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Preface

The goals of patient care within a health care system are no longer focused solely on ensuring
patients’ survival or curing disease, but on optimizing their functional status and well-being. This
is often best assessed through patient-reported outcome (PRO) performance measures (PMs),
which allow health care systems and different provider groups to be compared. The purpose of
this project was to develop PMs based on PROs, specifically Veterans RAND 12-Item Health
Survey (VR-12) Physical Component Summary (PCS) and Mental Component Summary (MCS)
scores, in individuals with multiple chronic conditions (MCC).

The report summarizes analyses to assess the reliability and validity of the VR-12 metrics
and PMs. We evaluated differences among Medicare Advantage Organizations using five PMs
based on PCS and MCS scores derived from the VR-12. Recommendations are made for future
use of selected PMs.

This report was conducted in response to the #HHSN271201500064C NIH NIDA (AG)
contract with the RAND Corporation (prime)/Boston University School of Public Health
(subcontractor) for the project titled “Outcome Performance Measure Development for Persons
with Multiple Chronic Conditions (MCC).” Results herein are reported for phase 1, year 1 of the
project.
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Summary

One of the goals of patient care within a health care system is to optimize the patient’s functional
status and well-being. This can be assessed through patient-reported outcome (PRO)
performance measures (PMs), which allow health care systems and different provider groups to
be compared. This project aimed to develop reliable and valid PRO PMs in a target geriatric
population with multiple chronic conditions (MCCs). The PMs were based on the Veterans
RAND 12-Item Health Survey (VR-12) Physical Component Summary (PCS) and Mental
Component Summary (MCS) scores. Guidance for evaluation of the PMs followed the National
Quality Forum (NQF) criteria.

We used data from the Medicare Health Outcomes Survey (HOS) contemporary cohorts
9-15 in these analyses. Baseline data for these cohorts were collected from 2006 to 2012; follow-
up data were collected from 2008 to 2014. In each consecutive cohort, there was a two-year lag
from baseline to follow-up. Data were extracted for subjects who were 65 years of age or older
and had two or more of the 13 prevalent chronic conditions ascertained from the HOS. Across
cohorts, there was heterogeneity in the number of responders (ranging from 45,773 to 93,125)
and the number of Medicare Advantage Organizations (MAOQOs) in a cohort (ranging from 187 to
466). The average number of respondents per MAO also varied from 233 to 160.

We first evaluated the reliability and validity of VR-12 PCS and MCS scores at the
individual subject level. Next, we constructed five organization-level PMs based on the PCS and
MCS scores according to (1) the percentage of individuals alive at two years with stable or
improved PCS scores, (2) the percentage of individuals who had stable or improved PCS scores,
(3) the percentage of individuals who had stable or improved MCS scores, (4) the average
change in PCS scores over two years, and (5) the average change in MCS scores over two years.
Using the MAOs as a test case, we evaluated the psychometric properties of the five PMs,
including their ability to support meaningful and valid comparisons between organizations. We
used the metrics of intraclass correlation coefficient (ICC) and reliability at the group level to
assess the potential of the PMs to distinguish levels of performance. Higher values of reliability
at the level of the organization or group imply a greater ability to differentiate groups from one
another. Reliability is a function of both sample size and the ICC, which reflects the relative
magnitude of between-group (MAO) variance to within-group variance.

We found that PMs based on the MCS score of the VR-12 performed better than PMs based
on the PCS in the context of differentiating MAOs. However, for the five basic PMs applied to
the entire MAO samples, reliabilities for both PCS and MCS-based PMs were low. Therefore,
we explored a number of options for improving the ability to differentiate the performance of
MAOs (as reflected by higher values of ICC and reliability). These included modifications to the
PMs; application of the PMs to MAOs with specific characteristics, including age of members,

viii



size of enrollment, line of business, years in operation, and characteristics of “subplans” within
MAOs; application of the PMs to subpopulations of individuals with specific MCCs; analyses of
a different outcome metric of the VR-12 over two years, using the “scale” scores; modification
of the risk adjustment of the PMs; and combining the results from two or three cohorts to
increase sample sizes.

Modifying PM3 by removing sociodemographic status variables from the risk-adjustment
model enhanced ICCs and reliability. Additionally, the ICC and reliability of PM5 were
enhanced by creating a threshold, based on quintiles of performance, by which lower- versus
higher-performing MAOs could be compared. While the MCS-based PMs (PM3 and PM5) were
improved, the reliability of the PCS-based PMs was not consistently improved to a meaningful
degree by these modifications. For example, in individual cohorts 13 to 15, MCS PMs based on
modifications of PM3 and PMS5 had reliabilities of 0.32 to 0.45, while reliabilities for PCS PMs
were below 0.22. Reliability was also improved by combining two or three cohorts, presumably
because of the increased sample size. Combining the results across cohorts 13—15 gave a
reliability of 0.67 for one of the modified MCS PMs. However, none of the PMs we examined
achieved the usual threshold of 0.7 that is considered sufficient reliability for a PM, although
some came close.

The main challenge to the goals of this project is related to the characteristics of the data,
which reflect a nationally based system of care with considerable heterogeneity. An optimal
database would include information to define individual providers or group practices within each
of the MAOs. Such information identifying providers or group practices that are geographically
based within an MAO would likely distinguish processes of care among physician group
practices and would be closer to the locus of control needed to distinguish groups in terms of the
PMs. This was not possible with the HOS database.

Future studies should further evaluate the psychometrics of these measures at the level of the
group or the individual clinician practice. We predict that such an analysis would yield higher
reliabilities for both PCS- and MCS-based PMs by reducing the noise or within-group variability
and increase the signal for distinguishing performance among individual providers or provider
groups.
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1. Construction of Patient-Reported Outcome Performance
Measures

Introduction

One of the goals of patient care within a health care system is to optimize the patient’s functional
status and well-being. This is often best assessed through patient-reported outcome (PRO)
performance measures (PMs), which allow health care systems and different provider groups to
be compared. This project’s goals were to develop reliable and valid PRO PMs in a target
geriatric population with multiple chronic conditions (MCCs). The PMs were based on the
Veterans RAND 12-Item Health Survey (VR-12) physical component summary (PCS) and
mental component summary (MCS) scores, with guidance for evaluation of the PMs according to
the National Quality Forum (NQF) criteria (NQF, 2011; Deutsch et al., 2012; Cella et al., 2012).

The VR-12 is a well-established PRO measure with proven reliability and validity in general
comorbid patient populations (Kazis, Lee, et al., 2004; Jones et al., 2001; Kazis et al., 2006;
Selim et al., 2009). It has been used for a variety of applications, including to make system
comparisons between the Veterans Health Administration and the Medicare Advantage program
(Selim et al., 2010). The VR-12 comprises 12 questions that correspond to eight domains of
health, including general health perceptions, physical functioning, role limitations because of
physical problems, role limitations because of emotional problems, bodily pain, vitality, social
functioning, and mental health. The VR-12 can be scored to produce eight scales corresponding
to these domains, with four of the scales having two questions each and four scales having only a
single question (Kazis et al., undated). The VR-12 can also be scored to produce PCS and MCS,
which are calculated using all 12 questions, with different weights for each question.

Since 2006, the VR-12 has been included in the Medicare Health Outcomes Survey (HOS),
which is a questionnaire sponsored by the Centers for Medicare and Medicaid Services (CMS) to
track the health status of individuals enrolled in health plans sponsored by Medicare Advantage
Organizations (MAOs). Since 1998, the HOS has been administered annually to a random
sample of enrollees of each MAO with a follow-up survey administered two years later. Since
2006 (corresponding to cohort 9), the VR-12 has been included in both the baseline and follow-
up HOS, and risk-adjusted changes in health status, as reflected by the PCS and MCS, have been
used to rank MAOs and contribute to the star rating assigned by CMS.

Several methodologies have been applied to the VR-12 to develop PMs for the purpose of
such rankings (Kazis et al., 2012). These methods are based on the assessment of two-year
changes in the PCS and MCS scores, with mortality included in one of the PCS-based metrics.
Change scores are calculated using risk adjustment and a “modified regression estimator” (Selim
et al., 2006; Spiro et al., 2004), which imputes missing item responses and adjusts for mode of



administration (e.g., paper and pencil versus telephone) (Rodriguez et al., 2006; Selim et al.,
2004; Spiro et al., 2004).

Besides the VR-12, the HOS contains important self-reported information about medical
conditions that can be used to identify patients with MCCs. The HOS also includes other clinical
and demographic information, which can aid in risk adjustment and in the assessment of validity
of both the outcome measure (VR-12) and PMs based on the VR-12.

Longitudinal data on HOS survey participants was necessary for constructing PMs. The two-
year follow-up period used in the HOS provides adequate time lag for credible and meaningful
change over time to occur, thus allowing the performance of the MAOs to be measured. This
design was based on prior work using data from the Veterans Health Study that showed reliable
and valid changes over time with reasonable precision (Kazis, Miller, et al., 2004).

The criteria for reliability and validity of PMs established by the NQF served as a basis for
the methods used in this report (Cella et al., 2012; Deutsch et al., 2012). We further refined the
approaches used by CMS to develop PMs with enhanced potential to differentiate performance
among MAO:s.

In the remainder of this chapter, we describe the methods used to construct the PMs,
including a brief description of the HOS data that was used, the method of identifying
individuals with MCCs, and specification of the initial set of PMs and their construction based
upon the VR-12 with risk adjustments.

Medicare Health Outcomes Survey: Description of the Database

Data for a total of 15 cohorts were available for this contract. The Medicare HOS data for
cohorts 1-15 were received from ResDac via Health Services Advisory Group on February 1,
2016. Each cohort includes a baseline and follow-up survey separated by two years. Data from
cohorts 13—15, the most recent cohorts available, were added to the data originally obtained from
cohorts 1-12, as discussed with the contracting officer’s representative. This was a strength of
the study because it ensures that our data reflect recent trends and current realities, such as
increased membership in MAOs over time, a growing number of MAOs, fewer members in the
more recently added MAOs, and resulting differences in the case mix of the subscribers to the
different MAOs. For example, in HOS cohort 15, MAO enrollment ranged from 493 to 839,047.

For the first month after receiving the databases, we performed quality-control checks on the
data to determine the completeness of the variables and identify holes or missing areas of data.
The analysis for this study focused on the contemporary cohorts 9—15, which contain the VR-12
for both baseline and follow-up surveys.



Identification of Individuals with Multiple Chronic Conditions

The definition of what constitutes MCCs is foundational to this group of PMs. Therefore, this
section explores how individuals with MCCs were identified, and how varying that definition
would affect the population identified for these PMs.

There are 13 chronic conditions that can be derived from HOS data, and having at least two
of these conditions qualifies a person as having MCCs under the basic definition. First, we
explore how the prevalence of each of these 13 conditions has changed over time, and how this
changing prevalence would affect the proportion of people identified as having MCCs. Second,
because depression was identified using a screening instrument while the other conditions were
identified with the simple question “Has your doctor ever told you that you have . . . 7’ we
explore the affect of excluding depression as a condition that defines MCCs. Finally, we consider
changes in illness burden over time among patients with MCCs, as measured by the prevalence
of chronic conditions among this population. The details of these analyses, and their effect on the
population identified as having MCCs, follows below.

We examined the prevalence and distribution of chronic conditions that are part of the HOS
data set. Analyses of conditions were limited to the more contemporary cohorts 9—15, as these
cohorts also contain the VR-12 health survey for both the baseline and two-year follow-up. The
group of individuals with MCCs for HOS cohorts 9-15 was identified based on having two or
more of the following 13 conditions, as ascertained by positive responses to questions on the
baseline survey and taking into account some overlap among the categories:

1. high blood pressure

2. angina pectoris, coronary artery disease (CAD), acute myocardial infarction or heart
attack (this category combines two separate questions relating to angina pectoris or
coronary artery disease and myocardial infarction/heart attack)

congestive heart failure

other heart conditions, such as problems with heart valves or the rhythm of heartbeat
stroke

emphysema, asthma, or chronic obstructive pulmonary disease (COPD)

Crohn’s disease, ulcerative colitis, or inflammatory bowel disease

arthritis of the hip, knee, hand or wrist (combines the two arthritis questions relating to
hip/knee and hand/wrist)

9. osteoporosis, sometimes called thin or brittle bones

10. sciatica (pain or numbness that travels down your leg to below your knee)

11. diabetes, high blood sugar, or sugar in the urine

12. cancer of the colon, rectum, lung, breast, or prostate

13. depression.

PN W

For most of these conditions, the criteria in the survey for determining whether a patient has
the condition is the answer to the question “Has your doctor ever told you that you have. . . .?”
For cancer diagnoses, the relevant category combines the question “Has your doctor ever told
you that you have any cancer?” with separate questions indicating current treatment for cancers



of the colon/rectum, lung, breast, or prostate. Because depression was not one of the self-
reported conditions in cohorts 9—15 (it was added to the baseline survey in cohort 16), we based
the presence of a history of depression on the HOS depression screening questions:

e In the past year, have you had two weeks or more during which you felt sad, blue, or
depressed; or when you lost interest or pleasure in things that you usually cared about or
enjoyed? (Yes or no)

e In the past year, have you felt depressed or sad much of the time? (Yes or no)

e Have you ever had two years or more in your life when you felt depressed or sad most
days, even if you felt okay sometimes? (Yes or no).

In accordance with CMS practice, a respondent was considered to have a positive screen for

a history of depression if any of the three questions was answered in the affirmative. In 2008,
(cohort 11 baseline survey), CMS added a fourth screening question regarding depressive
symptoms in the past week, and an affirmative response to any of the four questions was
considered a positive screen. However, to facilitate comparisons across cohorts 9—15, we used
the three-question criteria for all cohorts. The fourth question was used for additional analyses
later in this report. Because the criteria for determining the presence of a history of depression
was different from the other conditions (i.e., depression was the only condition based on
symptoms as survey responses), we performed a sensitivity analysis for certain assessments,
excluding depression as one of the MCCs. Table 1.1 contains information on the prevalence of
each of the conditions, one of which may include depression, for patients with MCCs who
completed both baseline and follow-up surveys (i.e., the subset of patients endorsing at least
two of the 13 chronic conditions).

Table 1.1. Prevalence of Individual Conditions in Those with Two or More Conditions
(May Include Depression) (Percentage)

Cohort9 |Cohort 10 | Cohort 11 | Cohort 12 | Cohort 13 | Cohort 14 | Cohort 15

Condition n=45773 |n=68,756 | n=71,703 | n=280,697 |n=93,125 | n = 87,589 |n = 79,972
High blood pressure 76.2 76.6 77.4 77.8 78.2 77.7 77.9
Angina pectoris, coronary artery 24.0 23.4 23.6 23.3 22.6 221 21.3

disease, myocardial infarction, or

heart attack

Congestive heart failure 9.9 9.8 10.3 10.2 101 9.6 9.6
Other heart conditions, such as 28.3 27.6 28.2 27.8 271 26.9 27.0
problems with heart valves or the

rhythm of heartbeat

Stroke 10.3 9.8 10.0 101 9.9 9.6 9.2
Emphysema, asthma, or COPD 16.9 17.2 18.0 18.0 18.8 18.9 19.3
Crohn’s disease, ulcerative colitis, or 6.0 6.4 6.2 6.2 6.1 6.3 6.1
inflammatory bowel disease

Arthritis of the hip, knee, hand, or 66.8 66.5 66.9 66.7 66.4 65.5 65.8
wrist

Osteoporosis 26.0 26.4 26.1 26.9 26.7 25.3 24.6
Sciatica 27.2 27.7 27.9 28.2 28.3 28.6 28.5
Diabetes 27.3 28.6 29.8 30.2 32.1 31.9 32.0
Cancer of the colon, rectum, lung, 7.3 7.8 7.6 7.6 7.2 71 7.0
breast, or prostate

Depression 31.5 31.8 32.8 38.6 39.3 44.5 44.3




The most prevalent condition among those with MCCs was hypertension (range
76.2 percent to 77.9 percent), followed by arthritis (range 66.8 percent to 65.8 percent). The
prevalence of depression appears to be relatively high, but it should be noted that depression was
assessed using a different method than any other condition.

All conditions—except Crohn’s disease, ulcerative colitis, and inflammatory bowel
disease—showed statistically significant trends across the cohorts (p < 0.0001). There was an
increase in the prevalence of lung disease (emphysema, asthma, COPD) (from 16.9 percent to
19.3 percent), diabetes (from 27.3 percent to 32.0 percent), and depression (31.5 percent to
44 3 percent) and slight decreases in coronary artery disease (angina, heart attack) (from
24.0 percent to 21.3 percent), stroke (from 10.3 percent to 9.2 percent), and cancer of the colon,
rectum, lung, breast, or prostate (from 7.3 percent to 7.0 percent). Although the assessment of
depression differed from that for other conditions, it was assessed in a consistent fashion for each
of the cohorts, allowing for a valid comparison. The increase in the prevalence of certain
conditions can be interpreted in several ways. As increases in prevalence are reported by the
subject, the observed changes could be postulated as related to “sampling evolution”

(i.e., greater attention placed on diagnosing certain conditions in more recent years). Further,
increased attention by the media and on the Internet may have resulted in greater awareness of
specific morbidities. The clinical criteria for diagnosing certain conditions such as hypertension
and diabetes have changed because of updates in clinical guidelines for diagnosing specific
conditions. In addition, there have been changes in the makeup of MAOs, such as an increasing
number of smaller plans. The characteristics of individuals who enroll in these newer MAOs
may differ from those enrolled in more established plans. All of these possibilities may have
contributed to an increase in the prevalence of these self-reported conditions.

Table 1.2 is similar to Table 1.1, but depression has been excluded as one of the potential
chronic conditions (because it differs from the other self-reported medical conditions in that
depression was determined via symptom-related questions). The population of patients defined
as having MCCs was thus somewhat smaller than in Table 1.1 because some patients who
qualified as having MCCs in part based on having depression were no longer considered to have
MCCs.



Table 1.2. Prevalence of Individual Conditions in Those with Two or More Conditions
(Excluding Depression as One of the Conditions)

Cohort9 | Cohort 10 | Cohort 11 | Cohort 12 | Cohort 13 | Cohort 14 | Cohort 15

Condition n=43,892 | n=65,974 | n=68,828 | n=76,832 | n = 88,657 | n=82,368 | n = 75,159
High blood pressure 77.9 78.2 79.0 79.6 80.1 79.9 80.2
Angina pectoris, coronary 25.0 243 24.5 243 23.6 23.4 22.6

artery disease, myocardial

infarction, or heart attack

Congestive heart failure 10.3 10.3 10.7 10.7 10.6 10.2 10.2
Other heart conditions, such as 29.3 28.6 29.2 29.0 28.3 28.3 28.5
problems with heart valves or

the rhythm of heartbeat

Stroke 10.7 10.2 10.3 10.6 10.3 10.1 9.7
Emphysema, asthma, or 17.4 17.8 18.5 18.7 19.5 19.8 20.2
COPD

Crohn’s disease, ulcerative 6.2 6.7 6.4 6.4 6.4 6.6 6.5
colitis, or inflammatory bowel

disease

Arthritis of the hip, knee, hand, 68.5 68.2 68.5 68.7 68.4 68.1 68.3
or wrist

Osteoporosis 26.8 27.2 26.8 27.9 27.7 26.4 257
Sciatica 28.1 28.7 28.8 29.3 29.5 30.1 30.0
Diabetes 28.3 29.6 30.8 31.4 33.5 33.6 33.7
Cancer of the colon, rectum, 7.5 8.1 7.9 7.9 7.5 7.4 7.4

lung, breast, or prostate

Compared with the analyses in which depression was included as one of the potential MCCs,
the prevalence of other conditions among individuals with MCCs was slightly higher, but the
previously noted trends appeared to persist.

Table 1.3 shows the number of patients included in each of our analyses, based on having
complete VR-12 data and having MCCs with two or more chronic conditions. Table 1.3 also
shows the number of MAOs included in each analytic population. For this table, depression was
included as one of the potential conditions.

Table 1.3. Presence of MCCs in Cohorts 9-15 Using CMS Criteria for Depression

Number of
Individuals Number of
65 or Older MAOs with
Number of with MCCs Percentage of Individuals 65
Individuals 65 and Individuals 65 or or Older with
or Older with Calculable Older Who Percentage Percentage MCCs and
Calculable PCS and Completed of of Percentage Calculable PCS

PCS and MCS MCS on Baseline/Follow- Individuals Individuals of Individuals and MCS on
on Baseline Baseline Up Surveys Who with Three with Four with Five or Baseline and

and Follow- and Follow- Have Two or More or More or More More Follow-Up HOS
Cohort Up Surveys Up Surveys Conditions Conditions Conditions Conditions Surveys
9 62,619 45,773 73.1 69.7 42.8 23.8 187
10 92,934 68,756 74.0 70.0 43.3 24.3 272
11 95,742 71,703 74.9 70.8 445 25.3 333
12 105,477 80,697 76.5 72.2 46.2 26.8 387
13 122,586 93,125 76.0 72.2 46.5 271 438
14 114,520 87,589 76.5 72.7 46.9 27.5 463
15 104,855 79,972 76.3 72.4 46.7 27.0 466




The number of MAOs increased substantially from cohorts 9 to 15, from 187 to

466, and there are many more respondents in cohorts 12—15 than in cohorts 9—11 (62,619 in

cohort 9 compared with 104,855 in cohort 15). The percentage of individuals with two or more

MCCs increased since cohort 9 but appears to have leveled off over cohorts 12—15

(73.1 percent in cohort 9 and 76.3 percent in cohort 15). This trend was similar among those

members with three or more, four or more, and five or more MCCs.

Table 1.4 shows the prevalence of MCCs when depression was excluded as one of the

conditions.
Table 1.4. Prevalence of MCCs in Cohorts 9-15
(Excluding Depression as One of the Conditions)
Number of
Number of MAOs with
Number of | Individuals | Percentage Individuals
Individuals |65 and Older| of Those 65 and Older
65 and Older| with MCCs |65 and Older with MCCs
with and Who and
Calculable | Calculable | Completed | Percentage | Percentage Calculable
PCS and PCS and Baseline/ of of Percentage PCS and
MCS on MCS on Follow-Up | Individuals | Individuals |of Individuals| MCS on
Baseline and |Baseline and| Surveys with Three with Four with Five |Baseline and
Follow-Up Follow-Up Who Have or More or More or More Follow-Up
Cohort Surveys Surveys MCCs Conditions | Conditions | Conditions |HOS Surveys
9 62,619 43,892 70.1 65.8 37.3 19.0 187
10 92,934 65,974 71.0 66.1 37.9 19.2 272
11 95,742 68,828 71.9 67.0 38.8 20.0 333
12 105,477 76,832 72.8 67.7 39.6 20.6 387
13 122,586 88,657 723 67.6 39.8 20.9 438
14 114,520 82,368 71.9 67.4 39.3 20.7 463
15 104,855 75,159 71.7 67.3 39.1 20.2 466

As expected, the number of patients meeting the definition of having MCCs, including

having more than two, three, four, or five conditions, was somewhat lower when depression was

excluded. In addition, while there was some increase in the prevalence of MCCs since cohort 9,

the trend was less pronounced when depression was excluded. This was not unexpected, since

there was a prominent increase in the prevalence of depression between cohorts 9 and 15.

Specification of the Performance Measures

We expected to construct five PMs, which are listed in Table 1.5. The first three were based on

the metrics currently used by CMS, and the last two were based on the specifications in the

solicitation for this contract with regard to including “average change.”



Table 1.5. Performance Measures Included in the Initial Assessments

PM Description

Percentage of individuals from each MAO who are alive at two years with stable or
PM1 improved PCS scores.
PM2 Percentage of individuals from each MAO who have stable or improved PCS scores
PM3 Percentage of individuals from each MAO who have stable or improved MCS scores
PM4 Average change in PCS scores for each MAO
PM5 Average change in MCS scores for each MAO

For PM1 (alive with stable or improved PCS), the results are based on case mix—adjusted
mortality rates and changes in physical health as measured by the VR-12 PCS score. HOS
outcomes are analyzed by calculating the difference between actual and expected results over
two years. Expected results are based on the characteristics of beneficiaries within an MAO. For
reporting purposes, death and change in PCS scores are combined to measure change in physical
health. Scores are reported as the percentage of respondents within an MAO who were alive with
PCS stable or improved.

The rationale for combining “stable” with “improved” was that, while it may not be possible
to improve health status in all individuals, a reasonable goal is to maintain current health status
and prevent it from worsening in those with chronic conditions such as COPD or congestive
heart failure. For PM1, a measure of mortality was included because death is an important
marker of quality of care (Selim et al., 2006). Thus, PM1 has the advantage of combining the
functional status with mortality without making assumptions about the scale value of death.

PM2 and PM3 consider stable or improved PCS and MCS scores, respectively, using the
approach above without mortality included in the formulation. Thus, PM2 and PM3 allow for
monitoring of changes in health status separate from mortality.

The average change in PCS and MCS scores (PMs 4 and 5) uses point-wise changes as a
method for constructing a change for each subject averaged across the members of an MAO.
This method has the advantage of reflecting the magnitude of the change in the metric of the
scale, as opposed to a binary measure of whether the PCS or MCS was stable.

Although PM1 incorporates the outcome of death into PM2, we recognize that we did not
specify versions of PMs 3-5 that included death. The decision not to incorporate death with
MCS-based measures (PMs 3-5) follows the practice of CMS and seems appropriate for
conceptual and clinical reasons. For PM4, the average change in PCS based on a continuous
variable, the inclusion of death was problematic because it would entail assigning an arbitrary
value for death, such as zero, which could distort results. We describe the method for combining
death with PM2 later in the “Risk Adjustment” section. There may be biases related to our
approach in constructing PMs, as leaving out those who died may have some effect on the
apparent performance of some MAOs. However, the overall two-year death rates across cohorts



9-15 were relatively modest, ranging from 8.1 percent to 8.5 percent, so the effects of mortality
on the PMs are likely to be small.

Construction of the Numerator and Denominator

For the PMs related to changes in PCS or MCS, the denominator for each MAO consists of
individuals who meet the following criteria:

1. age 65 or older at the time of completing the baseline survey

2. two or more of the conditions noted above

3. members of the same MAO at baseline and follow-up, and the MAO continued to

participate in the HOS survey at follow-up. If the member died between the baseline and
follow-up survey, the MAO to which the member had belonged at baseline needed to
continue to participate in the HOS survey at follow-up to meet this criterion

4. completed a baseline survey with sufficient data to calculate PCS and MCS scores using

a previously validated Modified Regression Estimation (MRE) algorithm for missing data
(Spiro et al., 2004). The MRE algorithm has been validated against other approaches for
imputing responses to the VR-12 in ambulatory patient populations, where regression
toward the mean is a concern with missing data. With the MRE algorithm, PCS and MCS
can be computed in as many as 90 percent of the cases in which one or more survey
responses are missing

5. completed a follow-up survey approximately two years after the baseline survey, with

sufficient data to score PCS and MCS using the MRE algorithm as indicated in number
four of this list.

For PMs that represent average MAO-level changes in PCS and MCS, all those included in
the denominator were used in analyses. For PMs that contain information on the proportion of
individuals within an MAO meeting certain criteria (criteria related to being alive or having
stable PCS or MCS scores), the numerator consisted of those individuals who were alive (where
applicable) and whose changes in PCS or MCS scores meet the relevant criteria
(i.e., stable or improved). These change scores were risk adjusted, as described in Chapter 3 of
this report.

For the portion of PM1 that encompasses being alive, the inclusion criteria in items
1 through 4 in the numbered list above were used to construct the cohort from which we
identified those who die within two years of the baseline survey. The completion of the baseline
survey is important for obtaining information for the risk-adjustment model for death.

PMs 2-5 and the portion of PM1 based on PCS scores were constructed for the more
contemporary cohorts (9—15) using the inclusion criteria in the list above. The “stable or
improved” criterion is based on the difference between the observed and expected scores, with a
threshold between “stable” and either “worse” or “improved” consisting of more than two
standard errors of the measurement, which is 5.66 for PCS and 6.72 for MCS. A threshold of two
standard errors of measurement has been recommended as an appropriate range for defining no
change; a difference of this magnitude has been found to be reliable as well as clinically and



socially relevant at the individual subject level and when individual-level data are rolled up at the
group and population levels (Nunnally and Bernstein, 1994; Ware et al., 1996).

Risk-Adjusted PMs

Our continuous PMs were based on the concept that patient health lies on a continuum from
well-being to death. Thus, risk adjustment was conducted differently for PMs 1-3, our three
binary PMs, and PMs 4-5.We built risk-adjustment models for the PMs 1-3 predicting the
probability of three outcomes: (1) being alive with stable or improved PCS at two years, (2)
having stable or improved PCS at two years, and (3) having stable or improved MCS at two
years. A two-year follow-up was selected in the original design of the HOS because studies have
shown significant changes in individual and sample health status over a two-year period (Lorig et
al., 2001).

The models for death were calculated separately from the models for “PCS stable or
improved.” This was done for two reasons: First, death can be assessed with reasonable case-mix
controls based on all persons who completed the baseline survey. This is a different sample from
those who completed both a baseline and follow-up survey. Second, the assessment of death
occurs in a different statistical context. Death outcomes come from a source that is independent
of the HOS and, therefore, do not share any correlated error with baseline assessments. In this
case, the coefficients are not influenced by the baseline-score measurement error and
intertemporal correlation of PCS (Glymour et al., 2004). Therefore, it is allowable to use the best
possible case-mix model from questionnaire data when death is the outcome, including but not
limited to baseline VR-12 constructs. We did not combine death and MCS score change because
they are not part of the same construct. While mental health conditions affect quality of life,
physical deterioration leads to death. To ascertain whether a respondent to the baseline survey
died within two years, we used information supplied by CMS that is included as part of the HOS
data set but derived from sources independent of the HOS.

We also calculated risk-adjusted versions of PMs 4 and 5 (the continuous PMs). For each
respondent, we predicted the change in PCS (PM4) or MCS (PMS5). The risk-adjusted PM4 or
PMS5 scores for each MAO were thus the MAO-level actual (observed) PCS (or MCS) change
minus the MAO-level expected change plus the overall mean of PCS (or MCS) change across all
respondents.

Table 1.6 shows the range in values of the PMs across the MAOs for each cohort. For these
initial assessments, we used the risk-adjustment models employed by CMS. Those models, as
well as modifications that we explored, are described in more detail in Chapter 3 (Task 3) of this
report. To avoid outliers because of small sample size, we included only those MAOs with at
least 50 respondents.
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Table 1.6. Summary of Risk-Adjusted Performance Measures PM1-PM5

Percentage Alive
with PCS Stable Percentage with Percentage with
or Improved PCS Stable or MCS Stable or

Within MAOs: Improved Within Improved Within Average Change in Average Change in
Mean Across MAOs: Mean MAOs: Mean PCS Within MAOs: MCS Within MAOs:
MAOs Across MAOs Across MAOs Mean Across MAOs Mean Across MAOs
Cohort * SD (Range) * SD (Range) * SD (range) * SD (Range) + SD (Range)
64.8+£3.0 70.8+3.1 76.0+£3.3 —-0.92+0.67 —0.45+0.81
9 (67.8t0 72.1) (63.1 to 79.6) (65.2 to 86.8) (-2.44 t0 0.70) (-2.77 to 2.39)
66.0£3.1 72.0£3.2 75.7+£3.5 —0.74+0.71 -0.51+0.82
10 (565.8 to 75.3) (61.9 to 82.7) (61.5to 86.4) (—2.87 to 1.80) (-3.13 t0 3.37)
65.61£3.5 71.5+£3.8 76.0+£3.6 —1.03+0.88 —0.52+0.93
11 (63.9t0 77.7) (58.1 to 83.3) (64.2 to 87.0) (-3.74 to 2.04) (-3.26 to 2.97)
63.5+£3.6 69.3+3.7 74.9+3.6 —1.36+0.74 —0.79+0.87
12 (49.5 t0 74.0) (54.0 to 81.0) (62.2 to 87.4) (-3.44 to 1.21) (—4.08 to 2.37)
65.1£3.3 71.0£3.3 76.2+3.5 —1.09+0.74 —0.47+0.88
13 (56.9 to 78.4) (60.7 to 84.3) (64.8 to 89.7) (-3.39 to 1.49) (-3.23 to 2.75)
68.8+3.5 74.6£3.5 79.2+3.2 -0.21+0.75 0.53+0.85
14 (567.2t0 79.0) (63.1 to 84.9) (68.9 to 88.8) (-2.79 to 1.98) (-2.35 to 3.90)
67.9+3.8 74.2+£3.7 79.1£3.5 —0.38+0.84 0.36+0.90
15 (56.6 to 77.8) (60.6 to 85.7) (68.3 to 88.0) (—2.68 to 2.74) (=2.50 to 2.96)

NOTE: For average change in PCS and MCS (last two columns), higher values (more positive or less negative)
indicate better performance. SD = standard deviation.

For all five PMs, there was a statistically significant trend in increasing level of performance
from cohort 9 to 15 (p < 0.0001). Cohorts 14 and 15 appear to show the highest levels of
performance. We provide a discussion of possible explanations for this in the Summary and

Recommendations section of this report.
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2. Define the PM and Conduct Analyses to Assess Reliability,
Validity, and Threats to Validity

As part of the evaluation of a PRO-PM, NQF considers it important also to assess the reliability
and validity of the PRO measure itself, which in this case refers to the VR-12 (Cella et al., 2012).

We begin by describing the testing of the reliability and validity of the VR-12. We then
describe results of our assessment of selected PMs based on the VR-12. Finally, we discuss
threats to validity, which are also a consideration for NQF endorsement.

Reliability Testing of Individual-Level Outcome Scores (VR-12)

NQF recommends two methods for assessing the reliability of the outcome measures:
reproducibility (which can be assessed using a test-retest approach) and internal consistency
(which can be assessed with Cronbach alpha for multi-item scales) (Deutsch et al., 2012;

Cella et al., 2012). We also included the measurement error estimates for individuals (standard
error).

Reproducibility (Test-Retest Reliability)

We used Pearson Product Moment to assess the correlation between baseline HOS surveys
completed by individuals who were selected to receive such surveys in two consecutive cohorts:
either 13 and 14 or 14 and 15. The two surveys were completed within one year of each other.
While test-retest reliability is typically assessed over a shorter time interval, there were no other
options for this data set. There were 6,126 such survey pairs. The mean PCS and MCS scores on
the initial survey were 34.99 and 48.88, respectively, and the mean values on the subsequent
survey were 34.61 and 48.32. The Pearson correlation coefficient between the two surveys was
0.710 for PCS and 0.614 for MCS (p < 0.0001 for both).

For these individuals who responded to consecutive baseline HOS surveys, we also assessed
the correlation of each VR-12 scale score between the two surveys (either cohorts 13 and 14 or
14 and 15). The VR-12 items can be used to construct eight scales, each comprising one or two
items: physical functioning, role limitations because of physical functioning (“role physical”),
role limitations because of emotional functioning (“role emotional”), bodily pain, vitality, social
functioning, general health perceptions, and mental health. As indicated in Table 2.1, correlation
coefficients ranged from 0.51 to 0.67, all p <0.0001. Because of changes in health status that
typically occur over the course of one year, the observed correlation coefficients probably
represent a lower bound for coefficients than would be obtained with surveys administered over
a shorter interval.
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Table 2.1. Correlation of Baseline VR-12 Scales Between Consecutive Cohorts

VR-12 Scale Number of Observations Pearson Correlation Coefficient®
Physical function 6,050 0.61235

Role physical 6,014 0.52731

Role emotional 5,993 0.51727

Bodily pain 5,907 0.58568

Vitality 5,874 0.57672

Social functioning 5,990 0.55897

General health 5,940 0.66870

Mental health 6,011 0.54390

4= p <0.0001.

Internal Consistency

We performed Cronbach alpha testing on the four VR-12 subscales comprising two items for
cohort 15 to determine the integrity of the scales making up the VR-12. Results are reported for
standardized alphas: physical functioning (0.945), role limitations because of physical problems
(0.956), role limitations because of emotional problems (0.961), and mental health (0.879). All
alphas reported are highly credible, indicating that the items composing each scale are measuring
a common construct. Previous studies using factor analysis with varimax rotation provide
evidence of these scales and their dimensionality (Kazis, Lee, et al., 2004). Cronbach alpha
statistics cannot be computed for those scales with one item, such as pain, energy or fatigue, and
global health.

Measurement Error

We used measurement error estimates for individuals to compute the reliability of PCS and
MCS. Reliability is defined as the CV/(CV+MV), where CV is the context variance and MV is
the measurement variance (standard error squared). The context refers to the real differences
between individuals in MAO plans, and the measurement variance is the internal error or
differences between subjects (often SD2/N). The reliability of individuals for the HOS cohorts
9-15 is 93 percent for PCS and 88 percent for MCS at baseline; the reliability of the two-year
change is 68 percent for PCS and 83 percent for MCS. Because the primary differences for group
analysis are across persons, PCS change was almost 0.7 and MCS change exceeded it
substantially, by threefold, meaning that we could accurately measure change at the individual
subject level.

Validity Testing of the Individual Outcome Scores (VR-12)

NQF criteria indicate that a PRO measure should have evidence supporting its construct validity,
which includes testing the correlation with a measure hypothesized to be related to the PRO
measure (Cella et al., 2012). In cohort 15, we compared the baseline PCS score with the number
of self-reported conditions (with the exception of depression). Categories of conditions were two,
three, four, and five or more. We hypothesized that PCS scores would be lower for respondents
with more chronic conditions. Table 2.2 summarizes the mean PCS score for each category.
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Table 2.2. Association of the Mean Baseline PCS Score with the Number of Medical Conditions
(Other than Depression) at Baseline in Cohort 15

Number of Conditions N Mean PCS
2 55,518 41.7
3 48,878 37.8
4 33,887 341
5 or more 41,702 291

The results supported our hypothesis. There was a monotonic decrease in PCS scores in
subgroups with increasing numbers of conditions. The differences in PCS scores across these
categories were statistically significant by analysis of variance (ANOVA) (p < 0.0001), and a test
for trend was also significant (p < 0.0001). This finding generally supports the conclusion that
PCS has construct validity as a measure of physical health status.

We also compared the baseline MCS scores with the number of depression-screening
questions that were answered in the positive, which ranged from 0 to 4. This included three
questions with yes-or-no answers as well as the question “How much of the time in the past
week did you feel depressed?” The latter question has response choices 1-4, ranging from
1 = “rarely or none of the time” to 4 = “most or all of the time.” For that question, responses 2, 3,
or 4 were considered “positive.” As with the previous measure, we would strongly expect that
respondents with higher scores on the depression screen would have lower MCS scores. Table
2.3 summarizes the mean MCS score with increasing number of positive responses.

Table 2.3. Association of the Mean Baseline MCS Score with the Number of Depression
Screening Questions at Baseline for Which There Was a Positive Response (Cohort 15)

Number of Positive N Mean MCS
Depression Screen Questions

0 97,651 56.7

1 31,306 49.6

2 18,058 44.0

3 14,317 38.7

As expected, there was a monotonic decrease in MCS scores with increasing numbers
of positive responses. These differences were statistically significant by ANOVA (p <0.0001).
This finding generally supports the conclusion that the MCS has construct validity as a measure
of mental health-related quality of life.

In cohort 15, baseline PCS and MCS scores were also compared with the number of activities
of daily living (ADL) questions that indicated at least some degree of impairment (with
responses of either “I have difficulty” or “I am unable to do this activity”). There were six ADL
questions and, for the comparison to PCS and MCS scores, these were grouped into categories of
0, 1, 2, or 3 or more ADLs with impairment, which is the grouping used by CMS in reports to
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MAOs. Data are reported for those who responded to all six ADL questions; Table 2.4
summarizes the results.

Table 2.4. Association of Mean PCS and MCS Scores with the Number of ADL Impairments
(Cohort 15, Baseline Survey)

Number of Baseline N Mean PCS Mean MCS
ADL Impairments

0 173,802 37.8 51.0
1 6,282 24.3 42.1
2 2,379 236 39.6
3 or more 5184 237 38.3

Differences in PCS and MCS among different groups of ADL impairments were statistically
significant by ANOVA (p <0.0001). Both PCS and MCS scores were substantially lower in
groups with a single ADL impairment. PCS and MCS scores of those with two or more
comorbid conditions were only slightly lower than those with a single ADL impairment. This
indicates a nonlinear relationship and suggests that having trouble with even a single ADL is an
important threshold.

Reliability Testing of Performance Measures

In approaching the assessment of reliability of the PMs using the HOS data set, we were aware
that we might have difficulty in differentiating the performance of MAOs. As with patient-
experience measures (Sequist et al., 2011), we might expect to see the largest differences
between individual doctors, with progressively smaller differences at the practice and medical
group levels, and the lowest variation at the much larger MAO level. This is because patient-care
processes are typically controlled at the level of individual medical providers, and MAOs,
particularly those with very large enrollments (up to 839,047 in our samples), often include a
large number of individual providers whose different practice patterns may result in substantial
heterogeneity of performance within each MAO. This high noise-to-signal ratio may make it
difficult to detect actual differences between MAOs.

Precision

The term reliability is typically used in connection with the assessment of precision of a
particular measure. As indicated by NQF (emphasis original),

Reliability of the performance measure at the provider level refers to the
proportion of variation in the performance measure attributable to systematic
differences across the measured entities (or signal) in relation to random error (or
noise). . . . Lack of reliability in performance measures can result in
misclassification of providers in quality rankings. (Deutsch et al., 2012)
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In general, we define reliability /7 as:

r = True Variance/ (True Variance + Error Variance)

where True Variance refers to the amount of variation between latent or unobserved averages for
entities such as health plans or ambulatory practices, and Error Variance refers to variance due
to extraneous variables and measurement error. Typically, this variance is estimated by variance
components methods based on a standard one-way ANOVA model.

While there are several methods of calculating reliability, we used a mixed model, as
described in Appendix A, which also describes other details of the calculations. As part of the
analyses, we calculated intraclass correlation coefficients (ICCs), which are independent of the
sample size. The reliability / can be calculated from the ICCs using the Spearman-Brown
Prophesy formula, where N is the sample size:

_eC )
T 1+(ICC YN -1)

This equation implies that, for a given ICC, reliability can be increased by increasing N. The
equation can be rearranged to calculate how large an N is needed to achieve a specific reliability

for a given ICC:
_r(l-Icc)
S ccyi-r)y

PM1 required a different approach to calculating reliability, as it combines two different
outcomes: (1) being alive at two years (for the entire sample of those who completed the baseline
survey) and (2) change in PCS scores (for those who completed both the baseline and follow-up
surveys). Details of that calculation are included in Appendix A.

What Is Acceptable Reliability for a Performance Measure?

A PM must have sufficient reliability to demonstrate differences between providers that are the
result of actual differences in performance rather than of chance alone. Increasing the sample
size can improve reliability; here, we examine the reliability that was achieved with these PMs
and these sample sizes. While there is no firm minimum reliability that is considered sufficient
for a PM, the general consensus of most previous studies is that a minimum reliability of 0.7 to
0.8 is needed to allow valid comparisons among provider groups (Sequist et al., 2011; Adams,
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2009). A minimum reliability level of 0.7 is noted in the NQF-commissioned paper on PRO PMs
by Deutsch et al. (2012).

Reliability of PMs 1-5 Using Standard CMS Risk Adjustment

Table 2.5 shows the reliability in cohorts 9-15 for PMs 2—5 and the outcome of death using the
standard risk adjustments used by CMS (as described in Chapter 3 of this report). PCSsi and
MCSsi refer to whether PCS and MCS were stable or improved between the baseline and follow-
up surveys. As indicated in Appendix A, the reliability for the continuous two-year change in
PCS is calculated by assessing the difference between the observed and expected two-year
change in PCS. Therefore, we refer to these measures as “PCSDiff” and “MCSDiff” in Table 2.5
and Appendix A.

Table 2.5. Reliability of PMs 2—-5 and the Outcome of Death

Mean Number of

Group Outcome Number of MAOs Respondents per MAO ICC Reliability
Cohort 9 PCSsi 187 223 0.000477 0.096
PCSDiff 187 223 0.000596 0.118
MCSsi 187 223 0.001047 0.190
MCSDiff 187 223 0.000619 0.122
Death 203 402 0.000950 0.277
Cohort 10 PCSsi 271 233 0.000279 0.061
PCSDiff 271 233 0.000351 0.076
MCSsi 271 233 0.000435 0.092
MCSDiff 271 233 0.000120 0.027
Death 286 436 0.000924 0.287
Cohort 11 PCSsi 329 200 0.000541 0.098
PCSDiff 329 200 0.001316 0.208
MCSsi 329 200 0.001872 0.272
MCSDiff 329 200 0.000991 0.165
Death 361 416 0.001433 0.374
Cohort 12 PCSsi 382 194 0.000347 0.063
PCSDiff 382 194 0.000061 0.012
MCSsi 382 194 0.001230 0.192
MCSDiff 382 194 0.000420 0.075
Death 424 448 0.001295 0.368
Cohort 13 PCSsi 436 196 0.000212 0.040
PCSDiff 436 196 0.000680 0.118
MCSsi 436 196 0.000985 0.162
MCSDiff 436 196 0.000619 0.108
Death 471 452 0.001544 0.411
Cohort 14 PCSsi 455 177 0.000110 0.019
PCSDiff 455 177 0 0.000
MCSsi 455 177 0.000775 0.120
MCSDiff 455 177 0.000123 0.021
Death 497 390 0.001668 0.394
Cohort 15 PCSsi 449 160 0.000908 0.127
PCSDiff 449 160 0.001004 0.138
MCSsi 449 160 0.000659 0.095
MCSDiff 449 160 0.000747 0.107
Death 511 370 0.002272 0.457

NOTE: PCSsi = PCS stable or improved; MCSsi = MCS stable or improved; PCSDiff = performance based on
PCS change as continuous variable; MCSDiff = performance based on MCS change as continuous variable.
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Reliability estimates for scores on the PCS- and MCS-based measures were low. The
reliability of the PM based on death was somewhat higher, particularly for more recent cohorts,
(e.g., 0.277 to 0.457 across cohorts 9—15). The number of individuals included in the outcome of
death is higher than that for PMs 2—5 because the outcome of death includes, as a denominator,
only those who completed the baseline survey. In contrast, the other measures require
completion of both the baseline and follow-up survey.

We also assessed the reliability of PM1 (alive with PCS stable or improved) using the
methodology described in Appendix A. We found that the results were only slightly better than
for PM2 alone (PCS stable or improved). For example, in cohorts 13, 14, and 15, the reliabilities
for PM1 were 0.018, 0.036, and 0.169, respectively (data are not shown in Table 2.5). This
observation is probably related to at least two factors. First, rates of death are relatively low, so
the results should be fairly similar to those obtained with PM2. Second, MAOs that perform well
on PCS-based measures would not necessarily perform well on a measure based on rates of
death, so combining the two measures would not necessarily reinforce one another but increase
the noise.

Table 2.5 also illustrates the increasing number of MAOs in recent cohorts as well as the
decrease in the average number of individuals per MAO. The latter observation may be related to
two factors: (1) more small MAOs (1,200 or fewer individuals) that were included in recent
cohorts were chosen to receive the baseline survey (see “Exclusions” later in this chapter) and
(2) the response rate was lower in more recent cohorts (see “Response Rates and Missing Data”
later in this chapter).

Modification of the Performance Measures and Their Application

We explored a number of variations in the PMs and investigated whether improvements in
estimated reliability were possible for these measures if they were parameterized or defined
differently. We varied thresholds for PMs 2, 3, 4, and 5 to evaluate the sensitivity of the results
to threshold values. In addition, we varied how the study populations were stratified for analytic
purposes.

Comparison of Different Thresholds

We evaluated the effect of using different multipliers for the standard error of the measurement
in defining “stable and improved” for PMs 2 and 3. These analyses tested whether setting a
narrower or wider band of deterioration for defining stability would change the findings. Instead
of a standard error of 5.66 for PCS, we assessed the use of 5.66/2 (a smaller range) and 5.66 X
1.5 (a larger range) and, for MCS, 6.72/2 and 6.72 % 1.5. We found no consistent improvement
in reliability with these modifications.

For the continuous variable PMs (PMs 4 and 5), we evaluated quantile-based thresholds for
distinguishing MAO performance. Our rationale was that what may matter most to consumers
and policymakers is distinguishing poor performers from others; therefore, we explored
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comparing the lowest tertile, quartile, quintile, and sextile to the remaining upper quantiles as a
strategy for identifying lower-performing MAOs. The results of this analysis are contained in
Table 2.6. “Main results” reported are the original values computed without quantile thresholds
for comparison purposes.
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Table 2.6. Reliability of Continuous Measures of PCS and MCS Using Threshold Based on Four Different Quantiles

Main Results Upper 2 Tertiles  Upper 3 Quartiles Upper 4 Quintiles Upper 5 Sextiles
Mean
Number Number of
of Respondents

Group Outcome MAOs per MAO ICC Reliability ICC Reliability ICC Reliability ICC Reliability ICC Reliability
Cc9 PCS 187 223 0.000596 0.118 0.00083 0.156  0.00037 0.076  0.0003 0.063 0.00053 0.106

MCS 187 223 0.00069 0.122  0.00118 0.208 0.00187 0.295 0.00154 0.257 0.00179 0.286
C10 PCS 271 233 0.000351 0.076  0.00038 0.082 0.00058 0.118 0.00058 0.119 0.00045 0.095

MCS 271 233 0.000120 0.027 0.00083 0.162 0.00225 0.345 0.00237 0.356 0.00255 0.373
C11 PCS 329 200 0.001316 0.208 0.00084 0.143 0.00160 0.242 0.00173 0.257 0.00163 0.246

MCS 329 200 0.000991 0.165 0.00296 0.372 0.00423 0.459 0.00440 0.469 0.00397 0.443
C12 PCS 382 194 0.000061 0.012 0.00009 0.018 0.00023 0.043 O 0 0 0

MCS 382 194 0.000420 0.075 0.00273 0.346 0.00320 0.383 0.00358 0.410 0.00332 0.392
C13 PCS 436 196 0.000680 0.118  0.00030 0.055 0.00022 0.041 0.00026 0.048 0.00042 0.076

MCS 436 196 0.000619 0.108 0.00264 0.341 0.00335 0.397 0.00410 0.446 0.00375 0.424
C14 PCS 455 177 0 0 0 0 0.00056 0.091 0.00079 0.122 0.00087 0.134

MCS 455 177 0.000123 0.021 0.00169 0.23 0.00260 0.315 0.00351 0.383 0.00315 0.358
C15 PCS 449 160 0.001004 0.138 0.00075 0.107 0.00115 0.155 0.00088 0.123 0.00106 0.145

MCS 449 160 0.000747 0.107 0.00199 0.241 0.00352 0.360 0.00338 0.351 0.00329 0.345

NOTE: Bolded values indicate reliability is greater than 0.3; PCSDiff = PCS PM based on continuous variable; MCSDiff = MCS PM based on continuous variable.
For the quantile analyses, performance in the lowest quantile is compared with the other quantiles.
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Compared with the use of a continuous variable without quantile thresholds, the use of
quantiles resulted in substantial improvement in reliability for the MCS measure. For most of
cohorts 9—15, use of quintiles appeared to provide the best performance results for MCS with
reliability greater than 0.35 in cohorts 10—15. The PCS measure did not appear to substantially
improve using this approach.

Comparison of Different Subgroupings

Size of Enrollment

In cohorts 13—15, we divided the MAOs into quartiles by enrollment and assessed the ICC and
reliability for each quartile. The rationale was to determine whether smaller MAOs, which had
fewer provider practices, might display higher reliability compared with the larger ones, which
might be more heterogeneous. However, across these three cohorts, we found this was not the
case. The results are summarized in the tables in Appendix B.

“Line of business” of the MAO at the time of the baseline survey included health
maintenance organizations (HMOs), point of service (POS) plans, preferred provider
organizations (PPOs), HMO/POS combined and fee for service (FFS)/indemnity). We
specifically assessed the reliability of HMOs and PPOs compared with each other and with the
overall HOS population. The hypothesis was that HMOs, relative to PPOs, might exert more
control over the process of care and the services that are offered, resulting in more variation
between MAOs and less within MAOs on the PMs. However, we found that reliability of PMs
2-5 did not consistently improve with such stratification. We attempted to separately assess FFS
MAUO s, but there were only nine to 12 such MAOs in recent cohorts, so results were deemed to
be not statistically reliable.

Length of Time the MAO Had Been in Existence

We postulated that there might be more variation in performance among “younger” MAOs
compared with those that had been part of the Medicare Advantage program for a longer period.
However, we found no overall improvement in reliability of the PMs for those MAOs that had
been in existence for less than one year prior to the baseline survey compared with those in
existence for a longer period of time.

Assessment of “subplans” of MAOs rather than the entire MAO. Many MAOs, especially
those with large enrollments, comprise two or more subplans that may contain different
populations. Such subplans could be based on such factors as geography or patient characteristics
and may also differ in the medical benefits offered. We postulated that the PMs associated with
these subplans might show greater variation compared with the parent plans (the MAQOs), and
that this might result in a higher reliability of the PMs. Because the subplans have fewer
enrollees than the MAO and because reliability is a function of the sample size, we assessed
ICCs in addition to reliability in our assessment of the subplans. We assessed all subplans and
then specifically stratified by a specific type of subplan called a Special Needs Plan (SNP). We
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used the HOS data set variable BxPBPID to define the subplans and BxSNPTYPE to identify the
specific types of SNPs: (1) chronic or disabling conditions, (2) dual eligible, and (3) institutional.
These analyses were limited because of small sample sizes of subplans, making it difficult to
draw any firm conclusions. For example, in cohorts 13—15, the average sample size for the
chronic or disabling condition SNP was only 18-23 (for PCS/MCS outcomes). Also, because the
SNPs may differ from one another in the type and severity of target medical conditions among
enrollees, the interpretation of any performance differences among such subplans would need to
be interpreted with caution.

Application of the PMs to subpopulations of individuals with MCCs. We assessed the
reliability of the PMs in subpopulations of the HOS sample, based on

e number of MCCs (greater than or equal to two, three, four, or five conditions)

e particular conditions as one of the MCCs (depression; arthritis; angina, coronary disease
or heart attack; diabetes; and sciatica)

e age of the respondents (65—75 years old and 75 and older)

e length of time the respondent had been in the MAO prior to the baseline survey (less than
one year, one or more years), based on the assumption that a longer time with the MAO
might allow greater control over outcomes.

We hypothesized that one or more of these subpopulations might display greater variation in
performance among MAOs, resulting in higher ICCs and reliability. However, none of these
subpopulations showed meaningfully different results from the overall population in this regard.
In analyses covering multiple cohorts for these various subpopulations, there did not appear to be
any consistent improvement compared with the overall population of those with MCCs (two or
more conditions). The results are summarized in the tables in Appendixes C-F.

Assessment of individual scale scores of the VR-12. As noted, the VR-12 items can be used to
construct eight scales, each comprising one or two items: physical functioning, role limitations
because of physical functioning, role limitations because of emotional functioning, bodily pain,
vitality, social functioning, general health perceptions, and mental health. Because MCS-related
PMs (3 and 5) seemed to display higher reliabilities than those associated with PCS (PM1, PM2,
and PM4), we assessed individual-scale scores of the VR-12 to determine whether any would
yield higher reliabilities. We assessed changes in the scales as continuous variables, similar to
PMs 4 and 5, including the use of quantile thresholds. Table 2.7 shows the results of the analyses
for the assessments using continuous variables, which provided higher reliabilities when a
quartile threshold was applied. Use of quartiles generally provided higher reliabilities compared
with other quantiles.
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Table 2.7. Reliability of Eight VR-12 Scales Scores as Continuous Variables and with Quartile
Threshold (Upper 3 Quartiles Versus Lowest Quartile)

Continuous Upper 3 Quartiles
Mean Number
Number of Respondents
Group Outcome of MAOs per MAO ICC Reliability ICC Reliability
Cohort 9 Physical functioning 187 221 0 0 0.00045 0.091
Role physical 187 220 0.00035 0.071 0.00075 0.142
Role emotional 187 219 0.00024 0.051 0.00196 0.301
Bodily pain 187 218 0.00081 0.151 0.00220 0.324
Social functioning 187 217 0.00095 0.172 0.00150 0.247
Vitality 187 214 0.00093 0.166 0.00117 0.200
General health 187 217 0.00040 0.080 0.00196 0.299
Mental health 187 218 0 0 0.00306 0.401
Cohort 10 Physical functioning 271 231 0.00059 0.121 0.00095 0.180
Role physical 271 230 0.00009 0.020 0.00033 0.070
Role emotional 271 229 0.00067 0.134 0.00275 0.387
Bodily pain 271 227 0.00042 0.088 0.00110 0.200
Social functioning 271 228 0.00007 0.016 0.00184 0.296
Vitality 271 226 0.00069 0.135 0.00135 0.234
General health 271 226 0 0 0.00281 0.390
Mental health 271 230 0.00005 0.010 0.00398 0.479
Cohort 11 Physical functioning 329 198 0.00043 0.079 0.00112 0.181
Role physical 329 197 0.00114 0.183 0.00130 0.204
Role emotional 329 197 0.00146 0.223 0.00476 0.484
Bodily pain 329 194 0.00087 0.144 0.00291 0.362
Social functioning 329 195 0.00072 0.123 0.00405 0.443
Vitality 329 192 0.00042 0.075 0.00151 0.225
General health 329 194 0.00123 0.193 0.00203 0.282
Mental health 329 196 0.00055 0.098 0.00546 0.519
Cohort 12 Physical functioning 382 191 0.00019 0.035 0.00124 0.192
Role physical 382 190 0.00083 0.136 0.00167 0.241
Role emotional 382 190 0.00152 0.225 0.00524 0.501
Bodily pain 382 189 0 0 0.00083 0.136
Social functioning 382 189 0.00065 0.109 0.00433 0.451
Vitality 382 186 0.00020 0.037 0.00047 0.081
General health 382 188 0.00020 0.037 0.00047 0.081
Mental health 382 190 0.00027 0.049 0.00660 0.558
Cohort 13 Physical functioning 436 194 0.00049 0.087 0.00109 0.175
Role physical 436 194 0.00067 0.115 0.00084 0.139
Role emotional 436 193 0.00072 0.122 0.00440 0.461
Bodily pain 436 191 0.00053 0.092 0.00173 0.249
Social functioning 436 192 0.00038 0.067 0.00342 0.397
Vitality 436 189 0.00038 0.068 0.00089 0.143
General health 436 190 0.00046 0.081 0.00195 0.270
Mental health 436 193 0.00032 0.059 0.00615 0.544
Cohort 14 Physical functioning 455 175 0.00030 0.050 0.00116 0.169
Role physical 455 174 0.00071 0.110 0.00141 0.197
Role emotional 455 174 0.00085 0.128 0.00303 0.345
Bodily pain 455 173 0 0 0.00041 0.066
Social functioning 455 173 0.00010 0.017 0.00367 0.389
Vitality 455 171 0.00118 0.168 0.00072 0.109
General health 455 171 0.00107 0.154 0.00595 0.506
Mental health 455 174 0.00024 0.040 0.00752 0.569
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Table 2.7—Continued

Continuous Upper 3 Quartiles
Mean Number of
Number Respondents per
Group Outcome of MAOs MAO ICC Reliability ICC Reliability
Cohort 15 Physical functioning 449 158 0.00091 0.126 0.00148 0.189
Role physical 449 158 0.00079 0.111 0.00136 0.176
Role emotional 449 157 0.00098 0.134 0.00289 0.313
Bodily pain 449 156 0.00021 0.031 0.00129 0.168
Social functioning 449 157 0.00061 0.087 0.00336 0.345
Vitality 449 155 0.00025 0.037 0.00020 0.030
General health 449 155 0.00067 0.095 0.00187 0.225
Mental health 449 158 0.00106 0.143 0.00636 0.503

NOTE: Bolded numbers indicate reliability 0.3 or greater.

The last column in Table 2.7 shows the reliability when the threshold for higher versus lower
performance is set at the boundary between the lowest quartile and the upper three quartiles. The
mental health scale has consistently higher reliability than the other scales. This is consistent
with the observations regarding the MCS-related PMs, since the questions constituting the
mental health scale have a relatively high weighting in the calculation of MCS.

Modification of Risk Adjustment by Excluding Sociodemographic Status and
Socioeconomic Status Variables from the Risk-Adjustment Models

The use of variables related to patient sociodemographic status (SDS) and socioeconomic status
(SES) as risk adjusters for PMs is controversial and is discussed further in Chapter 3. The risk-
adjustment model used by CMS for HOS PMs, which includes PCS and MCS scores, contains
several variables, including gender, race/ethnicity, receive Medicaid (yes or no), eligible or not
for Supplemental Security Income (SSI) because of disability (yes or no), home owner (yes or
no), high school graduate (yes or no), married (yes or no; “no” includes single, divorced,
widowed, separated), and annual household income less than $20,000 (yes or no). We used only
age as a risk adjuster for PMs 2-5.

As shown in Table 2.8, such a change resulted in an improvement in reliability in PM3
(stable or improved MCS) across cohorts 13—15, while there was less consistent change for the
other PMs. Similar improvement for PM3 was also seen for earlier cohorts (data not shown). For
the two columns titled “main results,” the values for ICCs and reliabilities represent the values
from the full risk-adjusted models that contain the SES and SDS variable. Chapter 3 and the
Summary and Recommendations sections of this report consider some explanations for the
results of higher reliabilities for MCS (PM3) without the SDS and SES variables included in the
models.
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Table 2.8. Effect on Reliability of PCS/MCS-Based Measures of Excluding Sociodemographic
and Socioeconomic Status Variables in the Risk-Adjustment Model

Main Result Age Only in Model
Number of Mean Number of

Group Qutcome MAOs Respondents per MAO ICC Reliability ICC Reliability
Cohort 13 PCSsi 436 196 0.000212 0.040 0.000039 0.008
PCSDiff 436 196 0.000680 0.118 0.001078 0.187
MCSsi 436 196 0.000985 0.162 0.002591 0.356
MCSDiff 436 196 0.000619 0.108 0.000458 0.089
Cohort 14 PCSsi 455 177 0.000110 0.019 0.000183 0.034
PCSDiff 455 177 0 0.000 0.000310 0.056
MCSsi 455 177 0.000775 0.120 0.002642 0.336
MCSDiff 455 177 0.000123 0.021 0.000456 0.080
Cohort 15 PCSsi 449 160 0.000908 0.127 0.000973 0.144
PCSDiff 449 160 0.001004 0.138 0.001615 0.219
MCSsi 449 160 0.000659 0.095 0.002644 0.315
MCSDiff 449 160 0.000747 0.107 0.000801 0.122

NOTE: Bolded values indicate reliability 0.3 or greater.

We also assessed the effect of excluding SDS and SES variables from the models for risk-
adjusting mortality. A description of the full risk-adjustment models is in Chapter 3 of this
report. Unlike the PCS/MCS risk-adjustment models, the models for death contain variables
other than SDS/SES and age that are explained in Chapter 3. Table 2.9 shows the effect on
reliability of exclusion of the SDS and SES variables from such models. There is a modest
improvement in reliability when such variables are excluded. As before, the columns headed as
“main results” indicate the original models with risk adjustors that contained the SDS and SES
variables.

Table 2.9. Effect on Reliability of the Outcome of Death of Excluding Sociodemographic and
Socioeconomic Status Variables in the Risk-Adjustment Models

No SDS/SES in

Main Result the Models
Number of Mean Number of
Group Outcome MAOs Respondents per MAO ICC Reliability ICC Reliability
Cohort 13 Death 471 452 0.001544 0.411 0.00209 0.486
Cohort 14  Death 497 390 0.001668 0.394 0.00233 0.478
Cohort 15 Death 511 370 0.002272 0.457 0.00329 0.554

We also assessed the effect on reliabilities of excluding SDS/SES from the risk-adjustment
models for PM1 (alive with PCS stable or improved) and found no consistent changes.

Combining the PM Results for a Given MAO Across Two or Three Cohorts

If a MAO has consistent performance (either high or low) over time, then combining the results
of each MAO across more than one cohort should produce greater reliability. This is in part
because reliability increases as the sample size increases, as indicated in the Spearman-Brown
Prophesy formula previously discussed. To assess the extent to which MAO results were
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consistent over time, we calculated the correlation of performance between two pairs of cohorts
(13—14 and 14-15) for each MAO that was represented in both cohorts of each pair. The PMs
that we chose, based on results of reliability analyses, were (1) PCS stable or improved with age-
only risk adjustment, (2) MCS stable or improved with age-only risk adjustment, (3) PCS change
as a continuous variable using a quintile threshold, and (4) MCS change as a continuous variable
with a quintile threshold. To reduce the effect of outliers resulting from limited sample size, we
excluded from analyses MAOs with fewer than 50 individuals that composed the PM. The
results are shown in Table 2.10.

Table 2.10. Correlation of Performance Measures Between Adjacent Cohorts

Cohort Correlation

Performance Measure 13 and 14 14 and 15

PCSsi-a 0.14814 (p = 0.0041) —0.01921 (p = 0.7046)
MCSsi-a 0.32337 (p < 0.0001) 0.33532 (p < 0.0001)
PCSdiff-gn 0.10962 (p = 0.0341) 0.04471 (p = 0.3774)
MCSdiff-gn 0.36273 (p < 0.0001) 0.38293 (p < 0.0001)

NOTE: PCSsi-a = PCS stable or improved, age-only risk adjustment; MCSsi-a = MCS stable or improved, age-only
risk adjustment; PCSDiff-gn = PCS as a continuous measure using quintile threshold; MCSDiff-qn = MCS as
continuous measure using quintile threshold.

The correlation for both MCS-based PMs between cohorts 13 and 14 and between 14 and 15
are in the range of 0.32 to 0.38 and are statistically significant. For the PCS measures, the
correlation between cohorts 13 and 14 is relatively low (0.11 to 0.14) but significant. However,
the PCS measures are not significantly correlated between cohorts 14 and 15. The maximum
possible correlation one would expect to see between two measurements is the square root of the
product of the reliabilities. The reliabilities for MCSsi-a for cohorts 13—15 are in the range of
0.31 to 0.36 (Table 2.8), and the reliabilities for MCSdiff-qn for cohorts 13—15 are in the range
of 0.35 to 0.45 (Table 2.6). Therefore, the observed correlations in Table 2.12 for the MCS-based
measures are close to the maximum possible, based on the formula, and suggest a high
correlation between cohorts. The reliabilities for the PCS-based measures are considerably lower
(range 0.05 to 0.22). As a specific example, the maximum possible correlation that could be
expected for PCSDIff-qn between cohorts 14 and 15 would be only V(0.122 x 0.123) = 0.122.
Because of the low maximum predicted correlation, we cannot draw meaningful conclusions
about the relationship of PCS changes across cohorts.

On the basis of the assessment with regard to the correlation of PM results across cohorts, we
would expect that combining cohorts would improve the reliability for MCS-based measures, but
the effect on PCS-based measures was not clear. Table 2.11 shows the results of combining
cohorts 14—15 and cohorts 13—15 for the data presented in Table 2.8 for those MAOs that
participated in the HOS for the corresponding sets of cohorts. The columns headed “main
results” are the original risk-adjustment models with SDS and SES variables. The columns titled
“Age Only in Model” refer to the risk-adjustment model without SDS and SES variables.
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Table 2.11. Effect on Reliability of Combining Results Across Cohorts

Main Result Age Only in Model
Mean Number
Number of of Respondents
Group Outcome MAOs per MAO ICC Reliability ICC Reliability
Cohort 14 and 15  PCSsi 429 342 0.000319 0.098 0.000344 0.113
PCSDiff 429 342 0.000463 0.137 0.000824 0.234
MCSsi 429 342 0.000701 0.193 0.002748 0.505
MCSDiff 429 342 0.000450 0.133 0.000484 0.152
Death 445 760 0.002268 0.633
Cohort 13, 14, PCSsi 389 546 0.000550 0.231 0.000430 0.203
and 15
PCSDiff 389 546 0.000578 0.240 0.000979 0.367
MCSsi 389 546 0.000693 0.275 0.002589 0.606
MCSDiff 389 546 0.000245 0.118 0.000281 0.143
Death 445 1,215 0.002167 0.725

NOTE: Bolded values indicate reliability 0.3 or greater.

Combining the data from the cohorts generally resulted in improved reliability, with a value
of 0.606 for MCS stable or improved and 0.725 for death for combined cohorts 13—15. Table

2.12 shows the results of combining cohorts 14—15 and 13—15 for the continuous variable

versions of PCS and MCS using quantile thresholds, as previously described. For comparison,

the individual results from cohorts 13—15 are repeated.
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Table 2.12. Effect on ICC and Reliability of Combining Cohorts for “Diff” Performance Measures

Upper 2 Tertiles Upper 3 Quartiles Upper 4 Quintiles Upper 5 Sextiles
Mean Number
of
Number of Respondents
Group Outcome MAOs per MAO ICC Reliability ICC Reliability ICC Reliability ICC Reliability
Cohort 13 PCS 436 196 0.00030 0.055 0.00022 0.041 0.00026 0.048 0.00042 0.076
MCS 436 196 0.00264 0.341 0.00335 0.397 0.00410 0.446 0.00375 0.424
Cohort 14 PCS 455 177 0 0 0.00056 0.091 0.00079 0.122 0.00087 0.134
MCS 455 177 0.00169 0.230 0.00260 0.315 0.00351 0.383 0.00315 0.358
Cohort 15 PCS 449 160 0.00075 0.107 0.00115 0.155 0.00088 0.123 0.00106 0.145
MCS 449 160 0.00199 0.241 0.00352 0.360 0.00338 0.351 0.00329 0.345
Cohorts PCS 429 342 0.00021 0.067 0.00047 0.138 0.00066 0.184 0.00077 0.208
14+15
MCS 429 342 0.00200 0.406 0.00318 0.521 0.00378 0.564 0.00360 0.553
Cohorts PCS 389 546 0.00049 0.213 0.00066 0.266 0.00070 0.278 0.00071 0.28
13+14+15
MCS 389 546 0.00200 0.523 0.00296 0.618 0.00364 0.666 0.00353 0.659

NOTES: PCS = PCS PM based on continuous variable with threshold based on quantiles (lowest compared with remaining upper quantiles) using risk-adjustment
model that contains SDS/SES variables; MCS = MCS PM based on continuous variable with threshold based on quantiles (lowest compared with remaining upper
quantiles) using risk- adjustment model that contains SDS and SES variables.
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As seen with PCS stable or improved and MCS stable or improved, combining the results
from two or three cohorts resulted in a substantial improvement in reliability with a value as high
as 0.666 for the MCS-related outcome using a threshold defined as the boundary between the
lowest quintile and the highest four quintiles.

Validity Testing of Selected PMs

Association of the PM with Quality and Process of Care

To better understand the validity of the PMs, we sought to assess their association with quality-
of-care measures as reflected in the Healthcare Effectiveness Data and Information Set (HEDIS)
metrics. In theory, MAOs with better processes and intermediate outcomes of care (i.e., better
scores on HEDIS measures) should also have better outcomes of care (stable or improved health-
related quality of life). However, there are several challenges in performing such analyses using
the entire sample of patients completing the HOS.

e First, most HEDIS measures focus on processes of care in that they measure the degree to
which some activity was performed, such as asking patients about some health-related
issue, prescribing in a certain manner, or obtaining certain laboratory tests. For some of
these process measures, there may be selection bias; for others, the association of the
measures with outcomes, such as health status, is uncertain.

e In addition, a large majority of measures pertain to individuals with specific conditions,
or who have experienced certain events, such as falls. Such events and conditions may be
relevant only to a modest percentage of all those with MCCs.

e A third challenge is that quality-of-care measures, even those with intermediate
outcomes, may not have immediate effects on health status, so that assessing changes
over two years may not be an adequate period to show a statistical association.

e Finally, individual MAOs may do well on some measures but not others and could make
it more difficult to associate a set of measures with MAO-level performance on health
status. For any given HEDIS measure, not all MAOs have reported results, so that
attempting to simultaneously assess a large group of measures and including only those
MAOs reporting such measures can result in selection bias.

With these issues in mind, we sought to determine the association of certain diabetes-related
HEDIS measures with MAO-level PMs. Diabetes is a relatively prevalent condition among those
with MCCs, ranging from 27.3 percent in cohort 9 to 32 percent in cohort 15. It has a known
adverse effect on health status and can lead to multiple complications if not adequately treated.
Previously published research (Harman et al., 2010) has indicated a relationship between
diabetes-related HEDIS measures and changes in PCS and MCS in the Medicare Advantage
population, although the unit of analysis in that study was the individual and not the MAO. The
HEDIS measures chosen for this project were as follows:
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e Process Measures

— EOCO020-0010 rate—HDbA 1¢ testing

— EOC020-0070 rate—eye exams

— EOC020-0100 rate —lipid profile

— EOC020-0160 rate—monitoring diabetic nephropathy.

e Intermediate Outcome Measures

— EO0C020-0220 rate < 100 LDL-C level
— EOC020-0310 rate—blood press control < 140,/90
— EOC020-0340 rate—HbA ¢ control (< 8 percent).

A very high percentage of MAOs reported rates for each of these measures (96.7-97.0
percent), and we included only those MAOs that both reported such rates and had at least
20 individuals with diabetes and calculable PCS and MCS on the baseline and follow-up
surveys. We created composite “process of care” and “intermediate outcome” measures by
averaging the performance rates for each of the measures in the corresponding group. In
addition, we assessed each of the intermediate outcome measures separately. We assessed the
correlation between each of the HEDIS composite measures and individual intermediate
outcome measures with the following PMs: PCSsi and MCSsi, both with age-only risk
adjustment (PCSsi-a and MCSsi-a), and PCSDiff and MCSDiff, both using quintiles for
threshold analyses (PCSDiff-qn and MCSDiff-qn). We used cohort 15 for the PMs and two years
of HEDIS measures, 2013 and 2014, which were averaged together for each MAO. The chosen
years of HEDIS measures were based on the fact that they are reported one year after the actual
performance is assessed. The results are shown in Table 2.13.

Table 2.13. Correlation Between Selected Diabetes-Related HEDIS Measures and MAO
Performance Measures

HEDIS Measure

Performance Process of Care Intermediate Rate LDL-C Level Rate Blood Rate HbA1c
Outcome Pressure Control (Less
Measure Composite Composite <100 <140/90 than 8 Percent)
PCSsi-a 0.04721 0.02760 0.01270 0.04695 0.01235
(p =0.3475) (p = 0.5845) (p = 0.8006) (p = 0.3508) (p = 0.8065)
MCSsi-a 0.03849 0.13970 0.13352 0.05774 0.17659
(p=0.4438) (p = 0.0054) (p =0.0076) (p=0.2511) (p = 0.0004)
PCSDiff-gn 0.05238 0.05107 0.02179 0.05399 0.05682
(p =0.2973) (p=0.3113) (p =0.6647) (p =0.2832) (p = 0.2593)
MCSDiff-gn 0.02361 0.11035 0.10727 0.03692 0.13839
(p =0.6387) (p =0.0283) (p =0.0324) (p =0.4632) (p = 0.0058)

NOTE: Bolded values indicate p < 0.05.

For both of the MCS-based PMs MCSsi-a and MCSDiff-qn, there were statistically
significant correlations with rates of HbAlc control, LDL-C < 100 and the composite
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intermediate outcome measure. There were no significant associations between blood-pressure
control or process-of-care composite measure and the MCS measures or between any of the
HEDIS measures and the PCS-based measures. The association between blood-glucose control,
as reflected by lower HbA ¢ levels, and depression has been well documented (Lustman et al.,
2000). The association may be bidirectional. For example, it is possible that those individuals
with depression or other psychological problems may be less compliant with diabetes
medications and diet resulting in poor blood-glucose control. Some reports have indicated that
treatment directed at improving glycemic control also results in improvement in aspects of
psychological well-being (Testa and Simonson, 1998; Mazze, Lucido, and Shamoon, 1984;
Hajos et al., 2012). The reason for the observed association between rates of LDL-C < 100 and
the MCS-based performance measures is not clear. It is possible that improvement in certain
aspects of mental health could result in improved LDL-C control through the mechanism of
better adherence with medications, diet, and exercise. Another possible explanation for the
associations between better process of care for diabetes and better MCS-based measures is that
the conditions supporting better process of care for one common condition (diabetes) also
support better process of care for another common condition (depression).

The reason for the absence of a correlation between the HEDIS measures and PCS-related
performance measures is also not clear. One possibility is that in a heterogeneous population, it
takes longer than two years for improved control of blood glucose, blood pressure, and
cholesterol to be reflected in higher levels of physical health. Another is that, at least over a
period of two years, the potential benefit of tighter control of these intermediate outcomes may
be counterbalanced by side effects from the increased amount of medications required to achieve
such control.

Association of the PM with Other Patient-Reported Measures

In cohort 15, we assessed the correlation of MAO-level PM1, PM2, and PM4 (alive with PCS
stable or improved, PCS stable or improved, and average change in PCS) with the mean MAO-
level change in the number of reported medical conditions (other than depression) in MAQOs with
at least 50 respondents with calculable PCS and MCS. The Pearson correlation coefficient was
—0.14 for PM1, —0.14 for PM2, and —0.12 for PM4 (p = 0.0043 for PM1, p = 0.0044 for PM2,
and p = 0.014 for PM4), indicating that a MAO-level increase in the number of patient-reported
conditions between baseline and follow-up was associated with a lower level of these PMs,
which is the expected result and supports the general contention that these PMs are valid
measures of changes in health status over time.

We also assessed the correlation of MAO-level PM3 and PMS5 (MCS stable or improved and
average change in MCS) with the mean MAO-level change in the number of depression
screening questions that were answered in the positive, ranging from 0 to 4. MAOs included in
the analyses had at least 50 respondents with calculable PCS and MCS. There were three
questions with yes or no answers as well as the question “How much of the time in the past week
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did you feel depressed?” The latter question has response choices 1-4, ranging from 1 = “rarely
or none of the time” to 4 = “most or all of the time.” For that question, responses 2, 3, or 4 were
considered “positive.” The Pearson correlation coefficient was —0.35 for PM3 and —0.41 for PM5
(» <0.001 for both), indicating that an MAO-level increase in the number of positive patient-
reported depression screening questions between baseline and follow-up was associated with a
lower level of performance for the MCS-based measures, as was expected. This is evidence of
the validity of the PM3 and PMS5 for MCS-based PMs.

Threats to Validity of the PM

Exclusions

A sample of those enrolled in each MAO was randomly chosen to receive the baseline HOS. For
those MAOs with more than 1,200 enrollees, 1,200 individuals were randomly selected to
receive the survey. For those with 500 to 1200 enrollees, all enrollees were selected. MAOs with
fewer than 500 enrollees were not included in the HOS. While this policy excludes the small
MAOs, their exclusion seems reasonable because their results may lack statistical precision. For
the follow-up survey, individuals are excluded for several reasons, including inability to derive
PCS and MCS scores on the baseline survey, disenrollment from the MAO subsequent to the
follow-up survey, or death prior to the follow-up survey. Those dying prior to the follow-up
survey are included in the models of death. Of those ages 65 and older who were selected to
receive the baseline survey, approximately 47 percent in cohort 9 and 62 percent in cohort 15
were excluded from the follow-up survey because they met one or more of the following criteria:
They were nonresponders to the baseline survey, they disenrolled from their MAO, or they died
subsequent to the baseline survey. Another 7 percent in cohort 9 and 8 percent in

cohort 15 were excluded from receiving the follow-up survey because of being enrolled in
MAOs at baseline that no longer existed at the time of follow-up. In our analyses, we have
already included risk adjustments to account for certain types of selection bias. However, in
future analyses, it would also be important to consider characteristics of those who do not
respond to the survey and to account for the likely effect of their not being included in the
analyses.

Response Rate and Missing Data

The effect of response rates and missing data should be kept in mind when interpreting these
results. In cohort 9, approximately 66 percent of those ages 65 and older responded to at least
some questions on the baseline HOS. Of those with at least some survey responses, about

97 percent had calculable PCS and MCS (using the modified regression estimator, which
imputes missing values) (Spiro et al., 2004), about 84 percent responded to all questions on
medical conditions and the depression screen, and about 87 percent had adequate data for at least
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one risk-adjustment model for PCS, MCS, and death. In cohort 15, approximately 55 percent
responded to at least some questions at baseline. Of those, around 93 percent had calculable PCS
and MCS, around 80 percent responded to medical conditions and depression screen questions,
and around 82 percent had adequate data for at least one risk-adjustment model for PCS, MCS,
and death. Details of these models are discussed in Chapter 3. Of those ages 65 and older who
were designated to receive a follow-up survey, approximately 78 percent in cohort 9 and 70
percent in cohort 15 responded to the survey with calculable PCS and MCS.

A potentially important issue concerns possible differences in the characteristics of those
who respond to the HOS compared with those who do not and how this might bias results that
compare MAOs with one another. There are three main groups of enrollees with regard to survey
response: those who do not respond to the baseline survey, those who respond to the baseline but
not the follow-up survey, and those who respond to both the baseline and follow-up surveys. For
those who do not respond to the baseline survey, we have only very limited demographic
information supplied by CMS. Because the focus of this project is on those with MCCs and
because the presence of MCCs is determined from responses to the baseline survey, we cannot
determine MCC status for nonresponders to the baseline survey. Therefore, we cannot accurately
compare those who do not respond to the baseline survey with responders to either baseline or
follow-up. However, we can compare certain characteristics of those with MCCs who responded
to only the baseline survey to those who responded to both baseline and follow-up surveys. Table
2.14 summarizes the results of that comparison.

Table 2.14. Characteristics of Responders to Only the Baseline Survey Compared with
Responders to Both Baseline and Follow-Up (Cohort 15)

Responded to
Baseline Survey Only Responded to Baseline and

Variables (N =112,046) Follow-Up (N =79,972) p Value
Age 75.12 74.65 < 0.0001
PCS 35.51 38.22 < 0.0001
MCS 49.00 51.67 < 0.0001
Number of chronic conditions 3.98 3.73 < 0.0001
Female 60.3% 60.7% 0.0912
White 78.7% 83.5% < 0.0001
Black 13.1% 9.4% < 0.0001
Hispanic 3.4% 2.3% < 0.0001
Other race/ethnicity 4.9% 4.8% 0.4962
Married 49.6% 54.4% < 0.0001
Medicaid 25.3% 18.3% < 0.0001
SSi 3.6% 2.8% < 0.0001
Home owner 62.0% 70.3% < 0.0001
High school 70.9% 77.8% < 0.0001
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Compared with those who responded to only the baseline survey, responders to both the
baseline and follow-up surveys were younger, had higher physical and mental health status at
baseline, and had fewer chronic conditions. They also differed in a number of SDS
characteristics. Of those who responded to only the baseline survey, their poorer health status
suggests that some of those who did not respond to the follow-up survey were too sick to
respond, which biases all plans upward with regard to PMs. An important issue is how plans are
differentiated from one another by follow-up nonresponse. Plans with a larger percentage of
steep declines in health status should have a larger percentage of nonresponse, which would tend
to move plans closer to one another. On the other hand, plans that deliver suboptimal health care
might have a different relationship between change in health status and nonresponse, and this
could imply less bias, making these plans stand out more. With these conflicting possibilities, it
is unclear what (if any) the net bias might be.
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3. Develop and Refine Risk Adjustment of the Performance
Measures Using Available Data and Modeling

In this chapter, we discuss our approach to risk adjustment for the PMs. We first describe the
approaches used for risk adjustment of PCS and MCS outcomes and for the outcome of death
and discuss the use of SDS and SES variables as risk adjusters for these outcomes. We then
assess the stability of coefficients of the risk-adjustment models across several cohorts. Finally,
we discuss use of random compared with fixed-effect models.

Risk Adjustment for PCS and MCS Outcomes

For the outcomes of PCS stable or improved (PM2) and MCS stable or improved (PM3), our
risk-adjustment models initially used the same variables as those used by CMS in analyzing
MAOs on the basis of HOS data. However, because patients in this project differ from those in
the overall CMS HOS cohorts in that they all have MCCs, we performed sensitivity analyses to
determine whether modifications to risk adjustment would be beneficial.

The methodologies for risk adjustment developed by Boston University with Lewis Kazis’s
group have been adopted by CMS for the HOS reporting of the VR-12 PMs and have been
published in the literature (Rogers, Gandek, and Sinclair, 2004; Selim et al., 2007; Kazis et al.,
2012). The PM results were based on case-mix adjusted mortality rates and changes in physical
and mental health as measured by the VR-12 PCS and MCS scores, respectively. HOS outcomes
were analyzed by calculating the difference between actual and expected results over two years.
For reporting purposes, death and change in PCS scores were combined to measure change in
physical health. Expected results were adjusted for the case-mix of beneficiaries within an MAO.
Scores were reported as the percentage of respondents within an MAO who are alive with PCS
stable or improved, PCS stable or improved, and MCS stable or improved. The modeling and
parameter estimates used in the calculation of all HOS performance measurement results were
derived from the cohorts’ case-mix variables for risk adjustment.

Building on prior work, we used three domains of risk: sociodemographics, comorbidities,
and baseline health status. Because there are substantial variations in health status among
patients with different diagnoses, we used in our analyses a group of conditions that are
commonly encountered in clinic visits and are known to be major indicators of health status. We
did not include the PCS and MCS baseline scores in the PCS and MCS models examining
change (difference) because their coefficients are influenced by the baseline score measurement
error and intertemporal correlation, which may add to the degree of unreliability and instability
of the model (Glymour, 2005). However, we include these scores in the risk-adjustment models
for mortality, baseline PCS, and MCS health status because they are important predictors of
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survival. All the case-mix variables in our analyses correspond to characteristics in the baseline
surveys for the HOS cohorts. The CMS HOS risk adjustment uses one of three different models
(A, B, or C in Table 3.1), depending on whether certain self-reported data, specifically income
and education, are missing.

Table 3.1. Risk-Adjustment Models Predicting a Change in PCS and MCS Scores over Time

Model Description

A Sociodemographic variables, income, and education
B Same model as Model A, without income
C Same model as Model A, without income and education

NOTE: Sociodemographic variables include (a) age (linear, 75 and
older, 85 and older); (b) gender; (c) race/ethnicity (self-reported;
white, black/African American, (e) eligible or not for SSI because
of disability (yes or no); (f) home owner (yes or no). Income refers
to whether the annual household income is less than $20,000

(yes or no). Education refers to whether the patient is a high
school graduate (yes or no).

As noted, we did not include baseline PCS, baseline MCS, or self-reported chronic
conditions in the models for PCS or MCS change (Selim et al., 2007; Kazis et al., 2012). Our
group has extensively studied this issue, and technical reports and recommendations have been
made to CMS, which adopted the above models. The reasons for not including these variables
are based largely on statistical considerations as previously noted (Glymour, 2005).

Consideration of Patient Factors for Risk Adjustment and NQF Guidance

As noted, SDS and SES variables are currently used in the CMS risk-adjustment model for two-
year changes in both PCS/MCS and two-year mortality as follows:

age
gender

race/ethnicity

receive Medicaid (yes or no)

eligible or not for SSI because of disability (yes or no)

home owner (yes or no)

high school graduate (yes or no)

married (yes or no; “no” includes single, divorced, widowed, separated)
annual household income less than $20,000 (yes or no).

Use of SDS and SES factors as risk adjusters is controversial, as discussed extensively in a
publication by the NQF (Risk Adjustment for Socioeconomic Status or Other Sociodemographic
Factors, 2014). The concern is that adjusting for these factors has the potential to “adjust away”
true disparities in care. However, failure to adjust for these factors has the potential to discourage
providers and payers from taking care of disadvantaged patients or to financially penalize those
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who do (Zaslavsky and Epstein, 2005; Fiscella, Burstin, and Nerenz, 2014). It is understood that
patient outcomes, including health status, are influenced by patient characteristics (including
SDS and SES) as well as the care that patients receive. Each of the above factors (by themselves
or as proxies for other factors) has the potential to be associated with health status, and at least a
substantial portion of that relationship is likely not related to the process or quality of care.

While we believe that these factors might be acceptable to NQF for use as risk adjusters for
PCS and MCS-based PMs, we also explored the effects of excluding such variables in the risk-
adjustment models. As previously described, we found that, when SDS and SES variables were
excluded and only age was included as a risk adjuster, the reliability for “MCS stable or
improved” increased substantially, with less consistent changes for the other PMs, including the
measures based on MCSDiff (continuous variable). The directionality and degree to which any
risk-adjustment variables affect reliability depends on the balance between their effects on
within-group variance compared with their effects on between-group variance. To the extent that
MAOs substantially differ in the SDS and SES status of their enrollees, and assuming that such
variables have a substantial association with outcomes, their elimination may result in larger
variation (increased signal) in outcomes among the MAOs. On the other hand, the elimination of
such variables as risk adjusters may increase the “noise” or variance within MAOQOs, so the net
effect on reliability is difficult to predict.

Risk Adjustment of Mortality Outcome

For the outcome of death (which is included in PM1 as alive with PCS stable or improved), we
used one of six different models (A—F in Table 3.2) depending on the availability of certain self-
reported data to provide adjustments for cases with different levels of missing data. These also
are currently in use by CMS for HOS data.

Table 2.5 in Chapter 2 shows the results of reliability analyses using the full models of death.
As in the case of the PCS and MCS models, we performed a sensitivity analysis by excluding
SDS and SES variables from the risk-adjustment models for death. As previously described (see
Table 2.9), there was a modest improvement in reliability when such variables were excluded.
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Table 3.2. Models Predicting Death as an Outcome

Model Description

A Sociodemographic variables, income, education, baseline health status measures, and individual chronic
conditions

B Sociodemographic variables, income, education, baseline health status measures, and disease groupings

C Sociodemographic variables, baseline health status measures, and disease groupings

D Sociodemographic variables, disease groupings, and baseline PCS and MCS

E Sociodemographic variables and baseline PCS and MCS

F Sociodemographic variables

NOTE: Sociodemographics, income, and education are the same as those described for PCS and MCS models in
Table 3.1, except that in models C—F, CMS-supplied values of race/ethnicity are used instead of self-reported values.
Baseline health status measures include individual items from the VR-12 (ADL [self-reported on the HOS] and
comparative health status [HOS question regarding health compared to peers]). Baseline PCS and MCS are used
when some of the “baseline health status measures” above are missing. Individual chronic conditions refer to self-
reported presence or absence of each condition. Disease groupings mean the number of conditions in four groups
with varying relationship to death, used when there are missing responses for at least some of the chronic condition
categories (Rogers, Gandek, and Sinclair, 2004).

Assessment of Model Stability

We compared the stability of the coefficients among different consecutive cohorts to assess
model stability. Ideally, these coefficients should reflect stable relationships and should not
change from year to year. Results were also compared for the coefficients and the model fit for
each of the different mortality models and PCS and MCS change models.

Let B7and B2 be vectors of case-mix coefficients from two years of successive

data with covariance matrices C7 and C2, respectively. Then (B2—f7) has

covariance matrix C1+C2, which can be used to test the hypothesis that B2 = 3/

(similar to Hotelling’s 772 test).
With the large sample sizes in the HOS, we found small differences. Differences were expected
because of shifts in MAOs measured from one year to the next and subtle changes in medical
care and variable definitions.

We checked the equivalence of the coefficients in each model by including interaction terms
that combine cohorts 13—15. We then estimated each model to predict the probability of death,
PCS stable or improved, and MCS stable or improved, with the addition of a dummy variable for
one of the cohorts compared with the other (e.g., cohort 13 or cohort 14 versus 15) and
interaction variables between this dummy variable and all other independent variables. The
parameter estimates for the dummy variable and all interaction variables were then tested as a set
for overall significance. This test indicates whether parameter estimates differed significantly
overall between cohorts. There were three basic PCS/MCS risk-adjustment models, as previously
noted, an additional model with age only (which excluded SDS and SES variables). A similar
strategy was used for the six main death models (A—F) and the five additional death models that
excluded SDS and SES variables, which we will refer to as models G-K. (When SDS and SES
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variables are excluded, there are only five death models, since the last of the six original death
models contained only SDS/SES variables.) Table 3.3 summarizes the results of these analyses.

Table 3.3. Test of Stability of Risk-Adjustment Coefficients Across Cohorts 13-15

Model F test p value
PCSsi model A 0.6965
PCSsi model B 0.6291
PCSsi model C 0.4773
PCSsi model (age only) 0.8483
MCSsi model A 0.0822
MCSsi model B 0.0315
MCSsi model C 0.127
MCSsi model (age only) 0.0205
PCSDiff model A 0.4982
PCSDiff model B 0.5492
PCSDiff model C 0.4023
PCSDiff model (age only) 0.9172
MCSDiff model A 0.0304
MCSDiff model B 0.0185
MCSDiff model C 0.0227
MCSDiff model (age only) 0.094
Death model A 0.2644
Death model B 0.0654
Death model C 0.0012
Death model D 0.0052
Death model E 0.0164
Death model F 0.0621
Death model G (no SES and SDS) 0.1441
Death model H (no SES/SDS) 0.0074
Death model | (no SES/SDS) 0.027
Death model J (no SES/SDS) 0.1877
Death model K (no SES/SDS) 0.5654

In view of the multiple models being assessed, a Bonferroni correction was applied to obtain
an appropriate p-value level of significance. Four PCS and MCS risk-adjustment models were
assessed, so the p-value level of significance for those models was 0.05/4 = 0.0125. Eleven
death models were assessed, so the p-value level of significance for those models was
0.05/11 =0.0045. Using such levels of significance, only the death model C (p = 0.0012) was
found to have significant differences in coefficients. This indicates that there is at least some
evidence of year-to-year differences in one of the death models.

Justifications for Random-Effects Approaches

Given a list of factors to adjust for, we drew on three strategies in common use for risk
adjustment.

The first is that, in CMS-MHOS production, it is important to be able to give the MAOs
adjusted data for their own calculations and avoid losing any missing outcomes because risk
adjusters are missing. Also, decisions about MAO reporting structure may be made at a late
stage. For these reasons, the production case-mix models are estimated in fixed-effects models
without including MAO effects. The results are sometimes applied to later cohorts without re-
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estimation. The MAO effects of greatest interest to CMS are calculated on the residuals of the
case-mix models.

The second is that, in academic work, it is usually desirable to include MAO indicators in the
model, since this results in fixed-effect estimates that are the “best linear unbiased estimators”
based on the Gauss-Markov theorem, which strictly applies to models in which the MAOs are
represented as fixed effects. From a theoretical standpoint, including MAOs in the model
prevents MAOs with extreme demographics from biasing the case-mix adjustment.

The last is that researchers will also represent MAOs as random effects for computational
reasons (the MAOs are too numerous). I[f MAOs are considered random effects, case-mix
coefficients are similar to the CMS-MHOS answers.

In both of these research models, the MAO effects can be removed, and residuals can be
calculated using only the sociodemographic and conditions/symptoms. Then, MAO effects can
be calculated from those residuals. In practice, there is little difference in MAO results between
the three ways of including case mix.

Reliability is defined as CV/ (CV + MV), where CV is the context variance and MV is the
measurement variance (the square of the standard error). The context refers to the population or
sample under study. In this case, this refers to the population of MAOs. The CV of MAOs in
Medicare Advantage can be computed using either a fixed-effects or random-effects estimate.
The random-effects estimate can be computed using a mixed model, which is not sensitive to
small sample sizes for some plans. The fixed-effects estimates can be obtained from analysis of
variance or from other algorithms that account for sampling error within plan. These are
collectively known as variance-components estimates. Analysis of variance counts small plans
equally with large ones, so if the average plan sample is 400, then we excluded plans with fewer
than 100. The estimates of CV differ across methods if large-sample plans are more
homogeneous than small-sample plans (i.e., the context variance is not constant by plan size).

Reliability is also a function of MV, which can be computed either for individual plans using
their specific samples and sample sizes or for plans of an arbitrary size using a pooled estimate
of within-plan variance.

To assess the effect on reliability of using a fixed-effects compared to random-effects model,
we recomputed reliabilities for cohorts 13—15 using fixed effects and including all MAOs as well
as fixed effects while excluding MAOs with 100 or fewer respondents. For both fixed-effects
analyses, reliabilities appeared to be similar to the random-effects model. As shown in Tables
B.1 to B.4 in Appendix B, our analyses did not reveal substantial differences in reliability for the
smaller MAOs, suggesting that the choice of fixed versus random effects for MAOs will not
make a difference. For both fixed-effects analyses, reliabilities appeared to be similar to the
random-effects model (Table B.4).
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4. Assess the Potential for the Performance Measure to
Demonstrate Differences Between Ambulatory Practices and
Between Health Care Systems

In this chapter, we provide an assessment of the potential for the PMs to demonstrate significant
differences among the MAOs. To do this, we examine the effect of proxies on reliabilities of
PMs and sample-size requirements to achieve a minimal threshold of 0.70 with and without risk
adjustments and treatment of quintile thresholds for the PMs.

The potential of the PMs to demonstrate significant differences among different ambulatory
practices or among health care systems depends on the components of the reliability calculation:
(1) the actual difference in performance, (2) the sample size of the practices or systems being
assessed, and (3) beneficiary (error) variance. The beneficiary variance will be essentially the
same as in the CMS HOS MAO-level data. The sample sizes are determined by the design of the
performance evaluation. The actual differences in ambulatory practices are unknown and must
be assumed. In general, effect sizes increase the more granular the measurement is, so that
sample sizes needed for 0.70 reliability of ambulatory practices should be substantially lower
than those required for MAOs.

Proxy responses could theoretically reduce reliability if such responses do not accurately
reflect the actual health status of enrollees. We assessed the prevalence of proxy responses and
their effect on reliability of the PMs. In cohort 15, 11.45 percent of respondents for the PCS- and
MCS-related measures were proxies. Reliabilities were calculated with the exclusion and
inclusion of such proxies, as shown in Table 4.1.

Table 4.1. Effect of Proxies on Reliability of the Performances Measures (Cohort 15)

Number of Mean Number of
Group Qutcome MAOs Respondents per MAO ICC Reliability
C15 No Proxy PCSsi 446 131 0.0008517 0.101
PCSDiff 446 131 0.0012554 0.142
MCSsi 446 131 0.0001244 0.016
MCSDiff 446 131 0.0002115 0.027
C15 with proxy PCSsi 449 160 0.000908 0.127
PCSDiff 449 160 0.001004 0.138
MCSsi 449 160 0.000659 0.095
MCSDiff 449 160 0.000747 0.107

The reliability values were either essentially unchanged (PCSDiff) or somewhat improved
(PCSsi, MCSsi, and MCSDiff) when proxy data were included. In part, the improvement was
related to somewhat higher average sample size of respondents per MAO when proxies were
included (an increase from 131 to 160). Based on the ICCs, which are independent of sample
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size, the conclusions would be similar. Therefore, it does not appear that proxies have a
deleterious effect on the reliability of the PMs in this setting.

For a given value of ICC, the average sample size (N) required to achieve a reliability of
0.7 can be calculated from the rearranged Spearman-Brown Prophesy formula as previously
described, with 0.7 substituted for 7:

v - 1a-1cC)
CoeeHl-r)

We used this formula to calculate the required sample size for the PMs PCSsi, MCSsi,
PCSDiff, and MCSDiff with two different risk-adjustment models: (1) inclusion of the SDS and
SES variables and (2) exclusion of such variables (leaving only age, as indicated in Table 3.1).
We also assessed the outcome of death. The results are summarized in Table 4.2.

Table 4.2. Assessment of Sample Size Required to Achieve Reliability of 0.7 for PCSsi, MCSsi,
PCSDiff, and MCSDiff with and Without SDS and SES Variables in the Risk-Adjustment Model

Main Models (SES and SDS No SES and SDS Variables

Variables Included) in the Models
Mean Number
of
Number Respondents N N(R=
Group Outcome of MAOs per MAO ICC Reliability (R =0.7) ICC Reliability 0.7)
Cohort 13 PCSsi 436 196 0.000212 0.040 10,996 0.000039 0.008 60,019
PCSDiff 436 196 0.000680 0.118 3,433 0.001078 0.187 2,165
MCSsi 436 196 0.000985  0.162 2,369 0.002591 0.356 901
MCSDiff 436 196 0.000619 0.108 3,771 0.000458 0.089 5,096
Death 471 452 0.001544 0.411 1,511 0.00209 0.486 1,117
Cohort 14 PCSsi 455 177 0.000110 0.019 21,244 0.000183 0.034 12,767
PCSDiff 455 177 0 0 — 0.000310 0.056 7,530
MCSsi 455 177 0.000775  0.120 3,011 0.002642 0.336 883
MCSDiff 455 177 0.000123 0.021 18,951 0.000456 0.080 5,117
Death 497 390 0.001668 0.394 1,399 0.00233 0.478 1,004
Cohort 15 PCSsi 449 160 0.000908 0.127 2,571 0.000973 0.144 2,399
PCSDiff 449 160 0.001004 0.138 2,323 0.001615 0.219 1,445
MCSsi 449 160 0.000659 0.095 3,538 0.002644 0.315 882
MCSDiff 449 160 0.000747 0.107 3,126  0.000801 0.122 2,912
Death 511 370 0.002272 0.457 1,027 0.00329 0.554 709
Cohorts PCSsi 429 342 0.000319 0.098 7,308 0.000344 0.113 6,780
14 +15
PCSDiff 429 342 0.000463 0.137 5,042 0.000824 0.234 2,830
MCSsi 429 342 0.000701 0.193 3,330 0.002748 0.505 849
MCSDiff 429 342 0.000450 0.133 5,190 0.000484 0.152 4,819
Death 445 760 0.002268 0.633 1,029 0.00338 0.723 690
Cohorts PCSsi 389 546 0.000550 0.231 4,240 0.000430 0.203 5,425
13+14
+15
PCSDiff 389 546 0.000578 0.240 4,039 0.000979 0.367 2,384
MCSsi 389 546 0.000693 0.275 3,366 0.002589 0.606 901
MCSDiff 389 546 0.000245 0.118 9,513 0.000281 0.143 8,292
Death 445 1,215 0.002167 0.725 1,077 0.00304 0.789 767
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For the PCSsi, PCSDiff, and MCSDiff for both models and for the MCSsi in the SDS and
SMS model, rather large sample sizes would be required to achieve a reliability of 0.7. However,
for MCSsi, using the age-only risk-adjustment model, fewer than 1,000 respondents would be
needed.

We also assessed the required sample size to achieve a reliability of 0.7 for the modifications
of PCSDiff and MCSDiff, where a threshold is created based on the lowest quintile as compared
with the upper four quintiles. Table 4.3 summarizes the results.

Table 4.3. Assessment of Sample Size Required to Achieve Reliability of 0.7
for PCSDiff and MCSDiff Using Quintile Threshold

Upper 4 Quintiles

Mean Number of
Number of Respondents per

Group Outcome MAOs MAO ICC Reliability N (R=0.7)
Cohort 9 PCS 187 223 0.00030 0.063 7,789
MCS 187 223 0.00154 0.257 1,511
Cohort 10 PCS 271 233 0.00058 0.119 4,034
MCS 271 233 0.00237 0.356 986
Cohort 11 PCS 329 200 0.00173 0.257 1,349
MCS 329 200 0.00440 0.469 530
Cohort 12 PCS 382 194 0 0
MCS 382 194 0.00358 0.410 652
Cohort 13 PCS 436 196 0.00026 0.048 9,038
MCS 436 196 0.00410 0.446 570
Cohort 14 PCS 455 177 0.00079 0.122 2,967
MCS 455 177 0.00351 0.383 665
Cohort 15 PCS 449 160 0.00088 0.123 2,648
MCS 449 160 0.00338 0.351 690
Cohorts 14+15 PCS 429 342 0.00066 0.184 3,547
MCS 429 342 0.00378 0.564 618
Cohorts PCS 389 546 0.00070 0.278 3,316
13+14+15
MCS 389 546 0.00364 0.666 640

For the MCS-based measure MCSDiff and quintile thresholds, fewer than 700 respondents
would be required to achieve a reliability of 0.7 across cohorts 13—15.

Recommendations for future collection of PMs and summary of the findings are discussed in
the next chapter.
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5. Conclusions and Recommendations

In this chapter, we present our conclusions and recommendations based on the findings presented
in this report. We discuss recommendations for specific PMs and also discuss limitations of this
research and potential opportunities for future work.

Conclusions

Using the MAOs as a test case, we evaluated the psychometric properties of five PMs, including
their ability to support meaningful and valid comparisons between organizations. We used the
metrics of ICC and reliability at the group level to assess the potential of the PMs to distinguish
levels of performance. Higher values of reliability at the level of the organization or group imply
a greater ability to differentiate groups from one another. Reliability is a function of both sample
size and the ICC, which reflects the relative magnitude of between group (MAO) variance to
within-group variance. The findings of this research suggest that PMs based on the MCS score of
the VR-12 perform better than PMs based on the PCS in the context of differentiating MAOs.
However, for the five basic PMs applied to the entire MAO samples, reliabilities for both PCS
and MCS-based PMs were low.

We explored a number of options for improving the ability to differentiate the performance
of MAOs (as reflected by higher values of ICC and reliability). These included modifications to
the PMs and application of the PMs to specific characteristics of the MAOs. These included age
of members, size of enrollment, line of business, years in operation, and characteristics of
“subplans” within MAOs; application of the PMs to subpopulations of individuals with specific
MCCs; analyses of different outcome metrics of the VR-12 over two years using the “scale”
scores; modification of the risk adjustment of the PMs; and combining the results from two or
three cohorts to increase samples sizes. We hypothesized that, with the exception of combining
cohorts, other approaches related to specific MAO characteristics might decrease the variance in
performance within MAOs relative to variance between them.

Modifying PM3 to remove SDS and SES variables from the risk-adjustment model enhanced
ICCs and reliability. Additionally, creating a threshold, based on quintiles of performance, by
which lower- versus higher-performing MAOs could be compared, enhanced the ICC and
reliability of PMS5. While the MCS-based PMs (PM3 and PM5) were improved, the reliability of
the PCS-based PMs was not consistently improved to a meaningful degree by these
modifications. For example, in individual cohorts 13 to 15, MCS PMs based on modifications of
PM3 and PM5 had reliabilities of 0.32 to 0.45, while reliabilities for PCS PMs were all below
0.22. Reliability was also improved by combining two or three cohorts, presumably because of
the increased sample size. Combining the results across cohorts 13—15 gave a reliability of 0.67

44



for one of the modified MCS PMs. However, none of the PMs we examined achieved the usual
threshold of 0.70 that is considered sufficient reliability for a PM, although some came close.

The main challenge to the goals of this project is related to the characteristics of the data,
which reflect a nationally based system of care with considerable heterogeneity. MAOs can be
very heterogeneous, with large enrollments and sizable numbers of physician group practices.
Enrollment among the many MAOs ranged from approximately 500 to close to a million
members or subscribers. As indicated by Deutsch et al. (2012, p. 11), in the context of PMs,
“[r]eliability is . . . not an intrinsic characteristic of a measure. Rather it depends on the
characteristics of the set of providers and patients included in the measure specifications.” A
more optimal database would include information to define individual providers or group
practices within each of the MAOs. Such information identifying providers or group practices
that are geographically based within a MAO would likely distinguish processes of care among
physician group practices and be closer to the locus of control needed to distinguish groups in
terms of the PMs.

Despite the limitations of the Medicare HOS database, we found some encouraging results
regarding the reliability of MCS-based measures. Selected PMs for MCS stable or improved and
MCS difference scores yielded credible reliability findings. Interestingly, the use or exclusion of
SDS and SES variables as risk adjusters had differential effects on the PMs. When they were
eliminated from the models for the PCS/MCS-based PMs and when only age was included, there
was substantial improvement in the reliability of the MCS “stable or improved” PM, but not the
MCS PM based on continuous variables (MCSDifY), especially when combining cohorts 13—15.
However, when SDS/SES variables were included in the model, there was substantial
improvement in the reliability for MCSDiff when quantile thresholds (especially quintiles) were
used to differentiate lower- from higher-performing MAOs and gave credible reliability
characteristics. As discussed in the section on risk adjustment, the net effect of the SES and SDS
variables on reliability are difficult to predict as they can affect the variance both between and
within MAOs that are involved in the calculation of reliability. This effect can vary on the basis
of the PM and the population studied. Since the use of such SDS and SES variables as risk
adjusters remains controversial, our results suggest that MCS-based PMs can be selected to
optimize reliability depending on the decision regarding the inclusion of SDS/SES variables as
risk adjusters.

Importantly, we also can report that selected PMs at the MAO level demonstrated evidence
of concurrent validity as indicated in the results showing significant negative correlations
between the two-year change in the number of medical conditions and PM1 (alive with PCS
stable or improved), PM2 (PCS stable or improved), and PM4 (average change in PCS). The
negative correlations indicate that a MAO-level increase in the number of patient-reported
conditions between baseline and follow-up was associated with a lower level of these PMs,
which is the expected result. In addition, for PM3 (MCS stable or improved) and PMS5 (average
change in MCS), significant negative correlations were found with the two-year change in the
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number of positive screening questions related to depressive symptoms. The negative correlation
indicates that a MAO-level increase in the number of positive patient-reported depression
screening questions between baseline and follow-up was associated with a lower level of
performance for the MCS-based measures, as was expected. Both the PCS- and MCS-based
results support the general contention that these PMs are valid measures of changes in health
status over time.

Results also show improvements in both PCS and MCS PMs from cohorts 9—15. It is
possible that such an improvement in performance is related to the known improvements in
various aspects of medical care in recent years (Ford, 2011; Yoon et al., 2015; Elliot et al., 2015;
Olfson et al., 2014). We can postulate that the lack of reliability in our PCS PMs may, to some
extent, be because of less variation with which care is being delivered at the MAO level. Higher
reliabilities among our selected MCS PMs may denote less heterogeneity among MAOs and a
greater ability to differentiate performance because of the greater variability in the way mental
health interventions are provided among the MAOs. In other words, results suggest that mental
health care delivery remains more uneven among plans with mental health service carve-outs,
with more variability, more room for improvement, and thus a greater residual ability to
distinguish performance among MAOs. We also can hypothesize that the improvement in PMs
1-5 from cohorts 9—-15 may be because of greater awareness of patient-centered outcomes by the
clinicians. Although reliability may not be currently optimal, continued use of these types of
PMs will facilitate monitoring of these important outcomes over time.

In the future, the introduction of patient-centered measures of health outcomes into the
clinical setting could result in improvement in patient-reported outcome measures based on PCS
and MCS. Physicians and patients may be more likely to give greater attention to the physical
and mental constructs represented by the VR-12 domains and integrate them into the care
process. This may be particularly relevant to those with MCCs.

Future Research

Further work is needed to evaluate the PMs in a data set that contains provider information on a
more granular level such as individual physician and group practices. We predict that such an
analysis would yield higher reliabilities for both PCS- and MCS-based PMs by reducing the
noise or within-group variability and increase the signal for distinguishing performance among
individual providers or provider groups.

Limitations

There are some limitations to the results reported. We note that the reliabilities of the PCS-based
PM measures were quite low. We postulate that this may be because of the CMS HOS database
used for this project, as the VR-12 PCS and MCS metrics are intrinsically reliable as shown in
prior work. The low reliabilities for PCS-based PMs among MAOs may be a function of the
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large heterogeneity viewed within the plans. This may be coupled with the lack of granularity of
the HOS database so that there is an inability to adequately capture processes of care within
MAOs at the clinical group—practice levels. However, on a positive note, with advancements in
medical care and an emphasis on guidelines and standard practices of care, the variability among
medical practices may have been reduced and is one of the reasons for the low reliabilities.

Recommendations

On the basis of these findings, select MCS-based PMs derived from the VR-12 metrics may have
potential for eventual endorsement by the NQF. These measures include the percentage of
individuals from each MAO who have stable or improved mental health summary scores using
age-only risk adjustment (a modification of PM3) and the average change in MCS scores for
each MAO using quintile performance thresholds with SDS and SES risk adjustors (a
modification of PMS5). This recommendation is on the basis of the MCS-based measures that
displayed the highest reliability.

Sample size is an important consideration for these metrics. Possible approaches to
increasing the sample size would be to increase the sampling within a given cohort or to combine
the results from two or three cohorts, perhaps as a running total of the most recent cohorts. The
fact that, for these selected PMs, the addition of several cohorts increased the reliability suggests
that there is likely consistency of performance over a longer period of time. Given the trend of
smaller MAOs to join the Medicare Advantage program, increasing sample size within a single
cohort may not be practical, and the combination of results from more than one cohort may be
the preferable option.
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Appendix A. Methods of Calculating Reliability of Performance
Measures

Definitions

PCSsi: PCS stable or improved between baseline and two-year follow-up survey (risk adjusted).
MCSsi: MCS stable or improved between baseline and two-year follow-up survey (risk
adjusted).

PCSDiff: Two-year change in PCS relative to expected change. MCSDiff: Two-year change
in PCS relative to expected change.

Steps in Calculating Reliability

1. Calculate actual (observed) outcomes actPCSsi, actMCSsi, actPCSDiff, actMCSDifT,
actDeath

actPCSDiff = follow-up PCS — baseline PCS

actMCSDiff = follow-up MCS — baseline MCS

if actPCSDiff is not missing and actPCSDiff > —5.66 then actPCSsi = 1

if actMCSDiff is not missing and actMCSDiff > —6.72 then actMCSsi = 1

ActDeath (actual death) is a binary variable. If a patient dies within the two-year
window following baseline survey completion and there is no follow-up PCS or PCS
scores, then actDeath = 1.

opoos

2. Calculate risk-adjusted expected outcomes: expPCSsi, expMCSsi, expPCSDiff,
expMCSDiff, expDeath. There are two approaches to risk adjustment:

a. use full models as used by CMS -3 models for PCS / MCS stable or improved, 6
models for death
b. use only age in risk model for PCS and MCS.

3. Calculate MAO-level adjusted outcomes: adjPCSsi, adjMCSsi, adjPCSDiff, adjiMCSDiff,

adjDeath
a. adjPCSso = mean of actPCSsi in an MAO — mean of expPCSsi + system mean of
PCSsi

b. the same for adjMCSsi, adjPCSDiff, adjMCSDiff and adjDeath (system mean of
PCSsi is the mean of PCSsi with all samples, including all plans).

4. Calculate residual values for each outcome, resPCSsi, resMCSsi, resPCSDiff

resMCSDiff, resDeath

resPCSsi = actPCSsi — expPCSsi
resMCSsi = actMCSsi — expMCSsi
resPCSDiff = actPCSDiff — expPCSDiff
resMCSDiff = actMCSDiff — expMCSDiff

°o a0 ow
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f. resDeath = actDeath — expDeath.

5. For analyses that involve creating thresholds based on quantiles for the PM continuous
variables: Quantile resPCSDiff, resMCSDiff data into groups, and create a lowest group
versus rest of upper groups variable resPCSDiff upper, resMCSDiff upper. For example,
for quintiles, the upper group comprises the upper 4 quintiles and the lower group
comprises the lowest quintile.

6. Calculate reliability for PCSsi, MCSsi, PCSDiff, MCSDiff, and Death; and for quantile
analyses, PCSDiff upper and MCSDiff upper

a. Data sample: age >= 65, MCCs, completed baseline survey for death, completed
baseline and follow-up for PCS MCS

b. Step 1. Get sample size N_mao in each MAO, average it over all MAOs to get the
mean size, N.

c. Step 2. Calculate interclass correlation coefficient /CC to assess the between-MAO
variation for outcomes. Run mixed model (PROC MIXED, SAS version 9.3) with no
predictors, use above-residual variables as dependent variable, MAO as class
variable, and receive MAO variance and error variance from model output.

d. ICC =MAO variance / (MAOQO variance + error variance)

e. Step 3. Calculate reliability

f. Reliability = (ICC x N) / (1 + ICC x (N—1))

Calculate reliability for combined outcome of PCSsi and Death

g. Step 1. Calculate Zi = adjAlive x AdjPCSsi

h. Step 2. Calculate SEi using propagation of error formula

i. EVar=adjAlive xx 2 x Var PCSsi/Np + AdjPCSsi xx 2 x Var_alive/Na; SEi =
sqrt(EVar)

j- Step 3. Calculate Ni = Zi x (1-Zi)/(SEi xx 2); calculate Yi = Ni x Zi

k. Step 4. Run Beta-Binomial Model (FMM model in SAS).

(From SAS documentation: “The FMM procedure fits statistical models to data for which the
distribution of the response is a finite mixture of univariate distributions—that is, each response
comes from one of several random univariate distributions with unknown probabilities.”)

From Parameter Estimates for Beta-Binomial Model, the context variance CV can be
calculated, therefore reliability can be calculated.

Reliability = CV / (CV + EVar).
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Appendix B. Association of Reliability to Size of MAO Enrollment

in HOS Cohorts 13—15

Table B.1. Reliability by Quartile of Enroliment for HOS Cohort 13 (C13)

Number of Mean Number of
Group Outcome MAOs Respondents per MAO ICC Reliability
Cohort 13 enrollment PCSsi 100 135 0 0
Quartile 1 PCSDiff 100 135 0.00044 0.056
MCSsi 100 135 0.00189 0.204
MCSDiff 100 135 0 0
Death 116 363 0.00377 0.579
Cohort 13 enrollment PCSsi 111 189 0.00039 0.069
Quartile 2 PCSDiff 111 189 0.00008 0.015
MCSsi 111 189 0.00212 0.286
MCSDiff 111 189 0.00199 0.274
Death 117 456 0.00143 0.395
Cohort 13 enrollment PCSsi 111 217 0.00126 0.215
Quartile 3 PCSDiff 111 217 0.00190 0.292
MCSsi 111 217 0.00066 0.125
MCSDiff 111 217 0.00126 0.214
Death 117 490 0.00085 0.293
Cohort 13 enrollment PCSsi 110 241 0 0
Quartile 4 PCSDiff 110 241 0 0
MCSsi 110 241 0.00025 0.057
MCSDiff 110 241 0 0
Death 117 506 0.00054 0.214

Table B.2. Reliability by Quartile of Enroliment for HOS Cohort 14 (C14)

Number of Mean Number of
Group Qutcome MAOs Respondents per MAO ICC Reliability
Cohort 14 enrollment PCSsi 103 125 0.00246 0.235
Quartile 1 PCSDiff 103 125 0 0
MCSsi 103 125 0.00185 0.187
MCSDiff 103 125 0.00095 0.106
Death 121 305 0.00886 0.731
Cohort 14 enrollment PCSsi 115 165 0.00074 0.109
Quartile 2 PCSDiff 115 165 0 0
MCSsi 115 165 0.00143 0.191
MCSDiff 115 165 0 0
Death 122 383 0.00111 0.298
Cohort 14 enrollment PCSsi 113 191 0 0
Quartile 3 PCSDiff 113 191 0 0
MCSsi 113 191 0 0
MCSDiff 113 191 0 0
Death 122 416 0.00083 0.257
Cohort 14 enrollment PCSsi 118 219 0 0
Quartile 4 PCSDiff 118 219 0 0
MCSsi 118 219 0.00092 0.168
MCSDiff 118 219 0.00048 0.095
Death 122 468 0.00061 0.221
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Table B.3. Reliability by Quartile of Enroliment for HOS Cohort 15 (C15)

Mean Number of

Group Qutcome Number of MAOs Respondents per MAO ICC Reliability
Cohort 15 enrollment PCSsi 104 106 0.000921 0.089
Quartile 1 PCSDiff 104 106 0.000007 0.001
MCSsi 104 106 0 0.000
MCSDiff 104 106 0.001048 0.100
Death 125 288 0.007532 0.686
Cohort 15 enrollment PCSsi 110 148 0.000228 0.033
Quartile 2 PCSDiff 110 148 0 0.000
MCSsi 110 148 0.001290 0.160
MCSDiff 110 148 0.001182 0.149
Death 126 369 0.002129 0.440
Cohort 15 enrollment PCSsi 110 179 0.000343 0.058
Quartile 3 PCSDiff 110 179 0.000662 0.106
MCSsi 110 179 0.002060 0.269
MCSDiff 110 179 0.000524 0.086
Death 126 402 0.000740 0.230
Cohort 15 enrollment PCSsi 122 199 0.001878 0.273
Quartile 4 PCSDiff 122 199 0.002390 0.323
MCSsi 122 199 0 0.000
MCSDiff 122 199 0.000542 0.097
Death 126 434 0.001089 0.321

Table B.4. Reliability of Fixed Effects and Random Effects

Fixed Effect

(All Plan Included)

Fixed Effect
(N Plan > 100)

Random Effect

Cohort Qutcome ICC Reliability ICC Reliability ICC Reliability
13 PCSsb 0.00023 0.044 0.00034 0.072 0.000212 0.040
PCSDi 0.00073 0.126 0.00061 0.123 0.000680 0.118
MCSsb 0.00115 0.184 0.00108 0.199 0.000985 0.162
MCSDi 0.00074 0.127 0.00068 0.135 0.000619 0.108
Death 0.00166 0.430 0.00165 0.431 0.001544 0.411
14 PCSsb 0.00042 0.069 0.00023 0.046 0.000110 0.019
PCSDi 0.00005 0.008 0.00001 0.003 0 0.000
MCSsb 0.00076 0.119 0.00076 0.135 0.000775 0.120
MCSDi 0.00041 0.068 0.00020 0.040 0.000123 0.021
Death 0.00220 0.463 0.00209 0.454 0.001668 0.394
15 PCSsb 0.00103 0.141 0.00086 0.146 0.000908 0.127
PCSDi 0.00107 0.147 0.00118 0.190 0.001004 0.138
MCSsb 0.00078 0.111 0.00061 0.108 0.000659 0.095
MCSDi 0.00072 0.104 0.00097 0.162 0.000747 0.107
Death 0.00276 0.506 0.00251 0.488 0.002272 0.457
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Appendix C. Association of Reliability with the Number of
Reported Conditions (= 3, 24, 2 5)

Table C.1. Reliability of Performance Measures When Individuals
Report Three or More Conditions

Mean Number of

Respondents
Group Qutcome Number of MAOs per MAO ICC Reliability
Cohort 9 PCSsi 187 155 0.00062 0.088
PCSDiff 187 155 0.00061 0.086
MCSsi 187 155 0.00135 0.173
MCSDiff 187 155 0.00147 0.186
Death 203 287 0.00077 0.181
Cohort 10 PCSsi 271 163 0 0
PCSDiff 271 163 0 0
MCSsi 271 163 0.00015 0.024
MCSDiff 271 163 0.00021 0.034
Death 286 314 0.00127 0.285
Cohort 11 PCSsi 329 141 0.00051 0.067
PCSDiff 329 141 0.00100 0.123
MCSsi 329 141 0.00172 0.195
MCSDiff 329 141 0.00123 0.148
Death 361 304 0.00169 0.340
Cohort 12 PCSsi 382 139 0.00004 0.005
PCSDiff 382 139 0 0
MCSsi 382 139 0.00144 0.167
MCSDiff 382 139 0.00021 0.028
Death 423 333 0.00156 0.342
Cohort 13 PCSsi 435 141 0.00020 0.027
PCSDiff 435 141 0.00067 0.087
MCSsi 435 141 0.00065 0.084
MCSDiff 435 141 0.00052 0.069
Death 471 335 0.00144 0.326
Cohort 14 PCSsi 454 128 0.00001 0.001
PCSDiff 454 128 0.00007 0.009
MCSsi 454 128 0.00054 0.064
MCSDiff 454 128 0.00012 0.016
Death 497 291 0.00170 0.332
Cohort 15 PCSsi 449 115 0.00100 0.104
PCSDiff 449 115 0.00069 0.073
MCSsi 449 115 0.00070 0.074
MCSDiff 449 115 0.00079 0.083
Death 511 275 0.00240 0.399

52



Table C.2. Reliability of Performance Measures When
Individuals Report Four or More Conditions

Mean Number of

Respondents
Group Outcome Number of MAOs per MAO ICC Reliability
Cohort 9 PCSsi 187 95 0 0
PCSDiff 187 95 0.00047 0.043
MCSsi 187 95 0.00161 0.133
MCSDiff 187 95 0.00133 0.113
Death 203 183 0.00106 0.162
Cohort 10 PCSsi 271 101 0 0
PCSDiff 271 101 0 0
MCSsi 271 101 0.00041 0.039
MCSDiff 271 101 0.00026 0.026
Death 286 202 0.00129 0.207
Cohort 11 PCSsi 329 88 0 0
PCSDiff 329 88 0.00158 0.122
MCSsi 329 88 0.00194 0.146
MCSDiff 329 88 0.00094 0.077
Death 361 201 0.00199 0.286
Cohort 12 PCSsi 381 89 0.00006 0.006
PCSDiff 381 89 0 0
MCSsi 381 89 0.00171 0.132
MCSDiff 381 89 0 0
Death 423 222 0.00180 0.286
Cohort 13 PCSsi 434 91 0.00046 0.040
PCSDiff 434 91 0 0
MCSsi 434 91 0.00141 0.114
MCSDiff 434 91 0.00105 0.087
Death 471 224 0.00153 0.255
Cohort 14 PCSsi 452 83 0 0
PCSDiff 452 83 0.00025 0.020
MCSsi 452 83 0.00107 0.082
MCSDiff 452 83 0.00003 0.002
Death 497 195 0.00171 0.251
Cohort 15 PCSsi 449 74 0.00052 0.037
PCSDiff 449 74 0.00047 0.034
MCSsi 449 74 0.00055 0.039
MCSDiff 449 74 0.00165 0.109
Death 511 184 0.00289 0.348

53



Table C.3. Reliability of Performance Measures When Individuals

Report Five or More Conditions

Mean Number of

Respondents
Group Outcome Number of MAOs per MAO ICC Reliability
Cohort 9 PCSsi 187 53 0 0
PCSDiff 187 53 0.00274 0.126
MCSsi 187 53 0 0
MCSDiff 187 53 0 0
Death 203 106 0.00124 0.116
Cohort 10 PCSsi 271 56 0 0
PCSDiff 271 56 0 0
MCSsi 271 56 0.00173 0.089
MCSDiff 271 56 0.00053 0.029
Death 286 119 0.00163 0.163
Cohort 11 PCSsi 329 50 0 0
PCSDiff 329 50 0.00029 0.014
MCSsi 329 50 0.00064 0.031
MCSDiff 329 50 0.00052 0.025
Death 361 121 0.00257 0.237
Cohort 12 PCSsi 380 52 0.00086 0.043
PCSDiff 380 52 0 0
MCSsi 380 52 0.00233 0.107
MCSDiff 380 52 0 0
Death 423 134 0.00251 0.252
Cohort 13 PCSsi 434 53 0 0
PCSDiff 434 53 0 0
MCSsi 434 53 0.00134 0.066
MCSDiff 434 53 0.00076 0.039
Death 470 137 0.00195 0.211
Cohort 14 PCSsi 452 48 0.00114 0.052
PCSDiff 452 48 0 0
MCSsi 452 48 0.00423 0.171
MCSDiff 452 48 0.00161 0.072
Death 497 120 0.00191 0.186
Cohort 15 PCSsi 449 43 0.00080 0.033
PCSDiff 449 43 0.00002 0.001
MCSsi 449 43 0.00085 0.035
MCSDiff 449 43 0.00271 0.104
Death 510 113 0.00375 0.298
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Appendix D. Association of Reliability with Particular Conditions
as One of the MCCs (Depression, Arthritis, Angina/Coronary
Disease/Heart Attack, Diabetes, Sciatica)

Table D.1. Depression as One of the MCCs

Mean Number of

Number of Respondents per
Group Outcome MAOs MAO ICC Reliability
Cohort 9 depression PCSsi 187 69 0 0
PCSDiff 187 69 0.000460 0.031
MCSsi 187 69 0 0
MCSDiff 187 69 0.000098 0.007
Cohort 10 depression PCSsi 271 73 0.000335 0.024
PCSDiff 271 73 0.000163 0.012
MCSsi 271 73 0.000164 0.012
MCSDiff 271 73 0.001530 0.101
Cohort 11 depression PCSsi 329 65 0.001140 0.069
PCSDiff 329 65 0.001658 0.097
MCSsi 329 65 0.001816 0.105
MCSDiff 329 65 0.002365 0.133
Cohort 12 depression PCSsi 381 74 0 0
PCSDiff 381 74 0 0
MCSsi 381 74 0.002502 0.156
MCSDiff 381 74 0.000647 0.046
Cohort 13 depression PCSsi 434 76 0.000787 0.057
PCSDiff 434 76 0.000000 0.000
MCSsi 434 76 0.001967 0.131
MCSDiff 434 76 0.000897 0.064
Cohort 14 depression PCSsi 454 78 0 0
PCSDiff 454 78 0.000043 0.003
MCSsi 454 78 0.001824 0.125
MCSDiff 454 78 0.000427 0.032
Cohort 15 depression PCSsi 449 70 0.001337 0.085
PCSDiff 449 70 0.001370 0.087
MCSsi 449 70 0.000462 0.031
MCSDiff 449 70 0.000581 0.039
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Table D.2. Arthritis as One of the MCCs

Number of Mean Number of
Group Qutcome MAOs Respondents per MAO ICC Reliability
Cohort 9 arthritis hip/hand PCSsi 187 149 0 0.000
PCSDiff 187 149 0.00011 0.016
MCSsi 187 149 0.00127 0.159
MCSDiff 187 149 0.00027 0.039
Cohort 10 arthritis hip/hand PCSsi 271 155 0.00016 0.024
PCSDiff 271 155 0.00040 0.058
MCSsi 271 155 0.00128 0.166
MCSDiff 271 155 0 0.000
Cohort 11 arthritis hip/hand PCSsi 329 133 0.00105 0.123
PCSDiff 329 133 0.00125 0.143
MCSsi 329 133 0.00167 0.182
MCSDiff 329 133 0.00124 0.142
Cohort 12 arthritis hip/hand PCSsi 382 129 0.00083 0.097
PCSDiff 382 129 0 0.000
MCSsi 382 129 0.00079 0.092
MCSDiff 382 129 0.00022 0.027
Cohort 13 arthritis hip/hand PCSsi 435 130 0 0.000
PCSDiff 435 130 0.00028 0.035
MCSsi 435 130 0.00131 0.145
MCSDiff 435 130 0.00054 0.066
Cohort 14 arthritis hip/hand PCSsi 455 115 0 0.000
PCSDiff 455 115 0 0.000
MCSsi 455 115 0.00018 0.020
MCSDiff 455 115 0 0.000
Cohort 15 arthritis hip/hand PCSsi 449 105 0.00143 0.130
PCSDiff 449 105 0.00115 0.108
MCSsi 449 105 0.00017 0.017
MCSDiff 449 105 0.00055 0.054
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Table D.3. Angina/Coronary Artery Disease/Heart Attack as One of the MCCs

Mean Number of
Number of Respondents per

Group Outcome MAOs MAO ICC Reliability
Cohort 9 PCSsi 187 54 0 0
angina/CAD/AMI
PCSDiff 187 54 0.00252 0.120
MCSsi 187 54 0 0
MCSDiff 187 54 0 0
Cohort 10 PCSsi 271 55 0 0
angina/CAD/AMI
PCSDiff 271 55 0 0
MCSsi 271 55 0 0
MCSDiff 271 55 0 0
Cohort 11 PCSsi 328 47 0 0
angina/CAD/AMI
PCSDiff 328 47 0 0
MCSsi 328 47 0.00299 0.124
MCSDiff 328 47 0.00001 0.001
Cohort 12 PCSsi 379 45 0 0
angina/CAD/AMI
PCSDiff 379 45 0 0
MCSsi 379 45 0 0
MCSDiff 379 45 0 0
Cohort 13 PCSsi 434 45 0.00181 0.075
angina/CAD/AMI
PCSDiff 434 45 0.00095 0.041
MCSsi 434 45 0.00000 0.000
MCSDiff 434 45 0.00125 0.053
Cohort 14 PCSsi 452 39 0 0
angina/CAD/AMI
PCSDiff 452 39 0 0
MCSsi 452 39 0.00279 0.099
MCSDiff 452 39 0.00129 0.048
Cohort 15 PCSsi 448 34 0 0
angina/CAD/AMI
PCSDiff 448 34 0 0
MCSsi 448 34 0.00216 0.069
MCSDiff 448 34 0.00286 0.089

NOTE: CAD = coronary artery disease; AMI = acute myocardial infarction.
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Table D.4. Diabetes as One of the MCCs

Mean Number of

Respondents
Group Outcome Number of MAOs per MAO ICC Reliability
Cohort 9 diabetes PCSsi 187 61 0 0
PCSDiff 187 61 0.00258 0.136
MCSsi 187 61 0.00179 0.098
MCSDiff 187 61 0.00188 0.103
Cohort 10 diabetes PCSsi 271 66 0 0
PCSDiff 271 66 0.0011 0.068
MCSsi 271 66 0.00162 0.097
MCSDiff 271 66 0.00287 0.161
Cohort 11 diabetes PCSsi 329 59 0.00027 0.016
PCSDiff 329 59 0.00132 0.073
MCSsi 329 59 0.00112 0.062
MCSDiff 329 59 0.00193 0.102
Cohort 12 diabetes PCSsi 380 58 0.00059 0.033
PCSDiff 380 58 0.00074 0.041
MCSsi 380 58 0.00019 0.011
MCSDiff 380 58 0 0
Cohort 13 diabetes PCSsi 434 63 0 0
PCSDiff 434 63 0.00104 0.061
MCSsi 434 63 0 0
MCSDiff 434 63 0 0
Cohort 14 diabetes PCSsi 452 56 0 0
PCSDiff 452 56 0 0.000
MCSsi 452 56 0.00328 0.157
MCSDiff 452 56 0.00337 0.160
Cohort 15 diabetes PCSsi 449 51 0.00210 0.097
PCSDiff 449 51 0.00101 0.049
MCSsi 449 51 0.00066 0.033
MCSDiff 449 51 0.00217 0.099
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Table D.5. Sciatica as One of the MCCs

Mean Number of

Number of Respondents per
Group Outcome MAOs MAO ICC Reliability
Cohort 9 PCSsi 187 61 0.00166 0.092
sciatica
PCSDiff 187 61 0.00029 0.017
MCSsi 187 61 0 0
MCSDiff 187 61 0.00035 0.021
Cohort 10 PCSsi 271 65 0 0
sciatica
PCSDiff 271 65 0 0
MCSsi 271 65 0.0004 0.025
MCSDiff 271 65 0 0
Cohort 11 PCSsi 329 56 0 0
sciatica
PCSDiff 329 56 0.00068 0.037
MCSsi 329 56 0.00153 0.078
MCSDiff 329 56 0.00166 0.085
Cohort 12 PCSsi 379 55 0 0
sciatica
PCSDiff 379 55 0 0
MCSsi 379 55 0.00364 0.167
MCSDiff 379 55 0.00163 0.082
Cohort 13 PCSsi 434 55 0 0
sciatica
PCSDiff 434 55 0.00017 0.009
MCSsi 434 55 0 0
MCSDiff 434 55 0 0
Cohort 14 PCSsi 452 51 0 0
sciatica
PCSDiff 452 51 0 0
MCSsi 452 51 0.0007 0.034
MCSDiff 452 51 0.0007 0.034
Cohort 15 PCSsi 444 46 0.00186 0.079
sciatica
PCSDiff 444 46 0.00012 0.005
MCSsi 444 46 0.00197 0.083
MCSDiff 444 46 0.00041 0.019
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Appendix E. Association of Reliability with
Age (65-75 and 75 and Older)

Table E.1. Respondents Ages 65-75 with MCCs

Mean Number
of Respondents

Group Qutcome Number of MAOs per MAO ICC Reliability
Cohort 9 PCSsi 187 126 0.00048 0.057
PCSDiff 187 126 0.00113 0.125
MCSsi 187 126 0.00131 0.142
MCSDiff 187 126 0 0
Death 203 211 0.00132 0.219
Cohort 10 PCSsi 271 133 0.00033 0.042
PCSDiff 271 133 0.00045 0.056
MCSsi 271 133 0.00258 0.256
MCSDiff 271 133 0.00123 0.140
Death 286 235 0.00063 0.129
Cohort 11 PCSsi 329 113 0.00022 0.025
PCSDiff 329 113 0.00070 0.074
MCSsi 329 113 0.00241 0.214
MCSDiff 329 113 0.00189 0.176
Death 361 228 0.00075 0.147
Cohort 12 PCSsi 380 107 0.00061 0.061
PCSDiff 380 107 0.00036 0.037
MCSsi 380 107 0.00120 0.114
MCSDiff 380 107 0.00083 0.082
Death 424 240 0.00086 0.171
Cohort 13 PCSsi 435 117 0 0
PCSDiff 435 117 0.00011 0.013
MCSsi 435 17 0.00124 0.126
MCSDiff 435 117 0 0
Death 471 261 0.00143 0.272
Cohort 14 PCSsi 452 107 0 0
PCSDiff 452 107 0.00012 0.013
MCSsi 452 107 0.00068 0.068
MCSDiff 452 107 0 0
Death 497 228 0.00072 0.141
Cohort 15 PCSsi 449 95 0.00006 0.006
PCSDiff 449 95 0.00053 0.048
MCSsi 449 95 0.00098 0.085
MCSDiff 449 95 0.00143 0.12
Death 511 217 0.00199 0.302
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Table E.2. Respondents Older than 75 with MCCs

Mean Number of

Number of Respondents per
Group Outcome MAOs MAO ICC Reliability
Cohort 9 PCSsi 187 97 0.00126 0.109
PCSDiff 187 97 0 0
MCSsi 187 97 0.00149 0.127
MCSDiff 187 97 0.00017 0.016
Death 203 191 0.00067 0.113
Cohort 10 PCSsi 271 100 0.00042 0.040
PCSDiff 271 100 0 0
MCSsi 271 100 0 0
MCSDiff 271 100 0.00005 0.005
Death 286 201 0.00129 0.206
Cohort 11 PCSsi 327 87 0.00149 0.115
PCSDiff 327 87 0.00245 0.177
MCSsi 327 87 0.00101 0.081
MCSDiff 327 87 0.00070 0.058
Death 361 189 0.00263 0.332
Cohort 12 PCSsi 379 87 0.00076 0.062
PCSDiff 379 87 0 0
MCSsi 379 87 0.00086 0.070
MCSDiff 379 87 0.00056 0.046
Death 421 210 0.0023 0.327
Cohort 13 PCSsi 433 80 0 0
PCSDiff 433 80 0.00126 0.091
MCSsi 433 80 0.00126 0.091
MCSDiff 433 80 0.00169 0.119
Death 469 192 0.00161 0.236
Cohort 14 PCSsi 453 71 0.00032 0.022
PCSDiff 453 71 0 0
MCSsi 453 71 0.00062 0.042
MCSDiff 453 71 0 0
Death 493 163 0.00206 0.252
Cohort 15 PCSsi 447 65 0.00147 0.087
PCSDiff 447 65 0.00047 0.030
MCSsi 447 65 0.00165 0.097
MCSDiff 447 65 0.00137 0.081
Death 508 154 0.00258 0.285
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Appendix F. Association of Reliability with Length of Time
Respondent Had Been in MAO Prior to Baseline Survey

Table F.1. Respondents with Enroliment Duration Less Than
One Year Prior to Baseline Survey

Mean Number of

Number of Respondents per
Group QOutcome MAOs MAO ICC Reliability
Cohort 9 PCSsi 185 28 0 0
PCSDiff 185 28 0.00041 0.011
MCSsi 185 28 0.00306 0.079
MCSDiff 185 28 0 0
Death 202 55 0 0
Cohort 10 PCSsi 269 40 0 0
PCSDiff 269 40 6.1E-05 0.002
MCSsi 269 40 0.00279 0.101
MCSDiff 269 40 0.00273 0.099
Death 284 86 0.00159 0.120
Cohort 11 PCSsi 322 16 0.00045 0.007
PCSDiff 322 16 0 0
MCSsi 322 16 0.00230 0.035
MCSDiff 322 16 0.00183 0.028
Death 360 48 0.00141 0.063
Cohort 12 PCSsi 380 55 0 0
PCSDiff 380 55 0.00098 0.051
MCSsi 380 55 0.00270 0.131
MCSDiff 380 55 0.00181 0.091
Death 422 152 0.00060 0.084
Cohort 13 PCSsi 433 76 0.00076 0.055
PCSDiff 433 76 0.00150 0.103
MCSsi 433 76 0.00217 0.142
MCSDiff 433 76 0.00104 0.073
Death 470 189 0.00265 0.333
Cohort 14 PCSsi 453 64 0 0
PCSDiff 453 64 0.00096 0.057
MCSsi 453 64 0 0
MCSDiff 453 64 0 0
Death 495 158 0.00116 0.155
Cohort 15 PCSsi 448 42 0 0
PCSDiff 448 42 0 0
MCSsi 448 42 0.00134 0.053
MCSDiff 448 42 0 0
Death 510 114 0.00286 0.246
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Table F.2. Respondents with Enrollment Duration One or More Years Prior to Baseline Survey

Mean Number
of Respondents

Group Outcome Number of MAOs per MAO ICC Reliability
Cohort 9 PCSsi 185 198 0.00081 0.139
PCSDiff 185 198 0.00040 0.073
MCSsi 185 198 0.00068 0.119
MCSDiff 185 198 0.00052 0.093
Death 203 348 0.00084 0.226
Cohort 10 PCSsi 271 193 0.00052 0.091
PCSDiff 271 193 0.00043 0.076
MCSsi 271 193 0.00032 0.058
MCSDiff 271 193 0 0
Death 286 351 0.00070 0.198
Cohort 11 PCSsi 329 184 0.00036 0.063
PCSDiff 329 184 0.00139 0.204
MCSsi 329 184 0.00164 0.232
MCSDiff 329 184 0.00098 0.153
Death 361 369 0.00151 0.357
Cohort 12 PCSsi 379 140 0.00039 0.051
PCSDiff 379 140 0.00024 0.033
MCSsi 379 140 0.00087 0.109
MCSDiff 379 140 0 0
Death 423 298 0.00143 0.299
Cohort 13 PCSsi 430 122 0.00067 0.076
PCSDiff 430 122 0.00048 0.055
MCSsi 430 122 0.00077 0.086
MCSDiff 430 122 0.00070 0.078
Death 466 267 0.00102 0.215
Cohort 14 PCSsi 447 115 0.00030 0.033
PCSDiff 447 115 0 0
MCSsi 447 115 0.00103 0.107
MCSDiff 447 115 0.00060 0.065
Death 490 236 0.00164 0.279
Cohort 15 PCSsi 449 118 0.00120 0.124
PCSDiff 449 118 0.00119 0.124
MCSsi 449 118 0.00102 0.107
MCSDiff 449 118 0.00124 0.128
Death 511 256 0.00117 0.230
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