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Abstract

Although osteoporosis affects 10 million people in the United States, screening and treatment rates 

remain low. We performed a systematic review and meta-analysis of the efficacy of quality 

improvement strategies to improve osteoporosis screening (bone mineral density (BMD)/dual-

energy x-ray absorptiometry (DXA) testing) and/or treatment (pharmacotherapy) initiation rates. 

We developed broad literature search strategies for PubMed, Embase, and Cochrane Library 

databases, and applied inclusion/exclusion criteria to select relevant studies. Random-effects meta-

analyses were performed for outcomes of BMD/DXA testing and/or osteoporosis treatment. Forty-

three randomized clinical studies met inclusion criteria. For increasing BMD/DXA testing in 

patients with recent or prior fracture, meta-analyses demonstrated several efficacious strategies 

including orthopedic surgeon or fracture clinic initiation of osteoporosis evaluation or 

management (risk difference 44%, 95%CI 26%–63%), fracture liaison service/case management 

(risk difference 43%, 95%CI 23%–64%), multifaceted interventions targeting providers and 

patients (risk difference 24%, 95%CI 15%–32%), and patient education and/or activation (risk 

difference 16%, 95%CI 6%–26%). For increasing osteoporosis treatment in patients with recent or 

prior fracture, meta-analyses demonstrated significant efficacy for interventions of fracture liaison 

service/case management (risk difference 20%, 95%CI 1%–40%) and multifaceted interventions 

targeting providers and patients (risk difference 12%, 95%CI 6%–17%). The only quality 

improvement strategy for which meta-analysis findings demonstrated significant improvement of 

osteoporosis care for patient populations including individuals without prior fracture was patient 

self-scheduling of DXA plus education, for increasing the outcome of BMD testing (risk 

difference 13%, 95% CI 7%–18%). The meta-analyses findings were limited by small number of 

studies in each analysis; high between-study heterogeneity; sensitivity to removal of individual 
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studies; and unclear risk of bias of included studies. Despite the limitations of the current body of 

evidence, our findings indicate there are several strategies that appear worthwhile to enact to try to 

improve osteoporosis screening and/or treatment rates.
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Introduction

Osteoporosis affects approximately 10 million people in the United States (8 million women 

and 2 million men,(1) and approximately 50% of postmenopausal women and 20% of white 

men will sustain an osteoporotic fracture in their lifetimes.(2) The morbidity, mortality, and 

costs associated with osteoporotic fractures in the U.S. are significant,(1–6) and the 

prevalence of osteoporosis and fractures are projected to increase with the aging of the U.S. 

population in upcoming years.(2) Despite the high prevalence and health impact of 

osteoporosis and ample evidence and guidelines supporting osteoporosis screening and 

treatment for older women and men,(7–12) screening and treatment rates remain low in the 

U.S. For example, studies have shown that fewer than 30% of women over the age of 65 

with a known diagnosis of osteoporosis receive treatment,(13,14) and only 23% of women age 

50 and older who sustain an osteoporotic fracture receive treatment within the first year after 

fracture.(15,16) A recent large study that analyzed insurance claims data of more than 1.5 

million U.S. women age 50 and older found that fewer than 1 in 4 had osteoporosis 

screening within the most recent 2-year continuous enrollment period.(17) Osteoporosis 

screening and treatment rates are even lower for older men in the U.S..(18–20) One study 

found that fewer than 20% of men age 70–75 received screening with dual-energy x-ray 

absorptiometry (DXA).(18) A large cohort study found that only 15% of men age 50 and 

older underwent diagnostic testing and/or initiated pharmacotherapy within one year 

following a fragility fracture.(19)

Given the large gaps between recommended screening and treatment practices for 

osteoporosis and current clinical practice, a number of studies have evaluated different types 

of quality improvement strategies to improve osteoporosis screening and/or treatment rates 

in clinical practice. We performed a systematic review and meta-analysis of randomized 

clinical trials that have evaluated the efficacy of osteoporosis quality improvement strategies 

to improve screening and/or treatment initiation rates.

Materials and Methods

Data sources and search strategies

We developed literature search strategies for PubMed, Embase, and Cochrane Library 

databases to locate randomized clinical trials evaluating the efficacy of osteoporosis quality 

improvement strategies. The search strategies were designed to be broad to have high 

sensitivity for identifying relevant literature, and included search terms for osteoporosis, 

randomized clinical trials,(21) and different quality improvement strategies. We performed 
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the literature searches on 2/24/17 for PubMed and Cochrane Library databases, and 2/27/17 

for Embase. The PubMed search strategy is shown in Supplemental Table 1; the Embase and 

Cochrane Library search strategies are available upon request. We searched for additional 

relevant studies by reviewing the reference lists of studies identified with the database search 

strategies that met our inclusion criteria.

Study selection

We selected relevant studies by applying inclusion and exclusion criteria to the literature 

retrieved with the search strategies. We included studies in women and men that evaluated 

an osteoporosis quality improvement strategy; were randomized clinical trials; and reported 

quantitative measures of the efficacy of the quality improvement strategy compared to a 

comparator or control strategy on outcomes of osteoporosis screening (bone mineral density 

(BMD)/DXA testing) rates, treatment (pharmacotherapy) initiation rates, and/or fracture 

rates. We excluded studies in which the focus was on strategies to improve adherence to 

osteoporosis pharmacotherapy, as strategies to improve adherence to pharmacotherapy were 

not the focus of this review. We also excluded studies in which the treatment outcome was 

calcium and/or vitamin D initiation only, as our treatment focus was on initiation of 

pharmacotherapy. We did not apply any language, country, or patient sociodemographic 

exclusion criteria. When multiple publications reported data from the same study, we 

included the publication with the most complete data and excluded publications reporting 

duplicate data. Studies were reviewed for inclusion or exclusion in two stages – first, titles 

and abstracts were assessed, and then studies identified as possibly relevant by title/abstract 

screen received full-text review.

Data extraction

We extracted relevant information from eligible studies, including number of participants; 

participant sociodemographic characteristics; study location/setting; year of publication; 

funding sources; quality improvement strategy or strategies evaluated; comparator or control 

strategy evaluated; relevant outcome(s) evaluated; outcome results for intervention and 

comparator groups; and information about potential sources of bias.

Data analysis

We performed random effects meta-analysis using the DerSimonian and Laird method(22) to 

calculate summary estimates of effect size (relative risk and risk difference) for each type of 

quality improvement strategy for which two or more studies reported the same outcome 

measure(s), and reported the number of study participants who did and did not experience 

the outcome(s) of interest in the intervention and comparator groups (2 × 2 table values); or 

provided enough information to calculate these numbers. We performed separate meta-

analyses for studies that based inclusion on a recent or prior fracture history, and studies that 

included patients who did not have a prior fracture. We preferentially used intention-to-treat 

analysis data from studies when available. We assessed between-study heterogeneity in each 

performed meta-analysis with I2 values. When three or more studies were included in a 

meta-analysis, we additionally performed influence (sensitivity) analysis to assess whether 

meta-analysis summary estimates were sensitive to removal of individual studies. We used 

Stata version 11.0 (StataCorp, College Station, TX) to perform all meta-analyses.
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In addition to performing meta-analyses, we qualitatively described findings and 

characteristics of included studies and study quality. To assess study quality we applied 

measures recommended by the Cochrane Collaboration to assess risk of bias in domains of 

performance bias, selection bias, detection bias, reporting bias, and attrition bias.(23)

Results

Literature search and study selection

A total of 4199 unique records (citations) were identified with the literature search 

strategies, of which 43 met inclusion criteria.(24–66) A flow diagram of the literature search 

and inclusion/exclusion process is shown in Figure 1.

Study characteristics

The characteristics of included studies are shown in Supplemental Table 2. The studies were 

published between 2004 and 2017, a large majority (84%) were performed in North America 

(24 (56%) in the United States and 12 (28%) in Canada), and number of patients in included 

studies ranged from 46 to 13,455. A variety of different types of quality improvement 

strategies were evaluated, including patient education, patient activation, provider education, 

provider reminders, provider notification, fracture liaison services/case management, 

orthopedic surgeon or fracture clinic initiation of osteoporosis workup, pharmacist 

interventions, patient self-referral for screening, and multifaceted interventions, among 

others. In a majority of studies, patients rather than providers were the unit of 

randomization. Approximately half of the studies evaluated quality improvement strategies 

for patient populations composed entirely of individuals with recent or prior fracture. Most 

studies reported outcomes of osteoporosis treatment and/or screening (BMD/DXA testing); 

only four reported fracture outcomes.(28,29,40,61) Almost all included studies compared 

quality improvement strategies to control or usual care rather than an active comparator. 

Approximately two-thirds of studies reported a significant positive impact of an intervention 

on at least one outcome measure of interest. About one-third of studies reported 

pharmaceutical company funding.(25,27–29,35–38,43,50,56–58,60,64)

Study quality and potential sources of bias

Study quality assessment findings are shown in Supplemental Table 3. In every bias domain 

category evaluated, most studies were assessed as having unclear risk of bias. The bias 

domain category in which the greatest number of studies (14 or 33% of all studies) were 

assessed as having low risk of bias was attrition bias due to incomplete outcome data; for 

other bias domains, even fewer studies were assessed as having low risk of bias. Almost all 

included studies received a summary assessment of unclear risk of bias, due to an unclear 

risk of bias in at least one bias domain category. No study received a summary assessment of 

low risk of bias.

Meta-analyses

We performed meta-analyses for several osteoporosis quality improvement strategy 

categories for outcomes of osteoporosis screening (BMD/DXA testing), osteoporosis 

treatment (pharmacotherapy), and/or screening or treatment. Table 1 shows meta-analysis 
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results for the outcome of BMD/DXA testing, and Figure 2 shows meta-analysis forest plots 

for the outcome of BMD/DXA testing for studies with patient populations with recent or 

prior fracture. Table 2 shows meta-analysis results for the outcome of osteoporosis treatment 

(pharmacotherapy), and Figure 3 shows meta-analysis forest plots for the outcome of 

osteoporosis treatment for studies with patient populations with recent or prior fracture. 

Table 3 shows meta-analysis results for the outcome of BMD testing and/or osteoporosis 

treatment.

Meta-analyses findings for osteoporosis quality improvement strategies in 
studies with patient populations composed of individuals with recent or prior 
fracture—Meta-analysis findings demonstrated that fracture liaison service/case 

management interventions and multifaceted interventions targeting providers and patients 

significantly increased BMD testing and osteoporosis treatment outcomes in patient 

populations with recent or prior fracture. The multifaceted interventions in most of the 

studies included in these analyses were composed of patient education plus provider 

education, notification, and/or reminders. Meta-analysis findings for orthopedic surgeon or 

fracture clinic initiation of osteoporosis evaluation or management demonstrated significant 

efficacy for increasing the outcome of BMD testing (both relative risk and risk difference) 

and the relative risk (but not risk difference) of osteoporosis treatment compared to control/

comparator. Meta-analysis findings for patient education and/or activation in studies with 

patients with recent or prior fracture demonstrated significant efficacy for increasing BMD 

testing, but not osteoporosis treatment. The summary estimates of relative risk and risk 

difference (absolute difference) for different quality improvement strategies compared to 

control/comparator were generally larger for the outcome of BMD testing than osteoporosis 

treatment; and summary estimates of risk difference for quality improvement strategies on 

these outcomes were sizable, although confidence intervals were wide. For example, 

summary estimates of risk difference were as large as 44% (95% CI 26%–63%) for 

orthopedic surgeon or fracture clinic initiation of osteoporosis evaluation or management for 

the outcome of BMD testing, 27% (95% CI 6%–48%) for fracture liaison service/case 

management for the outcome of “appropriate management” (BMD testing and treatment if 

low BMD), and 20% (95% CI 1%–40%) for fracture liaison service/case management for 

the outcome of osteoporosis treatment.

The meta-analysis findings for quality improvement strategies in studies composed of 

patients with recent or prior fracture were limited by the small number of studies, ranging 

from two to seven, included in each analysis. Furthermore, a number of studies included in 

these meta-analyses had relatively small sample sizes, including all studies in the analyses 

for orthopedic surgeon or fracture clinic initiation of osteoporosis evaluation or 

management. Additionally, influence analysis showed that the significance of the findings of 

several of the meta-analyses were sensitive to removal of individual studies. Furthermore, 

there was significant between-study heterogeneity in most of the meta-analyses performed, 

with I2 values indicating moderate or high heterogeneity.

Meta-analyses findings for osteoporosis quality improvement strategies in 
studies with patient populations including individuals without prior fracture—
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We performed meta-analyses for several types of quality improvement strategies for studies 

that included participants without a prior fracture. These meta-analyses were limited by the 

small number of studies (two or three) included in each analysis. The only quality 

improvement strategy for which meta-analysis findings demonstrated significant 

improvement of osteoporosis care for these populations was patient self-scheduling of DXA 

plus education, for improving the BMD testing outcome, with a summary estimate of risk 

difference compared to control of 13% (95% CI 7%–18%). However, I2 values for this 

analysis demonstrated that the two included studies were highly heterogeneous.

Meta-analysis findings for quality improvement strategies of multifaceted interventions 

targeting providers and patients, patient education and/or activation, and pharmacist 

initiation of screening in studies including patients without prior fractures did not 

demonstrative significant efficacy for increasing BMD testing or osteoporosis treatment. 

However, influence (sensitivity) and additional analyses showed that removal of the 

Solomon et al. 2007 study(61), or inclusion of the Lafata et al. study(43) with the assumption 

that all randomized patients were included in their analysis, resulted in significant meta-

analysis findings for efficacy of multifaceted interventions targeting providers and patients 

on the outcome of relative risk (but not risk difference) of osteoporosis treatment. I2 values 

indicated high between-study heterogeneity in the meta-analyses of studies that evaluated 

multifaceted interventions targeting providers and patients; between-study heterogeneity 

ranging from low to high in the meta-analyses of studies that evaluated pharmacist initiation 

of screening, and low between-study heterogeneity in the meta-analyses for patient 

education and/or activation interventions.

Discussion

Our systematic review identified 43 randomized clinical trials that have evaluated the 

efficacy of a variety of different types of quality improvement strategies to improve 

osteoporosis care. Our meta-analysis findings indicate that a number of strategies appear to 

be efficacious for increasing BMD/DXA testing and/or osteoporosis treatment rates for 

patients with recent or prior fracture, including fracture liaison service/case management, 

multifaceted interventions targeting providers and patients, orthopedic surgeon or fracture 

clinic initiation of osteoporosis evaluation or management, and patient education and/or 

activation. For populations including individuals without prior fracture, the only intervention 

for which meta-analysis results showed significant improvement in osteoporosis care was 

patient self-scheduling of DXA plus education, which increased BMD testing rates. For 

efficacious quality improvement strategies, summary estimates of risk difference (absolute 

difference) for outcomes of BMD/DXA testing or osteoporosis treatment were relatively 

large compared to control/comparator; however, confidence intervals were wide. 

Furthermore, summary estimates of risk difference were generally larger for the outcome of 

BMD/DXA testing than treatment.

With respect to strategies to improve care for patients with recent or prior fracture, 

orthopedic surgeon or fracture clinic initiation of osteoporosis evaluation or management 

and fracture liaison service/case management were the interventions with the largest meta-

analysis summary estimates of risk difference (absolute difference) for the outcome of 
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BMD/DXA testing compared to comparator/control, with summary estimates of risk 

difference of 44% (95% CI 26%–63%) and 43% (95% CI 23%–64%), respectively. Meta-

analysis results for fracture liaison service/case management also demonstrated a significant 

increase in the outcome of osteoporosis treatment, with a summary estimate of risk 

difference compared to comparator/control of 20% (95% CI 1%–40%). Meta-analysis of 

studies evaluating orthopedic surgeon or fracture clinic initiation of osteoporosis evaluation 

or treatment demonstrated statistically significant increased relative risk but not risk 

difference of osteoporosis treatment compared to comparator/control; although the summary 

estimate of risk difference was sizable (26%), the 95% confidence interval was very wide 

and crossed zero (−9%–61%). Meta-analysis of studies evaluating multifaceted interventions 

targeting providers and patients for populations with recent or prior fracture demonstrated 

sizable and significant increases in BMD testing (summary estimate of risk difference 24%, 

95% CI 15%–32%) and osteoporosis treatment (summary estimate of risk difference 12%, 

95% CI 6%–17%) compared to comparator/control; the studies included in these meta-

analyses that showed significant findings tended to have interventions composed of a 

provider reminder or notification, plus patient education.(32,36,44,47,53,56) Meta-analysis of 

studies that evaluated patient education and/or activation strategies in populations with 

recent or prior fracture demonstrated significant efficacy for improving BMD/DXA testing 

(summary estimate of risk difference 16%, 95%CI 6%–26%) but not osteoporosis treatment 

compared to comparator/control; although the summary estimate of risk difference for 

treatment was sizable (21%), the 95% confidence interval was wide and crossed zero 

(−10%–52%).

With respect to quality improvement strategies in patient populations including individuals 

without prior fracture, the only intervention for which meta-analysis results demonstrated 

significant improvement was patient self-scheduling of DXA plus education, which 

increased BMD testing rates compared to control (summary estimate of risk difference 13%, 

95% CI 7%–18%). Meta-analysis findings for strategies of multifaceted interventions 

targeting providers and patients, patient education and/or activation, and pharmacist 

initiation of screening in populations that included individuals without prior fracture did not 

show statistically significant improvement in outcomes of BMD/DXA testing or 

osteoporosis treatment. Furthermore, although we did not have enough similar studies that 

evaluated provider education and/or audit and feedback to perform meta-analyses for these 

strategies, qualitative review of studies with interventions composed primarily of these 

strategies revealed that almost all of the studies did not find significant improvement in 

BMD testing and/or osteoporosis treatment outcomes.(28,29,33,40,58,61)

Our meta-analysis findings were limited by the small number of studies included in each 

analysis; relatively small sample sizes of several studies; generally high between-study 

heterogeneity in most of the analyses performed; sensitivity of several of the meta-analyses 

findings to individual studies; and unclear risk of bias of the studies. Possible sources of 

between-study heterogeneity include different patient populations and settings; for example, 

studies performed in different countries (e.g., U.S. and Canada) and within different types of 

healthcare systems (e.g., systems in which incentives to screen and treat patients for 

osteoporosis are aligned, such as single payer systems, and systems in which incentives are 

not aligned). Given the challenges of performing meta-analysis with a wide variety of types 
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of quality improvement strategies, we performed separate analyses for groups of studies with 

similar intervention characteristics, and did not feel it was appropriate to perform meta-

analyses with larger groups of studies including more disparate intervention types. Another 

limitation of our review is that publication bias may have led to positive studies being more 

likely to be published, thus biasing our findings in favor of the efficacy of the interventions.

Despite the limitations of the current body of evidence and our systematic review, our 

findings suggest that several types of interventions may have a sizable impact on improving 

BMD testing and/or treatment rates for patient populations with recent or prior fracture, 

including fracture liaison services/case management, multifaceted interventions that include 

provider reminders and/or notification plus patient education, orthopedic surgeon or fracture 

clinic initiation of osteoporosis evaluation or management, and patient education and/or 

activation. Furthermore, patient self-scheduling of DXA appears to be an efficacious strategy 

to increase DXA testing rates in patient populations that include individuals without prior 

fracture. Additional high-quality RCTs evaluating the osteoporosis quality improvement 

strategies that our analyses suggested would be beneficial would help further clarify the 

expected impact of each of these strategies on osteoporosis screening rates, treatment rates, 

and fracture rates; the specific features of efficacious strategies; and how the impact of these 

strategies may vary in different patient populations and settings. Moreover, additional RCTs 

to evaluate other types of quality improvement strategies not included in our meta-analyses 

to improve osteoporosis care for patients without prior fracture would be welcome, given 

that our meta-analysis findings only demonstrated the effectiveness of one of the evaluated 

quality improvement strategies, patient self-scheduling of DXA, to improve screening rates 

in this population. One relatively large non-randomized controlled trial by Loo et al. 

suggested that panel management may be an effective strategy to improve osteoporosis 

screening rates;(67) it may be worthwhile to evaluate this type of strategy in a randomized 

controlled trial.

Our study is the most comprehensive systematic review and meta-analysis of randomized 

clinical trials of osteoporosis quality improvement strategies to date. A systematic review 

and meta-analysis of randomized controlled trials of interventions to improve post-fracture 

care for patients at risk for osteoporosis by Little et al. published in 2010 included nine 

RCTs evaluating a variety of interventions.(68) Little et al. performed meta-analyses that 

included all studies regardless of the specific type of intervention they evaluated, and found 

that interventions collectively significantly improved BMD testing and osteoporosis 

treatment rates.(68) Our systematic review included 43 studies, and we performed separate 

meta-analyses for different types of quality improvement interventions. Furthermore, we 

also included studies evaluating osteoporosis quality improvement strategies for populations 

that included individuals without prior fracture.

In conclusion, a number of strategies appear to be efficacious for improving BMD/DXA 

testing and/or osteoporosis treatment rates in patient populations with recent or prior 

fracture, including fracture liaison service/case management, multifaceted interventions 

including provider reminders and/or notification plus patient education, orthopedic surgeon 

or fracture clinic initiation of osteoporosis evaluation or management, and patient education 

and/or activation, with potentially sizable impact. For populations that include individuals 
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without prior fracture, patient self-scheduling of DXA appears to be an efficacious strategy 

to increase DXA testing rates. Given the current body of evidence, these would be 

worthwhile strategies to enact to try to improve osteoporosis screening and/or treatment 

rates for relevant patient populations. Additional high-quality RCTs evaluating the 

osteoporosis quality improvement strategies that our analyses suggested would be beneficial 

would be helpful to further clarify the expected impact of each of these strategies on 

osteoporosis screening rates, treatment rates, and fracture rates; the specific features of 

efficacious strategies; and how the impact of these strategies may vary in different patient 

populations and settings. Furthermore, additional RCTs to evaluate other types of quality 

improvement strategies not included in our meta-analyses to improve osteoporosis care for 

patients without prior osteoporotic fracture would be useful to identify additional beneficial 

strategies for this population.
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Figure 1. 
Flow diagram of literature search and study selection.
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Figure 2. 
Forest plots of risk difference (RD) of bone mineral density (BMD)/dual-energy X-ray 

absorptiometry (DXA) testing for studies in which all patients had recent or prior fracture. 

Forest plots for quality improvement strategies of (A) fracture liaison service/case 

management, (B) multifaceted intervention targeting providers and patients, (C) orthopedic 

surgeon or fracture clinic initiation of osteoporosis evaluation or management, and (D) 

patient education and/or activation.

Nayak and Greenspan Page 15

J Bone Miner Res. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Forest plots of risk difference (RD) of osteoporosis treatment (pharmacotherapy) for studies 

in which all patients had recent or prior fracture. Forest plots for quality improvement 

strategies of (A) fracture liaison service/case management, (B) multifaceted intervention 

targeting providers and patients, (C) orthopedic surgeon or fracture clinic initiation of 

osteoporosis evaluation or management, and (D) patient education and/or activation.
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