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Abstract
Background: Secondary osteoporosis may occur in patients with rheumatoid arthritis (RA), causing irreversible joint
damage and disability. Bisphosphonates, the recently developed bone resorption inhibitors, have demonstrated
significant therapeutic effects on senile and postmenopausal osteoporosis. This study evaluated the efficacy and
safety of zoledronic acid (ZOL), with or without methotrexate (MTX), for the prevention and treatment of bone
destruction in RA patients.
Methods: We recruited 66 RA patients with symptoms of secondary osteoporosis. They were randomized into
three treatment groups—combined treatment with MTX and ZOL, ZOL monotherapy, or MTX monotherapy—in
two consecutive 6-month periods. The participants were followed for 12 months. At the end of each treatment
period, improvement in disease activity, bone destruction, and fracture risk were evaluated.
Results: Combined treatment with ZOL and MTX had significantly better clinical efficacy compared with either ZOL
or MTX monotherapy (P < 0.05). The combination significantly improved the lumbar spine and hip BMD and
reduced FRAX scores, suggesting that ZOL combined with MTX reduces bone loss and risk of hip fracture in RA
patients with secondary osteoporosis.
Conclusion: ZOL has a synergistic effect when combined with MTX, inhibiting RA disease activity, reducing fracture
risk, and improving quality of life in RA patients with secondary osteoporosis.
Trial registration: Chinese Clinical Trial Registry, ChiCTR1800019290. Registered 3 November 2018–Retrospective
registered, http://www.chictr.org.cn/showproj.aspx?proj = 31758
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Introduction
Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease with an estimated global prevalence of 1
to 3% [1–3]. In China, nearly 5 million people have RA
[4, 5], causing a significant economic and social burden.
RA is characterized by chronic symmetrical and progressive polyarthritis accompanied by pain, stiffness, and
swelling in the patients’ joints. Pathological changes in
the synovial membrane of the joint include chronic
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inflammation, hyperplasia, and vasospasm, as well as the
invasion of the articular cartilage, subchondral bone, ligaments, and tendons. These changes cause the destruction of the articular cartilage, bone, and the joint
capsule, eventually leading to irreversible joint deformity
and loss of function and a disability rate as high as 50%.
The chronic local and systemic inflammation observed
in RA patients is often accompanied by multiorgan dysfunction. Roughly 15 to 36% of RA patients develop
osteoporosis [6, 7] as a complication as early as 2 years
after disease onset, increasing risks of local and systemic
bone erosion, decreased bone density, and increased
fracture risk [8]. Methotrexate (MTX), a potent diseasemodifying antirheumatic drug (DMARD) and a preferred
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treatment for RA [2], has little effect on RA-associated
systemic osteoporosis [9].
Bisphosphonates, a family of drugs that have been
widely used as bone resorption inhibitors for osteoporosis for decades [10], inhibit calcium hydroxyphosphate
dissolution and osteolysis [11]. Recently, a third generation of bisphosphonates, which includes commonly
used alendronate, risedronate, and zoledronic acid
(ZOL), has been developed. These drugs have been
shown to inhibit bone resorption of osteoclasts, reduce
bone turnover rate, increase bone strength, protect articular cartilage, and have anti-inflammatory effects [10].
These therapeutic effects have been demonstrated in senile and postmenopausal osteoporosis, but results from
studies of RA-associated osteoporosis are inconclusive
[12, 13]. In this study, we aimed to determine the efficacy of ZOL alone or in combination with MTX for the
prevention and treatment of bone destruction in RA
patients.

Materials and methods
Study population

The participants were recruited from patients diagnosed
with RA-associated secondary osteoporosis at the outpatient clinic of Shanghai Guanghua Hospital of Integrated
Traditional Chinese and Western Medicine from June 2013
to December 2015. Eligible participants were defined as
those who had been clearly diagnosed with RA and had either a T value ≤ − 2.5 of L1-L4 and hip bone mineral density (BMD) measurements plus obvious low back pain, night
convulsions, and limited life function symptoms; or a T
value between − 1.5 and − 2.5 of L1-L4 and hip BMD measurements plus obvious low back pain, night convulsions,
limited life function symptoms, and a history of one or
more fractures. Exclusion criteria included (a) severe primary diseases in the cardiovascular, cerebrovascular, liver,
kidney, or hematopoietic systems, consumptive chronic diseases, or mental illness; (b) hypercalcemia, fresh fractures,
liver or kidney dysfunction, thyroid-related diseases, such as
hypothyroidism and hyperthyroidism, or malignant tumors;
(c) other joint-involving rheumatic diseases, such as systemic lupus erythematosus, dermatomyositis, Sjogren’s syndrome, ankylosing spondylitis, and gout; (d) allergy to ZOL
or a history of other allergies; (e) pregnancy, breastfeeding,
or planning for pregnancy in the near future; (f) currently
participating in other clinical trials; and (g) lack of consent
to receive treatment as directed in this protocol.
Experimental design

Participants were randomized into three groups: combined treatment with ZOL and MTX, ZOL monotherapy, MTX monotherapy (control) (Fig. 1). A random
number table (Additional file 1: Table S1) was generated
along with random cards using the SAS8.0 software
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package. For each random card, a serial number, a random number, and a group number were generated and
sealed in an envelope marked with the serial number.
Eligible participants were enrolled in the order of clinical
entry. Physicians obtained and opened an envelope with
a serial number and treated patients as specified on the
card.
Participants in the ZOL treatment groups received infusions of 0.5 mL of 0.9% NaCl followed by 1.5 mg of
sodium zoledronate (Swiss Novartis Pharmaceutical Co.,
Ltd.) intravenously at a controlled rate with instillation
time over 30 min and then 100 mL of 0.9% NaCl afterwards. Participants in the MTX treatment groups received 7.5 to 15 mg methotrexate tablets (2.5 mg/tablet;
Shanghai Xinyi Pharmaceutical Co., Ltd.) orally once a
week after meals. Additionally, each participant received
a 600-mg calcium supplement (Wyeth Pharmaceutical
Co., Ltd., Suzhou, China) and soft capsules containing
0.25 to 0.5 μg alfacalcidol (Teva Pharmaceutical Industries, Ltd., Israel) once daily. Participants completed two
consecutive courses of treatment, each lasting 6 months,
for a total follow-up of 12 months.
For patients taking NSAIDs at enrollment, the NSAID
dose was stable for at least 4 weeks before treatment.
For those who had been receiving MTX treatment at enrollment, they were left for at least 3 months of treatment and a stable dose for at least 4 weeks before
entering the study. A 2-month washout period before
treatment was used for those taking oral glucocorticoids
at the time of enrollment. A 3-month washout period
was used for those who had received other remission
medications, including chloroquine, penicillamine, or
sulfasalazine.

Diagnostic criteria

According to the Classification Criteria for Rheumatoid
Arthritis revised in 2003 by the American Rheumatology Association [14], the diagnostic criteria for RA includes the following: morning stiffness for at least 1 h
for over 6 weeks; three or more joint areas of arthritis
for over 6 weeks; wrists, metacarpophalangeal joint, or
proximal interphalangeal arthritis for over 6 weeks;
symmetric arthritis for over 6 weeks; subcutaneous
nodules; radiographic changes on hands; and rheumatoid factor positive with titers higher than 1:32. Patients
with four or more of the above seven items were diagnosed as having RA.
Osteoporosis was diagnosed using the T value from a
BMD test according to the WHO standard deviation
diagnostic method [15]. Patients were classified as “normal” with a T value not less than − 1.0 SD, “reduced
bone mass” with a value between − 1.0 and − 2.5 SD,
“osteoporosis” with a value less than − 2.5 SD, or “severe

Xie et al. Journal of Orthopaedic Surgery and Research

(2019) 14:421

Page 3 of 7

Fig. 1 Sixty-six eligible participants were randomized into three treatment groups and followed for 1 year for clinical outcomes on DAS28, VAS,
ESR, CRP, BMD, and FRAX.

osteoporosis” with a value less than − 2.5 SD and one or
more fractures.
Outcome assessment

All participants were assessed before and after treatment
for morning stiffness, patient self-evaluation and physician
evaluation, C-reactive protein (CRP) level, erythrocyte
sedimentation rate (ESR), BMD scores, and calculated
FRAX scores. Disease activity score-28 (DAS28) was calculated with the 28-joint tender joint and swollen joint
count, ESR, and health assessment [14]. A visual analog
scale (VAS) was used to determine pain [16]. BMD scores
of lumbar vertebrae 1 to 4 and the femoral neck, ward
area, and large trochanter (GT), which were measured
using a GE Lunar Prodigy dual-energy X-ray absorptiometry scanner, were expressed in g/cm2. FRAX scores
were calculated using the FRAX interface (http://www.
shef.ac.uk/FRAX/), incorporating collected data on fracture risk factors, to predict the probability of hip fracture
in the next 10 years.

Safety assessment

Serum hemoglobin, white blood cell count, platelet
count, alanine aminotransferase, urea nitrogen, creatinine, routine urine routine, and routine stool were collected before and after each study period. Patients with
abnormal results for any of these variables at the end of
the study were followed until they returned to normal or
clinically stable.
Statistical analysis

The data were analyzed on SPSS 19.0 statistical software.
Count data were described as frequency or composition
ratio, and their changes before and after treatment were
analyzed by a chi-square (χ2) or non-parametric test.
Continuous variables were expressed as mean ± SD. An
independent T test was used for comparison between
two groups with assumed normal distribution and equal
variances; a repeated measures data analysis was used
for comparison between groups with measurements at
multiple time points; and an LSD-T test was performed
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for further comparison between groups. A rank sum test
was used on data that did not fit to the normal distribution or when the variances were not equal. All statistical
tests were considered two-sided; P values < 0.05 were
considered statistically significant.

Results
Baseline characteristics of study participants

Sixty-six participants were enrolled in the study and randomized into combined ZOL and MTX treatment, ZOL
monotherapy, or MTX monotherapy groups (Fig. 1). During treatment, there were four cases of dropout from the
combined treatment group (one due to loss to follow-up,
one due to leukopenia, and two due to liver damage), with
18 patients completing the trial; there were two cases of
dropout from the ZOL monotherapy group (both due to
loss to follow-up), with 20 patients completing the trial;
and there were four cases of dropout from the MTX
monotherapy group (one due to pulmonary infection, one
due to loss to follow-up, and two due to leukopenia), with
18 patients completing the trial. In total 56 of them completed the study and were included in the analysis. In the
combined group, there were 4 females and 14 males with
95%CI of age at 58.6 ± 4.8 and DAS28 at 5.98 ± 1.25; in
ZOL group, there were 4 females and 16 males with age at
57.2 ± 5.1 and DAS28 at 5.72 ± 1.35; in MTX group, there
were 3 females and 15 males with age at 56.3 ± 4.5 and
DAS28 at 6.06 ± 1.28. There were no significant differences in the distribution of age, sex, and DAS28 between
any two groups (P > 0.05 for all pair-wise comparisons).
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Changes in main clinical outcomes with treatment

Participants received two consecutive courses of
treatment and were evaluated for the main clinical
outcomes before and after treatment. An improvement in clinical symptoms, demonstrated with decreased scores in morning stiffness and VAS and
DAS28 scores, was observed in all groups after the
treatment (data not shown). Improvement in ESR
and CRP was observed with combined treatment and
MTX monotherapy (Table 1). Between groups, combined treatment resulted in greater improvement in
morning stiffness compared with ZOL monotherapy
after 6 months of treatment (P < 0.05). The combination provided greater improvement in VAS score
compared with MTX monotherapy after 6 months of
treatment and compared with both ZOL and MTX
monotherapy after 12 months (P < 0.05) (Table 1).
Improvement in ESR was greater with combination
treatment than with ZOL or MTX monotherapy
after both 6 and 12 months (Table 1). Effects on
morning stiffness, CRP, and other clinical indicators
did not differ between the ZOL and MTX monotherapy groups (P > 0.05 for all). Overall, combined
treatment was more effective than ZOL or MTX
alone.
Prognosis of osteoporosis after treatment

Participants were further evaluated for osteoporosis
at the end of each treatment regimen. In the BMD
assessment summarized in Table 2, a significant improvement in bone mass at the lumbar spine and

Table 1 Changes of the main clinical outcomes before and after treatment (mean ± sd)
Morning stiffness (min)

A.1.1.1.1.1.1. VAS (mm)

A.1.1.1.1.1.2. ESR(mm/h)

A.1.1.1.1.1.3. CRP(mg/L)

A.1.1.1.1.1.4. DAS28

Time

Combined

p*

ZOL

p*

MTX

p*

0M

92.21 ± 47.69

–

81.29 ± 35.56

–

89.97 ± 36.42

–

6M

21.34 ± 16.10△

< 0.001

71.27 ± 14.89△

0.371

44.15 ± 13.99

0.021

△

12 M

13.09 ± 14.43

< 0.001

42.69 ± 13.56

0.019

25.19 ± 14.21

< 0.001

0M

64.36 ± 18.29

–

63.94 ± 17.83

–

65.28 ± 17.27

–

△

6M

37.90 ± 14.04

< 0.001

43.02 ± 16.20

0.040

40.08 ± 15.88

0.048

12 M

29.23 ± 16.13△

< 0.001

37.02 ± 17.89△

< 0.001

38.72 ± 17.25△

< 0.001

0M

49.87 ± 27.68

–

50.43 ± 34.78

–

52.25 ± 37.96

–

6M

30.61 ± 21.56

0.022

40.25 ± 28.75△

0.467

37.21 ± 25.47△

0.038

△

△

12 M

23.58 ± 17.87

0.008

38.67 ± 22.87

0.363

36.24 ± 21.46

0.023

0M

25.14 ± 22.23

–

23.67 ± 27.35

–

26.21 ± 28.38

–

6M

13.57 ± 15.89

0.031

18.52 ± 29.51

0.077

15.39 ± 26.29

0.035

12 M

8.60 ± 12.27△

0.029

18.78 ± 23.38△

0.079

11.02 ± 20.12

0.019

0M

7.21 ± 1.27

–

7.17 ± 1.21

–

6.36 ± 1.45

–

6M

4.89 ± 1.26**

< 0.001

5.11 ± 1.33

0.036

4.27 ± 1.31

0.032

12 M

4.17 ± 1.21**

< 0.001

4.67 ± 1.28

0.019

4.12 ± 1.27

0.021

Note: VAS visual analog scale, ESR erythrocyte sedimentation rate, CRP C-reactive protein, DAS 28 disease activity scores-28; *p values indicate the comparison with
that before treatment within the same group; △ indicates p < 0.05 for the comparison between two groups at the same time point on their difference over
the treatment
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Table 2 BMD changes (g/cm2) in different parts before and after treatment
Area

Time

Treatment 1

p*

Treatment 2

p*

Control

Lumbar1

A.1.1.1.1.1.5. 0 M

0.45 ± 0.25

–

0.49 ± 0.23

–

0.50 ± 0.18

–

A.1.1.1.1.1.6. 6 M

0.50 ± 0.16

0.785

0.48 ± 0.22

0.983

0.52 ± 0.27

0.962

A.1.1.1.1.1.7. 12 M

0.54 ± 0.19*

0.045

0.55 ± 0.23

0.680

0.55 ± 0.28

0.785

A.1.1.1.1.1.8. 0 M

0.65 ± 0.17

–

0.61 ± 0.12

–

0.64 ± 0.16

–

A.1.1.1.1.1.9. 6 M

0.78 ± 0.22*

0.041

0.66 ± 0.13

0.582

0.64 ± 0.17

0.992

A.1.1.1.1.1.10. 12 M

0.72 ± 0.17*

0.049

0.67 ± 0.14

0.460

0.63 ± 0.14

0.980

A.1.1.1.1.1.11. 0 M

0.69 ± 0.22

–

0.62 ± 0.24

–

0.70 ± 0.21

–

A.1.1.1.1.1.12. 6 M

0.72 ± 0.13

0.914

0.69 ± 0.29

0.582

0.73 ± 0.16

0.914

A.1.1.1.1.1.13. 12 M

0.81 ± 0.17*△

0.024

0.77 ± 0.25*

0.019

0.64 ± 0.27△

0.699

A.1.1.1.1.1.14. 0 M

0.69 ± 0.18

–

0.65 ± 0.18

–

0.66 ± 0.16

–

Lumbar2

Lumbar3

Lumbar4

Ward area

Femoral neck

p*

A.1.1.1.1.1.15. 6 M

0.74 ± 0.22

0.664

0.67 ± 0.15

0.929

0.65 ± 0.17

0.983

A.1.1.1.1.1.16. 12 M

0.90 ± 0.21*△

0.011

0.68 ± 0.14△

0.848

0.63 ± 0.14△

0.862

A.1.1.1.1.1.17. 0 M

0.54 ± 0.17

–

0.57 ± 0.14

–

0.57 ± 0.19

–

A.1.1.1.1.1.18. 6 M

0.66 ± 0.14

0.076

0.54 ± 0.19

0.832

0.54 ± 0.14

0.848

A.1.1.1.1.1.19. 12 M

0.80 ± 0.17*△

0.012

0.67 ± 0.17*△

0.036

0.50 ± 0.16△

0.411

A.1.1.1.1.1.20. 0 M

0.68 ± 0.13

–

0.63 ± 0.14

–

0.62 ± 0.20

–

A.1.1.1.1.1.21. 6 M

0.84 ± 0.15*

0.014

0.65 ± 0.17

0.926

0.65 ± 0.17

0.855

A.1.1.1.1.1.22. 12 M

0.80 ± 0.21*△

0.047

0.69 ± 0.17*

0.502

0.60 ± 0.17△

0.933

Note: *p values indicate the comparison with that before treatment within the same group; △ indicates p < 0.05 for the comparison between two groups at the
same time point on their difference over the treatment

femoral neck after 6 months of treatment, and in all
areas after 12 months of treatment (P < 0.05), was
observed with combination therapy, with gains that
were significantly greater compared with those seen
with ZOL or MTX monotherapy (P < 0.05). Femoral
bone volume significantly improved after 12 months
of treatment with ZOL monotherapy (P < 0.05), but
there was no difference between ZOL and MTX
monotherapy (P > 0.05). In the fracture risk assessment, the FRAX score was significantly reduced with
combined treatment after 6 months (P < 0.05), with
a further decline observed after 12 months (P <
0.05); at 12 months, the FRAX score was significantly
lower in the combination therapy group than in the
ZOL and MTX monotherapy groups (P < 0.05)
(Table 3). While the FRAX score was significantly
lower in the ZOL monotherapy group after 12
months of treatment, there was no significant difference between the ZOL and MTX monotherapy
groups at that time point (Table 3).

Safety evaluation

All participants were monitored in the safety analysis.
Both ZOL and MTX monotherapy were well tolerated,
with most side effects occurring within 48 h after drug
administration; they included mild adverse reactions,
mainly fever (3 last less than 24 h, 1 lasts between 24
and 48 h and 1 lasts longer than 48 h), joint pain (3 last
less than 24 h and 3 last between 24 and 48 h), myalgia
(4 last less than 24 h, 2 last between 24 and 48 h, and 1
lasts longer than 48 h), or gastrointestinal discomfort (1
lasts less than 24 h). No cases of inflammatory eye disease, jaw osteonecrosis, atrial fibrillation, or serum creatinine or creatinine clearance anomalies were observed.
The abovementioned adverse reactions, often been
found in patients treated with MTX [17], are most likely
associated with the use of MTX, but not to zoledronate.
In summary, administration of zoledronic acid, combined with MTX, reduces RA disease activity, risk of
fracture, and bone pain in patients with RA-derived secondary osteoporosis.

Table 3 Changes of the risk of hip fracture
FRAX

Treatment 1 (n = 18)

p*

Treatment 2 (n = 20)

p*

Control (n = 18)

Before treatment

5.76 ± 1.45

–

5.86 ± 1.59

–

5.83 ± 1.74

p*
–

6 months

5.08 ± 2.17

0.047

5.98 ± 2.73

0.097

5.65 ± 1.67

0.145

12 months

4.34 ± 1.78△

0.035

5.44 ± 1.89△

0.072

5.64 ± 2.09

0.139

*p values indicate the comparison with that before treatment within the same group; △ indicates p < 0.05 for the comparison between two groups at the same
time point on their difference over the treatment
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Discussion
Bisphosphonates, which have a high affinity for bone mineral structures and an ability to chelate calcium ions, inhibit
the formation, growth, and dissolution of hydroxyphosphonite crystals and their crystalline materials. The molecular
mechanism underlying their action has recently been described [10]. While the simple and nitrogen-containing
bisphosphonates may act through different pathways, both
could cause osteoclast apoptosis and hence inhibit bone resorption. Thus, the bisphosphonate drugs such as disodium
etidronate, pamidronate, alendronate sodium, risedronate
sodium, and zoledronic acid are commonly used in osteoporosis treatment and prevention to increase bone density
and reduce the risk of vertebral fractures. Interestingly, the
nitrogen-containing bisphosphonates such as ZOL, by inhibiting the mevalonate pathway of osteoclasts, suppress
downstream protein synthesis involving Rho, Ras, and Rab
[10], a pathway associated with inflammation. Rho is an
inflammation-related protein that promotes the migration
of macrophages and lymphocytes to inflammatory tissues,
which mediates an inflammatory response [18]. Therefore,
ZOL treatment also helps lessening the RA symptoms.
RA and bone destruction have been considered two
unrelated diseases of the immune system and the bone
metabolism system, respectively. Thus, joint inflammation and bone destruction in RA patients have been
treated as two major pathological manifestations and as
separate therapeutic targets. In the clinic, RA patients
typically receive hormones and/or DMARDs to control
joint inflammation for symptom relief [2]. On the other
hand, bisphosphonates have been utilized to reduce and
prevent bone damage caused by RA or osteoporosis
through inhibition of osteoclast activation and induction
of osteoclast apoptosis [8, 10].
In recent years, data has accumulated to strongly suggest that the RANKL-RANK system may be involved in
RA-mediated bone destruction. It has been known that
maturation activation of osteoclasts is induced by
RANKL, a critical step in developing both localized bone
erosion and systemic osteoporosis [19]. Studies of the
RA animal model have shown that the expression of
RANKL is upregulated in inflammatory joints [20–24];
the level of secreted osteoprotegerin (OPG), a TNF
receptor-related protein, is decreased; and the ratio of
RANKL to OPG is positively correlated with osteoclast
activity and local bone erosion. On the other hand, inhibition of RANKL significantly reduces bone erosion.
For example, RANKL knockout mice are more resistant
to arthritis-associated joint erosion and have fewer osteoclasts in joints [25], while in arthritic rats, OPG can inhibit bone erosion and osteoclast function and thus
reduce the loss of bone mass around the joint [26].
These studies all point to the close relationship between
RA inflammation and osteoporosis. Thus, a treatment

Page 6 of 7

regimen that targets osteoporosis alone may not be sufficient
for the optimal therapeutic effect. In this study, we demonstrated that treatment with ZOL alone has little effect on
RA-derived secondary osteoporosis, but that when it is combined with MTX it reduces both RA inflammation and bone
destruction. Previous studies have shown that for women
with postmenopausal RA, whose femoral bone density is correlated with the cross-sectional area of the proximal thigh
muscle and the time since menopause, bisphosphonate treatment alone has no significant effect on the bone density of
the femoral shaft [13]. On the contrary, in other studies from
women with postmenopausal RA and a history of corticosteroid treatment, DAS28 score and bone density of the lumbar spine and femoral neck were significantly improved after
12 months of treatment with alendronate or risedronate
along with the original RA treatment. Thus, for postmenopausal women with RA, combined treatment with bisphosphonates and anti-inflammatory medication can increase
bone density and slow disease activity [27]. That is supported
by another similar study, which showed that the use of
bisphosphonates alone is not optimal for the prevention and
treatment of secondary osteoporosis and femoral neck fracture, but when combined with statins, has a significant beneficial effect [28].
There is concern whether 12 months of follow-up time
in our study is long enough for the evaluation of bone
density changes. Several studies [29–31] reported that
the bone density changes from 6 months to 2 years with
relative treatments. Consistent with these findings, we
observed significant improvement of bone mass with
combined therapy and reduced FRAX score, starting
from 6 month, followed by less significant effect with
other two treatments (Table 3). Thus, 12 months of
follow-up is sufficient to determine whether the treatment effect should exist. We also continue following up
with patients to evaluate the long-term treatment effect,
which will be discussed in the future.
In conclusion, inflammation is the most important factor associated with RA bone loss. The combination of
methotrexate with bisphosphonate drugs under the premise of complete control of inflammation is the best treatment option for RA-associated secondary osteoporosis.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13018-019-1492-3.
Additional file 1: Table S1. Random number table generated for
zoledronate clinical trial

Abbreviations
BMD: Bone mineral density; CRP: C-reactive protein; DAS28: Disease Activity
Score-28; DMARD: Disease-modifying antirheumatic drug; MTX: Methotrexate;
RA: Rheumatoid arthritis; VAS: Visual analog scale; ZOL: Zoledronic acid

Xie et al. Journal of Orthopaedic Surgery and Research

(2019) 14:421

Acknowledgements
None.
Authors’ contributions
SL and LX contributed to the study design. All authors collected the data
and performed the data analysis. All authors prepared the manuscript.
Funding
This work was supported by the Project of Shanghai Science and
Technology Commission, grant number 134119b1500 and the Natural
Science Project of Shanghai University of Traditional Chinese Medicine, grant
number 18LK077.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Ethical approval was given by the Ethics Committee of the Tenth Hospital
Affiliated to Nanjing Medical University, Shanghai, China. All patients gave
their written informed consent. Clinical registration number:
ChiCTR1800019290.
Consent for publication
Not applicable.
Competing interests
All the authors declare that they have no competing interests.
Received: 29 August 2019 Accepted: 27 November 2019

References
1. Heinlen L, Humphrey MB. Skeletal complications of rheumatoid arthritis.
Osteoporosis Int. 2017;28(10):2801–12.
2. Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan MC, et al. 2015
American College of Rheumatology Guideline for the Treatment of
Rheumatoid Arthritis. Arthritis Rheumatol. 2016;68(1):1–26.
3. Helmick CG, Felson DT, Lawrence RC, Gabriel S, Hirsch R, Kwoh CK, et al.
Estimates of the prevalence of arthritis and other rheumatic conditions in
the United States. Part I. Arthritis Rheum. 2008;58(1):15–25.
4. Jin S, Li M, Fang Y, Li Q, Liu J, Duan X, et al. Chinese Registry of rheumatoid
arthritis (CREDIT): II. Prevalence and risk factors of major comorbidities in
Chinese patients with rheumatoid arthritis. Arthritis Res therapy. 2017;19(1):251.
5. Zeng X, Zhu S, Tan A, Xie X. Disease burden and quality of life of rheumatoid
arthritis in China: a systematic review. Chin J Evid Based Med. 2013;13(3):300–7.
6. Haugeberg G, Uhlig T, Falch JA, Halse JI, Kvien TK. Bone mineral density and
frequency of osteoporosis in female patients with rheumatoid arthritis:
results from 394 patients in the Oslo County Rheumatoid Arthritis register.
Arthritis Rheum. 2000;43(3):522–30.
7. Sinigaglia L, Nervetti A, Mela Q, Bianchi G, Del Puente A, Di Munno O, et al.
A multicenter cross sectional study on bone mineral density in rheumatoid
arthritis. Italian Study Group on Bone Mass in Rheumatoid Arthritis. J
Rheumatol. 2000;27(11):2582–9.
8. Akkawi I, Zmerly H. Osteoporosis: current concepts. Joints. 2018;6(2):122–7.
9. Lindqvist E, Jonsson K, Saxne T, Eberhardt K. Course of radiographic damage
over 10 years in a cohort with early rheumatoid arthritis. Ann Rheum Dis.
2003;62(7):611–6.
10. Rogers MJ, Crockett JC, Coxon FP, Monkkonen J. Biochemical and molecular
mechanisms of action of bisphosphonates. Bone. 2011;49(1):34–41.
11. Shin SS, Jin M, Jung HJ, Kim B, Jeon H, Choi JJ, et al. Suppressive effects of
PG201, an ethanol extract from herbs, on collagen-induced arthritis in mice.
Rheumatology (Oxford). 2003;42(5):665–72.
12. Jarrett SJ, Conaghan PG, Sloan VS, Papanastasiou P, Ortmann CE, O'Connor
PJ, et al. Preliminary evidence for a structural benefit of the new
bisphosphonate zoledronic acid in early rheumatoid arthritis. Arthritis
Rheum. 2006;54(5):1410–4.
13. Meinen R, Galli-Lysak I, Villiger PM, Aeberli D. Influence of bisphosphonate
therapy on bone geometry, volumetric bone density and bone strength of
femoral shaft in postmenopausal women with rheumatoid arthritis. BMC
Musculoskelet Disord. 2016;17:324.

Page 7 of 7

14. Fransen J, Stucki G, van Riel PLCM. Rheumatoid arthritis measures: Disease
Activity Score (DAS), Disease Activity Score-28 (DAS28), Rapid Assessment of
Disease Activity in Rheumatology (RADAR), and Rheumatoid Arthritis
Disease Activity Index (RADAI). Arthritis Care Res (Hoboken). 2003;49(S5):
S214–S24.
15. Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, Tanner B, Randall S, et al.
Clinician's Guide to Prevention and Treatment of Osteoporosis. Osteoporos
Int. 2014;25(10):2359-81.
16. Bodian CA, Freedman G, Hossain S, Eisenkraft JB, Beilin Y. The visual analog
scale for pain: clinical significance in postoperative patients. Anesthesiology.
2001;95(6):1356–61.
17. Wang W, Zhou H, Liu L. Side effects of methotrexate therapy for
rheumatoid arthritis: a systematic review. Eur J Med Chem. 2018;158:502–16.
18. Tsai SH, Huang PH, Peng YJ, Chang WC, Tsai HY, Leu HB, et al. Zoledronate
attenuates angiotensin II-induced abdominal aortic aneurysm through
inactivation of Rho/ROCK-dependent JNK and NF-kappaB pathway.
Cardiovasc Res. 2013;100(3):501–10.
19. Tanaka Y, Ohira T. Mechanisms and therapeutic targets for bone damage in
rheumatoid arthritis, in particular the RANK-RANKL system. Curr Opin
Pharmacol. 2018;40:110–9.
20. Romas E, Bakharevski O, Hards DK, Kartsogiannis V, Quinn JM, Ryan PF, et al.
Expression of osteoclast differentiation factor at sites of bone erosion in
collagen-induced arthritis. Arthritis Rheum. 2000;43(4):821–6.
21. Horwood NJ, Kartsogiannis V, Quinn JM, Romas E, Martin TJ, Gillespie MT.
Activated T lymphocytes support osteoclast formation in vitro. Biochem
Biophys Res Commun. 1999;265(1):144–50.
22. McClung MR, Lewiecki EM, Cohen SB, Bolognese MA, Woodson GC, Moffett
AH, et al. Denosumab in postmenopausal women with low bone mineral
density. N Engl J Med. 2006;354(8):821–31.
23. Stolina M, Adamu S, Ominsky M, Dwyer D, Asuncion F, Geng Z, et al. RANKL
is a marker and mediator of local and systemic bone loss in two rat models
of inflammatory arthritis. J Bone Miner Res. 2005;20(10):1756–65.
24. Romas E, Sims NA, Hards DK, Lindsay M, Quinn JW, Ryan PF, et al.
Osteoprotegerin reduces osteoclast numbers and prevents bone erosion in
collagen-induced arthritis. Am J Pathol. 2002;161(4):1419–27.
25. Pettit AR, Ji H, von Stechow D, Muller R, Goldring SR, Choi Y, et al. TRANCE/
RANKL knockout mice are protected from bone erosion in a serum transfer
model of arthritis. Am J Pathol. 2001;159(5):1689–99.
26. Neumann T, Oelzner P, Petrow PK, Thoss K, Hein G, Stein G, et al.
Osteoprotegerin reduces the loss of periarticular bone mass in primary and
secondary spongiosa but does not influence inflammation in rat antigeninduced arthritis. Inflammation Res. 2006;55(1):32–9.
27. Muratore M, Quarta E, Quarta L. Intramuscular neridronate in patients with
rheumatoid arthritis using corticosteroids: evaluation of treatment
adherence in a randomized, open-label comparison with other
bisphosphonates. Acta Biomed. 2013;84(1):23–9.
28. Koh JH, Myong JP, Jung SM, Lee J, Kwok SK, Park SH, et al. Atypical femoral
fracture in rheumatoid arthritis patients treated with bisphosphonates: a
nested case-control study. Arthritis Rheumatol. 2016;68(1):77–82.
29. Roux C, Reid DM, Devogelaer JP, Saag K, Lau CS, Reginster JY, et al. Post hoc
analysis of a single IV infusion of zoledronic acid versus daily oral risedronate
on lumbar spine bone mineral density in different subgroups with
glucocorticoid-induced osteoporosis. Osteoporos Int. 2012 Mar;23(3):1083–90.
30. Reid DM, Devogelaer JP, Saag K, Roux C, Lau CS, Reginster JY, et al. Zoledronic
acid and risedronate in the prevention and treatment of glucocorticoidinduced osteoporosis (HORIZON): a multicentre, double-blind, double-dummy,
randomised controlled trial. Lancet. 2009;373(9671):1253–63.
31. Dempster DW, Roschger P, Misof BM, Zhou H, Paschalis EP, Alam J, et al.
Differential effects of teriparatide and zoledronic acid on bone
mineralization density distribution at 6 and 24 months in the SHOTZ study.
J Bone Miner Res. 2016;31(8):1527–35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

