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Abstract
Patient-engagement strategies are being encouraged by payers and governments, but with limited evidence about whether practice adoption of 
these strategies impacts utilization and spending. We examine the association of physician practice adoption of patient-engagement strategies 
(low vs moderate vs high) with potentially preventable utilization and total spending for patients with type 2 diabetes and/or cardiovascular disease 
using US physician practice survey (n = 2086) and Medicare fee-for-service (n = 736 269) data. In adjusted analyses, there were no differences in 
potentially preventable utilization associated with practice adoption of patient-engagement strategies. Compared with patients attributed to 
practices with moderate adoption, patients attributed to practices with high adoption had higher total spending ($26 364 vs $25 991; P < .05) 
driven by spending for long-term services and supports, including home health agency, long-term care, skilled nursing facilities, and hospice 
payments. In contrast, patients attributed to practices with low adoption had higher total spending ($26 481 vs $25 991; P < .01) driven by 
spending for tests and acute care and clinical access spending. The results highlight that stakeholders that encourage the use of patient- 
engagement strategies should not necessarily expect reduced spending.

Lay summary
Improving the engagement of patients with type 2 diabetes and cardiovascular disease (CVD) in their own health and health care can enhance self- 
management skills and self-efficacy for behavior change, potentially reducing treatment burden. It remains unclear, however, whether US physician 
practices with more extensive adoption of patient-engagement strategies, including shared decision making, motivational interviewing, and shared 
medical appointments, have lower potentially preventable utilization and total spending for adults with type 2 diabetes and/or CVD. In a national study 
of US physician practices and Medicare beneficiaries, we find that practice adoption of patient-engagement strategies is associated with total 
spending in a nonlinear fashion. Compared with practices with moderate adoption of patient-engagement strategies, practices with high 
adoption had higher total spending ($25 991 vs $26 364; P < .05) driven by spending for long-term services and supports, while practices with 
low adoption had higher total spending ($25 991 vs $26 481; P < .01) driven by tests, acute care, and clinical access spending. The results 
highlight that key stakeholders encouraging the use of patient-engagement strategies should not necessarily expect reduced spending.
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Introduction
Adults with diabetes and cardiovascular disease (CVD) can ex-
perience high treatment burden and decrements to quality of 
life, issues that tend to dominate clinical discussions.1–3

Improving the engagement of patients with diabetes and CVD 
in their own health and health care can enhance self- 
management skills and self-efficacy for behavior change, poten-
tially reducing treatment burden.4,5 Preference-sensitive treat-
ment decisions for adults with diabetes include insulin use,6

CVD risk prevention,7–9 and medication intensification10; and 
preference-sensitive treatment decisions for CVD prevention 
and management include statin use,10,11 stroke-prevention op-
tions for atrial fibrillation,12 and invasive cardiac care.13

Patient-engagement strategies include shared decision mak-
ing (SDM), motivational interviewing, and shared medical ap-
pointments (SMAs), and these approaches can improve 
patient self-efficacy to navigate treatment decisions, improve 
treatment adherence, and improve patient-centered outcomes 
of care.14–16 SDM is a collaborative effort of clinicians- 
patients to engage in deliberative discussions about how treat-
ment options complement patients’ values to determine the 
treatment choice that best reflects those values and preferen-
ces.17 Decision aids are evidence-driven tools often used in 
the SDM process that present the likelihood of potential out-
comes for each option, and value clarification exercises to elu-
cidate patients’ goals.18
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Adults with diabetes and/or CVD are high-priority popula-
tions for physician practices and health systems using 
SDM to provide objective information on benefits/harms to 
help patients clarify their values and make preference-aligned 
decisions.18 Motivational interviewing involves patient- 
centered prioritization techniques to support patients with 
goal-setting for behavior change, including managing cardio-
vascular risk factors such as smoking cessation, diet, and phys-
ical activity.19,20 SMAs are medical encounters where 
clinicians simultaneously meet with multiple patients, reinfor-
cing self-management education and medication management 
as patients learn from the experiences and treatment of their 
peers.21 SMAs can improve self-management of chronic con-
ditions but can be challenging to implement because of com-
plex logistics.22

Research evidence about the impact of patient-level use of 
patient-engagement strategies for adults with diabetes and 
CVD, including from randomized controlled trials, indicates 
that using SDM and motivational interviewing techniques can 
help patients make informed treatment decisions, can reduce 
the use of high-cost treatments with limited benefit, and im-
prove self-efficacy for behavior change.5,8,23 Implementation 
research, however, highlights that implementing SDM, motiv-
ational interviewing, and SMAs require strongs leadership com-
mitment, workflow adaptations, robust health information 
technology, and sufficient time and organizational support for 
staff training.24–28

Strategies to improve patient engagement are being encour-
aged by payers and increasingly being adopted by physician 
practices.29,30 Recent research indicates that physician prac-
tice adoption of patient-engagement strategies across medical 
conditions differs by practice ownership; practices owned by 
hospital and health systems had lower overall adoption of 
SDM, motivational interviewing, and SMAs compared with 
all other ownership types, including independent physician 
practices.31 Patient-engagement strategies are not necessarily 
intended to reduce spending, but rather to better align treat-
ment plans with patients’ values and preferences. Payers and 
policymakers, however, sometimes expect that investing in 
patient-engagement strategies will help reduce spending for 
acute care.32

There is mixed evidence about whether the use of patient- 
engagement strategies like SDM leads to cost savings.32,33 No 
national evidence exists about the extent to which physician 
practice adoption of patient-engagement strategies for adults 
with diabetes and/or CVD is associated with potentially pre-
ventable utilization and total spending. Patient-engagement 
strategies require practice infrastructure and staffing to build 
their capabilities for engaging patients in SDM, motivational in-
terviewing, and SMAs. Supporting patients in making health 
care decisions that align with their preferences, however, may 
lead to higher total spending for Medicare beneficiaries due to 
greater use of long-term services and supports (LTSS), which in-
clude home health agency, long-term care, skilled nursing facil-
ities, and hospice payments.34

In this study, we advance the evidence by linking a nation-
ally representative survey of nonfederal US primary care phys-
ician practices to Medicare claims data from fee-for-service 
(FFS) beneficiaries to examine the association of practice 
adoption of 12 patient-engagement strategies for adults with 
diabetes and/or CVD with potentially preventable emergency 
department (ED) and hospital utilization35 and total spend-
ing.36,37 Our approach was guided by the multidimensional 

framework for patient and family engagement by Carman 
et al.,4 which highlights the important role of direct care en-
gagement strategies for improving quality. Based on the emer-
ging evidence about the impact of SDM and motivational 
interviewing for adults with diabetes and/or CVD,23,38–40 we 
hypothesized that patients attributed to primary care practices 
with high adoption of patient-engagement strategies will have 
a lower odds of potentially preventable utilization because pa-
tients are better able to manage their health with resources 
outside of the ED and hospital but will have higher total 
spending due to greater use of LTSS.

Data and methods
We analyzed physician practice responses to the 2017/2018 
National Survey of Healthcare Organizations and Systems 
(NSHOS), a nationally representative sample of nonfederal 
primary care or multispecialty medical practices with 3 or 
more primary care physicians, as defined by the 2016 IQVIA 
OneKey database. Stratified-cluster sampling was used to se-
lect physician practices operating under different organiza-
tional structures.41 A knowledgeable key informant at each 
practice responded, most often the physician chief or practice 
manager. The NSHOS included content from the National 
Study of Physician Organizations and new measures of 
patient-engagement strategies tested using cognitive inter-
views with health system leaders and physicians. From 2333 
total responses (response rate = 47%), we excluded duplicate 
surveys and those with high item nonresponse, which resulted 
in an analytic sample of 2190 physician practices.

NSHOS data were linked to 2017 Medicare Part A and Part 
B FFS claims data using physician taxpayer identification num-
bers. Beneficiaries with type 2 diabetes and/or CVD were iden-
tified using the Centers for Medicare and Medicaid Services 
(CMS) Hierarchical Condition Category (HCC) coding. For 
diabetes, codes for Diabetes with Acute Complications (HCC 
17), Diabetes with Chronic Complications (HCC 18), and 
Diabetes without Complication (HCC 19) were included. For 
CVD, codes for Cardio-Respiratory Failure and Shock (HCC 
84), Congestive Heart Failure (HCC 85), Acute Myocardial 
Infarction (HCC 86), Unstable Angina and Other Acute 
Ischemic Heart Disease (HCC 87), Angina Pectoris (HCC 
88), Specified Heart Arrhythmias (HCC 96), Cerebral 
Hemorrhage (HCC 99), Ischemic or Unspecified Stroke (HCC 
100), and Vascular Disease (HCC 108) were included.

We attributed beneficiaries to practice locations using meth-
ods that the CMS uses as part of their Medicare Shared 
Savings Program, which is a well-documented and widely ac-
cepted method.42 This method favors assignment of patients 
to primary care clinicians over specialists and is based on 
where patients receive the plurality of their primary care. We 
used the Medicare claims data to determine diagnoses, poten-
tially preventable utilization, and spending. We used the 
Master Beneficiary Summary File to capture patient demo-
graphics and date of death. The claims data included US 
Census information for zip code–level socioeconomic data.

A total of 795 659 beneficiaries with diagnosed diabetes and/ 
or CVD were attributed to NSHOS practices. Beneficiaries diag-
nosed with end-stage renal disease were excluded (n = 15 585) 
because of different insurance coverage and practice specializa-
tion considerations. We also excluded beneficiaries who died in 
2017 (n = 43 805). The final analytic sample included 736 269 
patients attributed to 1 of 2086 physician practices.
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Independent variable
A composite measure based on survey responses assessing 
practice adoption of 12 patient-engagement strategies was 
constructed and transformed to a 0–100 scale (internal con-
sistency reliability, α = 0.87).43 The 12 items included the fol-
lowing: (1) SMAs for diabetes; (2) SMAs for CVD; (3) 
motivational interviewing for smoking cessation, (4) weight 
loss or diet, (5) physical activity, and (6) medication adher-
ence; (7) training physicians and staff in motivational inter-
viewing; (8) use of decision aids for selecting diabetes 
medications; (9) physicians and staff formally trained in 
SDM; (10) physicians routinely engage in SDM; (11) routine 
use of decision aids; and (12) follow-up with patients on deci-
sions after SDM. Given the paucity of evidence about classify-
ing practices based on patient-engagement strategy adoption, 
our preference for broad categories to ensure the reliable clas-
sification of “high” and “low” adopter practices, and because 
we anticipated nonlinear associations, we examined whether 
the top and bottom quartiles of the practice adoption distribu-
tion compared with the 2 middle quartiles. Accordingly, prac-
tices were categorized based on their adoption of 
patient-engagement strategies as “low” (0–25th percentile; 
range: 0–2 strategies), “moderate” (26–75th percentile; range: 
3–8 strategies), or “high” (>75th percentile; range: 9–12 strat-
egies). Table S1 summarizes information about practice adop-
tion of each of the 12 patient-engagement strategies overall 
and stratified by the 3 practice adoption categories.

Study outcomes
The 3 potentially preventable utilization study outcomes are 
dichotomous measures reflecting the presence or absence of 
at least 1 of the following: (1) readmission within 30 days of 
an index hospitalization for any cause,44 (2) hospitalization 
for ambulatory care sensitive conditions (ACSCs),45 and (3) 
nonemergent visit to the ED.46

Readmission within 30 days from the date of an index hos-
pitalization for any cause excluded planned readmissions, ad-
mitted to prospective payment system (PPS)–exempt cancer 
hospitals, as well as beneficiary claims without at least 30 
days postdischarge enrollment in FFS Medicare, discharged 
against medical advice, admitted for primary psychiatric diag-
noses, admitted for rehabilitation, or admitted for medical 
treatment of cancer.

To classify hospitalizations for ACSCs, we identified hospital-
izations for ACSCs from International Classification of Diseases, 
10th Revision, Clinical Modification (ICD-10-CM) codes that 
were extracted from the principal diagnosis field of each patient 
using the following Agency for Healthcare Research and Quality 
(AHRQ) Prevention Quality Indicators: #1 Diabetes Short-Term 
Complications, #3 Diabetes Long-Term Complications, #5 
Chronic Obstructive Pulmonary Disease or Asthma in Older 
Adults, #7 Hypertension, #8 Heart Failure, #10 Dehydration, 
#11 Bacterial Pneumonia, #12 Urinary Tract Infection, #14 
Uncontrolled Diabetes, #15 Asthma in Younger Adults, and 
#16 Lower-Extremity Amputation among Patients with 
Diabetes.47

Nonemergent ED visits are defined by the New York 
University (NYU) Emergency Department Classification algo-
rithm,46 which includes probabilities for classifying 47 132 
diagnostic codes. These classifications include probabilities 
for each diagnosis of being a non-emergency (NE) visit and 
being primary care treatable (PCT) visit. If NE and PCT visits 

were greater than 50%, we classified the visit as a nonemer-
gent ED visit.

The primary spending outcome measure is total spend-
ing.36,37 Dollar denominated spending from attributed pa-
tients accrues from both practice providers and non–practice 
providers. To elucidate sources of potential spending differen-
ces between physician practices with varying levels of adop-
tion of patient-engagement strategies, we also examine 8 
components of spending: imaging, evaluation and manage-
ment, procedures, tests, facilities, acute care and clinical ac-
cess, home health agency (an LTSS), and “other” payments. 
“Other LTSS” included spending for long-term care, skilled 
nursing facilities, and hospice payments; these LTSS categories 
were combined due to small sample sizes that resulted in mod-
el nonconvergence when examined separately.

Covariates
Beneficiary control variables included patient age, race/ethni-
city, sex, HCC, risk adjustment factor (RAF) score derived us-
ing 2017 claims data to account for patient morbidity,48 and 
dual eligibility for Medicare and Medicaid insurance coverage. 
We controlled for socioeconomic variables, including the me-
dian annual household income within each beneficiary’s 5-digit 
zip code and whether the beneficiary resided in a census tract 
with high poverty (≥20% of residents at or below the 100% 
poverty level). Practice control variables included practice own-
ership, which includes categories of medical group, hospital or 
health care system, Federally Qualified Community Health 
Center (FQHC), independently owned, or other ownership. 
We also controlled for practice size (number of physicians), spe-
cialty mix (specialist to primary care physician ratio), the per-
centage of practice revenue from Medicaid, and state fixed 
effects to account for state policies that might impact the adop-
tion of patient-engagement strategies.

Analyses
Unadjusted adoption rates for each of the 12 patient- 
engagement strategies and physician practice characteristics 
by the 3 levels of patient-engagement strategy adoption 
(high vs moderate vs low) were compared. We tested for sig-
nificant differences in the study variables between adoption 
levels, using chi-square tests for categorical variables and ana-
lysis of variance (ANOVA) for continuous variables.

We estimated 3 generalized linear models (GLMs), using 
logit as link and binomial as family, to estimate the association 
of physician practice adoption of patient-engagement strat-
egies with the 3 dichotomous study outcomes of potentially 
preventable utilization. GLMs using log as link and 
Gaussian as family estimated the association of physician 
practice adoption of patient-engagement strategies with total 
spending and each of 8 components of spending.

To address potential selection effects (ie, practices with high 
adoption of patient-engagement strategies care for larger 
shares of clinically complex beneficiaries), we used stabilized 
inverse probability of treatment weights (IPTWs) in the form 
of average treatment effect in the treated.49 We aimed to 
have absolute standardized differences of the variables’ means 
between each of the 3 levels (high vs moderate vs low) of phys-
ician practice adoption of patient-engagement strategies to be 
less than 0.15.50 The IPTWs were multiplied by survey weights 
that accounted for differential sampling and nonresponse of 
practices and then used to estimate the GLM regressions.41

Health Affairs Scholar, 2023, 1(1), 1–11                                                                                                                                                               3

http://academic.oup.com/haschl/article-lookup/doi/10.1093/haschl/qxad021#supplementary-data


We conducted collinearity and model fit diagnostics for 
multivariable models. We calculated Variance Inflation 
Factors (VIFs) for each independent variable, with values 
greater than 2.0 as an indication of collinearity.

Sensitivity analysis
The measure of physician practice adoption of patient- 
engagement strategies was specified as a categorical variable 
in the main analyses because we anticipated nonlinear effects. 
We assessed the consistency of the results using a linear speci-
fication of the composite measure. To do this, we re-estimated 
all regression models using a linear specification of the com-
posite measure and estimated dose–response functions,51

which estimate generalized propensity scores when the main 
independent variable is not necessarily normally distributed.

Results
There were statistically significant differences for all practice 
characteristics by practice adoption levels (“high” vs “moder-
ate” vs “low”) (Table 1). Practices with high adoption had 
fewer advanced-practice clinicians compared with practices 
with moderate adoption (5.1 vs 9.7; P < .001), but slightly 

more advanced-practice clinicians than low adoption practi-
ces (5.1 vs 4.4; P < .001). A greater proportion of high adop-
tion practices were FQHCs compared with moderate 
adoption (17.1% vs 14.7%; P < .001) and low adoption prac-
tices (17.1% vs 10.8%; P < .001). Differences in the levels of 
practice adoption of each individual patient-engagement strat-
egy across categories were large in magnitude and statistically 
significant (P < .001) (Table S1). For example, 72.8% of high 
adoption practices report having clinicians and staff formally 
trained in SDM, compared to only 37.7% and 15.3% of mod-
erate and low adoption practices, respectively. Similarly, 
99.4% of high adoption practices report using motivational 
interviewing for medication adherence compared to 61.7% 
and 0.1% of moderate and low adoption practices, 
respectively.

Descriptive analyses of attributed Medicare FFS beneficiary 
characteristics, stratified by practice adoption of patient- 
engagement strategies (Table 2), indicated substantial differ-
ences in patient characteristics by practice adoption level. 
For example, high adoption practices had higher shares of at-
tributed patients with diabetes and/or CVD who are dually eli-
gible for Medicare and Medicaid and with diagnosed 
depression compared low and moderate adoption practices. 

Table 1. Physician practice characteristics, by practice adoption of patient-engagement strategies (low vs moderate vs high adoption).

Overall Low 
patient-engagement 

strategies

Moderate 
patient-engagement 

strategies

High patient- 
engagement 
strategies

Differences

Low– 
moderate

Low– 
high

Moderate– 
high

n 2086 532 1037 517
Practice size, %

<3 physicians 4.0 4.6 4.2 2.7 *** *** ***
3–7 physicians 38.2 39.5 38.8 35.0 ** *** ***
8–12 physicians 23.9 25.1 23.7 22.8 *** *** ***
13–19 physicians 10.4 10.3 8.7 14.5 *** *** ***
20+ physicians 23.5 20.6 24.6 25.0 *** ***

Specialty mix, %
100% PCPs 19.1 18.4 20.2 17.4 *** *** ***
33%–99% PCPs 70.8 70.3 69.0 75.4 *** *** ***
<33% PCPs 10.2 11.3 10.8 7.1 ** *** ***

Advanced-practice 
clinician count, mean 
(SD), %

7.1 
(24.5)

4.4 (7.2) 9.7 (34.0) 5.1 (10.3) *** *** ***

Practice ownership, %
Physician-owned 30.3 28.8 31.9 29.1 *** ***
Hospital- or health 
system–owned

52.9 55.7 53.8 46.8 *** *** ***

Other ownership 5.7 3.3 6.7 6.9 *** ***
Federally qualified 
health center

14.0 10.8 14.7 17.1 *** *** ***

Medicaid revenue, %
No Medicaid revenue 31.7 32.7 30.1 34.1 *** *** ***
Low/moderate 
Medicaid revenue, 
1%–29%

55.8 54.4 59.2 50.4 *** *** ***

High Medicaid 
revenue, >30%

12.4 12.9 10.7 15.5 *** *** ***

US Census region, %
Northeast 20.2 21.0 17.9 24.4 *** *** ***
Midwest 26.7 23.3 30.1 24.1 *** *** ***
South 34.8 39.7 34.0 29.9 *** *** ***
West 18.2 16.0 18.1 21.6 *** *** ***

Abbreviation: PCP, primary care physician. 
**P < 0.01, ***P < 0.001.
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Black and Latino Medicare FFS beneficiaries were more likely 
to be attributed to practices with low adoption than practices 
with moderate and high adoption.

In multivariable GLMs estimating each of the 3 measures of 
potentially preventable utilization, adults with diabetes and/or 
CVD attributed to physician practices with high adoption of 
patient-engagement strategies had similar odds of having an 
all-cause 30-day readmission, hospitalization for ACSCs, 
and nonemergent ED visits as patients attributed to moderate 
or low adoption practices (Table 3). Absolute standardized 
differences of the variables’ means were all found to be less 
than 0.15 in weighted analyses (Figure S1). Adjusted compar-
isons of potentially preventable utilization by physician prac-
tice adoption levels of patient-engagement strategies are 
summarized in the Figure S2.

Among practice covariates, patients attributed to practices 
with high Medicaid revenue (>30%) were more likely to 
have a hospitalization for ACSCs and a nonemergent ED visit 
than beneficiaries attributed to practices with moderate 
Medicaid revenue (1%–29%). Patients attributed to practices 
owned by a hospital or health care systems or “other” had 
higher rates of nonemergent ED visits. Patients attributed to 
practices with 100% primary care physicians had lower 
odds of nonemergent ED visits. All patient covariates included 
were significantly associated with potentially preventable util-
ization, but with inconsistent relationship directions across 
the study outcomes. For example, older beneficiaries had high-
er all-cause 30-day readmission rates and hospitalization for 
ACSCs, but lower unnecessary ED visits. Black and Hispanic 
beneficiaries had higher nonemergent ED visits.

In adjusted GLMs for spending (Table 4), patients attrib-
uted to practices with high adoption of patient-engagement 
strategies had higher total spending (P < .05), driven by 
home health agency and other payments, which include long- 
term care, skilled nursing facilities, and hospice payments, 
compared with patients attributed to practices with moderate 
adoption. In adjusted analyses, patients attributed to practices 
with low adoption of patient-engagement strategies had high-
er total spending (P < .001), driven by tests, acute care and 
clinical access, long-term care, skilled nursing facilities, and 
hospice payments, compared with patients attributed to prac-
tices with moderate adoption. Compared with beneficiaries at-
tributed to independent practices, patients attributed to 
FQHCs had lower total spending (P < .001). Most patient 
characteristics assessed were associated with spending. For ex-
ample, Black, Hispanic, and beneficiaries with “other” race/ 
ethnicities had lower total spending compared with White 
beneficiaries, and patients with higher HCC RAF scores had 
higher total spending.

Predicted mean estimates of adjusted total spending are il-
lustrated in the Figure 1 and show that Medicare FFS benefi-
ciaries with diabetes and/or CVD attributed to physician 
practices with “moderate” adoption of patient-engagement 
strategies had lower total spending than beneficiaries attrib-
uted to practices with low adoption ($25 991 vs $26 481; 
P < .01) or high adoption ($25 991 vs $26 364; P < .05) of 
patient-engagement strategies.

In sensitivity analyses that estimated the association of a 
continuous specification of the practice adoption of patient- 
engagement strategies measures, there was no significant asso-
ciation between practice adoption of patient-engagement 
strategies with preventable utilization (Table S2), consistent 
with the main analyses. The spending results (Table S3) 

indicate that a 1-point increase in practice adoption of patient- 
engagement strategies (range: 0–12) is associated with a $56.7 
decrease in total spending per beneficiary (P < .001), driven by 
lower “other payments” (= −$41.2; P < .001), which includes 
spending for long-term care, skilled nursing facilities, and hos-
pice payments, as well as evaluation and management spend-
ing (= −$6.7; P < .001).

Discussion
We found practice adoption of patient-engagement strategies 
to be associated with total spending in a nonlinear fashion. 
Practices with high adoption of strategies spent more on 
LTSS for Medicare FFS beneficiaries, including home health 
agency, skilled nursing facility, hospice, and long-term care 
payments, compared with practices with low and moderate 
adoption. Higher spending for LTSS may be indicative of 
patient-centered care for these clinically complex beneficiaries. 
The results suggest that achieving patient-centered care may 
actually increase LTSS spending, while not associated with re-
duced potentially preventable utilization in the short run.52 In 
contrast, low adoption practices spent more on testing, acute 
care, and clinical access payments for Medicare FFS benefi-
ciaries than moderate adoption practices. Higher spending 
for these services may reflect treatment that may not be aligned 
with patients’ preferences, less developed diabetes and CVD 
self-management support for patients, differences in geo-
graphic access to care, and care provision in critical access hos-
pitals, which tend to be in rural settings. Black and Latino 
Medicare FFS beneficiaries were more likely to be attributed 
to physician practices with low adoption of patient- 
engagement strategies, so addressing implementation barriers 
impeding practice adoption and implementation of patient- 
engagement strategies in these practices through technical as-
sistance and other resources to promote patient-centered care 
may also advance health equity and help control the growth 
rate of Medicare spending.

In sensitivity analyses that estimated the association of prac-
tice adoption as a continuous measure in dose–response mod-
els, greater practice adoption of patient-engagement strategies 
was associated with lower total spending. These results were 
driven by lower spending for long-term care, skilled nursing 
facilities, and hospice payments and contrast with our main 
specification, which found the opposite relationship. While 
dose–response models are more robust for reliably estimating 
independent variables that are not necessarily normally dis-
tributed, we present the categorical measure of practice adop-
tion as our main specification to illustrate differences more 
clearly between beneficiaries attributed to practices with 
high versus low adoption. Taken together, our findings sug-
gest that practice adoption of patient-engagement strategies 
are generally associated with lower spending for beneficiaries 
with diabetes and/or CVD, but practices with high adoption 
may experience diminishing returns to spending reductions 
due to their efforts to address the complexity of beneficiaries’ 
clinical and social needs.

Medicare FFS beneficiaries with diabetes and/or CVD at-
tributed to physician practices with high adoption of patient- 
engagement strategies, however, did not translate into lower 
odds of having an inpatient readmission for any cause within 
30 days, hospitalization for ACSCs, or a nonemergent ED vis-
it. Other practice-level variables were not associated with 
30-day readmission or hospitalization for ACSCs. Patients 
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attributed to hospital- or health system–owned practices, 
smaller practices, and practices with high specialist compos-
ition, however, had higher odds of nonemergent ED visits. 
These results collectively suggest that structural characteristics 
of physician practices, such as ownership and specialty com-
position, may affect potentially preventable utilization more 
than practice-level adoption and use of patient-engagement 
strategies.

Overall, our results indicate that high practice adoption of 
patient-engagement strategies may enable the provision of 
patient-centered care for Medicare FFS beneficiaries with 
chronic conditions but may not necessarily reduce potential-
ly preventable utilization. There are several reasons for the 
lack of association of practice adoption on potentially pre-
ventable utilization. SDM is often implemented by health 
care systems and physician practices with low fidelity to 
evidence-based SDM processes.53 As a result, decision-aid 
use can sometimes be associated with the utilization of high- 
cost services.18,54 High adoption practices all use motiv-
ational interviewing support for behavior change, which 

can require substantial non-clinician staff resources to moni-
tor goals and follow-up on treatment decisions.55 SDM and 
motivational interviewing may also shift older Medicare 
FFS patients with diabetes and/or CVD to use supportive 
and community-based services, including home health and 
long-term care, which can improve their quality of life. 
More robust organizational support and payment reform 
may be needed to improve the implementation of patient- 
engagement strategies so that they reduce preventable utiliza-
tion for adults with diabetes and/or CVD.

This study has some limitations that should be considered. 
First, the NSHOS was completed by a single respondent. 
Respondents were selected for their experience, knowledge, 
and understanding of organizational processes, but they may 
have overreported adoption. The modest overall adoption lev-
els are indicative that any social desirability biases are likely 
small in magnitude. Second, the patient-engagement strategies 
do not cover all preference-sensitive treatment decisions rele-
vant to patients with diabetes and/or CVD, including decision 
aids for atrial fibrillation and invasive cardiac care. Third, our 

Table 3. Generalized linear model results: association of practice adoption of patient-engagement strategies and utilization.

Adjusted odds ratios

Model 1: All-cause  
30-day readmission

Model 2: Hospitalization for  
ambulatory care sensitive condition

Model 3: Unnecessary  
emergency department visit

n 732 699 732 699 732 699
Practice adoption of patient-engagement strategies

Low 0.964 0.987 0.981
Moderate (reference) — — —
High 0.991 0.986 0.98

Practice characteristics
Practice ownership

Independent (reference) — — —
Physician-owned 1.01 0.959 1.004
Hospital- or health system–owned 1.041 0.951 1.110***
Other ownership 1.075 1.04 1.196***
Federally Qualified Health Center 0.99 1.056 0.971

Practice size
<3 physicians 1.055 0.948 0.994
3–7 physicians (reference) — — —
8–12 physicians 0.988 0.933** 0.969*
13–19 physicians 1.043 1.007 0.947**
20+ physicians 0.972 0.959 0.950**

Specialty mix
<33% PCPs 1.04 0.965 1.035
33%–99% PCPs — — —
100% PCPs 1.018 0.96 0.941***

Medicaid revenue
None 1.005 1.002 1.004
Moderate revenue (1%–29%) (reference) — — —
High revenue, >30% 1.072 1.081* 1.073***

Patient characteristics
Age (standardized) 1.051*** 1.183*** 0.977***
Female 1.163*** 1.279*** 1.336***
Race/ethnicity

White (reference) — — —
Black 0.859** 1.087* 1.335***
Hispanic 0.933 0.941 1.108***
Other 0.820** 0.839** 0.759***

Dual Medicare-Medicaid coverage 1.135*** 1.191*** 1.630***
Resident of high-poverty neighborhood 1.058 1.046 1.083***
Hierarchical Condition Category risk factor score 2.106*** 2.224*** 1.313***

Abbreviation: PCP, primary care physician 
The table displays the results of 3 separate adjusted models estimating the association between practice adoption of patient-engagement strategies, practice 
characteristics, patient characteristics, and (1) all-cause 30-day readmission, (2) hospitalization for ambulatory care–sensitive condition, and (3) unnecessary 
emergency department visits. State fixed effects were also included in all models. *P < 0.05, **P < 0.01, ***P < 0.001.
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results may not generalize to populations not covered by 
Medicare FFS. Future research should examine other popula-
tions when national data are available. Fourth, NSHOS ex-
cludes practices with fewer than 3 primary care physicians, 
so the results may not be generalizable to small practices. 
Fifth, we did not assess physician-level implementation. 
Physician- and practice-level variation about the reach, depth, 
and fidelity of implementation of patient-engagement strat-
egies using multi-informant surveys, interviews, or electronic 
health record data can clarify the extent to which implementa-
tion differences are associated with potentially preventable 
utilization and spending56 and this should be assessed in future 
research. Finally, although we used propensity score methods 
to help account for potential selection effects, these methods 
cannot account for unmeasured factors that might impact 
the study results.57

Conclusion
US physician practices with high and low adoption of patient- 
engagement strategies have higher spending for Medicare FFS 
beneficiaries with diabetes and/or CVD compared with practi-
ces with moderate adoption, but the higher spending is for dif-
ferent types of care. Higher spending for practices with high 
adoption of patient-engagement strategies was driven primar-
ily by home health agency spending, while higher spending for 
low adoption practices was driven by tests and acute care and 
clinical access spending. The results reinforce that stakehold-
ers that encourage the use of patient-engagement strategies 
should not necessarily expect reduced spending.

Supplementary material
Supplementary material is available at Health Affairs Scholar 
online.

Conflicts of interest
Please see ICMJE form(s) for author conflicts of interest. These 
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Figure 1. Predicted values for total annual (2017) spending for Medicare 
fee-for-service beneficiaries, by practice adoption of patient-engagement 
strategies.

Health Affairs Scholar, 2023, 1(1), 1–11                                                                                                                                                               9

http://academic.oup.com/haschl/article-lookup/doi/10.1093/haschl/qxad021#supplementary-data


Endocrine. 2021;73(3):573–579. https://doi.org/10.1007/s12020- 
021-02757-3

2. Slavin SD, Khera R, Zafar SY, Nasir K, Warraich HJ. Financial bur-
den, distress, and toxicity in cardiovascular disease. Am Heart J. 
2021;238:75–84. https://doi.org/10.1016/j.ahj.2021.04.011

3. Spencer-Bonilla G, Serrano V, Gao C, et al. Patient work and treat-
ment burden in type 2 diabetes: a mixed-methods study. Mayo Clin 
Proc Innov Qual Outcomes. 2021;5(2):359–367. https://doi.org/ 
10.1016/j.mayocpiqo.2021.01.006

4. Carman KL, Dardess P, Maurer M, et al. Patient and family engage-
ment: a framework for understanding the elements and developing 
interventions and policies. Health Aff (Millwood). 2013;32(2): 
223–231. https://doi.org/10.1377/hlthaff.2012.1133

5. Li Z, Jin Y, Lu C, Luo R, Wang J, Liu Y. Effects of patient decision 
aids in patients with type 2 diabetes mellitus: a systematic review 
and meta-analysis. Int J Nurs Pract. 2021;27(6):e12914. https:// 
doi.org/10.1111/ijn.12914

6. Lee YK, Lee PY, Ng CJ, et al. Usability and utility evaluation of the 
web-based “should I start insulin?” patient decision aid for patients 
with type 2 diabetes among older people. Inform Health Soc Care. 
2018;43(1):73–83. https://doi.org/10.1080/17538157.2016.1269108

7. Bonner C, Patel P, Fajardo MA, Zhuang R, Trevena L. Online deci-
sion aids for primary cardiovascular disease prevention: systematic 
search, evaluation of quality and suitability for low health literacy 
patients. BMJ Open. 2019;9(3):e025173. https://doi.org/10.1136/ 
bmjopen-2018-025173

8. Kask-Flight L, Durak K, Suija K, Rätsep A, Kalda R. Reduction of 
cardiovascular risk factors among young men with hypertension us-
ing an interactive decision aid: cluster-randomized control trial. 
BMC Cardiovasc Disord. 2021;21(1):543. https://doi.org/10. 
1186/s12872-021-02339-1

9. Taksler GB, Hu B, DeGrandis F, et al. Effect of individualized pre-
ventive care recommendations vs usual care on patient interest and 
use of recommendations: a pilot randomized clinical trial. JAMA 
Netw Open. 2021;4(11):e2131455. https://doi.org/10.1001/ 
jamanetworkopen.2021.31455

10. Ballard AY, Kessler M, Scheitel M, Montori VM, Chaudhry R. 
Exploring differences in the use of the statin choice decision aid 
and diabetes medication choice decision aid in primary care. 
BMC Med Inform Decis Mak. 2017;17(1):118. https://doi.org/10. 
1186/s12911-017-0514-5

11. Brodney S, Valentine KD, Sepucha K, Fowler FJ, Barry MJ. Patient 
preference distribution for use of statin therapy. JAMA Netw Open. 
2021;4(3):e210661. https://doi.org/10.1001/jamanetworkopen. 
2021.0661

12. Song D, Zhou J, Fan T, et al. Decision aids for shared decision- 
making and appropriate anticoagulation therapy in patients with 
atrial fibrillation: a systematic review and meta-analysis. Eur J 
Cardiovasc Nurs. 2022;21(2):97–106. https://doi.org/10.1093/ 
eurjcn/zvab085

13. Nanna MG, Peterson ED, Wu A, et al. Age, knowledge, preferences, 
and risk tolerance for invasive cardiac care. Am Heart J. 2020;219: 
99–108. https://doi.org/10.1016/j.ahj.2019.09.008

14. Laurance J, Henderson S, Howitt PJ, et al. Patient engagement: four 
case studies that highlight the potential for improved health out-
comes and reduced costs. Health Aff (Millwood). 2014;33(9): 
1627–1634.

15. Sepucha KR, Simmons LH, Barry MJ, Edgman-Levitan S, Licurse 
AM, Chaguturu SK. Ten years, forty decision aids, and thousands 
of patient uses: shared decision making at Massachusetts General 
Hospital. Health Aff (Millwood). 2016;35(4):630–636. https:// 
doi.org/10.1377/hlthaff.2015.1376

16. Elwyn G, Frosch D, Thomson R, et al. Shared decision making: a mod-
el for clinical practice. J Gen Intern Med. 2012;27(10):1361–1367.

17. Elwyn G, Durand MA, Song J, et al. A three-talk model for shared 
decision making: multistage consultation process. BMJ. 2017;359: 
j4891. https://doi.org/10.1136/bmj.j4891

18. Hurley VB, Wang Y, Rodriguez HP, Shortell SM, Kearing S, Savitz 
LA. Decision aid implementation and patients’ preferences for hip 

and knee osteoarthritis treatment: insights from the High Value 
Healthcare Collaborative. Patient Prefer Adherence. 2020;14: 
23–32. https://doi.org/10.2147/PPA.S227207

19. Miller WR, Rollnick S. Motivational Interviewing: Helping People 
Change. Guilford Press; 2012.

20. Schumacher JA, Madson MB, Nilsen P. Barriers to learning motiv-
ational interviewing: a survey of motivational interviewing trainers’ 
perceptions. J Addictions Offender Counseling. 2014;35(2):81–96.

21. Edelman D, Gierisch JM, McDuffie JR, Oddone E, Williams JW. 
Shared medical appointments for patients with diabetes mellitus: 
a systematic review. J Gen Intern Med. 2015;30(1):99–106.

22. Kirsh SR, Lawrence RH, Aron DC. Tailoring an intervention to the 
context and system redesign related to the intervention: a case study 
of implementing shared medical appointments for diabetes. 
Implement Sci. 2008;3(1):34.

23. Karagiannis T, Andreadis P, Manolopoulos A, et al. Decision aids 
for people with type 2 diabetes mellitus: an effectiveness rapid re-
view and meta-analysis. Diabet Med. 2019;36(5):557–568. 
https://doi.org/10.1111/dme.13939

24. Friedberg MW, Van Busum K, Wexler R, Bowen M, Schneider EC. 
A demonstration of shared decision making in primary care high-
lights barriers to adoption and potential remedies. Health Aff 
(Millwood). 2013;32(2):268–275.

25. Holmes-Rovner M, Valade D, Orlowski C, Draus C, 
Nabozny-Valerio B, Keiser S. Implementing shared decision- 
making in routine practice: barriers and opportunities. Health 
Expect. 2000;3(3):182–191.

26. Gravel K, Légaré F, Graham ID. Barriers and facilitators to imple-
menting shared decision-making in clinical practice: a systematic re-
view of health professionals’ perceptions. Implement Sci. 2006;1(1): 
1–12.

27. Légaré F, Witteman HO. Shared decision making: examining key el-
ements and barriers to adoption into routine clinical practice. 
Health Aff (Millwood). 2013;32(2):276–284.

28. Lin GA, Halley M, Rendle KAS, et al. An effort to spread decision 
aids in five California primary care practices yielded low distribu-
tion, highlighting hurdles. Health Aff (Millwood). 2013;32(2): 
311–320. https://doi.org/10.1377/hlthaff.2012.1070

29. Matlock DD, Fukunaga MI, Tan A, et al. Enhancing success of 
Medicare’s shared decision making mandates using implementation 
science: examples applying the Pragmatic Robust Implementation 
and Sustainability Model (PRISM). MDM Policy Pract. 2020;5(2): 
238146832096307. https://doi.org/10.1177/2381468320963070

30. Merchant FM, Dickert NW, Howard DH. Mandatory shared deci-
sion making by the Centers for Medicare & Medicaid Services for 
cardiovascular procedures and other tests. JAMA. 2018;320(7): 
641. https://doi.org/10.1001/jama.2018.6617

31. Fisher ES, Shortell SM, O’Malley AJ, et al. Financial integration’s 
impact on care delivery and payment reforms: a survey of hospitals 
and physician practices. Health Aff (Millwood). 2020;39(8): 
1302–1311. https://doi.org/10.1377/hlthaff.2019.01813

32. Scalia P, Barr PJ, O’Neill C, et al. Does the use of patient decision 
aids lead to cost savings? A systematic review. BMJ Open. 
2020;10(11):e036834. https://doi.org/10.1136/bmjopen-2020- 
036834

33. Politi MC, Housten AJ, Forcino RC, Jansen J, Elwyn G. Discussing 
cost and value in patient decision aids and shared decision making: a 
call to action. MDM Policy Pract. 2023;8(1):238146832211486. 
https://doi.org/10.1177/23814683221148651

34. Kim MY, Weizenegger E, Wysocki A. Medicaid beneficiaries who use 
long-term services and supports: 2019. Mathematica Policy 
Research; 2022. Accessed April 26, 2023. https://www. 
mathematica.org/publications/medicaid-beneficiaries-who-use-long- 
term-services-and-supports-2019

35. Burke RE, Schnipper JL, Williams MV, et al. The HOSPITAL score 
predicts potentially preventable 30-day readmissions in conditions 
targeted by the hospital readmissions reduction program. Med 
Care. 2017;55(3):285–290. https://doi.org/10.1097/MLR. 
0000000000000665

10                                                                                                                                                             Health Affairs Scholar, 2023, 1(1), 1–11

https://doi.org/10.1007/s12020-021-02757-3
https://doi.org/10.1007/s12020-021-02757-3
https://doi.org/10.1016/j.ahj.2021.04.011
https://doi.org/10.1016/j.mayocpiqo.2021.01.006
https://doi.org/10.1016/j.mayocpiqo.2021.01.006
https://doi.org/10.1377/hlthaff.2012.1133
https://doi.org/10.1111/ijn.12914
https://doi.org/10.1111/ijn.12914
https://doi.org/10.1080/17538157.2016.1269108
https://doi.org/10.1136/bmjopen-2018-025173
https://doi.org/10.1136/bmjopen-2018-025173
https://doi.org/10.1186/s12872-021-02339-1
https://doi.org/10.1186/s12872-021-02339-1
https://doi.org/10.1001/jamanetworkopen.2021.31455
https://doi.org/10.1001/jamanetworkopen.2021.31455
https://doi.org/10.1186/s12911-017-0514-5
https://doi.org/10.1186/s12911-017-0514-5
https://doi.org/10.1001/jamanetworkopen.2021.0661
https://doi.org/10.1001/jamanetworkopen.2021.0661
https://doi.org/10.1093/eurjcn/zvab085
https://doi.org/10.1093/eurjcn/zvab085
https://doi.org/10.1016/j.ahj.2019.09.008
https://doi.org/10.1377/hlthaff.2015.1376
https://doi.org/10.1377/hlthaff.2015.1376
https://doi.org/10.1136/bmj.j4891
https://doi.org/10.2147/PPA.S227207
https://doi.org/10.1111/dme.13939
https://doi.org/10.1377/hlthaff.2012.1070
https://doi.org/10.1177/2381468320963070
https://doi.org/10.1001/jama.2018.6617
https://doi.org/10.1377/hlthaff.2019.01813
https://doi.org/10.1136/bmjopen-2020-036834
https://doi.org/10.1136/bmjopen-2020-036834
https://doi.org/10.1177/23814683221148651
https://www.mathematica.org/publications/medicaid-beneficiaries-who-use-long-term-services-and-supports-2019
https://www.mathematica.org/publications/medicaid-beneficiaries-who-use-long-term-services-and-supports-2019
https://www.mathematica.org/publications/medicaid-beneficiaries-who-use-long-term-services-and-supports-2019
https://doi.org/10.1097/MLR.0000000000000665
https://doi.org/10.1097/MLR.0000000000000665


36. Ouayogodé MH, Mainor AJ, Meara E, Bynum JPW, Colla CH. 
Association between care management and outcomes among pa-
tients with complex needs in Medicare accountable care organiza-
tions. JAMA Netw Open. 2019;2(7):e196939. https://doi.org/10. 
1001/jamanetworkopen.2019.6939

37. Colla CH, Lewis VA, Kao LS, O’Malley AJ, Chang CH, Fisher ES. 
Association between Medicare accountable care organization im-
plementation and spending among clinically vulnerable beneficiar-
ies. JAMA Intern Med. 2016;176(8):1167. https://doi.org/10. 
1001/jamainternmed.2016.2827

38. McDaniel CC, Kavookjian J, Whitley HP. Telehealth delivery of 
motivational interviewing for diabetes management: a systematic 
review of randomized controlled trials. Patient Educ Couns. 
2022;105(4):805–820. https://doi.org/10.1016/j.pec.2021.07.036

39. Dobler CC, Sanchez M, Gionfriddo MR, et al. Impact of decision 
aids used during clinical encounters on clinician outcomes and con-
sultation length: a systematic review. BMJ Qual Saf. 2019;28(6): 
499–510. https://doi.org/10.1136/bmjqs-2018-008022

40. Peters LJ, Torres-Castaño A, Van Etten-Jamaludin FS, Perestelo 
Perez L, Ubbink DT. What helps the successful implementation of 
digital decision aids supporting shared decision-making in cardio-
vascular diseases? A systematic review. Eur Heart J Digit Health. 
2023;4(1):53–62. https://doi.org/10.1093/ehjdh/ztac070

41. O’Malley AJ, Park S. A novel cluster sampling design that couples 
multiple surveys to support multiple inferential objectives. Health 
Serv Outcomes Res Methodol. 2020;20(2–3):85–110.

42. Centers for Medicare and Medicaid Services. Medicare Shared 
Savings Program: shared savings and losses assignment method-
ology, specifications. Version 3. Published online 2014. Accessed 
May 24, 2023. https://www.cms.gov/Medicare/Medicare-Fee-for- 
Service-Payment/sharedsavingsprogram/Downloads/Shared-Savings- 
Losses-Assignment-Spec.pdf

43. Miller-Rosales C, Lewis VA, Shortell SM, Rodriguez HP. Adoption 
of patient engagement strategies by physician practices in the United 
States. Med Care. 2022;60(9):691–699. https://doi.org/10.1097/ 
MLR.0000000000001748

44. Rodriguez-Gutierrez R, Herrin J, Lipska KJ, Montori VM, Shah 
ND, McCoy RG. Racial and ethnic differences in 30-day hospital 
readmissions among US adults with diabetes. JAMA Netw Open. 
2019;2(10):e1913249. https://doi.org/10.1001/jamanetworkopen. 
2019.13249

45. Casalino LP, Pesko MF, Ryan AM, et al. Physician networks and 
ambulatory care-sensitive admissions. Med Care. 2015;53(6): 
534–541. https://doi.org/10.1097/MLR.0000000000000365

46. Gandhi SO, Sabik L. Emergency department visit classification us-
ing the NYU algorithm. Am J Manag Care. 2014;20(4):315–320.

47. Agency for Healthcare Research and Quality. AHRQ QI Enhanced 
Version 5.0, Prevention Quality Indicators #90, technical specifica-
tions, prevention quality overall composite. Published October 
2015. Accessed November 19, 2021. http://www.qualityindicators. 
ahrq.gov/Downloads/Modules/PQI/V50-ICD10/TechSpecs/PQI% 
2090%20Prevention%20Quality%20Overall%20Composite.pdf

48. Wennberg DE, Sharp SM, Bevan G, Skinner JS, Gottlieb DJ, 
Wennberg JE. A population health approach to reducing observa-
tional intensity bias in health risk adjustment: cross sectional ana-
lysis of insurance claims. BMJ. 2014;348:g2392. https://doi.org/ 
10.1136/bmj.g2392

49. Austin PC, Stuart EA. Moving towards best practice when using in-
verse probability of treatment weighting (IPTW) using the propen-
sity score to estimate causal treatment effects in observational 
studies. Stat Med. 2015;34(28):3661–3679.

50. Garrido MM, Kelley AS, Paris J, et al. Methods for constructing and 
assessing propensity scores. Health Serv Res. 2014;49(5): 
1701–1720.

51. Guardabascio B, Ventura M. Estimating the dose–response function 
through a generalized linear model approach. Stata J. 2014;14(1): 
141–158. https://doi.org/10.1177/1536867X1401400110

52. Konetzka RT, Jung DH, Gorges RJ, Sanghavi P. Outcomes of 
Medicaid home- and community-based long-term services relative 
to nursing home care among dual eligibles. Health Serv Res. 
2020;55(6):973–982. https://doi.org/10.1111/1475-6773.13573

53. Mishra MK, Saunders CH, Rodriguez HP, Shortell SM, Fisher E, 
Elwyn G. How do healthcare professionals working in accountable 
care organisations understand patient activation and engagement? 
Qualitative interviews across two time points. BMJ Open. 
2018;8(10):e023068. https://doi.org/10.1136/bmjopen-2018-023068

54. Hurley VB, Rodriguez HP, Kearing S, Wang Y, Leung MD, Shortell 
SM. The impact of decision aids on adults considering hip or knee 
surgery: this study examines if there is an impact on surgical utiliza-
tion among patients exposed to decision aids and who consult col-
laboratively with their clinicians. Health Aff (Millwood). 
2020;39(1):100–107. https://doi.org/10.1377/hlthaff.2019.00100

55. Agha AZ, Werner RM, Keddem S, Huseman TL, Long JA, Shea JA. 
Improving patient-centered care: how clinical staff overcome bar-
riers to patient engagement at the VHA. Med Care. 2018;56(12): 
1009–1017. https://doi.org/10.1097/MLR.0000000000001007

56. Driever EM, Stiggelbout AM, Brand PLP. Shared decision making: 
physicians’ preferred role, usual role and their perception of its key 
components. Patient Educ Couns. 2020;103(1):77–82. https://doi. 
org/10.1016/j.pec.2019.08.004

57. Stuart EA. Matching methods for causal inference: a review and a 
look forward. Stat Sci. 2010;25(1):1–21. https://doi.org/10.1214/ 
09-STS313

Health Affairs Scholar, 2023, 1(1), 1–11                                                                                                                                                             11

https://doi.org/10.1001/jamanetworkopen.2019.6939
https://doi.org/10.1001/jamanetworkopen.2019.6939
https://doi.org/10.1001/jamainternmed.2016.2827
https://doi.org/10.1001/jamainternmed.2016.2827
https://doi.org/10.1016/j.pec.2021.07.036
https://doi.org/10.1136/bmjqs-2018-008022
https://doi.org/10.1093/ehjdh/ztac070
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/Downloads/Shared-Savings-Losses-Assignment-Spec.pdf
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/Downloads/Shared-Savings-Losses-Assignment-Spec.pdf
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/Downloads/Shared-Savings-Losses-Assignment-Spec.pdf
https://doi.org/10.1097/MLR.0000000000001748
https://doi.org/10.1097/MLR.0000000000001748
https://doi.org/10.1001/jamanetworkopen.2019.13249
https://doi.org/10.1001/jamanetworkopen.2019.13249
https://doi.org/10.1097/MLR.0000000000000365
http://www.qualityindicators.ahrq.gov/Downloads/Modules/PQI/V50-ICD10/TechSpecs/PQI%2090%20Prevention%20Quality%20Overall%20Composite.pdf
http://www.qualityindicators.ahrq.gov/Downloads/Modules/PQI/V50-ICD10/TechSpecs/PQI%2090%20Prevention%20Quality%20Overall%20Composite.pdf
http://www.qualityindicators.ahrq.gov/Downloads/Modules/PQI/V50-ICD10/TechSpecs/PQI%2090%20Prevention%20Quality%20Overall%20Composite.pdf
https://doi.org/10.1136/bmj.g2392
https://doi.org/10.1136/bmj.g2392
https://doi.org/10.1177/1536867X1401400110
https://doi.org/10.1111/1475-6773.13573
https://doi.org/10.1136/bmjopen-2018-023068
https://doi.org/10.1377/hlthaff.2019.00100
https://doi.org/10.1097/MLR.0000000000001007
https://doi.org/10.1016/j.pec.2019.08.004
https://doi.org/10.1016/j.pec.2019.08.004
https://doi.org/10.1214/09-STS313
https://doi.org/10.1214/09-STS313

	US practice adoption of patient-engagement strategies and spending for adults with diabetes and cardiovascular disease
	Introduction
	Data and methods
	Independent variable
	Study outcomes
	Covariates
	Analyses
	Sensitivity analysis

	Results
	Discussion
	Conclusion
	Supplementary material
	Conflicts of interest
	Notes




