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Objective. To examine the associations between partial and incremental implementa-
tion of the Patient Centered Medical Home (PCMH) model and measures of cost and
quality of care.
Data Source. We combined validated, self-reported PCMH capabilities data with
administrative claims data for a diverse statewide population of 2,432 primary care
practices in Michigan. These data were supplemented with contextual data from the
Area Resource File.
Study Design. We measured medical home capabilities in place as of June 2009 and
change in medical home capabilities implemented between July 2009 and June 2010.
Generalized estimating equations were used to estimate the mean effect of these
PCMHmeasures on total medical costs and quality of care delivered in physician prac-
tices between July 2009 and June 2010, while controlling for potential practice, patient
cohort, physician organization, and practice environment confounders.
Principal Findings. Based on the observed relationships for partial implementation,
full implementation of the PCMHmodel is associated with a 3.5 percent higher quality
composite score, a 5.1 percent higher preventive composite score, and $26.37 lower
per member per month medical costs for adults. Full PCMH implementation is also
associated with a 12.2 percent higher preventive composite score, but no reductions in
costs for pediatric populations. Incremental improvements in PCMH model imple-
mentation yielded similar positive effects on quality of care for both adult and pediatric
populations but were not associated with cost savings for either population.
Conclusions. Estimated effects of the PCMH model on quality and cost of care
appear to improve with the degree of PCMH implementation achieved and with incre-
mental improvements in implementation.
Key Words. PCMH,medical home, cost, quality

Policy makers and payers have begun to engage with primary care providers
in testing an alternative model of practice organization and orientation under
the rubric of the “Patient Centered Medical Home (PCMH).” The PCMH is
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defined as a holistic and integrated model of primary care designed to
improve the processes and outcomes of health care, including increasing
value, improving responsiveness to patients, and improving outcomes in the
areas of access, timeliness, patient centeredness, safety, equity, and efficiency
(Patient-Centered Primary Care Collaborative 2007). The recently passed fed-
eral health care reform bill, the Patient Protection and Affordable Care Act
(HR3590), includes federal PCMH demonstration programs, and PCMH
implementation is under way in a wide variety of practice settings across the
country (Patient-Centered Primary Care Collaborative 2009; Fields, Leshen,
and Patel 2010; The Commonwealth Fund 2011). Despite enthusiasm to rap-
idly pilot and scale up the PCMH model, including efforts to incorporate
PCMH into state Medicaid programs, attempts to empirically examine the
effects of PCMH on quality and cost-related outcomes are still in the early
stages and are often focused on small and self-selected samples of physician
practices.

A central problem in PCMH-effectiveness studies is determining when,
or to what degree, PCMH has been implemented (Alexander and Bae 2012;
Hoff,Weller, and DePuccio 2012). In some studies implementation is assumed
but not measured, whereas in other cases, it is measured in terms of degree but
only in “check the box” fashion. Because of the high potential for measure-
ment error, both are problematic for studying the effects of PCMH. In our
study we assume that the complex, multicomponent nature of PCMH
increases the probability that components of the PCMHmodel will be imple-
mented incrementally rather than at a single point in time. We further assume
that the “path” to full implementation of PCMHwill likely vary among physi-
cian practices. For example, some practices might initially implement
extended access and then add individual care management, whereas others
might start with developing a patient registry followed by e-prescribing, etc.
As the PCMH model assumes its constituent components will function as a
system of care, it is not clear how cost and quality outcomes will be affected if
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complete implementation is not achieved, or if different paths to implementa-
tion will result in similar effects on quality and cost outcomes.

Our study attempts to advance PCMH research by examining the fol-
lowing research questions: (1) Is partial implementation of the PCMH model
associated with outcomes related to primary care cost and quality of care? (2)
Are incremental changes in implementation of PCMH associated with out-
comes related to primary care cost and quality of care? and (3) Do different
approaches to PCMH implementation show similar associations with out-
comes related to primary care cost and quality of care?

BACKGROUND

The current body of research concerning implementation of PCMH among
physician practices is limited, although several recent studies have examined
the adoption of components of the PCMH model (Rittenhouse et al. 2008,
2011). These studies suggest that PCMH elements such as whole-person ori-
entation and continuity of care through use of personal physicians have been
more readily adopted (Goldberg and Kuzel 2009). However, processes related
to care coordination and integration, enhanced access, team-based care, and
support from appropriate information systems have not been adopted as
broadly (Audet, Davis, and Schoenbaum 2006; Rittenhouse et al. 2008;
Friedberg et al. 2009).

Several studies have linked medical homes with improved health indica-
tors. In general, these studies suggest that medical homes are associated with
increased patient satisfaction (Palfrey et al. 2004; Gill et al. 2005; DeVoe et al.
2008; Reid et al. 2009) and decreased hospitalizations and emergency room
visits (Martin et al. 2007; Cooley et al. 2009; Rankin et al. 2009). Studies
have also identified improvements in quality (Rankin et al. 2009; Reid et al.
2009) and reduced clinician burnout (Reid et al. 2009). Findings have been
more mixed regarding PCMH impact on reducing medical costs (McBurney,
Simpson, and Darden 2004; Damiano et al. 2006).

Although promising, conclusions from these PCMH-effectiveness eval-
uations warrant further discussion, given differences in PCMH measurement
approaches. Some studies directly measured the degree of “medical home-
ness,” whereas others simply assumed the presence of a medical home (i.e.,
Cooley et al. 2009). Other studies measured PCMH by using questions from
the Consumer Assessment of Healthcare Providers and Systems Survey or by
measuring elements of PCMH defined by the specific study. The variation

Partial and Incremental PCMH Practice Transformation 3



and limitations in current PCMHmeasurement approaches, coupled with the
relatively small sample size of many PCMH studies, increase the difficulty of
cross-study comparisons and drawing conclusions about PCMH effects. Addi-
tional investigation using larger samples and more granular PCMHmeasure-
ment is necessary to assess how the degree of PCMH implementation affects
patient care outcomes, including whether this care delivery model will lead to
better processes and outcomes across a variety of practice types.

In this study we address the question of whether PCMH is an “all or
nothing” form of care delivery by examining the hypothesis that more exten-
sive implementation of the PCMH model will be positively associated with
indicators of lower cost and higher quality of care. Underlying this hypothesis
are the assumptions that partial benefit of PCMH on patient outcomes will be
obtained even if total implementation of all components of the model is not in
place, and that the approach (or sequencing) to implementing components of
the PCMH model can be tailored to the circumstances of each primary care
practice. We also test the proposition that incremental progress in the imple-
mentation (regardless of the initial level of implementation) of the PCMH
model will be associated with lower cost and higher quality of care.

METHODS

Sample

The physician practice sample in this study comes from the population of
4,192 practices in Michigan with at least one physician affiliated with a physi-
cian organization participating in the Blue Cross Blue Shield of Michigan
(BCBSM) Physician Group Incentive Program (PGIP) in 2010. Within PGIP,
primary care practices are eligible for two PCMH-related incentives: (1) par-
tial reimbursement for PCMH capability implementation and (2) 10 percent
office visit and preventive visit fee enhancements for practices that achieve sig-
nificant PCMH capability implementation in combination with delivering
high quality of care (Share and Mason 2012). Among these practices, 2,494
self-reported at least one primary care physician (PCP). These practices
account for 5,750 primary care physicians or 65 percent of all primary care
physicians practicing in Michigan (Michigan Department of Community
Health 2010), and operate in 82 of Michigan’s 83 counties. Because our
research questions focus on the effects of PCMH transformation on primary
care outcomes, a practice needed at least one primary care physician and must
have reported medical home capabilities in both June 2009 and June 2010 to
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be included. Practices were excluded if more than one half of the physicians in
the practice were nonprimary care specialists. Application of inclusion and
exclusion criteria resulted in a study group of 2,432 practices providing pri-
mary care to approximately 1.5 million BCBSMmembers.

Data Sources

Data for this research were obtained from (1) the BCBSM Self-Reported Data-
base (SRD); (2) BCBSM member enrollment data files; (3) BCBSM claims
data; and (4) the Health Resources and Services Administration (HRSA) Area
Resource File 2009–2010 (ARF 2010). Physician organizations report practice
and physician information to BCBSM through the SRD semiannually. This
database includes physician demographic information, physician organization
and practice affiliation (i.e., which physicians make up each practice), a pri-
mary care physician indicator, practice PCMH capabilities based on interpre-
tive guideline case definitions (Blue Cross Blue Shield of Michigan 2010a),
and approximate date of implementation for each capability. BCBSM field
staff trained in process improvement conducted 235 practice site visits
between June 2009 and June 2010 to validate capability reporting and provide
educational guidance. To address potential overreporting that may be encour-
aged through the incentive design, practices must demonstrate functional use
of capabilities during the site visit, such as a populated patient registry usable
at the point of care.

We used enrollment information to obtain demographic data on mem-
bers who received care at these practices and administrative claims data for
the services received. An administrative claims-based retrospective primary
care member attribution algorithm was applied to determine the BCBSM
commercial member cohort, denominator population, for each practice.
Members were assigned based on 24 months of outpatient and office-based
claims history, beginning July 1, 2008 and ending June 30, 2010, with attribu-
tion assigned to the physician who had the most evaluation and management
office or preventive visits with that member; ties were resolved by assigning
members to the physician with the most recent evaluation and management
office or preventive visit with that member or to the physician who rendered
the most total services for that member.

We incorporated items from HRSA’s Area Resource File to address
potential confounding from market area socioeconomic or demographic
sources not available through the SRD or through BCBSM administrative
data.
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MEASURES

PCMH Implementation Score

We developed a practice-level PCMH implementation score to reflect the
degree of PCMH implementation across 13 domains of function (Table 1) by
combining SRD PCMH capability information in a multistage process. In the
first stage, capabilities reported as “fully in place” were assigned a value of 1,
whereas capabilities reported as “not in place” were assigned a value of 0.
When capabilities had multiple gradients, the capability score was calculated
as a proportion of the maximum gradient. For example, the Patient–Provider
Agreement domain (Appendix A) asked respondents to identify the percent-
age of their patient population who had established documented patient–
provider agreements from the following options: 10, 30, 50, 60, 80, or 90
percent. A response of 30 percent implementation on this patient–provider
agreement communication was assigned a value of 0.33 (0.3/0.9). Domain-
specific scores were calculated in the second stage, by summing all capability
scores within the domain and dividing by the maximum capability score
possible, that is, distinct capabilities within that domain. Lastly, we calculated
the overall PCMH implementation score as the mean of all 13 domain-specific
scores. Thus, a one unit change in the continuous overall PCMH implementa-
tion score corresponds to the difference between no implementation (0) and
full implementation (1), although almost all practices in our study group fall
along the continuum between these two endpoints. This method intentionally
gives equal scoring weight to each PCMHdomain to reflect the unknown rela-
tive importance of each domain, and thereby avoids giving greater weight to
domains with a greater number of capabilities.

Baseline PCMH Implementation and Change in PCMH Implementation

Although the PCMH program began in January 2008, practices needed ade-
quate time to establish enough capabilities before assessing their impact. The
PCMH implementation score was calculated for both the June 2009 and June
2010 reporting cycles. Capability implementation dates from the June 2010
reporting cycle were used to correct for any overreporting of capabilities in
the June 2009 time period due to differences in interpretation of capability
case definitions from the interpretive guidelines and to account for any inter-
pretive guideline changes made between reporting time periods. This correc-
tion creates greater comparability of the two measurement time points for the
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Table 1: Patient-Centered Medical Home (PCMH) Domains of Function,
Number of Total Capabilities, and Distinct Capabilities by Domain

Domain Description
No. of

Capabilities

Maximum
Distinct

Capabilities

Patient–provider
agreement

Practice has developed and is using
PCMH-related communication tools

8 3

Patient registry An all-payer registry is used to manage
established patients in the practice

17 17

Performance reporting Performance reports are generated that
allow tracking and comparison of
results for the established population
of patients in the practice

12 12

Individual care
management

Practice has ability to deliver
coordinated care management
services with an integrated team of
multidisciplinary providers and a
systematic approach is in place to
deliver comprehensive care that
addresses patients’ full range of health
care needs

15 15

Extended access Patients have 24-hour access to a
clinical decisionmaker by phone, and
clinical decisionmaker has a feedback
loop within 24 hours or next business
day to the patient’s PCMH

9 7

Test results tracking
and follow-up

Practice has test tracking process
documented and in place which
requires tracking and follow-up for all
tests and results, with identified
timeframes for notifying patients of
results

9 9

E-prescribing Practice has adopted and uses
electronic prescribing and clinical
decision support tools to improve the
safety, quality, and cost effectiveness
of the prescription process

2 1

Preventive services Primary prevention program is in place
that focuses on identifying and
educating patients about personal
health behaviors to reduce their risk of
disease and injury

8 8

Linkage to community
services

A comprehensive review of, and
linkage to, community resources has
been completed

8 8

continued
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degree of PCMH implementation. Change in PCMH implementation, or
incremental implementation, was recorded as the difference between the June
2010 PCMH implementation score and the June 2009 PCMH implementa-
tion score. Thus, the estimated value for incremental implementation is
dependent on the baseline level of PCMH implementation previously
attained. The maximum combined value of the partial implementation (base-
line) and the incremental implementation (change) is 1.

Cost and Quality Outcomes

For this study, we examined one practice-level measure of cost and four com-
posite measures of quality of care for the July 2009 to June 2010 time period
( Jaen et al. 2010; Higgins et al. 2011; The Commonwealth Fund 2012). Total
combined medical and surgical allowed cost per member per month (PMPM)
was calculated separately for the adult and pediatric primary care–attributed

Table 1. Continued

Domain Description
No. of

Capabilities

Maximum
Distinct

Capabilities

Self-management support A systematic approach to empowering
patients to understand their central
role in effectively managing their
illness, making informed decisions
about care, and engaging in healthy
behaviors is in place

8 8

Patient web portal A patient web portal is in use by the
practice to allow for electronic
communication between patients and
physicians, and provide greater access
to medical information and technical
tools

12 12

Coordination of care For patients with selected chronic
conditions, a mechanism is established
for being notified of each patient
admit and discharge or other type of
encounter, and appropriate transition
plans are in place

9 7

Specialist referral process Procedures are in place to guide each
phase of the specialist referral process

9 9

Total capabilities 126 116
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member population. Composite measures of quality were selected over indi-
vidual quality measures because few physicians have sufficient numbers of
patients on any individual quality measure for comparative purposes (Scholle
et al. 2009) and because of concerns about heterogeneity in physician perfor-
mance across individual quality measures (Parkerton et al. 2003). Four overall
percentage (Reeves et al. 2007) composite quality and preventive measures
were generated from HEDIS-defined and BCBSM-defined individual quality
and preventive measures (Blue Cross Blue Shield of Michigan 2010b): adult
quality, adult preventive, pediatric quality, and pediatric preventive (See
Appendix B). The pediatric quality composite measure was log transformed
after assessment of its normality.

Practice Characteristics

Four practice characteristics were used in the analysis: practice size, primary
care focus, BCBSM market share, and inpatient service provision. Practice
size was evaluated categorically based on total number of physicians, includ-
ing specialists, in the practice as reported in the SRD. We used the primary
care physician indicator in the SRD to classify practices as “primary care
focus” if only primary care physicians were present and “mixed specialty” if
both primary care and nonprimary care specialty physicians were present.
Total BCBSM-paid services per PCP delivered between July 2009 and June
2010 were calculated for each practice as a proxy for BCBSM volume within
the practice. We also calculated the proportion of these services provided
within an inpatient setting to ensure comparability of physician practice pat-
terns across practices.

Patient Cohort Characteristics

We used the primary care–attributed member cohort for each practice and
their member enrollment information to estimate the following five practice-
level patient characteristics: proportion of members under 18 years, propor-
tion of members over 64 years, proportion of members who were female, and
mean Ingenix� Symmetry version 6 prospective risk score (Ingenix� 2008)
for both adult and pediatric members in the practice. The prospective risk
score employs a large national database of aggregated claims andmembership
information to derive a numerical, diagnosis-based episode assessment used
to predict future medical costs.
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Market Characteristics

We examined five county-level market characteristics and one physician orga-
nization characteristic to address additional sources of variation that might
influence cost and quality outcomes. County-level data from the ARF 2010
were used for median household income, percent of residents who were non-
white or Hispanic, total primary care physicians per 1,000 population, and
total county population. We also calculated county-level BCBSM market
share based on member subscriber addresses from BCBSM member enroll-
ment information and total estimated county population from the ARF 2010.
County-level measures were weighted for each practice to account for the pro-
portion of their care provided to members residing in each county. The
weighted total population estimate for the practice was converted into a cate-
gorical measure of urbanicity based on 1990 census metropolitan statistical
area classifications. Physician organization size was measured as the total num-
ber of practices with at least one primary care physician.

Analytic Approach

The unit of analysis for this study was the primary care physician practice, the
functional unit at which the PCMH program was targeted. We analyzed rela-
tionships between level of PCMH implementation, change in PCMH imple-
mentation, and our outcome measures in multivariable models using both
generalized estimating equations and random intercept generalized linear-
mixed models. Generalized estimating equations were calculated to account
for clustering of practices within physician organizations and to estimate the
mean population-level practice effects of PCMH implementation on
measures of cost and quality (Hubbard et al. 2010). Random intercept linear-
mixed models were fitted to address potential heterogeneity in outcomes con-
ditional on the physician organization of the practice (Singer 1998). To assess
the effects of previously implemented PCMH capabilities in combination
with newly implemented PCMH capabilities, the models for each of the six
outcomes included both the level of partial PCMH implementation measured
at baseline and the incremental PCMH implementation that occurred during
the study time period. All analyses were performed in SAS� version 9.2 (SAS
Institute Inc 2011). Outcome-specific exclusion criteria were applied prior to
constructing multivariable models. Pediatric practices (N = 296), defined as
practices with at least 80 percent of attributed members below 18 years, were
excluded from adult outcome analyses. Practices that failed to meet the
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minimum sample threshold of 50 members for cost measures or 30 events for
composite quality and preventive outcomes were excluded from their respec-
tive analyses. Practices whose cost outcome measure exceeded three inter-
quartile range (IQR) units from the median or whose composite outcome
measures exceeded two IQR units from the median were excluded from their
respective analyses to minimize the impact of the tail of the distributions on
parameter estimates. Measures of standard influence on predicted value, a
standard regression diagnostic, were calculated to identify “influential obser-
vations” that might have excessive influence and bias parameter estimates
(Fox 1991). After applying exclusion criteria, we compared excluded practices
to retained practices to assess differences that might impact interpretation or
generalizability of the results.

We examined potential colinearity of predictor variables using Pearson
correlation coefficients and then evaluated variable colinearity in the multi-
variable models. Percentage of members over 64 years and percent of services
provided in the inpatient setting were dropped due to colinearity with the
mean risk score.

RESULTS

As of June 2009, 1,647 study practices (67.7 percent of the study group)
had implemented at least one PCMH capability. The mean baseline
PCMH implementation score across study practices was 0.11 (SD: 0.13),
whereas the mean PCMH implementation score among practices with at
least one capability was 0.17 (SD: 0.13). By June 2010, 2,219 study prac-
tices (91.2 percent) had implemented at least one PCMH capability. The
mean PCMH implementation score had risen to 0.34 (SD: 0.24) and was
0.37 (SD: 0.22) among practices with at least one capability. The mean
change in PCMH implementation between the two time periods in study
practices was 0.22 (SD: 0.20).

Table 2 illustrates the member, practice, market characteristics, and
outcome distributions of the study practice population. On average, solo
physician practices had 334 BCBSM members, practices with two or three
physicians had 771 members, practices with four or five physicians had
1,482 members, and practices with six or more physicians had 2,122 mem-
bers. Solo physician practices accounted for 1,411 (58.0 percent) study
practices but were more likely to be excluded in each analysis due to sam-
ple size criteria.
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Table 2: Practice, Patient Cohort, and Market Characteristics of Physician
Practices with at Least One Primary Care Physician Participating in the
BCBSM Physician Group Incentive Program, July 2009 to June 2010

Adult and Family Practices
(N = 2,136)

Pediatric Practices
(N = 296)

Median IQR Median IQR

Outcomes
Adult preventive composite 74.3% 66.5–80.0% NA NA
Adult quality composite 70.4% 63.6–76.6% NA NA
Pediatric preventive composite 33.7% 21.2–46.7% 64.0% 56.6–70.6%
Pediatric quality composite 76.2% 50.0–100.0% 86.8% 78.7–92.5%
Adult cost PMPM $296.67 $252.40–$357.56 NA NA
Pediatric cost PMPM $80.19 $56.50–$105.17 $96.82 $81.44–$114.42

Continuous variables
PCMH score June 2009 0.06 0–0.19 0.06 0–0.15
PCMH change to June 2010 0.19 0.05–0.35 0.23 0.08–0.38
Median household income $48,363 $44,843–$58,332 $50,666 $43,929–$55,321
Total practices in POwith a PCP 111 59–710 104 55–177
Services per PCP 1,979 1,132–3,209 3,054 1,870–5,071
PCP’s per 1,000 population 0.98 0.71–1.26 1.04 0.77–1.40
Mean prospective risk score (adult) 1.60 1.41–1.87 0.67 0.58–0.77
Mean prospective risk score
(pediatric)

0.45 0.38–0.54 0.44 0.40–0.50

Percent of nonwhite
attributed members

20.5% 12.1–26.8% 21.3% 14.0–25.9%

Percent of female attributed members 50.8% 45.9–58.2% 48.6% 46.7–50.7%
Percent BCBSMmarket share 31.1% 25.7–34.4% 31.3% 26.0–34.7%

Categorical Variables N % N %

Practice size
Solo physician practice 1,274 59.6 137 46.3
2–3 physicians 500 23.4 87 29.4
4–5 physicians 189 8.8 43 14.5
6 or more physicians 173 8.1 29 9.8

Practice specialty
Mixed 83 3.9 13 4.4
Primary care only 2,053 96.1 283 95.6

Metropolitan statistical area status
Metropolitan: 1,000,000 or more persons 754 35.3 121 40.9
Metropolitan: 250,000–999,999 persons 514 24.1 84 28.4
Metropolitan: 100,000–249,999 persons 406 19.0 49 16.6
Metropolitan: below 100,000 persons 69 3.2 5 1.7
Micropolitan 208 9.7 23 7.8
Rural 177 8.3 14 4.7

Note. IQR, interquartile range; NA, not applicable; PCMH, patient-centered medical home;
PMPM, per member per month.
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Table 3 shows the PCMH effect estimates from the multivariable mod-
els adjusting for member, practice, and market characteristics. Full multivari-
able model results are available in appendices C–E.

Preventive Care Measures

The multivariable model for the adult prevention composite measure
included 1,636 study practices after practice exclusions: insufficient sample
size (303), missing predictors (42), and exceeding IQR thresholds (155). Prac-
tices included in the model had a median of 194 prevention opportunities per
practice, and the mean adult preventive composite score was 74.8 percent,
ranging from 38.7 to 94.5 percent. After multivariable adjustment, a practice
that achieved full PCMH implementation would have a 5.1 percent higher
adult preventive composite score compared with a practice that never
achieved any PCMH implementation (p = .0316). A practice without preex-
isting PCMH infrastructure that implemented all PCMH capabilities during
the study time period would have a 3.3 percent higher adult preventive com-
posite score compared with that same practice with no incremental PCMH
implementation (p = .0028). Effect estimates were slightly higher for baseline
implementation (6.3 percent) and incremental implementation (3.8 percent)
when practices exceeding the IQR thresholds were included in the model as a
sensitivity test.

The pediatric preventive composite measure multivariable model
included 1,218 study practices after practice exclusions: insufficient sample
size (1,151), missing predictors (39), and exceeding IQR thresholds (24). The
median number of preventive opportunities was 115 per practice included in
the model, and the mean pediatric preventive composite score was 44.5 per-
cent, ranging between 10.1 and 85.2 percent. After multivariable adjustment,
a practice that achieved full PCMH implementation would have a 12.2 per-
cent higher pediatric preventive composite score compared with a practice
that never achieved any PCMH implementation (p = .0008). A practice with-
out preexisting PCMH infrastructure that implemented all PCMH capabili-
ties during the study time period would have a 4.9 percent higher pediatric
preventive composite score compared with that same practice with no incre-
mental PCMH implementation (p = .0260). While the random intercept
model resulted in an increased effect of full baseline PCMH implementation
from 12.2 to 15.7 percent, it did not improve model fit (AIC:�1,577) over the
model without a random intercept (AIC: �1,719) for the pediatric preventive
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composite measure. Random intercept models did not identify any noticeable
changes in parameters or model fit for any other outcome.

Quality of Care Measures

The multivariable model for the adult quality composite measure consisted of
1,590 study practices after practice exclusions: insufficient sample size (498),
missing predictors (43), and exceeding IQR thresholds (5). For practices
included in the model, the median number of quality opportunities per prac-
tice was 166, and the mean adult quality composite score was 70.2 percent,
ranging between 33.8 and 96.4 percent. After multivariable adjustment, a
practice that achieved full PCMH implementation would have a 3.5 percent
higher adult quality composite compared with a practice that never achieved
any PCMH implementation (p = .0806). A practice without preexisting
PCMH infrastructure that implemented all PCMH capabilities during the
study time period would have a 5.2 percent higher adult quality composite
score compared with that same practice with no incremental PCMH imple-
mentation (p < .0001).

A total of 337 study practices were included in the multivariable model
for the pediatric quality measure after practice exclusions: insufficient sample
size (2,077), missing predictors (7), and exceeding IQR thresholds (11). Prac-
tices included in the multivariable model had a median of 61 quality opportu-
nities per practice, and the mean untransformed pediatric quality measure was
80.4 percent, ranging between 41.8 and 100 percent. Although positively asso-
ciated, neither baseline nor incremental PCMH implementation was signifi-
cantly associated with a higher pediatric quality score after multivariable
adjustment (p = .1745 and p = .4113, respectively).

Cost Measures

A total of 1,787 study practices were used for the adult PMPM cost multivari-
able model after the following practice exclusions: insufficient sample size
(286), missing predictors (45), exceeding IQR thresholds (15), and influential
observations (3). Practices included in the model had a median population of
303 adult members, and their overall mean adult PMPM cost was $310.79,
ranging between $102.72 and $1,053.45. After multivariable adjustment, a
practice that achieves full PCMH implementation would have a $26.37
PMPM lower adult PMPM cost compared with a practice that never achieved
any PCMH implementation (p = .0529). Based on a practice with median
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population characteristics, this difference corresponds to a 7.7 percent (95 per-
cent CI: �0.1 to 15.4 percent) lower adult PMPM cost. Incremental PCMH
implementation was associated with lower cost, albeit nonsignificant
(p = .6868).

The pediatric PMPM cost multivariable model included 956 practices
after practice exclusions: insufficient sample size (1,438), missing predictors
(28), exceeding IQR thresholds (5), and influential observations (5). Practices
included in the multivariable model had a median 172 pediatric members per
practice, and their mean pediatric PMPM cost was $91.40, ranging from
$21.59 to $236.14. After multivariable adjustment, baseline PCMH imple-
mentation was not associated with cost (p = .7682). However, a practice with-
out preexisting PCMH infrastructure that implemented all PCMH
capabilities during the study time period would have a $7.45 higher pediatric
PMPM compared with that same practice with no incremental PCMH imple-
mentation (p = .0964).

DISCUSSION

Our study demonstrated positive associations between baseline PCMH
implementation and composite measures of quality of care for both adults and
children, and we observed these associations for both primary and secondary
preventive care. PCMH implementation was also associated with lower over-
all medical and surgical costs for adults, but not for children. This cost finding
is consistent with the underlying PCMH principles of improved chronic care
management and care coordination due to the higher chronic disease burden
in adults.

Notably, these associations between PCMH and cost and quality mea-
sures were observed 2 years into the program, even though practices were still
expanding their PCMH infrastructure. These findings suggest that partial
implementation of the PCMH model may have quality and cost benefits well
before full PCMH implementation has been achieved, and these benefits
likely increase as practices progress toward full implementation. Although the
PCMH is intended to operate as a system of care, our findings suggest that its
constituent elements may have independent benefits and that substantial pro-
gress on all or most elements is not needed to significantly improve care.

Composite measures of quality and preventive care were also positively
associated with incremental PCMH implementation, controlling for baseline
levels of PCMH implementation. However, cost measures were not
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associated with incremental PCMH implementation. These observations may
reflect the proximal impacts of recent implementation, whereby initial
improvements in quality are followed later by reductions in cost. Although
not statistically significant, the increased costs for pediatric members associ-
ated with incremental PCMH implementation may result from an increased
emphasis and use of preventive services reflected in the pediatric preventive
composite measure of well-child visits and immunizations.

The measures of association between PCMH implementation and qual-
ity and cost-related outcomes are intended to estimate the potential PCMH
effects when full implementation is eventually achieved. However, extrapola-
tion of results observed at partial implementation to estimate full implementa-
tion effects should be interpreted cautiously, as the relationship between these
outcomes and PCMH implementation may change at higher levels of imple-
mentation. While the effect could diminish at higher levels, we believe that
synergistic interaction of PCMH elements will more likely result in greater
effects on outcomes as practices achieve higher levels of PCMH implementa-
tion. Although the measurement instrument developed for this program may
not capture all elements crucial to creating a fully functional PCMH, this
instrument was developed with significant physician input, incorporated the
PC-PCC guiding principles, and was specifically designed to capture partial
PCMH implementation and incremental PCMH changes under multiple
implementation scenarios (Alexander et al. 2012).

A major strength of this study is that these practices encompass nearly
two thirds of primary care physicians practicing in Michigan, span 82 of the
83 counties in Michigan, represent both small and large practices, urban and
rural practices, practices within integrated systems, and practices loosely affili-
ated in independent physician associations—all approaching PCMH imple-
mentation from a broad array of perspectives suited to the individual
practices. The external validity is furthered by evaluating the impact on the
total population rather than smaller chronic disease subpopulations that may
overstate the total population benefits of a PCMH. Although limited to a sin-
gle payer’s data, BCBSM members represent a substantial portion of practice
populations statewide, but this raises questions as to whether the PCMH
effects we observed extend to other commercial or noncommercial payer pop-
ulations. However, recent literature suggests a need to evaluate PCMH in a
broad array of practice settings with greater emphasis on the diversity of prac-
tices rather than the number of patients (Peikes et al. 2012).

Our PCMH evaluation was limited to a 1-year period, so we cannot
determine whether these results reflect true causal relationships or preexisting
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practice patterns. For example, physicians motivated to improve quality and
reduce costs may be more likely to implement PCMH capabilities, and such
motivation may explain observed associations between PCMH and quality
and cost measures. The PCMH change variable may capture elements of phy-
sician motivation, as more motivated practices might expand their capabilities
more rapidly initially. However, such expansion may wane as fewer opportu-
nities to expand PCMH capabilities are available and only relatively difficult
to implement capabilities remain. Additional limitations include the use of
county-level socioeconomic characteristics instead of individual socioeco-
nomic characteristics and the lack of information on benefit design.

This study demonstrated relationships between the PCMH model,
higher quality of care, and reduced cost of care. Based on this initial assess-
ment, the study supports continued investment in PCMH implementation.
However, further evaluation is needed to determine the sources of utilization
(e.g., emergency department, inpatient) affected by the PCMH that contribute
to lower costs, whether the association between PCMH and medical costs
extends to pharmacy costs, whether these effects span multiple payers, and
whether these effects persist under a longitudinal design. Additional efforts
should aim to understand which specific PCMHelements contribute to higher
quality care and lower cost of care, and potential for synergism between
PCMH elements with regard to these outcomes. Importantly, the associations
with quality we observed span a broad array of primary and secondary pre-
ventive measures rather than narrowly focused on any one individual mea-
sure. Further research is needed to determine whether these relationships
span other quality measures, are limited to specific subsets of quality mea-
sures, or extend into additional health areas such as preconception care where
chronic condition management may yield additional health benefits ( Johnson
et al. 2006). The diverse population of practices in this study population will
allow for subsequent examination of these areas and whether PCMH effects
are universal across practices or dependent on the practice setting.

Finally, although multiple statistically significant relationships between
PCMH and quality measures were observed in this study, our results do not
directly address the clinical significance of these relationships, an important
distinction given the potentially high costs associated with implementing and
maintaining a transformational change such as PCMH. Three points are rele-
vant to this issue. First, many of our quality measures are based on established
clinical guidelines strongly linked to improved health outcomes in other stud-
ies, such as monitoring HbA1c levels in persons with diabetes (Larsen, Hor-
der, and Mogensen 1990). Second, it may be premature to assess the cost
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effectiveness of PCMH as many study practices are still in the early stages of
PCMH implementation and have not yet fully realized its clinical benefits.
Third, even relatively small changes at the physician practice level may trans-
late into important differences at the population level. The fact that our find-
ings apply to a large study sample of over 2,000 practices in Michigan
partially supports this claim and may mitigate to some extent the costs of
implementation.

If the cost savings and quality improvement relationships observed in
this study are reinforced by additional evaluations of the PCMH model, fur-
ther support for PCMHmay be warranted. Implementing PCMH capabilities
presents a considerable challenge for many primary care practices, with signif-
icant investment of time and expense (Nutting et al. 2011). Requiring primary
care practices to shoulder this investment alone may severely limit PCMH
implementation. Payers, purchasers, and providers should consider methods
for sharing cost savings derived from PCMH implementation to provide
further incentives to support ongoing efforts to implement the PCMHmodel.
If cost savings and improved quality can indeed be derived at intermediate
stages of PCMH implementation, and sustained during more advanced stages
of implementation, the potential for a permanent program of shared savings
that support continuous improvements may well be viable.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix A: Example Showing Capability and Domain Scoring for the
Patient–Provider Agreement PCMH Functional Domain, June 2010.
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Appendix B: Individual Component Measures of Adult and Pediatric
Quality and Preventive Composite Measures and Source Definition for Each
Individual Component Measure.

Appendix C: Multivariable Generalized Estimating Equation Model for
the Association between Medical Home Implementation and Adult and Pedi-
atric Composite Quality of Care Measures in BCBSM PGIP Practices, July
2009 to June 2010.

Appendix D: Multivariable Generalized Estimating Equation Model for
the Association between Medical Home Implementation and Adult and Pedi-
atric Composite Preventive Measures in BCBSM PGIP Practices, July 2009
to June 2010.

Appendix E: Multivariable Generalized Estimating Equation Model for
the Association between Medical Home Implementation and Adult and Pedi-
atric Medical and Surgical per Member per Month Costs in BCBSM PGIP
Practices, July 2009 to June 2010.

Appendix SA1: AuthorMatrix.

Partial and Incremental PCMH Practice Transformation 23


