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TAGEDPABSTRACT
BACKGROUND: Measuring quality at varying levels of the
health care system requires attribution, a process of determining
the patients and services for which each level is responsible.
However, it is important to ensure that attribution approaches
are equitable; otherwise, individuals may be assigned differentially based upon social determinants of health.
METHODS: First, we used Medicaid claims (2010−2018) from
Michigan to assess the proportion of children with sickle cell
anemia who had less than 12 months enrollment within a single
Medicaid health plan and could therefore not be attributed to a
specific health plan. Second, we used the Medicaid Analytic
eXtract data (2008−2009) from 26 states to simulate adapting
the 30-Day Pediatric All-Condition Readmission measure to the
Accountable Care Organization (ACO) level and examined the
proportion of readmissions that could not be attributed.
RESULTS: For the sickle cell measure, an average of 300 children with sickle cell anemia were enrolled in Michigan

TAGEDPWHAT’S NEW
When applying attribution models, it is essential to
consider the potential to induce health disparities. Differential attribution may have unintentional consequences that deepen health disparities, particularly
when considering incentive programs for health plans
to improve the quality of care.

TAGEDPQUALITY

MEASUREMENT IS integral to the ongoing and
systematic improvement of the US health care system;
quality metrics are used to evaluate health services and
identify opportunities for improvement.1 Quality measures can be applied at many levels of the health care system, reflecting the perspectives of purchasers, health
services providers, and patients. Incentive programs have
been developed and applied using health care
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Medicaid each year. The proportion of children that could not
be attributed to a Medicaid health plan ranged from 12.2% to
89.0% across years. For the readmissions measure, of the
1,051,365 index admissions, 22% were excluded in the ACOlevel analysis because of being unable to attribute the patient
to a health plan for the 30 days post discharge.
CONCLUSIONS: When applying attribution models, it is
essential to consider the potential to induce health disparities. Differential attribution may have unintentional consequences that deepen health disparities, particularly when
considering incentive programs for health plans to improve
the quality of care.
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performance metrics to foster improvements in the quality
of care provided at varying levels within the health care
system.2 The data necessary to assess these performance
metrics at various levels of the health care system are
increasingly being derived from clinical and administrative data.2 Consequently, methods to accurately assess the
quality of care across a wide range of levels of the health
care system are of increasing importance.
A fundamental requirement to appropriately aggregate
administrative, clinical, or patient data is the accurate
attribution of health care services to patients, providers,
health systems and health plans.3 Attribution methods
reflect a set of rules developed to reflect the individual
patients, their health care services, and the duration of
care for which providers and organizations are held
accountable and incentivized. Importantly, the level of
attribution aggregation may affect the accuracy of

S119

Volume 22, Number 3S
April 2022

TAGEDENS120

REEVES ET AL

performance measurement.4 There are numerous attribution models that have been implemented or are under consideration; these methods can be applied retrospectively
or prospectively and address a diverse set of health conditions and settings, including acute and chronic episodes as
well as primary versus specialty care.4−9 Attribution models may be applied at the population level to determine
who is assigned for the program (eg, Accountable Care
Organization [ACO]) or applied at the performance measure level to determine who is assigned, and in some cases
may be a combination of both. For example, families of
pediatric patients can prospectively designate a primary
care provider responsible for the care of their child to their
health plan; the designated provider would then be
accountable for all quality metrics regarding the child.
Another attribution approach would be to attribute
accountability to the provider with the greatest number of
evaluation and management visits within a specified time
frame.10
While each of these methods has its respective
strengths, limitations may exist that must be carefully
considered to ensure that the measures of quality of care
at the specified level are valid.4 For example, one particularly concerning limitation of attribution models is the
possibility that persons could be attributed differentially
based upon social determinants of health.11−14 Therefore,
in this study, we consider two different attribution models
and the impact of the attribution models across population
characteristics such as managed care enrollment, continuous enrollment criteria, or enrollment in a program. Our
first case study evaluates a model to attribute children
with sickle cell anemia to Michigan Medicaid health plans
at the performance measure level. In our second case
study, we consider the characteristics of attribution for
use in ACOs.

TAGEDH1METHODSTAGEDEN
TAGEDH2SICKLE CELL ANEMIA MEASURESTAGEDEN
Children with sickle cell anemia, the most common
subtype of sickle cell disease, are at an increased risk of
serious complications, including infections and stroke.15
Importantly, much of this morbidity can be prevented
through receipt of preventive services, specifically, daily
antibiotic prophylaxis to prevent infection and annual
transcranial Doppler screening to identify children at
highest risk of stroke.16 The Quality Measurement, Evaluation, Testing, Review, and Implementation Consortium
at the University of Michigan developed two quality
measures, both of which are endorsed by the National
Quality Forum, to assess the proportion of children with
sickle cell anemia that 1) received at least 300 days of
antibiotics within a year; and 2) received an annual transcranial Doppler screen.17−19 Incentives provided directly
to the Medicaid health plans for improving the quality of
care among children with sickle cell anemia have promise; such programs have been implemented for other preventive services.20−23 Therefore, we applied attribution
models to the state Medicaid data to assign children with
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sickle cell anemia to their respective Medicaid health
plans. Here we provide the example of applying an attribution model to the transcranial Doppler screening measure. First, we identified all children with sickle cell
anemia ages 2 through 16 who were enrolled in Michigan
Medicaid for at least one calendar year from 2010 to
2018. Then, using the enrollment files for the state Medicaid program, each person-month of enrollment was attributed to a Medicaid health plan; months were then
summed across the measurement year. The number of
children with sickle cell anemia who were continuously
enrolled within the same Medicaid health plan throughout
the calendar year (January−December) was calculated.
The proportion of children with sickle cell anemia who
could not be attributed to a Medicaid health plan for the
entire 12 months (eg, switched health plans at some point
during measurement period), as well as the proportion
enrolled for 12 months in fee-for-service, was also calculated.

TAGEDH130-DAY PEDIATRIC ALL-CONDITION READMISSION
MEASUREAGEDNTE
As part of the Pediatric Quality Measures Program, the
Center of Excellence in Pediatric Quality Measurement
(CEPQM) developed a 30-Day Pediatric All-Condition
Readmission measure.24,25 The measure calculates casemix adjusted, 30-day all-condition readmission rates for
the pediatric population <18 years old using inpatient
claims data. The measure focuses on patients discharged
from general acute care hospitals, including children’s
hospitals and excludes the following: 1) specialty hospitals; 2) nonacute care institutions; 3) admissions for
obstetric conditions, mental health conditions, and birth
of healthy newborns; and 4) readmissions for planned procedures and chemotherapy. Hospital-level readmission
rates were calculated using a 2-level hierarchical logistic
regression with fixed effects for patient-level characteristics and a random intercept for hospital. The hierarchical
modeling adjusts for differences in case-mix and sample
size across hospitals.
A consistent concern raised by hospitals regarding
readmissions is that the health care provider most
closely responsible for a preventable readmission often
extends beyond the hospital to include other groups
such as primary care providers or outpatient specialists. One of the potential benefits of developing alternative health care delivery structures such as the ACO
is that ACOs usually include not only hospitals, but
also primary and specialty outpatient services. Given
the growth of ACOs, we adapted measure specifications for the use of our readmission measures at the
ACO level and tested their use. This analysis examines
the impact on how readmissions are attributed when
shifted from being a hospital measure to being applied
at the ACO level of aggregation.
We tested our adapted ACO readmissions measure by
simulating ACOs using our 2008-2009 Medicaid Analytic
eXtract dataset from 26 states. We attributed patients to
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health plans and applied the measure specifications at the
level of health plans, that is, simulated “ACOs.” A patient
was attributed to a health plan if the patient was enrolled
in that plan at the time of the index admission and could
be included in the analysis if the patient remained enrolled
in that plan for at least the 30 days following the index
admission. We fitted mixed effects models that included
case-mix adjusters (patient age group, patient gender,
presence of chronic conditions in 17 chronic condition
indicator body systems, and number of body systems
affected by chronic conditions) as fixed-effects and health
plan as random-effects. The dependent variable was 30day readmission, modeled as a binomial variable with a
logit link. Using the parameter estimates from these models, we estimated plan-level case-mix-adjusted readmission rate through direct standardization using a case-mix
representative of all plans in the entire dataset.

TAGEDH1RESULTSTAGEDEN
TAGEDH2SICKLE CELL ANEMIA MEASURESTAGEDEN
From 2010 to 2018, the number of children with sickle
cell anemia enrolled in Michigan Medicaid in a calendar
year ranged from 227 to 340. Across the years, the proportion of children that could not be attributed to a specific
Medicaid health plan due to less than 12-month enrollment in any plan, or entirely fee-for-service, ranged from
12.2% (2014) to 89.0% (2011). We found a sharp decline
in the proportion of children with sickle cell anemia who
were enrolled in fee-for-service Medicaid for the entire
year during the period 2010 through 2013; this is consistent with the Michigan Medicaid policy in which enrollees
of Children’s Special Healthcare Services were carved out
of Medicaid managed care through 2012. The proportion
of children who were not enrolled in any Medicaid health
plan or fee-for-service for at least 12 months ranged from
9.3% (2011) to 53.7% (2013). From 2010 to 2013, the
proportion of children enrolled for 12 months in fee-forservice was substantially higher (approximately 85%)
than in subsequent years (Figure). The proportion of children who were not continuously enrolled in a health plan
drastically decreased substantially over the study period
but there still remains almost 13% of total children who
were not unattributed.
T 0-DAY
AGEDH23

PEDIATRIC ALL-CONDITION READMISSION MEASURETAGEDEN
There were 158,003 index admissions attributed to
2863 hospitals in the Medicaid Analytic eXtract 2008 to
2009 data from 26 states that we could attribute to 235
simulated ACOs. Twenty-two percent of index admissions were excluded in the ACO-level analysis because
we were unable to attribute the patient to a health plan for
the 30 days after the index admission, which is similar to
the proportion of index admissions being excluded when
attributing patients for the hospital-level readmission
measure. The state-level exclusion rates ranged from 11%
to 35%. Among all index admissions, the overall adjusted
hospital-level readmission rate was 5.9% (hospital-level
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variance 0.06, standard error 0.005). Among the 158,003
index admissions, the overall adjusted ACO-level readmission rate was 4.9% (ACO-level variance 0.08, standard error 0.02).

TAGEDH1DISCUSSIONTAGEDEN
In our review of two methods of attribution among children enrolled in Medicaid, we found that there was a substantial proportion of children that could not be attributed
to Medicaid health plans to assess quality of care; these
findings likely further extend to ACOs. It is essential to
consider the implications of applying attribution models
to establish responsibility for patients or services.
Children with sickle cell anemia often experience fragmented care and have high acute care utilization.26,27
Therefore, health plans are uniquely positioned to implement quality improvement initiatives, as they can track
enrollees’ health services across time and hospital systems.28 Health plans also have extensive experience with
quality improvement, as improvement in performance is
often incentivized through programs at the state Medicaid
level.29,30 These incentive plans have the potential to
improve the quality of care for children with sickle cell
anemia. One promising approach to improve quality of
care for rare diseases or outcomes is to encourage health
plans to work together collaboratively to improve measures. This could be accomplished through specific statelevel incentives which reward for regional improvement
in measures across all health plans as opposed to plan-specific payments for improvement within the health plans.
Unfortunately, these quality improvement initiatives
will only target children for which a health plan is deemed
responsible.4 Weighting measures proportional to the
amount of time an enrollee contributes to a plan is a common approach to attribution. However, this approach has
shortcomings when considering rare diseases or outcomes, particularly as related to pediatrics, as it will be
challenging to implement quality improvement initiatives
in partial attribution circumstances. For example, children
eligible for the measure denominator may be retrospectively identified to receive enhanced quality improvement
efforts such as case managers or specialized pharmacy
benefits. Children who are not attributed to a plan within a
12-month window will not be identified as a potential beneficiary for these initiatives and will therefore, not benefit
from their implementation.
We found that over the last 5 years of our study period,
more than one in 8 children with sickle cell anemia was
unable to be attributed to a health plan. Study inclusion
criteria required that eligible children be enrolled in Medicaid for the entire study period. Therefore, children who
were unable to be attributed are those who switched
between Medicaid health plans, or fee-for-service, during
a calendar year. More work should be done to better
understand those children who remain unattributed due to
moving between health plans. These children will not benefit from quality improvement initiatives implemented by
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Figure. Single health plan enrollment patterns among children with sickle cell anemia in Michigan Medicaid, 2010 to 2018*. *Attributed:
Enrolled in single Medicaid health plan for 12-month calendar year (January−December); Unattributed: Enrolled in two or more Medicaid
health plans for 12-month calendar year (January−December); 12-month fee-for-service: Enrolled in fee-for-service for 12-month calendar
year (January−December). **Children enrolled in Children’s Special Healthcare Services were carved out of Medicaid Managed Care
through 2012.

Medicaid health plans. Unlike the sickle cell anemia measure, the CEPQM readmission measure only requires a
30-day window of continuous enrollment post index
admission. However, our results suggest that even narrowing the window to a 30-day enrollment period remains
challenging and each attribution model involved loss
when rolling up to accountable units even at the program
level.
Further research is necessary to understand the predictors of this lack of continuous enrollment within a single
Medicaid health plan. It is possible that a lack of continuous enrollment in a single Medicaid health plan may be
associated with adverse social determinants of health. For
example, although Medicaid policies are state-specific,
individuals often may switch Medicaid health plans at any
time during the year if special circumstances are met.
These circumstances vary across states, but may include
having children in the foster care system, moving to an
area where services are not offered, and being unable to
find the necessary care for your condition in the enrolled
plan.31 Each of these special circumstances may be more
likely to occur among individuals experiencing adverse
social determinants of health, such as living in rural areas
or lacking access to stable housing. This is further supported by evidence from previous studies examining
enrollment gaps in Medicaid overall, which indicated that
children living in poverty or rural areas, and those with
more acute care utilization, were more likely to experience issues with continuous enrollment than their counterparts.12−14
This is particularly true among those living with sickle
cell anemia, as the significant health burden for these children is often exacerbated by the burden of racial inequity,

resulting in excess vulnerability to adverse social determinants of health, such as housing, insurance, discrimination, socioeconomic status, and transportation.32−34
Future research should expand upon our findings to consider the impact of attribution methods on health disparities, particularly among marginalized populations. In
addition, an understanding of how specific child characteristics, such as demographics, social determinants of
health, and patterns of health care utilization, vary by
attribution status would underscore the contributions to
variation in quality of care.
The simulation of adapting the readmission measure for
ACOs has additional value. A common concern in using
readmission measures has been that hospitals are not
always in control of the factors that contribute to the readmission. However, ACOs by definition have accountability for the health care of their population across the
continuum of care and, as such, are perhaps a better level
for applying the readmission measure. Since ACOs can
map on to multiple possibly overlapping hospitals and
will be fewer in number than hospitals, testing the
CEPQM adapted ACO readmission measure was necessary and the CEPQM simulation was the best approximation available. This analysis suggests that as great patient
populations receive their care in ACOs, the CEPQM readmission measure has the potential to be a useful measure.
Further, our results indicated that the hospital readmission
rate was 1% lower when considering attribution at the
ACO level as compared to the hospital level. Additional
research is necessary to understand the drivers in measure
variation at the ACO level as compared to the hospital
level. However, we acknowledge the limitations of our
approach, which leveraged health plans to simulate
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ACOs. Further research should examine the specific
implications of attribution to ACOs, particularly as related
to rare pediatric events such as hospital readmissions.
In conclusion, although policies that encourage continuous enrollment within a state Medicaid program are
essential, particular attention should be paid to the way in
which this is implemented within individual Medicaid
health plans. Development of sustainable strategies at the
state Medicaid level that incentivize Medicaid health
plans to retain pediatric members may be one such opportunity. This would allow Medicaid health plans to identify
members to target for improvement in performance
scores. Otherwise, mechanisms to assign responsibility
for the quality of care of these children should be in place.
Care should be taken to ensure that children who enroll in
different health plans across one year do not fall through
the cracks, thereby further inducing health disparities
often already experienced among children enrolled in
Medicaid.
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