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Abstract

Trials of decision aids developed for use in shared decision making find that patients engaged in 

that process tend to choose more conservative treatment for preference-sensitive conditions. 

Shared decision making is a collaborative process in which clinicians and patients discuss trade-

offs and benefits of specific treatment options in light of patient values and preferences. Decision 

aids are paper, video, or web-based tools intended to help patients match personal preferences with 

available treatment options. We analyzed data for 2012–15 about patients within the ten High 

Value Healthcare Collaborative member systems who were exposed to condition-specific decision 

aids in the context of consultations for hip and knee osteoarthritis, with the intention that the aids 

be used to support shared decision making. Compared to matched patients not exposed to the 

decision aids, those exposed had two-and-a-half times the odds of undergoing hip replacement 

surgery and nearly twice the odds of undergoing knee replacement surgery within six months of 
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the consultation. These findings suggest that health care systems adopting decision aids developed 

for use in shared decision making, and used in conjunction with hip and knee osteoarthritis 

consultations, should not expect reduced surgical utilization.

Hip and knee osteoarthritis are among the most prevalent and quickly growing chronic 

conditions in the United States, with estimates that these and other forms of musculoskeletal 

arthritis affect nearly 30 million Americans.1 Projections from the Centers for Disease 

Control and Prevention indicate that the number of adults ages sixty-five and older living 

with osteoarthritis is expected to double from 21.4 million in 2005 to 41.1 million by 2030.2 

In 2014, Medicare spent approximately $50,000 per arthroplasty hospitalization, with total 

costs nearing $7 billion.3

There is growing evidence about the role of shared decision making (SDM)—a collaborative 

process in which clinicians and patients discuss trade-offs and benefits of specific treatment 

options in light of patient values and preferences4—to help patients make informed 

decisions about elective procedures such as arthroplasty.5–7 Decision aids developed to 

support SDM are paper, video, or web-based tools intended to help patients match personal 

preferences with available treatment options. However, evidence indicates that exposure to 

decision aids is associated with a general tendency away from surgery and toward medical 

management across a range of preference-sensitive conditions, including hip and knee 

osteoarthritis.8,9 A pragmatic trial of patients at Group Health Cooperative demonstrated that 

exposure to decision aids was associated with 26 percent fewer hip replacement surgeries 

and 38 percent fewer knee replacements, relative to surgeries in a cohort of matched patients 

who received usual care.10 In contrast, a randomized controlled trial that randomly assigned 

hip and knee osteoarthritis patients to SDM and usual care arms found no significant 

difference in choice of surgery across these groups.11 A systematic review of fifteen SDM 

trials12 found that using decision aids as part of SDM increased the propensity of patients to 

select less invasive treatment options, although only five studies had significant findings.
10,13–16

In light of trials that tend to find that patients are more likely to choose conservative 

treatments when engaged in SDM,10 we examined the extent to which the use of decision 

aids intended to support the SDM process for hip and knee consultations was associated 

with decreased propensity to undergo surgery (arthroplasty) over six months compared to a 

comparison group whose members received care in the same health systems and resembled 

patients in the intervention group in all major respects except exposure to decision aids in 

conjunction with their consultations. Moreover, we explored the issue in the context of 

systemwide, routine implementation of decision aids, as opposed to a limited trial.

Study Data And Methods

Data

Founded in 2009, the High Value Healthcare Collaborative (HVHC) consists of ten health 

care systems with a shared goal of studying and disseminating promising interventions in the 

collaborative to improve the quality of care for their patient populations while reducing 
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overall health care costs. A three-year grant from the Center for Medicare and Medicaid 

Innovation supported HVHC’s efforts to, among other projects, implement decision aids to 

support SDM for patients considering hip and knee arthroplasty within orthopedic practices.
17 The goals of routine exposure to those DAs included improving pain and functioning of 

patients considering hip or knee arthroplasty and reducing rates of hip and knee surgeries not 

reflective of patient preferences. HVHC’s intervention made use of a web-based 

questionnaire, a decision aid, and a follow-up questionnaire.

System-reported clinical and administrative data from the High Value Healthcare 

Collaborative’s Unified Data Extract included information about intervention- and 

comparison-group patients who underwent arthroplasty within the grant period (July 1, 

2012–June 30, 2015). Encounter-level data from eligible adult patients (those ages 18–86) 

within collaborative system sites in the same period were integrated with information from 

the Unified Data Extract and analyzed. We included patients with diagnoses of hip 

osteoarthritis (International Classification of Diseases, Ninth Revision, Clinical Modification 

[ICD-9-CM], diagnostic codes 715.09, 715.15, 715.25, 715.35, or 715.95) or knee 

osteoarthritis (ICD-9-CM diagnostic codes 715.09, 715.16, 715.26, 715.36, or 715.96) 

osteoarthritis were included. We excluded patients if they had missing data for age, sex, or 

comorbidity status (n = 27). The intervention group consisted of patients exposed to decision 

aids and for whom both pre- and post-visit surveys that assessed patient preferences were 

completed before June 30, 2015 (n = 1,643). Patients were selected for the matched 

comparison group if they had an ICD-9 code for hip or knee osteoarthritis and an orthopedic 

consultation within the grant period, but no documentation of previous decision aid exposure 

(n = 4,108).

Intervention-group patients viewed condition-specific decision aids online, on a DVD, or on 

a tablet in the physician’s office either before or following orthopedic consultations. Health 

Dialog decision aids—regardless of modality (for example, DVD or online)—were used 

across all provider sites. These decision aids provide balanced information about treatment 

options for conditions including hip and knee osteoarthritis and meet standards set by the 

International Patient Decision Aid Standards Collaboration.18 Before and after viewing the 

decision aids, patients completed surveys that assessed their treatment preferences and 

decision certainty, as well as asking questions about topics ranging from education and 

employment history to self-assessed pain (as measured by the pain subscale of the Knee 

Injury and Osteoarthritis Outcome Score and Hip Injury and Osteoarthritis Outcome Score). 

Health coaches, most of whom were nurses, answered questions regarding the decision aid 

and survey questions for patients who completed the decision aid while in the medical 

office. During the orthopedic appointment, surgeons could review survey responses, clarify 

questions, and address patient concerns that might not have been addressed by the decision 

aid.

Study Design

Leveraging the routine provision of decision aids for patients with hip and knee 

osteoarthritis within HVHC, we compared arthroplasty rates among patients of practices that 

used decision aids (the intervention group) to patients of practices within the same systems 
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that did not implement decision aids (the comparison group). The main independent variable 

was exposure to decision aids in conjunction with hip or knee osteoarthritis consultations. 

The decision aids were intended to be used routinely as part of the SDM process for hip and 

knee osteoarthritis in participating High Value Healthcare Collaborative practices, and 

exposure was documented at the patient-level in collaborative administrative data. The 

primary outcome was whether or not intervention patients had hip or knee arthroplasty 

within six months of completing the decision aid. ICD-9-CM procedure codes 81.54 and 

81.51 (for knee and hip arthroplasty, respectively) were used to identify patients who had 

arthroplasty within six months of their orthopedic consultations. Intervention and matched 

comparison group patients’ utilization data were compared to assess surgical utilization 

within six months of decision aid exposure in the period July 2012–June 2015.

For multivariable regression analyses, we controlled for patient characteristics that could be 

associated with patients’ decision aid use and treatment choices, including age, sex, race, 

marital status, and health insurance type. Multiple studies have found that adults ages sixty-

five and older are less likely to pursue surgical intervention for preference-sensitive 

conditions such as hip or knee osteoarthritis.19,20 Clinicians may be less likely to engage 

older patients than younger patients in discussions about the benefits and trade-offs of 

surgery.21 Female patients are less likely than males to choose surgery across a range of 

preference-sensitive conditions, including joint arthroplasty.22,23 Nonwhite patients are also 

less likely to have surgery than white patients are24—a finding that has been attributed to 

minority patients’ perceptions of greater risk-to-benefit ratios for surgery.25 Other research 

suggests that physicians are less likely to offer surgery to patients who are members of 

racial/ethnic minority groups, compared to white patients.26 In addition, patients living with 

a spouse or partner may feel better supported in the decision to pursue surgery and 

subsequently in the recovery period, compared with unmarried patients.27 A patient’s health 

insurance payer type may affect perceptions of access to and cost sharing for surgical 

interventions.28 The propensity for patients to undergo hip and knee arthroplasty has been 

found to be lower among Medicaid beneficiaries than among privately insured and Medicare 

patients.29

Statistical Analyses

To understand differences in surgical utilization between patients who were exposed to the 

decision aid intervention for hip or knee osteoarthritis and patients who were not exposed, 

we stratified patient data by health system and exposure date (decision aid exposure date for 

the intervention group and specialty consultation appointment date for the comparison 

group), followed by propensity score matching. Stratifying patients before propensity score 

analyses is a method that has been demonstrated to further reduce bias in nonrandomized 

study settings.30 Comparison-group patients were matched to intervention-group patients via 

propensity score matching that used post-decision aid survey completion dates within a 

corresponding six-month timeframe. Optimal variable propensity score matching, which 

matches multiple comparison cases to treatment observations,31 was used. Patient age; sex; 

and diagnoses of diabetes, depression, or congestive heart failure (key medical comorbidities 

that can affect osteoarthritis care) were included32,33 to reduce potential selection effects 

when assessing the relationship between decision aid exposure and surgical utilization. 
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Optimal variable propensity score matching also selects comparison cases that most closely 

match intervention cases across selected covariates, thus optimizing balance across the 

groups in a manner that is not achieved when using propensity score weighting.34

Multivariable logistic regression models estimated the relationship between decision aid 

exposure and surgical utilization after optimal propensity score matching, separately for hip 

and knee patients. The regression models controlled for patient age, sex, comorbidity, race, 

marital status, and health insurance payer type. The models also included health system 

fixed effects to account for patient clustering within systems.

Sensitivity Analysis

As an alternative to optimal propensity score matching, we conducted a sensitivity analysis 

that used propensity score weighting, because that weighting retains the entire sample of 

observations (both intervention and comparison)35—which may result in more generalizable 

findings. For propensity score weighting, we incorporated the same variables as we did with 

optimal matching (patient age, sex, and comorbidity status) before conducting logistic 

regression analyses.

Limitations

The study findings should be considered in light of important limitations. First, decision aid 

implementation and SDM processes were heterogeneous across the High Value Healthcare 

Collaborative member systems and were dynamic over time, as practices learned through 

experience. For example, some patients were prompted to view a Health Dialog DVD or 

online decision aid before their appointments, while other practices invited patients to view 

the decision aid on an iPad in the orthopedist’s office. Because these differences across 

practices and over time were not documented in detail, we were unable to account for them 

in our analyses.

Second, we were unable to confirm whether SDM processes occurred in the consultations 

for intervention- or comparison-group patients. Audio or video recordings of interactions 

could elucidate whether SDM processes occurred, but it is not feasible to use these methods 

in a large-scale implementation of decision aids.

Third, High Value Healthcare Collaborative systems pay membership fees to support data 

collection and reporting. Thus, the generalizability of our findings to health systems with 

fewer resources or less experience could be limited. Nevertheless, no studies have examined 

the impact of decision aids developed for use in SDM on surgical utilization across multiple 

health systems, which underscores the novelty of our research.

Finally, although we included depression, diabetes, and congestive heart failure as key 

comorbidities, we were unable to include a more comprehensive set of comorbidities or the 

length of time since initial diagnoses of hip or knee osteoarthritis, because diagnosis data 

were limited for comparison group patients.
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Study Results

Exhibit 1 summarizes the numbers and percentages of all adult patients with hip and knee 

osteoarthritis (including those who were exposed to decision aids in conjunction with 

consultations) within the health care systems that were members of the High Value 

Healthcare Collaborative during the period July 1, 2012-June 30, 2015.

Among hip patients, the unadjusted six-month postconsultation arthroplasty rate for the 

comparison group was 29.1 percent, versus 53.9 percent for the intervention group (data not 

shown). Among knee patients, the rates were 24.4 percent for the comparison group and 

32.4 percent for the intervention group. The differences in rates across intervention and 

comparison groups for both the hip and knee cohorts were significant (p < 0.001).

Descriptive statistics before optimal propensity score matching revealed several differences 

across the decision aid intervention and comparison groups. For example, knee patients who 

were Hispanic accounted for a larger share of the comparison group than the intervention 

group (10.3 percent versus 4.3 percent). So did knee patients who were Medicaid 

beneficiaries (11.1 percent versus 2.9 percent). Among hip patients, commercially insured 

patients accounted for a larger proportion of the intervention group than the comparison 

group (45 percent versus 27 percent) (online appendix exhibit A1).36

We compared the unadjusted mean differences between intervention- and comparison-group 

patients shown in appendix exhibit A136 with the adjusted mean differences shown in 

exhibit 2. We found that optimal propensity score matching resulted in a 52.5 percent 

reduction in the standardized mean difference for patient age across knee patients in the 

intervention and comparison groups and a 5.2 percent reduction in the standardized mean 

difference across sexes for the intervention and comparison knee groups. Among hip 

patients, optimal matching resulted in a 37.5 percent reduction in the standardized mean 

difference by patient age between the intervention and comparison groups. For the knee 

cohort, although optimal propensity score matching diminished differences between 

intervention and comparison groups, differences remained significant across age, 

comorbidity status, race, and payer type. Similarly, for hip patients, differences between 

intervention and comparison groups diminished with optimal propensity score matching but 

remained significant across age, marital status, and payer type variables.

In optimal propensity score matched logistic regression models, knee intervention patients 

had 1.77 greater odds of undergoing arthroplasty six months after a consultation, relative to 

comparison knee patients (exhibit 3). Hip patients exposed to decision aids had 2.59 greater 

odds, relative to comparison group patients.

Several patient characteristics were associated with undergoing arthroplasty. Knee patients 

with diabetes had lower odds of having arthroplasty, compared to patients without diabetes 

(odds ratio: 0.84), but knee patients with depression had higher odds, compared to patients 

without depression (OR: 1.54). Black/African American and Hispanic/Latino knee patients 

had lower odds of arthroplasty (ORs: 0.48 and 0.60, respectively), compared to non-Latino 

white patients.
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Similarly, Black/African American and Hispanic/Latino (ORs: 0.40 and 0.26 respectively) 

hip patients had lower odds of arthroplasty compared with non-Hispanic/Latino white 

patients. Older age was also a significant predictor of lower surgical utilization in the hip 

cohort.

The overall findings were robust to the alternative specification of propensity score 

weighting. These results are shown in appendix exhibit B1.36 Results of multivariable 

regression using propensity score weighting, which included a larger comparison group, 

were consistent with results using optimal variable propensity score matching, but optimal 

matching yielded odds ratios of smaller magnitude and less significance.

Discussion

Adult patients with hip or knee osteoarthritis at the ten High Value Healthcare Collaborative 

systems in 2012–15 who were exposed to condition-specific decision aids in conjunction 

with orthopedic consultations were no less likely to undergo arthroplasty within six months 

than matched patients whose consultations did not include such exposure. These findings are 

notable in light of existing evidence from smaller-scale intervention studies that using 

decision aids as part of SDM processes results, on average, in more conservative treatment 

for preference-sensitive conditions.10 One explanation for why the High Value Healthcare 

Collaborative findings differed from those of previous studies is that decision aids were 

implemented as part of routine care delivery across diverse health systems rather than as a 

short-term project in a single health system. Compared to randomized controlled trials of 

surgical utilization after exposure to decision aids developed for use in SDM, SDM 

interventions under real-world conditions could be affected by organizational culture, time 

constraints, availability of resources, and the presence or lack of feedback loops,37 resulting 

in low implementation fidelity that could diminish decision aids’ impact on SDM processes.
38,39 Moreover, many patients were primarily exposed to decision aids before consultations 

in orthopedic practices that receive fee-for-service reimbursement for arthroplasty and other 

services. As a result, these patients might not have discussed surgical and nonsurgical 

treatment options to the same extent that patients in a primary care setting might have done. 

In light of the longitudinal nature of many patients’ relationships with their primary care 

physicians, conversations that occur “upstream” about treatment options and expectations 

could consider a broader and more nuanced health history. Upstream implementation of 

decision aids as part of the SDM processes in primary care settings might affect arthroplasty 

rates differently and should be examined in future research.

Notably, we found that patients with clinical depression had a greater propensity to undergo 

arthroplasty for hip or knee osteoarthritis, compared with patients without depression. In 

addition to decreased quality of life, people with depression also have a high likelihood of 

physical morbidity and mortality,40,41 which might make it more difficult for these patients 

to pursue nonsurgical treatment options such as physical therapy. Patients with depression 

are also more likely to experience poor postoperative outcomes: For example, patients with 

depression who undergo coronary artery bypass surgery have a higher incidence of 

readmissions and serious cardiac events such as arrhythmias, as well as postoperative 

delirium.42 Initiating informed conversations about the trade-offs of surgery and nonsurgery 
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via decision aids with patients with depression is especially important given the unique risks 

and benefits among this patient population. Future studies that examine the impact of SDM-

focused training for engaging patients with depression could aid in the development of 

decision support for clinicians who engage in SDM with these patients.

The routine implementation of decision aids in High Value Healthcare Collaborative 

member practices did not sway hip and knee patients toward more conservative treatment for 

osteoarthritis. In light of the heterogeneity among systems in the criteria they used for 

selecting patients who were exposed to DAs as part of consultations for hip or knee 

osteoarthritis, it is possible that patients who ultimately were exposed to decision aids were 

chosen because of their candidacy for hip or knee arthroplasty. If that were the case, it would 

bias our results toward the null hypothesis. Importantly, the intended goal of decision aids is 

not to reduce rates of surgical interventions, but rather to facilitate conversations that help 

patients and clinicians collaboratively choose the treatment most closely aligned with the 

patient’s preferences.4

Policy Implications

National efforts to encourage the routine use of SDM for preference-sensitive conditions 

continue to gain momentum through the Centers for Medicare and Medicaid Services’ 

mandated physician participation in SDM interventions for atrial fibrillation, lung cancer 

screening, and implantable cardioverter-defibrillators.43 Pragmatic SDM demonstration 

projects should prioritize producing evidence about how health care systems and physician 

practices can develop the climate and capacity to implement SDM with high fidelity.44 

There are other important patient-centered outcomes to consider in future research on the 

impact of decision aids, including pain management and patient satisfaction with treatment 

choices. Increased efforts to identify best practices of using decision aids to support SDM in 

primary care settings might support the provision of patient-centered care for preference-

sensitive conditions and improved patient outcomes.

Conclusion

The scale of quality improvement initiatives implemented by the High Value Healthcare 

Collaborative provides valuable opportunities for health care systems to learn from one 

another about how best to integrate patient-centered engagement strategies into routine 

clinical practice. The collaborative’s implementation of decision aids designed to support 

SDM as part of consultations for hip or knee osteoarthritis patients expands evidence from 

single-system trials to a multisite routine implementation of decision aids, with the intention 

that the decision aids be used to facilitate the SDM process. In contrast with findings from 

single-site studies, our findings underscore the fact that multisystem implementation of 

decision aids for hip and knee osteoarthritis is not necessarily associated with patients’ 

choosing more conservative treatment options for these conditions. Health care systems that 

adopt decision aids developed for use in SDM and used in conjunction with hip and knee 

osteoarthritis consultations should not expect reduced surgical utilization.
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Exhibit 1:

Hip and knee osteoarthritis patient cohort at High Value Healthcare Collaborative (HVHC) member systems, 

July 1, 2012-June 30, 2015

HIP PATIENTS KNEE PATIENTS

SYSTEM NO. % OF COHORT NO. % OF COHORT

Baylor Health System 8,644 17.3 27,131 17.7

Beth Israel Deaconess Medical Center 929 1.9 2,593 1.7

Denver Health 860 1.7 5,467 3.6

Eastern Maine Healthcare Systems 2,958 5.9 9,357 6.1

Intermountain Healthcare 10,806 21.6 45,962 30.0

MaineHealth 0 0.0a 3,661 2.4

Mayo Clinic 15,252 30.5 25,386 16.5

Scott and White Health 5,062 10.1 19,670 12.8

UCLA Health System 2,906 5.8 7,345 4.8

Virginia Mason Medical Center 2,623 5.2 6,883 4.5

All 50,040 100.0 153,455 100.0

SOURCE Authors’ analysis of data submitted by members of the High Value Healthcare Collaborative. NOTE UCLA is the University of 
California Los Angeles.

a
MaineHealth did not submit any data on hip patients.
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Exhibit 2:

Adjusted characteristics of the hip and knee osteoarthritis patient cohort after optimal variable propensity 

score matching propensity by cohort group [July 1, 2012-June 30, 2015]

Hip patients Knee patients

Intervention Comparison Intervention Comparison

All 446 1,115 1,197 2,993

Mean age (years) 58.2 60.6**** 59.3 60.2**

Female 242 621 768 1,823**

Comorbidities

 Congestive heart failure 8 37* 27 107**

 Depression 70 195 232 609

 Diabetes 44 134 177 559***

Race/ethnicity

 White 353 876 859 1,973***

 Hispanic or Latino 13 58 125 345***

 Black or African American 32 79 96 269***

 Other Non- Hispanic/Nonwhite 48 102 117 406***

Married or with a life partner 263 582*** 670 1,582**

Payer

 Medicare 165 430**** 445 1,064****

 Medicaid 43 62**** 133 281****

 Medicare and Medicaid 10 10**** 52 77****

 Private insurer 200 323**** 418 870****

SOURCE Authors’ analysis of data submitted by members of the High Value Healthcare Collaborative. NOTES The cohort was divided into 
intervention (members received decision aids) and comparison (members did not receive decision aids) groups. Sex and comorbidities were 
variables included in the propensity score matching algorithm. Characteristics were adjusted for propensity score matching.

*
p < 0.10

**
p < 0.05

***
p < 0.01

****
p < 0.001
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Exhibit 3:

Impact of exposure to decision aids on use of arthroplasty among hip and knee osteoarthritis patients after 

optimal variable propensity score matching, [July 1, 2012-June 30, 2015

Patients using arthroplasty

Hip patients (n = 1,561) Knee patients (n = 4,190)

Model 1 Model 2 Model 1 Model 2

Intervention versus comparison group 2 12**** 2 59**** 1 68**** 1 77****

Mean age 1 01*** 1.01* 1 03**** 1 03****

Female 0.94 0.97 0.92 0.99

Comorbidities

 Congestive heart failure 0.71 0.74 0.78 0.84

 Depression 1.17 1.28 1 29*** 1 54****

 Diabetes 0 52**** 0.70* 0 61**** 0.84**

Race/ethnicity (ref: white)

 Hispanic or Latino —a 0 26**** —a 0.60****

 Black or African American —a 0 40**** —a 0 48****

 Other Non-Hispanic Nonwhite —a 0.59*** —a 0.85

Married or with a life partner —a 1.26* —a 1 46****

Payer (ref: private insurer)

 Medicare —a 0.77 —a 0.66****

 Medicaid —a 0.81 —a 0.66**

 Medicare and Medicaid —a 0.70 —a 0.61*

 Other —a 2 45**** —a 1.30**

SOURCE Authors’ analysis of data submitted by members of the High Value Healthcare Collaborative. NOTES The exhibit shows odds ratios after 
propensity score matching. Model 1 examined the association between the variables included in the propensity score matching algorithm and use of 
arthroplasty between intervention and comparison groups (those whose members did and did not receive decision aids, respectively). Model 2 
examined the association between the full specification of variables included in the analysis and use of arthroplasty. Significance refers to the 
difference between the cohort groups.

p < 0.10

**
p < 0.05

***
p < 0.01

****
p < 0.001
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