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BACKGROUND: Healthcare purchasers have created fi-
nancial incentives for primary care practices to achieve
medical home recognition. Little is known about how
changes in practice structure vary across practices or
relate to medical home recognition.
OBJECTIVE: We aimed to characterize patterns of struc-
tural change among primary care practices participating
in a statewide medical home pilot.
DESIGN: We surveyed practices at baseline and year 3 of
the pilot, measured associations between changes in
structural capabilities and National Committee for Qual-
ity Assurance (NCQA) medical home recognition levels,
and used latent class analysis to identify distinct classes
of structural transformation.
PARTICIPANTS: Eighty-one practices that completed
surveys at baseline and year 3 participated in the study.
MAIN MEASURES: Study measures included overall
structural capability score (mean of 69 capabilities); eight
structural subscale scores; and NCQA recognition levels.
RESULTS: Practices achieving higher year-3 NCQA rec-
ognition levels had higher overall structural capability
scores at baseline (Level 1: 28.4 % of surveyed capabili-
ties, Level 2: 40.9 %, Level 3: 48.7 %; p value=0.001). We
found no association betweenNCQA recognition level and
change in structural capability scores (Level 1: 33.2 %
increase, Level 2: 30.8 %, Level 3: 33.7 %; p value=0.88).
There were four classes of practice transformation: 27 %
of practices underwent “minimal” transformation (chang-
ing little on any scale); 20 % underwent “provider-facing”
transformation (adopting electronic health records, pa-
tient registries, and care reminders); 26 % underwent
“patient-facing” transformation (adopting shared systems
for communicating with patients, care managers, referral
to community resources, and after-hours care); and 26 %
underwent “broad” transformation (highest or second-
highest levels of transformation on each subscale).
CONCLUSIONS AND RELEVANCE: In a large, state-
based medical home pilot, multiple types of practice
transformation could be distinguished, and higher levels
of medical home recognition were associated with prac-
tices’ capabilities at baseline, rather than transformation
over time. By identifying and explicitly incentivizing the
most effective types of transformation, program designers

may improve the effectiveness of medical home
interventions.
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INTRODUCTION

Policymakers, researchers, professional associations, and
practitioners have voiced support for medical home (or
patient-centered medical home) transformation as an impor-
tant strategy for improving the quality and efficiency of
healthcare.1 In concept, medical home transformation is char-
acterized by primary care practices adopting certain structural
capabilities, such as team-based care, quality measurement
and improvement, enhanced access, and care coordination.2

In recent and ongoing pilots, private and public payers have
offered participating practices case management support,
coaching, and payment incentives, tomotivate them to achieve
recognition as medical homes from the National Committee
for Quality Assurance (NCQA) and other organizations offer-
ing medical home recognition programs.3,4 For example, a
practice can receive Level 1, 2, or 3 NCQA recognition based
on possession of capabilities such as enhanced access, care
management, and self-management support.5

However, primary care practices that have several structural
capabilities at baseline may be able to achieve high levels of
medical home recognition simply by applying for medical
home recognition, generating rewards without transformation.
In addition, among those that do make structural changes,
different types of transformation could be present, even among
practices that achieve the same level of medical home recog-
nition. For example, some practices might adopt new health
information technology without enhancing patients’ access to
after-hours care; others may make different choices.
The taxonomy and prevalence of specific patterns of struc-

tural transformation in medical home pilots has not been
previously described. To better understand primary care prac-
tice transformation, we measured and analyzed structural
changes among primary care practices participating in the first
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3 years of the Pennsylvania Chronic Care Initiative (PACCI), a
statewide medical home pilot.

METHODS

Setting and Participants

All 104 primary care practices that participated in the first
3 years from all four regions of the PACCI (i.e., southeast,
south central, southwest, and northeast) were eligible for in-
clusion in our analyses. The PACCI, described in more detail
elsewhere, encouraged participating practices to achieve rec-
ognition on the NCQA Physician Practice Connections-
Patient Centered Medical Home (PPC-PCMH), and to partic-
ipate in technical assistance activities.6–8 The southeast region
was the first of the four regions to participate, beginning in
June 2008, and the northeast region was the last, beginning in
October 2009. Intervention components varied across the
regions. For example, the payment intervention differed across
regions: in the southeast, practices received per-member, per-
month fees that were linked to early NCQA recognition;
practices in the south central and southwest regions received
per-member, per-month fees that were not linked to early
NCQA recognition; and in the northeast, practices received
shared savings incentives.

Practice Surveys

We created a written survey of practice capabilities based on a
previous survey of the readiness of physician practices for the
medical home.9 The original survey, which was designed in
2007 to assess potentially quality-enhancing structural capa-
bilities of physician practices and practice readiness for med-
ical home programs, was based on a review of existing phy-
sician practice surveys and associated published scientific
literature.9 This original survey instrument underwent cogni-
tive testing and validation with practice site visits, as described
previously.9,10

For the current project, we modified the original survey by
adding items in consultation with the conveners of the PACCI.
These new items were intended to assess capabilities that were
specifically encouraged by the PACCI intervention (e.g., sys-
tems to contact patients after hospitalizations). This new sur-
vey measured 69 structural capabilities commonly featured in
medical home models, including presence of performance
feedback, disease management, registries, reminder and out-
reach systems for patients with chronic disease, and electronic
health record (EHR) capabilities. As described elsewhere, we
mailed the survey to one leader from each of the 104 practices
participating in the PACCI at two time points: first, to assess
practice structural capabilities at baseline (before the pilot
began in the corresponding region of the state), and second,
to assess the same capabilities 3 years after the intervention
began.8 Eighty-one practices responded to both the baseline
and year-3 surveys (78 % response rate).

Measures

We categorized each of the 69 practice structural survey items
into one of eight domains, based on discussion and consensus
among the authors: shared systems for communicating with
patients (13 survey items), care managers (7), referral to com-
munity services (2), use of EHRs (20), care reminders to
clinicians (11), performance feedback to clinicians (10), pa-
tient registries (4), and after-hours care (2). The specific items
in each scale are available in the Appendix.
Nearly all the survey items elicited binary (yes/no) re-

sponses about the presence or absence of a particular capabil-
ity in the practice. Within each domain, we calculated scores
for each practice at baseline and year 3 by calculating the
proportion of structural capabilities in each domain that were
reported as present (e.g., for the care manager domain, the
numerator ranged 0 to 7, and the denominator was 7). The rate
of item non-response was less than 3 % for all items.
For each practice, we calculated an overall structural capa-

bility score as the proportion of all 69 structural capabilities
reported as present. Such an approach implicitly weights each
of the eight domains based on the number of items within the
domain, meaning that domains with more items would have
greater influence on the overall score than domains with fewer
items. In sensitivity analyses, we performed an alternate cal-
culation of the overall structural capability score. To do this,
we first calculated a separate score for each of the eight
structural domains by averaging the item responses within
the domain. We then computed the average score across each
of the eight domains, weighting each domain score equally
(regardless of the number of items comprising each domain).

NCQA Recognition Levels and Claims Data

We obtained data on NCQA recognition levels received by the
pilot practices at the end of year 3 in each region from the pilot
conveners. Because the PACCI pilot start date varied by
region, some practices received NCQA recognition under the
2008 recognition criteria, while others were recognized under
the 2011 criteria.11 We also obtained claims data from seven
health plans that participated in the four PACCI regions under
analysis, attributed patients to all 104 practices using methods
described elsewhere, and calculated the gender, age, and co-
morbidities of patients served by these practices.8

Analysis

We calculated differences in practice size, specialty, and pa-
tient populations among the 81 practices that responded to
both rounds of the structural capability survey and the 23
practices that did not respond, using Fischer exact tests for
categorical variables and t-tests orWilcoxon rank-sum tests, as
appropriate, for continuous variables. We calculated changes
in the structural capability scores by subtracting, for each
practice, the baseline score from the year-3 score. We used
paired t-tests to assess the statistical significance of changes in
practices’ structural scores. We used ANOVA to evaluate
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relationships between overall structural capability scores at
baseline, changes in overall structural capability scores be-
tween baseline and year 3, and NCQA recognition levels in
year 3.
To distinguish and characterize classes of structural trans-

formation, we performed a latent class analysis of baseline-to-
year-3 changes in the scores on each of the eight structural
domains.12 Latent class analysis is a type structural equation
modeling that can be used to identify groups or “classes” of
cases using multivariate data. We chose latent class analysis,
because this technique is well suited to identifying patterns in
multivariate data in an exploratory fashion, without imposing
pre-specified assumptions about how structural transformation
might vary within a medical home pilot.
To execute the latent class analysis, we estimated a mixture

model with continuous latent class indicators using automatic
starting values with random starts. We assessed model perfor-
mance by calculating “relative entropy,”which is a measure of
classification uncertainty that takes values between 0 and 1,
with 1 representing complete certainty that the model has
classified the practices into groups correctly.13 We also
assessed the parsimony of the model using a parametric
bootstrapped likelihood ratio test, which calculated the degree
to which a model of k classes fit the data better than a model
with k-1 classes. If the p value for this test was less than 0.05,
the k class model was considered to be a “better” fit than the k-
1 class model. Across the classes of practice transformation
that emerged from the latent class analysis, we compared
changes in the overall structural capability score using one-
way ANOVA, and year-3 NCQA levels using Pearson chi-
squared tests.
We considered two-tailed p values < 0.05 to be sig-

nificant. We performed data management and analyses
using STATA version 13.014 and MPLUS version 6.15

This study was approved by the RAND Human Subjects
Protection Committee.

RESULTS

Compared to the 23 practices that did not complete both
rounds of surveys, the 81 responding were more likely to have
family medicine or internal medicine specialties and had
higher percentages of patients with asthma (Table 1). None
of the practices received NCQA recognition before the pilot
began. By year 3 of the pilot, all but one responding practice
had achieved NCQA recognition: 13 (16.0 %) at Level 1; 13
(16.0 %) at Level 2; and 54 (66.7 %) at Level 3. Responding
practices were more likely than non-responding practice to
receive NCQA recognition by year 3 of the pilot.
Practices’ mean overall structural capability score was

44.5 % at baseline (range, 2.9 % to 95.7 %) and 77.1 % at
year 3 (range, 30.4 % to 98.5 %; p<0.001 for difference
between baseline and year 3) (Table 2). On average, the
practices improved significantly on each of the eight structural
domains, withmagnitudes of score improvement ranging from
14.8 percentage points (after-hours care) to 48.1 percentage
points (patient registries).
Compared to practices that received level 1 NCQA recog-

nition by the end of pilot year 3, practices that received level 2
and level 3 recognition had higher overall structural capability
scores at baseline (mean baseline score was 28.4 % for level 1
practices, 40.9 % for level 2, and 48.7 % for level 3; p=0.001
for difference) (Fig. 1). However, baseline-to-year-3 changes
in overall structural capability scores did not differ significant-
ly across levels of year-3 NCQA recognition (score increases
were 33.2 % for level 1, 30.8 % for level 2, and 33.7 % for
level 3; p=0.88).
The latent class analysis model distinguished four classes of

practice transformation. In the first class of transformation
(“minimal transformation”; n=22 practices), practices exhib-
ited relatively little transformation on any structural domain
(Table 3). In the second class of transformation (“provider-
facing transformation”; n=17), practices exhibited relatively
greater adoption of care reminders to clinicians, EHRs, and

Table 1 Characteristics of Practices that Did and Did Not Respond to Both the Baseline and Year-3 Structural Surveys

Name Practices Responding to Both
Rounds of the Survey (n=81)

Practices Not
Responding (n=23)

p Value*

Median (IQR)
Median Number of PCPs 4 (2–5) 3 (1–6) 0.566

Number (%)
Pediatrics Only 9 (11.1 %) 3 (13.0 %) 0.040
Internal Medicine Only 40 (49.4 %) 5 (21.7 %)
Family Practice or Mixed 32 (39.5 %) 15 (65.2 %)

Mean (StD)
Mean Percent Female 55.8 % (8.5 %) 54.9 % (4.6 %) 0.329
Mean Age Among Adults 38.7 (14.2) 42.6 (2.0) 0.126
Mean Percent Diabetics 8.5 % (4.8 %) 9.1 % (4.0 %) 0.307
Mean Percent Asthmatics 2.1 % (1.7 %) 1.4 % (0.7 %) 0.027
Mean Charlson Score 1.35 (0.8) 1.16 (0.5) 0.147

Count of practices (%)
NCQA Recognition Level

None 1 (1.2 %) 5 (21.7 %) 0.001
1 13 (16.0 %) 3 (13.0 %)
2 13 (16.0 %) 0 (0.0 %)
3 54 (66.7 %) 15 (65.2 %)

*Statistical testing performed using Fischer Exact tests for categorical variables and two sample t-tests or Wilcoxon rank-sum tests for continuous variables
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Table 2 Baseline, Year-3, and Baseline-to-Year-3 Differences in Practice Structural Capability Scores

Domain Mean Baseline
Score (IQR)

Mean Year-3
Score (IQR)

Mean Score Change
between Baseline and
Year 3 (IQR)*

Overall Structural Capability Score (69 items) 44.5 % (29.0 %, 52.2 %) 77.1 % (65.2 %, 89.9 %) 32.6 % (14.5 %, 46.4 %)
Shared Systems For Communicating With Patients (13 items) 28.4 % (0.0 %, 84.6 %) 69.5 % (46.2 %, 100.0 %) 41.1 % (7.7 %, 69.2 %)
Care Managers (7 items) 34.7 % (0.0 %, 85.7 %) 78.5 % (57.1 %, 100.0 %) 43.7 % (14.3 %, 85.7 %)
Referral To Community Services (2 items) 38.9 % (0.0 %, 100.0 %) 57.4 % (50.0 %, 100.0 %) 18.5 % (0.0 %, 50.0 %)
Care Reminders To Clinicians (11 items) 36.7 % (0.0 %, 72.7 %) 75.6 % (72.7 %, 100.0 %) 42.8 % (0.0 %, 81.8 %)
Use Of Electronic Health Records (20 items) 53.9 % (35.0 %, 75.0 %) 79.6 % (70.0 %, 95.0 %) 25.7 % (5.0 %, 40.0 %)
Performance Feedback To Clinicians (10 items) 61.4 % (40.0 %, 90.0 %) 82.1 % (70.0 %, 100.0 %) 20.7 % (0.0 %, 40.0 %)
Patient Registries (4 items) 38.0 % (0.0 %, 100.0 %) 86.1 % (75.0 %, 100.0 %) 48.1 % (0 %, 100 %)
After-Hours Care (2 items) 66.0 % (50 %, 100.0 %) 80.9 % (50.0 %, 100.0 %) 14.8 % (0.0 %, 50.0 %)

Scores on all domains could range from 0 % to 100 %
*All differences significant at p<0.01

Figure 1 Relationship between baseline-to-year-3 changes in overall structural capability scores and year-3 NCQA recognition levels.

Note: each colored line represents baseline and year-3 scores for one practice. The black lines represent mean baseline and year-3 scores for
practices with the indicated NCQA recognition level. One practice that did not receive NCQA recognition is excluded from the figure.
*Mean baseline overall structural capability scores (28.4 % for NCQA level 1, 40.9 % for NCQA level 2, 48.7 % for NCQA level 3) differed
significantly across NCQA recognition levels (p value=0.001).
**Mean baseline-to-year-3 change in overall structural capability scores (33.2 % for NCQA level 1, 30.8 % for NCQA level 2, 33.7 % for
NCQA level 3) did not significantly differ across NCQA recognition levels (p value=0.88).
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patient registries, but relatively little adoption of shared sys-
tems for communicating with patients and referral to commu-
nity services. In the third class of transformation (“patient-
facing transformation”; n=21), practices exhibited relatively
greater adoption of shared systems for communicating with
patients, care managers, referral to community resources, and
after-hours care, but relatively little adoption of care reminders
to clinicians. Finally, practices in the fourth class of transfor-
mation (“broad transformation”; n=21) had the highest or
second-highest levels of transformation on each domain. The
latent class analysis model had an entropy value of 0.88,
indicating a high degree of classification certainty, and a
parametric bootstrapped likelihood ratio test showing that the
four-class model was parsimonious, fitting significantly better
than a three-class model (p<0.001) and no worse than a five-
class model (p=0.99).
Mean changes in overall structural capability scores varied

across the four classes (p<0.01), with “broad transformation”
having the greatest mean increase (52.4 %) and “minimal
transformation” having the least (9.5 %). There were no sta-
tistically significant differences in level of NCQA recognition
across the classes of transformation. The results of sensitivity
analyses using the alternative formulation of the overall struc-
tural capability score were similar to the main results.

CONCLUSION

Within a statewide medical home pilot, we found no associa-
tion between the magnitude of practice structural transforma-
tion and the level of medical home recognition achieved by
participating practices. Instead, recognition levels were asso-
ciated significantly with practices’ structural capabilities at
baseline (i.e., their “starting positions” before the pilot began).
In addition, we found four distinct patterns of structural trans-
formation among the pilot participants: minimal, provider-
facing, patient-facing, and broad transformation patterns.

Our study adds to the literature on medical home interven-
tions in at least two ways. First, like previous studies, we found
that primary care practices participating in medical home pilots
can achieve significant structural transformation and receive
recognition as medical homes.16–20 However, to our knowledge
no prior study has investigated whether the level of medical
home recognition is a good proxy for the magnitude of practice
transformation. Second, previous studies have shown that the
extent of practice transformation in a medical home pilot can
vary across structural domains (e.g., with greater adoption of
EHR capabilities and less adoption of enhanced access).16–
18,21,22 However, ours is the first to identify multiple, co-
occurring subtypes of practice transformation that cannot be
distinguished based on medical home recognition levels alone.

Many medical home pilots are predicated on the
notion that financial incentives, technical assistance,
and other new resources should motivate and enable
practices to adopt new structural capabilities. The incen-
tives and resources that constituted the PACCI intervention
may have motivated such changes, since on average, partici-
pating practices did transform. However, our findings suggest
that if financial incentives are based predominantly on medical
home recognition levels, the allocation of the largest bonuses
may be determined by practices’ preexisting structural capa-
bilities rather than transformation. If substantial shares of
participating practice receive incentives without undergoing
structural change (i.e., receive incentives primarily for com-
pleting successful recognition applications rather than truly
transforming), pilots may have limited effects on patient care.

The problem of rewarding achievement is not unique to
medical home pilots or to NCQA recognition. Early pay-for-
performance programs encountered similar challenges.23 Dy-
namic measures of medical home transformation may offer a
useful adjunct to measuring the achievement of specific levels
of medical home recognition. Explicitly measuring transfor-
mation (i.e., change over time) might enable policymakers to

Table 3 Comparison of Baseline to Year 3 Changes in Mean Capability Scores and Year 3 NCQA Recognition Levels across Four Classes of
Practice Transformation

Structural Capability Domain Classes of Practice Transformation

Minimal
(n=22 practices)

Provider-facing
(n=17)

Patient-Facing
(n=21)

Broad
(n=21)

Mean Change in Capability Score Among Practices in Each Class
Shared Systems for Communicating with Patients 6.1 % 10.9 % 70.3 % 72.9 %
Care Managers 23.4 % 33.6 % 74.1 % 42.9 %
Referral to Community Services 11.3 % −5.9 % 50.0 % 14.3 %
Care Reminders to Clinicians 6.6 % 78.1 % 3.8 % 76.1 %
Use of Electronic Health Records 9.8 % 32.6 % 24.3 % 38.3 %
Performance Feedback to Clinicians 6.8 % 17.1 % 22.3 % 36.7 %
Patient Registries 10.2 % 64.7 % 39.3 % 83.3 %
After-Hours Care 4.5 % 5.9 % 31.0 % 16.7 %
Overall Structural Capability Score † 9.5 % 33.6 % 36.3 % 52.4 %

Number of Practices (%)
NCQA Recognition Level 1 or 2 ‡ 9 (42.9 %) * 7 (41.2 %) 4 (19.0 %) 6 (28.6 %)
NCQA Recognition Level 3 12 (57.1 %) 10 (58.8 %) 17 (81.0 %) 15 (71.4 %)

†p<0.010 for difference in overall structural capability score across classes of practice transformation
‡p=0.332 for difference in year-3 NCQA recognition levels across classes of practice transformation
*One practice in the “minimal” class of transformation did not receive NCQA recognition
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link incentives to such transformation, which could be espe-
cially beneficial to practices that start at relatively low levels of
medical home capabilities and may be relatively unlikely to
reach the highest recognition levels. Such an approach would
be similar to the Centers for Medicare and Medicaid Services
(CMS) Hospital Value-based Purchasing design,24 which re-
wards both improvement and attainment.
Our results demonstrating heterogeneity in the types of

structural transformation among pilot practices may help ex-
plain the mixed results of medical home pilot evaluations.
Different classes of transformation—and differences in the
relative prevalence of these classes across medical home
pilots—may produce different effects on patient care. Re-
search that investigates relationships between types of practice
transformation and changes in patient care might enable
policymakers to identify and explicitly encourage, in future
medical home interventions, the most effective types of
transformation.
Our study has limitations. First, our sample includes

practices from Pennsylvania only, and different findings
in other states and medical home pilots are possible.
Second, our survey of practice structural capabilities
could not measure every aspect of structural transforma-
tion that might be important to improving patient care.
Third, for comparisons across NCQA recognition levels,
we lacked statistical power to detect differences smaller
than ten percentage points in baseline-to-year-3 structur-
al capability change scores. However, the observed dif-
ferences in structural change scores across these recog-
nition levels were small and inconsistent in direction.
Fourth, our analysis was not designed to detect associ-
ations between structural transformation subtypes and
changes in patient care. Such an analysis could be a
fruitful area for future inquiry, once evaluations of
PACCI regions beyond the southeast region are
complete.
Transforming primary care practices into medical

homes is a key feature of numerous ongoing efforts to
improve the quality and contain the costs of healthcare
in the United States. Our study demonstrates that while
practices in medical home pilots can experience signif-
icant transformation, the magnitude of this transforma-
tion is not necessarily associated with scores on point-
in-time medical home recognition criteria. Furthermore,
practices can experience multiple types of transforma-
tion, even when they receive the same levels of recog-
nition as medical homes. Using more dynamic and de-
tailed measures of practice transformation may help
payers, policy makers, and other stakeholders tailor their
medical home incentives for greater precision and
effectiveness.
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