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ABSTRACT
Excluding clinical trials, there is limited evidence on the effect of 12months of romosozumab treatment on bone mineral density
(BMD) increase in real-world clinical practice because its use has only been approved recently. Thus, this study aimed to investigate
the real-world effect of 12 months of romosozumab treatment on BMD increase and identify factors that predict the rate of BMD
increase after 12 months of romosozumab treatment. We retrospectively investigated 106 patients who completed a 12-month
romosozumab treatment for osteoporosis with a high risk of fractures at four hospitals from March 2020 to March 2022. The univar-
iate and multiple regression analyses were performed to analyze the concurrent effects of various factors on the BMD increase after
the 12-month romosozumab treatment. After 1 year of treatment, the lumbar spine BMD increased by 14.6%, and femoral neck BMD
increased by 5.1%. Univariate regression analysis found that male sex, high tartrate-resistant acid phosphatase 5b (TRACP-5b) value
before romosozumab administration, absence of osteoporosis medications before romosozumab administration, and low baseline
lumbar spine BMD were associated with the extent of lumbar spine BMD increase. Moreover, stepwise multiple regression analysis
found that the TRACP-5b value before romosozumab administration was a significant predictor of the rate of lumbar spine BMD
increase after 1 year of romosozumab administration. In conclusion, our results demonstrated the effectiveness of the 12-month
romosozumab treatment for osteoporosis with a high risk of fractures and the TRACP-5b value before romosozumab administration
was a significant predictor of the rate of lumbar spine BMD increase after 1 year of romosozumab administration. Our findings could
help establish more efficient treatment strategies for patients with osteoporosis at a high risk of fracture. © 2022 The Authors. JBMR
Plus published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research.
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Introduction

The number of patients with osteoporosis is increasing with
the aging of society,(1) and, in Japan, 13 million people are

affected by osteoporosis. Moreover, with osteoporosis, minor
trauma can lead to fractures, which could subsequently lead to
pain and even impairment in the patient’s quality of life.(2–5)

Recent advances in molecular biology have led to advances in
the drug treatment of osteoporosis, including the development

of bisphosphonates to inhibit bone resorption and teriparatide
from promoting bone formation.(6) However, bisphosphonates
have the disadvantage of inhibiting bone formation as well as
bone resorption, while teriparatide promotes bone resorption
as well as bone formation.(7) The anti-sclerostin antibody, which
was developed recently, is a drug that both promotes bone for-
mation and inhibits bone resorption(8) and has been reported
to increase lumbar bone mineral density (BMD) by 10.7% to
16.9% in 12 months.(9–12) In March 2019, romosozumab was

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
Received in original form March 29, 2022; revised form May 12, 2022; accepted May 14, 2022. Accepted manuscript online May 15, 2022.
Address correspondence to: Hiroyuki Inose, MD, PhD, Department of Orthopedic and Trauma Research, Tokyo Medical and Dental University, Address: 1-5-45
Yushima, Bunkyo-ku, Tokyo 113-8519, Japan. E-mail: inose.orth@tmd.ac.jp

JBMR® Plus (WOA), Vol. 6, No. 7, July 2022, e10637.
DOI: 10.1002/jbm4.10637
© 2022 The Authors. JBMR Plus published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research.

1 of 5 n

https://orcid.org/0000-0003-4195-2545
http://creativecommons.org/licenses/by/4.0/
mailto:inose.orth@tmd.ac.jp


approved for use in Japan for osteoporosis with a high risk of
fractures, ahead of other countries worldwide. Because the drug
has only been approved recently, there are few reports on
12-month romosozumab treatment for patients with osteoporo-
sis in actual clinical practice.(12–14) Although romosozumab has
been found to be less effective in patients receiving osteoporosis
medications, such as bisphosphonates, denosumab, or teripara-
tide, before receiving romosozumab,(13–15) it is still difficult to
predict in which patients it will be ineffective. Therefore, this
multicenter retrospective study aimed to determine the real-
world effect of romosozumab on BMD and identify factors that
predict the rate of BMD increase after 12 months of romosozu-
mab treatment.

Patients and Methods

Study design

We retrospectively enrolled 123 patients who completed 12
months of romosozumab treatment for osteoporosis with a high
risk of fractures at four hospitals (one academic medical center
and three regional tertiary care hospitals) from March 2020 to
March 2022. In this descriptive study, the inclusion criteria were
patients who received romosozumab for 12months for osteopo-
rosis with a high risk of fractures. The following are the diagnostic
criteria used by the Japanese Society of Bone Metabolism and
the Japanese Osteoporosis Society to define osteoporosis with
a high risk of fractures: (i) a BMD of ≤2.5 standard deviation
(SD) with one or more fragility fractures; (ii) lumbar vertebral
BMD of <3.3 SD; (iii) the presence of two or more existing verte-
bral fractures; and (iv) semiquantitative evaluation method
results indicating the presence of grade 3 vertebral fractures.(16)

We performed dual-energy X-ray absorptiometry (DXA) to
measure areal BMD at the spine (L1-L4 total), total hip, and femo-
ral neck before and after 12 doses of romosozumab. DXA equip-
ment used in this study were Horizon (Hologic Inc., Bedford, MA,
USA), Lunar iDXA (GE Healthcare Inc., Waukesha, WI, USA), and
PRODIGY Fuga (GE Healthcare Inc.). The Japanese Society of
Bone and Mineral Research and the Joint Review Committee of
the Japanese Society for Osteoporosis reported the Japanese
normative data for the percentages of the young adult mean at
the lumbar spine and femoral neck based on the average values
for people aged 20-44 years and 20-29 years, respectively.(16) The
least significant change (LSC) from baseline is 5.6% and 3.56% for
the spine and total hip BMD, respectively.(17) Among the
123 enrolled patients, 17 patients whose lumbar spine BMD
was not measured before or after 12 doses of romosozumab
were excluded. Because this study is a retrospective real-world
study, vitamin D and calcium supplementation was not manda-
tory and was left to the attending physician’s discretion.

Blood samples were collected before romosozumab adminis-
tration. To evaluate the patient’s bonemetabolism, wemeasured
the following bone turnover markers: procollagen type 1 amino-
terminal propeptide (P1NP) to assess the bone formation and
tartrate-resistant acid phosphatase 5b (TRACP-5b), a marker of
osteoclast number, to indirectly assess bone resorption.(18,19)

We also assessed serum total alkaline phosphatase (ALP) as a
classical bone formation marker.

We also investigated other clinical factors, including age,
sex, body mass index (BMI), serum creatinine, serum albumin,
serum calcium, use of osteoporosis medications before romo-
sozumab administration, vitamin D supplementation, calcium
supplementation, times between first DXA scan to

romosozumab initiation, and times between romosozumab
initiation to second DXA scan.

Ethics approval

This study was approved by the appropriate ethics committees
and internal review boards at participating institutions and con-
ducted in accordance with the recommendations of the Declara-
tion of Helsinki. The opt-out method was used to obtain the
patient’s consent.

Statistical analysis

After assessing the data normality with the Shapiro-Wilk test, we
performed a paired t test to identify differences in the BMD
between before and after 12 months of romosozumab treat-
ment. The associations between baseline variables and change
in the values (the difference between pretreatment and at the
12th month of treatment) of lumbar spine BMD were investi-
gated in a multiple linear regression model using a forward-

Table 1. Baseline Characteristics of Patients

Characteristics Value Normal range

Age (years), mean � SD 76.9� 7.9
Sex, male, n (%) 9 (9)
BMI (kg/m2), mean � SD 20.7� 3.1
Albumin (g/dL) (n = 104),
mean � SD

4.1� 0.5 4.0 to 5.0

Creatinine (mg/dL)
(n = 104), mean � SD

0.72� 0.20 Women 0.47 to
0.79 Men 0.61 to

1.04
ALP (U/L) (n = 86),
mean � SD

283.7� 122.3 115 to 359

TRACP-5b (mU/dL)
(n = 90), mean � SD

544.2� 255.8 Women 120 to 420
Men 170 to 590

P1NP (ng/mL) (n = 69),
mean � SD

71.5� 46.6 Women 26.4 to
98.2 Men 18.1 to

74.1
Calcium (mg/dL)
(n = 100), mean � SD

9.4� 0.4 8.5 to 10.2

Presence of prior anti-
osteoporosis
medication, n (%)

46 (43)

With vitamin D
supplementation
during romosozumab
treatment, n (%)

30 (28)

With Calcium
supplementation
during romosozumab
treatment, n (%)

5 (5)

First DXA scan to
romosozumab
initiation (days),
mean � SD

48.4� 84.6

Romosozumab initiation
to second DXA scan
(days), mean � SD

363.3� 61.8

ALP = alkaline phosphatase; BMI = body mass index; DXA = dual-
energy X-ray absorptiometry; P1NP= procollagen type 1 amino-terminal
propeptide; TRACP-5b = tartrate-resistant acid phosphatase 5b.
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backward stepwise procedure. First, the predictors associated
with the dependent variable at a p value ≤0.25 in the univariate
regression analysis were selected for inclusion in themodel.(20,21)

Second, a stepwise model selection procedure was carried out
among these candidates along with the adjustment factors
(age and sex). The model that attained the minimum Akaike’s
Information Corrected Criterion was selected as the appropriate
model. Spearman correlation analysis was also performed.
Because the change in lumbar spine BMD is greater than the
change in femur BMD for the effect of romosozumab, the analy-
sis in this study focused on factors that predict the change in
lumbar spine BMD, not femoral BMD.

JMP version 14 (SAS Institute, Cary, NC, USA) was used for sta-
tistical analysis, and p values <0.05 were considered statistically
significant. All data are presented as means+ SD.

Results

In total, 106 patients were included in this study. Table 1 shows
the baseline characteristics of the patients.

At the end of the 12 months of romosozumab treatment,
lumbar spine BMD increased by 14.6%, femoral neck BMD
increased by 5.1%, and total femur BMD increased by 3.1%, all
showing a significant increase compared to the pretreatment
levels (Table 2).

Next, we performed a univariate regression analysis to
examine the factors associated with the rate of increase in
lumbar spine BMD. The results showed that male sex, high

TRACP-5b values before romosozumab administration, absence
of osteoporosis medications prior to romosozumab administra-
tion, and low baseline lumbar spine BMD were significantly asso-
ciated with the extent of lumbar spine BMD increase (Table 3).
Furthermore, although not significant, there was a trend toward
a positive correlation between the TRACP-5b value before

Table 2. Average Bone Mineral Density (YAM) of Lumbar Spine, Femoral Neck, and Total Femur Before and 12 Months After Romosozu-
mab Administration

Characteristic Before (mean � SD) After 12 months (mean � SD) p

Mean percentage of YAM at lumbar spine (%) (n = 106) 65.8� 12.1 75.4� 13.9 <0.0001*
Mean percentage of YAM at femoral neck (%) (n = 94) 58.6� 13.0 61.6� 13.1 0.001*
Mean percentage of YAM at total femur (%) (n = 96) 64.6� 12.7 66.6� 12.7 0.001*

YAM = young adult mean.
*p < 0.05.

Table 3. Univariate Regression Analysis. Association of Baseline Variables With Increase of Lumbar Spine Bone Mineral Density (YAM)
From Before to After 12 Months

Characteristic
Estimation of partial
regression coefficient 95% CI p Standardized β

Age (n = 106) 0.083 �0.177 to 0.344 0.53 0.062
Sex (n = 106) �4.325 �7.922 to �0.728 0.02* �0.228
BMI (n = 103) �0.239 �0.917 to 0.438 0.49 �0.070
Albumin (n = 104) �1.371 �5.810 to 3.067 0.54 �0.061
Creatinine (n = 104) �0.453 �11.165 to 10.259 0.93 �0.008
ALP (n = 86) 0.003 �0.017 to 0.022 0.79 0.029
TRACP-5b (n = 90) 0.010 0.001 to 0.019 0.04* 0.221
P1NP (n = 69) 0.047 �0.004 to 0.099 0.07 0.218
Ca (n = 100) �1.811 �6.639 to 3.017 0.46 �0.075
Presence of prior anti-osteoporosis medication �2.261 �4.292 to �0.230 0.03* �0.212
With vitamin D supplementation �1.247 �3.520 to 1.026 0.28 �0.106
With calcium supplementation �1.731 �6.577 to 3.114 0.48 �0.069
Baseline percentage of YAM at lumbar spine (n = 106) �0.192 �0.358 to �0.026 0.02* �0.219

ALP = alkaline phosphatase; BMI = body mass index; CI = confidence interval; P1NP = procollagen type 1 amino-terminal propeptide; TRACP-
5b = tartrate-resistant acid phosphatase 5b; YAM young adult mean.
*p < 0.05.

Fig. 1. TRACP-5b value before starting romosozumab treatment showed
a trend toward positive correlation with percent change from baseline of
the lumbar spine BMD at 12months of treatment (p = 0.07).
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romosozumab administration and the extent of lumbar spine
BMD increase at 12 months of treatment (Spearman’s rank corre-
lation coefficient = 0.20, p = 0.07) (Fig. 1).

We then examined the independent predictors of the rate of
increase in lumbar spine BMD after 1 year of romosozumab admin-
istration in a stepwise multiple regression analysis, adding age and
sex as adjustment factors. Based on the univariate analysis, the
dependent variable was defined as the increase in lumbar spine
mineral density from pre-treatment to the 12th month of romoso-
zumab, and the candidate independent variables were TRACP-5b,
P1NP, use of osteoporosis medications before romosozumab
administration, and baseline lumbar spine BMD with age and sex
as adjustment factors. The results showed that the TRACP-5b value
before romosozumab administration was a significant predictor of
the rate of increase in BMD after 12months of romosozumab
administration (Table 4). According to this predictionmodel, the fol-
lowing equationwas obtained: the increase in lumbar spinemineral
density from pretreatment to the 12th month of
romosozumab = 8.776+ 0.080� age+ (male sex, 5.058; female
sex, �5.058)+ 0.009� baseline TRACP-5b value, R2 = 0.11).

As for the fractures during the period of romosozumab treat-
ment, three patients (2.8%) suffered major fragility fractures.
Two patients had vertebral fractures, and one had a femoral neck
fracture.

Discussion

In this study, we found that 12 months of romosozumab treat-
ment increased the lumbar spine BMD beyond LSC. Romosozu-
mab also significantly increased the BMD of the total femur,
although the increase did not exceed LSC. These BMD-increasing
effects are generally similar to those observed in previous
reports.(9–14) Thus, these results suggest that romosozumab can
be recommended for patients who fit the criteria for osteoporo-
sis with a high risk of fracture.

The administration of osteoporosis medications before
romosozumab administration was associated with an increase
in BMD with romosozumab administration. Moreover, based on
the regression coefficients, the administration of osteoporosis
drugs before romosozumab administration had a negative effect
on BMD increase with romosozumab. These results also support
the results of previous studies.(13,15) Furthermore, based on the
regression coefficients, patients with lower BMDbefore receiving
romosozumab aremore likely to have increased BMDwith romo-
sozumab treatment. This result also supports the results of previ-
ous studies.(12) Taken together, romosozumab may be given first
to patients with more severe osteoporosis to have a sufficient
increase in BMD.

TRACP-5b value before romosozumab treatment was an inde-
pendent factor in predicting the rate of increase in lumbar spine

BMD after 1 year of romosozumab treatment. Based on the
regression coefficients, the higher the TRACP-5b value before
romosozumab administration, the stronger the effect of romoso-
zumab administration in increasing BMD. These results are con-
sistent with those reported by Tominaga and colleagues,(12)

who reported a positive correlation between baseline TRACP-
5b level and the percent change from baseline of the lumbar
spine BMD at 12months of romosozumab treatment. A new
finding in our study is that TRACP-5b was shown to be a predic-
tor of increased lumbar spine BMD in univariate regression anal-
ysis and multivariate stepwise regression analysis after
adjustment for age and sex. Several studies have reported that
the P1NP value after 1 month of romosozumab treatment was
a significant predictor of the rate of increase in BMD after 1 year
of romosozumab treatment.(13,22) Unfortunately, we did not mea-
sure the P1NP values at 1month; thus, we could not test whether
the TRACP-5b values before treatment or the P1NP values after 1
month of romosozumab treatment weremore useful in predicting
the rate of BMD increase in our data set. However, because the
effect of the increase in bone formation appears early after romo-
sozumab administration,(9) it makes sense to conclude that the
intensity of bone formation expressed by P1NP in the early post-
administration phase is useful in predicting the rate of increase
in BMD after 1 year of treatment, as reported by Ebina and
colleagues.(13) Conversely, the suppression of bone resorption
marker β-isomer of C-terminal telopeptide of type I collagen by
romosozumab administration, although weaker in degree than
the initial increase in bone formation marker P1NP, continues
throughout the administration period.(9) Moreover, a study using
bone biopsies confirmed that romosozumab also increased bone
formation early and temporarily but persistently decreased bone
resorption.(23) The persistent bone resorption inhibitory action
resulted in a decrease in bone turnover(23); thus, the rate of
increase in lumbar spine BMD may be predicted to some extent
by the TRACP-5b value before romosozumab administration.
Based on the above data, it can be inferred that the higher the
TRACP-5b value before romosozumab administration and the
higher the P1NP value after 1month of treatment, themore effec-
tive the romosozumab administration. The results may also
explain why the BMD-increasing effect of romosozumab is most
attenuated when denosumab, the most potent inhibitor of bone
resorption at present, is administered.(13) Consistent with the
results of previous studies,(12,13) in our study, P1NP values before
romosozumab administration tended to be associated with the
rate of BMD increase, although not significantly (p = 0.07). From
a clinical perspective, because teriparatide promotes both bone
formation and resorption,(24) patients with low levels of TRACP-
5b and P1NP before romosozumab administration may have a
greater BMD increase if they receive teriparatide first and then
romosozumab than if they receive romosozumab only. This treat-
ment strategy should be investigated in future studies.

Table 4. Stepwise Multiple Regression Analysis: Independent Predictors of Increase of Lumbar Spine Bone Mineral Density (Young Adult
Mean) From Before to After 12 Months

Factor Estimation of partial regression coefficient 95% CI p Standardized β

TRACP-5b 0.009 0.0001 to 0.018 0.048* 0.206
Sex �5.058 �9.235 to �0.713 0.02* �0.245
Age 0.080 �0.211 to 0.372 0.59 0.057

CI = confidence interval; TRACP-5b = tartrate-resistant acid phosphatase 5b.
*p < 0.05.
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This study has several limitations. First, it is a retrospective
analysis, and the sample size may have been slightly small. Sec-
ond, missing data existed in this study. Particularly, P1NP could
not be measured in 37 patients. Further prospective studies are
needed to overcome these limitations.

In conclusion, 12 months of romosozumab treatment signifi-
cantly increased the lumbar spine and hip BMD. Moreover, the
TRACP-5b value before romosozumab administration was an
independent predictor of the rate of lumbar spine BMD increase
after 12 months of romosozumab treatment. These findings
could be useful in establishing more efficient treatment strate-
gies for patients with osteoporosis at a high risk of fracture.
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