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Impact of Case Mix Severity on Quality
Improvement in a Patient-centered Medical Home
(PCMH) in the Maryland Multi-Payor Program
Niharika Khanna, MBBS, Fadia T. Shaya, PhD, MPH, Viktor V. Chirikov, MS, PhD,
David Sharp, PhD, and Ben Steffen, MA

Background: We present data on quality of care (QC) improvement in 35 of 45 National Quality Forum
metrics reported annually by 52 primary care practices recognized as patient-centered medical homes
(PCMHs) that participated in the Maryland Multi-Payor Program from 2011 to 2013.

Methods: We assigned QC metrics to (1) chronic, (2) preventive, and (3) mental health care do-
mains. The study used a panel data design with no control group. Using longitudinal fixed-effects re-
gressions, we modeled QC and case mix severity in a PCMH.

Results: Overall, 35 of 45 quality metrics reported by 52 PCMHs demonstrated improvement over 3
years, and case mix severity did not affect the achievement of quality improvement. From 2011 to 2012,
QC increased by 0.14 (P < .01) for chronic, 0.15 (P < .01) for preventive, and 0.34 (P < .01) for men-
tal health care domains; from 2012 to 2013 these domains increased by 0.03 (P � .06), 0.04 (P � .05),
and 0.07 (P � .12), respectively. In univariate analyses, lower National Commission on Quality Assur-
ance PCMH level was associated with higher QC for the mental health care domain, whereas case mix
severity did not correlate with QC. In multivariate analyses, higher QC correlated with larger practices,
greater proportion of older patients, and readmission visits. Rural practices had higher proportions of
Medicaid patients, lower QC, and higher QC improvement in interaction analyses with time.

Conclusions: The gains in QC in the chronic disease domain, the preventive care domain, and, most
significantly, the mental health care domain were observed over time regardless of patient case mix
severity. QC improvement was generally not modified by practice characteristics, except for rurality.
(J Am Board Fam Med 2016;29:116–125.)
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Patient-centered medical homes are an important
building block for health care reform and a mech-
anism for achieving quality improvement.1,2 Pa-

tient-centered interactions with optimal utilization
of health information technology and primary care
teams have potential for enhancing chronic disease
management and the delivery of preventive care.3–5

Patient-centered care management has been dem-
onstrated to enhance the quality of care (QC) de-
livered and chronic disease management.6,7 Pa-
tient-centered medical home (PCMH) capacity
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enhancements lead to potential impacts on the be-
havioral health care of patients overall and, in par-
ticular, on patients with high utilization and with a
high probability for the coexistence of anxiety and
depression.8

Quality improvements are critical to advanced
primary care models within PCMHs and are fre-
quently linked to shared savings and lowering the
total costs of care.9 Impact on quality may vary
by practice characteristics, including a practice’s
ability to change, the population served, and the
disease burden among the population served.10

For example, research on multimorbidity has
identified the patient case mix as one of the mea-
sures for testing their validity in relation to ex-
pected patient association characteristics and out-
comes.11,12 There are, however, gaps in the
literature on whether quality improvement in a
PCMH varies by patient and practice characteris-
tics, as well as which characteristics most strongly
influence quality. To explore the link between pa-
tient and practice characteristics and QC delivered,
this study was conducted in the 52 PCMHs (14
adult, 32 mixed adult and pediatric, and 6 pediatric
practices) that are located in community settings
and that volunteered to participate in the Maryland
Multi-Payor Program (MMPP).13,14

Each PCMH is recognized by the National
Commission on Quality Assurance (NCQA), has
established primary care teams and care manage-
ment procedures, and the majority are linked to the
state-designated health information exchange to
receive data on patient utilization of hospital and
emergency departments. All PCMHs annually self-
report quality metrics to the MMPP through a
Web-based portal, and they benefit from linked
shared savings based on the achievement of quality
thresholds.15 Practices also receive learning sup-
port provided by the Maryland Learning Collabor-
ative to create a forum for collaborating, sharing
evidence-based practices, supporting quality im-
provement, disseminating the state’s advanced pri-
mary care model, and assisting data extraction by
conducting electronic health record user groups to
optimize NQF metric extraction using preset spec-
ifications.13,14,16 In addition, quality improvement
and health care utilization formed the basis for each
practice’s eligibility for shared savings from com-
mercial and public insurance carriers.15 This article
presents observations in quality improvement in
the 52 primary care practices that are recognized as

PCMHs, and conducts an exploratory analysis of
patient and practice characteristics that determine
quality improvement.

Methods
The study uses a panel data design with no control
group. Data on 45 quality metrics were available
for 52 practices for the years 2011 (baseline), 2012,
and 2013. We categorized the quality metrics into
3 domains: (1) chronic care domain (metrics related
to asthma assessment and appropriate use of med-
ications, blood pressure and heart disease measure-
ment and management, diabetes control); (2) pre-
ventive care domain (in children and adolescents:
body mass index assessment, nutrition counseling,
physical activity counseling, and vaccinations; in
adults: tobacco use assessment and cessation inter-
vention, vaccinations, colorectal cancer screening,
and weight screening); and (3) mental health care
domain (2 metrics related to antidepressant use
among adults) (Table 1). Not all 52 practices re-
ported measurement of each individual quality care
metric because metrics were applicable to different
types of patient populations served by primary care
practices (pediatric, adult, or mixed). Quality met-
rics reported by practices annually over a period of
3 years were analyzed for each of the chronic dis-
ease, preventive, and mental health care domains,
as well as by each individual metric.

All practice characteristics were measured in the
baseline year 2011 and included practice type
(adult, pediatric, or mixed) and size, NCQA 2008/
2011 PCMH level, level of shared savings eligibil-
ity, location in a rural versus urban region, use of
telemedicine, participation in the state’s health in-
formation exchange, and the patient distribution at
each practice (by age, sex, and source of insurance).
In addition, we examined the amount of fixed trans-
formation payment (determined by a variety of fac-
tors, such as size of practice, number of patients,
and NCQA level), as well as health care utilization,
calculated per 1000 patients, for inpatient length of
stay, emergency visits, and 30-day readmission vis-
its.

The case-mix severity of each practice popula-
tion was calculated using the well-established Johns
Hopkins Adjusted Clinical Groups (ACG) Case-
Mix System.11,12,17 Using available 2010 adminis-
trative claims data for primary and specialty ambu-
latory care, inpatient care, and pharmacy for each
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Table 1. Description of National Quality Forum Quality Metric Measures Reported By Patient Centered Medical
Homes Practices (n � 52)*

Domain
Designation

Measure
Number Measure Description†

Type of
Practice

Reporting

Chronic
disease

NQF 1 Percentage of patients aged 5–40 years with asthma seen for at least 2 office visits and
who were evaluated within 12 months for the frequency of asthma symptoms

Adult/pediatric/
mixed

NQF 13 Percentage of visits for patients �18 years old with hypertension seen for at
least 2 office visits, with BP recorded

Adult/mixed

NQF 18‡ Percentage of patients 18–85 years of age who had a diagnosis of hypertension
and whose BP was adequately controlled during the years

Adult/mixed

NQF 36 Percentage of patients who were identified as having persistent asthma, were
appropriately prescribed medication, and of the ages:
•N1D1: 4–10 years
•N2D2: 11–49 years
•N3D3: 4–49 years

Adult/pediatric/
mixed

NQF 47 Percentage of patients aged 5–40 years with mild, moderate, or severe persistent
asthma who were prescribed inhaled corticosteroid or an acceptable alternative

Adult/pediatric/
mixed

NQF 59‡ Percentage of patients 18–75 years of age with diabetes (type 1 or type 2) who
had HbA1c �9.0%

Adult/mixed

NQF 61 Percentage of patients 18–75 years of age with diabetes (type 1 or type 2) who
had BP �140/90 mm Hg

Adult/mixed

NQF 67 Percentage of patients with coronary artery disease, �18 years old, who were
prescribed an oral antiplatelet agent

Adult/mixed

NQF 75 Percentage of patients with ischemic vascular disease, �18 years old, who:
•N1D1: were tested for complete lipid profile
•N2D1: have LDL �100 mg/dL

Adult/mixed

NQF 81 Percentage of patients with heart failure, �18 years old, and prescribed an ACE
inhibitor or ARB therapy

Adult/mixed

NQF 575‡ Percentage of patients 18–75 years of age with diabetes (type 1 or type 2) who
had HbA1c �8.0%

Adult/mixed

Preventive
care

NQF 24 Percentage of patients aged 2–16 years of age who had outpatient visit with a
PCP or OB/GYN and had evidence of:
•N1D1: BMI percentile documentation
•N2D1: nutrition counseling
•N3D1: physical activity counseling
•N1D2: BMI percentile documentation (age 2–10 years)
•N2D2: nutrition counseling (age 2–10 years)
•N3D2: physical activity counseling (age 2–10 years)
•N1D3: BMI percentile documentation (age 11–16 years)
•N2D3: nutrition counseling (age 11–16 years)
•N3D3: physical activity counseling (age 11–16 years)

Pediatric/mixed

NQF 0028a‡ The percentage of patients, who are �18 years of age, have been seen for at least 2
office visits, and who were queried about tobacco use within 24 months

Adult/mixed

NQF 0028b‡ The percentage of patients, who are �18 years of age, have been seen for at
least 2 office visits, and who received cessation intervention

Adult/mixed

NQF 34 Percentage of adults 50–75 years of age who had appropriate screening for
colorectal cancer

Adult/mixed

NQF 38 The percentage of children 2 years of age who had the following vaccines and/
or their combinations by their 2nd birthday:
•N1D1: diphtheria, tetanus, acellular pertussis (4� DTaP)
•N2D1: polio (IPV)
•N3D1: measles, mumps, rubella (MMR)
•N4D1: H influenza type B (2� HIB)
•N5D1: hepatitis B (3� HBV)
•N6D1: chicken pox (VZV)
•N7D1: pneumonococcal conjugate (4� PCV)
•N8D1: hepatitis A (2� Hep A)
•N9D1: rotavirus vaccines (2/3� RV)
•N10D1: influenza vaccines (2)
•N11D1: combination 1 (4� DTaP, 3� IPV, 1� MMR, 1� VZV, 3� HBV)
•N12D1: combination 2 (4� DTaP, 3� IPV, 1� MMR, 1� VZV, 3� HBV,

4� PCV)

Pediatric/mixed

Continued
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patient assigned to a practice, 1 of approximately 90
ACGs was assigned to each individual, reflecting
morbidity burden and expected resource use.
These mutually exclusive categories then were
combined into 1 of 5 broad “resource use bands”
(RUBs), which ranged from “healthy” (1) to “very
high risk” (5).17 A practice case-mix score was cal-
culated based on the distribution of patients as-
signed to each PCMH within each of these 5 ACG-
based RUB categories. Thus the lowest possible
score was 1 and the highest 5.

Statistical Analysis
We broke down the distribution of continuous
practice characteristics into categorical variables
approximating the empirical quartile or half points
of the distribution. For example, practices were
categorized into low and high case-mix severity
practices according to whether their ACG case-mix
value fell below or above the median ACG-based
RUB case-mix score determined by the morbidity
mix of the individual patients assigned to the prac-
tice.

In descriptive analyses the overall average change
from 2011 to 2013 was calculated and tested for
statistical significance using Student t test. When
examining changes by individual quality care met-
rics, we additionally compared quality metric scores

by the achievement threshold criterion, defined as
the 25th percentile for performance among the
MMPP practices. In univariate analyses, using lon-
gitudinal fixed-effects regressions controlling for the
measurement year (Proc Mixed procedure in SAS
version 9.2; SAS Institute, Cary, NC), we modeled
the association between practice characteristics and
the annual calculated score for each of the 3 quality
health care domains (Online Appendix Table 1).

Selecting only those variables that were signifi-
cant at P � .20, we conducted multivariate, longi-
tudinal, fixed-effects regression for each quality
health care domain and determined the best model
fit using the Akaike information criterion. Using
interaction terms with the follow-up measurement
years (2012 to 2013), we examined whether the
change in quality score from 2011 was modified by
practice characteristics. Given the small sample size
of the practices included, we considered findings
with P � .05 to be statistically significant, whereas
.05 � P � .10 represented some evidence of an
association.

Results
More than three quarters of practices were deemed
NCQA practice level I in 2011. By 2012, each
practice was recognized as a PCMH: 15 practices

Table 1. Continued

Domain
Designation

Measure
Number Measure Description†

Type of
Practice

Reporting

NQF 41 Percentage of patients aged �50 years old who received influenza immunization
during the flu season (September through February).

Adult/mixed

NQF 43 Percentage of patients �65 years old who have ever received a pneumococcal
vaccine

Adult/mixed

NQF 421 Percentage of patients aged 18 to �65 years with a calculated BMI in past 6
months or during the current visit documented AND, if the most recent BMI
is outside parameters, a follow-up plan is documented

Adult/mixed

NQF 2 Percentage of children 2–18 years of age who were diagnosed with pharyngitis,
dispensed an antibiotic, and received a group A streptococcus (strep) test for
the episode.

Pediatric/mixed

Mental
health

NQF 105 Percentage of patients �18 years old who were diagnosed with a new episode of
major depression and dispensed antidepressant medication for:
•N1D1: �84 days after diagnosis
•N2D1: �180 days after diagnosis

Adult/mixed

*The 52 practices comprised 6 pediatric, 14 adult, and 32 mixed practices.
†In the descriptions, the N represents the numerator and D, the denominator. In these measures the denominator typically consists
of patient characteristics such as age and, occasionally, a diagnosed disease condition, whereas the numerator indicates access to a
health care service (eg, screening, counseling, prescription of medication) or treatment success.
‡This National Quality Forum (NQF) quality metric was measured by practices under the Million Hearts initiative.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; LDL,
low-density lipoprotein; OB/GYN, obstetrician/gynecologist; PCP, primary care physician.
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were NCQA level 2 and 37 practices were NCQA
level 3. About 8% of practices were rural, 83%
participated in the state’s health information ex-
change, and 13.5% were large practices with �11
providers each (Table 2). The practices’ average
ACG-based RUB case-mix score ranged from 1.14
to 2.96 for the practices with a “low” case mix, and
from 2.97 to 3.83 for those with a “high” case mix.

The average proportion of patients on Medicaid (vs
commercial insurance) was 27.7%, which corre-
lated with a higher proportion of patients �18
years of age in the practice. Based on quality im-
provement, reduction of utilization and total costs
of care, one fifth of practices were eligible for 30%
of shared savings, with the remaining proportion of
practices equally distributed between 40% and
50% shared savings eligibility in 2011.

We observed significant increases in the re-
ported QC metrics for all 3 QC domains (Figure
1). For the chronic care domain, the average NQF
quality metrics score increased from 0.417 to 0.568
for practices with a high case mix (� � 0.150; P �
.01) and from 0.401 to 0.596 for practices with a
low case mix (� � 0.195; P � .01). Similarly, for the
preventive care domain, practices with high and
low case mixes exhibited an increase from 0.330 to
0.540 (� � 0.210; P � .01) and 0.386 to 0.553 (� �
0.167; P � .02), respectively. Positive overall change
was also observed with respect to the mental health
care domain in practices with a high case mix (from
0.268 to 0.698; � � 0.429; P � .01) and a low case mix
(from 0.271 to 0.649; � � 0.377; P � .01). Please refer
to Online Appendix and Appendix Figures 1 through
5 for a discussion of results regarding change in qual-
ity by individual NQF metrics.

In univariate regression analyses controlling
for measurement year (Table 3), lower levels of
shared savings eligibility (for the chronic care
domain), rural practices (for the chronic care and
preventive care domains), a medium to high
number of readmission visits (for the chronic
care domain), practices of small size (for the
preventive care domain), practices with a me-
dium to high proportion of patients on Medicaid
and with a high fixed transformation payment
(for the mental health care domain) were associ-
ated with average lower QC scores. Higher QC
scores correlated with a high proportion of pa-
tients 50 to 65 years of age (for the chronic care
and mental health care domains), a high number
of readmission visits (for the preventive care do-
main), and NCQA PCMH practice level I (for
the mental health care domain). Burden of illness
as measured by the dichotomous (high/low) case-
mix designation was not associated with differen-
tial QC based on domains.

In multivariate analyses controlling for various
practice characteristics (Table 4), the reported
quality score increased from 2011 to 2012 by 0.14

Table 2. Maryland Multi-Payor Patient Centered
Medical Home Program Practice Characteristics, 2011
(n � 52)

Practices

No. %

Practice type
Adult 14 26.92
Mixed 32 61.54
Pediatric 6 11.54

Case mix
High 32 61.54
Low 20 38.46

NCQA practice level
Deemed level I 43 82.69
Level III 9 17.31

Shared savings eligibility
30% share 10 19.23
40% share 22 42.31
50% share 20 38.46

Rural (federal designation)
No 48 92.31
Yes 4 7.69

Telemedicine (rural)
No 32 61.54
Yes 20 38.46

Health information exchange
No 9 17.31
Yes 43 82.69

Practice size
1 to 5 providers 23 44.23
6 to 10 providers 22 42.31
11 or more providers 7 13.46

Patient age, years (mean)
0–18 25.90
19–49 43.09
�50 33.59

Medicaid patients (mean) 27.65
Male patients (mean) 41.29
Fixed transformation payment (mean) 4.70
Inpatient length of stay/1000 (median) 225.5
Emergency visits/1000 (median) 220.0
Readmission visits (30 day)/1000 (median) 3.8

NCQA, National Committee for Quality Assurance.
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(P � .01), 0.15 (P � .01), and 0.34 (P � .01) for the
chronic care, preventive care, and mental health
care domains, respectively. However, to a smaller
extent, the quality score improved even more from
2012 to 2013 by 0.03 (P � .06), 0.04 (P � .05), and
0.07 (P � .12) for the chronic care, preventive care,
and mental health care domains, respectively. A
higher proportion of older patients was associated
with higher QC scores for the chronic care and
mental health care domains, whereas larger prac-
tices correlated with a trend for higher QC scores
in the preventive care domain. Interestingly, prac-
tices with a higher proportion of readmission visits
were associated with a lower reported quality for
the chronic care domain but higher quality for the
preventive care domain.

In an analysis including interaction terms with
time, despite having a 0.16 lower quality score in the
baseline year (2011) than urban practices (for the
chronic care domain), rural practices trended to-
ward an average of 0.05 (P � .08) higher annual
quality increase over 2011 to 2013 for the chronic
care domain. Interaction terms between time and
rurality were not significant in analyses for the
preventive care domain (0.06; P � .28) and mental
health care domain (0.04; P � .35). We did not
detect differential quality improvement with re-
spect to other practice characteristics.

Discussion
In this 3-year study of 52 PCMH sites, 35 of 45
quality metrics reported by the 52 PCMHs dem-
onstrated improvement. Importantly, case-mix se-
verity did not affect the achievement of quality

improvement. The gains in quality occurred in the
chronic disease domain, the preventive care do-
main, and, most significantly, in the mental health
care domain.

There is limited literature on the impact of pa-
tient population on quality gains. Quality improve-
ment in a PCMH includes enhanced management
of diabetes, heart disease, and other chronic and
mental diseases, which are relevant to care transi-
tions and prevention of readmissions.7,8 Enhanced
prevention of disease is expected to affect patients
downstream by lowering the severity of chronic
disease and reducing utilization. Our report is con-
sistent with recent reports from primary care prac-
tices transformed to PCMHs, which report gains in
access, quality, and chronic disease metrics.18,19

Our results also are consistent with small primary
care practices that report gains in efficiency of the
practice in addition to quality gains.20 Other pub-
lished reports have presented equivocal data on
quality gains and cost savings.10

Limitations
One of the limitations noted was the small number
of participating practices and the notable lack of a
control group. Although a control cohort was iden-
tified by the MMPP using propensity matching to
compare overall utilization, there was no collection
of quality metrics by control practices. Thus, this
article does not include an analysis using the same
control practices. This is consistent with reports
from other state-level programs where the use of
control practices was used in various formats but not
consistently across each domain.21,22 Another limita-

Figure 1. Average National Quality Forum quality care metrics (QM) scores reported over the period 2011 to 2013
for the chronic care (left), preventive care (middle), and mental health care domains (right), stratified by
practices with high and low case mix. P values designate statistical significance of the average total change from
2011 to 2013.
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Table 3. Univariate Analysis of Effect of Practice Characteristics on Reported National Quality Forum Metrics
Scores, Controlling for Measurement Year

Characteristics

Chronic Care
Domain
(n � 52)

Preventive Care
Domain
(n � 52)

Mental Health Care
Domain
(n � 46)

Coefficient P Value Coefficient P Value Coefficient P Value

Case mix
High (ACG �2.5) 	0.007 .84 	0.007 .83 0.039 .61
Low (ACG �2.5) Reference Reference Reference

Practice type
Pediatric 0.10 .16 0.07 .31 	0.07 .35
Mixed 	0.05 .19 0.03 .52 —
Adult Reference Reference Reference

NCQA practice level
Deemed level I 0.03 .46 	0.06 .15 0.21 .03
Level III Reference Reference Reference

Shared savings eligibility
30% share �0.16 <.0001 	0.01 .74 	0.09 .10
40% share �0.12 .001 	0.03 .39 	0.08 .33
50% share Reference Reference Reference

Rural (federal designation)
Yes �0.05 .06 �0.10 .02 	0.07 .31
No Reference Reference Reference

Rural (use of telemedicine)
Yes 0.04 .26 	0.02 .62 0.08 .22
No Reference Reference Reference

Health information exchange
Yes 0.03 .49 0.02 .70 0.09 .42
No Reference Reference Reference

Practice size (no. providers)
1–5 0.00 .98 �0.14 .02 	0.02 .85
6–10 0.01 .82 	0.06 .30 0.01 .94
�11 Reference Reference Reference

Age �50 (mean %)
High (top quartile: 0.444� and �0.722) 0.08 .06 	0.01 .86 0.20 .04
Medium (intermediate quartiles: 0.238� and �0.444) 0.00 .97 	0.02 .69 0.08 .41
Low (bottom quartile: �0.238) Reference Reference Reference

Medicaid patients (mean %)
High (top quartile: 0.422� and �0.938) 	0.02 .70 0.03 .63 �0.18 .08
Medium (intermediate quartiles: 0.08� and �0.422) 	0.06 .16 	0.03 .51 �0.17 .02
Low (bottom quartile: �0.08) Reference Reference Reference

Male patients (mean %)
High (top quartile: 0.470� and �0.586) 0.04 .36 0.04 .37 	0.04 .69
Medium (intermediate quartiles: 0.3674� and �0.470) 0.02 .50 0.01 .80 0.00 .95
Low (bottom quartile: �0.3674) Reference Reference Reference

Fixed transformation payment (2011)
High (�4.68) 	0.03 .46 0.06 .15 �0.21 .03
Low (�4.68) Reference Reference Reference

Inpatient length of stay (2011)
High (top quartile: 280� and �622 per 1000) 	0.05 .23 0.02 .62 0.00 .97
Medium (intermediate quartiles: 148� and �280 per

1000)
	0.06 .13 	0.03 .40 0.09 .14

Low (bottom quartile: �148 per 1000) Reference Reference Reference

Continued
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tion is the limited observation period, from 2011 to
2013, which may include the period when practices
were transforming to an NCQA-recognized PCMH
and actual quality gains may be just starting to man-
ifest. All NCQA-level achievement observations in

the tables are from 2011/2012 in year 1, and ACG
observations are also from 2011 data. Time-varying
change in case-mix severity is not reflected in these
observations. Since quality gains were used in calcu-
lation of shared savings for practices, it is possible that

Table 3. Continued

Characteristics

Chronic Care
Domain
(n � 52)

Preventive Care
Domain
(n � 52)

Mental Health Care
Domain
(n � 46)

Coefficient P Value Coefficient P Value Coefficient P Value

Emergency department visits (2011)
High (top quartile: 302.5� and�702) 0.06 .17 	0.003 .95 0.09 .29
Medium (intermediate quartiles: 190� and �302.5 per

1000)
0.03 .40 	0.01 .75 0.00 .97

Low (bottom quartile: �190 per 1000) Reference Reference Reference
Readmission visits (2011)

High (top quartile: �2.56 per 1000) 	0.06 .12 0.05 .10 0.05 .60
Medium (Intermediate quartiles: 2.56� and �7.321

per 1000)
�0.06 .07 	0.01 .85 0.00 .98

Low (bottom quartile: 7.321� and �20.4 per 1000) Reference Reference Reference

ACG, adjusted clinical group; NCQA, National Committee for Quality Assurance. Bold values denote statistically significant values,
at the 0.05 level.

Table 4. Multivariate Fixed Effects Analysis of Determinants of Reported National Quality Forum Scores By
Maryland Multi-Payor Patient Centered Medical Home Program Practices

Chronic Care Domain
(n � 52)

Preventive Care Domain
(n � 52)

Mental Health Care
Domain
(n � 46)

Change P Value Change P Value Change P Value

Change from 2011–2012 0.14 <.0001 0.15 <.0001 0.34 <.0001
Change from 2012–2013 0.03 .06 0.04 .05 0.07 .12
Practice type

Pediatric 0.12 .04 0.08 .13 — —
Mixed 0.03 .22 0.04 .33 0.11 .22
Adult Reference Reference Reference

Shared savings eligibility
30% or 40% (vs 50%) �0.11 .01 	0.06 .15 	0.04 .48

Patients aged �50 years (mean %)
High (vs medium/low) 0.07 .02 — — 0.19 .04

Practice size
�6 providers (vs �6) — — 0.09 .05 — —

Rural (federal designation) �0.11 .03 �0.07 .09 	0.09 .26
Medicaid patients (2011) (%)

High/medium (vs low) — — — — �0.14 .05
Readmission visits per 1000 (2011)

High (vs. medium/low) 	0.03 .24 0.06 .03 — —

“High” designates the top quartile of variable distribution; “medium” designates the interquartile range (Q25–Q75) of the variable
distribution; and “low” designates the bottom quartile of variable distribution. Bold values denote statistically significant values, at the
0.05 level.
—, Variable is not included in the model.
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this may have motivated practices to consistently re-
port quality data and for improvements in practice
workflows. Although practice coaching was provided
in addition to electronic health record user groups,
the quality data were self-reported by practices, with
limited support.

Quantification of case-mix severity of PCMH
populations in this study used the ACG methodol-
ogy to correlate to quality gains. Although the
ACG system has been used in predictive modeling
for future morbidity and health care utilization, the
same ACG procedures provided the robust basis
for the correlation of patient characteristics with
PCMH quality improvement.

Practices that were measured for quality in this
study were participating in the MMPP, where each
practice had transformed to a PCMH and had been
recognized by the NCQA. All practices partici-
pated in the Maryland Learning Collaborative,
where local best practices were highlighted and
each practice received limited practice coaching. In
addition, practices had opportunities to teleconfer-
ence with experts, had opportunities to learn evi-
dence-based guidelines via webinars, and were re-
cipients of disseminated Maryland health care
policy. Practices did become eligible for shared
savings if quality metrics and overall utilization and
costs demonstrated containment. Thus practices
may have been dually motivated to enhance quality
through a reinvigorated focus on patient centered
care and the opportunity for shared savings.15

Conclusion
Our study suggests that quality improvement con-
sistently occurs in a PCMH with team-based care,
care coordination, enhanced access, and efficiency,
regardless of the patient case-mix severity burden.
Patient factors summarized in case-mix severity do
not affect the achievement of quality improvement
in the majority of quality metrics for a PCMH.
Thus becoming a PCMH is a robust systematic
change in primary care practices to achieve higher
QC delivery.
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Appendix
In the chronic care domain, 8 of 14 metrics exhib-
ited statistically significant increases in reported
quality from 2011 to 2013 (Appendix Figure 1).
Most metrics met the respective quality achieve-
ment threshold by the last year of measurement,
with the exception of NQF67 (oral antiplatelet
therapy for adult patients with coronary artery dis-
ease) and NQF81 (angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker therapy
for adult patients with heart failure), for which we
observed nonsignificant change over time. Further-
more, 8 quality metrics that had started below the
achievement thresholds in the baseline year achieved
or surpassed the threshold by year 2013 (blood pres-

sure measurement, ischemic vascular disease patients
with complete lipid profile and low-density lipopro-
tein cholesterol �100 mg/dL, and all metrics related
to asthma assessment and medications).

In the metrics belonging to the preventive care
domain and related to body mass index assessment
and nutrition and physical counseling for children
and adolescents (Appendix Figure 2), we observed
significant increases for all 9 metrics among practices
with a high case mix (all 9 metrics above threshold by
2013) and for 4 of 9 metrics among practices with a
low case mix (but again, all 9 were above the threshold
or within an acceptable range by 2013).

For pediatric vaccination metrics belonging to
the preventive care domain (Appendix Figure 3),

Appendix Table 1. Maryland Multi-Payor Patient Centered Medical Home Program Practice Characteristics By High
and Low Case Mix

High Case Mix
(n � 32)

Low Case Mix
(n � 20)

P ValueNo. % No. %

Practice type
Adult 12 37.5 2 10.0
Mixed 19 59.4 13 65.0 .01
Pediatric 1 3.1 5 25.0

Rural (federal designation)
No 30 93.8 18 90.0 .63
Yes 2 6.3 2 10.0

Use of telemedicine
No 19 59.4 13 65.0 .77
Yes 13 40.6 7 35.0

NCQA Practice level
Deemed level I 26 81.3 17 85.0 .73
Level III 6 18.8 3 15.0

Shared savings eligibility
30% share 6 18.8 4 20.0 .57
40% share 12 37.6 10 50.0
50% share 14 43.8 6 30.0

Health information
exchange
No 4 12.5 5 25.0 .28
Yes 28 87.5 15 75.0

Practice size (no. providers)
1–5 15 46.9 8 40.0 .65
6–10 12 37.5 10 50.0
�11 5 15.6 2 10.0

Medicaid patients (mean %) 13.0 24.6 .04
Mean age, years (%)

0–18 17.1 40.0 .01
19–49 45.7 39.0 .20
�50 37.2 26.3 .02

NCQA, National Committee for Quality Assurance.
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practices with a high and low case mixes had sig-
nificant increases in 5 of 12 and 6 of 12 reported
metrics, respectively: chicken pox, hepatitis B,
combination 1 (low case-mix practices only); mea-
sles, mumps, and rubella and pneumococcal conju-
gate (high case-mix practices only); and polio,
Haemophilus influenza type B, and rotavirus (all
practices). All metrics, with 6 starting below the
achievement threshold in the baseline year, had
values surpassing or within an acceptable range of
the achievement threshold by 2013.

Of the remaining 8 quality metrics from the
preventive care domain most relevant to adults
(Appendix Figure 4), the following had an increase
among practices with a high and low case mix:
tobacco cessation intervention, colorectal cancer
screening (high case-mix practices only), tobacco

use assessment, weight screening for those ages 18
to 64 years, weight screening for those �65 years
old, and appropriate testing for pharyngitis in chil-
dren (all high and low case-mix practices). All met-
rics had surpassed or were within an acceptable
range of the quality achievement range by 2013.
Interestingly, we observed a significant trend for
lower reported rates of influenza immunization
among practices with a low case mix.

The mental health care domain (Appendix Figure
5) had the largest significant increase over the mea-
surement period; both practices with a high case mix
and those with a low case mix starting in the baseline
year well below the achievement threshold for anti-
depressant treatment rates at 84 and 180 days after
the diagnosis of major depression surpassed the
threshold criterion by 2013.
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Appendix Figure 5. Health care domain: average quality metrics (QM) scores reported over the years 2011 to
2013, stratified by practices with high and low case mixes. P values designate statistical significance of the average
total change from 2011 to 2013.
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