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ORIGINAL ARTICLE

Denosumab improves glucose parameters in patients with impaired glucose
tolerance: a systematic review and meta-analysis

Blanca T. Pacheco-Sotoa, Rebeca Garazi Elguezabal-Rodeloa, Leonardo M. Porchiab, Enrique Torres-Rasgadoa,
Ricardo P�erez-Fuentesa,b and M. Elba Gonzalez-Mejiaa

aFacultad de Medicina, Benem�erita Universidad Aut�onoma de Puebla, Puebla, Mexico; bLaboratorio de Fisiopatolog�ıa en Enfermedades
Cr�onicas, Centro de Investigaci�on Biom�edica de Oriente, Instituto Mexicano del Seguro Social, Delegaci�on Puebla, Puebla, Mexico

ABSTRACT
Objective: Receptor activator of NF-jb ligand (RANKL) is crucial for the development of hepatic insulin
resistance and poor glucose uptake; therefore, inhibiting RANKL with Denosumab could improve fast-
ing plasma glucose (FPG) and insulin (FPI).
Methods: A systematic review was conducted to evaluate the effects of Denosumab on glycemic
parameters. PubMed, SCOPUS, EBSCO, and LILACS databases were searched for studies that investi-
gated the effect of Denosumab on FPG, glycated hemoglobin (HbA1c), FPI, and Homeostatic Model
Assessment for Insulin Resistance (HOMA1-IR). The pooled standard difference in means (SDM) and
95% confidence intervals (95%CI) were calculated. The results were stratified into (1) Normal Glucose
Tolerance (NGT) and (2) Impaired Glucose Tolerance (IGT).
Results: Six publications (1203 participants) were included. There was a significant association
between Denosumab and FPG (SDM ¼ �0.388, 95%CI: �0.705 to �0.070, p¼ .017) and with HOMA1-
IR (SDM ¼ �0.223, 95%CI: �0.388 to �0.058, p¼ .008), but not for HbA1c and FPI. When stratified by
glucose tolerance, the association between Denosumab and FPG, HbA1c, and HOMA1-IR was present
for the IGT group. Lastly, Denosumab had a time-dependent effect on HbA1c (slope ¼ �0.037, 95%CI:
�0.059 to �0.015, p< .005).
Conclusions: Denosumab significantly improved glycemic parameters. This outcome was more prom-
inent for subjects with compromised glucose tolerance, positing that Denosumab can be used as a
treatment to improve glucose metabolism for persons with pre-diabetes and diabetes.
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Introduction

Normally, the receptor activator of NF-jB ligand (RANKL)
stimulates the fusion of pre-osteoclasts, the attachment of
osteoclasts to the bone, and the activation of osteoclasts for
bone resorption [1]; however, RANKL participates in other tis-
sues with different functions. For example, in muscles, high
levels of RANKL expression generate poor glucose uptake,
leading to alterations in muscle metabolism [2]. In the liver,
RANKL can induce insulin resistance by promoting inflamma-
tion [2,3]. In the pancreas, RANKL produces a hyperglycemic
state by decreasing insulin production and augments gluca-
gon production [4], which could lead to b-cell dysfunction
[3]. The principal sources of RANKL are macrophages that
have infiltrated the bone, pancreas, liver, and muscles [5,6],
which is a signal for the inflammatory NF-jB pathway, link-
ing it to impaired glucose tolerance (IGT) [7]. The inflamma-
tory NF-jB pathway could involve red and white blood cells.
As shown using the platelet-to-lymphocyte ratio, the neutro-
phil-to-lymphocyte ratio, and the red cell distribution width,

these markers of inflammation are associated with elevated
HbA1c in uncontrolled diabetic patients [8–10]. Moreover,
there are a few studies demonstrating that metformin, an
antidiabetic drug, decreased RANKL activity and its expres-
sion in the bone and liver [11,12], although the molecular
mechanisms involved are not fully understood. However,
Saisho et al. has suggested that an anti-inflammatory effect
by inhibiting the NF-jB pathway in macrophages is inferred
[13]. In addition, dipeptidilpeptidase-4 (DPP4), a well-known
enzyme involved in glucose homeostasis, has been recog-
nized as an osteoclast-derived protein [4]. DPP4, as well as
Metformin, represents a crucial link between RANKL/bone
remodeling and energy metabolism [4,12]. Due to these rea-
sons, it has been hypothesized that blocking RANKL signal-
ing might improve fasting plasma glucose (FPG)
concentrations [3].

In the RANKL pathway, osteoprotegerin (OPG) is an inhibi-
tor of RANKL, which enhances osteoclasts apoptosis [1].
Interestingly, elevated OPG serum levels are correlated with
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IGT [14] and that could be due to insulin levels decreasing
over the years in patients with IGT [15] as well as the similar
roles between OPG and insulin in blocking osteoclastogene-
sis [16]. Based on OPG’s function, Denosumab, a monoclonal
antibody for human RANKL [17], could improve glucose entry
into the muscle through increasing insulin sensitivity [2].
Furthermore, Denosumab was also proven to decrease DPP4
serum concentrations and increase glucagon-like peptide-1
(GLP-1) in subjects with IGT, demonstrating a crucial role in
glucose and insulin metabolism [4]. Typically, Denosumab
inhibits the maturation of osteoclasts and their precursors
[18], as well as it is the current treatment for osteoporosis
and other bone diseases. However, multiple studies, random-
ized controlled trials, and observational studies have
assessed the effect of Denosumab on insulin sensitivity and
FPG with contradictory results. In a few studies, the authors
demonstrate a beneficial effect, in which Denosumab
decreased FPG [4,19]; however, Schwartz et al. demonstrate
that Denosumab clearly increased FPG [20]. To address this
conflict, a systematic review was conducted, aimed to
evaluate the effects of Denosumab on different gly-
cemic parameters.

Materials and methods

Search strategy

PubMed, SCOPUS, EBSCO, and LILACS databases were
searched for studies that investigated the effect of
Denosumab on glucose metabolism. The following key-
words/terms and any of their derivations were used:
“Denosumab” as well as other terms related to the treat-
ment; “glucose” and “insulin”. The search was performed
without any language restrictions for publications published
until 14 October 2020. Afterward, the complied publications
references were hand searched.

Inclusion and exclusion criteria

Two authors (B.T.P.S. and R.G.E.R.) determined if each study
was to be included. If a disagreement occurred about a pub-
lication, a third author (L.M.P.) analyzed the publication in
question. Initially, titles and abstracts were examined to
determine if the publications were original research, focused
on Denosumab treatment, and examined parameters of
glucose metabolism [FPG; fasting plasma insulin (FPI);
glycated hemoglobin (HbA1c), and insulin resistance using
the Homeostatic Model Assessment for Insulin Resistance
(HOMA1-IR)]. For inclusion, the studies must have met the
following criteria: (1) prospective or case-control study; (2)
used Denosumab as a treatment for any pathology (not just
limited to osteoporosis); and (3) contained information about
metabolic parameters related to glucose metabolism. Any
study in which FPG was not reported was excluded. Studies
were also excluded if they were: (1) a case study, review, or
editorial; (2) information was used in a previous publication;
(3) in vitro or animal studies; (4) failed to use Denosumab as
the primary treatment; and (5) failed to measure or report

parameters related to glucose metabolism or unable to
determine the values from the reported data.

Bias analysis and data extraction

Two authors (B.T.P.S. and R.G.E.R.) independently assessed
the quality of the studies using the Downs and Black
Checklist [21] for randomized controlled and non-controlled
trials. The reviewers’ results were compared by an external
reviewer (M.E.G.M.) and discrepancies were resolved in a con-
sensus meeting. The following aspects of each study were
evaluated: reporting, external validity, internal validity-bias,
internal validity-confounding (selection bias), and power. For
the analysis, the quality score ranges were given correspond-
ing quality levels as previously reported [22]: excellent
(26–28); good (20–25); fair (15–19); and poor (<14)
(Supplement Figure 1). The following data was collected
from each study: first author’s name, year of publication,
geographical location, sample size, duration of the interven-
tion, and pre- and post-intervention values for FPG, FPI,
HbA1c, and HOMA1-IR. Furthermore, data that was reported
as the standard error of the mean or 95% Confidence
Intervals (95%CI) were converted back to standard deviation.
When FPG levels were reported in mmol/L, a multiplication
factor of 18.018 was used to convert to mg/dL. Likewise,
when FPI levels were reported in pmol/L, a multiplication
factor of 0.144 was used to convert to mIU/mL. Finally, when
HbA1c was reported in the International Federation of
Clinical Chemistry units (IFCC, mmol/mol), the value was con-
verted to the National Glycohemoglobin Standardization
Program (NGSP, %) by multiplying it by 0.0915 then adding
2.152 [23].

Statistical analysis

All analyses were conducted using the Comprehensive
MetaAnalysis Version 2 software (CMA, Englewood, NJ, USA).
The Standard Difference in Means (SDM) and 95%CIs were
calculated for each individual comparison. Heterogeneity was
assessed using the chi2-based Q-test and the Inconsistency
Index (I2) determined its degree. Depending on the results of
the heterogeneity tests, either Fixed Effects (chi2-based Q-
test p> .10 and I2 < 50%) or Random Effects (chi2-based Q-
test p< .10 and I2 > 50%) was used to calculate the pooled
SDM and 95%CI. Due to multiple time points assessed by
each study, for the overall pooled effect analysis, the study’s
SDM was based on calculating net change from baseline to
the longest endpoint, as suggested by the Cochrane
Handbook (Section 9.3.4) [24]. However, for the time-depend-
ent analysis, all possible comparisons were used. For CMA, to
calculate the pooled SDM, the correlation coefficient for each
study had to be known; however, this value was not
reported nor could it be calculated. Therefore, for each ana-
lysis, the pooled SDM was calculated using a range of
increasing correlation coefficients (0.2, 0.4, 0.6, and 0.8). The
results were minimally affected by increasing the correlation
coefficient (Supplement Table 1); therefore, all data shown
are for a correlation coefficient of 0.6. Sensitivity analysis,
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removing one study and recalculating the pooled SDM and
95%CI, was conducted to verify the stability of the results.
Begg’s funnel plot, Begg-Mazumdar’s test [25], and Egger’s
linear regression test [26] were used to assess publication
bias. To assess the effect of glucose tolerance on
Denosumab’s effect on glucose metabolism, the studies were
stratified into two groups: (1) normal glucose tolerance (NGT)
and (2) IGT, which consisted of persons with Type 2 Diabetes
(T2D) and prediabetes (PT2D). p-Values <.05 (two-tailed)
were considered statistically significant unless
noted otherwise.

Results

Literature search and characteristics of the
included studies

After removing all duplicate publications, we examined 374
publications (Figure 1). Three hundred sixty-seven publica-
tions were excluded for not being original research, not
focusing on human subjects, subjects did not receive
Denosumab, or glucose metabolism parameters were not
examined or reported. Afterward, the remaining seven publi-
cations were extensively reviewed, where one was removed
for not containing sufficient data. In the end, six publications
(eight studies) met the inclusion criteria and were included
in this meta-analysis, which consisted of 1203 participants.

The majority of the publications were comprised of
Caucasian populations: three from Italy [27–29] and one from
USA [4]. The remaining publications were from Japan [19]
and the multinational FREEDOM study [30]. The characteris-
tics of the studies are summarized in Table 1. Participants in
most of the studies were only females with only two studies
including males. The posology was a subcutaneous injection
of Denosumab (60mg) every 6months for every study; how-
ever, the number of doses given varied between studies. Co-
supplementation with either Vitamin D and calcium occurred
in five and two publications, respectively. The quality of the
studies was assessed using the Downs and Black Checklist, in
which all of the studies scored �14, suggesting minimal
study bias. The baseline characteristics of glucose metabol-
ism parameters and their follow-up data are shown in
Table 2.

Treatment with denosumab improves FPG
concentrations in IGT patients

For the overall analysis (1203 participants), the longest time
point of each study was taken according to the Cochrane
handbook [24]. Using six publications (eight studies), there
was significant heterogeneity (I2 ¼ 95.6%, Chi2: p< .005);
therefore, the Random Effects model was utilized. When the
studies were pooled together, there was a significant associ-
ation between Denosumab treatment and decreased FPG
(Table 3 and Supplement Figure 2). To assess the stability of
the results, one study was removed and the association was
reevaluated. Only when the Napoli 2018 (PT2D patients) and
the Napoli 2018 (T2D patients) studies were removed, a loss

of the association resulted (SDM ¼ �0.415, 95%CI: �0.943 to
0.113, p¼ .124 and SDM ¼ �0.427, 95%CI: �0.927 to 0.073,
p¼ .094, respectively, Supplement Figure 2). Publication bias
was assessed by examining the funnel plot. The funnel plot
demonstrated no significant asymmetry and the shape of the
funnel plot also suggested no evidence of publication bias
(Supplement Figure 2). No correlation was determined by
the Begg-Mazumdar’s test (p¼ .32) or bias by Egger’s test
(p¼ .43). When the cohort was stratified by glucose tolerance
status (NGT vs. IGT), only the IGT group showed a significant
effect (Table 3). Even though the effect for the IGT group
was 4.2-fold more prominent, this was not signifi-
cant (p¼ .263).

Treatment with denosumab has no effect on FPI
concentrations

Using four publications (four studies), which is comprised of
only NGT subjects (98 participants), there was no significant
heterogeneity (I2 ¼ 16.3%, Chi2: p¼ .310); therefore, the
Fixed Effects model was utilized. When the studies were
pooled together, insulin did not show a significant associ-
ation (Table 3 and Supplement Figure 3). Removing one
study did not change the association. No publication bias
was observed by the Begg-Mazumdar’s test (p¼ .49) or by
Egger’s test (p¼ .82).

Treatment with denosumab improves HbA1c
concentrations in IGT patients

Five publications (five studies) reported HbA1c values. For
the overall analysis (211 participants), there was significant
heterogeneity (I2 ¼ 63.7%, Chi2: p¼ .026); therefore, the
Random Effects model was utilized. When the studies were
pooled together, HbA1c did not show a significant associ-
ation (Table 3 and Supplement Figure 4), and removing one
study did not affect the results. No publication bias was
determined by the Begg-Mazumdar’s test (p¼ .32) or by
Egger’s test (p¼ .41). When the cohort was stratified by glu-
cose tolerance status, only the IGT group showed a signifi-
cant effect (Table 3). The IGT group’s effect was 3.2-fold
higher than the NGT group and this difference was signifi-
cant (p¼ .001).

Treatment with denosumab has no effect on
insulin resistance

Five publications (five studies) assessed insulin resistance
using HOMA1-IR. For the overall analysis (118 participants),
there was no significant heterogeneity (I2 ¼ 39.3%, Chi2:
p¼ .159); therefore, the Fixed Effects model was utilized.
When the studies were pooled together, lower HOMA1-IR
scores were significantly associated with the Denosumab
treatment (Table 3 and Supplement Figure 5); however, the
association was sensitive to the Abe 2019 study (SDM ¼
�0.160, 95%CI: �0.339 to 0.020, p¼ .081). No publication
bias was determined by the Begg-Mazumdar’s test (p¼ .62)
or by Egger’s test (p¼ .96). When the cohort was stratified
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by glucose tolerance status, only the IGT group demon-
strated a significant effect (Table 3). Even though the IGT
group’s effect was 2.6-fold greater than the NGT group, this
difference was not significant (p¼ .078).

Time-dependent effect of denosumab treatment with
respect to glucose parameters

To assess a time-dependent effect, all possible study time
points were utilized. No time-dependent effect was observed

Figure 1. Flow chart for literature review of studies to be included in the meta-analysis.

Table 1. Characteristics of the includes studies.
Study,
Year

Type
study Country Diagnostic T2D Sex

Age
(years)a

Denosumabb

(mg/month)
BMI

(kg/m2)a Vit. Dc Calciumd DBLe

Abe, 2019 Observational
study

Japan Osteoporosis Yes M/F 72.1 ± 7.2 60mg/6
m (2)

23.6 ± 4.1 Yes No 37

Lasco, 2016 Prospective
study

Italy Osteoporosis No F 57.9 ± 6.3 60mg (1) 26.4 ± 2.3 Yes No 35

Napoli,
2018 (T2D)

Randomized trial FREEDOM
studyf

Osteoporosis Yes F 73.5 ± 5.1 60mg/6
m (6)

28.0 ± 4.7 Yes Yes 39

Napoli,
2018 (PT2D)

Randomized trial FREEDOM
studyf

Osteoporosis No F 72.6 ± 5.4 60mg/6
m (6)

27.0 ± 4.3 Yes Yes 39

Passeri, 2015 Prospective
study

Italy Osteoporosis No F 67.1 ± 11.6 60mg/6
m (1)

24.8 ± 3.7 Yes Yes 34

Rossini, 2020 Prospective
observational
study

Italy Breast cancer No F 68.1 ± 8.1 60mg (1) 23.5 ± 4.6 Yes No 38

Weivoda, 2020A Randomized trial USA Post-
menopausic

No F 66.7 ± 4.9 60mg (1) 27.0 ± 4.5 No No 41

Weivoda, 2020B Case–control
study

USA Osteoporosis Yes M/F 74.1 ± 10.0 Not stated 29.9 ± 8.6 No No 37

BMI: body-mass index; DBL: Downs and Black Checklist; F: female; M: male; PT2D: persons with prediabetes; T2D: persons with type 2 diabetes; Vit D: vitamin D.
aValues are mean ± standard deviation.
bMost studies reported a dose regiment of 60mg/6months. In the parenthesis is the actual number of doses given.
cArticles indicated that denosumab treatment was supplemented with vitamin D.
dArticles indicated that denosumab treatment was supplemented with calcium.
eDBL was used to determined study quality. Scores <14 denoted poor-quality studies [15].
fParticipants of the FREEDOM study are from Western Europe, Eastern Europe, Latin America, North America, Australia, and New Zealand.
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between the Denosumab treatment and FPG or HOMA1-IR
(Figures 2(A,D)). There was almost a time-dependent associ-
ation between the Denosumab treatment and FPI (slope ¼
0.062, 95%CI: �0.007 to 0.131, p¼ .078, Figure 2(B)).
However, we did observe a strong association between the
Denosumab treatment and HbA1c (slope ¼ �0.037, 95%CI:
�0.059 to �0.015, p< .005, Figure 2(C)).

Discussion

It has been hypothesized that inhibiting RANKL can improve
hepatic insulin resistance and decrease FPG. Indeed, we
determined that inhibiting RANKL with Denosumab did
improve glucose metabolism. However, this effect was more
prominent in subjects with compromised glucose tolerance.

Table 2. Data used for analyses.
Study Group Na Duration (months) Fasting plasma glucose (mg/dL) Fasting plasma insulin (mU/mL) HbA1c (%) HOMA1-IR

Abe, 2019 T2D 20 Baseline 116.70 ± 21.50 6.52 ± 0.56 2.00 ± 1.21
6 119.00 ± 22.00 6.48 ± 0.60 1.66 ± 0.98
12 109.30 ± 18.50b 6.32 ± 0.61b 1.38 ± 0.76b

Lasco, 2016 NGT 48 Baseline 93.69 ± 10.09c 7.03 ± 3.61c 5.60 ± 0.26 1.74 ± 1.22
1 90.81 ± 12.07c 5.52 ± 1.89b,c 1.25 ± 0.54b

2 5.65 ± 0.37 1.60 ± 0.98
3 93.15 ± 12.25c 6.56 ± 2.97b 1.56 ± 1.02
6 91.89 ± 10.81c 6.97 ± 3.08b

Napoli, 2018 T2D 342 Baseline 136.90 ± 43.80
36 131.30 ± 58.25

PT2D 628 Baseline 106.30 ± 5.90
36 102.20 ± 23.11

Passeri, 2015 NGT 14 Baseline 91.40 ± 10.10 9.50 ± 6.70 5.60 ± 2.60c 2.20 ± 1.70
1 89.60 ± 14.10 8.50 ± 5.50 5.60 ± 2.50c 2.00 ± 1.40
3 92.10 ± 15.30 10.50 ± 10.10 5.50 ± 2.70c 2.70 ± 3.10

Rossini, 2020 NGT 14 Baseline 87.00 ± 8.70 9.10 ± 6.40 5.44 ± 2.36c 2.00 ± 1.50
1 83.80 ± 11.10 8.50 ± 4.80 1.80 ± 1.10
5 5.77 ± 2.43c

Weivoda, 2020A NGT 22 Baseline 97.51 ± 10.48c 7.65 ± 7.41 1.84 ± 1.80
3 97.42 ± 8.46c 4.80 ± 2.480 1.16 ± 0.62

Weivoda, 2020B PT2D/T2D 115 Baseline 134.98 ± 55.86 6.73 ± 1.18
6 (�7.91 ± 4.53) (�0.10 ± 0.88)
12 (�8.83 ± 4.06) (�0.27 ± 0.85)

Abbreviations. HOMA1-IR, Homeostatic Model Assessment of Insulin Resistance; IGT, impaired glucose tolerance; NGT, normal glucose tolerance; PT2D, persons
with prediabetes; T2D, persons with type 2 diabetes.
Values are mean or mean difference (in parenthesis) ± standard deviation.
aNumber of patients in the study.
bPublication’s authors reported a significant result.
cWhen FPG levels were reported in mmol/L, a multiplication factor of 18.018 was used to convert to mg/dL. Likewise, when FPI levels were reported in pmol/L,
a multiplication factor of 0.144 was used to convert to mIU/mL. Finally, when HbA1c was reported in the International Federation of Clinical Chemistry units
(IFCC, mmol/mol), the value was converted to the National Glycohemoglobin Standardization Program (NGSP, percentage) by multiplying it by 0.0915þ 2.152.

Table 3. The effect of denosumab treatment on glucose metabolism, stratified by glucose tolerance.
Heterogeneityb Associationc

Category Na Q p-value I2 (%) Model SDM 95% CI p-Valued p-Valuee

Fasting plasma glucose (mg/dL)
Overall 8 <.005 95.6 Random �0.388 �0.705 to �0.070 .017�
NGT 4 .651 0.0 Fixed �0.122 �0.301 to 0.056 .179 .263
IGT 4 <.005 98.1 Random �0.636 �1.123 to �0.149 .010�

Fasting plasma insulin (mU/mL)f

Overall 4 .310 16.3 Fixed �0.094 �0.273 to 0.085 .303 N/A
HbA1c (%)
Overall 5 .026 63.7 Random �0.075 �0.312 to �0.163 .538
NGT 3 .906 0.0 Fixed 0.133 �0.069 to 0.335 .197 .001�
IGT 2 .800 0.0 Fixed �0.292 �0.446 to �0.138 <.005�

HOMA1-IR
Overall 5 .159 39.3 Fixed �0.223 �0.388 to �0.058 .008�
NGT 4 .322 14.0 Fixed �0.160 �0.339 to 0.020 .081 .078
IGT 1 1.000 0.0 Fixed �0.573 �0.995 to �0.150 .008�

Abbreviations. 95%CI, 95% confidence interval; HOMA1-IR, Homeostatic Model Assessment of Insulin Resistance; I2, Inconsistency Index; IGT, impaired glucose
tolerance; N/A, not applicable; NGT, normal glucose tolerance; OR, Odds ratio.
aN ¼ number of studies included in analysis.
bDepending on the level of heterogeneity, either random effects model or fixed effects model was used.
cThe pooled effect was calculated using comprehensive meta-analysis software v2.
dp-Value¼ assessment of the association.
ep-Value¼ test for significance between IGT and NGT.
fFor fasting plasma insulin, the group was only comprised of NGT.�p-Value <.05 (two-tailed) were considered significant.
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Even though our results did indicate a significant associ-
ation between Denosumab and glucose parameters, there
was significant variability in the analysis between individual
studies, as demonstrated by the presence of heterogeneity.
Age affects RANKL and OPG concentrations and this could
affect Denosumab’s action. Chung et al. demonstrated that
RANKL was positively correlated with aging and OPG was
negatively correlated [31]. In our analysis, all patients are at
least 45 years old and similar in age. Another source for vari-
ability would be gender. Only two studies, the Abe 2019
study, and the Weivoda 2020 study had a mixed population.
Healthy men have higher RANKL concentrations than healthy
women and the situation is reversed with OPG [32]. Even
though we initially wanted an unbiased sample of studies,
our literature review resulted in a mix of patients with either
osteoporosis or compromised glucose tolerance. For compro-
mised glucose tolerance, depending on the duration of dia-
betes, secondary comorbidities could be present but were
not considered during the analysis. Similarly, for osteopor-
osis, bone tissue was recently demonstrated to be metabolic-
ally active; with proteins that modulate insulin secretion and
insulin sensitivity, such as osteocalcin [33]. In osteoporosis,
osteocalcin levels are impaired [34] and consequently alter
insulin secretion [35]. Lastly, another source of variability
could be concomitant treatments that were not adjusted in
the final analyses of the studies, such as aromatase inhibi-
tors, Vitamin D, and anti-diabetic medications (ADM). The
induction and increased risk of developing IGT after the use
of aromatase inhibitors are well-documented but the

underlying mechanisms are not fully understood [36]; there-
fore, the conjunction of Denosumab and aromatase inhibi-
tors is not well-studied and its effects need
further evaluation.

Both Vitamin D and, undoubtedly, ADMs have a beneficial
effect on glucose homeostasis and insulin sensitivity in
patients with IGT [37–39]. For Vitamin D, most of the
included studies gave this supplement—only three studies
did not indicate if the patients received Vitamin D [4,28].
This could be due to that Vitamin D tends to increase OPG
levels [40]. This addition might have resulted in a synergistic
effect between Denosumab and Vitamin D. Interestingly, it is
required to supplement Denosumab with Vitamin D and cal-
cium, which are also a treatment for osteoporosis, to avoid
secondary side effects, such as hypocalcemia [41]. For this
reason, we encourage future studies to take this into consid-
eration as, for example, Abe et al., who started their subjects
on activated Vitamin D for more than 26weeks before the
first administration of Denosumab and continue taking it
during the study so the baseline parameters would not be
affected [19].

ADMs influence glucose metabolism parameters [39], and
it is known that ADMs’ effect on FPG and FPI, specifically
Metformin [42], Sitagliptin [43], and Liraglutide [44], plateaus
within three months if the dose is not adjusted or combin-
ation therapy is not added [45]. Here, patients were taking
these medications before the baseline parameters were
obtained, and, according to most of the included studies,
these treatments or duration of diabetes does exceed

Figure 2. Time dependent effect of Denosumab treatment with respect to (A) Fasting plasma Glucose, (B) Fasting Plasma Insulin, (C) HbA1c, and (D) HOMA1-IR.
The analysis was made with linear meta-regression using the method of moments by the comprehensive meta-analysis software V2. There was only a strong asso-
ciation between denosumab treatment and HbA1c (slope ¼ �0.037, 95%CI: �0.059 to �0.015, p< .005).
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3months. We speculate that the therapies did not change
during the study period, which would suggest the marked
improvement in glucose parameters were due to the
Denosumab treatment. Nevertheless, we encourage future
studies to take this into consideration and state the type of
ADMs used, dose and duration of the treatment, and adjust
the analysis, if necessary.

Here, we observe an effect of Denosumab improving glu-
cose metabolism and it appears to be mainly associated with
PT2D and T2D. This result was expected. PT2D and T2D
results from pancreatic b-cell dysfunction [46] and most
AMDs focus on normalizing or stimulating b-cell homeostasis
[39]. OPG stimulates replication of adult human b-cells with-
out causing dedifferentiation by modulating the CREB and
the GSK3 pathways through binding RANKL [47].
Denosumab’s mechanism involves mimicking a partial func-
tional equivalent of OPG by inhibiting RANKL and likewise
inducing a mitogenic effect on pancreatic b-cells. Also, in
several in vitro and in vivo studies, a higher expression and
concentration of RANKL have been associated with pro-
longed hyperglycemia [7,48]. Additionally, recent studies
have shown that Denosumab decreases DPP4 and increases
GLP-1 concentrations in IGT patients [4]. NGT subjects have
functioning b-cells and do not have an increased expression
or concentrations of RANKL [7]. This could be a reason why
they may not benefit from Denosumab as much as the IGT
group. This corresponds with the results from our study
which demonstrated that the effect of RANKL inhibition on
glucose parameters was more pronounced in the IGT group.

Osteonecrosis of the jaw is one of the major adverse
effects associated with the use of Denosumab [49], especially
in IGT patients, which are reported to have poor oral health
[50]. Other adverse effects to Denosumab, independent of
IGT, are flatulence, eczema, and cellulitis [51]. Despite this,
Denosumab is the most dominant option and cost-effective-
ness drug for osteoporosis [52]. With respect to IGT, since
the treatment for Denosumab (one dose every six months)
can cost between $608 and $1811 USD yearly ($51–151 USD
monthly), which is similar to the cost for Metformin [non-
generic: $35 USD (500mg once a day) to $175 USD (850mg
three times a day)], this suggests the potential cost-effective-
ness for Denosumab. Therefore, more studies are needed to
analyzed if Denosumab should be a treatment option for IGT
patients [53].

This study has a few limitations. First, the duration of the
studies was not consistent so the results could not be com-
pared using specific time points. As seen in Figure 2, a time-
dependent factor is clear for HbA1c and because many stud-
ies did not present results for >3months, it was not possible
to view the extent of this effect. This result should be
assessed carefully. Second, most of the studies were com-
prised of only female patients (two studies included males).
Therefore, this result could be valid for only females. Futures
studies should focus on males only or perform a gender sub-
analysis. Third, due to the fact that the strength of the asso-
ciation is unknown, we varied the correlation coefficient to
calculate the pooled SDMs. Increasing the correlation coeffi-
cient will affect the pooled SDM. Nevertheless, when we did

increase the correlation coefficient (Supplement Table 1),
there was no change in the overall results. We presented
SDMs with the correlation coefficient of 0.6; however, the
true pooled SDMs remain unidentified. Fourth, our cohort of
studies included a mix of randomized clinical trials as well as
prospective observational studies; therefore, we used the
Downs and Black Checklist to assess the risk of bias for each
study, which was minimal. A sub-analysis by study type
could resolve this issue; however, due to the few studies
included here, we believe the analysis could yield misleading
conclusions. Furthermore, it should be acknowledged that
the main aim for most of the included studies was to treat
osteoporosis and not IGT. Fifth, in studies that included per-
sons with T2D and PT2D, the patients did not discontinue
using ADMs, which could be a source of bias. Nevertheless,
as mentioned above, most ADMs plateaus after three months
of treatment and according to most studies, the treatments’
durations did exceed three months. We speculate that this
effect should be minimal; however, this should be resolved
with a better-designed study and we encourage future stud-
ies to take this into consideration. Lastly, we used two differ-
ent methods to input the data into CMA. With the CMA
program, the data can be inputted with many different for-
mats, which will yield the same effect size measure, however,
depending on the method used, the standard error can be
different. Therefore, one method can give more accur-
ate estimates.

Conclusion

Here, our study indicates that the treatment with
Denosumab resulted in a significant reduction in FPG as well
as improving other glucose metabolism parameters, such as
HOMA1-IR, specifically for subjects with compromised glu-
cose tolerance. This does posit that Denosumab can be used
as an adjuvant to improve glucose metabolism when consid-
ering the association between glucose and bone metabolism.
We encourage future studies to further evaluate the possible
advantages of Denosumab, such as cost-effectiveness and
adherence, due to its twice a year application, for the treat-
ment of hyperglycemia.
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