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Objective. To examine associations between clinics’ extent of patient-centered medi-
cal home (PCMH) implementation and improvements in chronic illness care quality.
Data Source. Data from 808 Veterans Health Administration (VHA) primary care
clinics nationwide implementing the Patient Aligned Care Teams (PACT) PCMH ini-
tiative, begun in 2010.
Design. Clinic-level longitudinal observational study of clinics that received training
and resources to implement PACT. Clinics varied in the extent they had PACT compo-
nents in place by 2012.
Data Collection. Clinical care quality measures reflecting intermediate outcomes
and care processes related to coronary artery disease (CAD), diabetes, and hyperten-
sion care were collected by manual chart review at each VHA facility from 2009 to
2013.
Findings. In adjusted models containing 808 clinics, the 77 clinics with the most PACT
components in place had significantly larger improvements in five of seven chronic dis-
ease intermediate outcome measures (e.g., BP < 160/100 in diabetes), ranging from 1.3
percent to 5.2 percent of the patient population meeting measures, and two of eight pro-
cess measures (HbA1c measurement, LDL measurement in CAD) than the 69 clinics
with the least PACT components. Clinics with moderate levels of PACT components
showed few significantly larger improvements than the lowest PACT clinics.
Conclusions. Veterans Health Administration primary care clinics with the most
PCMH components in place in 2012 had greater improvements in several chronic dis-
ease quality measures in 2009–2013 than the lowest PCMH clinics.
Key Words. Patient-centered medical home, primary care, chronic disease, quality
of care
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The patient-centered medical home (PCMH) model of primary care practice
(Kellerman and Kirk 2007; American Academy of Family Physicians 2008) is
being implemented in multiple health care settings nationwide (Edwards et al.
2014). The PCMH model focuses on restructuring primary care to increase
timely access, continuity of care, and multidisciplinary teamwork, with the
goal of making care more comprehensive and patient-centered, and ultimately
to improve the quality of care that patients receive. The PCMH model uses
the Chronic Care Model as a framework (Coleman et al. 2009), and it is
expected to improve quality of care, especially for patients with common
chronic conditions who incur a disproportionate share of health expenditures
and health management challenges (Paez, Zhao, and Hwang 2009). However,
recent reviews have reported mixed results on the association between
PCMH implementation and changes in clinical quality ( Jackson et al. 2013;
Nielsen et al. 2016). Many of these PCMH studies are limited to a specific
geographical area, a short time frame, or focus on a single medical condition.

In 2010, the VHA launched a PCMH initiative called Patient Aligned
Care Teams (PACT) in VHA’s large, diverse network of over 800 primary care
clinics that care for over 5 million enrolled veterans (Rosland et al. 2013). Key
components of the PACT model include patient assignment to a “teamlet”
(Bodenheimer and Laing 2007) that provides multidisciplinary continuity to a
panel of approximately 1,200 patients per full-time equivalent primary care
provider (PCP), increased access through open-access scheduling and non-
face-to-face modes of care, and nurse-led panel management. All VHA
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primary care clinics were given similar resources, tools, and access to training
to support PACT implementation, but clinics varied in the speed and extent to
which they were able to put PACT components in place (Nelson et al. 2014).

It remains unknown whether clinical quality improved following the
start of PACT implementation in April 2010. A previous cross-sectional study
that validated a measure of PACT implementation reported that VHA clinics
with more PACT components in place had higher levels of chronic disease
quality measures in the same year as measurement of PACT implementation
(Nelson et al. 2014). However, that study did not examine whether those
PACT clinics also had high clinical quality prior to PACT, and how much
clinic quality improved with the implementation of PACT. In this study, we
examined whether the extent to which clinics had PACT components in place
in 2012 was associated with improvements in care quality for patients with
chronic conditions from 2009 to 2013.

METHODS

Study Design

We conducted a retrospective longitudinal VHA-wide clinic-level analysis
evaluating clinic-level associations between extent of PACT medical home
components in place in 2012 and changes in chronic disease clinical quality
measures from 2009 (pre-PACT) to 2013 (during PACT implementation).
Data on patient characteristics were obtained from the VHA Corporate Data
Warehouse (Fihn et al. 2014). Data on clinic-level performance in chronic dis-
ease quality were obtained from the VHA’s External Peer Review Program
(EPRP). These evaluation efforts are part of ongoing quality improvement
programs at the VHA and are not considered research activity; thus, they
were exempted from IRB review.

Study Sample

We initially identified 817 VHA clinics reporting clinical quality data in EPRP
databases in 2009 and 2013. The quality indicators we examined are mandated
by VHA to be collected frommost VHA clinics, so there were very few primary
care sites in the VHA system that were not represented in this study. Seven clin-
ics were missing a Rural–Urban Continuum Code, due to being located in U.S.
territories, and two were mobile clinics and unable to be linked to a particular
county’s census data; these nine clinics were excluded from analyses.
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Clinical Quality Measures

Veterans Health Administration External Peer Review Program clinical qual-
ity measures closely resemble NCQA Health care Effectiveness and Data
Information Set (HEDIS) measures. Medical records were randomly selected
at each VHA clinic from patients assigned to the clinic who meet the quality
measure’s denominator criteria. Elderly patients (defined as over 75 or
85 years old depending on the measure), those with specific terminal illnesses
or enrolled in hospice, and those only receiving behavioral health care in
VHA (while explicitly receiving primary care in a non-VHA setting) are
excluded from all measures. Stringent denominator criteria for each measure
help to ensure that only patients clinically appropriate to be targeted for that
measure are examined. For example, for diabetes measures, patients with ges-
tational diabetes or steroid-induced hyperglycemia are excluded (see Table S1
for full details on measure numerator and denominator criteria). Medical
records are then manually examined by an independent external contractor
for adherence to the quality measure, which is calculated as the percent of
patients evaluated that received measure-adherent care or met a clinical out-
come threshold. The median number of patients examined per clinic for each
measure ranged from 15 to 73 (see Table S3 for details).

We identified 15 VHA outpatient care quality measures related to
chronic disease management that were available from 2009 to 2013, including
seven clinical outcome and eight clinical process measures among patients
with coronary artery disease (CAD), diabetes mellitus (DM), and hyperten-
sion (HTN). Specifically the outcome measures included the following:
LDL < 100 among patients with CAD, LDL < 100 among patients with DM,
BP < 160/100 and BP < 140/90 among patients with DM, HbA1c < 9 per-
cent among patients with DM, and BP < 160/100 and BP < 140/90 among
patients with HTN. The process measures included the following: LDL mea-
sured in the last year, and aspirin prescription, among patients with CAD;
HbA1c measured in the last year, aspirin prescription, foot exam, retinal
exam, renal function testing, and ACE-inhibitor/ARB prescription among
patients with DM (see Table S1 for details on all EPRPmeasures examined).

PCMH Implementation Measure

The extent of PACT implementation in each primary care clinic by 2012 was
measured with the previously developed PACT Implementation Index (Pi2)
(Nelson et al. 2014). The Pi2 combines 53 PCMH measures derived from
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clinical encounter data, patient surveys, and primary care frontline staff sur-
veys. These items represent eight domains that reflect the main components of
PACT: access, continuity, coordination, team-based care, comprehensiveness
of care, self-management support, patient-centered communication, and
shared decision making (see Table S2 for individual items, detailed sources,
and response characteristics). To combine data from disparate sources for each
clinic, a mean facility-level response for each Pi2 variable was standardized by
subtracting the national level mean from the facility mean and dividing by the
standard deviation (SD) for all facilities. Domain scores were created for each
site by taking the average of these standardized responses. Sites then received
+1 point if they were in the top 25th percentile for that domain or �1 point if
they were in the bottom 25th percentile. Therefore, clinic Pi2 scores range
from +8 (all domain scores in the top quartile) to �8 (all domain scores in the
bottom quartile). Further details on Pi2 scoring and variation among clinics in
specific Pi2 domains can be found in Table S2 and have been previously
described in the literature (Nelson et al. 2014). For main analyses, clinics were
analyzed in five previously used Pi2 categories: +8 to +5, +4 to +2, +1 to �1,
�2 to �4, and �5 to �8. In alternate analyses, Pi2 was analyzed as a continu-
ous variable ranging from +8 to�8. The Pi2 score was not able to be calculated
prior to 2012, as all component data elements were not available prior to that
time.

Analysis

We first describe clinic characteristics and quality scores across categories of
PACT implementation. To determine if high- and low-scoring clinics had dif-
fering quality pre-PACT, we used t-tests to compare groupmeans. To examine
the adjusted associations between level of PACT implementation and changes
in clinical quality between 2009 and 2013, we used multivariable linear regres-
sion models with the 2013 quality indicator as the outcome and the baseline
2009 (pre-PACT) score as a covariate. This method allowed us to interpret
coefficients similarly to a difference model and to account for possible ceiling
effects for measures starting at high 2009 levels of quality (Newsom, Jones,
and Hofer 2012; Zhang et al. 2014). Multivariable models were adjusted for
clinic rurality and type (hospital-based vs. community-based). Clinic location
was designated as rural or urban based on Rural–Urban Continuum codes
from the USDA Economic Research Service (West et al. 2010). We defined
“clinic type” as one three-category variable due to collinearity between rural-
ity and clinic type: urban hospital-based, urban community, or rural
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community. The number of patients enrolled in a clinic was collinear with
both clinic rurality and type, so it was not included in multivariable models.
Reflecting VA-wide goals to maintain PCP panel sizes at 1,200 patients per
full-time PCP, full-time PCP panel sizes per varied little across Pi2 category, so
panel size was not included in models. We adjusted for the 2012 unemploy-
ment rate in the county of the clinic’s location, as a measure of clinic area
socioeconomic status (SES), because the extent to which a change in health
care could lead to changes in chronic disease control may be influenced by the
resources of the surrounding community (Kington and Smith 1997;Markovitz
et al. 2015). After models were estimated for all 808 clinics with available data,
we calculated model-based predictions of change for the highest (Pi2 = +5 to
+8, 77 clinics) and lowest (Pi2 = �8 to �5, 69 clinics) quintiles of Pi2 scores to
illustrate the magnitude and direction of quality measure change among the
highest and lowest Pi2 clinics.

We conducted two sensitivity analyses. First, we adjusted for 2009 clinic-
level ambulatory care-sensitive (ACS) (Canadian Institute for Health Informa-
tion, 2016) hospitalization rates (encompassing VA or fee-for-service Medi-
care billed hospitalizations) for clinic-assigned patients as a proxy for other
unobserved clinic-level confounding factors that could lead to higher quality
of care, such as clinic structure or leadership. Second, the distributions of qual-
ity scores for clinical processes were skewed (with many clinics at high perfor-
mance levels), so we examined regression models using log-transformed
quality indicators. Results were similar to the original results and not shown
here (available from authors upon request).

Role of the Funding Source

This study was funded by the VA Office of Primary Care Services and Office
of Primary Care Operations. The funders had no role in the design or conduct
of the study, or the preparation of the manuscript.

RESULTS

Clinic Characteristics

Among the 808 clinics included in our analyses, 8.5 and 9.5 percent were in
the highest (+5 to +8) and lowest (�8 to �5) Pi2 categories, respectively
(Table 1). Clinics in the highest and lowest Pi2 categories were less likely to be
hospital-based (10 and 12 percent hospital-based, respectively) than those in
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the middle categories. The clinics in the highest Pi2 category had the lowest
mean number of patients per clinic (3685) and were most likely to be rural
clinics. The clinics in the middle Pi2 categories had the highest mean number
of patients and were least likely to be rural. The mean age of clinic patients,
proportion of women, and county-level unemployment rates showed little
variation across Pi2 category.

Clinical Quality Measure Descriptive Characteristics

Mean 2009 (pre-PACT) clinical outcome quality scores among all clinics
(Table 1) ranged from 65 (LDL < 100 mg/dL in CAD) to 96 percent
(BP < 160/100 mmHg in diabetes). Clinical process quality scores in 2009
ranged from 75 (aspirin prescription in diabetes) to 97 percent (HbA1c mea-
sured annually in diabetes). Pre-PACT clinical outcome quality scores in 2009

Table 1: Characteristics of Included Primary Care Clinics by PACT Imple-
mentation Index (Pi2) Category

Characteristic All Clinics

Clinics by Pi2 Category*

+5 to+8 +2 to+4 �1 to+1 �4 to�2 �8 to�5

N clinics 808 69 190 310 162 77
Clinic type
Hospital-based 18% 10% 13% 25% 15% 12%
Urban CBOC 54% 46% 52% 54% 60% 60%
Rural†CBOC 28% 44% 35% 21% 25% 28%

Mean no. of patients
assigned to clinic‡

6,419 3,685 4,773 7,936 6,965 5,725

Mean age (years) of
assigned patients§

64 65 65 64 64 64

Mean % female of
assigned patients

5% 6% 5% 6% 6% 6%

2012 County
unemployment rate¶

7.9% 7.9% 7.6% 7.8% 8.2% 8.3%

*Pi2 Category = Patient Aligned Care Teams (PACT) Implementation Index, ranging from +8
(most extensive PACT implementation) to�8 (least extensive PACT implementation).
†”Rural” defined as nonmetro counties according to Rural–Urban Continuum codes produced by
USDAEconomic Research Service in 2012.
‡The VHA assigns patients to a specific Primary Care Provider at a specific VA clinic; “patients
assigned to clinic” is the number of unique patients assigned to PCPs at the examined clinic.
§Mean age of all patients assigned to the clinic, whether they were included in the clinical quality
measure calculation.
¶2012 Unemployment Rate of the county of the clinic’s location, from U.S. Bureau of Labor
Statistics.
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were significantly higher for clinics that later had higher 2012 Pi2 scores com-
pared to clinics that later had lower 2012 Pi2 scores for LDL < 100 mg/dL in
CAD and diabetes, and BP < 160/100 in diabetes; and lower for BP < 140/
90 in diabetes. Process measures in 2009 were not significantly different
between highest and lowest Pi2 clinics.

Mean 2009–2013 overall changes in clinical outcome quality scores
among all clinics ranged from a decrease in 3.1 percent points for
HbA1c < 9 percent in diabetes to an increase in 3.9 percent for
LDL < 100 mg/DL in CAD (Table 2). 2009–2013 changes in process qual-
ity scores were most pronounced for timely retinal exams in diabetes (3.1
percent point increase) and ACE-inhibitor/ARB prescribed in diabetes (1.5
percent point decrease).

Association between PCMH Implementation and Changes in Clinical Quality Scores

Clinical Outcomes. In multivariable models examining all 808 clinics, the clin-
ics in the category with the most PACT components in place had significantly
greater quality improvements for five of seven clinical outcome measures
(Table 3, full model results in Table S3), when compared to clinics with the
least PACT components. As shown in Figure 1, clinics in the highest Pi2 cate-
gory (Pi2 +5 to +8, N 77 clinics) had greater adjusted improvement compared
to the lowest Pi2 category (Pi2�5 to�8, N 69 clinics) in LDL < 100 mg/dL in
CADquality scores (7.2 percent point increase in highest Pi2 clinics vs. 2.0 per-
cent points in lowest Pi2 clinics, p = .01), LDL < 100 mg/dL in diabetes (3.2
percent vs. �0.5 percent, p = .03), BP < 160/100 in diabetes (0.2 percent vs.
�1.2 percent, p = .03), BP < 160/100 in HTN (0.8 percent vs. �1.1 percent,
p < .001), and BP < 140/90 in HTN (2.5 percent vs. �0.1 percent, p = .04).
Highest and lowest Pi2 clinics did not significantly differ in change in
HbA1c < 9 percent or BP < 140/90 in DM. Only LDL < 100 in CAD
showed a statistically significant difference when comparing middle Pi2 clinic
categories to the lowest category. Results for alternative models analyzing Pi2

as a continuous variable (see Table S3) showed that increasing Pi2 was signifi-
cantly associated at p < .05 with increased improvements in three of the same
five quality measures whose improvement was significantly different in high-
est and lowest Pi2 categories. For the other two measures that differed by high-
est vs. lowest category, continuous Pi2 was associated with increased
improvement at the p = .10 statistical significance level. For one measure
which did not differ when comparing highest vs. lowest Pi2 category,
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Table 2: Descriptive Characteristics of Clinical Quality Measures Exam-
ined, at Baseline (2009) and over time (2009–2013) among 808 Clinics
Included inMainModels

Measure Name

Mean
Baseline
(2009)
Value,
among

All Clinics

Mean Baseline Value, by 2012 Pi2

Clinic Category Unadjusted
Mean
Change

(2009–2013),
among All
Clinics

Lowest†

2012 Pi2

Category
Clinics

Highest‡

2012 Pi2

Category
Clinics

p value
Lowest vs.
Highest

Pi2 Clinics§

Clinical outcome quality measures
CAD
LDL level < 100 mg/dL 65% 59% 71% .001* 3.9%

Diabetes
LDL level < 100 mg/dL 68% 63% 69% .04* 0.8%
Blood pressure
< 160/100 mmHg

96% 94% 97% .01* �0.2%

Blood pressure
< 140/90 mmHg

78% 74% 82% .02* 1.3%

HbA1c < 9% 85% 82% 84% .45 �3.1%
Hypertension
Blood pressure
< 160/100 mmHg

95% 94% 95% .47 �0.1%

Blood pressure
< 140/90 mmHg

77% 78% 79% .72 0.8%

Clinical process quality measures
CAD
LDL cholesterol measured 95% 95% 95% .77 1.7%
Aspirin prescription 91% 88% 92% .15 1.5%

Diabetes
HbA1cmeasured annually 97% 96% 96% .95 1.0%
Aspirin prescription 75% 72% 77% .25 2.3%
Foot exam 88% 85% 86% .69 0.9%
Retinal exam 86% 80% 84% .25 3.1%
Renal function testing 95% 93% 94% .75 0.9%
ACE-inhibitor/ARB
prescription

78% 80% 79% .68 �1.5%

†Lowest Pi2 category = �5 to�8.
‡Highest Pi2 category = +5 to +8.
§ p value calculated with t tests comparing groupmeans.
*p< 0.05.

PCMH and Clinical Quality Improvements 2511



Ta
bl
e
3:

M
ul
tiv

ar
ia
bl
e*

L
in
ea
rR

eg
re
ss
io
n
M
od

el
so

fA
ss
oc
ia
tio

n
be

tw
ee
n
C
lin

ic
Pi

2
Sc
or
e
an

d
M
id
-P
A
C
T
(2
01
3)

C
lin

ic
al
Q
ua

lit
y
M
ea
su
re

Sc
or
es

Pi
2
C
at
eg
or
y

C
oe
ffi
ci
en
t(
95

%
C
I)
†

Pi
2
+
5

to
+
8

Pi
2
+
2
to
+
4

Pi
2
�1

to
+
1

Pi
2
�2

to
�4

Pi
2
�5

to
�8

C
lin

ic
al
ou

tc
om

e
qu

al
ity

m
ea
su
re
s

C
A
D L
D
L
le
ve
l
<
10
0
m
g/
dL

R
ef

�1
.6
9%

(�
4.
41

%
,1
.0
3%

)
�1

.8
7%

(�
5.
11
%
,1
.3
6%

)
�4

.1
5%

(�
7.
64

%
,�

0.
66

%
)*

�5
.1
3%

(�
9.
12
%
,�

1.
13
%
)*

D
ia
be

te
s

L
D
L
le
ve
l
<
10
0
m
g/
dL

R
ef

�1
.2
2%

(�
3.
82

%
,1
.3
8%

)
�1

.2
2%

(�
3.
82

%
,1
.3
8%

)
�1

.9
8%

(�
4.
78

%
,0
.8
3%

)
�3

.6
5%

(�
6.
88

%
,�

0.
42

%
)*

B
lo
od

pr
es
su
re

<
16

0/
10
0
m
m

H
g

R
ef

�0
.0
7%

(�
1.
15
%
,1
.0
1%

)
�0

.2
5%

(�
1.
28

%
,0
.7
9%

)
�0

.7
2%

(�
1.
84

%
,0
.3
9%

)
�1

.4
0%

(�
2.
67

%
,�

0.
12
%
)*

B
lo
od

pr
es
su
re

<
14
0/
90

m
m

H
g

R
ef

�0
.5
9%

(�
3.
11
%
,1
.9
3%

)
�0

.6
2%

(�
3.
04

%
,1
.7
9%

)
�2

.3
6%

(�
4.
96

%
,0
.2
4%

)
�1

.8
7%

(�
4.
86

%
,1
.1
2%

)
H
bA

1c
<
9%

R
ef

0.
07

%
(�

1.
92

%
,2
.0
7%

)
0.
17
%
(�

1.
73

%
,2
.0
8%

)
0.
09

%
(�

1.
96

%
,2
.1
4%

)
� 0

.7
6%

(�
3.
11
%
,1
.5
9%

)
H
yp

er
te
ns
io
n

B
lo
od

pr
es
su
re

<
16

0/
10
0
m
m

H
g

R
ef

�0
.4
5%

(�
1.
35

%
,0
.4
6%

)
�0

.7
3%

(�
1.
59

%
,0
.1
4%

)
�0

.6
3%

(�
1.
56

%
,0
.3
0%

)
�1

.9
1%

(�
2.
98

%
,�

0.
85

%
)*

B
lo
od

pr
es
su
re

<
14
0/
90

m
m

H
g

R
ef

�1
.0
6%

(�
3.
13
%
,1
.0
0%

)
�0

.4
9%

(�
2.
48

%
,1
.4
9%

)
�1

.1
8%

(�
3.
31

%
,0
.9
4%

)
�2

.5
9%

(�
5.
02

%
,�

0.
15
%
)*

C
lin

ic
al
pr
oc
es
sq

ua
lit
y
m
ea
su
re
s

C
A
D L
D
L
ch
ol
es
te
ro
lm

ea
su
re
d

R
ef

0.
42

%
(�

1.
01
%
,1
.8
4%

)
�0

.3
3%

(�
1.
68

%
,1
.0
3%

)
�0

.5
7%

(�
2.
04

%
,0
.8
9%

)
�2

.2
7%

(�
3.
94

%
,�

0.
60

%
)*

A
sp
ir
in

pr
es
cr
ip
tio

n
R
ef

�1
.0
1%

(�
4.
39

%
,2
.3
6%

)
�1

.0
6%

(�
4.
28

%
,2
.1
5%

)
�3

.8
4%

(�
7.
31

%
,�

0.
38

%
)*

0.
46

%
(�

3.
45

%
,4
.3
8%

)
D
ia
be

te
s

H
bA

1c
m
ea
su
re
d
an

nu
al
ly

R
ef

�0
.1
3%

(�
0.
8%

,0
.5
4%

)
�0

.3
6%

(�
1.
00

%
,0
.2
8%

)
�0

.0
6%

(�
0.
75

%
,0
.6
3%

)
�0

.8
2%

(�
1.
61

%
,�

0.
03

%
)*

A
sp
ir
in

pr
es
cr
ip
tio

n
R
ef

2.
30

%
(�

1.
46

%
,6
.0
5%

)
0.
84

%
(�

2.
75

%
,4
.4
3%

)
�2

.1
7%

(�
6.
04

%
,1
.6
9%

)
�0

.8
9%

(�
5.
31

%
,3
.5
3%

)
Fo

ot
ex

am
R
ef

�1
.0
5%

(�
3.
86

%
,1
.7
6%

)
�1

.1
7%

(�
3.
85

%
,1
.5
1%

)
�3

.1
8%

(�
6.
06

%
,�

0.
29

%
)*

�1
.5
4%

(�
4.
83

%
,1
.7
6%

)
R
et
in
al
ex

am
R
ef

1.
50

%
(�

0.
57

%
,3
.5
7%

)
1.
31

%
(�

0.
67

%
,3
.2
9%

)
1.
58

%
(�

0.
55

%
,3
.7
1%

)
0.
04

%
(�

2.
40

%
,2
.4
9%

)
R
en

al
fu
nc
tio

n
te
st
in
g

R
ef

0.
38

%
(�

0.
90

%
,1
.6
6%

)
0.
08

%
(�

1.
14
%
,1
.3
1%

)
�0

.4
2%

(�
1.
74
%
,0
.9
0%

)
0.
71
%
(�

0.
80

%
,2
.2
2%

)
A
C
E
-in

hi
bi
to
r/
A
R
B
pr
es
cr
ip
tio

n
R
ef

0.
43

%
(�

1.
97

%
,2
.8
2%

)
0.
91

%
(�

1.
38

%
,3
.2
%
)

1.
47

%
(�

0.
99

%
,3
.9
3%

)
2.
73

%
(�

0.
09

%
,5
.5
4%

)

*A
ll
m
od

el
sa

dj
us
te
d
fo
r2

00
9
C
lin

ic
Q
ua

lit
y
M
ea
su
re

Sc
or
e,
C
lin

ic
Ty

pe
,C

lin
ic
A
re
a
U
ne

m
pl
oy

m
en

tL
ev
el
.S
ee

Ta
bl
e
S3

fo
rf
ul
lm

od
el
re
su
lts
.

†
C
lin

ic
al
qu

al
ity

m
ea
su
re
su

se
d
as

m
od

el
ou

tc
om

es
,f
or
m
at
te
d
as

0–
10
0,
w
he

re
10
0
=
10
0%

.

2512 HSR: Health Services Research 53:4, Part I (August 2018)



7.2%

3.2%

0.2%

2.8%

-2.7%

0.8%

2.5%
2.0%

-0.5%

-1.2%

0.9%

-3.5%

-1.1%

-0.1%

-4.0%

-2.0%

0.0%

2.0%

4.0%

6.0%

8.0%

LDL 
< 100
CAD

LDL 
< 100
DM

BP 
< 160/100

DM

BP 
< 140/90

DM

HbA1c 
< 9%
DM

BP 
< 160/100

HTN

BP 
< 140/90

HTN

P
re

d
ic

te
d

 2
0

0
9

-2
0

1
3

 C
h

an
ge

 in
 

Q
u

al
it

y 
M

ea
su

re

Chronic Disease Clinical Outcome Measures

Highest Pi² Category

Lowest Pi² Category

*

*

*
*

*

2.2%

2.9%

1.2%

2.4% 2.6%

1.9%

0.7%

-2.5%

-0.1%

3.4%

0.4%

1.5%
1.1%

2.0%

1.4%

0.2%

-4.0%

-2.0%

0.0%

2.0%

4.0%

6.0%

8.0%

LDL Measured
CAD

Aspirin 
Prescription

CAD

HbA1c 
Measured

DM

Aspirin 
Prescription

DM

Foot Exam
DM

Retinal Exam
DM

Renal Function 
Testing

DM

ACE/ARB
DM

P
re

d
ic

te
d

 2
0

0
9

-2
0

1
3

 C
h

an
ge

 in
 

Q
u

al
it

y 
M

ea
su

re

Chronic Disease Clinical Process Measures

Highest Pi² Category

Lowest Pi² Category

*
*

Figure 1: Multivariate Model-Baseda Predicted 2009–2013 Change in
Clinical Quality Measures, for Highest and Lowest PACT Implementation
Categories

aAll Models adjusted for 2009 clinic-level quality of examined quality variable, clinic type (rural/
urban, hospital-based vs. community clinic), and 2009 clinic area unemployment rate.
*p < .05.
ACE/ARB, angiotensin-converting-enzyme inhibitor/angiotensin receptor blocker prescription;
BP, blood pressure; CAD,coronary artery disease; DM, diabetes mellitus; HTN, hypertension;
LDL, low density lipoprotein, measured in mg/dL. Pi2, PACT Implementation Index.

PCMH and Clinical Quality Improvements 2513



BP < 140/90 in DM, continuous Pi2 was statistically significantly associated
with 0.2 percent additional improvement per each increase in Pi2 score.

Clinical Processes. Highest Pi2 clinics had significantly greater improvement
than the lowest Pi2 clinics for only two of eight clinical process measures (Fig-
ure 1): (1) LDL measurement in CAD (2.2 percent points vs. �0.1 percent
points, p < .01) and (2) HbA1c measurement in diabetes (1.2 percent vs. 0.4
percent, p = .04). As shown in Table 3 (full model results in Table S3), there
were few statistically significant differences when comparing the high Pi2 cate-
gory to the middle three Pi2 categories for process measures. The exceptions
were aspirin prescription in CAD and foot exams in diabetes, which showed
significantly more improvement in the highest Pi2 category compared to the
second lowest Pi2 category (n = 162). No Pi2 clinic categories significantly dif-
fered in change in aspirin and ACE-inhibitor/ARB prescription in diabetes,
aspirin prescription in CAD, and foot exams, retinal exams, or renal func-
tional testing in diabetes. Results for alternative models analyzing Pi2 as a con-
tinuous variable (see Table S3) showed similar results to categorical Pi2

models for five of eight process quality measures. For HbA1c checked annu-
ally in DM, which significantly differed when comparing highest vs. lowest Pi2

category, continuous Pi2 was associated with increased improvement at a
p = .12 statistical significance level. For two measures which did not differ
when comparing highest vs. lowest Pi2 category, aspirin prescription in DM
and ACE-inhibitor/ARB prescription in DM, continuous Pi2 was statistically
significantly associated with small changes in quality (0.3 percent more
improvement and 0.2 percent less improvement per Pi2 point, respectively).

DISCUSSION

In this study of a PCMH program with several hundred participating clinics
in geographically diverse areas, we found that the clinics with the most PACT
components in place in 2012 had greater 4-year improvements in seven of 15
chronic disease clinical quality measures examined, ranging from 0.8 percent
to 5.2 percent more of the clinic population meeting measures, compared to
clinics with the least PACT components in place. There were very few statisti-
cally significant differences in quality measure changes between clinics with
moderate levels of PACT components and clinics with the least PACT
components.
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Significant differences among highest and lowest PACT clinics were
more likely to be seen in intermediate clinical outcome metrics (e.g., HbA1c
levels or blood pressure levels) than clinical process metrics, possibly because
clinical outcomes had more room for improvement from baseline. Clinics
may have had limited opportunity for process measure improvement due to
ceiling effects, thereby making it difficult to improve or to detect small differ-
ences in change across clinic categories. However, the measures with the high-
est pre-PACT levels were among those whose further improvement showed
significant differences between highest and lowest PACT implementation clin-
ics.

Over the examined 4-year period, the additional percentages of the
patient population meeting intermediate clinical outcome quality measures
ranged from 1.3 percent to 5.2 percent. Few prior studies of PCMH imple-
mentation have found evidence of impact on clinical outcomes. Many past
studies of the impact of PCMH implementation on clinical quality indicators
have been limited to clinical process measures, cross-sectional analyses, or
certain medical conditions (e.g., diabetes only), and they have had varying
results ( Ja�en et al. 2010; Reid et al. 2010; Jackson et al. 2013; Solberg et al.
2013; Rosenthal et al. 2015a,b,c). Three larger studies in Medicaid (Phillips
et al. 2014) and multipayer PCMH programs ( Jones et al. 2016; Lemak et al.
2015) found statistically significant improvements in diabetes care processes
(such as HbA1c measurement and diabetes complication screening) among
PCMH practices; while two other PCMH studies found no improvements in
diabetes care processes in multipayer (Rosenthal et al. 2013) and Medicare-
(Dale et al. 2016) supported programs. Friedberg and colleagues (Friedberg
et al. 2014) examined four diabetes care processes as well as the intermediate
clinical outcomes of HbA1c and LDL cholesterol levels among 32 PCMH
and 29 matched practices in Pennsylvania and found that only nephropathy
screening was significantly higher among PCMH practices by year 3. How-
ever, HbA1c testing, LDL testing, and HbA1c levels showed trends toward
significantly better values (5–7 percent point higher performance). A recent
study of 1000 Community Health Centers found that PCMH certification was
cross-sectionally associated with 1–3 higher percentage point performance in
diabetes glycemic control and receipt of appropriate asthma therapy, but not
with blood pressure control in hypertension (Shi et al. 2016).

Our study notably differs from these prior studies in the use of several
clinical outcome measures across multiple chronic conditions, its longitudinal
nature, and in the length of follow-up (4 years). While comparing results from
one PCMH program to another is difficult due to the varying nature of the
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programs themselves, and variation in their measures of PCMH implementa-
tion, PACT model changes in structures and processes of care closely map to
National Committee for Quality Assurance (NCQA) PCMH certification
metrics and other widely used models of PCMH (Rosland et al. 2013; Nelson
et al. 2014). While magnitudes of changes in some of the intermediate clinical
outcomes are modest in percentage, if the changes seen in the highest PACT
clinics were extended to the full VA primary care population, an additional
38,000 VA patients with hypertension would meet the BP < 160/100 measure
(equivalent to 1.9 percent of the denominator population), and an additional
37,000 VA patients with diabetes would meet the LDL < 100 measure (3.7
percent of the population).

There are two possible contributors to the positive associations observed
in this study of the PACT program. First, it is possible that clinics with more
components of PACT in place had overarching features, such as committed
leadership or a culture promoting quality improvement, which would have
allowed them to increase clinical quality scores more effectively than other
clinics, whether the PACT initiative had been put into place. Clinics that had
achieved high PACT implementation in 2012 did already have higher pre-
PACT (2009) quality in some outcome quality measures, but not in process
measures. Therefore, unmeasured clinic-level characteristics of high Pi2 clin-
ics may have allowed them to achieve better control of outcomemeasures dur-
ing the years examined in this study as well. However, models adjusted for
pre-PACT levels of another quality metric, patient ambulatory care-sensitive
admission rates, had similar results. While this analysis issue could be partly
addressed by including a measure of change in PACT implementation over-
time, the Pi2 score of PACT implementation could not be measured prior to
2012 due to the use of key data elements not available in prior years.

Second, it is plausible that having extensive features of PACT in place
contributed to increased chronic disease clinical outcome improvement,
through several mechanisms. Starting in 2010, the PACT initiative focused
attention onmeasures of overall nonchronic disease-specific care delivery pro-
cesses, such as decreased waiting times for primary care appointments,
increased availability of same-day care, increased continuity of care, and
increased use of phone appointments across all patients. Metrics of these
PACT care delivery processes started to show improvements nationally about
6 months after the start of PACT (Rosland et al. 2013), and they may have
contributed to subsequent increases in quality of care for patients with chronic
health conditions. PACT expanded PCP- and nurse-patient ratios signifi-
cantly, and it assigned patients to multidisciplinary primary care teams that
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include clinical pharmacists and social workers (Helfrich et al. 2014). This
team structure may have helped PC teams provide more consistent and com-
prehensive chronic disease management and self-management support that
may have allowed patients to benefit from ongoing relationships with specific
team members. PACTalso calls for clinical staff training in patient communi-
cation techniques that may facilitate patient decision making and self-manage-
ment in chronic disease; in fact, the Pi2 domains with the most variation
between high and low Pi2 clinics were Patient-Centeredness, Self-Manage-
ment Support, and Shared Decision Making (as shown in Table S2B). PACT
also provides teamlets with population management resources, such as data-
bases that identify clinical care gaps for assigned patients, which they may
have used to focus on gaps for chronically ill patients at a patient panel level.
While most PACTresources were directed at all primary care patients, two in
particular—telehealth monitoring and shared medical appointments—were
specifically focused on patients with certain chronic conditions (such as dia-
betes or heart disease). Subsequent studies can further investigate which
PACT components may have played key roles in chronic disease quality
improvement; however, patient-centered medical homes are conceived of as
an integrated approach to care, and it is likely that multiple individual compo-
nents work together to help patients receive increased self-management sup-
port and quality of care.

Analyses comparing clinics with relatively moderate levels of PACT in
place to those of low PACT clinics, and analyses of Pi2 scores as continuous,
did not indicate many statistically significant changes in clinical processes and
outcomes among the moderate level PACT clinics. It is possible that clinical
quality is only significantly impacted when PACT components are in place at
a high level across most or all PACT domains. A second possibility is that
PACT implementation had not yet reached the point at which its mechanisms
were affecting chronic disease quality. PACT implementation often proceeded
in a step-wise fashion (Forman et al. 2013), with clinics first focusing on hiring
and training new staff and creating new teamlet structures, then on implement-
ing new PACT processes (such as new scheduling systems or teamlet huddles),
and only then did many clinics start to apply new PACT processes toward
quality improvement in chronic disease care. Therefore, it can take months to
years to work through these steps carefully to the point where PCMH is imple-
mented to the extent that it can start to affect even clinical processes (such as
checking HbA1c regularly). Then, there are several subsequent changes that
need to happen (e.g., prescription algorithms, or patient behavior changes) in
order for changed clinic processes to lead to clinical outcomes (such as lower
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HbA1c). Furthermore, implementing a large multifaceted program such as
PACT can consume much of the energy and resources of local leaders and
staff (Forman et al. 2013); in some clinics still in earlier implementation
phases, this could inadvertently draw attention away from chronic disease
quality improvement goals during initial PACTstartup.

This study should be interpreted in the context of data limitations. There
was no control group of clinics that were not asked to implement PACT, so we
conducted a within-clinic analysis of change controlling for pre-PACT quality
levels. We analyzed 15 separate regression models, so it is statistically likely
that at least one model had significant results by chance alone. While the Pi2

represents a significant advance in measuring PCMH implementation in a
multifaceted and objective way (Baron 2014), Pi2 scores are calculated in rela-
tive terms and combine clinic performance from multiple domains into one
score. Therefore, Pi2 scores do not reflect which components of PACTare well
or poorly implemented, and they do not allow for a detailed examination of
the extent to which implementation of each component is associated with the
outcome. In addition, Pi2 scores are derived from standardized component
scores, so the highest and lowest Pi2 categories have by design a lower number
of clinics than the middle Pi2 category, which may have limited our power
when comparing across categories. Some of the quality measures included in
this study have been more recently updated—in particular, therapy targeted
to specific LDL levels has been replaced with guidelines emphasizing cardiac
risk-based statin therapy. However, reductions in LDL levels reflect increased
adherence to the clinical guidelines in effect at the time of the study, and likely
reflect an increased use of statin medications among appropriate populations.
Finally, this study focused solely on improvement in chronic disease quality,
which is only one of several desirable goals of PCMH. In previous studies, VA
PACT implementation has been linked to lower than expected costs and
ambulatory care-sensitive hospitalizations (Hebert et al. 2014), and to higher
patient satisfaction ratings (Nelson et al. 2014).

In this study of one of the largest U.S. PCMH programs to date, we
found that clinics with the most PCMH components in place had greater
improvements over 4 years in seven of 15 chronic disease intermediate clini-
cal outcome and process quality measures examined, when compared to clin-
ics with the least PCMH components in place. Health systems and clinics may
be able to achieve improved care quality for patients with common chronic
conditions through PCMH-aligned changes in care delivery across all patients
if those changes are extensively implemented.
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