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Background: Postmenopausal women are one of the most vulnerable groups to osteoporosis.
Romosozumab is a newly monoclonal drug that inhibits the activity of sclerostin. Since it has been on the
market for only 3 years, there is a lack of systematic analysis on postmenopausal women and the efficacy is
not clear. In this study, we compared randomized controlled trials to assess the effects of blosozumab versus
placebo in perimenopausal and postmenopausal women.

Methods: This meta-analysis has been registered in the PROSPERO registry (number CRD42020145839).
The PubMed, Cochrane Library, ClinicalKey, and Embase databases were searched from inception date to
July 01, 2021. We used the keywords “osteoporosis”, “decreased bone mass”, and “blosozumab” to retrieve
studies on the relationship between blosozumab and osteoporosis in each database. The inclusion criteria
were: (I) randomized controlled trials (RCTs) comparing the treatment of osteoporosis with blosozumab and
a placebo or without treatment, (I) studies on postmenopausal women aged over 50 years, and (III) studies
providing bone mineral density data. The quality of all randomized controlled trials included in this study
was independently assessed by two researchers according to the Cochrane risk manual and was divided into
high, medium and low quality. The main results analyzed were bone mineral density (BMD) and T-score.
Our results mainly include BMD and procollagen type I N-terminal propeptide (PINP), C-terminal
telopeptide of type I collagen (CTX), bone-specific alkaline phosphatase (BSAP), and osteocalcin (OC).
Results: Three RCTs with 105 patients were selected from 157 retrieved articles. Due to high
heterogeneity [BMD: Tau’=2.79; Chi’=11.70, degrees of freedom (df) =1 (P=0.0006); I’=91%], we could not
perform statistical analysis of BMD. The results of BMD were then evaluated systematically. Three RCT
studies were included in the evaluation. Compared with that of the placebo, blosozumab increased levels of
the BMD biomarker osteocalcin [mean deviation (MD) 12.55; 95% confidence interval (CI), 8.18, 16.91;
P<0.00001]. None of the 3 RCTs presented a risk of bias during the meta-analysis.

Conclusions: The results suggested that blosozumab could be used as a target drug to improve BMD in
postmenopausal women. This will provide a reference for the clinical treatment of postmenopausal women

with osteoporosis.
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Introduction

Osteoporosis is a common chronic senile disease which has a
high incidence and mortality rate and a considerable impact
on our society. Nearly 200 million people worldwide suffer
from osteoporosis. Among them, there are 83.9 million
osteoporosis patients in China, which is expected to
increase to 212 million by the middle of this century (1).
Osteoporosis is a systemic disease characterized by low bone
mass and bone structure deterioration, which can increase
bone fragility and fracture sensitivity. The World Health
Organization defines osteoporosis as bone mineral density
(BMD) T-score of less than -2.5 and bone mass reduction
between -1.0 and -2.5 (2).

Osteoporosis is caused by several factors, including
menopause, aging, genetics, glucocorticoid and aromatase
inhibitor use, and long-term bone disuse. The most
common cause of osteoporosis in postmenopausal women is
hormone imbalance, which leads to high conversion loss and
insufficient bone formation. Epidemiologically, osteoporotic
fractures occur in 20% of men and 30% of women aged
over 50 years. With aging (3), the organs in the body are in
a state of degeneration and physical activity is decreased,
which lead to an imbalance in the internal environment of
the skeleton, namely, an increase in bone destruction and a
decrease in bone formation (4). Measurement of BMD is an
important method in the diagnosis of osteoporosis. In some
patients with brittle fractures, the T-score of BMD is higher
than the diagnostic range of osteoporosis (5).

The treatment strategies for osteoporosis include life-
style management and medication management (6).
Currently, drugs used to manage osteoporosis include
bisphosphonates (7), receptor activator of nuclear
factor kappa-B ligand (RANKL) inhibitors (8), selective
estrogen receptor modulators (9), teriparatide (10), and
abaloparatide (11). Romosozumab and blosozumab are
also potential treatment options (12). Blosozumab is a
humanized monoclonal antibody against immunoglobulin
G4 (IgG4) that binds directly to sclerostin (13), which is
an inhibitor of the Wnt signaling pathway (14). The Wnt
signaling pathway is involved in several diseases, including
bone diseases (15).

The therapeutic potential of antibodies directed
against sclerostin has been supported by animal studies.
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Ovariectomized rats treated with sclerostin antibody for
5 weeks showed a considerable increase in bone formation
with reversal of bone loss (16). A further study showed
increased bone density at fracture sites in mice treated with
a sclerostin inhibitor compared with that in controls (17).
Recently, phase I and II clinical trials of blosozumab have
been completed (18), and the efficacy is not categorical.
Although preclinical and clinical trials have demonstrated
blosozumab’s therapeutic effects in increasing BMD, there
has not been a systematic meta-analysis of blosozumab’s
role in bone mass enhancement in postmenopausal women.
We present the following article in accordance with the
PRISMA reporting checklist (19) (available at https://apm.
amegroups.com/article/view/10.21037/apm-22-998/rc).

Methods
Protocol

The design of the meta-analysis has been registered in
the PROSPERO registry (CRD42020145839). The study
was conducted according to the Cochrane handbook for
systematic evaluation of interventions (20).

Literature search

The PubMed, Cochrane Library, ClinicalKey, and Embase
databases were searched from the inception date to July 01,
2022. We used the keywords “osteoporosis”, “decreased
bone mass”, and “blosozumab” to retrieve studies on the
relationship between blosozumab and osteoporosis in each
database. A detailed search strategy is shown in Figure 1.
There was no restriction on publishing language, and the
studies included were randomized controlled trials (RCTs)
with no limits on the mode of randomization and blinding.

Inclusion criteria

The inclusion criteria were: (I) RCTs comparing the
treatment of osteoporosis with blosozumab and a placebo or
without treatment, (II) studies on postmenopausal women
aged over 50 years, and (III) studies providing bone mineral
density data.

The exclusion criteria were: (I) RCTs without a placebo
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Figure 1 Flow diagram of the study selection process.

or without treatment, (I) clinical studies of patients with
glucocorticoid-induced secondary osteoporosis; and (11I)
clinical trials of different combinations of osteoporosis
drugs and blosozumab in the treatment of osteoporosis.

Risk of bias assessment

The quality of all RCTs included in this study was
assessed by 2 researchers in accordance with the Cochrane
risk manual independently (Cochrane RoB 2.0). The
Cochrane manual includes sequence generation, allocation
concealment, blinding, incomplete outcome data, selective
outcome reporting, and other sources of bias. The quality
indicators were divided into the following 3 categories after
standardization: low, high, and some concerns. The studies
were classified into high, some concerns, and low quality
according to the following criteria: (I) if randomization
of sequence generation and allocation concealment were
identified as high risk of bias, we categorized the study
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e Data unavailable (n=0)

as low quality; (II) when randomization and allocation
concealment were considered low risk of bias, the study
was categorized as high quality; and (III) if neither of the
above criteria were met, the study was categorized as some
concerns quality.

Data extraction

Two researchers independently extracted data from the
studies, including the first author name, date of publication,
country, patients’ age, sample size, test method, test site,
experimental design, drug dose, and follow-up time. If
there were 2 or more groups of data in a selected article,
only the data to be analyzed were extracted. Conflicts were
resolved through negotiation. If the original data were
not provided in the paper, they were obtained from the
original polyline graph using GETDATA software. Our
primary outcome was lumbar bone marrow density, and
the biomarkers procollagen type I N-terminal propeptide
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Table 1 Characteristics of the included studies
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Sample size
Study Journal Country Design Relevant outcomes
Trial group ~ Control group
McColm 2014 (13) Journal of Bone and USA RCT, DB 30 29 BMD, adverse events, t-score,
Mineral Research P1NP, CTX, BSAP, osteocalcin
Recker 2015 (18)  Journal of Bone and USA RCT, DB 11 12 BMD, adverse events, t-score,
Mineral Research P1NP, CTX, BSAP, osteocalcin
Recknor 2015 (21) Journal of Bone and USA RCT, DB 11 12 BMD, adverse events, t-score,
Mineral Research P1NP, CTX, BSAP, osteocalcin

RCT, randomized controlled trial; DB, double-blind; BMD, bone mineral density; P1NP, procollagen type 1 amino-terminal propeptide;
CTX, C-terminal telopeptide of type | collagen; BSAP, bone-specific alkaline phosphatase, OC, osteocalcin.

(PINP), C-terminal telopeptide of type I collagen
(CTX), bone-specific alkaline phosphatase (BSAP), and
osteocalcin (OC).

Statistical analysis

Revman 5.3.5 was used to analyze the extracted data. Mean
difference (MD) with 95% confidence interval (CI) was
adopted for continuous variables, while risk ratio (RR) with
95% CI was used for binary variables. Data heterogeneity
was calculated using Cochrane’s Q and I’ statistic by
Revman 5.3.5. When I’ was >50% and P was <0.1, we
adopted a random-effects model, and when P was >0.1
and I* was <50%, we adopted a fixed-effect model (20).
Heterogeneity may come from population, test method,
race and other factors.

Results
Literature search results

In total, 157 articles were retrieved from the PubMed,
Embase, ClinicalKey, and Cochrane Library databases.
After removing duplicate articles, the number of articles was
109. After excluding articles without full text, there were 83
articles. Three randomized clinical studies (13,18,21) were
selected after screening with the inclusion and exclusion
criteria. After reading the full text, those 3 articles were
included in the present meta-analysis.

Description of included trials

A total of 105 patients were included in the 3 randomized
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trials; 2 of these trials reported the same data, and therefore
we considered them as one trial. The basic information of
the included articles is summarized in Table 1.

Risk of bias of the included studies

Risk assessment information is presented in Figures 2,3.

Sequence generation

Two of the 3 randomized trials described how the sequences
were generated. McColm [2014] only described the
experiment as random and described how it was random.
Recker [2015] and Recknor [2015] described that the
random numbers were generated using a computer;
therefore, their studies were evaluated as low-risk, whereas
the McColm study was evaluated as unclear-risk.

Allocation concealment

The 3 randomized trials used the same drugs and same
packaging, which did not affect the trials. Therefore, we
classified them as low-risk.

Blinding

All 3 trials described a blind approach, in which both
the patient and experimenter were blinded, which we
considered low risk.

The unreported data of McColm [2014] (13), Recker
[2015] (21), and Recknor [2015] (18) were balanced, and
the reasons for missing data were similar. Therefore, we
considered these RCTs as having a low-risk bias.
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Figure 2 Assessment of risk of bias in the randomized controlled trials of McColm [2014], Recker [2015], and Recknor [2015].
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Figure 3 Assessment of risk of bias in the randomized controlled
trials of McColm [2014], Recker [2015], and Recknor [2015].

2

Selective reporting

The protocol and results of the 3 RCTs were reported in a
tailored manner.

Other potential bias

None of the 3 RCTs presented a risk of bias during the
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meta-analysis. Therefore, the risk was low in terms of other
risks of bias.

Primary outcomes

Data on BMD after treatment were reported in the included
articles. The measurement method was dual-energy
X-ray absorptiometry (DXA) in the studies of McColm
[2014], Recknor [2015], and Recker [2015] (13,18,21).
We conducted a meta-analysis of 2 doses of blosozumab,
namely, 270 mg Q2W and 180 mg Q4W. We found that
the BMD data obtained following the 2 drug regimens
were highly heterogeneous [heterogeneity: Tau?=2.79;
Chi?=11.70, degrees of freedom (df) =1 (P=0.0006); I>=91%],
and therefore a meta-analysis was not conducted. The RCT
of McColm [2014] showed that both 270 mg Q2W and
180 mg Q4W increased lumbar spine bone density
compared with that of the placebo. Comparatively, 270 mg
Q2W had a stronger effect on the increase in BMD.
However, no BMD data were reported for the hip. The
RCT of Recker [2015] showed that both 270 mg Q2W and
180 mg Q4W could improve the BMD of the lumbar spine
and femoral neck.

Secondary outcomes

Two RCTs {McColm [2014] and Recknor [2015]} reported
changes in OC, BSAP, PINP, and CTX at the end of
treatment. Among them, the data of BSAP, PINP, and CTX
were highly heterogeneous, and therefore a meta-analysis
was not conducted. Heterogeneity was low at 180 mg Q4W,
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Experimental Control Mean difference Mean difference Risk of bias
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI ABCDEFG
Juliet McColm 2014 28 10 30 155 82 29 87.6% 12.50([7.84,17.16] E 3 2790920808
Recknor C.P.2015 588 12 11 -7 18 12 12.4% 12.88[0.47,25.29] Pe0088
Total (95% Cl) 41 41 100.0% 12.55 [8.18, 16.91] L 2

Heterogeneity: Chi’=0.00, df =1 (P=0.96); I’=0%
Test for overall effect: Z =5.64 (P<0.00001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Favours [experimental] Favours [control]

Figure 4 Forest plot of meta-analysis showing the effect of blosozumab on OC before and after treatment. OC, osteocalcin.

and a fixed-effect model was adopted. The overall results
suggested that OC was increased significantly at the end of
treatment [heterogeneity: Chi?=0.00, df =1 (P=0.96); 12=0%,
test for overall effect: Z =5.64 (P<0.00001)] (Figure 4).

Adverse events

Adverse events were reported in all 3 RCTs {McColm
[2014], Recker [2015], and Recknor [2015]}, and the
incidence of adverse events did not affect the experimental
results.

Discussion

The results of this study showed that the administration
of 270 mg Q2W and 180 mg Q4W blosozumab could
improve lumbar bone mass in postmenopausal women.
Accordingly, the biomarkers PINP, BSAP, OC, and CTX
showed significant changes. We did not conduct a meta-
analysis of hipbone density because the relevant data were
not reported in one of the studies {McColm [2014]}. No
significant adverse events were found that could affect the
safety of the drugs.

The mean age of patients in each of the studies was
different. The mean age of patients in McColm’s [2014]
study was 46 years, while that of Recker’s [2015] study
was 53 years. The baseline values of lumbar vertebra bone
density in the RCTs were also different. The baseline value
of McColm’s study [2014] (T-score) was -1.4 and that of
Recker’s study [2015] (T-score) was -2.8. These differences
affected the applicability of the results. Furthermore, there
was a difference in the study population. The population of
McColm’s study [2014] comprised Europeans, while that
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of Recker’s study [2015] included Americans. Therefore,
while this meta-analysis data are applicable to European and
American populations, they may not be applicable to other
areas.

Sclerosin is a protein produced by osteoblasts that is
present on the surface of bone cells. It consists of 213
amino acids (22). The main role of sclerosin is to inhibit
the differentiation of osteoblasts and indirectly promote
the formation of osteoclasts by enhancing the Wnt
signaling pathway (23,24). Because of these functions,
it has a reverse inhibitory effect on bone formation. In
2015, Yorgan proved that sclerosin binds to low-density
lipoprotein receptor-related protein 5 (LRPS) in vivo
using transgenic experiments (25). It has been reported
that decreased expression of SOST and LRP5 promotes
bone mass increase and that SOST could target and bind
to LRP5/6, thereby inhibiting the Wnt pathway (26).
There are several signaling pathways involved in bone
remodeling, but the Wnt signaling pathway plays a key
role. The canonical Wnt signaling pathway normally
functions as follows. The receptor receives signals, inhibits
glycogen synthase kinase-3 beta (GSK-3), and reduces
the phosphorylation of B-catenin, whose level increases in
the cytoplasm. Thereafter, -catenin enters the nucleus to
activate the transcription of target genes, promoting the
differentiation of osteoblasts, and thereby promoting the
generation of bone. Sclerosin can bind directly to the LRP
receptor, inhibiting the Wnt signaling pathway, resulting in
the ubiquitination of p-catenin, which ultimately leads to
proteasomal degradation of B-catenin and the termination of
signal transmission. Consequently, osteoblast differentiation
is inhibited (27).

Sclerosin can also stimulate osteoclast differentiation
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through the RANKL pathway, which in turn leads to bone
resorption. Therefore, the effect of sclerosin on bone is
negative. Synthetic monoclonal antibodies can precisely
inhibit sclerosin and promote bone formation. a study has
shown that sclerosin, secreted from bone cells, increases
with long-term bone disuse and that bone formation during
parathyroid therapy is associated with the inhibition of
sclerosin, suggesting that teriparatide also has an inhibitory
effect on sclerosin (28).

In animal experiments, sclerosin-antibody (scl-ab)
improved the bone mass in castrated rats, and the formation
of bone cortex and cancellous bone was significantly
increased, which led to an increase in bone trabeculae
and the thickening of bone cortex (29). The activity and
number of osteoblasts also increased in these experiments.
The osteogenic effect of scl-ab was not affected by bone
turnover, bone resorption, and bisphosphate treatment.
Furthermore, bone resorption was observed regardless of
the degree of bone formation, and scl-ab had no effect on
bone matrix mineralization. In a study on Macaca fascicularis,
it was found that the osteogenesis of bone trabeculae and
periosteum was positively correlated with the dose of scl-ab
injection (30).

Significant research has been conducted at the genetic
level. Richards screened 8,557 patients for 2 variants
associated with BMD in the lumbar spine and femoral neck,
and the LRP5 and TNFRSF11B (OPG) position variants
were analyzed. Moreover, Styrkarsdottir screened 6,865
Icelanders and found that the TNFRSF11B (OPG) variant
was indeed associated with BMD and osteoporotic fractures.
With subsequent expansion of the sample size, other
variations of TEFNRSF11A (RANK), SOST, microtubule
affinity regulating kinase 3 (MARK3), and SP7 were
found (31). Furthermore, Wntl6 has been found to be
associated with variations in bone density in the skulls of
children and the whole body. Subsequent meta-analysis
of genes revealed 13 osteoporosis-related variants (32),
and 14 BMD-related genes were found in the Genetic
Factors for Osteoporosis Consortium (GEFOS) meta-
analysis, including family with sequence similarity
210 member A (FAM210A), solute carrier family 25
member 13 (SLC25A13), LRPS, matrix extracellular
phosphoglycoprotein (MEPE), spectrin beta, non-
erythrocytic 1 (SPTBN1), and dickkopf 1 (DKKI1).
Moreover, the correlation between osteoporosis and sex
chromosome Xp22.31 has been determined (32). With
the deepening of research, several gene loci have been
discovered; for instance, 36 new mutation loci were
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discovered by Medina in 2008 (33).

These findings suggested a relationship between common
variation sites and BMD, which could explain the variation
of 10-20% of bone phenotypes. However, rare variants
have a greater effect on BMD than common variants.
Whole-genome sequencing of patients with extremely high
or low BMD revealed that a nonsense mutation of LGR4
was related to low BMD, and that mutation in collagen
type I alpha 2 chain (COL1A2) was closely related to low
BMD (34). Natriuretic peptide receptor 3 (NPR3) is
associated with high bone density in the lumbar spine,
spondin 1 (SPON1) is associated with high hip bone
density, and variants of engrailed homeobox 1 (ENT1) are
closely related to fracture risk (35).

The above findings suggested the role of sclerosin
in promoting bone formation and also inhibiting bone
resorption. The clinical trial results also confirmed the
efficacy of monoclonal antibody in the treatment of
osteoporosis, and this strategy of precise treatment of
osteoporosis has a far-reaching effect. The guidelines for the
treatment of osteoporosis mention that lifestyle management
can have a significant effect on the treatment of osteoporosis.
With age, muscle mass is lost, which leads to decreased
mobility and increased risk of falls and fractures (36).
The strengthening effect on bone formation is caused
by muscle contraction, and the reduction of muscle also
reduces the strengthening effect of low-frequency vibration
generated by muscle on the bone, thus making osteoporosis
increasingly serious. Therefore, muscle therapy should be
used in the treatment of osteoporosis. However, currently,
drugs targeting sarcopenia are not approved (37).

The effect of obesity on osteoporosis is also significant.
a study has shown that obesity can lead to the accumulation
of fat tissue in the bone marrow cavity, resulting in a
chronic inflammatory state of the marrow cavity (38). The
inflammatory state can enhance the activity of osteoclasts,
inhibit the osteogenesis of mesenchymal stem cells to
differentiate in the bone marrow, and disrupt the balance
of the bone. Therefore, a long-term state of obesity can
decrease BMD. One of the main causes of obesity is
sedentary muscular dystrophy. According to epidemiological
surveys, 40% adults and 20% adolescents in the United
States are obese (39). Obesity causes osteoporosis and also
chronic inflammation such as osteoarthritis, increasing
the risk of tumor development, type 2 diabetes, and
cardiovascular diseases (40).

The effect of inflammation on bone should not be
underestimated. Firstly, pathogenic stimulus factors,
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both infectious and noninfectious, activate the innate and
special immunity of the body and produce a large number
of inflammatory factors to prevent such stimulation
from affecting the body. However, cytokines produced
by inflammation, such as interferon, interleukin, and
chemokines, affect the balance between bone formation
and destruction (41). The effects of proinflammatory
factors on osteoclasts are mainly manifested in the level
of tumor necrosis factor (TNF), interleukin-1 (IL-1),
and interleukin-6 (IL-6), which are produced by several
inflammatory cells and involve several signaling pathways.
They also activate several noninflammatory mediators and
proteases to degrade tissues. TNF production is mainly
mediated by p55TNF and IL-6 production is mainly
mediated by IL-6r and gp130, which activate downstream
cytokines and ultimately regulate gene expression (42).

In the process of bone formation, chronic inflammation
also has a significant influence on osteoblasts. In rheumatoid
arthritis, osteoblasts exist at the site of joint erosion, but
their activity and number are not high, which cannot
offset the role of bone destruction. The production of the
proinflammatory factor TNF is mediated by pS5TNF and
is inhibited by runt-related transcription factor-2 (RUNX2)
ubiquitination (43). IL-6 inhibits the production of
osteoblasts and proinflammatory factors and is mediated by
DKKI1; however, DKKI1 is an inhibitor of the Wnt signaling
pathway. Sclerosin is an osteoblast activation inhibitor that
inhibits the Wnt signaling pathway and antagonizes bone
morphogenetic proteins (BMPS) by binding to it (44).

Therefore, the treatment of osteoporosis should involve
strengthening the management of obesity, reducing the
possibility of inflammation of adipose tissue, and reducing
the pathogenic factors of osteoporosis. Studies have shown
that weight-bearing exercise is the basis of osteoporosis
exercise therapy. According to guidelines from the
osteoporosis foundation, exercise should be alternated
between high and low intensities and should be performed
for at least 30 minutes per day on more than 5 days a week.

The stimulation signals generated by mechanical strain
enter the bone cells via the conduction of osteoblasts or
the protrusion of bone cells, regulating bone balance.
Furthermore, exercise can also reduce body fat content and
increase muscle content and bone conversion rate. While
treating osteoporosis with drugs, treatment of osteoporosis
should be managed in various ways, including muscle
exercise, obesity control, and gene therapy.

We presented the first systematic review and meta-
analysis of blosozumab in postmenopausal women with
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reduced bone mass. The RCTs included in the study were
assessed for risk by 2 researchers independently, and low
risk of bias indicated high quality of the RCTs.

There were some limitations in this meta-analysis. This
meta-analysis included only 3 RCTs, although their quality
was relatively high. Therefore, in the future, more clinical
studies on blosozumab are needed to provide a broader
database to promote the use of blosozumab.

The implications of this meta-analysis for clinical
practice are as follows. First, current clinical trials have
demonstrated that blosozumab can improve lumbar bone
density in postmenopausal women. As a monoclonal
antibody of sclerosin, blosozumab can act on sclerosin
precisely. Inhibition of sclerosin binding to osteoblastic
surface receptor LRP5/6 affects the process of osteogenesis.
Secondly, there are only a few clinical studies in this field,
and therefore more studies should focus on the value
of blosozumab in the treatment of osteoporosis, and
more clinical studies should be conducted. Finally, the
treatment of osteoporosis can be divided into 2 aspects:
promoting bone formation and inhibiting absorption.
Currently, bisphosphonates are widely used in the
treatment of osteoporosis, which mainly inhibit the damage
of osteoclasts to the bone and have no obvious effect on
the formation of bone. Blosozumab is the latest drug to
promote bone formation, which is currently in clinical
trials. The results of clinical trials showed that blosozumab
can promote improvement in bone density, suggesting that
this drug could have a significant effect on the treatment of
osteoporosis in the future.
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