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Abstract

Background Bisphosphonates are effective in preventing fragility fractures; however, high rates of adherence are needed to 

preserve clinical benefits.

Objective To investigate persistence and compliance to oral and intravenous bisphosphonates (alendronate, ibandronate, 

risedronate, and zoledronate).

Methods Searches of 12 databases, unpublished sources, and trial registries were conducted, covering the period from 

2000 to April 2021. Screening, data extraction, and risk of bias assessment (Cochrane Collaboration risk-of-bias tool 1.0 & 

ROBINS-I) were independently undertaken by two study authors. Randomised controlled trials (RCTs) and observational 

studies that used prescription claim databases or hospital medical records to examine patients’ adherence were included. 

Network meta-analyses (NMA) embedded within a Bayesian framework were conducted, investigating users’ likelihood 

in discontinuing bisphosphonate treatment. Where meta-analysis was not possible, data were synthesised using the vote-

counting synthesis method.

Results Fifty-nine RCTs and 43 observational studies were identified, resulting in a total population of 2,656,659 participants. 

Data from 59 RCTs and 24 observational studies were used to populate NMAs. Zoledronate users were the least likely to 

discontinue their treatment HR = 0.73 (95%CrI: 0.61, 0.88). Higher rates of compliance were observed in those receiving 

intravenous treatments. The paucity of data and the heterogeneity in the reported medication possession ratio thresholds 

precluded a NMA of compliance data.

Conclusions Users of intravenously administered bisphosphonates were found to be the most adherent to treatment among 

bisphosphonates’ users. Patterns of adherence will permit the more precise estimation of clinical and cost-effectiveness of 

bisphosphonates.

Trial registration PROSPERO 2020 CRD42020177166

Keywords Adherence · Bisphosphonates · Compliance · Discontinuation · Network meta-analysis
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ALN  Alendronate

BP  Bisphosphonate

CrI  Credible interval

d1k  Relative effect

Dres  Total residual deviance

DIC  Deviance Information Criterion

HR  Hazard ratio

IBN  Ibandronate

iv  Intravenous

MPR  Medication possession ratio

OP  Osteoporotic

OR  Odds ratio

pD  Effective number of parameters

PDC  Proportion of days covered

RIS  Risedronate

SD  Standard deviation
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SUCRA   Surface under the cumulative ranking

ZOL  Zoledronate
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σ  Between-study standard deviation

τ  Within-class standard deviation

Introduction

Bisphosphonates (BPs) are the most commonly prescribed 

treatment for osteoporosis [1] and are broadly regarded as 

the optimal treatment for adults with osteoporotic fractures 

[2, 3]. Adherence to BPs is crucial to realise clinical benefits 

and reduce the risk of fractures. Recent evidence, however, 

suggests that adherence to oral and parenteral BPs are sub-

optimal and they tend to decrease over time [4, 5]. Given that 

duration of BP treatment is affected by both individual and 

contextual factors [3, 6], as well as the high heterogeneity 

observed in adherence rates among BPs, there is a need to 

undertake a comparative evaluation of adherence among BP 

users. In this review, adherence is used as an umbrella term 

which encompasses the following terms [7, 8]: (i) initiation, 

(ii) implementation, and (iii) discontinuation of treatment. 

Initiation of treatment refers to the time when people start 

a prescribed medication (i.e. receive the first dose of a pre-

scribed medication), implementation refers to the level of 

compliance to the dosing regimen of a prescribed medication 

from the first to the last dose, and discontinuation refers to the 

time when people stop taking their prescribed medication [9]. 

In this review, the term ‘compliance’ has been used as synon-

ymous to ‘implementation’, while the term ‘persistence’ has 

been used for denoting ‘(non)-discontinuation to treatment’.

This is a systematic review and network meta-analysis 

which seeks to synthesise the evidence on treatment discon-

tinuation, persistence, and compliance among oral and par-

enteral BP users. In this review, four BPs were considered: 

alendronate 10 mg/daily and 70 mg/weekly (ALN), iban-

dronate 150 mg/monthly (IBN-oral), and ibandronate 3 mg/

quarterly intravenously administered (IBN-iv), risedronate 

5 mg/daily or 35 mg/weekly (RIS), and zoledronate 5 mg/

annually (ZOL). A comparative evaluation of users’ adher-

ence will enable better estimation of BPs’ clinical effective-

ness which in turn will inform cost-effectiveness modelling 

more accurately and facilitate clinical decision-making. This 

review aims to provide estimates regarding users’ probability 

to adhere in BPs’ treatment, exploring patterns of discon-

tinuation, persistence, and compliance among people with 

different clinical profiles.

Methods

This study was reported following the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses 

(PRISMA) [10] and the PRISMA Extension Statement for 

Reporting of Systematic Reviews Incorporating Network 

Meta-analyses of Health Care Interventions checklist [11]. 

A prospective protocol for the systematic review has been 

previously published in PROSPERO [CRD42020177166] 

[12].

Eligibility criteria

Eligible participants were women and men aged ≥ 65 

or ≥ 75  years and women aged ≤ 64  years and men 

aged ≤ 74 years in the presence of risk factors [2] (i.e. 

previous fragility fracture, current use or frequent recent 

use of oral or systemic glucocorticoids, a history of falls, 

a family history of hip fracture, other causes of second-

ary osteoporosis, BMI lower than 18.5 kg/m2, smoking 

or an alcohol intake of more than 14 units per week in 

women or more than 21 units per week in men). Studies 

that recruited mixed populations in terms of gender and 

other population characteristics were eligible for inclu-

sion. The following four BP medications within their 

licensed doses [2] were eligible for inclusion: ALN, IBN-

iv and IBN-oral, RIS, and ZOL. Relevant comparators 

included eligible treatments (compared with each other), 

placebo, or other non-active treatments. Eligible study 

designs were RCTs, non-randomised parallel compara-

tive studies and retrospective observational studies. Other 

comparative observational designs (e.g. case–control and 

cross-sectional studies) were excluded. The outcome of 

interest were persistence and compliance, quantified 

either as continuous (e.g., absolute numbers or rates) or 

discrete measures (e.g., absolute number of participants 

being persistent/compliant based on pre-specified thresh-

olds). In RCTs, persistence was indirectly inferred by 

assessing the total number of participants who dropped 

out at 12 and 24 months; in observational studies, per-

sistence was inferred by assessing the total number of 

participants who discontinued their treatment based on 

treatment refill-gaps, using data from claim databases 

or medical records. In observational studies, compliance 

was indirectly measured by assessing ‘treatment continu-

ity’ and using percentages/absolute numbers of medica-

tion possession ratios (MPR) and number of users with 

MPRs over a pre-specified threshold. Reports published 

as abstracts or conference presentations were excluded 

where insufficient details were reported. Randomised 

controlled trials which were judged otherwise eligible 

but did not report outcome data per treatment arm or 

reported zero dropouts for both arms were also excluded. 

Studies which reported the outcomes of interest for BP 

groups collapsed or studies reporting comparisons based 

solely on the frequency of administration (e.g. daily ver-

sus weekly) were also excluded.
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Search strategy and information sources

A comprehensive search strategy was developed to identify 

eligible studies (Appendix 1). The search strategy comprised 

the following main elements: searching of electronic data-

bases (including unpublished data and trial registries) and 

scrutiny of bibliographies of retrieved papers. The following 

databases were searched:

• MEDLINE(R) In-Process & Other Non-Indexed Cita-

tions and MEDLINE(R) (Ovid and PubMed);

• EMBASE (Ovid);

• Cochrane Database of Systematic Reviews (Wiley Inter-

science);

• Cochrane Central Register of Controlled Trials (CEN-

TRAL) (Wiley Interscience);

• Cumulative Index to Nursing and Allied Health Litera-

ture (CINAHL, EBSCO);

• Database of Abstract of Reviews of Effects (Wiley Online 

Library);

• Health Technology Assessment Database (CRD Data-

base);

• NHS Economic Evaluation Database (CRD Database);

• OpenGrey;

• Science Citation Index (ISI Web of Knowledge);

• Conference Proceedings Citation Index—Science (Web 

of Science);

• ClinicalTrials.gov.(https:// clini caltr ials. gov/)

Searches covered the period from January 2000 to 5 April 

2020. Updated searches in the same databases and trial reg-

istries were conducted from 2019 to 25–26 March 2021. All 

potentially relevant citations were downloaded to Endnote 

X8 Reference Manager bibliographic software (version 8.0; 

Clarivate Analytics, Philadelphia, PA, USA).

Study selection, data collection process, and data 
items

Selected studies were imported into Rayyan online software 

[13]. Two independent reviewers screened studies for rel-

evance based on titles/abstracts and later full texts (AB & TL) 

with disagreements resolved through discussion or by con-

sulting a third reviewer (JLB). Two independent reviewers 

(AB & TL) conducted full-text screening with a high-level 

of agreement (κ = 0.84). A pilot-tested data extraction form 

was used to extract relevant data. One reviewer (AB) extracted 

data with a second reviewer (TL) independently checking at 

least 50% of the extracted records. Data extracted consisted of 

the following categories: (i) descriptive statistics (e.g. number 

recruited and participants’ characteristics), (ii) moderators of 

action (e.g. glucocorticoids use, patients with osteoporosis, 

history of fractures/fractures at baseline, medication related 

to the incidence of secondary osteoporosis), (iii) treatments’ 

characteristics (e.g. drug-type, administration mode, concomi-

tant treatments), (iv) statistics and relevant data on adherence 

expressed either as binary (e.g. number of participants who 

dropped out from RCTs, number of users who discontinued 

with BP treatment, and number of users with varying compli-

ance levels based on pre-specified thresholds) or continuous 

outcomes (e.g. mean/range MPR, mean number of infusions/

tablet counts, proportion of days covered (PDC) percentage, 

mean duration of BP treatment).

Geometry of networks

Treatment-placebo and treatment-active comparisons were 

visually displayed and network plots were created for all out-

comes included in the analyses. For persistence in observa-

tional studies (i.e. discontinuation), nodes indicate the different 

treatments included in the analysis and the thickness of edges 

connecting the nodes indicates the number of studies inform-

ing each comparison (thicker lines indicate more populated 

comparisons). For persistence in RCTs (i.e. dropouts), nodes 

indicate the different treatments included in the analysis, the 

node size indicates the number of studies included in each 

node and the thickness of the lines indicates the overall sample 

size informing each comparison (thicker edges indicate more 

populated pairwise comparisons).

Risk of bias within individual studies

The methodological quality of the included RCTs was inde-

pendently assessed at the study level by two reviewers (AB & 

JLB), using the Cochrane Collaboration risk of bias tool 1.0 

[14]. The methodological quality of the included observational 

studies was independently assessed at the study level by one 

reviewer (AB) with a second reviewer (JLB) independently 

checking 50% of the included studies. The assessment of 

methodological quality in observational studies was under-

taken, using the Cochrane Collaboration Risk Of Bias In Non-

randomised Studies of Interventions tool (ROBINS-I) [15]. 

Risk-of-bias plots were created by using the ‘robvis’ tool [16].

Summary measures and methods of analysis

Persistence

In RCTs, the number of dropouts at 12- and 24-month 

was reported in a binary form (number of participants 

who dropped out subtracted from the total number of 

participants per arm). The data generation process was 

assumed to follow a binomial likelihood while NMAs 

were modelled using the logit function [17]. Log odds 

ratios (OR) were estimated from the median and corre-

sponding 95% credibility intervals (CrI) from the 2.5th 

https://clinicaltrials.gov/
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and 97.5th centiles of the posterior distribution. In ret-

rospective observational studies, discontinuation was 

reported in a binary form (number of participants who 

discontinued the treatment as this is indicated by pre-spec-

ified refill-gaps). Given the absence of control conditions 

in retrospective observational cohorts, ALN was used as 

the reference treatment. The data generation process was 

assumed to follow a binomial likelihood. To account for 

different trial durations, an underlying Poisson process 

was assumed for each trial arm. The probabilities of any 

of the aforementioned binary outcomes were considered 

non-linear functions of event rates, so we modelled the 

NMAs for the binary outcomes using the complementary 

log–log link function [18]. Log hazard ratios (HR) were 

estimated from the median and corresponding 95% cred-

ibility intervals (CrI) from the 2.5th and 97.5th centiles of 

the posterior distribution. Treatment ranking probabilities 

and surface under the cumulative rankings (SUCRA) are 

also reported [19]. For studies including ZOL users, mean-

ingful (> 12-month) follow-up assessments were selected 

and included in the NMA. In case, there were follow-up 

assessment at 12-month only, ZOL arms were excluded 

from the NMA.

Standard, independent random (treatment)-effects mod-

els were fitted for evaluating users’ comparative probability 

of persistence assessing the total number of dropouts and 

total number of discontinuations in RCTs and retrospective 

observational studies respectively [17]. Conventional refer-

ence prior distributions were used: (i) trial‐specific baseline, 

μl ∼ N(0,  1002), (ii) treatment effects relative to reference 

treatment, d1k ∼ N(0,  1002), and (iii) between‐study SD of 

treatment effects, τ ∼ U(0, 2). All analyses were conducted 

using OpenBUGS (MRC Biostatistics Unit, Cambridge, UK) 

[20] and R Studio (R version 4.0.3) [21], using the ‘gemtc’ 

and ‘rjags’ packages. Convergence to the target posterior dis-

tributions was assessed using the Gelman–Rubin statistic for 

three independent chains with different initial values. For all 

outcomes, results were based on three independent chains of 

initial values and 60,000 iterations after a burn-in of 40,000 

iterations. Most of NMAs exhibited moderate correlation 

between successive iterations of the Markov chain, so were 

thinned by retaining every  5th sample.

Vote‑counting synthesis on persistence and compliance

For those observational studies which were not included in 

the discontinuation NMA, effect sizes of discontinuation 

or persistence were summarised using the vote-counting 

synthesis method based on the direction of effects [22]. 

Similarly, data on compliance drawn from both RCTs and 

observational studies were summarised based on the vote-

counting synthesis method. Findings from both syntheses 

are presented using cross-study visual displays [23].

Assessment of inconsistency

Consistency of evidence for NMAs on persistence using 

dropout data from RCTs was assessed, using the node-split-

ting method [24] in RStudio (R version 4.0.3). Differences 

between direct and indirect evidence in all network loops 

were calculated with p values < 0.05 indicating the pres-

ence of significant inconsistency. Due to the multiple arms 

reported per study in retrospective observational studies, a 

formal assessment of inconsistency was not performed.

Credibility of the findings

Credibility of findings on persistence was assessed in RCTs 

only by following the CINeMA approach [25], where the 

credibility of findings is accounted for by the assessment 

of: (i) within-study bias, (ii) reporting bias, (iii) indirect-

ness, (iv) imprecision, (v) heterogeneity, and (vi) incoher-

ence. Conventional levels of OR ranging from 0.8 to 1.25 

were used to indicate clinical significance. CINeMA’s freely 

available web application [26] was used to assess credibility 

of findings.

Additional analysis

Sensitivity analysis was conducted for measures of the 

number of dropouts in RCT designs only. Studies with an 

overall high risk of bias were excluded in the sensitivity 

analyses. Heterogeneity in treatment effects was explored 

by considering potential treatment effect modifiers. A set of 

subgroup meta-regressions were conducted on the dropouts 

outcome, testing the effects of the following three covari-

ates: (i) proportion of patients ≥ 75% with osteoporosis, (ii) 

proportion of patients ≥ 75% at increased fracture risk, and 

(iii) mode of administration (oral versus intravenous). In all 

subgroup analyses, we assumed a common interaction effect 

that applies to the relative effects of all the treatments rela-

tive to the reference treatment [27].

Results

Study selection

A PRISMA flow diagram shows the selection of papers 

for inclusion and exclusion (Fig.  1). A total of 10,030 

articles were retrieved, of which 1,729 were duplicates. 

Overall, 7,976 studies were excluded following title and 

abstract screening, and 220 were excluded following the 

full-text screen. A reference list of studies included in this 

review is reported in the appendices (Appendix 12). Data 

were extracted from 59 RCTs drawn from 69 published 

reports [1–69] and 43 observational studies drawn from 45 
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published reports [70–114], resulting in a total population of 

2,656,659 participants. Overall, for persistence, 16,577 par-

ticipants were included in the NMAs of RCTs and 985,484 

BP users were included in the NMA of retrospective obser-

vational studies.

Networks’ structures and geometry

Two network plots comparing BP effects on the absolute 

numbers of dropouts were created (Appendix 3). Data 

on dropouts at 12 months provided six closed loops of 

evidence. Overall, 30 two-arm and one three-arm stud-

ies were included in the analysis, resulting in a total of 

10,419 participants. The most studied treatment was ALN 

(nstudies = 16), while PLB was used as a comparator in 24 

studies. Data on dropouts at 24 months provided four 

closed loops of evidence. Overall, 21 two-arm and one 

three-arm studies were included in the analysis, resulting 

in a total of 6,158 participants. The most studied treat-

ment was ZOL (nstudies = 10), while PLB was used as a 

comparator in 19 studies. One network was created for 

discontinuation data drawn from observational studies. 

Overall, eight two-arm, 12 three-arm, and four five-arm 

studies were included in the analysis. The most commonly 

treatments were ALN and RIS, with each contributing 23 

arms in the analysis.

Studies characteristics and risk of bias 
within individual studies

Overall, 59 trials and 43 observational studies were included 

in this review (Appendix 2). Of the included trials, 31 trials 

were conducted in North America or in multiple countries 

[1,3,6,8,9,10,12,13,16,18,20–23,36–41,43–45,48–50,54,55,

61,63,65]. Overall, 38 trials exclusively targeted female par-

ticipants [1–3,6,8,12,13,15,16,20–24,27–30,32,33,35,37–41

,46,47,49,55,57–59,61,64,65,67,68], while in 21 trials, most 

of the participants fulfilled the criteria of osteoporosis [3,6,

8,12,13,15,16,20,27,28,33,37,41,42,52,57,60,61,63,64,67]. 

In total, the overall risk of bias was high in 18 trials [12,13,

15,16,27,28,30,34,46,54,55,58,59,63–65,67,69] (Appendix 

6). The majority of observational studies adopted a retro-

spective design, while three of them adopted a prospective 

comparative design [88,98,99]. Twenty observational studies 

were conducted in Europe [71,73,74,80,84,87,88,90,92,94

,96,98,101,102,104–106,109,113,114] and 18 studies were 

conducted in the USA [70,76–79,81–83,86,89,95,97,100,1

03,108,110–112]. In 14 studies, the majority of participants 

Fig. 1  PRISMA flow diagram 

of the selected studies (the 

number of records retrieved in 

each database are reported in 

Appendix 1)



 Osteoporosis International

1 3

fulfilled the criteria of osteoporosis [72,80,82,86,88,89,97,9

8,100,105,106,110,112,113]. Overall, three studies received 

a moderate risk of bias rating [88,97,99], two received a 

critical risk of bias rating [80,111], and the rest received a 

serious risk of bias rating.

Synthesis of results on persistence: measured using 
dropouts in RCTs

A NMA was used to compare the effects of ALN, RIS, 

ZOL, and IBN-oral relative to PLB on the total num-

ber of dropouts at 12 months. Overall, data were avail-

able from 30 two-arm and one three-arm RCTs. The 

network provided nine direct treatment comparisons. 

Each of the direct comparisons between ALN versus 

ZOL and RIS versus IBN-oral were informed by one 

small study. Eight contrasts were checked for inconsist-

ency between direct and indirect evidence. None of the 

comparisons showed significant evidence of inconsist-

ency, as assessed using Bayesian p values (p > 0.05) 

(Appendix 8). The model fitted the data relatively well 

(difference < 3), with a total residual deviance of 64.8 

being close to the number of data points included in 

the analysis, which was 63 (DIC = 369). The between-

study SD was estimated to be 0.16 (95%CrI: 0.009, 

0.41), implying mild heterogeneity in treatment effects 

between RCTs. Users of ZOL and RIS were less likely 

to dropout compared to PLB users with none of these 

effects being statistically significant (Table  1). The 

lowest likelihood of dropping out was detected in ZOL 

users OR = 0.73 (95%CrI: 0.51, 1.05; probability: 0.88; 

SUCRA: 0.95) (Appendix 4).

A NMA was used to compare the effects of ALN, 

RIS, ZOL, and IBN-oral relative to PLB on the total 

number of dropouts at 24 months. Overall, data were 

available from 21 two-arm and one three-arm RCTs. 

The network provided eight direct treatment compar-

isons. Each of the direct comparisons between ALN 

versus IBN, ALN versus RIS, and RIS versus IBN-oral 

were informed by one small study. Three contrasts were 

checked for inconsistency between direct and indirect 

evidence. None of the comparisons showed significant 

evidence of inconsistency, as assessed using Bayesian 

p values (p > 0.05) (Appendix 8). The model fitted the 

data well with a total residual deviance of 45.51 being 

close to the number of data points included in the analy-

sis, which was 45 (DIC = 276.7). The between-study SD 

was estimated to be 0.34 (95%CrI: 0.09, 0.64), imply-

ing mild to moderate heterogeneity in treatment effects 

between RCTs but with reasonably uncertainty. Users 

of ALN, RIS, and IBN-oral were less likely to drop-

out compared to PLB users with none of these effects 

being statistically significant (Table  1). The lowest 

likelihood of dropping out was detected in IBN-oral 

users OR = 0.72 (95%CrI: 0.31, 1.66; probability: 0.54; 

SUCRA: 0.72) (Appendix 4).

Table 1  League table presenting network meta-analysis estimates 

(lower triangle) and direct estimates (upper triangle) regarding BPs 

effectiveness on persistence as measured using dropouts data from 

RCTs and discontinued treatment data from observational studies. 

From the left to the right: (i) number of participants who dropped out 

from RCTs at 12 months, (ii) number of participants who dropped out 

from RCTs at 24 months, (iii) number of participants who discontin-

ued BPs treatment in observational studies. Posterior ORs (95%CrI) 

are reported in persistence (drop-out) NMAs of RCTs and posterior 

median HRs (95%CrI) are reported in persistence (discontinuation) 

NMA of retrospective observational studies. 

ZOL

0.81

(0.47, 

1.39)
IBN-or

-

ZOL

-

0.76

(0.53, 

1.11)
RIS

0.97

(0.66, 

1.5)

0.86 

(0.37, 

2.05)
RIS

0.84

(0.55, 

1.3)

0.86

(0.68, 

1.09)
IBN-iv

-

0.73

(0.51, 

1.05)

0.95

(0.72, 

1.26)
Placebo

0.84 

(0.36, 2)

0.97 

(0.56, 

1.74)
ALN

0.78

(0.41, 

1.52)

0.73

(0.61, 

0.88)

0.84

(0.68, 

1.06)
ALN

0.69

(0.49, 

1.02)

0.9

(0.69, 

1.2)

0.94

(0.75, 

1.2)
ALN

0.72 

(0.33, 

1.66)

0.84 

(0.57, 

1.24)

0.86 

(0.53, 

1.37)
Placebo

0.73

(0.6, 

0.88)

0.84

(0.67, 

1.06)

0.99

(0.87, 

1.13)
IBN-or

0.64 

(0.39, 

1.02)

0.83 

(0.54, 

1.23)

0.87

(0.6, 

1.24)

0.92

(0.63, 

1.27)
IBN-or

0.67 

(0.28, 

1.68)

0.78

(0.47, 

1.31)

0.8 

(0.47, 

1.33)

0.92 

(0.66, 

1.32)
ZOL

0.67

(0.56, 

0.8)

0.77

(0.62, 

0.97)

0.91

(0.82, 

1.01)

0.91

(0.8, 

1.04)
RIS

NNoottee.. ALN = Alendronate; IBN-iv: Ibandronate 3mg intravenous; IBN-or: Ibandronate 150mg oral; RIS: Risedronate; ZOL: Zoledronate.

Treatments are reported in order of rela�ve ranking for efficacy. Comparisons between treatments should be read from le� to right, and their odds ra�o/hazard ra�o is in the cell in 

common between the column-defining treatment and the row-defining treatment. Odds ra�os (OR) and hazard ra�os (HR) < 1 favour the column-defining treatment for the network 

es�mates and the row-defining treatment for the direct es�mates.
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Synthesis of results on persistence: measured 
using discontinuation of treatment data 
from observational studies

A NMA was used to compare the effects of RIS, ZOL, IBN-

oral, and IBN-iv relative to ALN on the absolute number of 

people who discontinued their BP treatments. Overall, data 

were available from 24 retrospective observational studies. 

The model fitted the data well with a total residual deviance 

of 73.27 being close to the number of data points included 

in the analysis, which was 73 (DIC = 762.5). The between-

study SD was estimated to be 0.24 (95%CrI: 0.19, 0.31), 

implying mild heterogeneity in treatment effects between 

observational studies with reasonably uncertainty. Users of 

ZOL and IBN-iv were less likely to discontinue compared 

to ALN with the effects of the former being statistically sig-

nificant (Table 1). The lowest likelihood for discontinuation 

was detected in ZOL users HR = 0.73 (95%CrI: 0.61, 0.88; 

probability: 0.88; SUCRA: 0.97) (Appendix 4). Hetero-

geneity of effects was explored by undertaking a post hoc 

meta-regression on the absolute number of discontinuers 

using refill-gap as a moderator variable. Although slightly 

decreased in magnitude, the direction of effects remained the 

same. The model fit remained almost the same with a total 

residual deviance of 72.63 (DIC: 755.9). The between-study 

SD was estimated to be 0.29 (95%CrI: 0.20, 0.42), implying 

mild heterogeneity in treatment effects between RCTs with 

reasonable uncertainty. Higher medication effects on dis-

continuation were detected in participants with longer refill 

gap thresholds, although the results were not statistically 

significant β =  − 0.23 (95%CI: − 0.72, 0.21).

Additional analysis—persistence using data 
from RCTs

Heterogeneity of effects was explored by undertaking 

sensitivity analysis on persistence in RCTs (i.e. number 

of dropouts) using risk of bias assessment as a moderator 

variable (Appendix 5). For persistence using the absolute 

number of dropouts at 12 months, data were available from 

20 two-arm trials. The model had a good fit with the data 

with a total residual deviance of 41.25 being close to the 

number of data points included in the analysis, which was 

40 (DIC = 237.5). The between-study SD was estimated to 

be 0.2 (95%CrI: 0.008, 0.57), implying mild heterogeneity 

in treatment effects between RCTs with reasonably uncer-

tainty. The direction of the findings remained the same com-

pared to the main analysis with the only exception being 

for users of IBN-oral. None of the treatment effects was 

significantly different compared to PLB (p > 0.05). Users 

of ZOL were the least likely to dropout compared to partici-

pants of PLB OR = 0.88 (95%CrI: 0.54, 1.42). For the total 

number of dropouts at 24 months, data were available from 

18 two-arm trials. The model had a good fit with the data 

with a total residual deviance of 37.16 being close to the 

number of data points included in the analysis, which was 36 

(DIC = 224.7). The between-study SD was estimated to be 

0.43 (95%CrI: 0.13, 0.83), implying moderate heterogene-

ity in treatment effects between RCTs. The direction of the 

findings remained the same compared to the main analysis, 

although their magnitude was slightly decreased. None of 

the treatment effects was significantly different compared to 

PLB (p > 0.05). Users of oral ibandronate were found to be 

the least likely to dropout compared to participants on PLB, 

OR = 0.57 (95%CrI: 0.09, 3.18). Heterogeneity of effects 

of persistence was explored by undertaking separate meta-

regression analyses on the absolute number of dropouts at 

12 and 24 months using osteoporosis diagnosis and history 

of or prevalent fractures at baseline as effect modifiers. None 

of the tested effect modifiers was found to significantly inter-

act with the treatment effects while in none of the cases, 

the model fit was improved compared to the main NMAs 

(Appendix 5).

Vote‑counting synthesis on persistence

Overall, 12 observational studies were included in the vote-

counting synthesis on persistence with eight studies provid-

ing data for ALN versus RIS [72,78,80,84,106,107,111,113], 

two for RIS versus IBN-oral [86,111], one for RIS versus 

PLB [99], one for ALN versus IBN-oral [111], one for 

ALN versus IBN-iv [88], and one for ZOL versus IBN-

iv [77] comparisons (references are reported in Appendix 

11). There was mixed evidence regarding the comparison 

between ALN and RIS with four studies favouring ALN 

users [72,80,107,111], while four studies favoured RIS 

users [78,84,106,113]. Data expressed in years showed 

comparable persistence rates between ALN and RIS users 

[71,79,90,98,114]. In a post hoc sensitivity analysis of ALN 

versus RIS comparison, we restricted our synthesis only on 

the weekly administration for both BPs. From a total of five 

studies, in four studies, ALN users tend to be more per-

sistent than RIS ones with these effects being statistically 

significant [74,83,107,114]. Data from two studies [86,111] 

showed that RIS and ALN users tend to be more persistent 

compared to IBN-oral users, with these effects being sta-

tistically significant. One study showed that IBN-iv users 

are more persistent through time compared to ALN users 

[88], while ZOL users were found to be more persistent than 

IBN-iv users [77].

Vote‑counting synthesis on compliance

Overall, 29 studies were included in the vote-counting 

synthesis of compliance data. From 11 RCTs, five RCTs 

provided data on the comparison of PLB versus ALN 
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[14,23,60,63,69]. In four trials, PLB participants were 

found to be more compliant, although these effects were 

not statistically significant [23,60,63,69]. Three trials pro-

vided data on the comparison of PLB versus RIS, with all 

of them favouring RIS participants; however, none of these 

effects was statistically significant [10,23,65]. One trial 

provided data on the comparison of PLB versus ZOL, with 

PLB participants being more compliant and this effect was 

statistically significant [3]. One trial provided data on the 

comparison between PLB and IBN-oral, with PLB partici-

pants being more compliant although these effects were 

not statistically significant [43]. One trial provided data 

for the comparison between ALN and ZOL, with the ZOL 

participants being more compliant, although the effects 

were not statistically significant [44]. The only three-arm 

trial provided data for IBN-oral, RIS, and ALN, with IBN-

oral participants being the most compliant, although these 

effects were not statistically significant [46].

Overall, 18 observational studies included in the vote-

counting synthesis on compliance with 14 studies provid-

ing data on the comparison of ALN versus RIS. In eight 

studies, ALN users were found to be more compliant than 

RIS ones with effect sizes in six studies being statistically 

significant [76,79,81–83,94]. In six studies, RIS users 

were found to be more compliant than ALN users with 

effect sizes drawn from two studies being statistically sig-

nificant [84,103]. In two studies [89,114], compliance was 

expressed as percentage ranges of MPR. In one study [89], 

comparable mean MPRs were observed between the two 

BPs, while higher compliance rates were observed in RIS 

users in the third study [114]. Eight studies provided data 

on the comparison between ALN and IBN-oral and six 

of them were included in the vote-counting synthesis. In 

four studies [76,82,83,101], ALN users were found to be 

more compliant than IBN-oral users with three of these 

providing statistically significant effect sizes [82,83,101]. 

In two studies [81,94], IBN-oral users were found to be 

more compliant while in one study, the observed effect 

size was statistically significant [94]. In two studies 

[89,108], higher mean MPR rates were observed in the 

IBN-oral users. In one study, which compared IBN-oral 

versus RIS users, participants in the latter were found to be 

more compliant with the effects being statistically signifi-

cant [85,86]. Two studies provided data on the comparison 

of ALN versus IBN-iv with mixed evidence [81,88]. Two 

studies provided data on the comparison of IBN-oral ver-

sus IBN-iv with participants in the latter being more com-

pliant with statistically significant effects [97,114]. In one 

study, ZOL users were found to be more compliant com-

pared to ALN users with the effects being statistically sig-

nificant [81]. Direct comparison between ZOL and IBN-iv 

users found that users of the former were more compliant 

in terms of the mean number of infusions received [77].

Discussion

This is a systematic review with network meta-analyses 

and vote-counting synthesis, assessing the probability 

of adherence to BP treatment administered for prevent-

ing fragility fractures. For persistence, results from the 

NMA from RCTs showed that ZOL users may be less 

likely to dropout from trials at 12 months, although these 

effects were marginally non-significant. Results from the 

NMA using data from the observational studies showed 

that ZOL and IBN-iv users were less likely to discontinue 

their treatment over time, with ZOL users being statisti-

cally significantly more persistent compared to oral BPs 

users. Data drawn from the vote-counting synthesis were 

in line with the results of NMAs, where ZOL and IBN-

iv users were more likely to persist with their treatment, 

with ZOL users being more persistent compared to their 

IBN-iv counterparts. Users of ALN and RIS showed com-

parable persistence rates; however, when we restricted our 

analysis to weekly administration, ALN users were found 

to be more likely to persist to treatment over time. Due 

to the paucity of data and the heterogeneity in reporting 

compliance data, we were unable to perform NMAs, but 

synthesis based on vote counting found that compliance 

to ZOL is greater within 24 months after the initiation of 

their treatment. Users of IBN-iv were found to be more 

compliant compared to the IBN-oral users. Users of ALN 

were found to be more compliant than RIS users, while 

mixed evidence were observed in the comparison between 

ALN and IBN-oral users.

These findings have important implications for clinical 

practice and future research. In general, persistence to BP 

treatment was found to decrease after 12 months, stressing 

the need to address adherence barriers according to BP 

treatment and people with different clinical profiles. Nev-

ertheless, ZOL users were found to be less likely to dis-

continue their treatment over time and they showed higher 

compliance rates. These findings are partly in line with 

the results from the drop-out NMA at 12 months. Without 

ignoring the interplay of individual and contextual fac-

tors, which affect participation and adherence in clinical 

trials [28, 29], we can assume that most ZOL users are 

likely to receive at least two infusions before discontinuing 

their treatment. The use of ZOL has been generally recom-

mended for at least three years [30] and, although reduced 

adherence rates have been observed in ZOL users after the 

first year [31], simpler drug regimens can improve adher-

ence rates [32]. Results of vote-counting synthesis on oral 

BPs were partly in line with the NMA results. Alendronate 

and RIS users showed comparable persistence rates; how-

ever, ALN users were found to be more compliant than 

their RIS counterparts. When we restricted our synthesis 
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to weekly administration of both BPs, weekly ALN users 

were found to be more persistent to treatment compared 

to RIS weekly users. Given that ALN is the most widely 

prescribed medication, clinical decision-making should 

consider, alongside its clinical effectiveness, ways in 

which ALN users could be assisted to receive medication 

properly and remain on treatment long-term.

Strengths and limitations

This systematic review has several strengths. First, this 

review includes a robust search strategy, covering a wide 

range of databases, trial registries, and grey literature. Sec-

ond, this systematic review employed gold-standard meth-

ods in conducting, reporting, and assessing the credibility of 

findings. Third, this systematic review included both RCTs 

and observational studies, adopting a combined approach to 

synthesise data. Inevitably, this review has also some limi-

tations. First, participants’ persistence on BP treatments in 

RCTs was assessed by using the total number of dropouts as 

a proxy measure. Given that this was the only way to cap-

ture discontinuers in RCTs, dropout NMA findings should 

be interpreted under this limitation. Second, persistence 

in the NMA of observational studies was assessed as the 

absolute number of discontinuers per BP treatment based on 

varying refill-gaps and without accounting for the censored 

follow-up time. Third, due to the scarcity of data on males, 

a subgroup analysis of persistence rates between males and 

females was not conducted. Fourth, compliance was indi-

rectly assessed by measuring treatment continuity based on 

different measures. Although a NMA would be more inform-

ative, vote-counting synthesis is well-suited in the presence 

of incomplete and highly-heterogeneous data [23] in both 

observational studies and RCTs. Fifth, this review did not 

assess the comparative effectiveness of bisphosphonates 

against monoclonal antibody and anabolic medications. 

Sixth, the paucity of data precluded the subgroup analysis 

between participants receiving bisphosphonates for primary 

prevention and those receiving bisphosphonates for second-

ary prevention purposes.

Conclusions

Adherence was higher in intravenously administered BP 

users. Clinical decision-making could be facilitated by tak-

ing into account adherence patterns in BP users who are at 

increased risk of fractures.
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