we did not evaluate abnormal lumbar spine lesions on an x-
ray, RA patients with these lesions were not excluded from this
study, which may have contributed to the lack of association of
UA level with the lumbar spine BMDand osteoporosis. However,
the role of UA level on bone metabolism has not been fully
elucidated and further research is required to clarify whether
UA has a differential effect on cortical and trabecular bone in
RA patients.
Significantly lower serum UA levels were observed in

postmenopausal women with RA as compared to those of the
controls, in this study. Factors such as aging, renal impairment,
and obesity are known to be major determinants of serum UA
levels.[38] As age, eGFR, and BMI were comparable across the 2
groups, these parameters were not responsible for the lower
serum UA levels of the RA patients in our study. Although the
underlying mechanisms are not entirely known, we can
conjecture that medications for RA treatment might impact
serum UA levels. A previous study showed that treatment with
methotrexate decreased serum UA levels in patients with early
RA.[39] In addition, RA patients with lower quartiles of serumUA
levels tended to have higher frequency of methotrexate use in our
data (Table 3), which supports this notion. More than half of the
7

RA patients were taking methotrexate in our study, which may
have attributed to the lower serum UA levels in the group. In
addition, there might be other causes for the difference of serum
UA levels between the RA patients and controls. Serum UA levels
are also affected by intake of alcohol, fructose, red meat, caffeine,
vitamin C, and with drugs such as aspirin, thiazide, and losartan,
all of which were not fully accounted for, in this study. However,
the difference in serum UA levels between RA patients and
controls was only 0.1mg/dL as per our data. Thus, the underlying
mechanisms and the clinical significance of this difference are
needed to be determined in further studies.
The present study has several limitations. First, due to its

cross-sectional study design, we could not determine whether a
causal relationship exists between serum UA levels and
osteoporosis in patients with RA. In particular, we could not
fully adjust the effect of disease activity or RA medications such
as methotrexate and GCs on the association of serum UA levels
with BMD and osteoporosis because this was not a randomized
clinical trial. GCs and disease activity were reported to be
significant risk factors for osteoporosis in RA.[14,15] Thus,
further longitudinal studies adjusting potential confounding
factors are indicated to confirm our findings. Secondly, our
study population only consisted of postmenopausal women
with RA and the role of serum UA in bone metabolism in their
male counterparts also needs to be determined through further
studies. Thirdly, we did not measure bone turnover markers
such as parathyroid hormone and vitamin D, which may also
affect BMD and act as residual confounding factors. Finally, we
could not analyze the effects of habits such as smoking and
alcohol-intake on BMD, because this information was not
available and could not be elicited due to the retrospective
nature of our study.
5. Conclusion

In conclusion, this study revealed that a higher serum UA level is
independently associated with a reduced risk of osteoporosis and
lower bone mass at the hip but not at the lumbar spine, in
postmenopausal women with RA. This finding suggests that UA
may exert a protective effect on bone health in RA, especially at
the hip joint, probably through its antioxidative effect against
oxidative stress-induced bone loss. Our data may provide a novel
insight into the role of UA in the bonemetabolism of patients with
RA. However, due to its retrospective cross-sectional design,
further experimental and prospective longitudinal studies are
necessary to validate our results.
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