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Abstract
Summary The impact of ROMO on the width of anabolic windows and the increase in BMD was reduced in the RA group 
compared to the non-RA group, and this reduction was associated with correlations to RA-related factors.
Purpose To investigate the effects of romosozumab (ROMO) in postmenopausal osteoporosis, with and without comorbid 
rheumatoid arthritis (RA).
Methods In this retrospective, case-controlled, multicenter study, 171 postmenopausal patients who did not receive oral 
glucocorticoid, comprising 59 in the RA group and 121 in the non-RA group, received uninterrupted ROMO treatment for 
12 months. Propensity score matching was employed to ensure comparability in clinical backgrounds, resulting in 41 patients 
in each group. Baseline characteristics were as follows: overall (mean age, 76.3 years; T-score of lumbar spine (LS), − 3.0; 
45.1% were treatment-naive for osteoporosis); RA group (anti-cyclic citrullinated peptide antibody (ACPA) positivity, 80.5%; 
titer, 206.2 U/ml; clinical disease activity index (CDAI), 13.6; health assessment questionnaire disability index (HAQ-DI), 
0.9). Bone mineral density (BMD) and serum bone turnover markers were monitored over a 12-month period.
Results The rate of increase in the bone formation marker, PINP, and the rates of decrease in the bone resorption marker, 
TRACP-5b, exhibited a trend toward smaller changes in the RA group compared to the non-RA group, implying a smaller 
anabolic window. After 12 months, the RA group displayed lower BMD increases in the LS (9.1% vs. 12.6%; P = 0.013) 
and total hip (2.4% vs. 4.8%; P = 0.025) compared to the non-RA group. Multiple regression analysis in the all RA group 
(n = 59) for the association between RA-specific factors and 12-month BMD changes revealed negative correlations between 
ACPA titer and LS BMD and between HAQ-DI and femoral neck BMD.
Conclusions The efficacy of ROMO may be attenuated by RA-related factors.
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Introduction

Rheumatoid arthritis (RA) represents one of the principal 
etiologies of secondary osteoporosis [1], with decreased 
systemic bone mineral density (BMD) observed early in 
its course [2]. Various contributing factors to progressive 
bone loss in RA have been documented. Pro-inflammatory 
cytokines, such as tumor necrosis factor-alpha (TNF-α) and 
IL-6, which are closely linked to disease activity, stimulate 

the expression of receptor activation of nuclear factor κB 
ligand (RANKL) by osteocytes, thereby promoting osteo-
clastogenesis [3]. Furthermore, TNF-α, glucocorticoid, and 
mechanical unloading also stimulate sclerostin production 
by osteocytes. Sclerostin, in turn, directly inhibits Wnt 
signaling, thus dampening osteoblast-mediated bone for-
mation [4]. Additionally, sclerostin hinders the production 
of osteoprotegerin, an in vivo decoy receptor for RANKL 
produced by both osteocytes and osteoblasts, further exacer-
bating osteoclastogenesis [4]. Notably, individuals with RA 
exhibit higher levels of serum sclerostin and bone resorption 
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markers compared to healthy controls [5], indicative of an 
augmented bone resorption and impaired bone formation in 
RA patients.

Romosozumab (ROMO), a monoclonal anti-sclerostin 
antibody, represents a novel therapeutic agent for osteo-
porosis. ROMO enhances Wnt signaling by neutralizing 
sclerostin [6]. By directly stimulating bone formation by 
osteoblasts and indirectly inhibiting bone resorption by 
osteoclasts [4], ROMO exerts a “dual effect,” resulting in a 
broader anabolic window when compared to other anti-oste-
oporosis agents [7]. Indeed, in patients with postmenopausal 
osteoporosis, ROMO has demonstrated superior improve-
ments in BMD compared to alendronate, teriparatide [6], 
and denosumab (DMAb) [8].

However, it remains uncertain whether the altered bone 
metabolism seen in RA might potentiate or diminish the 
effects of ROMO. In this case-controlled study, our objec-
tive was to elucidate the impact of ROMO in RA patients 
compared to non-RA postmenopausal osteoporosis patients. 
Our primary endpoint was to assess differences in changes 
in bone turnover markers and BMD between the two groups, 
while our secondary endpoint aimed to elucidate the influ-
ence of RA-related factors on ROMO’s effects as determined 
by changes in BMD.

Methods

Study design and patients

This retrospective, case-controlled study was conducted 
across five centers. Treatment with ROMO (administered 
subcutaneously at 210  mg every month) was initiated 
between March 2019 and November 2021 for patients 
deemed to have a high fracture risk as defined by either the 
World Health Organization’s 1998 criteria or the Japanese 
Guidelines for Prevention and Treatment of Osteoporosis 
from 2011 [9]. Inclusion criteria encompassed patients with 
one or more of the following: (1) BMD T-score <  − 2.5 with 
at least one fragility fracture, (2) lumbar spine (LS) BMD 
T-score <  − 3.3, (3) two or more vertebral fractures, or (4) 
semiquantitative (SQ) grade 3 vertebral fracture [10].

Exclusion criteria for ROMO initiation were as follows: 
patients with contraindications to ROMO (i.e., those with 
major cardiovascular events within the past year), patients 
with conditions affecting bone metabolisms such as thyroid 
or parathyroid disorders, individuals receiving hormone 
replacement therapy, individuals with cancer undergoing 
radiation therapy involving the skeletal system, patients 
with osteomalacia (characterized by low serum levels of 
25(OH)D, calcium, and phosphorus; elevated alkaline phos-
phatase; and intact parathyroid hormone), or patients with 
severe renal impairment (estimated glomerular filtration rate 

(eGFR) < 30 (ml/min/1.73  m2)). Additionally, patients lack-
ing BMD data, male patients, and those with concurrent oral 
glucocorticoid use, other autoimmune diseases, or those who 
discontinued ROMO treatment before completing 12 months 
of therapy were also excluded from this study.

BMD assessment

BMD values of the LS (L2–L4), total hip (TH), and femoral 
neck (FN) were assessed using dual-energy X-ray absorpti-
ometry (DXA) equipment (Horizon W; Hologic, Inc., Mar-
lborough, MA, USA/PRODIGY; GE Healthcare, Tokyo, 
Japan) at baseline and subsequently at 6-month intervals fol-
lowing ROMO initiation. The percent coefficient of variation 
for L2-L4 was 0.63% for the Horizon system and 0.41% for 
the PRODIGY system. BMD data were standardized using 
the reference values obtained from the Japanese population 
for each respective DXA device, following the correction 
method proposed by the Japan Osteoporosis Society and the 
International Society for Clinical Densitometry Guidance 
[11]. As previously mentioned, regions of severe sclerosis, 
degenerative spine conditions, vertebral fractures, and surgi-
cal sites were excluded from the BMD measurements [12].

Biochemical markers of bone turnover

Blood samples were collected in the morning following an 
overnight fast. Bone turnover markers were measured at 
baseline and subsequently at 1, 6, and 12 months during 
the ROMO treatment. Total N-terminal type I procollagen 
propeptide (PINP; interassay coefficient of variation ≤ 5.0%; 
Roche Diagnostics, Basel, Switzerland) served as a bone 
formation marker, and Isoform 5b of tartrate-resistant acid 
phosphatase (TRACP-5b; interassay coefficient of varia-
tion ≤ 9.0%; Nittobo Medical Co. Ltd., Tokyo, Japan) was 
measured as a bone resorption marker (TRACP-5b demon-
strates superior sensitivity and signal-to-noise ratio com-
pared to serum cross-linked C-telopeptide of type I collagen 
(CTX) [13]). Serum 25-hydroxycholecalciferol (25(OH)D) 
levels were assessed via electrochemiluminescence using 
the Elecsys system (Roche Diagnostics, Basel, Switzerland).

Radiographs

Spinal radiographs were routinely obtained at baseline and 
subsequently at 6-month intervals following ROMO initia-
tion [14]. Vertebral fractures with grades ≥ 1 were defined 
using the SQ method [10]. For patients exhibiting symp-
toms of incidental clinical, vertebral, or nonvertebral frac-
tures, each attending investigator evaluated unscheduled 
radiographs.
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Statistical analysis

Changes in BMD and bone turnover marker levels were 
evaluated based on the percentage change from baseline. 
The Mann–Whitney U test, chi-square test, and Fisher exact 
test were employed for statistical comparisons between the 
two groups. Changes in BMD and bone turnover marker 
levels from baseline to specified time points within each 
study group were assessed using the Wilcoxon signed-rank 
test. Multiple regression analysis, examining associations 
with RA-specific factors and increase in BMD at 12 months 
(incorporating the LS as a region abundant in trabecular 
bone and the FN as a region abundant in cortical bone), was 
conducted by incorporating variables known to affect BMD 
in RA patients based on previous reports (anti-citrullinated 
peptide antibody (ACPA) titer [15], clinical disease activity 
index (CDAI) [16], health assessment questionnaire disabil-
ity index (HAQ-DI) [2], and biological disease-modifying 
antirheumatic drugs (bDMARDs) [17] or Janus kinase 
inhibitors (JAKi) [18] usage). The number of variables uti-
lized in the multiple regression analysis was determined in 
accordance with a previously reported methodology, which 
defined the number of variables by dividing the number of 
cases by 15 [19].

All statistical analyses were performed using EZR soft-
ware (Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which provides a graphical user interface 
for R (The R Foundation for Statistical Computing, Vienna, 
Austria) [20]. P values < 0.05 were considered indicative of 
statistical significance.

Propensity score matching

To align the clinical backgrounds that could potentially 
influence bone metabolism, we implemented 1:1 optimal 
propensity score matching without replacement. This match-
ing process included variables such as age, body mass index, 
BMD (T-score) of LS, TH, and FN, as well as differences 
in prior osteoporosis treatment (naïve, switched from bis-
phosphonates, denosumab, or teriparatide) as previously 
described [21].

Ethical statement

This study was conducted following the ethical standards 
of the Declaration of Helsinki. It received approval from 
the institutional ethical review board of Osaka University 
Graduate School of Medicine (approval No. 18258) and each 
participating institute. Informed consent was obtained from 
the patients, and opt-out information was made available on 
the hospital’s homepage.

Results

Patient disposition and characteristics

The detailed patient flow is presented in the CONSORT 
flow diagram (Fig. 1). Among 209 patients who initiated 
treatment with ROMO, 171 patients met the inclusion cri-
teria. Patients were divided into two groups: the RA group 
(n = 59) and the non-RA group (n = 121). After propensity 
score matching, 41 patients from each group were selected.

Table 1 presents the clinical characteristics of the propen-
sity score-matched patients at the time of ROMO induction. 
No significant differences were observed among the groups, 
except for corrected serum calcium levels. In the RA group, 
80.5% of the patients were ACPA positive (mean titer; 206.2 
U/ml), 53.7% of the patients were remission or low disease 
activity evaluated by CDAI (≤ 10), and 39.0% of the patients 
were HAQ remission (≤ 0.5). Additionally, 31.7% of patients 
were treated with bDMARDs or JAKi. The clinical charac-
teristics of the non-matched patients at the time of ROMO 
induction are shown in Supplementary Table 1.

Bone turnover markers

Figure 2a and b show the percentage change in serum PINP 
and TRACP-5b levels, respectively. The non-RA group 
tended to exhibit a higher rate of increase in PINP com-
pared to the RA group from 6 to 12 months. Conversely, the 
non-RA group tended to show a greater rate of decrease in 
TRACP-5b compared to the RA group from 6 to 12 months, 
indicating a larger anabolic window in the non-RA group. 
The percentage change in serum PINP and TRACP-5b levels 
for the non-matched patients is provided in Supplementary 
Table 2.

Changes in BMD

Regarding the percent change of BMD in the LS (Fig. 3a), 
the increase (mean ± standard error; P value compared 
with baseline) observed at 12 months was significantly 
higher in the non-RA group compared to the RA group 
(12.6 ± 1.0% vs. 9.1 ± 0.3%; P = 0.013), as well as in 
the TH (Fig. 3b) (4.8 ± 0.8% vs. 2.4 ± 0.6%; P = 0.025). 
In the FN, the non-RA group tended to show a higher 
BMD increase compared to the RA group at 12 months 
(Fig. 3c) (3.9 ± 1.0% vs. 2.3 ± 0.7%; P = 0.22). The per-
centage change in BMD for the non-matched patients is 
presented in Supplementary Table 3. In non-matched RA 
patients, treatment-naïve cases (n = 19) tended to show 
higher BMD increase compared to switched cases (n = 40) 
in the LS (10.5 ± 1.4% vs. 7.4 ± 0.8%; P = 0.078) and in 
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the TH (3.7 ± 0.8% vs. 2.1 ± 0.8%; P = 0.21) at 12 months, 
although no significant difference was observed between 
the groups (Supplementary Table 4).

Finally, we conducted a multiple regression analysis 
to investigate the association between RA-specific factors 
and an increase in LS or FN BMD at 12 months of non-
matched RA patients (n = 59; Table 2). As a result, BMD 
increase in the LS was negatively associated with ACPA 
titer (OR =  − 0.0052, 95% CI =  − 0.0097– − 0.00071, 
P  = 0.024) and positively associated with CDAI 
(OR = 0.162, 95% CI = 0.0281–0.297, P = 0.019). Con-
versely, BMD increase in the FN was negatively associated 
with HAQ-DI (OR =  − 3.101, 95% CI =  − 4.798– − 1.403, 
P = 0.00061).

Incidence of fragility fractures

In the RA group, one patient experienced a proximal 
humerus fracture due to a fall. In the non-RA group, one 
patient suffered a vertebral fracture from a fall, and one 
patient experienced a stress fracture of the rib.

Discussion

To the best of our knowledge, this study represents the 
first comparison of the effects of ROMO between RA and 
non-RA patients with postmenopausal osteoporosis. In 
RA patients, the anabolic window tended to be narrower, 
resulting in a smaller increase in BMD compared to non-
RA patients.

Previous studies investigating the effects of ROMO in 
RA patients have primarily focused on comparisons between 
ROMO and DMAb. Mochizuki et al. demonstrated that 
ROMO was more effective in increasing LS BMD than 
DMAb in RA patients with severe osteoporosis [22]. Con-
versely, Kobayakawa et al. reported that in RA patients 
receiving oral glucocorticoids (GC), the effects of ROMO 
on LS BMD increase were comparable to those of DMAb 
[8]. Taken together, ROMO may be no less effective than 
DMAb in RA patients, although differences in the effects of 
ROMO between RA and non-RA patients remain unclear.

Concerning the effects of ROMO in RA patients, factors 
influencing sclerostin production from osteocytes warrant 
consideration. TNF-α, glucocorticoids, and mechanical 

Fig. 1  Study design and patient flow. BMD, bone mineral density
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Table 1  Initial clinical 
characteristics of patients 
following propensity score 
matching

Mean ± standard deviation. %—number of patients with measurements/total number of patients
Differences between the groups were determined by the Mann–Whitney U test, chi-square test, or Fisher 
exact test
N.A., not applicable; BMD, bone mineral density; eGFR, estimated glomerular filtration rate; PINP, type 
I collagen N-terminal propeptide; TRAP-5b, isoform 5b of tartrate-resistant acid phosphatase; 25(OH)D, 
25-hydroxycholecalciferol; RF, rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibody; CRP, 
C-reactive protein; MMP-3, matrix metalloproteinase-3; DAS28-CRP, disease activity score assessing 28 
joints with CRP; CDAI, Clinical Disease Activity Index; HAQ, Health Assessment Questionnaire; MTX, 
methotrexate; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; bDMARDs, bio-
logical disease-modifying antirheumatic drugs; JAKi, Janus kinase inhibitors

Variable RA group (n = 41) Non-RA group (n = 41) P value

Age (years) 75.9 ± 8.5 76.7 ± 8.5 0.70
Body mass index (kg/m2) 19.8 ± 2.7 20.0 ± 3.0 0.81
Prior vertebral fracture (%) 26.8 31.7 0.81
Prior nonvertebral fracture (%) 9.8 12.2 0.72
Prior osteoporosis treatment
Naïve cases (%) 46.3 48.8 0.76
Switched cases (%) 53.7 51.2 0.76

  From bisphosphonates (%) 26.8 22.0 0.61
  From denosumab (%) 14.6 22.0 0.39
  From teriparatide (%) 12.2 7.3 0.46

Combined vitamin D (%) 80.5 80.5 1.0
Alfacalcidol (%) 31.7 39.0 0.49
Eldecalcitol (%) 48.8 41.5 0.61
Combined calcium (%) 26.8 34.1 0.63
Combined calcium (mg/day) 800 ± 409.9 600 ± 407.1 0.23
Lumbar spine BMD (g/cm2) 0.720 ± 0.089 0.726 ± 0.127 0.81
Lumbar spine BMD (T-score)  − 3.0 ± 0.6  − 2.9 ± 1.1 0.73
Total hip BMD (g/cm2) 0.611 ± 0.081 0.601 ± 0.088 0.60
Total hip BMD (T-score)  − 2.6 ± 0.6  − 2.7 ± 0.8 0.69
Femoral neck BMD (g/cm2) 0.553 ± 0.091 0.544 ± 0.090 0.65
Femoral neck BMD (T-score)  − 3.1 ± 0.6  − 3.1 ± 0.8 0.74
Corrected serum calcium (mg/dl) 9.3 ± 0.4 9.5 ± 0.4 0.02
eGFR (ml/min/1.73  m2) 67.9 ± 22.4 68.6 ± 14.8 0.88
PINP (μg/l) 68.3 ± 97.8 53.5 ± 42.9 0.38
TRACP-5b (mU/dl) 356.4 ± 167.2 378.2 ± 207.2 0.60
25(OH)D (ng/ml) 14.0 ± 5.5 16.7 ± 7.2 0.07
Duration of disease (years) 11.7 ± 11.6 N.A N.A
RF positivity (%) 78.1 N.A N.A
RF titer (U/ml) 115.2 ± 147.2 N.A N.A
ACPA positivity (%) 80.5 N.A N.A
ACPA titer (U/ml) 206.2 ± 360.5 N.A N.A
CRP (mg/dl) 1.1 ± 2.5 N.A N.A
MMP-3 (ng/ml) 148.6 ± 309.9 N.A N.A
DAS28-CRP 3.0 ± 1.8 N.A N.A
CDAI 13.6 ± 14.0 N.A N.A
CDAI remission or low disease activity 

(≤ 10) (%)
53.7 N.A N.A

HAQ 0.9 ± 0.8 N.A N.A
HAQ remission (≤ 0.5) (%) 39.0 N.A N.A
MTX usage (%) 58.5 N.A N.A
Other csDMARDs usage (%) 58.5 N.A N.A
bDMARDs or JAKi usage (%) 31.7 N.A N.A
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unloading promote sclerostin production from osteocytes, 
while sex hormones inhibit it [4]. These factors are closely 
associated with postmenopausal RA, and indeed, serum 
sclerostin levels are elevated in patients with RA compared 
to healthy controls [5].

Additionally, TNF-α induces the production of another 
Wnt inhibiting factor, Dickkopf-related protein 1 (Dkk-
1), from synoviocytes [23], and serum Dkk-1 levels are 
also up-regulated in RA patients compared to healthy con-
trols [5]. Moreover, we have previously reported that IL-6 
negatively regulates osteoblast differentiation through the 

SHP2/MEK2/ERK and SHP2/PI3K/Akt2 pathways, apart 
from Wnt pathway [24].

Consequently, it is conceivable that Wnt-related bone for-
mation is down-regulated not only by sclerostin but also by 
Dkk-1. Furthermore, IL-6 may inhibit an alternative bone 
formation pathway apart from Wnt, potentially leading to 
decreased bone formation in response to ROMO.

Regarding bone resorption, ACPA binds to citrullinated 
vimentin expressed on the surface of osteoclasts, inducing 
the expression of IL-8, which leads to their differentiation 
in an autocrine manner [25]. Indeed, a high ACPA titer is 

Fig. 2  Percentage change of serum PINP level (a) and TRACP-5b 
level (b). PINP, N-terminal type I procollagen propeptide; TRACP-
5b, isoform 5b of tartrate-resistant acid phosphatase; RA, rheumatoid 

arthritis. Bars indicate mean ± standard error. *P < 0.05, **P < 0.01, 
***P < 0.001; change within each treatment group compared with 
baseline

Fig. 3  Percentage change of BMD in the lumbar spine (a), total hip 
(b), and femoral neck (c). BMD, bone mineral density; RA, rheu-
matoid arthritis. Bars indicate mean ± standard errors. #P < 0.05; 

difference between the two indicated groups. *P < 0.05, **P < 0.01, 
***P < 0.001; change from baseline within each treatment group
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associated with increased bone resorption and decreased 
BMD in RA patients [15]. Therefore, patients with a high 
ACPA titer may exhibit reduced inhibition of bone resorp-
tion and a smaller increase in BMD in response to ROMO, 
particularly in the LS where osteoclasts are abundant.

A previous study demonstrated that greater physical dis-
ability, as evaluated by the HAQ, was negatively associated 
with femoral BMD in female patients with RA [2]. In ova-
riectomized monkeys, an increase of FN BMD results from 
remodeling inhibition (due to RANKL inhibition), mode-
ling-based bone formation (due to Wnt signaling modulation 
via sclerostin inhibition), and secondary mineralization [26]. 
Reduced mechanical loading induces the production of both 
RANKL and sclerostin by osteocytes, leading to the pro-
motion of osteoclast differentiation and inhibition of bone 
formation [27]. Therefore, patients with high HAQ scores 
may experience reduced mechanical loading in the femur, 
potentially impairing the effects of ROMO due to increased 
RANKL and sclerostin production.

Conversely, high disease activity, as evaluated by CDAI, 
was positively associated with BMD increases by ROMO 
treatment in the LS, and a similar trend was observed in the 
FN. A previous study demonstrated that higher disease activ-
ity is associated with increased bone turnover in RA patients 
[5], and we have recently reported that baseline serum PINP 
levels were significantly associated with BMD increases by 
ROMO treatment in patients with postmenopausal osteopo-
rosis [28]. Indeed, baseline PINP levels and CDAI tended 
to be correlated (odds ratio = 1.37, 95% CI =  − 0.35–3.10, 
P = 0.12), and baseline PINP levels and the percent increase 
in BMD in the LS at 12 months showed a significant correla-
tion (odds ratio = 5.77, 95% CI = 1.20–10.33, P = 0.014) in 
the non-matched RA group (n = 59) of this study.

This study has several limitations. Firstly, due to its 
retrospective, case-controlled design, there may be some 
selection bias in the baseline patient characteristics, which 
could have influenced the results. The RA patients included 
in this study had relatively long disease durations, with 

approximately half of them experiencing moderate to high 
disease activity and not taking oral glucocorticoids. Sec-
ondly, the statistical power of the results might be compro-
mised due to the small number of patients included. Thirdly, 
we assessed serum TRACP-5b as a bone resorption marker, 
but serum CTX data were not available.

However, a notable strength of this study is that propen-
sity score matching and multiple regression analysis were 
employed to mitigate variations in confounding factors 
related to postmenopausal osteoporosis between the RA and 
non-RA groups.

In conclusion, the efficacy of ROMO treatment may be 
attenuated in the RA group compared to the non-RA group, 
primarily due to a smaller anabolic window and subsequent 
BMD increases in the LS and TH. The effects of ROMO 
treatment may be influenced by RA-related factors, includ-
ing ACPA titers and HAQ-DI.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00198- 024- 07019-2.
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