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atient-centered medical homes (PCMHs) represent a type

of payment and delivery system reform that emphasizes

improved access, primary care-based teams, and care
continuity and coordination."* Evidence suggests that medical
homes may be associated with higher quality of care and lower
resource use and costs.*'! However, although certain medical
home components—including electronic health record (EHR)
adoption, team-based care, financial incentives, state support,
and others—may improve care,'*'* the mechanisms by which
medical homes may result in better outcomes remain untested.

Two mechanisms that might link medical homes to better asthma
outcomes are: 1) organizational transformation, including workforce
management, team structure, and use of registries or EHRs to track
patient populations,'>**!> and 2) patient-centered care manage-
ment.! Although the former might require qualitative methods
or provider surveys to assess, care management is observable via
certain process measures in secondary data, making it amenable
to research in understanding medical homes’ mechanisms.

One condition with evidence of benefit in medical homes is
asthma,®” which afflicts more than 25 million people in the United
States.!® Beyond its symptom burden, the condition is associated
with 1.75 million visits to the emergency department (ED) and more
than 400,000 hospitalizations annually.”* Proper asthma care
includes routine follow-up visits and specialty referrals as needed,
assessmentand self-monitoring, addressing environmental irritants
and triggers, pharmacotherapy, and patient-provider partnerships
in striving for treatment goals and asthma control.?

Within asthma care, a notable care management tool is asthma
education by a clinician, often including an asthma action plan
(AAP), which is a written or electronic plan focusing on daily
treatment, early detection, crisis management, and treatment of
asthma exacerbations. AAPs are a standard of care recommended
by several scientific and professional organizations.* Although
highly variable,?**® AAPs have evidence of benefit in improving
provider counseling and patient outcomes, particularly as part of
comprehensive asthma education.”??° As such, education using

ABSTRACT

OBJECTIVES: Patient-centered medical homes (PCMHs)
represent a widespread model of healthcare transformation.
Despite evidence that PCMHs can improve care quality, the
mechanisms by which they improve outcomes are relatively
unexamined. We aimed to assess the mechanisms linking
certification as a Health Care Home (HCH), a statewide
PCMH initiative, with asthma care quality and outcomes. We
compared direct certification effects versus indirect clinical
effects (via improved care process).

STUDY DESIGN: This was an observational study using
statewide patient-level data on asthma care quality and
asthma outcomes.

METHODS: This study examined care quality for 296,662
adults and children with asthma in 501 HCH-certified and
non-HCH clinics in Minnesota from 2010 to 2013. Using
endogenous treatment effects models, we assessed

the effects of HCH certification on care process [patient

education using asthma action plans [AAPs]) and outcomes
(asthma controlled; having no exacerbations) and asthma
education’s effect on outcomes. We used logistic regression
to formally decompose direct (certification) versus indirect
(via education/AAPs) effects.

RESULTS: Adults’ adjusted rates of process and outcomes
targets were double for HCH versus non-HCH clinics;
children’s rates were also significantly higher for HCHs.
Tests of the indirect/care process effect showed that rates
of meeting outcomes targets were 7 to 9 times higher with
education using an AAP. Decomposition indicated that the
indirect effect (via education/AAPs) constituted 16% to 35%
of the total HCH effect on outcomes.

CONCLUSIONS: HCHs were associated with better asthma
care and outcomes. Asthma education with AAPs also was
associated with better outcomes despite being a minority

of HCHs’ total effect. These findings suggest that HCHs
improve outcomes partially via increased care management
activity, but also via other mechanisms (eg, electronic health
records, registries).
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TAKEAWAY POINTS

» We used statewide quality reporting data in medical home and non-medical home clinics to

a primary reason for certification: In a 2012
survey, most HCH clinics had not conducted a
financial analysis before seeking certification.”*

assess whether education using asthma action plans (AAPs] is a mechanism linking medical

home certification to better asthma control and lower risk of exacerbation.

Data

» Using endogenous treatment effects models, we confirmed that medical homes and

education using AAPs are associated with better outcomes. We then decomposed medical
home effects via clinical (education/AAP] versus other mechanisms, and we found that
patient education using AAPs accounted for 16% to 35% of medical homes’ association

with outcomes.

» Healthcare redesign requires both clinical and nonclinical transformation to improve

outcomes. These findings also support patient education using AAPs.

an AAP serves as a process measure for asthma quality, although
AAP use remains low.>"* Education with an AAP may represent
a mechanism of coordinated care and self-management linking
medical homes with better outcomes. Yet, medical home-based
improvements in asthma outcomes, if present, are likely not solely
due to care process via education and AAPs; they also likely reflect
organizational and structural changes, including primary care
physician-led teams, improved access, and population assessment
and patient tracking.!>*

In this study, we used statewide clinic-reported patient-level
data on adult and pediatric patients with asthma at primary care
clinics certified as Health Care Homes (HCHs), versus those not
HCH-certified, under a statewide initiative. Our research questions
were: 1) what are the effects of being in HCH versus non-HCH clin-
ics on asthma care quality process (education/AAP) and outcomes
measures (having asthma controlled; being free from exacerba-
tions)?; 2) is education with an AAP associated with better asthma
outcomes?; and 3) what are the direct (via HCH certification) and
indirect (via education/AAP) effects on asthma outcomes, and how
do they compare?

METHODS

This was an observational study; clinics self-selected into HCH
certification. The study was approved by the University of Minnesota
Institutional Review Board.

Health Care Home Initiative

The Minnesota HCH initiative was part of a larger 2008 health
reform law.° Minnesota developed its own HCH certification
process for primary care clinics. Certification, conducted by the
Minnesota Department of Health, is based on 5 standards: access/
communication, participant registry/tracking participant care
activity, care coordination, care plan, and performance reporting/
quality improvement.

The HCH initiative included payment reform via additional
reimbursement for care coordination, based on tiers of patient
complexity. However, financial incentives do not appear to be

Data came from the HCH certification database
and MN Community Measurement (MNCM).
Under the Statewide Quality Reporting and
Measurement System (SQRMS), data are collected
by clinics and submitted directly to MNCM, the
measures developer and data steward. These data
include records about patients from all payers
and insurance types, including commercial insurance, Minnesota
Health Care Plans (MHCP; Minnesota’s Medicaid/SCHIP and low-
income insurance programs), Medicare, self-pay, and uninsured.

SQRMS is a separate initiative from HCH; participation in SQRMS
does not mean a clinic will seek HCH certification, and certifica-
tion does not require high quality scores. Incentives for SQRMS
participation are separate from those for HCH (eg, Minnesota’s
Quality Incentive Payment System includes payments for meeting
quality targets or improvement over time).

Sample

Only primary care clinics that were located in Minnesota and
eligible for HCH certification were included. Based on available
years and data for quality measures, our sample (depending on
the year and measure) consisted of between 64,000 and 80,000
patients in more than 500 HCH and non-HCH clinics reporting data
on asthma quality from 2010 to 2013. Data from 2009 were not used
for quality measurement (no clinics were HCH-certified in 2009),
but they were used to estimate self-selection into HCH certification.

Measures

“HCH certification” is a yearly indicator of whether a patient’s clinic
was HCH-certified for at least part of that year (“‘HCH”) or was an
HCH-eligible primary care clinic that either chose not to become
certified or had not yet completed certification during the year
(“non-HCH”). A clinic could be non-HCH one year and certified
the next. Under SQRMS, clinics themselves reported enrollee-level
data for their own patients, meaning that patients were attributed
directly by the clinics who cared for them, and submitted quality
measures based on their EHRs.

Asthma quality data were available from 2010 to 2013. They
consisted of a process measure and 2 outcomes measures, based
on the observation period of July 1 of the previous year to June 30 of
the current year. The process measure pertained to having asthma
education and AAP in the patient’s chart at any time during the
observation period. The AAP contained information on medication
doses and purposes of medications, information on recognizing
exacerbations and what to do when they occurred, and information
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on patient triggers. For outcomes measures, having “asthma well

controlled” came from the most recent asthma control tool dur-
ing the observation period: for those 17 years and older, the latest
Asthma Control Test or Childhood Asthma Control test score of 20

or greater or the latest Asthma Control Questionnaire score of 0.75

or lower; for those younger than 17 years, the latest Asthma Therapy
Assessment Questionnaire score of 0. “Not having elevated risk of
exacerbation” indicated having less than 2 inpatient hospitalizations

or ED visits summed across the observation period.

Patient covariates included sex, insurance (commercial, Medicare,
MHCP, self-pay/uninsured), distance to clinic, and child/adult.
Clinic characteristics, including rurality, came from the HCH
certification database. For rurality, we classified zip codes based on
rural-urban commuting areas*: urban/metropolitan, micropolitan,
small town, and rural.

Analysis

We conducted analyses of the total, direct, and indirect effects of
HCHs and AAPs using the endogenous treatment effects (eteffects)
procedure in Stata 14* (StataCorp LP; College Station, Texas) to
map direct and indirect effects and the Idecomp procedure in Stata
to formally decompose total, direct, and indirect effects of HCHs
and AAPs, respectively.®®

Eteffects models use a probit model for treatment (treatment
model), whose residuals are then used in models predicting
outcomes (outcomes models) for treated and nontreated groups.
This was done to help address endogeneity and ensure that there
were comparable observations between “treated” and “nontreated”
groups (the overlap condition). We employed 2 sets of eteffects
models. The probit treatment models, where treatments were 1) the
direct effect (HCH as treatment) and 2) the indirect effect (education/
AAP as treatment), included clinic rurality, square root of patient
volume, clinic membership in a medical group, and a selection
bias correction term (see below). Outcomes models for both were
probit models predicting asthma outcomes (not being at risk of
exacerbation and having asthma well controlled), controlling for
patient sex, insurance, and distance to clinic (same zip code, <10
miles, 10-20 miles, >20 miles).

Treatment models for the eteffects procedure employed an
inverse Mills ratio to adjust for the fact that clinics self-selected
into applying for HCH certification.*” This selection term was
calculated yearly, because certification, variables associated with
certification, and their effects on certification could vary across
years. The selection term was calculated from a model estimating
the probability, each year, that a clinic would be HCH-certified
during the year, as regressed on clinic-level measures from the prior
year, including average rates of meeting diabetes care quality and
vascular care quality targets for each clinic, number of providers,
number of patients, membership in a medical group with 10 or more
clinics, and proportion of patients insured by MHCP, Medicare, or
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uninsured/self-pay. The selection term was imputed for clinics
that had not participated in quality reporting in the prior year via
regression-adjusted imputation, with an imputed-lambda indicator
included in the models.

Based on the eteffects models, we present adjusted potential
outcomes means for probabilities of, separately, HCH (direct) and
AAP (indirect) effects on asthma outcomes. To formally decompose
the directand indirect (via AAPs) effects of HCH on asthma outcomes,
we applied the Idecomp procedure in Stata,* used for decomposing
such effects of categorical variables in logistic regression models,
with standard errors obtained via the bootstrap method. Based on
this analysis, we present computed odds ratios (ORs) with 95% CIs,
as well as log ORs (where direct and indirect effects sum to total
effect), allowing us to present direct/indirect effects as percentages
of the total effect.

RESULTS

Table 1 displays unadjusted patient characteristics at HCH and non-
HCH clinics by adult/child status. Because HCH status could change
(clinics could be non-HCH one year, then HCH the next), numbers
represent the share of person-years in each category. Generally,
adults and children in HCHs were seen at larger clinics and had
higher rates of meeting asthma targets, public or self-insurance,
urban residence, and having their residence located 20 or fewer
miles from the clinic (but not in same zip code).

Being served by an HCH clinic was significantly positively
associated with the process measure (asthma education/AAP) and
with outcomes measures (free from exacerbation; having asthma
controlled) based on potential outcomes means from eteffects
models (Table 2). Among adults, estimates for HCHs were often
double those of non-HCH clinics (eg, the rate with an AAP was
66.4% [95% CI, 65.9-67.0%] when seen in an HCH versus 31.8%
[95% (I, 31.3-32.2%] for non-HCH clinics) with similar rates and
magnitude differences for outcomes measures. For children, rates
were generally higher—and less disparate between HCH and non-
HCH clinics—but still diverged significantly: Rates of AAPs and
positive outcomes were approximately 14 to 16 percentage points
higher for HCH than non-HCH clinics.

Assessment of the “indirect” path showed a strong association
of AAPs with positive outcomes measures (potential outcomes
means from eteffects models) (Table 3). Rates of no exacerbation
and having asthma controlled were between 8.2% and 13.6% with
no AAPin place (95% CIs, 8.0%-8.4% and 13.4%-13.7%, respectively)
and between 76.9% and 94.6% with an AAP in place (95% CIs, 76.3%-
77.6% and 94.5%-94.8%, respectively). When divided by AAP, rates
were slightly higher for adults but were generally very close within
clinic type (HCH, non-HCH).

We also assessed the possible mechanisms linking HCHs with
asthma outcomes by decomposing the total, direct (HCH only),
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TABLE 1. Descriptive Statistics for Person-Years in HCH and Non-HCH Clinics, by Adult/Child Status

Total person-years N =296,662
Asthma measures
Asthma action plan 0.57
Asthma controlled 0.48
No exacerbation risk 0.63
Female 0.57
Insurance type
Commercial 0.56
Medicare 0.04
Minnesota Health Care Plans 0.26
Self-insured 0.04
Unknown 0.10
Clinic rurality
Urban clinic 0.85
Micropolitan clinic 0.09
Small-town clinic 0.05
Frontier clinic 0.02
Patient distance to clinic
Same zip code 0.26
Within 10 miles 0.27
10 to 20 miles 0.39
More than 20 miles 0.08
Clinic characteristics
Square root, number of patients 17.92
Medical group member 0.72
Clinic selection correction 0.94
Clinic selection correction imputed 0.07
Year
2010 0.21
2011 0.25
2012 0.24
2013 0.30

Proportions/Means
Adults (aged 18-50 years)

Children (aged 5-17 years)

Not in HCH In HCH Not in HCH In HCH
n=55,095 n=61732 n=79,608 n=100,227
0.36 0.65 0.55 0.72
0.31 0.56 0.44 0.60
0.43 0.74 0.58 0.75
0.66 0.67 0.42 0.43
0.15 0.02 0.09 0.02
0.01 0.05 0.01 0.05
0.21 0.23 0.29 0.37
0.04 0.05 0.02 0.04
0.11 0.09 0.13 0.09
0.76 0.91 0.78 0.91
0.12 0.06 0.11 0.06
0.08 0.03 0.08 0.03
0.04 0.01 0.02 0.01
0.28 0.25 0.25 0.24
0.25 0.29 0.24 0.31
0.38 0.40 0.39 0.39
0.10 0.06 0.11 0.05
15.15 18.99 16.90 20.68
0.58 0.89 0.44 0.86
0.60 1.13 0.71 1.30
0.10 0.02 0.15 0.02
0.39 0.06 0.33 0.09
0.27 0.24 0.27 0.24
0.19 0.27 0.22 0.27
0.14 0.43 0.18 0.40

HCH indicates Health Care Home.

and indirect (via AAPS) associations in a series of models (Table 4).
Although ORs are presented, we also present the log ORs and the
calculated percent of the total effect attributable to direct and
indirect effects in the far right column. For adults, the indirect
effect (via AAPs) accounted for 16% of the total association with
not having exacerbations and 34% with having asthma controlled.
Conversely, 84% and 66% were accounted for by the direct HCH effect,
respectively. For children, the indirect effect (via AAPs) accounted

for 35% of the total effect on having no exacerbation and 28% of
the total effect on having asthma controlled (with the direct HCH
effectaccounting for 65% and 72% of the total effect, respectively).

DISCUSSION

Our findings provide evidence of improved asthma care quality
process and outcomes in HCHs versus eligible but noncertified
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primary care clinics. Moreover, they support
a better understanding of the relationships

between those variables: Improved process in

clinical care management (via patient education

with AAP) is associated with better outcomes and

represents a modest, but relatively consistent,
mechanism thatlinks being in an HCH-certified

clinic with better outcomes. The direct HCH

effect may be associated with the other HCH

mechanisms, such as patient registries and

health records, clinical decision support, and

patient portals.'>3®

The findings can also be interpreted as

describing structural and clinical aspects of
PCMHSs.* Structural aspects include registries,
care plans, and coordination meetings ensur-
ing that providers have current and correct
information about patients for better delivery
of clinical care, whereas AAPs involve patient
care to facilitate behavioral change. The PCMH
direct effect may represent structural factors,
whereas the indirect effect may represent
clinical factors. Further research on how the

PCMH Certification, Asthma Education, and Outcomes

TABLE 2. Potential Outcomes Means for HCH Certification (“Direct”) Effects on
Probability of Quality Process and Outcomes Targets, by Adult/Child Status?

Not in HCH In HCH
Estimate (95% Cl) Estimate (95% ClI)

Adults (aged 18-50 years)
31.8% (31.3%-32.2%)
36.6% (36.0%-37.2%)
27.5% (26.9%-28.0%)

Process/Outcome Measure

66.4% (65.9%-67.0%)
75.6% (75.2%-76.1%)
58.5% (57.8%-59.1%)

Asthma action plan (process)
No exacerbations (outcome)

Controlled (outcome)

Children (aged 5-17 years)

72.6% (71.8%-73.0%)
75.7% (75.1%-76.3%)
61.3% (60.6%-62.0%)

57.5% (56.8%-58.2%)
59.9% (59.3%-60.5%)
48.2% (47.6%-49.1%)

Asthma action plan (process)
No exacerbations (outcome)

Controlled (outcome)

HCH indicates Health Care Home.
2Estimates based on endogenous treatment effects models including all covariates.

TABLE 3. Potential Outcomes Means for Asthma Action Plan (“Indirect”) Effects on
Probability of Quality Outcomes, by Adult/Child Status?

No Asthma Action Plan
Estimate (95% CI)

Asthma Action Plan

Outcome Estimate (95% Cl)

Adults (aged 18-50 years)
13.6% (13.4%-13.7%)

94.6% (94.5%-94.8%)
80.3% (79.7%-80.9%)

No exacerbations

Asthma controlled 9.1% (9.0%-9.3%)

quality of implementation of PCMH struc- Children (aged 5-17 years)

tures affects the functioning of PCMH clinical
components would be useful; there are likely
multiple aspects of transformation (structural,
clinical, or otherwise)* involved in improving
outcomes. Other care models and settings that
integrate additional elements (eg, accountable
care organizations) are likely more complex;
intersectoral, financial, and other mechanisms
may be required to fully understand outcomes.

These findings may be understood in a
broader context of care management. Unlike
many process measures, such as glycated
hemoglobin testing or cancer screening, asthma
education and AAP imply discussion or care
planning and care management, rather than
laboratory testing. Similar measures for other
conditions—documentation of decision aids for
tests or medications, diabetes self-management
education, medication reconciliation in multi-
morbidity, or other evidence-based tools in care
management—may deserve further attention
in quality measurement and reporting.

Other notable findings include the fact that
the HCH effect on the asthma care process
and outcomes was fairly large. This is likely a
function of the comparison of the HCH effect

88.3% (87.6%-89.0%)
76.9% (76.3%-77.6%)

No exacerbations 11.7% (11.5%-11.9%)

Asthma controlled 8.2% (8.0%-8.4%)

aEstimates based on endogenous treatment effects models including all covariates.

TABLE 4. Decomposition of Direct and Indirect Effects of HCH Certification on
Asthma Outcomes

Percent
Decomposition Log of Total
Outcome of Effect OR 95% CI OR Effect
Adults (aged 18-50 years)
Total effect 2.09 2.06-2.13 0.739
No . Indirect effect (through AAP) 112 1.10-1.15 0.117  15.8%
exacerbation
Direct effect of HCH certification 1.86 1.81-1.92 0.622 84.2%
Total effect 1.76 1.72-1.80 0.563
Asthma .
Indirect effect (through AAP) 121 1.19-1.23 0.190 33.7%
controlled
Direct effect of HCH certification  1.45 1.41-1.49 0.374 66.3%

Children (aged 5-17 years)

Total effect 1.44  1.40-1.49 0.365
No . Indirect effect (through AAP) 1.13  1.11-1.16 0.127 34.6%
exacerbation
Direct effect of HCH certification 1.27 1.23-1.32 0.239 65.4%
Total effect 1.44  1.39-1.49 0.364
Asthma .
Indirect effect (through AAP) .11 1.09-1.13 0.103 28.3%
controlled
Direct effect of HCH certification 1.30 1.25-1.35 0.261 71.7%

AAP indicates asthma action plan; HCH, Health Care Home; OR, odds ratio.
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to usual care (non-HCH clinics). The more that usual care for a
condition has been a focus of clinical practice improvement and
public policy, the lower the HCH-usual care difference is likely to
be.* Because asthma became a focus of quality measurement and
public reporting concurrently with HCH development, the HCH-
usual care gap is likely to be large. The large HCH effect can then be
interpreted as HCHs being quicker to adapt asthma evidence-based
practices than non-HCHs. In the long run, however, the HCH effect
is likely to attenuate as all clinics become more likely to adopt
practices like registries and AAPs. After the initial improvement
in care, it is likely that the rates of improvement will decrease as
best practices are more widely implemented.*

Our results are consistent with evidence supporting better
asthma outcomes with asthma education and AAPs,?%5283° but
they also add to this literature in at least 2 ways. First, we assessed
process and outcome measures in asthma among adults and
children separately, and we found similar but not identical results,
with differences varying across assessment of direct and indirect
associations. Second, compared with prior studies using trial
designs, we employed data from a statewide policy initiative; our
large observational approach allowed for a larger sample size and
a potentially better approximation of effectiveness across settings.
This was made possible by the statewide patient-level SQRMS quality
measures; because there is no procedural code for AAPs, other large
analyses of administrative claims data are largely precluded. This
unique capability to assess statewide, yet patient-level, trends in
care quality speaks to the strength of our data and the usefulness
of our analysis. Moreover, we employed robust methods to address
selection bias and endogeneity.

Limitations

This study had limitations. Most notably, as a nonrandomized
comparison, unaddressed selection bias or confounding due to
unobservable factors may remain. Moreover, factors affecting
certification changed over time. Thus, propensity score matching
would require scoring, matching, and comparing on a yearly basis.
We used the inverse Mills ratio within eteffects models across years,
but residual confounding remains a threat to validity.

Our analyses also excluded potentially relevant covariates, such
as patient comorbidity or clinic case mix; this may have resulted
in unobserved confounding. Additionally, some patients might be
attributed by 2 or more clinics in SQRMS. However, persons seen
at multiple clinics within a system should still have had complete
data submitted, and we are not aware of evidence or theory sug-
gesting that patients might be systematically seen at 1 type of clinic
but meet quality targets at another. Although a separate initiative,
SQRMS participation may be associated with greater propensity for
certification, affecting generalizability.

Regarding clinical interpretation, the specific type and format of
AAPs used can vary: Although reporting required specific pieces of

information in the plans, as well as education, fidelity in practice
is likely less than perfect. These variations may have implications
for the effectiveness of education with AAPs and their association
with outcomes, but we were not able to assess this with our data.

An additional issue was that although the comparison of direct
HCH-only effects with indirect HCH effects (through education/
AAPs) provided some information about the care systems/clinical
practice distinction, the full breakdown of the direct effect of HCHs
across care systems improvement, improved registries, and other
HCH features was not done here. Work elsewhere suggests that
these components are not equal in shaping benefits of medical
homes,>** so further understanding of what composes the direct
effect would be useful in fully understanding that mechanism.

A final issue was the temporal ordering of asthma care measures:
Asthma education/AAP happened at any time during each observa-
tion year (July 1 of the prior year to June 30 of the observation year);
risk of exacerbation represents a reported count of acute use for
that same year. As such, the causal relationship between these 2
measures could be more complex than specified here. However,
we are encouraged by the fact that findings were similar for having
asthma controlled (which was based on the most recent visit and
thus more likely to happen after education/AAP). Although this
similarity lends some support for the exacerbation finding, we
cannot guarantee a single causal direction.

Despite its limitations, this study adds to the literatures on HCHs,
AAPs, and potentially care management in establishing associations
between payment and care delivery reform, quality process of care

measures, and asthma outcomes.

CONCLUSIONS

HCH certification was associated with greater likelihood of receiv-
ing education/AAP and positive asthma outcomes, and AAPs were
themselves associated with better asthma outcomes. The decom-
position of their effects indicated that AAPs accounted for a small
but robust portion of the total HCH effect on outcomes. HCHs may
offer better care management via AAPs and similar processes, and
these processes may be responsible for better outcomes for asthma
and other chronic conditions. ®
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