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Abstract
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Originally described in 1967 as a central source of a medical record for children with special
health care needs, the “medical home” is now being tested on a national scale as a model of
primary care delivery for children and adults. The recent rise in prominence of the patient-
centered medical home (PCMH) coincides with increasing acknowledgement that primary care
needs to be redesigned to address the needs of chronically ill individuals, whose care accounts
for 85 percent of American health care costs. The PCMH unites the core attributes of primary
care with the chronic care model, and has been implemented in the context of individual chronic
illnesses, but many questions regarding the PCMH’s impacts on chronically ill individuals

remain unanswered.



i

In this dissertation, I address gaps in the evidence base through three studies of patients with
chronic illnesses in two sequential PCMH redesigns in an integrated health care delivery system.
The first study investigated outcomes for patients with three common chronic illnesses in a 2007-
08 PCMH prototype redesign at one clinic, compared to a control group with the same chronic
illnesses at 19 non-intervention control sites. In the second study, I examined whether secure
electronic messaging and telephone encounters substituted for, or complemented, primary care
office visits among patients with diabetes in a 2009-10 system-wide PCMH redesign. The third
study described changes in outpatient specialty care utilization, and variation according to
overall morbidity burden, among patients with treated hypertension in the system-wide PCMH
redesign.

I observed modestly improved quality of care at the PCMH prototype clinic during 2007-08.
Compared to controls, PCMH patients had seven percent lower total health care costs over two
years, largely driven by lower utilization, and associated costs, of inpatient and
emergency/urgent care. Results from the second study suggested that telephone encounters and,
to a lesser extent, secure electronic message threads served as complements to office visits for
individuals with diabetes. In the final study, I observed, on average, small decreases in total
specialty visits for patients with hypertension in the two years during and immediately following
system-wide PCMH implementation. In low morbidity patients this decrease was rapid and
sustained over three years.

Dissertation findings improve our understanding of the PCMH’s impacts on costs, quality and
health care use in chronically ill individuals, and can be applied to the planning, implementation

and evaluation stages of future PCMH redesigns.
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CHAPTER 1. INTRODUCTION

1.1 Background

Originally described in 1967 as a central source of a medical record for children with special
health care needs," the “medical home” is now being tested on a national scale as a model of
primary care delivery for both children and adults.>* Over time, new developments—such as
introduction of the concept of patient-centered care,” accumulating evidence on the core
elements® and benefits’ of primary care, and advances in chronic care® and health information
technology (IT)’—have contributed to new definitions of the medical home, perhaps most
notably in the 2007 publication of “Joint Principles of the Patient-Centered Medical Home.”"
This joint statement from primary care professional societies describes the patient-centered
medical home (PCMH) as a model of primary care for children and adults characterized by: 1) A
personal physician who provides first contact, continuous and comprehensive care; 2) Physician
directed practice team; 3) Whole person orientation of care; 4) Care coordination and integration;
5) Quality and safety; 6) Enhanced access to care, and; 7) Payment that recognizes the value of a
PCMH."

In recent years the PCMH has attracted attention from a broad swath of groups across the

12 and been tested in a variety of settings.* Although PCMH

American health care system
definitions and elements vary across care settings and patient populations, PCMH redesigns are
generally characterized by multicomponent interventions designed to enhance team-directed

primary care delivery processes.”* These efforts are justified by underlying theory and evidence
demonstrating the benefits of the individual and co-occurring elements of the PCMH. Enhanced

. . . . . . .. o q- . 713 .
access, for example, is associated with reductions in disparities and hospitalizations, ™~ while

PCMH elements such as coordination, quality and safety are expected to improve technical



quality of care'® through adherence to evidence-based care and associated reductions in overuse,
underuse and misuse of services.> The patient-centered focus of the PCMH reflects the care
model’s focus on patient satisfaction and interpersonal quality of care,'* while quality
improvement can be facilitated by care processes supported by underlying practice structures.
Clinical IT use can enhance the effectiveness and efficiency of care’ and can enable providers to
deliver key attributes of primary and chronic care, including continuity, access and evidence-
based care.'*"®

The PCMH’s recent rise in prominence coincides with increasing acknowledgement that
primary care structures and staffing models need to be redesigned to effectively address the

19,20

needs of chronically ill individuals.” ™" Estimates have attributed 85 percent of American health

care costs to the care of chronically individuals,”

particularly concentrated in patients with
multiple chronic illnesses.” Virtually all of the rise in Medicare spending from 1987-2002 was
among patients treated for 5 or more health conditions,** and a recent analysis found that per
capita health care costs in non-elderly individuals with five or more chronic illnesses exceeded
$21,000.%

Patients with chronic illness have long been hypothesized to benefit from PCMH elements
such as team-based care, productive patient-provider relationships, clinical IT use and delivery
system design.”®*’ Chronic conditions are increasingly treated in the outpatient setting,*® with
primary care physicians treating patients’ full spectrum of chronic and non-chronic health

29,30

problems.””" Physicians, however, cannot efficiently deliver guideline-based chronic care

. . . .. 31.32
without contributions from other clinical team members.”

Given these realities, the PCMH’s comprehensive, team-based approach to primary care

may be a viable approach to treating the chronically ill. The PCMH unites the core attributes of



primary care® with the chronic care model (CCM),* and has been implemented in the context of

33,34

individual chronic illnesses.”” PCMH demonstration projects have frequently targeted

3,435
2 and elements

chronically ill patients or patient populations with high chronic illness burdens,
of the CCM have been incorporated in both PCMH intervention design®® and PCMH assessment
tools.’’

Despite a nationwide surge in PCMH redesigns,''*

many questions pertaining to this care
model have yet to be answered. While some evaluations have demonstrated the PCMH’s
potential to decrease unnecessary and high-cost emergency care or inpatient care,'*>° little is
known about the associations between the use of new primary care modalities in the PCMH—
such as secure e-mail messaging and phone encounters—and that of traditional in-person
primary care visits.”” This issue is of particular relevance to primary care providers investing
time and effort to implement the PCMH, and to payers attempting to achieve a return on
investments supporting practice transitions to the PCMH.

Also unknown is how comprehensive PCMH-based primary care affects utilization and
costs of care in the outpatient specialty care “medical neighborhood.”* Despite prior findings
that comprehensive primary care reduces unnecessary and potentially harmful specialty care
utilization,’ early evaluations of a PCMH prototype clinic at Group Health—the delivery system
under study in the following chapters—revealed, contrary to researchers’ hypotheses, that

patients in the PCMH had higher specialty care utilization than controls.'”*' This finding

motivates further investigation of Group Health’s PCMH redesign in this dissertation.



1.2 Objectives

The purpose of this dissertation is to investigate patient outcomes and changes in utilization
patterns for chronically ill individuals during and after a PCMH redesign at Group Health, an
integrated health plan and care delivery system in the Pacific Northwest. The PCMH emphasizes
ongoing relationships between patients and physician-led primary care teams, with care teams
assuming responsibility for directing and coordinating efforts to ensure patients receive
appropriate care across settings and over time. This approach to care provision may be especially
effective for chronically ill individuals, whose acute and ongoing needs increasingly drive
increases in health care costs in the United States.

Using observational data from automated clinical databases, this dissertation utilizes quasi-
experimental study designs and multivariate regression analyses to investigate PCMH effects
among patients with diabetes, hypertension or coronary heart disease, occurring alone or in
combination. Aim 1 evaluates patient outcomes in a 2007-08 PCMH prototype redesign at one
Group Health clinic in metropolitan Seattle. Aims 2 and 3 investigate chronically ill patients’
utilization of primary care and specialty care during and after Group Health’s 2009-10 system-
wide PCMH implementation.

This dissertation makes important contributions to the evidence base by addressing in-depth,
policy-relevant issues regarding patients with common chronic illnesses in the PCMH. It differs
from prior PCMH research®* in important ways, including: 1) Investigating outcomes in
chronically ill subpopulations within PCMH redesigns in primary care populations, and; 2)
Examining changes in outpatient utilization patterns in the PCMH in greater breadth and depth
than prior research.

The specific aims of this dissertation are:



Aim 1: Relationship between a PCMH prototype redesign and quality, use and costs

Aim 1 investigates outcomes for patients with common chronic illnesses who were exposed to a
24-month PCMH prototype redesign in one Group Health clinic, compared to a control group
with the same chronic illnesses at 19 non-intervention control sites at Group Health.

Question 1.1: What is the effect of the PCMH prototype redesign on disease-specific quality of
care for chronically ill individuals?

Question 1.2: What is the effect of the PCMH prototype redesign on use of care in the
outpatient, emergency and inpatient settings for chronically ill individuals?

Question 1.3: What is the effect of the PCMH prototype redesign on outpatient, emergency,

inpatient and total health care costs for chronically ill individuals?

Aim 2: Whether secure message and telephone encounters substitute for office visits

Aim 2 investigates the use of secure e-mail messaging and telephone encounters, and potential
substitution of these care modalities for in-person primary care office visits, among patients with
diabetes before, during and after the implementation of Group Health’s system-wide PCMH
redesign.

Question 2.1: Do secure message threads and telephone encounters substitute for or complement
office visits among patients with diabetes in the PCMH?

Question 2.2: Do patient characteristics or PCMH stage modify the extent to which secure
messages and telephone visits substitute or complement office visits among patients with

diabetes?



Aim 3: Impact of PCMH care on chronically ill individuals’ specialty care utilization

Aim 3 describes changes in outpatient specialty care utilization among patients with treated
hypertension during and after PCMH implementation.

Question 3.1: How do PCMH implementation and post-implementation impact total specialty
care utilization in individuals with treated hypertension?

Question 3.2: Does overall morbidity burden modify the extent to which individuals with treated
hypertension experience changes in total specialty care utilization in the PCMH?

Question 3.3: How is the relative risk of visiting selected specialty care departments—where
patients receive care for uncontrolled hypertension, complications of hypertension and other

health care conditions—impacted by PCMH-based primary care?

1.3 Conceptual Framework

Figure 1.1 presents a conceptual framework illustrating the relationships between elements
of Group Health’s PCMH, patients’ uptake of PCMH care and patient outcomes. This framework
informs the design and analyses of dissertation aims and builds on Starfield’s model of the health
services system.’ The framework incorporates structure, process, and outcome elements of
Donabedian’s work** but frames the PCMH as a robust source of primary care that serves as a
point of entry into the health services system. It contains multiple causal pathways that function
in tandem to generate outputs of the PCMH.

Central to the PCMH and the aims of this dissertation is the bidirectional interface within the
cell entitled, “Productive, Longitudinal Relationship Between Patient And Personal Physician.”
This cell is contained within the framework’s Process domain, between subdomains for PCMH

Care Delivery—which contains individually implemented modules of the Group Health



PCMH"*—and Receipt of PCMH Care. Elements within the framework’s Structure domain
combine to establish the means and setting in which care is delivered at Group Health and within
the PCMH. These elements are presented within two subdomains; Delivery System components
govern the financial and organizational characteristics of the care delivery setting, while the
Practices & Providers subdomain contains features of the Group Health PCMH and core
characteristics of primary care.’

Variables within the framework’s Outcomes domain include patient experience and quality
of care—which Donabedian describes, respectively, as technical and interpersonal quality of
care'*—as well as costs of care. These outcomes lie along numerous uni- and bidirectional causal
pathways, reflecting relationships between: outcomes and patient characteristics (measured and
unmeasured); care quality and patients’ self-management of medical conditions; and iterative
feedback cycles, based on data-driven management practices that inform ongoing structural
changes within the delivery system.

The following three dissertation chapters focus on selected elements and relationships
depicted in Figure 1.1. Chapter 2 investigates how changes in structures and care delivery
processes during Group Health’s PCMH prototype redesign impact chronically ill individuals’
receipt (utilization) and outcomes (quality, costs) of care. Chapter 3 identifies changes in receipt
of primary care for among patients with diabetes—via secure electronic messaging, telephone
encounters and in-person office visits—in Group Health’s system-wide PCMH redesign, and
examines how use of the two former care modalities may be associated with the latter. Chapter 4
evaluates whether outpatient specialty care utilization among patients with treated hypertension
is impacted by PCMH care structures—particularly the allocation of additional resources to

physician-led primary care teams—and accompanying changes in care delivery processes.



Figure 1.1: Conceptual Framework
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CHAPTER 2. QUALITY, UTILIZATION AND COSTS AMONG
CHRONICALLY ILL ADULTS IN A MEDICAL
HOME PROTOTYPE

2.1 Abstract

Objective: To compare quality, utilization and costs of care among patients with selected chronic
illnesses at a patient-centered medical home (PCMH) prototype site, relative to a comparison
group at 19 non-intervention control sites.

Study Design: Nonequivalent pretest-posttest control group design investigated PCMH redesign
results among patients with preexisting diabetes, hypertension and/or coronary heart disease.
Methods: Data from automated databases were collected to identify eligible enrollees in an
integrated health care delivery system and for inclusion in analysis. Multivariable regression
models assessed differences between PCMH patients and controls for several dependent
measures of clinical processes, outcomes, monthly health care utilization and costs.

Results: Compared to controls over two years, patients at the PCMH prototype clinic had
slightly better clinical outcome control in diabetes (0.15% lower mean hemoglobin Alc;
p<0.001) and coronary heart disease (2.20 mg/dL lower mean LDL cholesterol; p<0.001).
PCMH patients changed their patterns of primary care utilization, as reflected by 86% more e-
mail contacts (p<0.001), 10% more telephone contacts (p=0.003) and 6% fewer in-person
primary care visits (p<0.001). PCMH patients had 31% lower emergency and urgent care
utilization (p<0.001) and 7% fewer inpatient stays (p=0.002) than controls. During the two-year
redesign, we observed 17% lower inpatient costs (p<0.001) and 7% lower total health care costs

(p<0.001) among patients at the PCMH prototype clinic.
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Conclusions: Results provide evidence of the capacity of a population-based PCMH redesign to
decrease downstream utilization and reduce total health care costs in a subpopulation of patients

with common chronic illnesses.

2.2 Introduction

Many stakeholders in American health care have embraced the patient-centered medical
home (PCMH) in recent years. A variety of small and large practices' and delivery systems™ are
implementing pilots and demonstration projects, with financial and operational support from
payers”® and multi-stakeholder collaboratives.” Although each medical home initiative reflects a
unique blend of clinicians, patients, practice infrastructures and payment mechanisms, all PCMH
interventions are rooted in the goal of providing patients with a continuous source of whole-
person primary care.®"”

Most PCMH interventions emphasize mechanisms to improve care delivery for persons with
chronic illness. Chronically ill patients have long been hypothesized to benefit from PCMH
elements such as team-based care, productive patient-provider relationships, clinical IT use and
delivery system design.'' The chronic care model has been incorporated in PCMH
interventions'” and assessment tools,"” and PCMH interventions have disproportionately targeted
chronically ill patients'* or elderly patients with high chronic illness burdens.’

Despite these links between the medical home and chronic illness care, the evidence base
contains few, if any, rigorous evaluations of PCMH effects on the quality, utilization and costs of
care in patients with chronic illnesses. We address this gap by reporting findings of a 2007-08

prototype PCMH redesign® among patients with at least one of three common chronic illnesses in

which the majority of care is typically delivered in the primary care setting: diabetes,
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hypertension and coronary heart disease (CHD). Our objective in conducting this study is to
investigate differences in quality, utilization and costs of care between chronically ill patients at
the PCMH site and comparable patients at 19 non-intervention control sites in the same health

care system.

Medical Home Prototype

We assess the impact of a PCMH redesign implemented at one clinic within Group Health,
an integrated health plan and care delivery system in Washington State. The PCMH prototype
clinic is located in metropolitan Seattle and is one of 20 clinics Group Health owns and operates
in Washington’s Puget Sound region. The clinic was chosen as the PCMH prototype because of
the stability of its leadership and its history of successfully implementing change. Group Health
pursued the PCMH redesign after a series of reforms in financing and primary care operations
yielded mixed results."> Although the earlier reforms achieved their primary objectives of
increasing patient access and satisfaction with care and reducing total costs, discouraging trends,
such as increased emergency department costs and decreased job satisfaction among primary
care physicians, were also observed.'®

A comprehensive list of design principles and change components in the PCMH redesign is
presented elsewhere,'? but we describe selected key elements here. In the prototype clinic,
increased primary care staffing supported reductions in physicians’ patient panels from an
average of 2327 patients to 1800 patients, physicians were paired in dyads with medical
assistants and standard in-person primary care office visits were lengthened from 20 to 30
minutes. “Virtual medicine” encounters—secure e-mail messages and telephone visits—were

emphasized by encouraging patients to register for a secure online patient portal and rerouting
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patients’ calls to an organizational consulting nurse service to primary care teams during normal
clinic operating hours. Some PCMH components explicitly targeted chronically ill patients,’
such as creation of collaborative care plans and providers’ outreach, via phone or secure
message, to manage chronic illness medications or schedule overdue monitoring tests.

Prior analyses reported two-year findings of the PCMH prototype redesign among the full
practice population® and in elderly patients.'” Both analyses observed fewer ambulatory care-
sensitive hospital admissions and fewer combined emergency department and urgent care visits
among PCMH patients.>'” Fewer all-cause hospitalizations, and accompanying lower inpatient

costs, were additionally observed in the full practice.”

2.3 Methods

Study Design and Population

This study employed a nonequivalent pretest-posttest control group design,'® including
baseline data from 2006 and follow-up data from 2007-08. We used automated Group Health
databases to identify adults with diabetes mellitus (types 1 and 2), hypertension or CHD. These
data sources contain diagnoses, procedures and pharmacy data for care obtained at Group Health
and at sites where providers deliver care to Group Health patients on a contracted basis;
laboratory results and clinical encounter data are only available for care provided at Group
Health. The accuracy and completeness of these data sources have been extensively validated.'
*? Group Health’s institutional review board approved all study protocols.

Patients in the final study population were aged 18-85, received care at one of 20 Group
Health clinics in western Washington State, had at least 6 months of enrollment during 2006,

three or more months of enrollment in each of 2007 and 2008 and had at least one of the three
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chronic illnesses. We also required enrollment during December 2006, which facilitated
collection of baseline case mix variables.” To account for clinic-level factors and ensure
comparability across study groups, we excluded patients who switched enrollment between
clinics on a year-to-year basis. We excluded patients with dementia at baseline and women who
gave birth during the study, as much of their health care use was presumably attributable to
factors external to the PCMH redesign.

We identified patients with preexisting diabetes, hypertension and CHD using case
definitions designed to achieve high specificity and high positive predictive value.**** This
approach utilized patterns of diagnoses, procedures, laboratory values and pharmacy fills to
minimize erroneous inclusion of “false positive” patients with unconfirmed chronic illness. Case

definitions are listed in the Appendix accompanying this article.

Data Collection and Measures

We collected data on disease-specific quality of care in the years 2006 and 2008. Laboratory
results provided hemoglobin Alc (HbAlc) levels for patients with diabetes and low-density
lipoprotein (LDL) cholesterol levels for patients with CHD. Systolic and diastolic blood pressure
readings for patients with hypertension were acquired from electronic encounter data. If patients
had clinical outcome data collected more than once in an individual year, we only used the last
recorded value from that year.

Laboratory and blood pressure data were converted into disease-specific dependent variables
for three types of quality measures: clinical processes, clinical outcome benchmarks and mean
clinical outcomes. We created binary measures of clinical process performance based on whether

laboratory data on HbAlc and LDL were collected annually. Outcome benchmarks were
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assessed by binary measures of: HbAlc below 9.0% among patients with diabetes; blood
pressure below 140/90 mm Hg among patients with hypertension; and LDL below 100 mg/dL
among patients with CHD. Continuous HbAlc, systolic blood pressure and LDL cholesterol
results provided mean clinical outcome measures for each chronic illness.

Utilization and cost data were collected for the 2006 baseline year and the 2007-08 PCMH
redesign. Group Health’s automated systems assigned patient costs on a monthly basis, reporting
actual costs from the general ledger. Overhead costs, such as additional staffing costs during the
PCMH redesign, were fully allocated to patient care departments. Cost and in-person utilization
data were collected for primary care, specialty care, total inpatient admissions and combined
emergency department and urgent care. We also collected data on ambulatory care-sensitive
inpatient utilization®® and total health care costs. Clinical databases provided data on patients’
virtual medicine use, including secure message threads, telephone encounters and calls to the
consulting nurse service. We accounted for changes in internal cost accounting at Group Health
during Fall 2008 by truncating collection of cost and in-person utilization data at 21 months,
which ensured consistency in these variables over time. Period-specific utilization and costs were
converted to monthly rates based on patients’ number of days of enrollment at Group Health
during the baseline and PCMH redesign.

We collected data on patients’ age, sex and Johns Hopkins Adjusted Clinical Groups (ACG)
System case mix.” Aggregated Diagnosis Groups (ADG) variables from December 2006
provided a measure of patients’ morbidity burden during the 2006 baseline year. The 32 ADG
variables group ICD-9 diagnoses into clinically cogent morbidity clusters based on duration,
severity, diagnostic certainty, etiology and expected need for specialty care, and have been

. . . . . . . 27-29
extensively used for case mix ascertainment and adjustment in primary care populations.
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Analysis

Multivariable regression models assessed differences between PCMH patients and controls
during the 2007-08 follow-up period. Each model tested for the effect of the PCMH on outcomes
by including a patient-level indicator of empanelment at the PCMH prototype clinic as the
independent variable.

Quality of care analyses used data from the 2006 baseline and 2008 to investigate
differences between PCMH patients and controls in condition-specific processes and outcomes.
All patients with diabetes and CHD were included in the clinical process analysis; the clinical
outcomes analysis for each chronic illness was restricted to patients who had disease-specific
outcome data collected in both 2006 and 2008. We used modified Poisson regression models
(Poisson distribution, log link) to investigate clinical processes and outcome benchmarks in
2008, incorporating robust variance estimates to obtain relative risks.”® We used linear regression
models to investigate differences in mean 2008 clinical outcomes. Each condition-specific
regression controlled for age, sex and 2006 baseline outcome, and was restricted to patients with
the targeted chronic illness.

Utilization analyses investigated patients’ monthly in-person utilization and virtual medicine
use during the redesign’s first year and the full observation period (in-person utilization analysis
was truncated at 21 months). We used Poisson regression models to estimate utilization rates,
setting the scale parameter to the deviance divided by the residual degrees of freedom to
preclude violations of model assumptions of over- or under-dispersion.’' These models

controlled for age, sex, ADG count and binary indicators for each of the three chronic illnesses.
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We computed predicted utilization rates among patients at PCMH and control clinics by
computing least squares means for the effect of the independent variable.

We used an algorithm recommended by Manning and Mullahy*” to select models for cost
outcomes that would provide unbiased estimates of covariate effects in right-skewed monthly
cost data. This approach led us to select a generalized linear regression model with log link and
gamma distribution and to report results in proportional—rather than dollar-based—cost
differences. Final cost models controlled for age, sex and log-transformed baseline costs for each
dependent cost variable (e.g., inpatient cost models controlled for log-transformed baseline
inpatient costs).

All regression models in quality, utilization and cost analyses were estimated using
generalized estimating equations (GEE) with independent working correlations and robust
sandwich variance estimates.”® This approach controlled for clustering at the level of patients’
paneled primary care clinics and is robust to misspecification of within-cluster correlation.
Analyses were conducted using SAS software, version 9.2 (Cary, NC).

Sensitivity analyses assessed stability of cost and utilization results. One sensitivity analysis
included patients with asthma and chronic obstructive pulmonary disease (COPD). These
patients were initially targeted for inclusion but were excluded from the final study population
due to low prevalence at the PCMH clinic and unavailability of disease-specific quality outcome
data. A utilization-only sensitivity analysis used DxCG risk adjustment variables* in place of
ACG variables, which mimicked the risk adjustment approach of prior PCMH prototype

2,12,17
analyses.” ~

2.4 Results
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The final study population included 37,938 adults with diabetes, hypertension and/or CHD,
with 1,181 patients paneled to the PCMH prototype clinic and 36,757 patients paneled to other
clinics (Table 1). On average, PCMH patients were 3.1 years older than patients at other clinics
(mean age 65.0 vs. 61.9, p<0.001) and more likely to be female (54% vs. 51%, p=0.04). Patients
at the PCMH clinic were less likely to have comorbid combinations of diabetes, hypertension
and CHD (13% vs. 21%, p<0.001), but had higher counts of ADG case mix variables (mean 7.2
vs. 6.9, p=0.01), reflecting higher prevalence of health conditions other than the three targeted in
this study. Ninety three percent of patients at both the PCMH prototype clinic and control clinics
were enrolled at Group Health for the entire two-year follow-up period.

Quality of care analysis revealed differences between the PCMH clinic and control clinics
(Table 2). Patients with diabetes at the PCMH clinic were 1% more likely to receive HbAlc
testing (p=0.03), 3% more likely to have HbAlc under 9.0% (p<0.001) and had mean HbAlc
0.15% lower than controls (p<0.001). Patients at the PCMH clinic with CHD were 11% more
likely to have LDL below 100 mg/dL (p<0.001) and had mean LDL cholesterol 2.20 mg/dL
lower than controls (p<0.001). Among patients with hypertension, we observed no significant
differences in blood pressure outcomes.

Table 3 presents utilization results. Over the first 12 months of the PCMH redesign, patients
at the PCMH prototype clinic had 29% fewer emergency and urgent care contacts than controls
(p<0.001), 23% fewer ambulatory care-sensitive inpatient admissions (p<0.001) and 4% fewer
total inpatient admissions (p=0.05). Over 21 months, patients at the PCMH prototype clinic had
6% fewer in-person primary care contacts than controls (p<0.001), 31% lower emergency and

urgent care contacts (p<0.001), 21% fewer ambulatory care-sensitive inpatient admissions
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(p<0.001) and 7% fewer total inpatient admissions (p=0.002). We observed no significant
differences between groups in specialty care utilization.

Patients at the PCMH prototype clinic had more virtual medicine contacts with primary care
teams. At 12 months, PCMH patients had 94% more secure e-mail threads (p<0.001) and 17%
more telephone encounters than controls (p<0.001). These differences attenuated slightly in 24-
month results but remained statistically significant at p<0.003. PCMH patients had 18% and 22%
fewer telephone calls to the consulting nurse service over 12 and 24 months, respectively
(p<0.001 for both). This finding is consistent with the redesign’s goal to decrease non-emergent
consulting nurse calls by redirecting calls to the primary care team during clinic operating
hours."?

We observed no significant differences in primary care costs between PCMH patients and
controls (Table 4). Despite nonsignificant differences in specialty utilization, specialty care costs
were 9% higher among PCMH patients over both 12 months (p=0.004) and 21 months (p=0.02).
PCMH patients had 6% lower emergency department and urgent care costs over both 12 months
and 21 months, though this finding was only statistically significant at 21 months (p=0.01).
PCMH patients had 16% lower inpatient costs than controls at 12 months (p<0.001) and 17%
lower inpatient costs over 21 months (p<0.001). Total per member per month costs were 8%
lower among PCMH patients over 12 months (p<0.001) and 7% lower over 21 months
(p<0.001).

Findings for virtual medicine use and 21-month in-person utilization and costs were robust
to sensitivity analysis, while selected 12-month findings varied by analytic approach (results
available upon request). When adjusting for DxCG variables or including patients with asthma

and COPD—61 additional PCMH patients and 2,340 additional controls—in 12-month analyses,
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we observed 5% greater specialty utilization among PCMH patients (p=0.05 with DxCG
adjustment; p=0.02 including asthma and COPD) and no significant differences in all-cause
inpatient admissions. Including patients with asthma and COPD also led to observation of 7%

greater primary care costs among PCMH patients at 12 months (p=0.003).

2.5 Discussion

We observed numerous associations between a PCMH redesign and the quality, utilization
and costs of care among patients with diabetes, hypertension and CHD. PCMH patients changed
their primary care utilization patterns over the two-year redesign, as reflected by simultaneously
greater phone and e-mail use and lower in-person primary care utilization than controls. Despite
these changes, we observed no group-level differences in primary care costs, presumably due to
the longer length of in-person visits at the PCMH site and costing systems’ allocation of PCMH
implementation costs to the prototype clinic. Contrary to the redesign’s original objectives,'
PCMH patients had higher specialty care costs over 21 months. This finding requires further
investigation but may be due to surveillance bias®>—*“the more you look, the more you find”—
induced by a reduction of barriers to care. Over 21 months, we observed reduced utilization of
downstream care at the PCMH site, including lower emergency and urgent care, ambulatory
care-sensitive hospitalizations and total inpatient admissions. PCMH patients had 7% lower total
health care costs over 21 months, largely driven by lower costs for inpatient care and
emergency/urgent care. When applied to the $697 unadjusted total monthly health care costs in

this study population during the 2006 baseline year, the observed 7% cost reduction translates to

approximately $49 savings per month.
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Improved clinical outcome control among patients with diabetes and CHD at the prototype
site provides evidence of the PCMH’s ability to globally reduce costs in this population while
improving quality. Although these differences in clinical outcomes were statistically significant,
they were quite small in magnitude, which is consistent with modest quality improvements
observed in other settings in which practices transitioned to the PCMH.*

This study differed from prior medical home evaluations in important ways. Although
findings on setting-specific cost and utilization are similar to prior analyses™'” of Group Health’s
PCMH prototype site, we additionally observed statistically significant reductions in total health
care costs among chronically ill patients. Unlike several PCMH interventions in the research
literature,’” Group Health’s PCMH prototype redesign did not embed care managers in a primary
care practice, nor was the intervention confined to a subgroup of high-risk or chronically ill
patients. It was instead implemented in the prototype practice’s full patient population,
incorporating fundamental tenets of primary care'® and chronic care™® to support productive,
longitudinal relationships between physician-led primary care teams and patients.

Our encouraging findings were presumably attributable to an alignment of structures and
processes at the PCMH clinic that allowed for effective provision of whole-person care. PCMH
components that may have facilitated the productive patient-provider interactions envisioned by
the chronic care model'' include enhanced care team staffing, pairing longer office visits with
promotion of increased virtual medicine use, and effective outreach for patients’ chronic and
acute needs.

This study has several limitations, including a lack of patient-reported outcomes. As in all
observational studies, observed associations do not necessarily represent causal effects.

Incomplete control of confounding for socioeconomic, racial/ethnic and other unmeasured
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characteristics may have obscured the true relationship between the PCMH redesign and study
outcomes, and highly specific case definitions presumably excluded patients with undiagnosed or
untreated chronic illness. We are unable to definitively identify individual elements of the
multicomponent redesign that were responsible for observed results.

A noteworthy limitation is the lack of generalizability due to non-random selection and
implementation of a single-site PCMH redesign. The prototype clinic had a successful history of
quality improvement compared to other clinics at Group Health, and may represent a best-case
scenario with regard to motivation of clinical staff and availability of organizational resources.
Because the PCMH redesign was implemented in an integrated system with salaried providers,
external validity to other primary care settings may be limited.

These limitations are accompanied by strengths in sampling and analytic strategy.
Consistent with recommendations of a recent AHRQ-commissioned white paper,’® our study
investigated PCMH effects among chronically ill patients and adjusted for clinic-level clustering.

Study findings provide evidence of the capacity of a population-based medical home
redesign to serve the needs of chronically ill patients. Changes in practice structures and care
delivery processes were associated with modest improvements in quality, lower downstream
utilization and reduced health care costs. Cost reductions were apparent within one year and
persisted over the full study period. Future studies should investigate particularly effective
elements of the PCMH care model, the ability of treat-to-target protocols to achieve clinically

22,40

meaningful changes in chronic care quality”™" and whether particular subgroups of chronically

ill patients experience differentially large changes in quality, utilization or costs.
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Table 2.1: Patient Characteristics at the PCMH Prototype Clinic and 19 Comparison Clinics at
Baseline (Jan. 1, 2007)

CHARACTERISTIC PCMH Prototype  Other Clinics p
(n=1,181) (n =36,757) Value
Age, mean (SD) 65.0 (11.8) 61.9(11.9) <0.001
Age group, n (%)
18 - 34 17 (1) 533 (1) <0.001
35-44 31 (3) 2,093 (6)
45 - 54 155 (13) 7,196 (19)
55 - 64 361 (31) 12,070 (33)
65 - 74 339 (29) 8,746 (24)
75 - 85 278 (23) 6,119 (17)
Female, n (%) 642 (54) 18,850 (51) 0.04
Chronic illnesses, n (%)
Diabetes 421 (36) 14,913 (41) <0.001
Hypertension 798 (68) 25,858 (70) 0.04
Coronary heart disease 139 (12) 5,051 (14) 0.05

Number of chronic illnesses
(range: 1-3), n (%)

1 1,024 (87) 28,842 (79) <0.001
2 137 (11) 6,765 (18)
3 20 (2) 1,150 (3)
Count of health care 7.2 (4.1) 6.9 (4.1) 0.01
conditions (ACG ADQG),
mean (SD)

Abbreviations: PCMH, patient-centered medical home; SD, standard deviation; ACG, Adjusted
Clinical Groups; ADG, Aggregated Diagnosis Groups
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Table 2.2: Comparison of Disease-Specific Quality of Care at the PCMH Prototype Clinic and
19 Comparison Clinics During the 2006 Baseline Year and 2008 Follow-Up Year

Clinical Processes n 2006 (%) 2008 (%) 2008: Adjusted
Relative Risk*
DM: HbAlc testing
PCMH clinic 421 90 86 1.01 (1.00, 1.02)T
Other clinics 14913 90 85 --
CHD: LDL screening
PCMH clinic 139 86 82 1.00 (0.98, 1.02)
Other clinics 5051 84 81 --
Clinical Outcome n 2006 (%) 2008 (%) 2008: Adjusted
Benchmarks" Relative Risk*
DM: HbA1lc <9.0%
PCMH clinic 343 89 90 1.03 (1.02, 1.03)§
Other clinics 11902 86 86 --
HTN: BP < 140/90 mm Hg
PCMH clinic 713 58 65 1.01 (0.98, 1.05)
Other clinics 22823 55 64 --
CHD: LDL < 100 mg/dL
PCMH clinic 106 70 84 1.11 (1.08, 1.14)§
Other clinics 3638 69 75 --
Clinical Outcomes (Mean)'” n 2006 2008 2008: Adjusted
Difference**
DM: HbAlc (%)
PCMH clinic 343 7.22 7.20 -0.15 (-0.18, —0.13)§
Other clinics 11902 7.44 7.51 --
HTN: Systolic BP (mm Hg)
PCMH clinic 713 136.3 133.3 -0.43 (-1.13, 0.28)
Other clinics 22823 136.1 133.5 --
CHD: LDL (mg/dL)
PCMH clinic 106 90.5 84.9 -2.20 (-2.92, —1.49)§
Other clinics 3638 90.7 87.3 --

Abbreviations: PCMH, patient-centered medical home; DM, Diabetes mellitus; HbAlc,
hemoglobin Alc; CHD, Coronary heart disease; LDL, low density lipoprotein; HTN,
Hypertension; BP, blood pressure; GEE, generalized estimating equations

* Adjusted relative risks from modified Poisson regressions (Poisson distribution, log link)
estimated using GEE (independent working correlations, robust variance) and adjusting for age,
sex and 2006 baseline outcome

**Adjusted differences from linear regressions estimated using GEE (independent working
correlations, robust variance) and adjusting for age, sex and 2006 baseline outcome

1 Restricted to patients with each chronic illness and outcome data collected in 2006 and 2008
"p<0.05; $p<0.001
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Table 2.3: Comparison of In-Person Utilization and Virtual Medicine Use Over 12 Months and
the Full Follow-Up Period at the PCMH Prototype Clinic and 19 Comparison Clinics

In-Person Predicted Contacts
Contacts: PCMH (per 1000 patients per month) Adjusted Rate p
Prototype Clinic  1nterval PCMH Other Ratio (95% CI)  Value
vs. Other Clinics Prototype Clinics
Primary care 12 months 398 (393, 404) 408 (395,422) 0.98 (0.95, 1.00) 0.06
21 months 376 (370, 382) 399 (385,413) 0.94(0.91,0.97) <0.001
Specialty care 12 months 316 (303, 330) 305 (283, 328) 1.04(0.99,1.08) 0.11
21 months 320 (309, 330) 313 (294,333) 1.02(0.98,1.07) 0.32
Emergency/Urgent 12 months 44 (42, 46) 61 (54, 70) 0.71 (0.63, 0.81) <0.001
care 21 months 45 (43, 47) 65 (58, 74) 0.69 (0.61,0.79) <0.001
Ambulatory care- 12 months 0.8 (0.7, 1.0) 1.0(0.8,1.2)  0.77 (0.68,0.89) <0.001
sensitive inpatient 21 months 0.9 (0.8, 1.1)  1.2(1.0,1.4)  0.79 (0.72,0.87) <0.001
All inpatient 12 months  9.1(8.5,9.8) 9.5(8.7,10.4) 0.96(0.92,1.00) 0.05
admissions 21 months  9.1(8.5,9.8)  9.5(8.7,10.4) 0.93(0.89,0.98)  0.002
Virtual Medicine Predicted Contacts
Use: PCMH (per 1000 patients per month) Adjusted Rate p
Prototype Clinic  1nterval PCMH Other Ratio (95% CI)  Value
vs. Other Clinics Prototype Clinics
Secure message 12 months 364 (344,386) 188 (170,208) 1.94(1.79,2.11) <0.001
threads 24 months 385 (366, 404) 207 (187,229) 1.86(1.71,2.02) <0.001
Telephone 12 months 507 (497, 516) 433 (407,461) 1.17(1.10,1.24) <0.001
encounters 24 months 482 (473,492) 437 (407,469) 1.10(1.03,1.18) 0.003
Consulting nurse 12 months 110 (107, 114) 135 (126, 146) 0.82(0.76, 0.88) <0.001
calls 24 months 107 (104, 110) 138 (130, 146)  0.78 (0.73, 0.83)  <0.001

Abbreviations: PCMH, patient-centered medical home; CI, confidence interval; ADG,
Aggregated Diagnosis Groups

Adjusted rate ratios obtained from Poisson regression models (Poisson distribution, log link)
correcting for over- or under-dispersion and adjusting for age, sex, ADG count and indicators for
diabetes, coronary heart disease and hypertension. Models estimated using generalized
estimating equations with independent working correlations and robust variance. Predicted
contacts obtained by computing least squares means for the effect of the PCMH independent

variable.
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Table 2.4: Comparison of Monthly Health Care Costs Over 12 and 21 Months at the PCMH
Prototype Clinic and 19 Comparison Clinics

Costs: PCMH Jan. 07 — Dec. 07 (12 months)  Jan. 07 — Sept. 08 (21 months)
Prototype Clinic vs. Adjusted Cost Ratio P Adjusted Cost Ratio p
Other Clinics (95% CI) Value (95% CI) Value
Primary care 1.04 (0.99, 1.09) 0.11 1.01 (0.95, 1.07) 0.75
Specialty care 1.09 (1.03, 1.15) 0.004 1.09 (1.02, 1.17) 0.02
Emergency/Urgent care 0.94 (0.87, 1.01) 0.08 0.94 (0.89, 0.99) 0.01
All inpatient admissions 0.84 (0.78,0.91) <0.001 0.83 (0.78, 0.89) <0.001
Total PMPM costs 0.92 (0.90, 0.95) <0.001 0.93 (0.90, 0.96) <0.001

Abbreviations: PCMH, patient-centered medical home; CI, confidence interval

Adjusted cost ratios obtained from generalized linear models (gamma distribution, log link)
adjusting for age, sex and log-transformed 2006 baseline costs. Models estimated using
generalized estimating equations with independent working correlations and robust variance.
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Appendix 2A: Case Definitions for Individual Chronic Illnesses

Chronic Case Definition
Illness
Diabetes Adults age 18-75 who met ANY of the following during 2005-06:

(Type 1 or 2)

A) 2 outpatient diagnoses (ICD-9 250.xx)
B) 1 inpatient diagnosis (ICD-9 250.xx)
C) HbAlc test result >6.5%

D) During a 1-year period:
2 fasting glucoses >126 mg/dl OR
2 non-fasting glucoses >200 mg/dl OR
1 of each type of high glucose reading

E) Any filled prescription for insulin or oral diabetic agents

Exclusions: Gestational diabetes (ICD-9 648.8x), Polycystic ovarian disease
(ICD-9 256.4)

Hypertension | Adults age 18-85 who met BOTH of the following during 2005-06:
A) 2 diagnoses (ICD-9 401.xx)
B) 2 filled prescriptions for antihypertensive medications
Coronary Heart | Adults age 18-75 who met ANY of the following during 2005-06:
Disease

A) 2 diagnoses (any combination) of:
Acute myocardial infarction (ICD-9 410.xx)
Other acute and subacute forms of ischemic heart disease (ICD-9 411.xx)
Old myocardial infarction (ICD-9 412.xx)
Angina pectoris (ICD-9 413.xx)
Other forms of chronic ischemic heart disease (ICD-9 414.xx)

B) 1 ICD-9 procedure code for:
Percutaneous transluminal coronary angioplasty/Atherectomy (00.66)
OR
Operations on vessels of heart (36.xx)

C) 1 CPT code for a coronary vessel procedure:
Coronary artery bypass graft (33510-33514, 33516-33523, 33533-
33536); Open coronary endarterectomy (33572); Percutaneous
transluminal coronary thrombectomy (92973); Thrombolysis, coronary
(92975, 92977); Transcatheter placement of an intra coronary stent(s)
(92980, 92981); Coronary artery dilation (92982, 92984); Coronary
atherectomy (92995); Coronary atherectomy add-on (92996)
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CHAPTER 3. DO ELECTRONIC MESSAGE AND TELEPHONE
ENCOUNTERS SUBSTITUTE OR COMPLEMENT
OFFICE VISITS IN THE MEDICAL HOME?

3.1 Abstract

Objective: To assess whether secure electronic messaging and telephone encounters substitute or
complement primary care office visits among individuals with diabetes.

Data Sources/Study Setting: Secondary data from 2008-11, encompassing the period before,
during and after a patient-centered medical home redesign in an integrated delivery system.
Study Design: We employed a one-group interrupted time series design. Counts of secure
electronic message threads and telephone encounters were the principal independent variables.
The dependent variable was office visit count.

Data Collection/Extraction Methods: Automated data were converted to quarterly measures
included in log-linear regression models with a patient-quarter unit of analysis.

Principal Findings: After covariate adjustment, partial elasticities of office visits with respect to
message threads and telephone encounters were 0.125 and 0.274, indicating that 10% increases
in these care modalities were associated with 1.25% and 2.74% increases in office visits,
respectively. Select patient characteristics modified observed complementary relationships in an
interaction model, but combined elasticities for all patient strata remained positive at p<0.001.
Conclusions: Telephone encounters and, to a lesser extent, secure message threads served as
complements to office visits for individuals with diabetes in this medical home redesign. Future
research should investigate generalizability to lower morbidity populations and whether these

care modalities reduce emergency or inpatient use.
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3.2 Introduction

Telephone- and internet-based communication between patients and providers has been
associated with increased access to care'” and, when incorporated into care management
interventions, improved glycemic control among people with type 2 diabetes® and blood pressure
control among people with hypertension.* When paired with frequent in-person visits, telephone-
based care coordination interventions have been linked to reduced hospitalizations in the
chronically ill.” In addition to offering opportunities for more frequent patient contact, these care
modalities do not require individuals to incur the time, effort or cost of traveling to providers’
offices.'? Furthermore, the asynchronous nature of electronic messaging offers the convenience
to initiate communication at any time.

For several years, prominent voices in American medicine,”” have recommended that the
locus of care delivery expand beyond traditional office physician visits to include alternative
modes of communication. New care delivery models such as the patient-centered medical home
(PCMH)'" are seen as a way to achieve these changes,'' and several PCMH redesigns rely on
new care modalities to facilitate team-based care delivery.'?

Despite these efforts to simultaneously encourage the use of new forms of care while
decreasing reliance on office visits, early research varies on whether electronic messaging and
telephone encounters impact patients’ demand for in-person visits.® An early study found that
telephone encounters were a feasible substitute for follow-up at a Veterans Health
Administration clinic.”® A Scottish trial, however, found that patients with telephone encounters
for acute complaints had more follow-up visits than individuals with an initial office visit."*
Studies of electronic messaging have also produced varying findings, and were restricted to

small groups of early adopters,'” indicating potential selection bias. Although studies in
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Norway'® and at Kaiser Permanente'’ observed fewer office visits after the introduction of
electronic messaging, an analysis of individuals with diabetes observed contrasting findings of
higher office visit utilization among those engaging in secure electronic messaging.'®

We address gaps in the evidence base by investigating whether a patient population with
diabetes uses electronic messages and telephone encounters as alternatives—or, in contrast, as an
additive or complementary form of care—to primary care office visits. We include data on
individuals’ primary care use during the years 2008-11, encompassing three study periods
before, during and after a PCMH redesign in an integrated health care delivery system. As
detailed elsewhere,' this redesign was reliant on promoting electronic messaging and telephone
visits as a means to improve access, continuity and follow-up. This study’s primary objective is
to assess the degree to which secure messaging threads and telephone encounters in this natural
experiment substitute for or complement office visits in a chronically ill population. Our
secondary objective is to investigate whether patient characteristics or study period modify the

main effects under study.

Study Setting and Patient-Provider Communication Patterns

We investigate the impact of secure message and telephone encounters on patients’ use of
primary care office visits at Group Health, an integrated health plan and care delivery system that
undertook a PCMH care redesign throughout its group practice. Since launching a secure online
patient portal in 2000, Group Health added website functionalities and pursued strategies that
encouraged copay-free communication between patients and providers through electronic
messaging and telephone encounters.”’ Patients who complete ID-verified registration have been

able to send and receive electronic messages to their providers through a secure patient portal
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since 2002.%" After promoting secure messaging and telephone encounters as a means to improve
access,”> Group Health subsequently emphasized these care modalities during a 2007-08 PCMH
prototype redesign at one metropolitan Seattle clinic.”

These developments led to steadily increased secure message and telephone encounter use,
particularly in the chronically ill. From 2004-05, 14% of Group Health patients exchanged at
least one secure message with a provider;** among patients with diabetes this rate was 19%."®
During the PCMH prototype redesign, changes in primary care use patterns led to observation of
86% more secure message threads and 10% more telephone encounters among chronically ill
individuals at the PCMH clinic, compared to control patients at other Group Health clinics.”

After observing reduced staff burnout, lower downstream utilization and a net return on
investment at the PCMH prototype clinic,” Group Health pursued a system-wide PCMH
redesign in which each of the 26 clinics it owns and operates engaged in a one-year PCMH
implementation.'® Implementation start dates were staggered across clinics during the first four
months of 2009, and implementation was completed in all clinics by March 2010.

Secure messaging and telephone encounters were incorporated within overlapping PCMH
implementation efforts to improve access, continuity and follow-up."’ Care team members
contacted patients to discuss diagnostic results and therapeutics, and to follow up on recent visits
to urgent care clinics, emergency departments and hospitals. Secure message and telephone
contacts facilitated reminders and scheduling of screening and monitoring tests, and were
selectively employed as alternatives to office visits. Medical assistants conducted “fishing” of
physician schedules to identify patients with upcoming office visits who might be better served

by telephone or secure message encounters,”® and appointing center staff offered telephone visits

to patients requesting office visits for common uncomplicated complaints, such as earache or



38

follow-up care. When conducting outreach following emergency department visits or to schedule
overdue tests, providers only initiated telephone encounters if patients had not registered for the
online portal or had stated they did not want to receive secure messages. Chronic condition case
management and outreach following hospital discharges were primarily conducted via telephone.

During and after PCMH implementation, Group Health reporting systems tracked physician
encounters through two process measure targets: one or more telephone encounters per half-day
clinic session, and at least 30% of physician encounters conducted via electronic message.
Results on process measure targets were displayed within clinics and updated on a weekly basis.
A comprehensive description of Group Health’s system-wide PCMH redesign is available

19
elsewhere.

3.3 Methods

Study Design and Population

This study employed a one-group interrupted time series design®’ using quarterly patient
observations (“patient-quarters’) as the unit of analysis. We included data from the four-year
period between January 2008 and December 2011 and divided quarterly data into three periods:
pre-PCMH baseline (four quarters), PCMH implementation (four quarters) and a post-
implementation period (up to eight quarters). We collected variables from automated Group
Health databases to identify the eligible study population and collect variables for analysis.
Group Health’s institutional review board approved all study protocols.

The study population included all adults with diabetes mellitus (type 1 or 2) who were age
18-75 on the first day of PCMH implementation at their primary care clinic. Our case definition

for diabetes was designed to achieve high specificity and high positive predictive value,*® and
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included individuals meeting any of the following criteria during the 24 months preceding
implementation: two outpatient International Classification of Diseases, Ninth Revision (ICD-9)
diagnoses of diabetes (250.xx); one inpatient ICD-9 diabetes diagnosis (250.xx); one hemoglobin
Alc test result >6.5%; one or more filled prescriptions for insulin or oral diabetic agents; during
a one-year time frame, two fasting glucose test results >126 mg/dL, two non-fasting glucose test
results >200 mg/dL or one of each type of glucose test result. We excluded women with
polycystic ovarian disease (ICD-9 256.4) or gestational diabetes (ICD-9 648.8x), as well as all
diabetic women with pregnancy or delivery-related codes.

We required continuous enrollment at Group Health during the pre-PCMH baseline period
and at least the first two quarters of PCMH implementation. Patients with preexisting dementia
were excluded because providers may communicate differently with these patients and their
caregivers. Individuals were censored from the analysis after death, disenrollment from Group

Health or aging out of the included 18-75 age range.

Measures

Variables collected by Group Health databases on a monthly basis were converted to
quarterly measures. Using previously documented methods,” we extracted data on health service
use from Group Health’s automated data systems. Monthly primary care utilization data were
rolled up to quarterly counts of office visits, secure message threads, and telephone encounters.
Secure message threads were defined as an original message and all messages in subsequent
replies.*® A thread could include one message or multiple messages between a patient and care

team, as long as all replies originated from the same initial message. In addition to categorization
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by study period, each patient-quarter was classified by calendar quarter to account for seasonal
effects.

Data for patient-level covariates captured information on patients’ needs and the prices they
faced for office visits. We abstracted data on patients’ age and sex and used methods developed
by Krieger et al.”' to create ecologic measures of education and income at PCMH baseline.
Census tract-level education was classified as low, medium or high based on the most frequently
occurring category: high school or less (low); some college or an associate’s degree (medium);
and college graduate or more (high). Census tract median household income was divided into
four categories (<$45,000; $45,001-55,000; $55,001-65,000; >$65,000). Time-varying data on
insurance coverage and benefits were collected for each patient-quarter. Variables for
individuals’ insurance type (commercial, Medicare or Medicaid/state-subsidized), provider
network (restricted HMO vs. point-of-service plan) and indicators of pharmaceutical coverage
and a waiver of copayments for well-care visits provided proxy measures of office visit prices.

Resource Utilization Band (RUB) variables from Johns Hopkins Adjusted Clinical Groups
(ACG) System case mix software®> characterized overall morbidity burden during each quarter.
RUB measures classify morbidity on a six-point ordinal scale, from very low to very high, based
on groupings of the complement of ICD-9 diagnoses during the previous 12 months. The three
lowest RUB values were recoded to moderate based on two assumptions: 1) patients with
diabetes have at least moderate morbidity burden based on the ACG classification schema, and;
2) our case definition for diabetes achieved comprehensive capture of diabetes-related morbidity
by incorporating two years of ICD-9 diagnoses, laboratory results and prescription fills.

Laboratory and blood pressure data were incorporated in three quarterly measures of clinical

processes and outcomes in diabetes care. We created three-point categorical variables based on
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the last value of hemoglobin Alc (HbAlc), blood pressure and low-density lipoprotein (LDL)
cholesterol data collected during the preceding patient-quarter. Individuals with outcome data
collected in the year preceding each patient-quarter were classified according to common
thresholds of diabetes quality:>> HbA lc below 8.0%; blood pressure below 140/80 mm Hg; and
LDL below 100 mg/dL. Since diabetes care guidelines recommend annual collection of each of
these three proximal outcome measures,”” individuals with no clinical measure data collection
during the prior year received a separate code indicating clinical process noncompliance.

After linking individuals to their paneled primary care physicians, we created measures
categorizing the proportions of total encounters—the sum of secure message threads, telephone
encounters and office visits—conducted by primary care physicians via secure message and
telephone. Low physician secure message use was defined as lower than the 30% target
identified by Group Health. We classified medium secure messaging use as 30-50% of quarterly
encounters, and high secure messaging use as greater than 50%. Since Group Health did not
establish targets for the proportion of physicians’ encounters conducted via telephone, we
empirically defined quarterly physician telephone encounter use as low (below 5%), medium (5-

10%) or high (greater than 10%).

Analysis

We computed descriptive statistics for primary care use—including mean quarterly counts
of secure message threads, telephone encounters and office visits—and study covariates at
PCMH baseline. We used a log-linear regression model with log-transformed independent and
dependent variables to assess the degree to which secure message and telephone encounters

34,35

substituted or complemented office visits.” >~ This study’s log-linear model took the form:
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d
InOV = By + Bsy In Xspy + Bon In Xpp, + Z B. X, (Equation 1)

c=1
Where OV represents the quarterly count of office visits, Xsu is the quarterly count of secure
message threads, Xpj, is the quarterly count of telephone encounters and is X. is one of an
included set of covariates. While f coefficients in traditional linear regression represent the
absolute change in the dependent variable Y associated with a one-unit increase in an
independent variable X;, a f§ coefficient in a log-linear model represents the proportional change
in Y associated with a proportional increase in X, also known as the elasticity of ¥ with respect to
Xi.

In Equation 1 above, fs) represents the partial elasticity of office visits with respect to
secure message threads, while fp, is the partial elasticity of office visits with respect to telephone
encounters (the term partial elasticity is used because all other covariates are held constant). The
sign of each elasticity provides inference on whether two variables substitute or complement one
another; negative elasticities demonstrate substitution of secure message or telephone encounters
for office visits, while positive elasticities demonstrate complementarity.*

We estimated three nested log-linear regression models. Prior to log transformation we
added a constant of one to quarterly counts of each primary care modality, which ensured
transformation of uniformly positive data but did not interfere with desirable statistical properties
of the log-normal distribution.* Individuals’ log-transformed quarterly office visit count was the
dependent variable in all three models.

The first model (Model A) contained two independent variables: log-transformed quarterly
counts of secure message threads and telephone encounters. The second model (Model B)

contained Model A variables plus a variety of covariates, including: sex, baseline education and
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income, an indicator of secure messaging use during the baseline year, and time-varying
measures of age, morbidity, insurance segment and plan generosity. Categorical covariates for
HbAlc, blood pressure and LDL controlled for quarterly diabetes processes and outcomes. The
model also controlled for study period, calendar quarter and categorical measures of secure
messaging and telephone use by each patient’s primary care physician.

A third model (Model C) contained covariate-by-log-count interactions to investigate
whether study period or selected patient characteristics modified the elasticities under study. We
included interactions for individuals’ age, sex, morbidity, insurance type and plan generosity.
Interactions for each study period reflected temporal differences in use and promotion of secure
messaging and telephone encounters, and interactions for physicians’ secure messaging and
telephone use partially captured differential effects of provider behaviors on patients’ patterns of
primary care use. Other than the interactions for physicians’ secure messaging and telephone
use—which interacted with counts of patient secure messaging threads and telephone encounters,
respectively—all potential effect modifiers were included in two patient-level interactions: one
for quarterly secure messaging and one for quarterly telephone encounters.

After carrying out Model C regression analysis, we obtained linear combinations of
coefficients and reported individual interaction effects. If an interaction effect had the same
sign—positive or negative—as a main effect, we described its effect as increasing overall
substitution or complementarity. If an interaction had the opposite sign as a main effect, we
stated that it reversed or attenuated the main effect.

The inclusion of several effect modifiers in Model C required that f coefficients be
interpreted in the context of multiple interactions. For example, an individual with Medicare

insurance and very high morbidity may not have had the same partial elasticities as an individual
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with Medicare insurance and moderate morbidity. Although partial elasticities for individuals
varied according to observed values for each effect modifier, this issue did not affect our ability
to interpret whether interaction effects increased, reversed or attenuated main effects. Variation
in elasticities across individuals precluded our ability to use S coefficients to represent overall
elasticities, however, leading us to report population average marginal effects, which were
calculated at the observational level and then averaged.

We estimated each log-linear model using generalized estimating equations (GEE) and
autoregressive-1 (AR1) working correlations to model longitudinal patient-level time series data.
Robust sandwich variance estimates ensured that the model was robust to misspecification of
within-cluster correlation.”” Log-linear model assumptions dictated the use of Gaussian error and

identity link. Analysis was conducted using Stata, version 12.0 (College Station, TX).

3.4 Results

The study population included 18,486 adults with diabetes who were age 18-75 on the first
day of PCMH implementation (Table 1). As would be expected in a population with diabetes,
70% of individuals were age 55 or greater and 34% had high or very high morbidity based on the
ACG software’s RUB categories. Majorities of this population had commercial insurance (65%),
a restricted HMO network (88%), a well-care waiver (77%) and pharmaceutical coverage (92%).
Sixty two percent lived in neighborhoods with medium or high education, 53% lived in
neighborhoods with median household incomes of at least $55,000, and only 2% had Medicaid
or state-subsidized insurance, reflecting relatively high socioeconomic status in this insured
population. The study population contributed a total of 256,397 patient-quarters (mean 13.9,

range 6-16) to the analysis.
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Observed primary care use patterns were in alignment with expected changes induced by
PCMH implementation. Patients’ quarterly rates of secure message threads and telephone
encounters steadily increased over the 16-quarter observation period, while mean quarterly office
visits declined slightly (Figure 1). Patients averaged 0.88 (SD 1.77) secure message threads per
quarter during baseline, 1.23 (SD 2.63) threads per quarter during PCMH implementation (40%
increase) and 1.64 (SD 2.83) threads per quarter in the post-implementation period (86% total
increase), while mean quarterly telephone encounters rose from 1.64 (SD 2.05) during baseline
to 1.82 (SD 2.34) during implementation and 1.94 (SD 2.49) during post-implementation (18%
total increase). On average, patients had 0.93 (SD 0.93), 0.90 (SD 0.97) and 0.86 (SD 0.89)
office visits during the sequential study periods (8% total decrease). Mean total quarterly primary
care contacts, largely driven by growth in secure messaging, increased from 3.46 (SD 3.48)
during baseline to 3.95 (SD 4.33) during implementation and 4.44 (SD 4.68) during post-
implementation (28% total increase). During PCMH implementation, primary care physicians of
individuals in the study population averaged 46% of patient encounters via secure message and
8% via telephone. These proportions increased slightly to 49% and 10% in the post-
implementation period.

Positive partial elasticities in all three modeled log-linear regressions demonstrated that both
secure messages and telephone encounters served as complements to office visits (Table 2). In
Model A, the partial elasticity of office visits with respect to secure messaging was 0.104 (95%
CI, 0.100-0.108), which means that a 10% increase in secure message threads was associated
with a 1.04% increase in office visits. A partial elasticity of office visits with respect to telephone
encounters of 0.291 (95% CI, 0.287-0.295) indicated that a 10% increase in telephone encounters

was associated with a 2.91% increase in office visits.
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After covariate adjustment in Model B, partial elasticities of office visits with respect to
secure messages and telephone encounters increased slightly to 0.125 (95% CI, 0.121-0.129) and
decreased slightly to 0.274 (95% CI, 0.270-0.277), respectively. After the addition of interactions
in Model C, the average marginal elasticity of office visits with respect to secure messages
across the study population was 0.130 (95% CI, 0.126-0.134); the average marginal elasticity of
office visits with respect to telephone encounters remained at 0.274 (95% CI, 0.270-0.277).

We observed some group-level variation measured by interaction effects (Table 3).
Complementarity between secure messages and office visits was higher for individuals with
pharmaceutical coverage (p=0.004; referent, none). Male sex attenuated the elasticity of office
visits with respect to telephone encounters (p=0.003; referent, female), while Medicaid insurance
increased the complementary relationship between these care modalities (p=0.002; referent,
commercial insurance). Complementarity between office visits and telephone encounters was
greater among individuals aged 18-44 (p=0.03; referent, 55-64) and 45-54 (p<0.001). High
morbidity (referent, moderate) and point-of-service networks (referent, HMO) attenuated the
complementary relationships between office visits and both secure messages (p<0.03) and
telephone encounters (p<0.008), while very high morbidity attenuated complementarity between
secure messages and office visits (p<0.001). Though we observed no significant differences in
the elasticity of office visits with respect to secure messages across study periods, the elasticity
of office visits with respect to telephone encounters attenuated over time; it was highest during
the baseline period (p=0.01; referent, implementation) and further attenuated during the post-
implementation period (p<0.001).

Although we observed some statistically significant interaction effects, linear combinations

of coefficients for all strata of patient characteristics and study periods in Model C were positive
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at p<0.001, highlighting overall complementarity of office visits with respect to telephone

encounters and, to a lesser extent, secure message threads.

3.5 Discussion

Though we observed consistent increases in secure messaging and telephone encounters in a
patient population with diabetes, we found that these two primary care modalities served as
complements—rather than substitutes—to primary care office visits before, during and after a
system-wide PCMH implementation. Interaction analysis revealed limited variation across
patient subgroups, and some attenuation of the complementary effect between telephone
encounters and office visits during sequential study periods. The latter finding is likely
attributable to organizational protocols at Group Health that selectively encouraged telephone
visit use in place of office visits within the PCMH redesign.

While our results run contrary to prior findings that new modes of communication are linked

. .. e . 16.17
to decreased in-person office visit utilization, ™

the overall increase in primary care contacts
presumably reflects patients’ enhanced access to primary care teams, one of the pillars of
PCMH-based care.'® Care teams’ continuous outreach to patients via telephone and secure
messaging also aligns with recommended care delivery processes for chronically ill patients.’

It is not surprising that electronic messages and telephone visits did not generally substitute
for office visits in this setting and population. Group Health enlarged its primary care workforce
during PCMH implementation, enabling more providers to conduct more patient contacts, and
did not place any constraints—financial or otherwise—on patients’ use of secure messaging or

telephone contacts. Though providers may have sometimes used secure messages and telephone

encounters to curtail demand for office visits, these modes of communication presumably created
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additional demand for care by reducing access barriers and encouraging patients to address
previously unmet needs. When used for purposes other than follow-up, secure messages and
telephone encounters may have delayed, but not substituted for, subsequent office visits.'*

Substitutability was further limited by differences between primary care modalities with
regard to resource intensity and the content of patient-provider interactions. Office visits are the
most intensive, time-consuming primary care modality.**~ Although telephone encounters and
secure messaging may facilitate important elements of chronic care delivery™ such as follow up
and patient self-management,'* office visits offer opportunities for providers to conduct physical
exams while observing patients’ verbal and non-verbal cues,' leading to greater opportunities for
assessment and diagnosis.

This study has several limitations. We did not conduct content analyses of individual
primary care contacts, limiting our ability to comment on clinical issues addressed in each care
modality. We cannot definitively identify whether each primary care encounter was initiated by a
patient or a member of the primary care team. The analysis only partially controlled for primary
care teams’ behaviors because we were only able to collect physician-level data.

Generalizability to other settings may also be limited. The study population was universally
insured and of relatively high socioeconomic status. Secure electronic messaging and telephone
encounters have been conducted at Group Health for several years, facilitating high adoption
rates that may be difficult to readily replicate in other settings. Group Health’s salary-based
provider reimbursement undoubtedly facilitated observed care delivery and utilization patterns,
highlighting the need for payment reform in care models that de-emphasize visit-based care.

Our findings point to several opportunities for future research. Randomized trials can assess

whether electronic messaging or telephone use cause reduced emergency and inpatient demand.
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Replication of this analysis in low-morbidity patients may reveal patterns of substitution or
complementarity that differ from this chronically ill population. Development of new definitions
of primary care utilization—and accompanying new payment models—that encapsulate and
reward primary care teams’ efforts to improve the health of patients can lead to important gains
for patients, providers and payers.

Through a novel application of an established econometric approach, we found that secure
message threads and telephone encounters complemented, rather than substituted for, primary
care office visits in individuals with diabetes. Selected patient characteristics attenuated or
increased the complementary relationship between office visits and other care modalities. Study
findings provide early evidence of the ways that new modes of patient-provider communication

affect demand for office visits.
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Table 3.1: Population Characteristics at PCMH Baseline and Baseline Year Primary Care
Contacts

Baseline Year Primary Care Contacts, Mean (SD)
e Total,
Characteristic N (%) Secure Message Telephone Office
Threads Encounters Visits

Total, N 18486 3.5(7.1) 6.6 (8.2) 3.7(3.7)
Age

18-44 1637 (9) 3.5(6.9) 4.9 (6.0) 3.5(3.4)

45-54 3944 (21) 3.5(6.5) 5.6 (7.1) 3.6 (3.5)

55-64 7400 (40) 3.7(7.5) 6.3 (7.8) 3.6 (3.9)

65-75 5505 (30) 3.4(6.9) 8.2(9.7) 4.0 (3.7)
Sex

Female 8879 (48) 3.7(7.7) 7.3 (8.8) 4.0 (3.7)

Male 9607 (52) 3.4 (6.5) 6.0 (7.6) 3.4 (3.7)
Morbidity (ACG RUB)

Moderate 12073 (65) 2.5(4.4) 4.1 (4.4) 2.6 (2.1)

High 3963 (21) 4.8 (9.0) 8.4 (7.7) 4.9 (3.3)

Very high 2450 (13) 6.7 (11.7) 15.7 (14.1) 7.4 (6.6)
Insurance Type

Commercial 11924 (65) 3.5(6.4) 5.4(6.5) 34(33.4)

Medicaid/State-subsidized 408 (2) 2.2(54) 5.5(5.9) 3.7(3.2)

Medicare 6154 (33) 3.7(8.3) 8.9 (10.5) 43 4.2)
Provider Network

HMO 16193 (88) 3.6 (7.2) 6.8 (8.4) 3.8(3.8)

Point-of-service 2293 (12) 3.0(5.9) 5.0(6.4) 3.5(3.4)
Well-Care Waiver

Yes 14251 (77) 3.6 (7.3) 6.6 (8.2) 3.7@3.7)

No 4235 (23) 3.4(6.3) 6.6 (8.1) 3.7 (3.6)
Pharmaceutical Coverage

Yes 17051 (92) 3.5(7.0) 6.5 (8.0) 3.7 (3.6)

No 1435 (8) 3.6 (8.3) 8.2 (10.2) 3.9@4.7)
Census Tract Education

Low 7101 (38) 3.0 (6.5) 6.8 (8.4) 3.8(3.6)

Medium 6269 (34) 3.5(6.5) 6.4 (8.2) 3.9(.9

High 5116 (28) 4.4 (8.3) 6.6 (8.0) 3.4 (3.6)
Census Tract Income

< $45,000 4111 (22) 3.0 (6.8) 6.8 (8.7) 4.0 (3.9)

$45,001 - $55,000 4435 (24) 3.2(6.2) 6.4 (7.8) 3.8(3.7)

$55,001 - $65,000 4341 (23) 3.7(7.9) 6.7 (8.5) 3.7 (3.6)

> $65,000 5599 (30) 4.1(7.3) 6.5(7.9) 3.5(3.6)
Baseline Secure Messaging

Yes 9803 (53) 6.7 (8.6) 6.8 (8.3) 3.9(@3.7)

No 8683 (47) 0(0) 6.3 (8.1) 3.5(3.7)

Abbreviations: PCMH, patient-centered medical home; SD, standard deviation; ACG, Adjusted Clinical
Groups; RUB, Resource Utilization Band; HMO, health maintenance organization
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Figure 3.1: Quarterly Patient Contacts With Primary Care Teams, Baseline - Post-

Implementation
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Table 3.2: Elasticity of Office Visits With Respect to Secure Message and Telephone
Encounters In Three Nested Regression Models

Log-Linear Elasticity of Office Visits Elasticity of Office Visits
Regression Model With Respect t(l . With Respect to »

SR T Secure Messages Telephone Encounters

Elasticity 95% CI Elasticity 95% CI

Model A

(Unadjusted)* 0.104 (0.100, 0.108) 0.291 (0.287, 0.295)
Model B

(Model A + Covariates)* 0.125 (0.121, 0.129) 0.274 (0.270, 0.277)
Model C

(Model B + Interactions)® 0.130 (0.126, 0.134) 0.274 (0.270, 0.277)

Abbreviations: CI, confidence interval; HbAlc, hemoglobin Alc; LDL, low-density lipoprotein

* Independent variables: log-transformed quarterly secure message threads and log-transformed quarterly
telephone encounters

: Adjusts for age, sex, morbidity, insurance type, provider network, well-care waiver, pharmaceutical
coverage, education, income, baseline secure messaging use, HbAlc, blood pressure, LDL, study period,
calendar quarter, physician secure messages, physician telephone encounters

¥ Contains interactions for age, sex, morbidity, insurance type, provider network, well-care waiver,
pharmaceutical coverage, study period, primary care physician secure messaging, primary care physician
telephone encounters

** Average marginal effects presented, which are identical to B coefficients in Models A and B. Model
C’s elasticities and B coefficients vary across individuals due to covariate-level interactions
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Table 3.3: Linear Combinations of Coefficients In Regression Model Incorporating Interactions
for Patient Characteristics and Study Periods (Model C)

Patient Subpopulation

Elasticity of Office Visits
With Respect to
Secure Messages**

Elasticity of Office Visits
With Respect to
Telephone Encounters**

Elasticity 95% CI Elasticity 95% CI

Age

18-44 0.128 (0.103, 0.153) 0.293* (0.270, 0.317)

45-54 0.121 (0.099, 0.143) 0.294* (0.274,0.314)

55-64 (ref*) 0.114 (0.093, 0.135) 0.274 (0.255,0.293)

65-75 0.122 (0.093, 0.150) 0.281 (0.256, 0.306)
Sex

Female (ref*) 0.114 (0.093, 0.135) 0.274 (0.255,0.293)

Male 0.118 (0.097, 0.139) 0.262° (0.243, 0.281)
Morbidity (ACG RUB)

Moderate (ref*) 0.114 (0.093, 0.135) 0.274 (0.255,0.293)

High 0.084° (0.062, 0.106) 0.266° (0.246, 0.286)

Very high 0.069° (0.045, 0.093) 0.272 (0.251, 0.293)
Insurance Type

Commercial (ref*) 0.114 (0.093, 0.135) 0.274 (0.255,0.293)

Medicaid/State-subsidized 0.100 (0.063, 0.138) 0.316* (0.283, 0.348)

Medicare 0.096 (0.068, 0.123) 0.278 (0.253,0.303)
Provider Network

HMO (ref*) 0.114 (0.093, 0.135) 0.274 (0.255,0.293)

Point-of-service 0.100° (0.076, 0.123) 0.257° (0.236, 0.279)
Well-Care Waiver

Yes 0.123 (0.104, 0.142) 0.268 (0.251, 0.285)

No (ref*) 0.114 (0.093, 0.135) 0.274 (0.255, 0.293)
Pharmaceutical Coverage

Yes 0.138" (0.125,0.151) 0.274 (0.262, 0.286)

No (ref*) 0.114 (0.093, 0.135) 0.274 (0.255, 0.293)
Period

Baseline 0.113 (0.089, 0.138) 0.293* (0.270, 0.315)

PCMH implementation (ref*) 0.114 (0.093, 0.135) 0.274 (0.255,0.293)

Post-implementation 0.120 (0.098, 0.141) 0.257° (0.238, 0.277)

Abbreviations: CI, confidence interval; ACG, Adjusted Clinical Groups; RUB, Resource Utilization
Band; HMO, health maintenance organization; PCMH, patient-centered medical home; HbAlc,
hemoglobin Alc; LDL, low-density lipoprotein

* ref: Referent group; * Positive interaction at p<0.05 increased complementarity, compared to referent
group; §Negative interaction at p<0.05 attenuated complementarity, compared to referent group

** Model covariates: income, education, baseline secure messaging use, HbAlc, blood pressure, LDL,
calendar quarter, physician secure messages, patient-by-physician secure message interaction (referent,
30-50% of physician encounters), physician telephone encounters, patient-by-physician telephone

encounter interaction (referent, 5-10% of physician encounters)
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CHAPTER 4. SPECIALTY CARE VISITS IN THE “MEDICAL
NEIGHBORHOOD” AMONG PATIENTS WITH HYPERTENSION

4.1 Abstract

Background: Little is known about how delivery of primary care in the patient-centered medical
home (PCMH) influences individuals’ use of outpatient specialty care. To address this gap, we
describe changes in specialty care utilization among a chronically ill patient population in a
PCMH redesign.

Methods: We used a one-group interrupted time series design with patient-year unit of analysis.
Negative binomial regression models were used to describe annual differences in total specialty
visit rates. Poisson regression models were used to describe annual differences in the relative risk
of any visits to selected medical and surgical specialties. Categorical study year was the key
predictor in all regression models.

Results: The study population included 36,805 individuals with treated hypertension. Compared
to pre-PCMH baseline, there were, on average, fewer total specialty care visits during PCMH
implementation (7%, p<0.001) and the first post-implementation year (4%, p=0.020), after
adjusting for potential confounders. In a model with morbidity group-by-year interactions,
patients with low morbidity had at least 27% fewer specialty visits during each of the three years
following baseline (p<0.001), while high morbidity patients had higher specialty utilization
during the first (3%, p=0.052) and second post-implementation years (5%, p=0.009). Patients
were 12% less likely to have any cardiology visits during PCMH implementation and 13% less
likely during the first post-implementation year (p<0.001).

Conclusions: In the two years following the PCMH redesign, we observed, on average, small

decreases in total specialty care visits for patients with hypertension. In low morbidity patients
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this decrease was rapid and sustained over three years. Study findings suggest that more

comprehensive primary care in the PCMH can impact outpatient specialty utilization patterns.

4.2 Introduction

In recent years the patient-centered medical home (PCMH)' has attracted attention as a
potential solution to systemic deficiencies in American health care.”> As PCMH demonstrations
are launched across the country and early findings are published,™* the PCMH research agenda’*
has largely addressed the ability of this care model to improve quality of care or to reduce
utilization, and associated costs, in emergency and inpatient settings.

Early evaluations have not yet addressed the impact of PCMH-based primary care on
outpatient specialty care utilization patterns. Although researchers have posited that some tasks
currently provided by specialists may be reallocated to generalists in the medical home,”® to our
knowledge the evidence base contains no studies investigating this potential shift in care delivery
processes. Comprehensive PCMH care from primary care teams,' rather than necessarily
inducing reductions in specialty care utilization, is characterized by coordination of care across a
“medical neighborhood™ in which specialists selectively offer advice, conduct procedures and
co-manage patient care with primary care providers.'’

Comprehensive PCMH care should enable care teams to deliver more care for conditions
commonly treated in the primary care setting, leading to potential decreases in outpatient
specialty care. Patients with high morbidity burdens or complex health care needs, however, may
not make fewer specialty visits as a result of receiving PCMH-based primary care. Prior analyses

of primary care populations not exposed to the PCMH observed a positive relationship between

overall morbidity burden and specialty visits in managed care'' and Medicare populations,'* and
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a Canadian analysis" found an additive relationship between primary care contacts and
subsequent specialty visits for patients with hypertension, particularly those with high morbidity.
These results suggest that when the total number of contacts between chronically ill individuals
and primary care teams increase in the PCMH,'*'* providers could be especially motivated to
refer high morbidity patients to specialists. These referrals may be clinically indicated for several
reasons, such as a lack of clear treatment guidelines in the presence of comorbid conditions'® or
for rare conditions that specialists are well-equipped to treat.'’

We conducted this study to address gaps in the evidence base on patterns of specialty care
use within the PCMH. We focus on specialty care for patients with treated hypertension—a
chronic condition for which the majority of care is typically delivered in the primary care
setting—who received care before, during and following a 2009-10 PCMH redesign. Our
primary objective is to describe changes in patients’ rates of specialty care visits during and after
PCMH implementation, and potential differences in observed changes according to level of

overall morbidity burden. Our secondary objective is to describe changes in patients’ relative risk

of making any visits to selected medical and surgical specialties.

Study Setting

This study took place at Group Health (GH), an integrated health plan and care delivery
system in the Pacific Northwest that undertook an organization-wide PCMH redesign during
2009-10." Prior to transforming primary care across the system of 26 clinics that it owns and
operates, GH tested a PCMH prototype redesign at one clinic during 2007-08. Previous

evaluations found that the prototype redesign achieved several objectives,*'? including improved
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performance on composite quality measures and reductions in inpatient and emergency/urgent
care.

Contrary to expectations, however, patients at GH’s PCMH prototype site had 6% more
specialty care visits, compared to other GH clinics, during the first year of the redesign, and 3%
more specialty visits over two years.'” In subgroup analyses, elderly PCMH patients had similar
increases in specialty utilization over both the first year (8%) and the full two-year redesign
(5%),”° and adults with hypertension, diabetes or coronary heart disease experienced slightly
smaller increases that were not statistically significant at either one year (4%) or two years
(2%)."

PCMH prototype results may have been attributable to changes in care structures and
processes that enabled primary care teams to devote more time and attention to patients’ needs.
PCMH redesign components such as lengthened in-person visits, higher primary care staffing
and increases in secure messaging and telephone contacts'® may have created opportunities to
address previously unmet needs, some of which required specialty referrals.

We expected that GH’s system-wide PCMH redesign would enable primary care teams to
deliver more accessible, comprehensive care to their patients, resulting in a shift in the
boundaries between the primary care and specialty care settings.”’ We also expected that these
changes would lead to reductions in specialty care utilization among less complex patients, but
that increased detection of new or existing health care conditions could induce additional

specialty referrals for more complex patients.

4.3 Methods

Study Design and Population
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This study employed an interrupted time series design®? using annual patient observations
(‘patient-years’) as the unit of analysis. Study data were obtained from files containing data
originally collected for an evaluation of the system-wide PCMH redesign in GH’s full patient
population.” GH’s institutional review board approved all study protocols.

We collected data from the four-year period between January 2008 and December 2011.
Because GH staggered the system-wide rollout of PCMH implementation between January-April
2009 (four groups across 26 total clinics),'® we linked clinic-specific dates of PCMH initiation
with patient enrollment data to identify the month each patient was first exposed to the PCMH
redesign. Patient-years were then categorized according to four annual periods: pre-PCMH
baseline (year 0), PCMH implementation (year 1) and the first (year 2) and second (year 3) post-
implementation years.

The study population included continuously enrolled adults aged 18-85 who were diagnosed
with and treated for hypertension prior to the study period. Individuals met our case definition
for treated hypertension if they had both of the following during the 24 months preceding the
pre-PCMH baseline year: two or more International Classification of Diseases, Ninth Revision
(ICD-9) diagnoses for hypertension (401.xx) and; two or more filled prescriptions for
antihypertensive medications. We included these inclusion criteria based on prior findings of
high specificity and moderate sensitivity.**

We required that individuals be continuously enrolled at GH during both the pre-PCMH
baseline year and the PCMH implementation year, which ensured collection of case mix-related
covariates and receipt of at least one year of care within the PCMH redesign. We did not,
however, establish any enrollment requirements for the 24-month period during which

individuals met our case definition for treated hypertension. So long as GH automated databases



62

contained two or more ICD-9 diagnoses for hypertension and two or more filled prescriptions for
antihypertensive medications, patients could have been enrolled at GH for any period of time
during the 24 months preceding PCMH baseline. We excluded 469 individuals with any ICD-9
diagnosis of end-stage renal disease (585.6, V45.1, V56.x) because these dialysis patients are
managed by GH nephrology providers, who not did transform their practices to the PCMH.
Using a set of codes compiled for a prior study of medication safety during pregnancy,” we also
excluded 159 women who gave birth during the study period, due to the potential for pregnancy-
related complications in chronic hypertension care and risks for preeclampsia.*® Individuals were
censored during the final two study years due to death, aging out of the included 18-85 cohort or

any period of disenrollment from GH during 2010 or 2011.

Measures

We collected secondary data from automated databases containing information on GH
enrollees and care they receive at GH sites and sites where providers deliver care to GH patients
on a contracted basis. Data on specialty care utilization were drawn from databases linked to
GH’s automated costing systems, which categorize outpatient specialty visits according to the
type of provider delivering care.

After extracting monthly counts of office visits across all specialties and in selected medical
and surgical specialties, we summed monthly measures to patient-year totals. We collected data
on three types of primary care contacts—in-person visits, secure electronic messaging threads”’
and telephone encounters—and calculated total primary care contact rates by summing rates of
all three encounter types. Because of the staggered nature of PCMH implementation, individuals

in the study population contributed between 9-12 months of data during the final patient-year
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concluding in December 2011. We annualized outpatient use totals for this period by multiplying
observed counts by (12/X), where X represents the number of months of enrollment.

Several potential confounders were collected for multivariable regression analyses. Other
than data on individuals’ sex, all covariate data were collected on an annual, time-varying basis.
We grouped individuals’ age on the first day of each patient-year as 18-44, 45-54, 55-64, 65-74
or 75-85, and categorized each patient-year by twelve-month calendar interval to account for
seasonal effects.

After linking monthly data on individuals’ empaneled primary care clinics to internet-based
driving directions to the nearest of six specialty care sites within GH’s multispecialty group
practice,”® we created a concurrent measure of proximity to specialty care. Patients’ primary care
clinics were coded according to whether they had co-located specialty care (6 clinics), were
within fifteen miles (14 clinics) or greater than fifteen miles (6 clinics) from the nearest GH
specialty care site (patients are permitted to visit any site they desire). Since individuals could
switch between multiple primary care clinics on a month-to-month basis over the course of a
patient-year, we summarized annual proximity to specialty care based on the observed monthly
mode during each patient-year. If an individual had more than one mode during a given year
(e.g., 6 months of enrollment at a site with co-located specialty care and 6 months of enrollment
at a site that was greater than fifteen miles from the nearest specialty care site), we selected the
mode indicating the nearer proximity to specialty care.

We utilized methods developed by Krieger et al.*’ to create ecologic measures of income
and education, with 2001 census tract-level median household income grouped into approximate
empirical quartiles (< $50,000; $50,001-60,000; $60,001-70,000; > $70,000) and census tract

education categorized as low, medium or high based on the most frequently occurring category:
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high school or less (low); some college or an associate’s degree (medium); or college graduate or
more (high). We classified insurance type as commercial, Medicare or Medicaid/state-
subsidized, and collected data on the relative generosity of individuals’ health plans with regard
to provider network (restricted HMO vs. point-of-service plan), pharmaceutical coverage and
waiver of copayment for well-care visits.

We used several variables from the Johns Hopkins Adjusted Clinical Groups (ACG) System
case mix software”” for population profiling and case mix adjustment. ACG Resource Utilization
Band (RUB) variables were collected from the first month of each patient-year to characterize
overall morbidity burden. RUB measures classify individuals’ overall morbidity burden on a six-
point ordinal scale, from very low to very high, based on groupings of all ICD-9 diagnoses from
the previous 12 months.

We then defined three morbidity groups based on RUB overall morbidity. We first recoded
RUB values of none or very low to a value of low. If an individual had comorbid diabetes, we
recoded RUB values of low to the moderate category. This recoding was based on two
assumptions: 1) ACG classification schema, which are based on the prior year of ICD-9
diagnoses, assign at least low morbidity to patients with hypertension, and at least moderate
morbidity to patients with diabetes; 2) Our case definitions for hypertension and diabetes, which
incorporate up to two years of ICD-9 diagnoses, laboratory results and prescription fills
(depending on the length of time an individual was enrolled during the 24 months preceding the
pre-PCMH baseline year), may capture additional data on condition-related morbidity beyond
what is described by ACG software. After recoding, we used RUB data to divide the study
population into three morbidity burden groups: low (RUB=low), medium (RUB=moderate) and

high (RUB=high or RUB=very high). Our case definition for diabetes is presented elsewhere."’
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We separately profiled individual health care conditions diagnosed in the study population
during the baseline year by collecting all 269 Expanded Diagnosis Cluster (EDC) variables and
all 27 Major EDC (MEDC) variables from the ACG software. Unlike RUBs—which present a
summary measure of overall morbidity burden based on the expected need for health care
resources—EDC variables present a complementary morbidity perspective based on organ
system and pathophysiologic process.”’ The ACG software creates each EDC variable by
grouping individual diagnoses into a defined set of conditions and combinations of conditions
(e.g., ischemic heart disease, depression, gout). MEDC variables map each EDC into one of 27
broad clinical categories identifying the physician specialty most likely to provide care for each
EDC (e.g., Parkinson’s disease is one of 20 EDCs that map to the Neurologic MEDC). The
supplementary Appendix contains a list of EDCs common to the study population, as defined by
5% prevalence or more.

After matching EDCs that were prevalent in the study population during the baseline year to
several relevant specialties, we collected binary measures (0/1) of whether patients made any
visits to the following providers during each year: eye care (optometrists and ophthalmologists),
cardiology, orthopedic surgery, gastroenterology, consultative internal medicine, general
surgery, behavioral health (psychiatrists, psychologists, chemical dependency providers),
urology, neurology and obstetrics/gynecology (females only). Data limitations in the
classification of specialties by Group Health databases precluded collection of visit data for some
specialties, including dermatology, endocrinology and pulmonology. Other than consultative
internal medicine, which requires a physician referral, GH patients have been able to self-refer to

all specialties under study here since 2003.*
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Analysis

We estimated two multivariable negative binomial regression models to describe annual
differences in total specialty care visits. This approach was pursued after model diagnostics for
Poisson regressions suggested violation of model assumptions due to overdispersion.* The first
negative binomial model described average findings across the study population, while the
second provided more detailed findings, according to RUB morbidity burden group, by testing
for effect modification. For both models, the outcome variable was the total specialty care visit
count during each patient-year. The key predictor was categorical study year, with the pre-
PCMH baseline year serving as the referent category. We adjusted for confounding by including
several additional covariates in our model: sex and annual measures of age, morbidity group,
binary indicator of diabetes, insurance type, provider network, pharmaceutical coverage, well-
care waiver, census tract-level income, census tract-level education and indicators for each nine-
to-twelve-month calendar period. In the second model, morbidity group-by-year interactions
tested for differences in specialty utilization by morbidity burden. When presenting interaction
model results, we reported linear combinations of coefficients comparing year-to-year results
within each morbidity group.

We estimated Poisson regression models to describe binary utilization outcomes and

3435 Because individuals contributed between 9-12 months of data

estimate annual relative risks.
to the final patient-year ending December 2011, we adjusted for exposure time by including an
offset term representing individuals’ number of months of enrollment during each patient-year.
The first Poisson regression model described total specialty visits; its outcome variable was a

binary indicator of whether an individual had one or more visits to any specialty provider during

each patient-year. Additional Poisson regression models described the annual relative risk of
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making one or more visits to each of the ten medical and surgical specialties identified during
our review of EDC variables. The outcome variable in these regression models was a binary
indicator of one or more annual visits to each respective specialty setting. The key independent
variable in all Poisson regression models was categorical study year (referent, pre-PCMH
baseline year). These regression models included the same potential confounders as negative
binomial models, but did not include any interaction terms.

We conducted a separate sensitivity analysis to examine the potential impact of differential
year 3 enrollment lengths on adjusted total specialty visit rates. After creating four strata defined
by the number of months enrolled during year 3, we estimated stratum-specific multivariable
negative binomial regression models. These regression models included the same key predictor
and potential confounders as negative binomial models for the full study population, but did not
include any interaction terms.

All regression models were estimated using generalized estimating equations (GEE). This
approach accounted for longitudinal data clustered at the level of the patient using an
independent working correlation matrix. Robust sandwich variance estimates were used to
ensure models were robust to misspecification of within-cluster correlation.*® Analyses were

conducted using Stata, version 12 (College Station, TX).

4.4 Results

The study population included 36,805 adults with treated hypertension who were age 18-85
(mean 64.2, SD 11.9) on the first day of PCMH implementation (Table 1). Similar proportions of
individuals had commercial or Medicare insurance, while only 1% had Medicaid or state-

subsidized insurance. Fifty-five percent of the study population was female, 28% had diabetes,
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and large majorities had a restricted HMO network, a well-care waiver and pharmaceutical
coverage. Sixty four percent lived in neighborhoods with medium or high education, and 71%
lived in neighborhoods with median household incomes of at least $50,000. The study
population contributed a total of 138,136 patient-years (mean 3.8, range 2-4) to the analysis.

At the beginning of the pre-PCMH baseline year, 7.2% of individuals had low morbidity
burden, as defined by the low category of the ACG RUB measure, and the high morbidity group
(high/very high RUB categories) contained 34.5% of the study population (Figure 1). The
proportion of individuals in the medium morbidity group (moderate RUB category) declined by
4.2% over the course of the study—from 58.3% of the study population in the baseline year to
54.1% of the study population in year 3—while the proportions of individuals defined as having
low and high morbidity burden concurrently increased slightly.

: 15,19
As observed previously, ™

rates of total primary care contacts increased during and after
PCMH implementation, largely driven by increases in secure electronic messaging threads and
telephone encounters. Mean annual primary care contacts increased from 12.83 contacts (SD
12.91) during baseline to 15.73 contacts (SD 16.87) in year 3, while mean in-person primary care
visits decreased on a year-to-year basis, from 3.78 (SD 3.55) visits per year during baseline to
3.26 (SD 3.70) visits per year in year 3.

Unadjusted specialty care utilization in the full study population increased in each
successive year, but not in all morbidity burden groups (Figure 2). Among individuals with low
morbidity, mean specialty utilization decreased from 2.70 annual baseline visits (SD 4.22) to
1.96 visits (SD 3.62) during PCMH implementation, remaining largely stable during year 2

(mean 2.05 visits per year, SD 3.71) and year 3 (mean 2.01, SD 3.92). Mean specialty utilization

fell from 4.04 (SD 5.57) to 3.83 (SD 5.31) visits per year during PCMH implementation in



69

medium morbidity patients, but ultimately rose to a level slightly exceeding the baseline rate
(mean 4.13, SD 6.20). Annual specialty utilization steadily increased in high morbidity patients,
from 8.68 baseline visits (SD 9.11) to 9.67 year 3 visits (SD 10.65).

The Poisson regression model describing adjusted specialty care utilization estimated that
individuals were on average 3% less likely to have any specialty visits during both PCMH
implementation and year 2, compared to baseline (p<0.001). In year 3, individuals were 21%
more likely to have any specialty visits (p<0.001).

Negative binomial regression models estimated decreases in average adjusted total specialty
utilization rates during PCMH implementation and the first post-implementation year, and
substantial variation across morbidity burden groups (Table 2). Compared to the pre-PCMH
baseline year, the full study population had, on average, 7% fewer specialty visits in year 1
(p<0.001) and 4% fewer specialty visits in year 2 (p=0.020). We observed no significant
difference in total specialty utilization between baseline and year 3. In the model providing more
detailed findings according to RUB morbidity burden group, low morbidity patients had 28%
fewer specialty visits during year 1, 27% fewer visits in year 2 and 28% fewer visits in year 3
(p<0.001 for all). Medium morbidity patients had 9% lower specialty utilization during year 1
(p<0.001) and 5% lower specialty utilization in year 2 (p=0.007). High morbidity patients, on the
other hand, had 3% higher specialty utilization during year 2 (p=0.052) and 5% higher utilization
during year 3 (p=0.009).

During years 1 and 2, individuals in the study population were less likely to have any annual
visits to specific medical and surgical specialties, as demonstrated by relative risks less than 1.00
(Table 3). Compared to baseline, the adjusted relative risk of any cardiology visits was 12%

lower during year 1 and 13% lower in year 2 (p<<0.001 for both). During each of the three years
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following baseline, the relative risk of any gastroenterology visits was reduced by at least 12%
(p<0.001), and the relative risk of any consultative internal medicine visits was reduced by at
least 30% (p<0.001). The relative risk of any general surgery visits was 10% lower during year 2
(p=0.010).

Individuals were more likely to visit some specialties in year 3, as demonstrated by relative
risks greater than 1.00. During this year, the study population was 11% more likely to have any
orthopedic surgery visits, 23% more likely to have any behavioral health visits and 24% more
likely to have any neurology visits. The relative risk of any eye care visits was 4% lower than
baseline during year 2, but 8% higher in year 3 (p<0.001 for all).

The sensitivity analysis examining the potential impact of differential enrollment lengths
during year 3 did not reveal any clear trends corresponding to higher or lower enrollment length
(Table 4). Patients enrolled for 11 months during year 3 had an average of 5% fewer adjusted
specialty visits, compared to year 0 (p=0.036), but we observed no significant differences in

average adjusted specialty visits between year 3 and year 0 in the other three enrollment strata.

4.5 Discussion

Results demonstrate how an increase in the volume of services delivered by primary care
providers can influence specialty care utilization patterns. Implementation of the PCMH redesign
at GH led to two years of small decreases in average adjusted specialty utilization in the full
study population. In low morbidity patients this decrease was rapid and sustained, while high
morbidity patients had increased adjusted specialty utilization during the two post-

implementation years.
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Decreased relative risks of cardiology and consultative internal medicine visits in the years
during and after PCMH implementation support the notion that more hypertension care was
delivered through PCMH-based primary care. Though we are unable to definitively identify new
clinical tasks that primary care teams conducted as a result of the PCMH redesign, these two
specialties are where GH patients most often receive care for hypertensive-related complications
and medical comorbidities. Observed increases in the relative risks of year 3 visits—compared to
year 0—to selected specialties, including eye care and orthopedic surgery, may represent an
attenuation of the PCMH redesign’s impact over time.

Observed variation across morbidity groups reflects primary care providers’ need to refer
highly complex patients to specialty care. Reduced specialty utilization in the low morbidity
group probably occurred because some of these patients’ needs were within the scope of primary
care practice, and because the PCMH redesign gave primary care teams additional time and
resources to deliver care.'® High morbidity patients, on the other hand, have hypertension and
other comorbid conditions; these patients need to receive care and co-management from both
primary care providers and specialists.'® Our findings suggest that future iterations of the PCMH
will require tighter links between primary care teams and specialists to optimize care for high
morbidity patients.

This study has several limitations. The integrated delivery system under study differs from
the majority of American care settings, both with regard to financing mechanisms and the ways
in which primary care providers can coordinate and co-manage patient care with specialists
employed by the same large organization. We were unable to collect data on whether individual
specialty visits were due to patient self-referral or provider referral (though provider referrals are

required for consultative internal medicine visits), and limitations in data collection precluded
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our ability to study some specialties. Results in this patient population with hypertension may not
be generalizable to populations with different types of health care conditions or different
distributions of morbidity burden groups.

Further limitations include the large number of statistical tests conducted in Poisson
regression models, which increase the potential for type I error due to statistically significant but
spurious findings. Although we annualized year 3 utilization rates (negative binomial regression
models) and adjusted for exposure time using an offset term (Poisson regression models) to
account for truncation of data collection after December 2011, these statistical approaches may
not have fully compensated for this limitation in data collection. Sensitivity analysis findings,
however, did not suggest any clear links between year 3 enrollment length and adjusted specialty
care utilization rates. “The Great Recession” of 2007-09°" also could have contributed to
observed decreases in specialty utilization, though a review of monthly mean specialty utilization
during the two years preceding GH’s system-wide PCMH redesign revealed no noteworthy
changes following the starts of the economic contraction (December 2007) or the financial crisis
(September 2008).

This study expands the scope of the PCMH research agenda and increases our understanding
of the ways that comprehensive primary care impacts patterns of specialty care use. Redesigning
care to the PCMH can enable primary care teams to more thoroughly address conditions within
the scope of their practice, leading to fewer specialty visits for less complex patients. Continued
high rates of referrals for more complex patients require primary care teams to effectively
coordinate care across settings and over time. Future research is needed to develop and test
refinements to the PCMH in which tight links between primary care teams and specialists allow

these providers to jointly deliver care to high morbidity, clinically complex patients.
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Table 4.1: Population Characteristics at the Beginning of Group Health’s PCMH Redesign

POPULATION Total, Morbidity Burden Group
CHARACTERISTICS, n (%) N (%) Low* Medium* High*
N (%) 36805 2770 (7) 20871 (57) 13164 (36)
Age, mean (SD) 64.2 (11.9) 58.0(11.1) 62.8(11.6) 67.8(11.5)
Age group
18 - 44 1831 (5) 284 (10) 1175 (6) 372 (3)
45 - 54 5966 (16) 722 (26) 3824 (18) 1420 (11)
55-64 11173 (30) 1066 (39) 6926 (33) 3181 (24)
65-74 9176 (25) 469 (17) 4998 (24) 3709 (28)
75 - 85 8659 (24) 229 (8) 3948 (19) 4482 (34)
Female Sex 20294 (55) 1321 (48) 11600 (56) 7373 (56)
Insurance Segment
Commercial 17975 (49) 2040 (74) 11478 (55) 4457 (34)
Medicaid/State-subsidized 474 (1) 51(2) 308 (1) 115 (1)
Medicare 18356 (50) 679 (24) 9085 (44) 8592 (65)
HMO Provider Network 33565 (91) 2393 (86) 18816 (90) 12356 (94)
Well-Care Waiver 29730 (81) 2160 (78) 16746 (80) 10824 (82)
Pharmaceutical Coverage 32806 (89) 2493 (90) 18706 (90) 11607 (88)
Diabetes (Type 1 or 2) 10462 (28) 0(0) 5720 (27) 4742 (36)
Census Tract Education
Low 13089 (36) 974 (35) 7517 (36) 4598 (35)
Medium 11786 (32) 877 (32) 6576 (32) 4333 (33)
High 11930 (32) 919 (33) 6778 (32) 4233 (32)
Census Tract Income
< $50,000 10696 (29) 789 (28) 6096 (29) 3811 (29)
$50,001 - $60,000 9228 (25) 694 (25) 5190 (25) 3344 (25)
$60,001 - $70,000 7386 (20) 540 (20) 4236 (20) 2610 (20)
> $70,000 9495 (26) 747 (27) 5349 (26) 3399 (26)
Proximity to Specialty Care
Co-located with primary care 13400 (36) 1012 (37) 7631 (37) 4757 (36)
Near (<15 miles by car) 16506 (45) 1276 (46) 9479 (45) 5751 (44)
Distant (>15 miles by car) 6899 (19) 482 (17) 3761 (18) 2656 (20)

Abbreviations: PCMH, patient-centered medical home; SD, standard deviation; ACG, Adjusted Clinical
Groups; RUB, Resource Utilization Band; HMO, health maintenance organization

* Time-varying morbidity burden defined by annual ACG RUB value: Low morbidity, RUB=Low;

Medium morbidity, RUB=Moderate; High morbidity, RUB=High/Very high
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Figure 4.1: Proportion of the Study Population in Each ACG RUB Morbidity Burden Group
During the Four Years Under Study
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Abbreviations: ACG, Adjusted Clinical Groups; RUB, Resource Utilization Band

* Time-varying morbidity burden defined by annual ACG RUB value: Low morbidity,
RUB=Low; Medium morbidity, RUB=Moderate; High morbidity, RUB=High/Very high
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Figure 4.2: Mean Unadjusted Annual Specialty Care Utilization For Full Study Population and
Each ACG RUB Morbidity Burden Group
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* Time-varying morbidity burden defined by annual ACG RUB value: Low morbidity,
RUB=Low; Medium morbidity, RUB=Moderate; High morbidity, RUB=High/Very high
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Table 4.2: Results of Negative Binomial Regression Models Describing Adjusted Annual

Differences in the Rate of Total Specialty Care Visits

Specialty Visits,

Adjusted

3 0,
Rate* Year Period Rate Ratio 95% CI1 p Value
Full Study 0  Pre-PCMH Baseline? 1.00 N/A N/A
Population
1 PCMH Implementation 0.93 (0.91, 0.96) <0.001
,  Post-Implementation, 0.96 (0.94, 0.99) 0.020
Year 1
Post-Implementation,
C 0.98 (0.95, 1.01) 0.23
Specialty Visits, . Adjusted o
Rate** Year Period Rate Ratio 95% CI1 p Value
o« geo §
Low Morbidity 0  Pre-PCMH Baseline' 1.00 N/A N/A
1 PCMH Implementation 0.72 (0.65, 0.78) <0.001
,  Post-Implementation, 0.73 (0.67, 0.80) <0.001
Year 1
3 Post-Implementation, 0.72 (0.66, 0.80) <0.001
Year 2
Medium 0  Pre-PCMH Baseline’ 1.00 N/A N/A
Morbidity’
1 PCMH Implementation 0.91 (0.88, 0.95) <0.001
,  Post-Implementation, 0.95 (0.92, 0.99) 0.007
Year 1
Post-Implementation,
O 0.97 (0.93, 1.01) 0.14
. o g0 §
High Morbidity 0  Pre-PCMH Baseline' 1.00 N/A N/A
1 PCMH Implementation 1.00 (0.97, 1.04) 0.77
,  Post-Implementation, 1.03 (1.00, 1.07) 0.052
Year 1
3 Post-Implementation, 1.05 (1.01, 1.09) 0.009

Year 2

Abbreviations: PCMH, patient-centered medical home; ACG, Adjusted Clinical Groups; RUB, Resource
Utilization Band; CI, confidence interval

* Negative binomial regression model describing average annual differences in total specialty visit rates
and adjusting for the following covariates: sex, age, morbidity burden, diabetes, insurance characteristics,
census tract-level income, census tract-level education, calendar period

** Linear combinations of coefficients from negative binomial regression model including morbidity

group-by-year interactions and adjusting for covariates

¥ Time-varying morbidity burden defined by annual ACG RUB value: Low morbidity, RUB=Low;

Medium morbidity, RUB=Moderate; High morbidity, RUB=High/Very high
* Modeled referent category



80

Table 4.3: Results of Poisson Regression Models Describing Annual Relative Risks of Making Any Visits to Selected Medical and

Surgical Specialties

Year 0: Year 1: Year 2: Year 3:

Pre-PCMH . Post-Implementation, Post-Implementation,
Medical/Surgical Baseline* PCMH Implementation Year 1 Year 2
Specialty** — - - -

Angll (Vo/l:)lts, Adf]{l;:%ed 95% CI' Adf]{l;:%ed 95% CI' Adf]{l;:%ed 95% CI'
Eye Care 17991 (49) 1.02 (1.00, 1.05) 0.96 (0.94, 0.98) 1.08 (1.06, 1.11)
Cardiology 12461 (34) 0.88 (0.85, 0.91) 0.87 (0.84, 0.89) 0.99 (0.95, 1.02)
Orthopedic Surgery 6062 (16) 0.96 (0.92, 1.00) 0.96 (0.91, 1.01) 1.11 (1.05,1.17)
Gastroenterology 5354 (15) 0.88 (0.83, 0.93) 0.82 (0.77, 0.87) 0.86 (0.81, 0.93)
E&i‘iﬁive Internal 3578 (10) 0.70 (0.64, 0.77) 0.56 (0.51, 0.62) 0.61 (0.54, 0.68)
General Surgery 2932 (8) 0.95 (0.88, 1.02) 0.90 (0.84, 0.98) 1.01 (0.93,1.10)
Behavioral Health 2666 (7) 1.02 (0.96, 1.08) 1.05 (0.98.1.12) 1.23 (1.14,1.33)
Urology 2626 (7) 0.98 (0.91, 1.05) 0.98 (0.91, 1.06) 1.04 (0.95, 1.13)
Neurology 2140 (6) 1.00 (0.91, 1.09) 1.06 (0.96, 1.16) 1.24 (1.13,1.37)
Obstetrics/ Gynecology* 1618 (8) 0.93 (0.85,1.01) 0.98 (0.90, 1.08) 1.09 (0.98, 1.21)

Abbreviations: PCMH, patient-centered medical home; RR, relative risk; CI, confidence interval

¥ Bolded cells in these columns indicate statistically significant results at p<0.05

* Modeled referent category: relative risks presented for years 1, 2 and 3 are relative to year 0

** Poisson regression models adjusted for exposure time, using an offset term representing the number of months enrolled during each patient-
year, and adjusted for the following covariates: sex, age, morbidity burden, diabetes, insurance characteristics, census tract-level income, census
tract-level education, calendar period

¥ Physician referral required to see providers in this specialty; * Females only (n = 20294)
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Table 4.4: Results of Sensitivity Analysis Describing Stratum-Specific Differences in
Annualized Year 3 Rates of Total Specialty Care Visits, According to Number of Months
Enrolled During Year 3

Months Annualized Year 3
Enrolled, N, Year 3 (%)~ Spec1alt-y Visits, AdJustgd*lI(ate 95% CI**
Year 3 Unadjusted Ratio
Mean (SD)’
Full Study
Population 31016 (100) 5.94 (8.47) 0.98 (0.95, 1.01)
9 11300 (36) 5.91 (8.66) 0.98 (0.95, 1.02)
10 9060 (29) 6.26 (8.81) 1.01 (0.98, 1.05)
11 6414 (21) 5.37 (7.64) 0.95 (0.91, 1.00)**
12 4242 (14) 6.20 (8.36) 1.01 (0.95, 1.07)

Abbreviations: CI, confidence interval

“ Year 1 and year 2 data were included in sensitivity analysis, but results for these years are not presented
in Table 4 because there was not differential enrollment across the study population during these years.
Stratum-specific year 1 and year 2 results available from authors upon request.

¥ Annualized year 3 specialty visit totals calculated by multiplying observed visit counts by (12/X), where
X represents the number of months of enrollment

* Adjusted rate ratios and confidence intervals from negative binomial regression models describing
average annual differences in total specialty visit rates and adjusting for the following covariates: sex,
age, morbidity burden, diabetes, insurance characteristics, census tract-level income, census tract-level
education, calendar period

* Adjusted year 3 rate ratios and confidence intervals are relative to year 0, the modeled referent category

% p=0.036
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Appendix 4A: Prevalence of Health Care Conditions in Study Population, Based on ACG EDC
Variables Collected at the End of the Pre-PCMH Baseline Year

Common EDC Variables*
L 1HLS In the Study Population (N=36805) ()
Cardiovascular Hypertension, without major complications 29388 (80)
Disorders of lipid metabolism 11552 (31)
Ischemic heart disease (excluding acute myocardial 4835 (13)
infarction)
Cardiovascular signs & symptoms 4696 (13)
Cardiac arrhythmia 4437 (12)
Congestive heart failure 1901 (5)
Administrative Preventive care 25887 (70)
Administrative concerns & non-specific laboratory 14864 (40)
abnormalities
Surgical aftercare 9821 (27)
Musculoskeletal Musculoskeletal signs & symptoms 12389 (34)
Low back pain 8572 (23)
Degenerative joint disease 5146 (14)
Bursitis, synovitis, tenosynovitis 5083 (14)
Acute sprains & strains 4497 (12)
Cervical pain syndromes 3726 (10)
Musculoskeletal disorders, other 3075 (8)
Joint disorders, trauma related 2068 (6)
Acquired foot deformities 1849 (5)
Eye Refractive errors 12658 (34)
Cataract, aphakia 8166 (22)
Glaucoma 3523 (10)
Disorders of the eyelid & lacrimal duct 2742 (7)
Eye, other disorders 2383 (6)
Ophthalmic signs & symptoms 2001 (5)
Retinal disorders (excluding diabetic retinopathy) 1945 (5)
Skin* Skin keratoses 4718 (13)
Other skin disorders 3477 (9)
Dermatitis & eczema 3280 (9)
Benign neoplasm of skin & subcutaneous tissues 2617 (7)
Contusions & abrasions 2531 (7)
Dermatophytoses 2273 (6)
Exanthems 1847 (5)
Neurologic Peripheral neuropathy, neuritis 4969 (14)
Sleep problems 2622 (7)
Vertiginous syndromes 2586 (7)
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Neurologic signs & symptoms 2465 (7)
Headaches 2014 (5)
Endocriné’ Type 2 diabetes, with complications 4624 (13)
Type 2 diabetes, without complications 4491 (12)
Hypothyroidism 2740 (7)
Respiratory* Respiratory signs and symptoms 4732 (13)
Acute lower respiratory tract infection 3840 (10)
Cough 3825 (10)
Sinusitis 2822 (8)
Sleep apnea 2464 (7)
Emphysema, chronic bronchitis, COPD 2298 (6)
General signs & Chest pain 4919 (13)
symptoms Nonspecific signs & symptoms 3970 (11)
Debility & undue fatigue 3175 (9)
Edema 2110 (6)
General Surgery Benign & unspecified neoplasm 4360 (12)
Abdominal pain 3944 (11)
Nonfungal infections of skin & subcutaneous tissue 2775 (8)
Gastrointestinal/ | Gastroesophageal reflux 4535 (12)
Hepatic Gastrointestinal signs & symptoms 2987 (8)
Gastroenteritis 2222 (6)
Psychosocial Depression 4089 (11)
Anxiety, neuroses 3366 (9)
Tobacco use 2495 (7)
Genitourinary Urinary symptoms 3812 (10)
Urinary tract infections 2684 (7)
Prostatic hypertrophy** 1396 (8)
Other male genital disease™* 1231 (7)
Nutrition Obesity 4986 (14)
Ear, Nose, Throat | Acute upper respiratory tract infection 3641 (10)
Renal Fluid & electrolyte disturbances 3092 (8)
Chronic renal failure 1900 (5)
Allergy Allergic rhinitis 2590 (7)
Asthma, without status asthmaticus 2444 (7)
Hematologic Iron deficiency, other deficiency anemias 2502 (7)

Abbreviations: ACG, Adjusted Clinical Groups; EDC, Expanded Diagnosis Cluster; MEDC, Major
Expanded Diagnosis Cluster; COPD, chronic obstructive pulmonary disease

* Table only contains EDC variables that were prevalent in 5% or more of the study population

** Males only (n=16511)

* Limitations in classification of specialties by study databases prevented collection of data for
dermatology, endocrinology and pulmonology visits
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CHAPTER 5. CONCLUSIONS

5.1 Introduction

In this dissertation, I investigated several outcomes in chronically ill individuals who
received care at an integrated health care delivery system that undertook two sequential health
care reforms. Chapter 2 examined multiple patient outcomes for patients with one or more of
three common chronic illnesses—diabetes, hypertension and coronary heart disease—in Group
Health’s 2007-08 prototype PCMH redesign, which took place at one non-randomly selected
clinic. In subsequent chapters, I described outcomes observed among patients with diabetes
(Chapter 3) and hypertension (Chapter 4) during and after the 2009-10 system-wide PCMH
redesign in all 26 Group Health clinics. I conducted this research to address some of the many
unanswered questions regarding the PCMH’s ability to improve quality, change utilization
patterns and control health care costs in chronically ill individuals, particularly those with high
morbidity burdens.'?

This chapter is organized in the following fashion: sections 5.2 to 5.6 synthesize results of
Chapters 2, 3 and 4, describe this dissertation’s contributions to the expanding PCMH evidence
base, and how observed findings selectively demonstrate the ability—or inability—of the PCMH

to meet the lofty goals espoused by some of this care model’s proponents.®* Section 5.7 presents

suggestions for future research and concluding remarks.

5.2 Redesigning And Improving Care
This dissertation provides multiple examples of Group Health’s successes in redesigning

care structures and processes to align with the seven Joint Principles of the PCMH.” Chapter 3



85

presents data on changes in primary care use, highlighting the ways in which Group Health
increased access to care teams by offering many forms of care, not just face-to-face visits.

Chapter 2 presented compelling evidence of the PCMH’s ability to effectively deliver high-
quality, whole-person care in a high-performing clinic. Over two years, we detected small
increases in the quality of care, including mean lower mean HbA1c in PCMH patients with
diabetes and lower LDL cholesterol in PCMH patients with coronary heart disease, compared to
controls. Chronically ill individuals at the PCMH clinic also had 31% fewer emergency and
urgent care contacts, 21% fewer ambulatory care-sensitive inpatient admissions and 7% fewer
total inpatient admissions. These outcomes reveal particular benefits that patients with chronic
illness can derive from coordinated and integrated PCMH-based care.

Chapter 4 examined Group Health’s PCMH through a different lens. By assessing changes
in specialty care utilization, and differences across morbidity burden groups, I presented
quantitative evidence of primary care teams’ ability to coordinate care across the “medical
neighborhood”® with specialty care providers. Though decreases in specialty utilization were
largely concentrated in low morbidity patients—who had at least 27% fewer adjusted specialty
care visits during each year following pre-PCMH baseline—study results revealed 7% and 4%
fewer adjusted specialty visits in the full study population during PCMH implementation and the
following year, respectively.

I also observed decreased relative risks of cardiology and consultative internal medicine
visits in the years during and after PCMH implementation. Although total annual specialty care
utilization was unchanged or increased for high morbidity patients, these findings support the

notion that more hypertension care was delivered through PCMH-based primary care.
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5.3 Changing Health Care Utilization Patterns

Each study in this dissertation demonstrates how a PCMH redesign can lead to changes in
health care use and utilization, both in primary care and other care settings. In Chapter 2, patients
at Group Health’s PCMH prototype clinic had 94% more secure messaging threads, 17% more
telephone encounters and 6% fewer in-person primary care contacts than controls. Concurrent
reductions in downstream utilization at the PCMH site suggest that the pilot redesign succeeded
in helping chronically ill individuals avoid what Ed Wagner has described as an “expensive and
potentially dangerous spiral”’ caused by deficiencies such as discontinuity of care attributable to
a lack of care coordination.

Chapter 3 presents an in-depth account of changes in primary care use, and the interplay
between primary care modalities, among patients with diabetes in Group Health’s system-wide
PCMH redesign. Although observed changes in primary care use reflect patients’ enhanced
access to care and providers’ delivery of recommended care,® we found that secure messaging
and phone encounters served as complements—rather than substitutes—to primary care office
visits in this setting. These results demonstrate that an increase in the degree to which care was
patient-centered resulted in additional work for primary care providers; namely, patients’
increased use of new care modalities was associated with increased demand for in-person visits.

Chapter 4 demonstrates the ways that specialty care utilization changed for chronically ill
individuals in the PCMH. Provision of more comprehensive primary care led to small decreases
in adjusted annual specialty visit rates during years 1 and 2, largely driven by reductions in
specialty care utilization among less complex patients. Lower relative risks of any Cardiology
visits during PCMH implementation and the first post-implementation year may signify primary

care teams’ delivery of additional hypertension care, or that proactive care delivery in the PCMH
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reduced patients’ need to obtain specialty care for uncontrolled hypertension or complications of
hypertension.

Chapter 4 also demonstrates that comprehensive evaluations of primary care redesigns for
chronically ill individuals should include a thorough investigation of care utilization in specialty
care settings. Though prior PCMH evaluations have largely focused on emergency and inpatient
utilization,” Chapter 4’s findings of reductions in cardiology and consultative internal medicine
utilization among patients with treated hypertension suggest that changes in primary care
structures and processes can enable primary care providers to deliver more chronic illness care,
particularly to patients with few comorbidities or low-to-medium overall morbidity burden.
Future studies should build on these findings by examining changes in both primary care and

specialty care utilization patterns for populations of patients with common index conditions.

5.4 Simultaneously Improving Quality And Reducing Costs

Chapter 2 proves that dramatic improvements in outpatient clinical quality are not a
necessary precursor to achieving health care cost reductions in chronically ill individuals.
Improvements in clinical processes and outcomes for diabetes and coronary heart disease were
quite small in magnitude, a finding consistent with modestly increased quality observed in other
PCMH settings.'® Although observed increases in quality may not have been clinically
significant, they were accompanied by 7% lower total health care costs among patients at the
PCMH clinic over 21 months, largely driven by lower costs for inpatient care and
emergency/urgent care.

As represented by the conceptual framework in Figure 1.1, cost savings due to reduced

downstream care were presumably due to an alignment of structures and processes at the PCMH
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clinic that allowed for effective provision of longitudinal PCMH-based care. Although we are
unable to definitively identify individual elements of the multicomponent redesign that were
responsible for observed results, the chronic care model'' leads us to believe that observed
impacts may have been attributable to redesign components such as enhanced care team staffing,
pairing longer office visits with promotion of increased secure messaging and phone encounter

use, and effective outreach for patients’ chronic and acute needs.

5.5 Variation in Medical Home Impacts: Morbidity Burden and Selection Issues

Chapter 4’s study of changes in specialty care utilization in the system-wide PCMH redesign
identified substantial differences across morbidity burden groups. Stratification of the study
population into three morbidity burden groups—based on annual values of the ACG software’s
RUB measure' *—allowed us to detect at least 27% fewer specialty care visits in low morbidity
patients during and after PCMH implementation. Medium morbidity patients had lower specialty
care utilization during years 1 and 2, while high morbidity patients had 5% higher specialty
utilization during year 3.

These findings tell us much about the variability of changes in specialty care utilization
induced by Group Health’s PCMH redesign. Patients with hypertension and low morbidity
experienced a rapid and lasting decrease in specialty visits, probably due to enhancements in
primary care teams’ ability to take on new care tasks for patients whose clinical needs were not
particularly complex. Results suggest that more comprehensive primary care in the PCMH can
impact outpatient specialty utilization patterns, and that care for high morbidity, clinically

complex patients in the PCMH requires tight links between primary care teams and specialists.
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Chapter 2 provides evidence of the capacity of a population-based PCMH redesign to
decrease downstream utilization and reduce total health care costs in patients with common
chronic illnesses. Results, however, may represent a best-case scenario with regard to motivation
of clinical staff and availability of organizational resources. Group Health’s PCMH prototype
clinic had a successful history of quality improvement compared to other clinics at Group
Health, demonstrating a potential lack of generalizability due to non-random selection. A
subsequent analysis of the full patient population in the system-wide PCMH redesign'® did not
reveal a reduction in inpatient admissions, highlighting the challenges of replicating findings
from the single prototype site in the entire 26-clinic system.

The patient population at the PCMH prototype clinic also differed from those of other Group
Health clinics. Compared to patients at control clinics, chronically ill individuals under study in
Chapter 2 were older and had fewer of the three included chronic illnesses. These and other
unmeasured characteristics may have allowed these individuals to accrue particular benefits in
the prototype redesign. Multivariable regression analyses did not include socioeconomic and
racial/ethnic covariates, limiting the extent to which we were able to control for potential

confounding.

5.6 Business Case For The Medical Home

This dissertation identifies selected patient populations and care settings in which the PCMH
is associated with reductions in costly forms of health care. Cost savings observed in Chapter 2
translate to approximately $49 per patient per month savings in this study population, which is

noteworthy given the general lack of evidence of cost savings in other PCMH redesigns.*’
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Chapter 4 advances the PCMH evidence base through its identification of a patient subgroup
whose clinical needs, though not complex, are especially amenable to potential reductions in
health care utilization, and associated costs, in the outpatient specialty care setting. Although low
morbidity patients comprised no more than 10% of the study population in any year, they
experienced dramatic reductions in specialty visits. Chapter 4 is also noteworthy because, to the
best of my knowledge, its represents the first study where a relatively low-risk patient group—
albeit a chronically ill one—experienced reduced health care utilization in a PCMH redesign.

Observed or potential cost savings in chronically ill patients, however, must be weighed
against potential increases in costs incurred for care redesigns in full patient populations, both at
the prototype clinic and throughout Group Health. Despite Chapter 2 findings, Reid et al.
demonstrated overall cost neutrality of Group Health’s PCMH prototype redesign in the full
prototype clinic population.'* In Chapter 4, reductions in specialty visits among low morbidity
patients were offset by increased specialty utilization in high morbidity patients during year 3.

These results highlight the tensions inherent to efforts to decrease costs while increasing the
quality and patient-centeredness of health care delivery. While it is well known that the U.S.
health care system is characterized by waste'” and low value attributable to under-reliance on
primary care,'® the financial resources required to redesign primary care to the PCMH may not

be recouped through savings in other settings, particularly over a short time horizon.

5.7 Opportunities For Future Research & Conclusions
By incrementally improving our understanding of the PCMH’s impacts on costs, quality and
health care use in chronically ill patients, this dissertation has produced findings that can be

applied in the planning, implementation and evaluation of future PCMH redesigns.
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Modest improvements in care quality observed in Chapter 2 suggest that additional efforts,

17,18 - -
" may be required to achieve

such as interventions incorporating treat-to-target protocols,
clinically meaningful changes in chronic care quality. Chapter 3 points to several future
directions for research on new care modalities in the PCMH. Since our results indicate that
secure electronic messaging and telephone encounters did not substitute for primary care office
visits, future studies can investigate whether secure messaging or phone use led to observed

13,14 )
h.””>"" Researchers should also examine whether

reductions in downstream care at Group Healt
relatively healthy patients use secure messaging and phone encounters in similar, or different,
ways than patients with diabetes. Secure messages and phone encounters may ultimately be
found to substitute for office visits for particular diagnoses or clinical scenarios, given that these
new care modalities have successfully been incorporated in follow-up care'® and chronic illness
self-management.”**!

Chapter 4 findings present several opportunities for future research, and highlight the need
for future evaluations to examine changes in specialty care utilization patterns—in addition to
changes in emergency and inpatient utilization—for chronically ill individuals. Qualitative, as
well as quantitative, evaluations can shed light on the ways that primary care teams may have
assumed new patient care responsibilities, offering insights to other organizations and individuals
interested in spreading observed reductions to higher morbidity groups. Efforts to investigate the
root causes of Chapter 4 findings in high morbidity patients can increase our understanding of
potentially overlapping forces, such as the PCMH redesign’s creation of opportunities to address

previously unmet needs or primary care teams’ inability to address complex clinical issues in the

absence of advice from specialists.
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Chapter 2 findings add to prior evaluations'*** of Group Health’s PCMH prototype
redesign, and demonstrate that the potential benefits of this care delivery model—such as
simultaneously higher quality and lower costs—may differentially accrue to chronically ill
individuals. Chapter 3 makes a valuable contribution to the evidence base on new modes of
patient-provider communication, and how the use of patient-centered care modalities in the
PCMH can impact demand for primary care office visits in the chronically ill. Chapter 4
demonstrates how PCMH redesigns can impact care delivery in the “medical neighborhood,”
and that overall morbidity burden can serve as an important predictor of outcomes among
patients with chronic illness in the PCMH.

Findings from this dissertation are selectively concordant with those of other recent PCMH
evaluations,* which have observed incremental benefits to patients, providers and payers
associated with this new model of primary care delivery. This dissertation also, however, makes
new and important contributions to the evidence base regarding the PCMH’s impacts on
chronically ill patients. It is my hope that the individual parts and collective whole of this
dissertation will aid the work of those who seek to improve the quality, value and performance of

the American health care system through patient-centered primary care redesign.
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