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Objectives: This study illustrates how the statistical reliability of
an individual measure relates to the overall reliability of a
composite metric, as understanding this relationship provides
additional information when evaluating measures for endorse-
ment.

Background: National quality measure endorsement processes
typically evaluate individual metrics on criteria such as im-
portance and scientific acceptability (eg, reliability). In practice,
quality measures may be used in composite rating systems, which
aid in the interpretation of overall quality differences.

Methods: We define an individual measure’s reliability by its in-
traclass correlation and analytically establish the relationship be-
tween a composite’s reliability and the reliability of its components.
We use real data to confirm this relationship under various sce-
narios. We are motivated by 8 quality measures, which comprise the
Quality of Patient Care Star Ratings on Dialysis Facility Care
Compare. These measure 4 primary outcomes (mortality, hospi-
talizations, readmissions, and blood transfusions), vascular access (2
measures), and facility processes (2 measures).

Results: Depending on the reliability of the individual measures,
their respective weights in the composite, and their pairwise corre-
lations, there are circumstances when adding a new measure, even if
it is less reliable, increases the composite’s reliability. For the dialysis
facility Star Ratings, we find that the combined reliability of mea-
sures grouped within certain domains of care exceeded the reliability
of the individual measures within those domains.

Conclusions: New quality measures may add utility to a com-
posite rating system under certain circumstances—a consid-

eration that should, in part, factor into quality measure
endorsement processes.
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easuring and reporting the quality of care delivered

by health care providers has been a major focus of
health policy for several decades.!:2 Quality of care is
multidimensional, encompassing various aspects that re-
flect patient outcomes and experiences. Health care fa-
cilities perform at different levels on various aspects of
care, and few excel in all measured outcomes.

Whether to measure a particular aspect of quality de-
pends on 2 criteria: (1) “importance” and (2) “scientific ac-
ceptability.”®7 Importance reflects whether an outcome is
meaningful to stakeholders and whether there is variability in
performance between providers that can be improved
upon.89 Scientific acceptability relates to both a measure’s
clinical soundness—is it tied to provider-owned structures or
processes and related to primary outcomes (eg, mortality),
and measurement soundness—is it a reliable and valid
metric?!0 A surrogate for reliability in the quality measure
endorsement process is whether there is appreciable variation
in quality measured between providers (variance of interest,
or signal) when compared with the variation among patients
within a given provider (random variation). The ratio of the
variance of interest to the total variance (variance of interest
plus random variation) is otherwise known as a measure’s
intraclass correlation (ICC).11
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National quality measure endorsement processes
typically evaluate metrics on the above criteria,!2 and
measures may be endorsed on importance but fail on
scientific acceptability.!3:14 To date, these measure evalu-
ations are performed individually. However, agencies of-
ten use quality measures to form composite metrics, which
can be useful for differentiating providers based on metrics
reflecting different aspects of primary and intermediate
clinical outcomes or care processes.>15:16 Such composite
metrics include those developed by the Centers for Med-
icare and Medicaid Services (CMS) public reporting and
value-based purchasing programs.!7-21 This study illus-
trates how the statistical overall reliability of a composite
metric relates to the reliabilities of the individual measures
comprising the composite, as understanding these rela-
tionships provides additional information when evaluating
measures for endorsement.

CMS’s Quality of Patient Care Star Ratings for di-
alysis facilities is a composite measure representing overall
care quality. It includes various aspects like preventing
hospitalizations and deaths, avoiding unnecessary trans-
fusions, effective bloodstream access, waste removal, and
balanced bone minerals, summarized by 8 specific mea-
sures reported on Medicare’s Dialysis Facility Care
Compare.22.26.27 A composite score for each facility based
on the 8 quality measures is first calculated and then
mapped onto ratings ranging from 1 to 5 stars (with 1, 3,
and 5 representing much below average, average, and
much above average care quality, respectively) to be in-
terpretable to the general public. Stakeholders include
ESRD care consumers (patients/caregivers), providers
(dialysis facilities), and payers/regulators (Medicare/CMS,
private insurers). While all stakeholders benefit from the
Star Ratings, its primary goal is to offer patients and
caregivers an easy-to-use, balanced summary of facility
quality to inform their care decisions.!7:23-25 We justify the
Star Ratings’ reliability by demonstrating that the com-
posite measure is more reliable than its individual mea-
sures. This approach is also relevant to other health care
public reporting programs using composite summaries.

METHODS

We calculate the overall reliability of a composite
measure and examine the relationship between overall and
individual measure reliabilities in the Star Ratings as a
real-world example.

Individual Measure Reliability

The individual quality metrics are defined at the
facility level based on measurements taken at the patient
level. The ICC definition of reliability is the proportion of
the total variation in the facility-level measure that can be
attributed to variation between facilities.

Between—Facility Variation

Between—Facility Variation + Within—Facility Variation/FacilitySize

Larger values indicate that a larger portion of a
measure’s variation is due to between-facility differences,
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and the measure is interpreted as more reliably dis-
tinguishing facility differences. Smaller values indicate
more of a measure’s variation is random, and the measure
is less reliable.

Theoretical Relationships Between Overall and
Individual Measure Reliability

Given the ICC for a single measure, we can consider
the combined reliability of 2 or more measures (ie,
“overall reliability”’). The reliability of a composite, 7,
comprised of K measures is

K 2 K
DI R DY SDWNTALY S )
r= ,

K K
zk=1Wk2 DY YR

where r, is the reliability of the kth measure
k=1, ..., K), w, is the kth measure’s weight within
the composite measure, and p, , is its pairwise correlation
with another measure, k’.28*3{<’See the Appendix (Supple-
mental Digital Content, http:/links.lww.com/MLR/C934) for
the derivation of (1) and numerical illustrations of various
hypothetical scenarios.

Reliability Comparisons in the Star Ratings

The Star Ratings consist of 8 quality metrics, scored
either as standardized ratios or rates. The standardized
mortality ratio (SMR), standardized hospitalization ratio
(SHR), standardized readmission ratio (SRR), and
standardized transfusion ratio are defined as the number
of observed events (mortality, hospitalizations, read-
missions, and blood transfusions, respectively) in a facility
divided by the number of expected events based on that
facility’s patient mix, with higher values indicating worse
performance. The 4 rate-based measures are defined as the
proportion of patients in a facility meeting a defined
threshold. These include 2 measures of hemodialysis vas-
cular access—the standardized fistula rate, defined as the
adjusted rate of adult patient-months using an arterial
venous fistula as the sole means of vascular access (a
positive outcome), and the long-term catheter rate, defined
as the rate of prolonged use of a tunneled catheter (a
negative outcome)—and 2 measures of facility processes.
The process measures include total Kt/V, which measures
dialysis adequacy as the proportion of patients meeting a
prespecified threshold for “adequate” small solute clear-
ance of urea nitrogen based on the patient’s age (adult vs
pediatric) and treatment modality (hemodialysis vs peri-
toneal dialysis), and hypercalcemia, the proportion of
patients with hypercalcemia (blood serum or plasma cal-
cium > 10.2 mg/dL) taken over a 3-month rolling average.
Additional details regarding the definition of individual
quality measures can be found in the ESRD measures
manual.23

The quality measures are first normalized to
standardized measure scores. Certain measures (eg, mor-
tality) are realigned to follow the paradigm that higher
scores mean better quality.25> Correlated standardized
measure scores are empirically grouped into 3 groups, or
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>

“domains,” of care through factor analysis. Factor anal-
ysis identifies which measures are more correlated. Those
most correlated are grouped into the same domains. The 3
resulting domains each generally represent a different as-
pect of care quality. Specifically, SMR, SHR, SRR, and
standardized transfusion ratio form one domain, reflecting
primary outcomes, standardized fistula rate and long-term
catheter form a second domain, reflecting vascular access
management, and total Kt/V and Hypercalcemia form a
third domain, reflecting waste removal/dialysis manage-
ment. Each facility receives domain-specific scores by
averaging the within-domain standardized measure scores,
as well as a final score, which is aggregated from these
domain scores. Final scores are translated into ratings
(1-5 stars) by comparing facility scores to thresholds es-
tablished using historical, baseline data (for detailed
methodology, see the technical notes).2> Supplemental
Table S1 (Supplemental Digital Content, http://links.lww.
com/MLR/C934) reports quality measures, their within-
domain weights, and the weights of their respective do-
mains in calculating a facility’s final score and subsequent
Star Rating. We also report correlations between
standardized measure scores in Table 1. These correlations
confirm that some measures are more closely related than
others, namely measures within the same domain, though
all have some degree of positive correlation.

For our analyses in this work, we utilize only the reli-
abilities and pairwise correlations of the § individual quality
measures from the calendar year 2019, that is, the last data
collected before the start of the COVID-19 pandemic, to
mitigate confounding. All individual measure reliability
values have been publicly reported in their respective Na-
tional Quality Forum measure endorsement testing forms
(downloadable from https://www.qualityforum.org/qps/).
The exception is hypercalcemia and total Kt/V. For these 2
measures, we calculate the individual measure reliabilities
using patient and facility-level data from dialysis facility
claims data and EQRS data (not publicly reported). The
individual measure reliabilities are provided in the first row
of Table 2. Pairwise correlations between all measures were
obtained from the Star Rating technical notes and are pro-
vided in Table 1.25 Using reliabilities and pairwise correla-
tions of the individual measures, we calculate the overall
reliability of the Star Rating composite final score. We also
calculate the overall reliability within each of the 3 domains.
Finally, as an illustrative exercise, we calculate how the
overall reliability would change if the Star Ratings were
hypothetically initially composed of only one measure and
then other measures were sequentially added to the
measure set.

RESULTS

We apply the combined reliability calculation to the
measures in the dialysis facility Star Ratings. We report
the combined reliability estimates for domain-specific
scores and final facility scores in Table 2. As the total Kt/V
measure 1S a combination of 4 other measures, we
calculate its reliability using an approximate ANOVA
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approach in the same spirit as the other measures. As
shown, the combined reliability for each domain (0.71,
0.82, and 0.92, respectively) is estimated to be at least as
high as their individual measures’ reliabilities. In addition,
the reliability of the final scores (0.85) is higher than the
individual measures, apart from the dialysis process
measures. This may be due to an overestimation of the
variance explained for these highly skewed measures when
using traditional (ie, model-based) estimates for the var-
iance components. To remedy this, Table 2 also reports
the variance explained for the domain scores and final
scores under an alternate, rank-based calculation for
skewed measures, though the variance explained by a
facility’s final score remained the same (0.85).

Table 2 also reports the changes to the combined
reliability of the composite score that would occur if we
were to hypothetically add the Star Rating measures se-
quentially to the measure set. In practice, the Star Rating
measure set includes all measures described previously.
We provide an illustrative example to demonstrate how
the overall reliability would hypothetically change if the
Star Ratings originally consisted of only one measure,
SMR, and then more measures were added one by one.
The results of this illustration can be connected to the
numerical illustrations described in the Appendix and
Supplemental Figures SI and S2 (Supplemental Digital
Content, http:/links.lww.com/MLR/C934). Going across
the second rows under the “moment-based estimators for
all domains” and “rank-based estimates for the dialysis
processes” domain sections of Table 2, we see that if SMR
were the only measure in the Star Ratings, the reliability of
the Star Rating final score would be 0.5 (the same as
SMR’s individual reliability). Then, if SHR was added to
the measure set, the combined reliability of SMR and
SHR would be 0.59 [which is higher than both SMR’s
individual reliability (0.5) and SHR’s individual reliability
(0.53)]—this is an example of a region (I) scenario as de-
scribed in the numerical illustration represented by Sup-
plemental Figure S1. If SRR was added next, we see that
the overall reliability of SMR, SHR, and SRR is 0.64,
despite SRR having a relatively lower individual reliability
(0.39) than SMR and SHR. This situation is an example
corresponding to the region (II) in Supplemental Figure
S1. Continuing across the row in the table, we see that
each measure addition would be an example of a region (I)
or region (IT) scenario; each time a measure is added, there
are gains in the overall reliability. As shown, since the
measures are all weakly correlated and have non-zero in-
dividual reliability, the combined reliability increases as
more measures are added, a similar result to our illus-
trations.

DISCUSSION

Composite metrics are often created to be inter-
pretable and comprehensive summaries of overall care
quality that can be used by stakeholders to differentiate
providers. By drawing attention to the differences in care
quality between providers, composite measures can pro-
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TABLE 1. Pairwise Correlations for the Standardized Clinical Quality Measure Scores of the Star Ratings

Measure SMR* SHRY SRR* STrR$ SFRI LTCY Kt/V# Hyp.™
SMR* 1.00 — — — — — — —
SHRY 0.20 1.00 — — — — — —
SRR 0.10 0.41 1.00 — — — — —
STrRS 0.17 0.35 0.17 1.00 — — — —
SFRI 0.08 0.14 0.08 0.09 1.00 — — —
LTCT 0.09 0.18 0.08 0.11 0.46 1.00 — —
Kt/v# 0.13 0.19 0.09 0.15 0.18 0.26 1.00 —
Hyp.* 0.08 0.09 0.03 0.05 0.16 0.22 0.28 1.00

“Standardized mortality ratio for dialysis facilities.
TStandardized hospitalization ratio for dialysis facilities.
*Standardized readmission ratio for dialysis facilities.
SStandardized transfusion ratio for dialysis facilities.
IHemodialysis vascular access: standardized fistula rate.
THemodialysis vascular access: long-term catheter rate.
#Total Kt/V measure.

“"Hyp: Proportion of patients with hypercalcemia.

LTC indicates long-term catheter; SFR, standardized fistula rate; SHR, standardized hospitalization ratio; SMR, standardized mortality ratio; SRR, standardized

readmission ratio; STrR, standardized transfusion ratio.

mote improvements in care quality. For example, in the
Star Rating program, to facilitate improved performance,
facilities are provided with not only their categorical star
rating but also a detailed breakdown of their composite
score so they can compare their performance on the
individual quality measures to other facilities’ perfor-
mance and identify which specific outcomes to focus on
improving. In a more general sense, regulators of care
quality (such as CMS/Medicare) can implement incentives
based on composite metrics to motivate providers to im-
prove their care quality. Evaluating the reliability of a
composite metric is important to ensure that the com-
posite metric is statistically sound. We derived the overall
reliability of a composite metric based on the reliabilities
and pairwise correlations of the individual measures and
explored how adding more individual measures to a
composite could impact the overall reliability in different
situations.

Quality measure evaluation and endorsement pro-
cesses often act on stand-alone measures. Despite their
potential, quality metrics that are important to measure,
demonstrate a high level of variability among providers
and are clinically sound may fail the endorsement process
based on low measurement reliability or validity.32 How-
ever, such measures may add utility to a composite rating
system under certain circumstances—a consideration
which should, in part, factor into their assessment. For
example, an individual measure that is deemed to have
low reliability may still increase the reliability of the
composite, adding value to its overall assessment of care
quality. This manuscript described some of the conditions
under which a measure with lower perceived reliability
would nonetheless enhance a composite measure by in-
creasing its ability to differentiate provider performance.

We highlight several specific results regarding the
relationship between the reliability of individual dialysis
facility quality measures and their combined reliability in
the Star Ratings. First, the proportion of variance ex-
plained for each domain of care surpassed those of the
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individual measures within the domain. For example, the
mortality, hospitalization, readmission, and blood trans-
fusion measures had reliability estimates ranging from
0.39 to 0.65, while the combined variance explained for
their domain was 0.71. This result reinforces the rationale
for constructing domains in the development of the Star
Rating. As the combined reliability is a function of the
individual measures and their pairwise correlations, we
expect the variance explained for each domain to exceed
the individual measures’ if they are indeed correlated.
Though some measures have moderate individual reli-
ability, we show that combining them increases the overall
reliability. Thus, in addition to importance and scientific
acceptability at the individual measure level, the evalua-
tion of a quality measure for inclusion in a composite
score should consider its impact on the reliability of the
composite. The composite proportion of variance ex-
plained for the dialysis facility Star Ratings was 0.85,
further exceeding that of the individual measures for all
but the dialysis process measures (total Kt/V and hyper-
calcemia).

Austin and colleagues (2019) yielded similar con-
clusions in a different context. In the simulation, they
pooled 3 binary indicators with low ICC into a composite
indicator. They found that creating a composite indicator
with high reliability was possible when the individual
components were moderately correlated.33 We draw sim-
ilar conclusions both analytically and through illustrations
of simulated and real data.34 Rudner (2001) provides 2 key
results when considering just 2 measures: (1) the lowest
possible reliability value is that of the less reliable measure
and (2) if the measures are equally reliable, composite
reliability is maximized with equal measure weighting.35
These results extend to multiple measures, as we can al-
ways add a new measure to an existing composite.

If a new measure is not strongly correlated with
existing measures, such as one developed for a previously
uncaptured aspect of care, adding that measure could
reduce the composite reliability. This has substantive
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TABLE 2. Combined Reliability (Proportion of Variance Explained) Calculations for the Domain-Specific Scores and Final Score for

the Star Ratings

Primary Outcomes

Vascular Access Management Waste Removal/Dialysis Management

SMR* SHRT SRR# STrR$ SFRI LTCY Kt/V# Hyp.*™"
Reliability using moment-based estimators for all domains
Individual measure 0.50 0.53 039 0.65 0.74 0.76 0.92 0.87
Cumulative, sequentially adding 0.50 0.59 0.64 0.71 0.76 0.81 0.84 0.85
measures
Domain-specific 0.71 0.71 0.71  0.71 0.82 0.82 0.92 0.92
Final score 085 0.85 085 0.85 0.85 0.85 0.85 0.85
Reliability using rank-based estimates for the dialysis processes domain
Individual measure 0.50 0.53 039 0.65 0.74 0.76 0.86 0.83
Cumulative, sequentially adding 0.50 0.59 0.64 0.71 0.76 0.81 0.84 0.85
measures
Domain-specific 071 071 071 071 0.82 0.82 0.88 0.88
Final score 085 0.85 085 0385 0.85 0.85 0.85 0.85

“Standardized mortality ratio for dialysis facilities.
Standardized hospitalization ratio for dialysis facilities.
?Standardized readmission ratio for dialysis facilities.
SStandardized transfusion ratio for dialysis facilities.
IHemodialysis vascular access: standardized fistula rate.
THemodialysis vascular access: long-term catheter rate.
#Total Kt/V measure.

“Proportion of patients with hypercalcemia.

LTC indicates long-term catheter; SFR, standardized fistula rate; SHR, standardized hospitalization ratio; SMR, standardized mortality ratio; SRR, standardized

readmission ratio; STrR, standardized transfusion ratio.

implications but may not preclude adding the measure to
the composite score (Supplemental Table S2, Supple-
mental Digital Content, http://links.lww.com/MLR/
C934). If quality is multidimensional, not including such
a measure may create incentives for the facility to skimp
on that aspect of care. This leads to an important question
to address: if a new measure does not substantially harm
the overall reliability, but adds diversity in capturing a
different aspect of care, should the measure be included in
the overall measure set? It is our hope that this and related
work provide a catalyst for such discussions when con-
sidering new measures for endorsement and public re-
porting.

Our work has several strengths. First, this is a na-
tional study based on over 7000 Medicare-certified dialysis
facilities providing care to over 500,000 patients with end-
stage renal disease. We apply the proportion of variance
explained methods to a composite measure that is based
on classic test theory. Lastly, this method can be gener-
alized to other national composites, and though it is
structured differently, it would be interesting to see if the
results presented here hold for other dialysis facility-
related composites such as the total performance scores
reported for the ESRD Quality Improvement Program or
for other provider types such as the overall hospital star
rating.

There are also some limitations to our work. First,
as a general comment, using composites to measure care
quality is sometimes questioned, as there is an inherent
tradeoff between interpretability and information loss.
Composite metrics like the Star Ratings are often designed
and intended to be a simple and balanced summary of care
quality across multiple care quality domains. Interpret-
ability of the Star Ratings is further enhanced by catego-

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.

rizing the composite score into ratings ranging from 1 to 5
stars. This can provide patients, caregivers, and other
stakeholders with a simple way to determine a facility’s
overall performance relative to others. Composites are
often more easily interpreted by the general public than
are individual quality measures. However, discerning the
source of differences in quality from the composite mea-
sure may be difficult.3¢ For example, if there are differ-
ences in 2 facilities” Star Ratings, for example, 2 versus 3
stars, it is difficult for the user to know what measure(s) in
the composite is driving the difference between the two
facilities. Further, the overall reliability we calculated is
based on the continuous final score underlying a facility’s
Star Rating. Extending this work to a facility’s categorical
rating would better align with the goals of the public re-
porting program. Third, we base our work on the ICC
coefficient, a commonly accepted reliability metric used in
the endorsement of health care quality metrics at the na-
tional level. This assumes that the health care quality
metrics are normally distributed and can be biased when
this assumption does not hold. Other nonparametric ap-
proaches may be warranted for future consideration;
however, the concepts presented here can easily be ex-
tended to other measurements of reliability as well.
Fourth, we recognize that between-facility variation,
which is often used in the signal-to-noise ratio definition of
reliability, often includes unmeasured/unaccounted varia-
tion in patient case mix, provider actions, and external
factors that may influence outcomes. However, in the case
of race/ethnicity, differences in outcomes may not be due
to race, but rather other (underlying) sources that could
include provider treatment and historical disparities re-
lated to race. It is therefore difficult to sustain the as-
sumption that all sources of variation in patient and
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provider mix can be measured and accounted for in an
individual or composite measure.37 Sorting out this im-
portant issue is beyond the scope of this paper. Lastly, we
limit our analysis to pre-COVID data to avoid introducing
additional factors that may systematically affect the
quality of care provided by facilities during the pandemic.
Further study and an updated analysis with post-COVID
data, when available, are warranted to validate our initial
findings.

We note that validity is an important consideration
when determining the scientific soundness of any measure,
including composite measures. However, our focus is
solely on the reliability aspect of composite measures. This
study assumes some level of empirical validity has been
achieved for all individual measures used in a composite
measure. In our Star Ratings example, each of the § in-
dividual measures was reviewed and received initial en-
dorsement by the National Quality Forum and thus went
through rigorous validity testing during its development.
It remains unclear whether adding more measures would
enhance composite validity, another important but dis-
tinct criterion of scientific soundness. In addition, while a
measure may achieve validity and may measure what it is
intended to measure, a valid measure can still be un-
reliable and therefore not provide a stable assessment of
performance variation between providers. Exploring the
validity of composite measures in more detail is an im-
portant direction for future work.

CONCLUSIONS

Individual quality measures may be useful in com-
posite reporting, even if certain criteria for consensus en-
dorsement are not met. This depends on the measure’s
relationship with other measures in the composite, and
their ability to inform the public about aspects of care that
may be important to measure. This work highlights the
utility of combined reliability for composite measures of
care quality. Based on our results, it may be useful to add
measures with lower ICC values to composites, if they add
diversity and robustness to the overall rating system.
Further, from this perspective, we advocate that the sci-
entific acceptability of new measures or subsequent in-
clusion in public reporting programs should be considered
with respect to the proportion of variance explained for
the individual measure, as well as the additional aspect of
care quality the measure brings to a composite set. As
developing measures encompassing several aspects of care
is necessary for creating a robust composite, we hope this
work will further justify incorporating new measures into
the Star Ratings and provide a stimulus for needed dis-
cussion about how individual measures are used in the
larger scope of public reporting.
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