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Male patients with rheumatoid arthritis have an
increased risk of osteoporosis
Frequency and risk factors
Seong-Min Kweon, MDa, Dong Hyun Sohn, PhDb, Ji-Heh Park, MDa, Jung Hee Koh, MD, PhDa,
Eun-Kyoung Park, MDa, Han-Na Lee, MDa, Keunyoung Kim, MD, PhDc,d, Yunkyung Kim, MDe,
Geun-Tae Kim, MD, PhDe, Seung-Geun Lee, MD, PhDa,d,∗

Abstract
Most previous research investigating osteoporosis in rheumatoid arthritis (RA) has focused on female patients and there is a lack of
data regarding clinical characteristics of osteoporosis in male patients with RA.
The aim of this study was to compare the frequency of osteoporosis between male patients with RA and healthy patients, and to

identify the risk factors for osteoporosis and low bone mineral density (BMD) in male patients with RA.
We conducted a retrospective, cross-sectional study including 76 South Korean male patients with RA aged over 50 years and 76

age-matched male healthy individuals. BMD was measured at the lumbar spine (L1-4) and left hip (femoral neck and total hip) using
dual energy X-ray absorptiometry. Osteoporosis was defined as a T-score of � -2.5 according to the World Health Organization
(WHO) classification.
The frequency of osteoporosis at either the spine or the hip among male patients with RA was significantly higher than that among

controls (22.4% vs 10.5%, P= .049) and RA patients had a significantly lower total hip BMD than healthy individuals (0.92±0.14 vs
0.96±0.1g/cm2, P= .027). For male RA patients, the mean 28-joint Disease Activity Scores using erythrocyte sedimentation
rate (DAS28-ESR) and body mass index (BMI) were 3.28 and 22kg/m2, respectively. In multivariable logistic regression models, BMI
� 22kg/m2 (odds ratio=3.43, P= .043) and DAS28-ESR > 3.2 (odds ratio=3.85, P= .032) were independent risk factors for
osteoporosis at either site in male patients with RA.
Our data demonstrate that male patients with RA had a 2.1 times higher risk for osteoporosis compared with healthy individuals.

This suggests that appropriate management of osteoporosis in patients with RA is crucial not only for postmenopausal women but
also for men aged over 50 years, especially those with low BMI and higher disease activity.

Abbreviations: BMD = bone mineral density, BMI = body mass index, CCP = cyclic citrullinated peptide, CKD = chronic kidney
disease, CRP = C-reactive protein, DAS28 = disease activity score assessed using the 28-joint count for swelling and tenderness,
DEXA = dual energy X-ray absorptiometry, DMARDs = disease-modifying anti-rheumatic drugs, ESR = erythrocyte sedimentation
rate, GCs = glucocorticoids, IQR = interquartile range, RA = rheumatoid arthritis, SD = standard deviation, TNF-a = tumor necrosis
factor-a, vdH-mTSS = van der Heijde modified total Sharp score, WHO = World Health Organization.
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1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease
characterized by polyarticular small joint arthritis leading to joint
destruction and extra-articular manifestations, such as rheuma-
toid nodules and cardiopulmonary and hematologic disorders. In
addition to periarticular bone loss and local erosions, systemic
bone loss begins early during the course of the disease and is a
well-established extra-articular complication of RA caused by
sustained inflammation, glucocorticoids (GCs) use, immobility,
disability, sarcopenia, and traditional risk factors such as aging
and postmenopausal state.[1–3] In particular, GCs is one of the
major risk factor for systemic bone loss in RA. Two-phase of
bone loss seems to be induced by GCs: a rapid first phase when
12% of bone mass decrease in the first 6 to 12 months of
treatment, followed by a subsequent chronic phase with a slower
rate of bone loss. Thus, RA is now considered one of the most
common secondary causes of osteoporosis and bone densitome-
try should be performed routinely in patients with RA. Previous
epidemiologic studies showed that patients with RA have a higher
prevalence of osteoporosis and higher incidence of vertebral and
nonvertebral fracture as compared with the general popula-
tion,[4–7] contributing to considerable morbidity and mortality as
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well as medical and societal cost. In particular, the 1-year
cumulative mortality rate due to hip fracture in RA patients was
reported to be approximately 20% and significantly higher than
that in general population.[8] Accordingly, appropriate manage-
ment of osteoporosis and prevention of fragility fracture in
patients with RA are crucial to optimize clinical outcome.[9]

However, despite advances in therapeutics for RA disease
control, there has been no apparent change in the incidence of
osteoporotic fracture in patients with RA in recent decades,[10]

which imposes a significant burden in clinical practice.
Osteoporosis has been generally recognized as a disease

affecting women, because men do not experience rapid
generalized bone loss after menopause.[11] Instead, men have
more gradual and less severe bone loss that usually begins by the
sixth decade of life and occurs at an average rate of 0.5% to 1%
per year.[12] Although male osteoporosis is less frequent than
female osteoporosis and seems to be an underdiagnosed and
undertreated condition, there has been growing awareness to its
clinical importance. One out of 8 men aged older than 50 years
will sustain an osteoporotic fracture during their remaining
lifetime, and men account for approximately 30% of hip
fractures.[11,13,14] Previous studies demonstrated that the mor-
tality rate associated with fragility fracture is much higher in men
than in women.[15–17] These data collectively indicate that
osteoporosis can be a serious health problem for not only women
but also men, and rheumatologists need to pay special attention
to osteoporosis in male patients with RA. However, because
postmenopausal women are at a greater risk for osteoporosis,
most previous research investigating osteoporosis in RA has
focused on female patients[4,5] and there is a lack of data
regarding clinical characteristics of osteoporosis in male patients
with RA. Therefore, it is necessary to determine the clinical
importance of systemic bone loss in male RA patients. The
purpose of the present study is to compare the frequency of
osteoporosis between male patients with RA and healthy
individuals and to identify risk factors for osteoporosis and
low bone mineral density (BMD) in male patients with RA.
2. Materials and methods

2.1. Study design and patients

We conducted a retrospective cross-sectional study including 76
male patients with RA aged over 50 years and 76 age-matched
(±2 years) male healthy individuals who underwent BMD
measurement by dual energy X-ray absorptiometry (DEXA) at a
university-affiliated hospital in South Korea from January 2012
to December 2015. All patients with RA fulfilled the 2010
American College of Rheumatology/European League Against
Rheumatism collaborative initiative classification criteria for
RA.[18] The following patients with RA were excluded from our
study: patients with rheumatic diseases other than RA; patients
with prior spine and/or hip surgery or metal implants that might
affect BMD measurement; patients who had previously received
or were currently receiving anti-osteoporotic treatments such as
bisphosphonates, selective estrogen receptor modulators, ter-
iparatide, or denosumab, except for calcium and/or vitamin D;
patients with stage III or higher chronic kidney disease (CKD);
and patients with pre-existing hypothyroidism or hyperthyroid-
ism. Healthy controls were selected randomly from applicants for
a routine health check up at the same hospital who had no history
of rheumatic disease, including RA, no history of chronic diseases
that could affect BMD, such as CKD or thyroid diseases, and no
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history of taking medication for osteoporosis. All patients with
RA and healthy controls in our study were South Korean. The
present study was approved by the Research and Ethical Review
Board of the Pusan National University Hospital, which waived
informed consent for study participants due to the retrospective
study design (IRB no. 1610-009-048).
2.2. BMD measurements

BMDwasmeasured at the lumbar spine (L1-4) and left hip (femoral
neck and total hip) using DEXA equipment (GE-Lunar Prodigy or
Lunar Prodigy advance, Madison, MA). BMD was expressed in
gramsper square centimeter (g/cm2) and the standarddeviation (SD)
from the young and healthy population (T-score). We used South
Korean female reference data provided by the manufacturers when
calculating the T-score, as previously recommended.[19–22] All
procedures were conducted according to the standardized proce-
dures forBMDmeasurements providedby themanufacturer and the
coefficient of variancewas 0.33%at the spine and0.4%at the hip in
ourhospital.Osteoporosis inmenaged50yearsorolderwasdefined
as T-scores of �2.5 or lower, according to the World Health
Organization (WHO) classification.[23]
2.3. Clinical assessments

Demographic andanthropometricdata, suchasage andbodymass
index (BMI), were collected from both patients with RA and
healthy controls. BMIwas determined by dividing the bodyweight
by the square of the height inmeters (kg/m2). For patientswithRA,
the following clinical and laboratory markers were recorded:
disease duration, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) levels, disease activity score assessed using the 28-
joint count for swelling and tenderness (DAS28)-ESR, rheumatoid
factor, anti-cyclic citrullinated peptide (CCP) antibody levels, van
der Heijde modified total Sharp score (vdH-mTSS), and current
medications, such as disease-modifying anti-rheumatic drugs
(DMARDs) and GCs. Serum CRP level was determined by
particle-enhanced immunoturbidimetry (Tina-quant C-reactive
protein assay; Roche Diagnostics, Zurich, Switzerland) with a
P800 Module (Roche Diagnostics). DAS28-ESR score was =
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þ 0:70 � InESR½ � þ 0:0014 � visual½ �.[24] High disease activity
was defined as a DAS28-ESR of > 5.1; moderate disease activity
was defined as 3.2 < DAS28-ESR � 5.1; low disease activity was
defined as 2.6 < DAS28-ESR � 3.2; remission was defined as
DAS28-ESR� 2.6.[25] SerumRF titerwas assessed using a particle-
enhanced immunoturbidimetric assay (range 0–14IU/mL) and
serum anti-CCP antibody titer was measured by a chemilumines-
cent microparticle immunoassay (range 0–5U/mL). The vdH-
mTSS of patients with RA was assessed by an experienced
rheumatologist who was blind to clinical and laboratory data,
using hand and foot X-ray images.[26] Data regarding current use
of DMARDs, including methotrexate, sulfasalazine, hydroxy-
chloroquine, leflunomide, tacrolimus, and tumor necrosis factor-a
(TNF-a) inhibitor were collected. The cumulative dose (g) of GCs
was expressed as prednisone equivalent and was determined by
multiplying the current daily dose by the number of days for which
patientswithRAhadbeen treatedwithGCs sincefirst prescription.

2.4. Statistical analyses

Continuous variables are reported as mean±SD or median
(interquartile range; IQR), as appropriate, and categorical



Table 1

Clinical and laboratory characteristics in male patients with
rheumatoid arthritis.

RA patients (n=76)

Disease duration, mo, median (IQR) 37.5 (1.3–105.8)
ESR, mm/h, median (IQR) 28 (12–51)
CRP, mg/dL, median (IQR) 0.66 (0.13–1.69)
DAS28-ESR, mean±SD 3.28±1.44
Disease activity status
High disease activity, n (%) 8 (10.5)
Moderate disease activity, n (%) 30 (39.5)
Low disease activity, n (%) 8 (10.5)
Remission, n (%) 30 (39.5)

RF, IU/mL, median (IQR) 130.3 (22.1–289.4)
Anti-CCP antibody, U/mL, median (IQR) 100 (14.2–100)
RF positive, n (%) 67 (91.8)
Anti-CCP antibody positive, n (%) 50 (80.6)
vdH-mTSS, median (IQR) 4 (1–9)
Current DMARDs
Methotrexate, n (%) 40 (52.6)
Sulfasalazine, n (%) 17 (22.4)
Hydroxychloroquine, n (%) 30 (39.5)
Leflunmoide, n (%) 10 (13.2)
Tacrolimus, n (%) 7 (9.2)
TNF-a blocker, n (%) 2 (2.6)

Concomitant calcium and/or vitamin D, n (%) 17 (22.4)
Concomitant GCs, n (%) 59 (77.6)
Current GCs dose, mg, median (IQR) 2.5 (2.5–5)
Cumulative GCs dose, g, median (IQR) 3.11 (1.65–8.15)

Anti-CCP antibody= anti-cyclic citrullinated peptide antibody, CRP=C-reactive protein, DAS28-
ESR=Disease activity score 28-ESR, DMARDs=disease-modifying anti-rheumatic drugs, ESR=
erythrocyte sedimentation rate, GCs=glucocorticoids, RF= rheumatoid factor, TNF-a= tumor
necrosis factor-a, vdH-mTSS= van der Heijde modified total Sharp score.

Table 2

Comparisons of bone mineral density and the frequency of
osteoporosis between patients with rheumatoid arthritis and
healthy subjects.

RA patients (n=76) Healthy subjects (n=76) P

Age 64.5±7.3 62.7±6.8 .104
BMI 22±2.3 22.4±2.3 .225
L1-4 spine
BMD, g/cm2 1.09±0.19 1.12±0.2 .396
T-score �0.79±1.62 �0.5±1.69 .283

Femoral neck
BMD, g/cm2 0.86±0.13 0.88±0.1 .287
T-score �0.67±0.99 �0.43±0.88 .128

Total hip
BMD, g/cm2 0.92±0.14 0.96±0.1 .027
T-score �0.16±1.1 0.12±0.8 .079

Osteoporosis
Spine, n (%) 15 (19.7) 8 (10.5) .113
Hip, n (%) 3 (3.9) 0 (0) .245
Either, n (%) 17 (22.4) 8 (10.5) .049

BMI=body mass index, BMD=bone mineral density.
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variables are reported as the number (percentage). For group
comparisons, Student 2-tailed t test or Mann–Whitney U test for
continuous variables and Pearson Chi-square test or Fisher exact
test for categorical variables were used, as appropriate. To
determine the factors associated with BMD in male patients with
RA, we conducted a stepwise multivariable linear regression
analysis. We conducted stepwise multivariable linear regression
models including variables with P< .1 in univariable analysis and
a priori confounding factors such as age and BMI. Multivariable
logistic regression models with backward selection adjusting for
variables with P < .1 in univariable analysis and a priori
confounding factors such as age were used to calculate odds
ratios (ORs) for the presences of osteoporosis in patients with
RA. A 2-sided P < .05 was considered to be statistically
significant. All statistical analyses were performed using SPSS
software version 18.0 (SPSS Inc., Chicago, IL) and STATA
version 11.1 for Windows (StataCorp LP, College Station, TX).
3. Results

Clinical and laboratory characteristics of male patients with RA
are summarized in Table 1. Median (IQR) disease duration was
37.5 (1.3–105.8) months and the frequency of patients with RA
having positive results for RF and anti-CCP antibody was 91.8%
and 80.6%, respectively. Mean DAS28-ESR was 3.28±1.44 and
median vdH-mTSS was 4 (1–9). In addition, 38 (50%) patients
showed moderate to high disease activity, whereas 30 patients
with RA had remission status. The most common concomitant
DMARDs was methotrexate (52.6%), followed by hydroxy-
chloroquine (39.5%) and sulfasalazine (22.4%). The majority of
3

patients with RA (77.6%) were treated with GCs and
median (IQR) cumulative dose of GCs was 3.11g (1.65–8.15).
Seventeen patients (22.4%) received calcium and/or vitamin D
supplementation.
Table 2 summarizes comparisons of BMD and the frequency of

osteoporosis between male patients with RA and healthy
individuals. Age and BMI in patients with RA were comparable
with those of healthy controls. Patients with RA had a
significantly lower total hip BMD than healthy individuals
(0.92±0.14 vs 0.96±0.1g/cm2, P= .027), but there was no
significant difference in L1-4 and femur neck BMD between
patients with RA and controls. In subgroup analyses, no
significant differences in L1-4, femoral neck, and total hip
BMD between RA patients not treated with GCs and controls
were observed (data not shown), whereas RA patients receiving
GCs therapy had significantly lower total hip BMD than healthy
subjects (0.92±0.14 vs 0.96±0.11g/cm2, P= .031). The overall
frequency of osteoporosis at either the spine or the hip in male
patients with RA was significantly higher than healthy controls
(22.4% vs 10.5%, respectively; P= .049). However, no signifi-
cant differences in the prevalence of osteoporosis at the spine
(19.7% vs 10.5%, respectively; P= .113) and the hip (3.9% vs
0%, respectively; P= .245) were found between patients with RA
and healthy controls.
Associated factors for BMD in male patients with RA were

analyzed by linear regression analyses (Table 3). Of interest,
increased anti-CCP antibody titer significantly correlated with
low L1-4 BMD (unstandardized b=�0.0007, P= .048) after
adjusting for confounding factors. Higher DAS28-ESR appeared
to be associated with lower L1-4 BMD (unstandardized b=�
0.0086, P= .086), but did not reach statistical significance in the
multivariable linger regression model. As expected, older age was
a significant risk factor for low femoral neck and total hip BMD
in multivariable linear regression analyses (Table 3). Radio-
graphic damages measured by vdH-mTSS correlated with low
total hip BMD in the univariable model, but this association was
not statistically significant in the multivariable model (Table 3).
In addition, BMI, disease duration, and cumulative GC dose did
not show a significant association with BMD in male patients
with RA.

http://www.md-journal.com


Table 3

Linear regression models for bone mineral density in male patients with rheumatoid arthritis.

Dependent variables Independent variables
Univariable model Multivariable model

Unstandardized b (SE) P
∗
Unstandardized b (SE) P

L1-4 BMD Age, y 0.0012 (0.0031) .709 – –

BMI, kg/m2 0.0182 (0.0095) .06 – –

Disease duration, mo 0.0007 (0.0004) .071 – –

DAS28-ESR �0.0339 (0.0152) .029 �0.0284 (0.0162) .086
Anti-CCP antibody, U/mL �0.0008 (0.0003) .024 �0.0007 (0.004) .048
vdH-mTSS �0.0009 (0.0006) .093 – –

Cumulative GCs dose, g 0.0053 (0.0034) .121

Dependent variables Independent variables Unstandardized b (SE) P †Unstandardized b (SE) P

Femoral neck BMD Age, y �0.0042 (0.002) .04 �0.0042 (0.002) .04
BMI, kg/m2 0.004 (0.0064) .536 – –

Disease duration, mo �0.0002 (0.0003) .952
DAS28-ESR 0.0052 (0.0104) .615
Anti-CCP antibody, U/mL 0.0002 age (0.002) .478
vdH-mTSS �0.0006 (0.0004) .156
Cumulative GCs dose, mg �0.0005 (0.0023) .825

Dependent variables Independent variables Unstandardized b (SE) P ‡Unstandardized b (SE) P

Total hip BMD Age, y �0.0048 (0.0021) .03 �0.005 (0.0021) .03
BMI, kg/m2 0.0121 (0.0068) .087 – –

Disease duration, mo 0.0002 (0.0002) .506
DAS28-ESR �0.0105 (0.0112) .35
Anti-CCP antibody, U/mL 0.0001 (0.0002) .668
vdH-mTSS �0.0009 (0.0004) .035 – –

Cumulative GCs dose, mg 0.0011 (0.0025) .669

Anti-CCP antibody=anti-cyclic citrullinated peptide antibody, BMD=bone mineral density, BMI=body mass index, DAS28-ESR=Disease activity score 28-erythrocyte sedimentation rate, GCs=
glucocorticoids, vdH-mTSS= van der Heijde modified total Sharp score.
∗
Estimated using stepwise multivariable linear regression models, including age, BMI, disease duration, DAS28-ESR, antiCCP antibody, and mTSS.

† Estimated using stepwise multivariable linear regression models, including age and BMI.
‡ Estimated using stepwise multivariable linear regression models, including age, BMI, mTSS.
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Patients with RA with osteoporosis had significantly lower
BMI and higher disease activity than those without osteoporosis
(Table 4). No significant differences in age, disease duration, RF
titer, anti-CCP antibody titer, vdH-mTSS, and cumulative GC
dose according to the presence of osteoporosis were observed
(Table 4). Risk factors for osteoporosis in male patients with RA
analyzed by logistic regressionmodels are summarized in Table 5.
In univariable analysis, BMI � 22kg/m2 and DAS28-ESR > 3.2
Table 4

Comparisons of the clinical features in male patients with rheumato

RA patients with osteoporosis (n

Age, y, median (IQR) 68 (61.5–71.6)
BMI, kg/m2, median (IQR) 20.1 (18.9–22.6)
Disease duration, mo, median (IQR) 5 (2.5–48.5)
DAS28-ESR, median (IQR) 4.16 (3.05–4.53)
RF, IU/mL, median (IQR) 205.8 (420.7–24.2)
Anti-CCP antibody, U/mL, median (IQR) 100 (28.8–200)
vdH-mTSS, median (IQR) 4 (0–7.5)
Concomitant GCs, n (%) 14 (82.4)
Cumulative GCs dose, g, median (IQR 1.45 (0.28–3.24)
Methotrexate use, n (%) 8 (47.1)
Hydroxychloroquine use, n (%) 9 (52.9)
L1–4 spine BMD, g/cm2, median (IQR) 0.88 (0.78–0.91)
Femoral neck BMD, g/cm2, median (IQR) 0.77 (0.71–0.82)
Total hip BMD, g/cm2, median (IQR) 0.8 (0.74–0.84)

Anti-CCP antibody=anti-cyclic citrullinated peptide antibody, BMD=bone mineral density, BMI=bo
glucocorticoids, RF= rheumatoid factor, vdH-mTSS= van der Heijde modified total Sharp score.

4

significantly increased the risk for osteoporosis, whereas longer
disease duration tended to be associated with the presence of
osteoporosis in male patients with RA. Backward multivariable
logistic regression models revealed that both BMI � 22kg/m2

[(OR=3.43, 95% confidence interval (95% CI)=1.04–11.33,
P= .043] and DAS28-ESR > 3.2 (OR=3.85, 95% CI=1.13–
13.17, P= .032) were independent risk factors for osteoporosis in
male patients with RA (Table 5). However, no statistically
id arthritis according to the presence of osteoporosis.

=17) RA patients without osteoporosis (n=59) P

64 (59–67) .138
22.8 (20.9–23.8) .01
52 (1–107) .181

2.79 (1.88–4.32) .032
111.8 (21.6–284.8) .353
100 (11–100) .187
4 (2–9) .387
45 (76.3) .748
5.5 (0.1–9.1) .163
32 (54.2) .784
21 (35.6) .197

1.15 (1.02–1.26) <.001
0.89 (0.79–0.99) <.001
0.94 (0.88–1.07) <.001

dy mass index, DAS28-ESR=Disease activity score 28-erythrocyte sedimentation rate, GCs=



Table 5

Risk factors for osteoporosis in male patients with rheumatoid arthritis using logistic regression analyses.

Variables Crude OR (95% CI) P
∗
Adjusted OR (95% CI) P

Age, y 1.06 (0.98–1.14) .148 – –

BMI � 22kg/m2 2.95 (0.87–8.21) .086 3.43 (1.04 –11.33) .043
Disease duration, mo 0.99 (0.98–1.01) .089 – –

DAS28-ESR >3.2 3.05 (0.95–9.75) .06 3.85 (1.13–13.17) .032
Anti-CCP antibody, U/mL 1.01 (0.99–1.02) .145
vdH-mTSS 0.98 (0.93–1.04 .512
Cumulative GCs dose, g 0.9 (0.8–1.02) .109
Methotrexate use 0.75 (0.25–2.22) .602
Hydroxychloroquine use 2.04 (0.68–6.06) .202

Anti-CCP antibody= anti-cyclic citrullinated peptide antibody, BMI=body mass index, DAS28-ESR=Disease activity score 28-erythrocyte sedimentation rate, GCs=glucocorticoids, vdH-mTSS= van der Heijde
modified total Sharp score.
∗
Estimated using backward multivariable logistic regression models, including age, BMI � 22kg/m2, disease duration, and DAS28-ESR >3.2.
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significant associations between osteoporosis and age, serum
anti-CCP antibody titer, or vdH-mTSS were found in our logistic
regression analyses.
4. Discussion

The present study showed that patients with RA aged over 50
years had significantly lower total hip BMD as compared with
age- and sex-matched healthy controls, but there were no
significant differences in BMD in the L1-4 spine and femoral neck
between the 2 groups. Similar to female counterparts, the overall
frequency of osteoporosis at either the spine or the hip in male
patients with RA was 2.1 times higher than that in controls. This
finding suggests that appropriate management for osteoporosis in
patients with RA is crucial not only for postmenopausal women
but also for men aged 50 years and over. In addition, low BMI
and moderate-to-high disease activity measured by DAS28-ESR
were independent risk factors for the presence of osteoporosis in
male patients with RA. Of interest, higher anti-CCP titer was
significantly associated with reduced L1-4 BMD after adjusting
for confounding factors. These findings indicate that beyond
traditional risk factors, inflammatory status and RA-associated
autoimmunity were important determinants for generalized bone
loss in male patients with RA. Therefore, careful monitoring for
the development of systemic bone loss should be considered for
male patients with RAwith lower BMI, higher disease activity, or
higher anti-CCP antibody titer.
The major finding of our study was that frequency of

osteoporosis, defined as T-scores � �2.5, in male patients with
RA aged over 50 years was 22.4%, approximately 2 times higher
than that of healthy individuals (10.5%). Similar to our results,
Haugeberg et al[27] and Nolla et al[28] reported that the
prevalence of osteoporosis, defined using T-scores � �2.5, in
male patients with RAwas 23% and 21%, respectively, in at least
1 of the evaluated sites, although no comparison with healthy
controls was performed. The prevalence of osteoporosis in female
patients with RA ranged from 11.5% to 22.1% [4,5,29,30] and 2
times higher that of controls in previous studies.[4,5] Thus, unlike
general population studies showing that osteoporosis and
subsequent fragility fracture are less frequent in men as compared
with women,[8,14] our data and previous reports suggest that the
frequency of osteoporosis in male patients with RA may be no
less than that of female patients with RA. Thus, we assume that
osteoporosis may also be an important clinical concern for the
management of both male and female patients with RA.
Although multifactorial factors such as inflammation, GCs use
5

and functional disability can contribute to bone loss in RA
patients, the role of gender in osteoporosis in RA has not been
extensively studied. Thus, further researches to investigate
distinctive features between male and female osteoporosis in
RA patients are obviously needed.
In addition to the overall frequency, osteoporosis in RA has

several distinctive clinical features compared with osteoporosis in
general population. RA patients have lower bone formation
marker such as serum osteocalcin and higher bone resorption
markers such as crosslinked N-telopeptidases of type 1 collagen
than general population, which may be due to inflammatory
status in RA.[31] In addition, unlike non-RA subject, bone loss in
peripheral arthritis (periarticular osteopenia) characterized by
the trabecular size loss is another feature in RA patients,[31] which
correlates with systemic osteoporosis in this population.[32]

Using an appropriate reference database is important for
measurement of the T-score in investigating the frequency of
osteoporosis. Unlike the diagnosis of osteoporosis in women,
there is no consensus regarding appropriate reference data in the
assessment of T-scores in male patients. Use of female reference
data when calculating T-score in men is supported by the by the
WHO,[19] Scientific Advisory Council of Osteoporosis
Canada,[20] National Osteoporosis Guideline Group,[21] and
International Society for Clinical Densitometry,[22] whereas the
Endocrine Society recommends use of male reference data.[33] In
the present study, South Korean female reference data provided
by the manufacturers were used for calculating T-scores in male
patients with RA and healthy patients of the same ethnicity. The
same method was also applied in the Osteoporotic Fractures in
Men Study, a representative study of male osteoporosis.[34]

Total hip BMD in male patients with RA was significantly
lower than that of healthy controls in our study, whereas there
was no significant difference in spine BMD between patients with
RA and controls. Similar results have been reported in both male
and female patients with RA in previous studies.[4,5,35,36] Thus,
unlike postmenopausal osteoporosis, marked bone loss in the
total hip but relatively preserved axial bone mass may be an
clinical feature of osteoporosis in “RA” patients rather than
“male” patients. This notion was also pointed out by Vosse and
de Vlam.[37] As the proportion of cortical bone in the total hip is
higher than that of the spine, it is assumed that cortical bone loss
may be more susceptible to RA-specific risk factors, such as
inflammation and autoimmunity, comparedwith trabecular bone
loss. This hypothesis may be supported by evidence that high
disease activity or high titer of RA antibodies is associated with
localized cortical bone erosion, but the underlying mechanisms of
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RA-associated inflammation directly leading to bone loss in the
hip remains elusive.
Risk factors for osteoporosis and lowBMD inmale patientswith

RA were analyzed in the present study. First, increased disease
activitywas an independent risk factor for osteoporosis in our data,
similar to a previous studybyDao et al.[36]However, as 50%ofRA
patientswere in remission (39.5%) or low disease activity (10.5%),
relationship between disease activity and generalized bone loss in
RAinourdataneeded tobe interpreted cautiously.AsTNF-a, a key
proinflammatory cytokine in RA, can stimulate osteoclastogenesis
via receptor activator of nuclear factor kappa B ligand activation,
leading to systemic bone loss,[38] it is obvious that inflammation is a
considerable contributing factor for osteoporosis in RA. However,
bone loss in chronic inflammatory diseases such as RA must be a
multifactorial affair and changes in energy balance, calcium
metabolism, and hormonal pathways during inflammatory process
can also cause low bone mass.[39] Thus, we assumed that disease
activity is necessary but not sufficient for development of bone loss
in RA. Second, anti-CCP antibody titer inversely correlated with
spine BMD in male patients with RA and a significant inverse
association between anti-citrullinated protein antibody (ACPA)
titer and BMD in patients with RA was observed in previous
studies.[40,41] The effect of ACPA on inducing osteoclasts
activation, even in the absence of inflammation in RA, was also
reported[41] and the binding of ACPAs to citrullinated vimentin in
the surface of monocyte/macrophage lineage induces differentia-
tion of these cells into osteoclasts,[42] which supports the effect of
ACPAonbone loss inRA.Third, cumulativeGCdosedidnot show
a significant associationwith osteoporosis or BMD inmale patients
with RA in our study. For female patients with RA, a significant
association between GC use and osteoporosis was found in some
previous studies,[4,36] but others reported no association.[29,43] As
GC use is a major cause of osteoporosis and fragility fracture, the
lack of association between cumulativeGCdose and reducedBMD
in our study is somewhat unexpected. The small sample size and
imprecise data collection regarding cumulative dose due to the
retrospective design may have led to a lack of power to detect a
correlation between GCs and bone loss in our study. Third, lower
BMI, which is considered a traditional risk factor for osteoporosis,
was also significantly linked with generalized bone loss in male
patients with RA. Lastly, DMARD therapy, such as methotrexate
and hydroxychloroquine, did not affect the rate of osteoporosis in
patients with RA. Of interest, Mok et al[44] reported the protective
role of hydroxychloroquine against osteoporosis in patients with
systemic lupus erythematosus, but this effect was not found in our
study. Further longitudinal studies are needed to confirm the effect
of DMARDs on systemic bone loss in RA.
The present study has several limitations. First, the main

limitation of the present study is the small sample size leading to
low statistical power. As our studywas conducted in a single center
andRA ismore common in female patients thanmale patients, it is
difficult to collect a substantial numberofmalepatientswithRA. In
particular, although male RA patients had significantly higher
overall frequency of osteoporosis at either site compared with
controls, therewere no differences in the frequency of osteoporosis
at the spine or hip between these 2 groups in our study. In addition,
because no healthy subjects had hip osteoporosis, the direct
comparison of hip osteoporosis between RA patients and controls
may not be reasonable in our study. This result may be due to a
small sample size and further larger studies are needed. Second, our
study participants may not necessarily be representative of all
South Korean male patients with RA. The cost of DEXA
examination in South Korea is approximately $100 (US dollars)
6

and male patients with RA can receive reimbursement for DEXA
from the National Health Insurance Service in South Korean
government if age 70 years or older. Thus, male patients with RA
aged from50 to69years couldbe reluctant to check theirBMDdue
to cost, which may cause selection bias in our data based on real
clinical practice. Third, we only evaluated T-scores of study
participants based on female reference data. Further studies are
needed to compareT-scores ofmale patients with RA according to
male and female reference data. Lastly, due to retrospective study
design, we could not fully collect information about the functional
status in RA patients, which is important for analysis of the risk
factors for osteoporosis.
In conclusion, male patients with RA had a 2.1 times higher

risk for osteoporosis as compared with healthy controls. Low
BMI (BMI � 22kg/m2) and moderate-to-high disease activity
(DAS28-ESR > 3.2) were independent risk factors for the
presence of osteoporosis in male patients with RA. Thus, similar
to their female counterparts, special attention may also be needed
to detect and treat osteoporosis in male patients with RA,
especially those with low BMI and higher disease activity. Despite
significant advances in the understanding of male osteoporosis in
recent years, little work has been done on epidemiology, etiology,
and optimal treatment of osteoporosis in male patients with RA.
The present study sheds light on the importance of the increased
risk of osteoporosis in male patients with RA, but further
research is needed to confirm our findings due to limitations of
our data, such as the small sample size.
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