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Abstract

Objective: To review the impact of the Joint Principle of the Patient Centered Medical Home (PCMH) on hemoglobin AIC
(HbAIC) in primary care patients with diabetes.

Methods: Systematic review of English articles using approximate terms for (1) the 7 principles of the PCMH, (2) primary care,
and (3) HbAIC. We included experimental and observational studies. Three authors independently extracted data and obtained
summary estimates for concepts with more than 2 high-quality studies.

Results: Forty-three studies published between 1998 and 2012 met inclusion criteria, 33 randomized and 10 controlled before—
after studies. A physician-directed medical practice (principle 2) lowered HbAIC values when utilizing nursing (mean difference
[MD] —0.36, 95% confidence interval [CI] —0.43 to —0.28) or pharmacy care management (MD —0.76; 95% Cl —0.93 to —0.59).
Whole-person orientation (principle 3) also lowered HbAIC (MD —0.72, 95% Cl —0.98 to —0.45). Studies of coordinated and
integrated care (principle 4) and quality and safety interventions (principle 5) did not consistently lower HbA | C when reviewed in
aggregate. We did not identify high-quality studies to make conclusions for personal physician (principle 1), enhanced access
(principle 6), and payment (principle 7).

Conclusion: Our review found individual interventions that reduced the HbA I C by up to 2.0% when they met the definitions set
by of the Joint Principles of the PCMH. Two of the principles—physician-led team and whole-person orientation—consistently
lowered the HbAIC. Other principles had limited data or made little to no impact. Based on current evidence, PCMH principles
differentially influence the HbAIC, and there are opportunities for additional research.
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Introduction medical practice, (3) whole-person orientation, (4) coordinated
and integrated care, (5) incorporation of quality and safety, (6)
enhanced access, and (7) payment to support the PCMH.
Diabetes is a frequent target for quality improvement initia-
tives such as the PCMH. Diabetes and its comorbidities are a

The joint principles of the Patient Centered Medical Home
(PCMH), collated in 2007 by the American Academy of Pedia-
trics, American Osteopathic Association, American College of
Physicians, and American Academy of Pediatrics, are the frame-
work for structuring and evaluating primary care practice rede-
sign."? The PCMH builds on the Chronic Care Model that
guided practice reform in the 1990s. This model improved ' Department of Family and Preventive Medicine, Emory University School of
patient outcomes using registries to guide care delivery, enhan- ~ Medicine, Atlanta, GA, USA
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leading cause of death and disability in the United States. Up to
8.3% of US adults are currently diagnosed with diabetes and
another 35% have prediabetes.’ It is a costly chronic disease
estimated at about US$174 billion in 2007 alone. "’

The PCMH practice transformations, in aggregate, decrease
the cost and improve the quality of diabetes care; however, the
relative impact of each of the individual principles is less
clear."'"'* Studies suggest that there are differential benefits
that may depend on the target condition for improvement. In
a study of the PCMH principles’ impact on preventive services
delivery, having a personal physician, whole-person orienta-
tion, enhanced access, and coordination with community pro-
grams were most associated with the receipt of preventive
services.'” Within the chronic care model, team changes and
care management had larger impacts on diabetes control.'®!'®

Given the current widespread move toward the PCMH
model, there is a need to establish which specific strategies
drive improvements in disease control.'®'®2° In this article,
we review the evidence of each PCMH principle on glycemic
control.

Research Design and Methods
Study Identification

Each PCMH principle was cross-referenced using a Medical
Subject Heading (MeSH) search to obtain the research syno-
nyms (Table 1). We derived our search terms from the title of
the PCMH principle and or the key terms defining the princi-
ple. Using a Population, Intervention, Comparison, and Out-
come (PICO) format, we combined the synonyms with
population—primary care, comparison—usual care, and out-
come—hemoglobin A1C (HbA1C). We searched MEDLINE,
Cochrane Effective Practice and Organization of Care (EPOC)
database, and scanned the reference list of all included studies.

We included studies conducted on both type 1 and 2 dia-
betes occurring in the pediatric or adult primary care popula-
tions. We excluded those not published in English, conducted
in a specialty care setting, or without HbA1C or plasma glucose
as an outcome.

Data Extraction and Analysis

Three authors independently screened the articles for full-text
review. We included articles with 2-author agreement and
recorded the principle, intervention, reliability of measure-
ments, protection of the control group against contamination,
and follow-up period. We used EPOC guidelines, published by
the Cochrane Collaboration for systematic reviews of health
care interventions to assess the quality of studies and guide data
collection.”' These guidelines specify 7 different criteria to
judge the quality of randomized controlled and controlled
before—after studies.

We extracted baseline and final HbA1C means, mean
change, standard deviation, and confidence intervals (CIs).
Review Manager (RevMan) [Windows], Version 5.2,

Copenhagen, was used to obtain a summary estimate of the
intervention effect as a weighted average of the treatment
effects with fixed effects.”> We pooled the mean difference
(MD) into a summary estimate when we found more than 2
high-quality studies, given our analysis model.

We used GRADE Profiler (GRADEPro) for the summary of
estimates table (Table 2).°*%° The GRADE Profiler rating sys-
tem uses the study design to establish the initial confidence in
the estimate, which is then adjusted based on the strength of
association, dose response, risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias to derive a high, mod-
erate, or low confidence in the estimate.

Results

Forty-three studies published between 1998 and 2012 (median
2008; interquartile range 2005-2010) met the inclusion criteria
(Figure 1). In all, 33 were randomized and 10 were controlled
before—after. The median (interquartile range) follow-up was
12 (6.5-14.25) months, and the average baseline HbA1C was
8.52%.

Principle 1: Personal Physician

We found only observational studies without comparison
groups for this principle. In Hueston et al., a minimum of 2
visits to the same physician over a 3-year period lowered
HbA1C.%® In Dearinger et al, 45% continuity with the same
resident physician lowered HbA1C.®” Team continuity was
similar to individual continuity.*®¢’

Principle 2: Physician-Directed Medical Practice

This principle identified studies that used nurses or pharmacists
to incorporate care management by (1) triaging patients based
on glycemic control, (2) developing collaborative plans, (3)
providing education and self-management training, (4) review-
ing medications, and (5) modifying patient management.

2.A Nursing. Four studies of a nurse care manager collectively
lowered the HbA1C significantly more than controls (MD
—0.36, 95% CI —0.43 to —0.28) from an average baseline of
8.31 (Figure 2)."'"**° One study included a community health
worker with the nurse care manager but had no impact on the
HbA1C.*®

2.B Pharmacists. Four studies of pharmacist care management
collectively reduced the HbA1C when compared to the control
intervention (MD —0.76, 95% CI —0.93 to —0.59) from a base-
line of 9.81 (Figure 3).>’° Jameson et al had no impact on the
HbAI1C from a baseline of at least 9 and was excluded from the
analysis because it reported skewed data.>!

Principle 3: Whole-Person Orientation

The studies we retrieved for whole-person orientation were of
physician-led interventions addressing lifestyle modification
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Table I. Patient Centered Medical Home Concept Definition/Key Terms.

PCMH Concept Definition/Key Terms

MeSH Synonym

Population
Primary care
Study type

Outcome

Comparison
Intervention
Principle #1
Personal physician

Principle #2
Physician-directed
medical practice
Principle #3
Whole-person
orientation

Principle #4
Coordinated and
integrated care

Principle #5
Quality and safety
are hallmarks

Principle #6
Enhanced access to
care

Primary care practice, outpatient, or ambulatory care
Randomized, controlled before-after studies

Measures of diabetes outcomes including fasting or nonfasting
glucose and hemoglobin AIC

Usual care

Concept Definition

Each patient has an ongoing relationship with a personal
physician trained to provide first contact, continuous, and
comprehensive care

The personal physician leads a team of individuals at the
practice level who collectively take responsibility for the
ongoing care of patients

The personal physician is responsible for providing for all the
patient’s health care needs or taking responsibility for
appropriately arranging care with other qualified
professionals. This includes care for all stages of life, acute
care, chronic care, preventive services, and end-of-life care

Care is coordinated and/or integrated across all elements of the
complex health care system (eg, subspecialty care, hospitals,
home health agencies, and nursing homes) and the patient’s
community (eg, family, public, and private community based
services). Care is facilitated by registries, information
technology, health information exchange, and other means
to assure that patients get the indicated care when and
where they need and want it in a culturally and linguistically
appropriate manner

Quality and safety are hallmarks of the medical home

Practices advocate for their patients to support the attainment
of optimal, patient-centered outcomes that are defined by a
care planning process driven by a compassionate, robust
partnership between physicians, patients, and the patient’s
family.

Evidence-based medicine and clinical decision-support tools
guide decision making

Physicians in the practice accept accountability for continuous
quality improvement through voluntary engagement in
performance measurement and improvement

Patients actively participate in decision making, and feedback is
sought to ensure patients’ expectations are being met

Information technology is utilized appropriately to support
optimal patient care, performance measurement, patient
education, and enhanced communication

Practices go through a voluntary recognition process by an
appropriate nongovernmental entity to demonstrate that
they have the capabilities to provide patient centered
services consistent with the medical home model

Patients and families participate in quality improvement
activities at the practice level

Enhanced access to care is available through systems such as
open scheduling, expanded hours and new options for
communication between patients, their personal physician,
and practice staff

Primary care OR ambulatory care OR outpatient

Epidemiologic studies OR case control OR cohort study
OR cohort analys* OR follow-up study OR observa-
tional study OR longitudinal OR retrospective OR
cross sectional study

Glycemic control OR hemoglobin AIC OR AIC OR
preprandial capillary plasma glucose OR peak
postprandial capillary plasma glucose

Search Term
Care AND continu* AND Patient

Patient care team OR interdisciplinary team OR medical
care team

Comprehensive health care OR whole-person orienta-
tion OR (acute AND chronic) OR prevent* care

Patient-centered care OR integrat* care OR coordinat*
care OR Community Based services OR Registr* OR
information technology OR (health information
(exchange OR system))

(((Individual OR customized) AND (patient care plan OR
patient care planning)) OR (Evidence-based (practice
OR medicine)) OR quality improvement) OR perfor-
mance measure* OR Clinical decision support

Health care access OR appointments OR scheduling OR
((patient physician relations OR doctor patient
relations) AND technology) OR office hours OR
email OR (electronic AND (communication OR
access)) OR Web Access OR Web Portal OR
enhanced communication

(continued)
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Table I. (continued)

PCMH Concept Definition/Key Terms

MeSH Synonym

Principle #7
Payment

Appropriately recognizes the added value provided to patients Incentive® pay* OR shared savings OR reimburse* OR
who have a patient-centered medical home. The payment

compensation

structure should be based on the following framework:
It should reflect the value of physician and nonphysician staff
patient-centered care management work that falls outside of

the face-to-face visit

It should pay for services associated with coordination of care
both within a given practice and between consultants,

ancillary providers, and community resources

It should support adoption and use of health information

technology for quality improvement

It should support provision of enhanced communication access
such as secure e-mail and telephone consultation

It should recognize the value of physician work associated with
remote monitoring of clinical data using technology

It should allow for separate fee-for-service payments for face-
to-face visits (payments for care management services that
fall outside of the face-to-face visit, as described previously,
should not result in a reduction in the payments for face-to-

face visits)

It should recognize case mix differences in the patient

population being treated within the practice

It should allow physicians to share in savings from reduced
hospitalizations associated with physician-guided care man-

agement in the office setting

It should allow for additional payments for achieving
measurable and continuous quality improvements

Abbreviations: MeSH, Medical Subject Heading; PCMH, Patient Centered Medical Home.

using behavior theory to enhance patients’ self-efficacy, goal
setting, nutrition, physical activity, and psychological wellness.
Five such studies collectively lowered the HbA1C significantly
compared to controls (MD —0.72, 95% CI —0.98 to —0.45)
from an average baseline of 9.02 (Figure 4).>2® Naik et al
found reductions in the HbA1C but did not report enough data
to be included in the analysis.>’ In Rocco et al, physicians and
patients using a care plan to set goals lowered the HbA1C by
0.35 points, but the baseline HbA1C was not reported.*” In
Glasgow et al, an internet-based self-managed lifestyle pro-
gram with or without social contact did not reduce the
HbA1C.™®

Principle 4: Coordinated and Integrated Care

We identified two major concepts and an additional study dur-
ing the review for this term.

4.A Care coordination with information technology. Here, four stud-
ies used technology enhancements to supplement the care coor-
dination provided by a nurse care manager through
telemedicine portals. In Shea et al, nurse care managers used
video conferencing and reduced the HbA1C (MD —0.18, 95%
CI —0.17 to —0.19) from a baseline of 7.35.%*7° In Stone et al,
patients transmitted their blood glucose to trigger care manage-
ment contact and this reduced the HbA1C (MD —0.9, 95% CI

—0.64 to —1.16) from a baseline of 9.6.** Two smaller studies,
one using e-mail and another automated telephone contact, had
no impact on the HbA1C.*>*!

4.B Depression integration. Diabetes and depression are well-
established comorbid conditions.”'”™* Two studies provided
cognitive behavioral therapy (CBT) and none reduced the
HbA1C.**7 Ismail et al combined CBT with motivational
enhancement therapy and reduced the HbA1C (MD —0.45,
95% CI —0.12 to —0.79) from a baseline of 9.6.*° Problem-
solving therapy or assessing psychological well-being had no
impact on the HbA1C.***® In Bogner et al, integrating a care
manager for depression and diabetes reduced the HbA1C (MD
—1.2, 95%CI —1.56 to —0.84) from a baseline of 7.2.4%

4.C Embedded care manager. One study, Davidson et al, exam-
ined the integration of an embedded nurse care manger in the
primary care practice compared to referring patients to a care
manager independent of the practice. Both models reduced the
HbA1C by 2.0 points from an average baseline HbA1C of 10.>°

Principle 5: Quality and Safety

In this category, we identified multiple subconcepts.

5.A Electronic delivery of blood glucose self-monitoring to physicians.
Five studies assessed self-monitoring of blood glucose
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Records identified
through database
searching
(n=1389)

Additional records
identified through other
sources
(n=100)

Records after duplicates removed
(n = 832)

A 4

Records screened
(n=832)

\ 4

Full-text articles assessed for
eligibility
(n=241)

Records excluded [non-
relevant to study search
criteria]
(n =591)

\ 4

A 4

Studies included in
qualitative synthesis
(n=43)

A4

Studies included in
quantitative synthesis (meta-
analysis)

(n=13)

(n=198)

1. Study Design (n=53)
2. No (Relevant) Intervention (n=81)

3. Not Primary Care (n=7)

A1C reported (n=20)

5. Clinical Trial Registration (n=17)

Full-text articles excluded, with reasons

4. No (Relevant) Outcome, Only process outcome, No

6. Multicomponent Intervention (n=14)

7. Other- review article, not English (n=6)

Figure |. Review study identification, selection, and exclusion.

Change from Baseline Analysis

Test for overall effect: Z=9.11 (P = 0.00001)

Favours [intervention]

Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Aubert 1998 s | BSTT 71 -0.6 15577 67 2.2% -1.10[-1.62,-0.58)
Darr 2005 -0.55 1.3633 1185 -018 1.2357 4740 B80.6% -0.37 [-0.46,-0.28)] .
Krein 2004 -002 2025 106 -0.16 1.8932 103 21% 014 [-0.39, 0.67] —
Mosgues 2010 -0.34 09 212 -01 112 202 152% -024[-0.44,-0.04] =
Total (95% CI) 1574 5112 100.0% -0.36 [-0.43, -0.28] [
Heterogeneity: Chi*=12.66, df= 3 (P =0.005); F= 76% 52 51 b ‘; é

Favours [control]

Figure 2. Impact of nurse care management on change in AlC (Patient Centered Medical Home [PCMH] 2.A).
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Using Change from Baseline Analysis
Pharmacist Standard of Care Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
Choe 2005 =21 25 3 -08 2 29 2.4% -1.20[-2.29,-011]
Johnson 2010 -2.7 5297 222 11 5287 262 32% -160[255-065) ———————
Meto 2011 -0.7 0.754 97 0 0.4962 97 87.6% -0.70[-0.88,-0.52] .
Salvo 2012 -1.2 1.828 69 -0.24 1.828 57 6.9% -0.96[1.60,-0.32) E—
Total (95% CI) 424 445 100.0% -0.76 [-0.93, -0.59] kel
Heterogeneity: Chi*= 4.45, df=3 (P = 0.22); F= 33% T 5 } 3
Testfor overall effect: 2= 8.84 (F < 0.00001) Favours [experimental] Favours [control]

Figure 3. Impact of pharmacist care manager on change in Al C (Patient Centered Medical Home [PCMH] 2.B).
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Test for overall effect: Z=5.29 (P = 0.00001) Favours [experimental] Favours [control]

Figure 4. Impact of whole-person orientation on change in AIC (Patient Centered Medical Home [PCMH] 3).

(SMBQG) feedback delivered electronically to the Physician’s
office. Of these, two studies delivered results to the clinic with
automated responses generated for abnormal values, while one
simply delivered the results. None reduced the HbA1C.>'">
Augstein et al and Lim et al combined SMBG with persona-
lized decision support using the patient’s diet and physical
activity and lowered the HbA1C by 0.5 (baseline of 7) and
0.4 (baseline of 7.8), respectively.’*

5.B Clinical decision support. In two studies where physicians
received point-of-care recommendations and population feed-
back, neither lowered the HbA1C.>”->® When both patients and
physicians received these data, 1 study reduced the HbA1C by
0.2 points while another did not.’*** In O’Connor et al and
Benjamin et al, collaborative adoption of clinical decision sup-
port (CDS) with workflow changes reduced the HbA1C by
0.26 points from a baseline of 8.5 and 0.9 points from a base-
line 0f 9.30, respectively.’®" In Ziemer et al, the availability of
CDS reduced HbA1C only when a provider received indivi-
dualized feedback about its use.’’

5.C Electronic medical documentation. In O’Connor et al, there
was no effect of using an electronic version of the medical
record on the HbA1C.%?

Principle 6: Enhanced Access

We found no high-quality studies for this principle. In 2
descriptive studies, patient—provider electronic messaging
users were notably younger and had better control of their
HbA1C.”>7% In Morrison et al, a visit frequency of every 2
weeks achieved the fastest control of HbA1C.”” Schectman
et al found that for each 10% increase in missed appointments,
the odds of poor HbAIC control increased.”®

Principle 7: Payment

We found no high-quality studies for this principle. In Kloos
et al, in addition to standard fee-for-service, a €25 payment to
physicians to identify patients at risk, provide structured patient
education, and strengthen patient self-management skills
reduced the HbA1C by 0.55 points over 9 years.”*"%

Methodological Considerations

Three groups of studies were from the same trial, and only the
most relevant study from each group was included in the anal-
ysis, A247:483470.81-84 Of the 33 randomized trials, 5 were clus-
ter randomized of which only Hornsten et al was included in
the meta-analysis for PCMH 3.3%57-383%:36 We included Horn-
sten et al, given that the authors analyzed their data using
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hierarchical analysis of variance to account for clustering. We
conducted sensitivity analysis by excluding the study and
obtained similar results.

Naik et al did not include a standard deviation for the dif-
ference in the mean change for the intervention and control,
which precluded it from a meta-analysis using the mean differ-
ence.’” We conducted a final mean analysis as sensitivity anal-
ysis, which did not change the estimate significantly. We used
the final mean analysis approach (where the baseline means
were similar) to obtain our pooled estimates for all the meta-
analysis and obtained similar results. Five studies did not have
similar baseline HbA1C between the intervention and the con-
trol groups and could not be included in the final mean
analysis, |7:3436:37:42

We excluded one study that had a single control and inter-
vention site.®> One study was prone to contamination because
the same provider implemented the intervention and the control
activities.>* One did not report baseline HbA1C.*° All but 2 of
the trials had >80% patient follow-up rates.*>® The statistical
heterogeneity describing the percentage of variation across the
studies that were pooled had an I, range from 33 to 84 (Figures
2-4).

Discussion

We conducted this review to understand the relative value of
individual PCMH practice improvement strategies on the
HbA1C of diabetic patients.

Two PCMH principles improved the HbA1C: physician-
directed medical care with nursing or pharmacist care manage-
ment (principle 2) and whole-person orientation with lifestyle
modification support (principle 3). Both principles emphasize a
team approach to patient care with the inclusion of the patient
as a member of the health care team. They also highlight the
value of the expanded roles and skills of both physicians and
nonphysician team members.

The review for coordinated and integrated care (principle 4)
and quality and safety (principle 5) each had more than five
robust studies researching their impact; however, variability in
the way these concepts were implemented limited the collec-
tive interpretation of results. Nevertheless, we noted the impor-
tance of personalization. When personalization was combined
with information technology (principle 4.A), electronic report-
ing of patients’ self-monitored blood glucose (principle 5), or
the adoption of CDS tools (principle 5) by health professionals,
the studies reported lowered HbA1Cs.

Several concepts were identified, which require further
research to determine their direct effect on health outcomes.
Although not supported by rigorous studies, a personal physi-
cian (principle 1) seems associated with lower HbAI1C, an
effect that may extend to a team of physicians.®®’ Enhanced
access (principle 6) and payment (principle 7) may also
improve diabetes outcomes.' %!

The impact of these interventions on the HbA1C ranged
from a 0.18% to a 2% reduction and none of the studies
reviewed worsened the HbA1C. This is important because a

1% reduction in HbA1C levels has been associated with a 37%
decrease in the risk of microvascular complications and a 21%
reduction in death, making the PCMH a key component in
attaining optimal patient outcomes.®®

A major limitation of this study is the omission of some
potentially relevant studies. To operationalize the PCMH prin-
ciples, we stayed true to the concept definitions. This undoubt-
edly limited our search results but was important because
current PCMH efforts build on the principles.®’*° Another
limitation is the heterogeneity of the studies, which was seen
with the different approaches to implementing the PCMH con-
cepts, baseline HbA 1C, length of follow-up, and study size. We
performed subgroup analysis to address this, collating the stud-
ies that appeared to measure the same concepts. A third limita-
tion is the possible regression to the mean effect with most
studies having a baseline HbA1C higher than 8%.'°

Despite these limitations, our findings are consistent with
studies that have examined the effects of health care delivery
changes in diabetes outcomes. In the review by Renders et al,
interventions that expanded nursing roles or involved patients,
improved outcomes.'® Estimates of the effects of team change
interventions by Shojania et al ranged from 0.3% to 0.8%,
which is similar to our findings for principle 2.'® Similarly,
Ferrante et al described the relational PCMH principles of a
personal physician and whole-person orientation as having a
stronger correlation with the delivery of preventive services.'
These relational principles are core to primary care and reflect
the 1994 IOM definition of primary care as providing inte-
grated care and addressing a large majority of personal health
care needs while developing partnership with patients.

Various evaluations show that the PCMH practice transfor-
mation process improves glycemic control in diabetic patients,
and our review suggests that the PCMH principles of
physician-directed team care (principle 2) and whole-person
orientation (principle 3) are most influential.
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