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Abstract

Summary Internationally, there is an osteoporosis treatment gap, which pharmacists may assist in closing. This review
identifies pharmacist interventions for improving osteoporosis management and evaluates their effectiveness. Pharmacist
interventions are shown to improve osteoporosis management in terms of increasing investigation and treatment commence-
ment and osteoporosis therapy adherence.

Introduction This review identifies pharmacist interventions for improving osteoporosis management and evaluates their
effectiveness.

Methods A literature search using PubMed, Embase, International Pharmaceutical Abstracts, and Cumulative Index to Nurs-
ing and Allied Health Literature was undertaken from database inception to June 2022. Randomised controlled trials were
eligible, if they included adults diagnosed with or at risk of osteoporosis and assessed pharmacist interventions to improve
osteoporosis management. Outcomes regarding investigation, treatment, adherence and patient knowledge were evaluated
using qualitative analysis. The quality of included studies was assessed using the Critical Appraisal Skills Programme
checklists and the Cochrane Collaboration tool to assess the risk of bias (Rob 2.0).

Results Sixteen articles (12 different studies) with a total of 16,307 participants, published between 2005 and 2018 were
included. Pharmacist interventions were classified into two categories, those targeting investigation and treatment (n=10)
and those targeting adherence (n=2). The impact of the intervention on patient knowledge was considered by studies tar-
geting both investigation and treatment (n=2) and adherence (n=1). Pharmacist interventions demonstrated benefit for all
outcomes; however, the extent to which conclusions can be drawn on their effectiveness is limited by the heterogeneity of
interventions employed and methodological issues identified. Patient education and counselling were identified as a corner-
stone of pharmacist interventions targeting both investigation and treatment and adherence, along with the importance of
pharmacist and physician collaboration.

Conclusion Pharmacist interventions show promise for improving osteoporosis management. The potential for pharmacists
to contribute to closing the osteoporosis treatment gap through undertaking population screening has been identified.
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Introduction

Osteoporosis causes a significant burden to both individu-
als directly impacted by fractures and the wider community
[1]. The physical and psychological impact of osteoporosis
on individuals has been widely documented, with the most
significant impact associated with hip fracture [1, 2]. Within
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12 months of experiencing a hip fracture, 60% of individuals
require assistance; 40% are unable to walk independently;
33% are totally dependent; and there is a 20% mortality rate
[2, 3]. Whilst other fractures carry a lower mortality rate,
their impact is nonetheless significant, with ongoing pain,
loss of mobility, distorted body image, loss of self-esteem,
depression and adverse effects on daily routine all reported
[1]. At a societal level, fragility fractures and their associ-
ated disability result in a socioeconomic toll comparable
to or greater than a variety of chronic non-communicable
diseases, such as rheumatoid arthritis, asthma and hyper-
tension-related heart disease [2].
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As osteoporosis is a condition predominantly impacting
the elderly, the global aging of the population means the
burden of osteoporosis is anticipated to increase dramati-
cally worldwide [1, 4]. Current estimates propose that one in
three women and one in five men over 50 years of age will be
directly impacted by osteoporosis in their remaining lifetime
[1]. Fragility fractures caused by osteoporosis are largely
preventable with effective treatment [1, 4]. Of the individu-
als who sustain a fragility fracture, 50% will experience a
secondary fracture [1, 3]; despite this, an estimated 80%
of individuals who experience a fragility fracture remain
untreated [2]. For those in whom therapy is commenced,
adherence is an ongoing issue [3, 4]. These barriers to effec-
tive management have led to repeated international calls to
reduce the widely documented osteoporosis treatment gap
[1,3,4].

Several potential reasons for this treatment gap have been
proposed. A lack of public awareness, the asymptomatic
nature of osteoporosis until a fracture occurs, and limited
access to diagnostic methods have been identified as con-
tributing factors to underdiagnosis [5]. Physicians placing
a low level of priority on the management of osteoporosis
have been shown to be a barrier to treatment commence-
ment [6]. Potential rare adverse effects and concerns about
polypharmacy have also been linked to low treatment com-
mencement and adherence rates [5]. Fragmented health care
contributes to the high proportion of individuals remaining
untreated following a fragility fracture [S]. Therefore, a mul-
tifaceted approach directed at patients, health care providers
and healthcare systems is necessary to reduce the osteopo-
rosis burden [6].

Pharmacists are widely accepted as one of the most acces-
sible health care professionals and regarded as the experts in
medicines [7, 8]. Pharmacists can contribute to addressing
the treatment gap in osteoporosis in several ways. Firstly,
pharmacists may assist with public awareness, screening and
diagnosis of osteoporosis, including identifying individuals
at risk of drug-induced osteoporosis [7, 8]. Pharmacists can
also help in treatment uptake, guiding the choice of agent
and improving adherence [8]. Finally, pharmacists undertak-
ing medication review can help reduce falls risk and subse-
quent fractures by identifying and advocating for deprescrib-
ing of medications that may contribute to increased fall risk
[9, 10].

A previous systematic literature review, which included
articles published up to April 2010, found pharmacist
interventions increased BMD testing and calcium use in
patients at risk of osteoporosis [11]. At the time of the
review, there was an absence of data on pharmacist inter-
ventions for increasing osteoporosis therapy and adherence
[11]. In the ensuing years, there has been an increase in
available osteoporosis therapy options, with the introduc-
tion of denosumab, and more recently romosuzumab [4].
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Consequently, it is anticipated there will have been an
increase in the literature pertaining to pharmacist inter-
ventions and osteoporosis management. The purpose of
this review is to identify and evaluate pharmacist interven-
tions for improving the management of osteoporosis. This
information will then be utilised to assist in developing
strategies for pharmacists to narrow existing osteoporosis
treatment gaps.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) statement was utilised to guide
reporting of this systematic review [12]. Refer to Online
Resource 1 for completed PRISMA 2020 for Abstracts and
PRISMA 2020 checklists, and Online Resource 2 for the
review protocol.

Literature search

Following liaison with a medical librarian, a literature search
was undertaken in PubMed, Embase, International Phar-
maceutical Abstracts and Cumulative Index of Nursing and
Allied Health Literature from inception to June 2022. using
the following keywords separated by Boolean operators:
[“osteoporosis,” “osteopenia,” “bone loss,” “bone density;”
“BMD,” “bone fragility,” “fracture”] AND [“pharmacist,”
“pharmacy”]. Complete search strategies are available in
Online Resource 3. Reference lists of articles identified for
full-text review were manually searched.

Retrieved records were imported to an EndNote™ library
[13], and record management was completed using the
Covidence systematic review platform [14]. Following the
removal of duplicates, articles were screened for eligibility
by title and abstract. Articles identified as possibly relevant
underwent full-text review. Screening was completed by two
authors (CL and HB) with the input of the third author (KW)
sought in the event of discrepancies in studies for inclusion.

Inclusion criteria

Articles were included if they met the following eligibil-
ity criteria: (1) randomised controlled trial (RCT) assessing
a pharmacist intervention to improve the management of
osteoporosis in an adult population with or at risk of osteo-
porosis; (2) full-text peer-reviewed original research, and (3)
available in English language. Multidisciplinary interven-
tions that stipulated a pharmacist’s involvement and identi-
fied their role were included.
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Data extraction and analysis

Data from the eligible studies were extracted by one author
(CL) and recorded utilising a standardised data extraction
form. Information extracted included practice setting, par-
ticipant inclusion/exclusion criteria, sample size, partici-
pant demographics, intervention details, follow-up period
and outcomes. Critical Appraisal Skills Programme (CASP)
checklists [15] were used to assess the quality of studies by
one author (CL). The risk of bias was assessed by one author
(CL) using the Cochrane Collaboration tool to assess risk of
bias RoB 2.0 [16]. Where possible, published protocols and
information from trial registries were obtained, especially
to assess the risk of reporting bias. For risk of bias assess-
ment purposes, the primary outcome per study methods was
considered; in situations where the study stated more than
one primary outcome, the risk of bias was assessed for the
first outcome listed in the report. The robvis tool [17] was
utilised to visually represent the risk of bias assessments.

Considering the heterogeneity of studies, a qualitative
approach was undertaken for analysis. Studies were clas-
sified according to the aspect of osteoporosis management
being assessed and the nature of the intervention utilised.
Outcomes presented are those pertaining to osteoporosis
investigation, treatment, adherence and patient knowledge.
The outcomes are reported using the effect measure pre-
sented by each respective study.

Results
Study selection

Database searches identified 6029 records, which reduced
to 5139 records after the removal of duplicates. Following
screening by title and abstract, 153 reports required further
analysis. After full-text review, reports were excluded for
not meeting the criteria for study type (n=106), non-full
text original research articles (n =25), studies that did not
involve pharmacist intervention (n =7), studies where the
role of the pharmacist was not specified (n=1) and non-
English language articles (n=1); see Online Resource
4 for a complete list of articles excluded following full-text
review. Three additional articles were identified through
hand-searching of reference lists. After the exclusion of
four articles that duplicated reporting of RCTs [18-21],
twelve RCTs were identified for inclusion in the systematic
review. The adapted PRISMA flow chart is presented in
Fig. 1.

One study identified in the search was excluded as a
near-miss [22]. Whilst this study appeared to fulfil the
inclusion criteria, the intervention was delivered by either
a pharmacist or a nurse. Reporting did not differentiate
the effect of pharmacist-delivered intervention from that
provided by nurses, and thus the study was excluded.
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Fig.1 PRISMA flow diagram
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Study characteristics

Study characteristics and outcomes are reported in Table 1;
complete extracted results are presented in the Online
Resource 5. Five of the included studies had a cluster-ran-
domised design [23-27], and seven were randomised con-
trolled trials [28-34]. All studies were published from 2005
onwards. Studies were predominantly conducted in the USA
(n=5) [23, 24, 28-30], with the remainder being conducted
in Canada (n=2) [25, 31], the Netherlands (n=2) [26, 32],
Australia (n=1) [27], India (n=1) [33] and Malaysia (n=1)
[34].

The studies took place across a range of pharmacist prac-
tice settings, including community pharmacies (n=6) [24,
26, 27, 29, 31, 32], hospital outpatient clinics (n=3) [28, 33,
34], primary healthcare centres (n=1) [23], mobile health
clinics (n=1) [28], long-term care facilities (n=1) [25] and
a managed care organisation (n = 1) [30]. The inclusion cri-
teria of most studies were open to those at risk of osteopo-
rosis, irrespective of fracture history. However, one study
restricted participation to individuals who had experienced
a fracture [30], and another two studies were restricted to
individuals commencing osteoporosis therapy [26, 34]. The
studies did not differentiate between patients with primary or
secondary osteoporosis, with three exceptions, two focused
on glucocorticoid-induced osteoporosis (GIOP) [24, 32] and
another on antiepileptic therapy-induced osteoporosis [33].

The sample size of studies ranged from 29 [33] to
6591[30] patients, with the mean age of study patients rang-
ing from 34 [33] to 84 [25] years. Five studies restricted
inclusion to female patients [28-30, 33, 34]. In the remain-
ing studies, the percentage of female patients ranged from
55% [32] to 92% [23]. Five studies had a follow-up time of
less than 6 months [27-31], and seven studies had a follow-
up time of between 6 and 12 months [23-26, 32-34].

Pharmacists employed a wide variety of interventions,
which were predominantly multi-component in nature.
Patient education and counselling was the most employed
intervention component [24, 26-29, 31, 33, 34]; other
components were fracture risk screening [27-29, 31, 33],
collaboration with physicians [23, 25, 30, 32] and medica-
tion review [24]. Studies were classified into two catego-
ries, those in which pharmacist interventions were targeted
towards osteoporosis investigation and treatment [23-25,
27-33] and those targeting adherence [26, 34]. The impact
of the intervention on patient osteoporosis knowledge level
was reported by two studies targeting investigation and treat-
ment [29, 31] and one study targeting adherence [19].

Investigation and treatment

Pharmacist interventions intended to increase osteoporosis
investigation and treatment were evaluated in ten studies
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[23-25, 27-33]. Interventions were classified into three
types according to whom the intervention was directed to:
patients only (n=6) [24, 27-29, 31, 33], physicians (n=3)
[23, 30, 32] and an intervention involving pharmacists as
part of a multidisciplinary care team (n=1) [25]. Compari-
son was made with usual care in seven studies [23-25, 29,
31-33], and the remainder made comparison with an alter-
native intervention (n=23) [27, 28, 30].

Investigation

Two outcomes were utilised to assess the impact of pharma-
cist interventions on osteoporosis investigation: follow-up
with physician per pharmacist referral (n=3) [27, 28, 31]
and BMD testing (n=5) [23, 24, 28, 30, 31].

A significant increase in the number of patients attend-
ing an osteoporosis specific-appointment following phar-
macist referral was achieved in comparison to usual care
(p-value <0.001) [31]. No between group difference was
shown when comparing alternative pharmacist interventions
[27, 28]; however, in one study both interventions appeared
to provide benefit with 55.6% of participants consulting their
physician about osteoporosis [28].

An increase in the proportion of patients undergo-
ing BMD testing was achieved by a patient only directed
intervention involving multiple occurrences of education
and counselling (usual care 10% vs intervention 22% (rela-
tive risk (RR) 2.2, 95% confidence interval (CI) 1.2,4.1;
p-value=0.011) [31]; but not when the intervention was
delivered on a single occasion [24]. In a study comparing
alternative patient only interventions, whilst no difference
was shown between interventions, both interventions dem-
onstrated an upward trend for participants undergoing BMD
testing, which occurred for 38.9% of patients [28]. In stud-
ies involving physician directed components combined with
patient components, an increase in the proportion of patients
undergoing BMD testing was achieved, both in comparison
to usual care (usual care 9% vs intervention 13% unadjusted
RR 1.43,95% CI 1.06, 1.94; p-value =0.02) [23] and alterna-
tive interventions (physician telephone call 8.1% vs patient
telephone call 5.6% p-value =0.001; physician telephone
call 8.1% vs written materials alone 5.3% p-value <0.001)
[30].

Treatment

The majority of studies (n=8) considered outcomes pertain-
ing to treatment [23-25, 27, 28, 30, 32, 33].

The effect of the pharmacist intervention on calcium
intake was reported in six studies [24, 25, 27, 28, 31, 32]. An
increase in overall calcium intake was achieved by one study
utilising a patient-directed intervention (p-value=0.011)
[31]. Similarly, an increase in calcium supplement
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use was achieved by one patient-directed intervention
(p-value <0.05) [24] and the multidisciplinary care team
(odds ratio (OR) 1.33, 95% CI 1.01,1.74) [25]. Howeyver,
neither the physician-directed intervention [32] nor patient
only-directed interventions, making comparison with alter-
native interventions [27, 28], found a difference in calcium
intake between groups. Although none of the interventions
found a difference in calcium intake between groups both
studies reported an upward trend of calcium intake, with
72.2% [28] and 79% [27] of patients increasing calcium in
accordance with pharmacist advice.

Vitamin D intake was reported in five studies; of which
three involved patient only-directed interventions [27, 28,
31]; one involved a physician-directed intervention [32]; and
one involved a multidisciplinary care team [25]. One study,
making comparison of alternative patient-directed interven-
tions, found a between group difference for vitamin D sup-
plementation (p-value =0.024) [28]. In this study, both inter-
ventions achieved increases in vitamin D supplementation,
with 79.2% of patients starting or increasing vitamin D sup-
plements. Another study, making comparison of alternative
patient interventions, found no between group difference, but
did report 78.6% of patients across the study increased vita-
min D intake in accordance with pharmacist advice [27]. An
increase in vitamin D supplementation was also achieved by
the multidisciplinary intervention (OR 1.82, 95% 1.12,2.96)
[25]. The remaining studies did not demonstrate a difference
in vitamin D intake [31, 32].

Calcium and vitamin D supplements were initiated by
pharmacists in the study pertaining to anti-epileptic therapy-
induced osteoporosis [33]. The provision of supplements
accompanied pharmacist-delivered education and counsel-
ling and BMD testing. At 1 year, a statistically significant
difference in mean deviation of T-score shifts was achieved
(spine: control mean deviation (MD) 0.08 + standard
deviation (SD) 0.78 vs intervention MD 0.44 + SD 1.65;
p-value <0.01 and femoral neck: control MD 0.05+SD 0.02
vs intervention MD 0.87 + SD 0.07; p-value <0.01). Further-
more, at 1 year, 21% of the intervention group had a BMD
in normal range compared with 7% of the control group.

Pharmacist interventions that were directed to physi-
cians were shown to increase the commencement of osteo-
porosis therapy [23, 30, 32]. When interventions involved
physician components combined with patient components,
a small increase in proportion of patients commencing
therapy was achieved, both in comparison to usual care
(usual care 4% vs. intervention 6% unadjusted RR 1.60,
95% CI 1.04,2.49; p-value =0.03) [23] and written materi-
als alone (written materials 5.3% vs. physician and patient
intervention 7.0%; p-value =0.019) [30]. The intervention
delivered to physicians without a patient component did
not result in an overall increase in osteoporosis therapy
commencement [32]. However, a sub-analysis showed an

increase in osteoporosis therapy commencement for men
(usual care 5.1% vs intervention 12.8%, HR 2.53, 95% CI
1.11, 5.74) and patients 70 years of age or older (usual
care 4.9% vs intervention 13.4%, HR 2.88, 95% CI 1.33,
6.23). Pharmacist interventions delivered only to patients
neither demonstrate a statistical difference for osteoporosis
therapy commencement [24, 28, 31], nor did the interven-
tion involving pharmacists as part of a multidisciplinary
care team [25].

Adherence

Two studies utilised pharmacist interventions to increase
adherence to osteoporosis therapy [26, 34]. In both stud-
ies, the pharmacist interventions were delivered solely to
patients, and comparison was made with usual care. The
intensity of the pharmacist intervention varied between the
two studies. One study targeting investigation and treatment
also reported on adherence in a secondary analysis [20].
Of these three studies, two assessed adherence utilising
dispensing record date and reported this as the medication
possession ratio (MPR) [20] and medication possession ratio
modified (MPRm) [26]. The MPR and MPRm are a ratio of
the days of medication supplied to days in the time period
being considered; hence a patient that has prescriptions filled
consistently and subsequently has medication available for
every day of the time period is deemed to be 100% adher-
ent. In the third study targeting adherence, three methods for
assessing adherence were used: direct reporting by patients,
pill count by analysts and patient self-record [34].

In the first study targeting adherence, a statistically sig-
nificant effect of the intervention was not found using the
intent to treat analysis [26]. However, the intervention was
not delivered to 57% of patients, for which the primary
reasons were no telephone number being available and the
patient not being able to be reached. Per protocol analy-
sis demonstrated the effectiveness of this intervention in
terms of MPRm expressed as a continuous outcome (risk
difference (RD) 10.2,95% CI 1.98, 16.4) and MPRm > 80%
(OR 2.15,95% CI 1.32, 3.57). The second study targeting
adherence found a benefit from the intervention when adher-
ence was measured using pill count and self-recording [34].
For pill count, a difference was demonstrated at 6 months
(p-value =0.028), whilst for self-recording a difference
was demonstrated at both 6 months (p-value=0.015) and
12 months (p =0.047).

In the secondary analysis of the study targeting inves-
tigation and treatment, which made comparison to usual
care, no difference in adherence was found between groups
(intervention MRP median 74% interquartile range (IQR)
19-93% vs. usual care MRP median 73%, IQR 0-—-3%;
p-value=0.18) [20].
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Patient knowledge

Patient osteoporosis knowledge was reported as an out-
come by three studies, two targeting investigation and
treatment [29, 31] and one targeting adherence [19]. Com-
parison was made to usual care [19, 31] or baseline knowl-
edge [29]. Two of the three studies utilised a validated tool
to assess knowledge [19, 31]; the third study developed a
new tool, but this was not validated [29].

Of the two studies targeting investigation and treatment,
one found the intervention resulted in an increased knowl-
edge level (p-value <0.001) [29]. The study targeting
adherence reported a statistically significant higher knowl-
edge score in the intervention group at 3 months (72.50 vs

Fig.2 RoB 2.0 RCTs

62.50%), 6 months (75.0 vs 65.0%) and 12 months (78.75
vs 68.75%) (p-value <0.001) [19].

Study quality

The quality of studies was assessed using both a risk of bias
assessment and a critical appraisal checklist. In addition to
the reports themselves, published protocols [35-37] and
information contained in trial registries [38—41] were uti-
lised, where possible, for these assessments. A table detail-
ing sources utilised for risk of bias assessments and critical
appraisal of each study is contained in Table 1 of the Online
Resource 6.

The risk of bias was assessed utilising RoB 2.0 for RCTs
or cluster-RCTs as applicable (Figs. 2 and 3). Overall, one

. Risk of bi domains ,

4

1L

@ ©
© ©
® ©
® ©
® ©
© ©

Domains:

: Bias arising from the randomization process.

: Bias due to deviations from intended intervention.
: Bias due to missing outcome data.

: Bias in measurement of the outcome.

: Bias in selection of the reported result.

Fig.3 RoB 2.0 Cluster RCTs

Domains:

D1:
D1b:

D2:
D3:
D4 :
D5:

@ Springer

© ©
®@ O
®@ O
® O
® O
®@ O©
© 0O

Judgement

Some concerns

. Low

Judgement

@ i

Some concerns

. Low

Bias arising from the randomization process.
Bias arising from the timing of identification

and recruitment of Individual participants in
relation to timing of randomization.

Bias due to deviations from intended intervention.
Bias due to missing outcome data.

Bias in measurement of the outcome.

Bias in selection of the reported result.



Osteoporosis International (2023) 34:239-254

249

study was judged to have a low risk of bias [25], nine as
having some concerns [23, 26, 28—-34] and two studies had a
high risk of bias [24, 27]. Eleven studies were judged to have
some concerns for Domain Five, reflective of the absence of
a prespecified analysis plan being available [23, 24, 26-34].
Two cluster RCTs were found to have a high risk of bias in
Domain One B as clusters were aware of group allocation
prior to participant recruitment [24, 27].

CASP checklists were utilised to assess the quality of
studies. A summary of the results is available in Table 2
of Online Resource 6. Six studies identified differences
in participant characteristics that may impact outcomes
[23-25, 27, 31, 32], of which four performed analyses
controlling for covariates [23, 25, 31, 32]. Predominantly
blinding did not occur, with two exceptions; one study
blinded participants [28], and another blinded the database
manager and analysts [25]. Neither sustainability nor cost
analysis of the intervention was considered in any study,
limiting the ability to assess cost effectiveness and appli-
cability to clinical practice. Underpowering was identified
as a potential concern in three studies where the recruited
sample size was lower than that proposed [24, 27, 28].
Two studies reported amendments to the planned protocol
[25, 27].

Concerns are held regarding the study protocol of two
studies [29, 32]. In one study, pertaining to a physician-
directed intervention, there was no stipulation on how
pharmacists were to implement the intervention [32]. This
aspect of the study protocol raises the potential for signifi-
cant inter-site variability in the intensity of the intervention
utilised by pharmacists. In the second study which assessed
patient knowledge, the non-validated knowledge assessment
was scored by the pharmacist who was responsible for both
group allocation and provision of the intervention, raising
the potential for scoring to be influenced by knowledge of
the intervention received [29].

In three studies, where comparison was reported to be
made with usual care, there is cause to believe the care pro-
vided to the comparator group was more comprehensive
than usual care and this may have resulted in undermin-
ing the effectiveness of the intervention [24, 31, 34]. In one
study targeting investigation and treatment, participants in
the comparator group were provided with written educa-
tional materials which the authors noted was not in keep-
ing with the usual care provided by pharmacists [31]. In
another study, with a cluster RCT design, pharmacists in
both clusters received training on the intervention, raising
the possibility for this training to have been implemented by
pharmacists in the comparator group when interacting with
patients [24]. Evidence of this was the comparable propor-
tion of patients receiving advice from pharmacists regarding
GIOP risk and the need for BMD testing. Finally, in a study
targeting adherence, patients in the comparator group had a

greater level of interaction with healthcare providers than is
usual, due to the testing of BTMs and the means of assessing
adherence employed by the study [34].

Discussion

This review sought to identify and evaluate pharmacist inter-
ventions for improving osteoporosis management. There has
been an increase in the literature since the previous system-
atic literature review [11] was undertaken in 2011, with an
additional nine studies identified [23, 25, 26, 28-30, 32-34].
In the previous literature review, all studies were directed
to patients only and took place in community pharmacies
[24, 27, 31]. The additional studies included in this review
involved interventions delivered by pharmacists in a mix of
practice settings [23, 25, 28, 30, 33, 34] and involved physi-
cian-directed components [23, 30, 32] as well as pharmacists
undertaking an intervention as part of a multidisciplinary
care team [25]. These additional studies not only supported
the findings of the previous review to show that pharmacist
interventions can increase BMD testing [23, 30] and calcium
intake [25], but also showed pharmacist interventions can
increase the use of vitamin D supplements [25, 28] and com-
mencement of osteoporosis therapy [23, 30, 32]. At the time
of the previous literature review, no studies were identified
that evaluated the effectiveness of pharmacist interventions
for adherence; this review identified three studies [20, 26,
34] that considered this, of which two [26, 34] demonstrated
effectiveness.

Whilst the studies did demonstrate statistical differences,
the conclusions that can be drawn from this review are
impeded by the heterogeneity of interventions and patient
groups and the range of methodological issues identified
in quality appraisal. Comparison of the effectiveness of
the interventions is also impeded by the evolving nature of
osteoporosis guidelines during the timespan and the multi-
ple jurisdictions in which the studies were conducted [4].
Three studies made comparison of alternative interventions
[27, 28, 30], without the use of a control group receiv-
ing usual care further limiting evidence of effect. Whilst
the upward trends in terms of investigation and treatment
achieved by these studies indicate the pharmacist interven-
tions did exhibit an effect, drawing definitive conclusions
on the effectiveness of pharmacist interventions over usual
care is not possible. Despite these shortcomings, pharma-
cist interventions show promise for improving osteoporosis
management. Additionally, the studies have shed light on the
components pharmacists can utilise in such an intervention.
The components that have been identified for inclusion in
pharmacist interventions are patient education and counsel-
ling, collaboration with physicians, fracture risk assessment
and medication review.
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As with pharmacist interventions in other disease states
[42, 43], the results of this review support pharmacists
delivering osteoporosis interventions in collaboration with
other health care providers. Interventions delivered to both
patients and physicians were able to achieve an increase
in overall osteoporosis therapy commencement [23, 30];
however, interventions delivered to patients [24, 28, 31] or
health care providers [25, 32] alone did not. The success of
combined patient and physician interventions likely reflects
the low priority placed on osteoporosis management by both
patients and physicians. Evidence shows patients are largely
unaware of osteoporosis [5, 44]; however, increasing patient
knowledge, as achieved by pharmacist intervention [29],
translates to increased patient self-efficacy and, in turn, an
increase in treatment rates [44, 45]. As pharmacists can initi-
ate calcium and vitamin D, pharmacist interventions with-
out physician components are able to increase their use [24,
27, 28, 31, 33]. However, with physicians responsible for
the commencement of osteoporosis therapy there is a need
for their involvement to increase this aspect of osteoporosis
management. It is widely documented that physicians place
a low level of priority on osteoporosis management and per-
ceive several barriers to therapy commencement [5, 6, 9,
46]. Physician barriers to osteoporosis therapy commence-
ment include a mix of clinical and systemic factors, such as
uncertainty regarding therapy effectiveness [6, 9], potential
adverse effects [6, 9, 46], contributing to polypharmacy [5,
9, 46], time requirements for case finding [5] and uncertainty
regarding the clinical responsibility of osteoporosis manage-
ment [5]. In the interventions, pharmacists addressed these
issues by identifying patients for investigation and treatment
and assisting the physicians to apply treatment guidelines
to these patients. Hence, although pharmacist interventions
to either physicians or patients alone can improve aspects
of osteoporosis management, the two-pronged approach of
simultaneously addressing osteoporosis management with
patients and physicians appears to provide greater benefit.

Osteoporosis management guidelines recommend the
performance of fracture risk assessment to guide BMD test-
ing and treatment commencement [4, 46—48]. A systematic
review undertaken by Merlijn et al. (2020) found popula-
tion screening for individuals at high risk of fracture is an
effective strategy for increasing treatment rates and reduc-
ing fracture rates [49]. In the studies reviewed by Merlijn
et al. (2020), population screening consisted of fracture
risk assessment, utilising FRAX or presence of clinical fac-
tors, with subsequent BMD testing if indicated [49]. This
approach is akin to that employed in pharmacist interven-
tions, with pharmacists performing preliminary screening
of risk and identifying patients requiring BMD testing via
either referral [24, 27, 28, 31] or direct collaboration [23, 30]
with physicians. Given the high accessibility of pharmacists
[6, 7] and their ability to incorporate fracture risk assessment

@ Springer

in an osteoporosis intervention, the possibility of pharma-
cists being employed to undertake population screening for
individuals at high risk of fracture should be explored.

Another component utilised in pharmacist interventions
that warrants further consideration is medication review.
Pharmacist-led medication review refers to a service in
which pharmacists assess a patient’s medication regimen
to identify and resolve medication-related issues in collab-
oration with physicians [50]. It has been widely recognised
as an effective pharmacist intervention for both range of
specific disease states and optimising medication use,
including improving adherence [42, 50]. Considering this,
it was surprising medication review was only employed
in one of the identified studies and had limited success
[24]. However, quality appraisal identified methodological
concerns which may have led to the undermining of this
study’s outcomes and hence impact the conclusions that
can be drawn. From other literature, pharmacists under-
taking medication reviews have the potential to improve
osteoporosis management [8, 46, 48, 51-53]. Specifically,
medication review is advocated in multiple international
guidelines for reducing falls and subsequent fractures, as
well as aiding in the identification and management of
those at risk of drug-induced secondary osteoporosis [46,
48, 51-53]. As medication review is an established phar-
macist intervention, accepted by physicians [42, 50], the
potential for it being used as a framework for incorporat-
ing physician collaboration into a pharmacist osteoporosis
intervention could have merit.

If the osteoporosis treatment gap is to be closed, in addi-
tion to increasing investigation and treatment, it is neces-
sary to also improve adherence [4, 54, 55]. The need for a
multifaceted approach to achieve this was demonstrated by
Shu et al. (2009) who found a pharmacist intervention that
increased investigation and treatment did not result in an
improvement in adherence [20]. A systematic review regard-
ing interventions to improve osteoporosis therapy adherence
supported interventions that enabled individualised solutions
through collaboration between patients and their health care
providers [54]. This approach was utilised by both phar-
macist interventions targeting adherence, with pharmacists
employing patient education and counselling to reinforce
the patient’s need for therapy and address patient-encoun-
tered issues with therapy [26, 34]. Although neither study
involved a physician component per se, the importance of
pharmacists collaborating with physicians to improve adher-
ence was highlighted by Lai et al. (2012) in their report on
issues encountered by patients [18]. Pharmacists working
alone were able to resolve 41% of the osteoporosis therapy
issues encountered by patients; this increased to a resolution
rate of 98.5% when pharmacists liaised with physicians [18].
There is therefore evidence for pharmacists collaborating
with physicians to not only deliver interventions to improve
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osteoporosis investigation and treatment commencement but
also to support patients with adherence.

Whilst the studies in this review have shown pharma-
cists can improve adherence for bisphosphonates [26, 34],
it is recognised low levels of adherence are problematic for
other classes of osteoporosis therapy [4, 6, 56]. For example,
denosumab has been shown in recent studies to be frequently
abruptly ceased without successive osteoporosis therapy
commenced [6, 56]. This is a significant issue, as abrupt
cessation can result in the full benefit of therapy not being
achieved, as well as an increased incidence of fractures [4,
6,47,48, 51, 52]. Further research on the pharmacist’s role
in maintaining adherence for the full intended duration of
therapy and for all osteoporosis therapies is needed.

The impact of the practice setting on the design and
success of pharmacist interventions is also of importance.
In this review, studies reported on interventions that were
predominantly delivered in the community pharmacy set-
ting. Only one study in this review was conducted in the
long-term care setting where residents are reported to have
a higher incidence of osteoporosis than community-dwell-
ing individuals [9, 46]. Hence, there is a need for further
research on pharmacist interventions targeting osteoporosis
management in a broader range of practice settings.

Limitations

Whilst this systematic review employed rigorous methods
and has been reported in keeping with PRISMA, it is rec-
ognised limitations exist, including that the review was
not registered. Whilst an extensive literature search utilis-
ing a broad search strategy was undertaken, it is possible
that relevant studies may not have been identified. Includ-
ing only articles written in English may have resulted in
relevant studies being excluded. As with all systematic
reviews, the findings presented are limited by the quality
of the identified studies. To this end, whilst studies were
restricted to RCTs, as they are considered to provide the
most reliable evidence for the effectiveness of the inter-
vention, quality appraisal identified concerns across all
studies which impeded the conclusions that can be drawn.
Furthermore, the restriction of study type to RCTs may
have resulted in the exclusion of studies that are more rel-
evant to real-world clinical practice.

Finally, it is acknowledged the outcomes reported in this
review represent surrogate markers for fracture reduction.
However, given the efficacy of calcium, vitamin D and
osteoporosis therapy has been widely established [4, 47, 48,
51, 52], it is realistic to expect increases in treatment, and
adherence resulting from pharmacist interventions would
translate to a reduction in fractures. Studies of larger power
and longer follow-up duration would be required to demon-
strate this.

Conclusion

This review has demonstrated pharmacist interventions show
promise for closing the osteoporosis treatment gap. Defini-
tive conclusions regarding effectiveness are limited by the
small number of studies, utilising a wide variety of interven-
tions and quality appraisal revealing a range of methodo-
logical issues. However, pharmacist interventions do appear
to provide benefits in terms of osteoporosis investigation,
treatment, adherence and patient knowledge.

Interventions tended to be multicomponent in nature, with
patient education and counselling serving as the cornerstone
of interventions. Pharmacist collaboration with physicians
was found to be beneficial for both increasing investiga-
tion and treatment and aiding adherence. As an established
means of pharmacist and physician collaboration, further
research on the use of medication review as a component of
pharmacist osteoporosis interventions is warranted. Addi-
tionally, pharmacists, having demonstrated their ability to
utilise fracture risk assessments to improve investigation
rates, may be well placed to assist in narrowing the osteo-
porosis treatment gap by undertaking population screening.
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