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Abstract

Objective: To assess the validity of race/ethnicity coding in Medicare data and

whether misclassification errors lead to biased outcome reporting by race/ethnicity

among Medicare Advantage beneficiaries.

Data Sources and Study Setting: In this national study of Medicare Advantage bene-

ficiaries, we analyzed individual-level data from the Health Outcomes Survey (HOS)

and the Consumer Assessment of Healthcare Providers and Systems (CAHPS), race/

ethnicity codes from the Medicare Master Beneficiary Summary File (MBSF), and

outcomes from the Medicare Provider Analysis and Review (MedPAR) files from

2015 to 2017.

Study Design: We used self-reported beneficiary race/ethnicity to validate the Medi-

care Enrollment Database (EDB) and Research Triangle Institute (RTI) race/ethnicity

codes. We measured the sensitivity, specificity, and positive and negative predictive

values of the Medicare EDB and RTI codes compared to self-report. For outcomes,

we compared annualized hospital admission, 30-day, and 90-day readmission rates.

Data Collection/Extraction Methods: Data for Medicare Advantage beneficiaries who

completed either the HOS or CAHPS survey were linked to MBSF and MedPAR files.

Validity was assessed for both self-reported multiracial and single-race beneficiaries.

Principal Findings: For beneficiaries enrolled in Medicare Advantage, the EDB and

RTI race/ethnicity codes have high validity for identifying non-Hispanic White or

Black beneficiaries, but lower sensitivity for beneficiaries self-reported Hispanic any

race (EDB: 28.3%, RTI: 85.9%) or non-Hispanic Asian American or Native Hawaiian

Pacific Islander (EDB: 56.1%, RTI: 72.1%). Only 8.7% of beneficiaries self-reported

non-Hispanic American Indian Alaska Native are correctly identified by either Medi-

care code, resulting in underreported annualized hospitalization rates (EDB: 31.5%,

RTI: 31.6% vs. self-report: 34.6%). We find variation in 30-day readmission rates for

Hispanic beneficiaries across race categories, which is not measured by Medicare

race/ethnicity coding.

Conclusions: Current Medicare race/ethnicity codes misclassify and bias outcomes

for non-Hispanic AIAN beneficiaries, who are more likely to select multiple racial

identities. Revisions to race/ethnicity categories are needed to better represent mul-

tiracial/ethnic identities among Medicare Advantage beneficiaries.
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What is known on this topic

• Previous validation studies of single-race beneficiaries show that Medicare race/ethnicity

codes perform well at identifying non-Hispanic White and non-Hispanic Black beneficiaries.

• However, Medicare race/ethnicity codes perform worse for beneficiaries identifying as His-

panic any race, non-Hispanic Asian American or Native Hawaiian Pacific Islander (AANHPI),

or non-Hispanic American Indian and Alaska Native (AIAN).

What this study adds

• For Medicare Advantage, which enrolls a greater proportion of racial/ethnic minorities than

traditional Medicare, we find that race/ethnicity codes correctly identify only 8.7% of non-

Hispanic AIAN beneficiaries in our study.

• Beneficiaries who self-report multiple race categories, including 85% of the non-Hispanic

AIAN beneficiaries in our study, are more likely to be misclassified by and have underre-

ported hospitalization and readmission outcomes.

• Current Medicare race/ethnicity coding combines Hispanic ethnicity with race categories

and exclude multiracial identity, which masks variation in hospital admission and readmission

outcomes among self-reported Hispanic beneficiaries by race.

1 | INTRODUCTION

Recent Centers for Medicare and Medicaid Services (CMS) initiatives

on health equity have centered around goals to reduce disparities

and inequities in health outcomes among racial and ethnic minori-

ties.1,2 To achieve these goals, careful and rigorous measurement

of individual-level demographic and social needs data is critical,

including the collection of beneficiary race and ethnicity.3,4 How-

ever, it is unclear to what extent the current datasets used by pol-

icy makers and researchers adequately capture beneficiary race/

ethnicity, particularly for those who identify with multiple races or

ethnicities.

Demographic information collected in the Medicare administra-

tive records is a valuable source of data for measuring racial and eth-

nic health disparities. Beneficiary race and ethnicity is historically

sourced from Social Security Administration enrollment and stored as

the race/ethnicity variable in the Medicare Enrollment Database

(EDB).5,6 However, the Social Security SS-5 application form con-

tained only three categories for race and ethnicity (“White,” “Black,”
or “Other”), and it was not until 1980 that the SS-5 form expanded

from 3 to 5 categories (“non-Hispanic White,” “non-Hispanic Black,”
“Hispanic,” “North American Indian or Alaskan Native,” or “Asian,
Asian-American or Pacific Islander”), with the Health Care Financing

Administration (now CMS) officially adopting these changes to the

EDB code in 1994.5,6 At the time of this change, survey question-

naires were mailed to request race and ethnicity information from

beneficiaries previously classified as “Other” or “Unknown,” but there
have otherwise been few opportunities for beneficiaries to update

their race and ethnicity after Medicare enrollment.5,6 Several valida-

tion studies have raised questions about the accuracy of these

updates and found that the EDB code has undercounted beneficiaries

identifying as “Hispanic,” “North American Indian or Alaskan Native,”
or “Asian, Asian-American or Pacific Islander.”5–8

To supplement the EDB code, CMS applies an imputation algo-

rithm developed by the Research Triangle Institute (RTI) to categorize

Medicare beneficiaries based on their name, geography, and requests

for language materials, with predictions incorporated into the Medi-

care administrative database as a single-race/ethnicity code known as

the “RTI race code.”9,10 The RTI race code has been used by health

services researchers to measure racial and ethnic disparities in out-

comes and quality of care among Medicare beneficiaries11,12 and has

also been used by CMS for measuring racial and ethnic disparities in

hospitalization outcomes reporting, including recent COVID-19 Hos-

pitalization Trend Reports.13

However, any improvement in the accuracy of the RTI race code

over the EDB code should be interpreted with caution. Unlike the

EDB code, which represents self-reported race and ethnicity sourced

from Social Security enrollment forms, the RTI race code represents a

derived prediction of race and ethnicity based on an imputation algo-

rithm. Any misclassification of race and ethnicity by the EDB code

should be considered an error due to response bias. In contrast, any

misclassification of race and ethnicity by the RTI imputation algorithm

could be representative of error due to both response bias and predic-

tion model bias. If the RTI race code disproportionately misclassifies

beneficiaries from certain race and ethnicity groups, there is risk of

additional algorithmic biases being introduced when reporting any

outcomes of interest stratified by predicted race/ethnicity.14,15

Instead, the use of self-reported race and ethnicity should be consid-

ered the gold-standard for identifying beneficiary race and

ethnicity.16,17
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Recent studies have assessed the validity of EDB and RTI race/

ethnicity coding in Medicare data using 2015 home health18 and

2018–2020 nursing home19 assessments; however, the populations

studied are specific to beneficiaries receiving postacute care, and it is

unclear how consistently beneficiary race and ethnicity is collected

during assessment visits compared to self-report. Another study

assessed the validity of the RTI race code using self-reported race and

ethnicity information from 2011 to 2015 American Community Sur-

vey responses linked to Medicare enrollment but did not assess the

EDB code, excluded beneficiaries who self-identify with multiple

races, and did not examine any changes to outcomes reporting as a

result of inaccurate race and ethnicity identification.20 Assessing and

comparing the validity of both the EDB and RTI race codes would help

identify whether the source of misclassification error in the validation

population is due to response or algorithmic bias and inform opportu-

nities for CMS to improve race and ethnicity information via improved

survey collection or improved imputation methods. This is especially

important for the Medicare Advantage (MA) program, which has expe-

rienced greater enrollment among racial/ethnic minorities than White

beneficiaries in the last decade.21

To address this gap, our study had three primary objectives. First,

we compare the performance of the EDB and RTI race codes in a

nationally representative sample of Medicare Advantage beneficiaries.

Second, we determine if misclassification of race and ethnicity leads

to bias in outcomes reporting for hospitalization and readmission

rates. Third, we see how performance varies among Medicare Advan-

tage beneficiaries who self-report having multiple racial and ethnic

identities.

2 | METHODS

2.1 | Study design and data sources

Our primary source of data was the Medicare Master Beneficiary

Summary File (MBSF) from 2015 to 2017 which includes a record for

every Medicare beneficiary each year and includes the EDB and RTI

race/ethnicity codes. We linked these data by unique beneficiary

identification number to two sources of self-report race/ethnicity

from January 1, 2015 to December 31, 2017: (1) The Medicare

Advantage Health Outcomes Survey (HOS), and (2) the Medicare

Advantage Consumer Assessment of Healthcare Providers and

Systems (CAHPS) surveys.

The HOS is a survey instrument used to measure patient-

reported functional status health outcomes, primarily physical and

mental health functioning, and is administered annually to random

samples of 1200 Medicare beneficiaries, each of which are drawn

from a managed care organization with an MA contract.22,23 The MA

CAHPS is a survey instrument used to measure patient-reported

experiences with health care services in various settings and is admin-

istered annually to a sample of 600 Medicare beneficiaries drawn

from each MA contract.24 Both surveys include questions that allow

individual respondents to self-report their race and ethnicity.

For validating the classification performance of the EDB and RTI

race/ethnicity variables, we perform a cross-sectional study to com-

pare beneficiary race and ethnicity as documented in administrative

Medicare data to race and ethnicity as self-reported by Medicare ben-

eficiaries in survey responses.

For assessing the impact of misclassified race/ethnicity data on

outcomes reporting, we used the Medicare Provider Analysis and

Review (MedPAR) files from 2015 to 2017 to identify hospital admis-

sions and unplanned readmissions for MA beneficiaries. The MedPAR

files contain records of hospital inpatient stays for an estimated 92%

of MA beneficiaries and can also be linked at the individual level.25

We calculate annualized hospitalization and readmission rates among

MA beneficiaries when grouped by race/ethnicity derived from the

RTI race code compared to self-report.

All the datasets in this study were de-identified and considered

secondary research exempt from IRB review. All analyses were con-

ducted using STATA, version 17.

2.2 | Study population

The study population included all Medicare beneficiaries at least

18 years of age who were enrolled in a MA contract and completed

either a HOS or CAHPS survey between 2015 and 2017. Beneficiaries

who responded to a HOS or CAHPS survey and did not answer the

questions on self-reported race and ethnicity were also considered

incomplete respondents and dropped from the study population. To

assess any potential nonresponse bias, we compared observable char-

acteristics between beneficiaries who completed a survey with those

who did not complete a survey in the study population.

2.3 | Definition of race/ethnicity variables in
Medicare

In the MBSF, which is used to ascertain beneficiary race/ethnicity for

most claim-based studies of the Medicare program, the EDB and RTI

race variables are coded as single variables in which Medicare benefi-

ciaries are classified into one of these six categories: “White,” “Black,”
“Hispanic,” “Asian/Pacific Islander,” “American Indian/Alaska Native”
or “Other.” Missing values are coded separately with the label

“Unknown.”26,27

For both the EDB and RTI codes, Hispanic ethnicity is not

coded separately and categories are mutually exclusive, which

restricts Medicare beneficiaries from being classified into more

than one race/ethnicity group. Based on this classification system,

the term “White” should be interpreted as referring to non-

Hispanic White only, “Black” refers to non-Hispanic Black or Afri-

can American only, “Asian/Pacific Islander” refers to non-Hispanic

(AANHPI) only, “American Indian/Alaska Native” refers to non-

Hispanic American Indian or Alaska Native (AIAN) only, and

“Other” refers to non-Hispanic Other race. The term “Hispanic”
refers to Hispanic, Any Race.
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2.4 | Definition of self-reported race and ethnicity

In the CAHPS and HOS surveys, Medicare beneficiaries report

their race and ethnicity in response to two questions: first asking

if the beneficiary is Hispanic or Latino, and then asking what the

beneficiary's race is, allowing for multiple responses to be

selected.

To align with the race/ethnicity categories used in Medicare data,

we considered beneficiaries responding to CAHPS or HOS to be self-

reported Hispanic if they selected any of the response options with

an affirmative “Yes” in response to the first question regarding His-

panic ethnicity, regardless of their response to the second question

regarding race. Beneficiaries were considered self-reported AANHPI if

they chose an Asian or Pacific Islander related race in either survey

(eFigure 1 in the Supplement).

2.5 | Validation of the EDB and RTI race codes

We take two approaches to measuring the performance of the EDB

and RTI race codes used for beneficiary race/ethnicity in Medicare

data. First, for each of the Medicare defined race/ethnicity categories,

we measure how accurately the EDB and RTI race codes binarily clas-

sify Medicare beneficiaries into or out of that category, which allows

us to assess classification performance for Medicare beneficiaries with

multiracial identities. We calculate and report sensitivity, specificity,

and positive and negative predictive values for each race/ethnicity

category.

Second, because Medicare race/ethnicity coding uses mutu-

ally exclusive race/ethnicity categories, we filter our study sample

to the subset of beneficiaries who self-report only one race and

measure the level of agreement in how single-race Medicare bene-

ficiaries are classified between the Medicare defined race/

ethnicity categories as documented in the variables compared to

self-report. We calculate and report sensitivity, specificity, and

positive and negative predictive values for each race/ethnicity

category.

2.6 | Reporting of hospitalization, 30-day, and
90-day readmission outcomes

For each year of the 2015–2017 MedPAR files, we identified all-

cause index hospital admissions and flagged subsequent admissions

as unplanned 30-day and 90-day readmissions based on date of

service and the CCS or ICD-10 codes attached to the claims, apply-

ing the same criteria for identifying unplanned readmissions as

those used by CMS to publicly report hospital-level readmission

measures.28 Additional details are available in the Appendix

(Data S1). Claims were linked back to the beneficiary file and rates

for the 3-year period were calculated for the study population

stratified by race/ethnicity as identified by the EDB and RTI race

codes compared to self-report.

3 | RESULTS

3.1 | Study sample

We identified 1,020,515 Medicare Advantage beneficiaries in the

MBSF who completed either a HOS or CAHPS survey between 2015

and 2017 and provided a response for self-reported race and ethnic-

ity. Characteristics related to age, gender, and reasons for Medicare

enrollment were similar overall between beneficiaries who responded

and those who did not respond to either survey (eTable 1). However,

beneficiaries who did not respond to the survey were also more likely

to be from the South Census region (39.3% vs. 30.9%), less likely to

be from the West Census region (21.2% vs. 25.1%), and less likely to

be dual-eligible for Medicare and Medicaid (17.1% vs. 25.1%).

Table 1 compares the distribution of the Medicare defined race/

ethnicity categories for the study sample based on information

recorded in the EDB race code, the RTI race code, and beneficiary

self-report. For the same sample of MA enrolled beneficiaries, we

observe variation in the distribution of reported race/ethnicity based

on the source of race/ethnicity information. When we use the EDB

race code, we find non-Hispanic White beneficiaries overrepresented

in the study sample by 6.3 percentage points compared to self-report

(79.6% to 73.3%). The RTI race codes slightly underreport both His-

panic beneficiaries (11.6% to 12.2%) and non-Hispanic Asian Ameri-

can or Native Hawaiian Pacific Islander (AANHPI) beneficiaries (3.0%

to 3.7%). However, both the EDB and RTI race codes underreport

non-Hispanic American Indian Alaska Native (AIAN) beneficiaries in

the study sample (0.3% and 0.3% to 2.5%). These differences between

sources are diminished when we limit the study sample to beneficia-

ries who report a single-race category only, but this is due to a greater

proportion of AIAN beneficiaries who report a multiracial identity and

are excluded from the sample (eTable 4).

3.2 | Classification performance of the EDB and
RTI race codes

Table 2 shows the validation of the EDB and RTI race codes com-

pared with beneficiary self-reported race/ethnicity and measures

how accurately a beneficiary is binarily classified as either being in

or out of that category for each of the Medicare defined race/

ethnicity categories. Both the EDB and RTI race codes perform

well when binarily classifying beneficiaries as non-Hispanic Black

or not non-Hispanic Black, with high sensitivities (96.0%, 95.6%)

and specificities (99.1%, 99.4%). A sensitivity of 96.0% and 99.1%

tells us that among beneficiaries who self-report being non-

Hispanic Black in our study population, 96.0% and 99.1% of them

are being correctly classified as non-Hispanic Black by the EBD

and RTI race codes, respectively. A specificity of 95.6% and 99.4%

tells us that among beneficiaries who self-report being not non-

Hispanic Black in our study population, 95.6% and 99.4% of them

are being correctly classified as not non-Hispanic Black by the EDB

and RTI race codes, respectively.
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For the classification of beneficiaries as non-Hispanic White or

not non-Hispanic White, the EDB and RTI race codes have high sensi-

tivities (97.6%, 96.6%), but the EDB code has lower specificity (69.6%,

93.3%). For Hispanic beneficiaries, the EDB code has very low sensi-

tivity compared to the RTI code (28.3%, 85.9%), and both codes have

high specificity (99.8%, 98.8%). When classifying beneficiaries as non-

Hispanic AANHPI, both the EDB and RTI race codes have lower sensi-

tivity (56.1%, 72.1%), but high specificity (99.8%, 99.7%). However,

both the EDB and RTI race codes have extremely low sensitivity for

the classification of beneficiaries as non-Hispanic AIAN (8.7%, 8.7%).

TABLE 1 Distribution of race and Hispanic ethnicity among survey respondents, by Medicare EDB race code and RTI race code versus
beneficiary self-report.

EDB race code
(N = 1,020,515)

RTI race code
(N = 1,020,515)

Self-reporteda

Multiracial (N = 1,020,515) Single race only (N = 990,271)

White 812,503 (79.6%) 740,812 (72.6%) 747,925 (73.3%) 726,423 (73.4%)

Black 113,106 (11.1%) 109,413 (10.7%) 108,858 (10.7%) 100,327 (10.1%)

Hispanic 36,623 (3.6%) 117,847 (11.6%) 124,374 (12.2%) 120,702 (12.2%)

AANHPI 23,050 (2.3%) 30,558 (3.0%) 37,896 (3.7%) 34,099 (3.4%)

AIAN 2943 (0.3%) 2894 (0.3%) 25,086 (2.5%) 3683 (0.4%)

Other 19,134 (1.9%) 7824 (0.8%) 5037 (0.5%) 5037 (0.5%)

Unknownb 13,156 (1.3%) 11,167 (1.1%) — —

Note: Data Sources: Data linked between Medicare Master Beneficiary Summary File (MBSF), Medicare Advantage Health Outcomes Survey (HOS), and

the Medicare Advantage Consumer Assessment of Healthcare Providers and Systems (CAHPS) from 2015 to 2017.

Abbreviations: AANHPI, non-Hispanic Asian American or Native Hawaiian Pacific Islander; AIAN, Non-Hispanic American Indian Alaska Native; EDB,

Enrollment Database; RTI, Research Triangle Institute; White, non-Hispanic White; Black, non-Hispanic Black; Hispanic, Hispanic any race; Other, Non-

Hispanic Other race.
aIn the HOS and CAHPS, survey respondents are allowed to self-report more than one race category, which is represented in the column for “Self-
reported, Multiracial” with row numbers that will sum to be greater than the total number of respondents. To compare with the Medicare race and

ethnicity codes, which do not allow for multiracial identity, we include the subset of survey respondents self-reporting only one race category in the

column for “Single race only”.
bIn the EDB and RTI race codes, any missing values are coded with the value of “Unknown”. In the CAHPS and HOS surveys, any surveys with a missing

response to the questions for self-reported race and Hispanic ethnicity are considered incomplete and dropped from the validation analysis.

TABLE 2 Validation of the Medicare EDB and RTI race codes compared to beneficiary self-reported race and Hispanic ethnicity, among all
survey respondents (N = 1,043,559).

Classification by EDB race codea Classification by RTI race codea

Sensitivityb Specificityc PPVd NPVe Sensitivityb Specificityc PPVd NPVe

White 97.6% 69.6% 89.8% 91.3% 96.6% 93.3% 97.5% 90.9%

Black 96.0% 99.1% 92.4% 99.5% 95.6% 99.4% 95.1% 99.5%

Hispanic 28.3% 99.8% 96.0% 90.9% 85.9% 98.8% 90.7% 98.1%

AANHPI 56.1% 99.8% 92.2% 98.3% 72.1% 99.7% 89.4% 98.9%

AIAN 8.7% 99.9% 74.3% 97.7% 8.7% 99.9% 75.1% 97.7%

Other 5.1% 98.1% 1.4% 99.5% 3.0% 99.2% 1.9% 99.5%

Note: Data Sources: Data linked between Medicare Master Beneficiary Summary File (MBSF), Medicare Advantage Health Outcomes Survey (HOS), and

the Medicare Advantage Consumer Assessment of Healthcare Providers and Systems (CAHPS) from 2015 to 2017.

Abbreviations: AANHPI, non-Hispanic Asian American or Native Hawaiian Pacific Islander; AIAN, non-Hispanic American Indian Alaska Native; EDB,

Enrollment Database; NPV, negative predictive value; PPV, positive predictive value; RTI, Research Triangle Institute; N, number of beneficiaries; White,

non-Hispanic White; Black, non-Hispanic Black; Hispanic, Hispanic any race; Other, non-Hispanic Other race.
aWe take a broad interpretation of the Medicare race codes and validate the predictive performance of the EDB and RTI race codes for each race/

ethnicity category by measuring how accurately a beneficiary in our study sample is binarily classified as either in or out of that category. Because the

current Medicare race/ethnicity codes do not allow for multiracial identity, this allows us to measure predictive performance for beneficiaries that self-

report more than one race category. See eTable 2 (Supplemental material) for the full confusion matrices used to generate these metrics and Table 3 for

validation of the predictive performance of the EDB and RTI race codes among survey respondents self-reporting only one race category.
bSensitivity is defined as true positives/(true positives + false negatives).
cSpecificity is defined as true negatives/(true negatives + false positives).
dPositive predictive value is defined as true positives/(true positives + false positives).
eNegative predictive value is defined as true negatives/(true negatives + false negatives).
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When we assess the positive predictive values (PPV) and negative

predictive values (NPV) of the Medicare race/ethnicity variables, we

find that both EDB and RTI race codes have generally high PPV and

NPV for beneficiaries classified as non-Hispanic White, non-Hispanic

Black, Hispanic any race, and non-Hispanic AANHPI. Both variables

have similar NPV but lower PPV for beneficiaries who are non-

Hispanic AIAN, indicating that 74.3% and 75.1% of beneficiaries

classified as non-Hispanic AIAN by the EDB and RTI race codes,

respectively, are correct when compared to self-report.

In Table 3, we restrict the study sample to those beneficiaries

self-reporting only one race category and consider the Medicare

defined race/ethnicity categories as mutually exclusive categories, the

performance of both the EDB and RTI race codes improves for the

classification of non-Hispanic AIAN beneficiaries, but still reflects poor

sensitivity (38.7%, 38.4%).

3.3 | Comparison of hospital admission rates,
30-day, and 90-day hospital readmission rates

Table 4 shows the annualized hospital admission, 30-day, and 90-day

readmission outcomes in the period between 2015 and 2017 among

non-Hispanic beneficiaries in the study sample, when based on the

EDB and RTI race code versus beneficiary self-report. For non-

Hispanic White and non-Hispanic Black beneficiaries, hospital admis-

sion and readmission outcomes are similar whether using the EDB or

RTI race codes compared to beneficiary self-report. However, for

Medicare beneficiaries who self-identify as non-Hispanic AIAN, using

the EDB or RTI race code results in underreporting of hospital

admission rates (31.5% and 31.6% vs. 34.6%) and 30-day readmission

rates (12.3% and 12.4% vs. 14.2%).

In Table 5, we also compare reported hospital admission and

readmission outcomes among Hispanic beneficiaries in the study

sample, when using the EDB and RTI race code versus beneficiary

self-report. When comparing Hispanic beneficiaries with any race in

aggregate, there appears to be little variation in hospitalization or

readmission outcomes between the EDB and RTI race codes com-

pared to beneficiary self-report. However, when we stratify outcomes

among Hispanic beneficiaries by self-reported race, we find differences

in hospital admission and readmission rates by self-reported race that are

being lost in the aggregation of racial categories into the Hispanic any

race category by the EDB and RTI race codes, including the higher rates

of hospital admission, 30-day readmission, and 90-day readmission

among beneficiaries who are self-reported Hispanic AANHPI (27.2%,

14.9%, 20.3%) and Hispanic AIAN (30.0%, 14.4%, 20.5%).

4 | DISCUSSION

Our study has three primary findings. First, while the RTI race/

ethnicity imputation algorithm improves upon the validity of Medicare

EDB race/ethnicity codes for Hispanic any race and non-Hispanic

AANHPI beneficiaries, there remain disparate differences in perfor-

mance by self-reported race/ethnicity, and current Medicare race/

ethnicity codes should not be considered valid for identifying benefi-

ciaries who identify as non-Hispanic AIAN. Second, the disproportion-

ate nature of the misclassification errors introduced by the imputed

race/ethnicity codes may lead to biased reporting of hospitalization

TABLE 3 Validation of the Medicare EDB and RTI race codes compared to beneficiary self-reported race and Hispanic ethnicity, among
survey respondents self-reporting one race category only (N = 1,013,423).

Classification by EDB race codea Classification by RTI race codea

Sensitivityb Specificityc PPVd NPVe Sensitivityb Specificityc PPVd NPVe

White 98.0% 92.6% 89.8% 69.5% 97.0% 92.0% 97.6% 93.4%

Black 98.0% 99.8% 92.5% 99.1% 97.6% 99.7% 95.2% 99.4%

Hispanic 28.6% 91.0% 96.1% 99.8% 86.5% 98.1% 90.8% 98.8%

AANHPI 60.7% 98.6% 92.4% 99.8% 77.9% 99.2% 89.5% 99.7%

AIAN 38.7% 99.8% 66.5% 99.9% 38.4% 99.8% 67.4% 99.9%

Other 5.1% 99.5% 1.4% 98.2% 3.0% 99.5% 2.0% 99.3%

Note: Data Sources: Data linked between Medicare Master Beneficiary Summary File (MBSF), Medicare Advantage Health Outcomes Survey (HOS), and

the Medicare Advantage Consumer Assessment of Healthcare Providers and Systems (CAHPS) from 2015 to 2017.

Abbreviations: AANHPI, non-Hispanic Asian American or Native Hawaiian Pacific Islander; AIAN, non-Hispanic American Indian Alaska Native; EDB,

Enrollment Database; NPV, negative predictive value; PPV, positive predictive value; RTI, Research Triangle Institute; N, number of beneficiaries; White,

non-Hispanic White; Black, non-Hispanic Black; Hispanic, Hispanic any race; Other, non-Hispanic Other race.
aWe take a strict interpretation of the Medicare race codes and validate the predictive performance of the EDB and RTI race codes for each race/ethnicity

category by measuring how accurately a beneficiary in our study sample is classified between the six multiple categories. See eTable 3 (Supplemental

material) for the full confusion matrices used to generate these metrics.
bSensitivity is defined as true positives/(true positives + false negatives).
cSpecificity is defined as true negatives/(true negatives + false positives).
dPositive predictive value is defined as true positives/(true positives + false positives).
eNegative predictive value is defined as true negatives/(true negatives + false negatives).
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TABLE 4 Measures of annualized hospital admission, 30-day, and 90-day readmission rates from 2015 to 2017, among non-Hispanic
beneficiaries as identified from EDB and RTI race codes versus self-report.

EDB race code RTI race code Self-reported

Race/ethnicity Non-Hispanic White Non-Hispanic White Non-Hispanic White

N 739,485 670,282 676,098

Hospital admission rate 30.3% 30.8% 30.6%

30-day readmission rate 11.8% 11.8% 11.8%

90-day readmission rate 17.2% 17.1% 17.1%

Race/ethnicity Non-Hispanic Black Non-Hispanic Black Non-Hispanic Black

N 108,559 104,957 104,342

Hospital admission rate 31.3% 31.6% 31.5%

30-day readmission rate 14.4% 14.4% 14.5%

90-day readmission rate 21.4% 21.5% 21.6%

Race/ethnicity Non-Hispanic AANHPI Non-Hispanic AANHPI Non-Hispanic AANHPI

N 22,186 29,237 36,213

Hospital admission rate 20.6% 20.1% 20.7%

30-day readmission rate 11.7% 11.7% 11.5%

90-day readmission rate 16.7% 16.6% 17.0%

Race/ethnicity Non-Hispanic AIAN Non-Hispanic AIAN Non-Hispanic AIAN

N 2733 2684 23,762

Hospital admission rate 31.5% 31.6% 34.6%

30-day readmission rate 12.3% 12.4% 14.2%

90-day readmission rate 19.4% 19.3% 21.0%

Note: Data Sources: Data linked between Medicare Master Beneficiary Summary File (MBSF), Medicare Advantage Health Outcomes Survey (HOS), the

Medicare Advantage Consumer Assessment of Healthcare Providers and Systems (CAHPS), and the Medicare Provider Analysis and Review (MedPAR)

from 2015 to 2017.

Abbreviations: AANHPI, Asian American or Native Hawaiian Pacific Islander; AIAN, American Indian Alaska Native; EDB, Enrollment Database; RTI,

Research Triangle Institute.

TABLE 5 Measures of annualized hospital admission, 30-day, and 90-day readmission rates from 2015 to 2017, among Hispanic beneficiaries
as identified from EDB and RTI race codes versus self-report.

EDB code RTI code
Self-
reported Self-reported

Self-
reported Self-reported

Self-
reported

Self-
reported

Race and

ethnicitya
Hispanic

any

Hispanic

any

Hispanic

any

Hispanic

White

Hispanic

Black

Hispanic

AANHPI

Hispanic

AIAN

Hispanic

Other

N 35,760 114,278 120,618 83,104 7625 3741 3872 26,353

Hospital

admission rate

27.7% 25.9% 26.2% 25.7% 25.0% 27.2% 30.0% 27.7%

30-day

readmission rate

13.1% 12.3% 12.3% 12.0% 12.1% 14.9% 14.4% 12.9%

90-day

readmission rate

19.4% 18.4% 18.3% 17.9% 17.9% 20.3% 20.5% 19.3%

Note: Data Sources: Data linked between Medicare Master Beneficiary Summary File (MBSF), Medicare Advantage Health Outcomes Survey (HOS), the

Medicare Advantage Consumer Assessment of Healthcare Providers and Systems (CAHPS), and the Medicare Provider Analysis and Review (MedPAR)

from 2015 to 2017.

Abbreviations: AANHPI, Asian American or Native Hawaiian Pacific Islander; AIAN, American Indian Alaska Native; EDB, Enrollment Database; RTI,

Research Triangle Institute.
aCurrent Medicare race/ethnicity codes aggregate beneficiaries with Hispanic ethnicity into a single-race/ethnicity category and therefore do not

allow for the stratification of reported outcomes for beneficiaries with Hispanic ethnicity by race. In the right-hand columns, we include reported

outcomes stratified by both self-reported race and Hispanic ethnicity but are unable to report similar outcomes stratified by EDB or RTI race code

for comparison.
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and readmission outcomes by race/ethnicity. Third, there are differ-

ences in reported outcomes between beneficiaries by both race and

Hispanic ethnicity that are not being measured due to the aggregation

of race and Hispanic ethnicity into a combined category by current

Medicare race/ethnicity coding.

4.1 | Misclassification of race and ethnicity in
Medicare

Our findings contribute to the literature in several ways. First, while

prior studies have examined the performance of the RTI algorithm,

several used older data and some used race/ethnicity information

for a population largely in a post-acute care setting. Our study gen-

erally finds poorer performance than these prior studies when

using a nationally representative community dwelling sample of

Medicare beneficiaries. We also build on prior literature by compar-

ing algorithm performance among those with multiple racial or eth-

nic identities and show how the Medicare program may currently

be misclassifying outcome rates due to inaccurate race/ethnicity

prediction.

Our findings that rates of race/ethnicity misclassification trend

higher among beneficiaries identifying as Hispanic any race, non-

Hispanic AANHPI, and non-Hispanic AIAN are consistent with results

from previous validation studies.18–20 However, in this study, we find

overall worse performance and a greater disparity in misclassification

rates by race/ethnicity. Since other validation analyses used benefi-

ciary race and ethnicity collected through home health visits and nurs-

ing home assessments, differences in performance could be attributed

to differences in how beneficiaries self-report race and ethnicity when

assessed in clinical care settings versus a research survey setting.

There may also be changes in the racial and ethnic makeup of the

Medicare beneficiary population over time, as expansion of the Medi-

care Advantage program saw greater enrollment among racial/ethnic

minorities.21

Previous validation studies of the EDB and RTI race codes also

excluded from analysis any beneficiaries with self-reported multiracial

identity, which may overlook the current diversity of racial and ethnic

identity and mask the disparate effects of race/ethnicity

misclassification.18–20 The exclusion of multiracial beneficiaries from

analysis would disproportionately exclude beneficiaries identifying as

AIAN who most often reported multiple race categories (eTable 4).

Comparing the performance of the EDB and RTI race codes pro-

vides additional context for our findings. While we find that the RTI

race code improves upon the sensitivity of the EDB code for identify-

ing beneficiaries who are Hispanic any race or non-Hispanic AANHPI,

we find no differences in performance between the EDB and RTI race

codes for identifying beneficiaries who are non-Hispanic AIAN,

regardless of whether they report multiple race categories (Table 2) or

a single-race category (Table 3). This suggests that current imputation

methods are not enough for identifying non-Hispanic AIAN beneficia-

ries, and improvements in survey collection may be needed for this

population.

4.2 | Subsequent bias in outcome reporting by
race and ethnicity

We find differences in reported hospitalization and readmission out-

comes among beneficiaries with Hispanic ethnicity stratified by self-

reported race. These differences cannot be measured using current

Medicare race/ethnicity codes alone. Instead, the aggregation of ben-

eficiaries with Hispanic ethnicity into Medicare defined Hispanic any

race category would result in underestimated outcomes reported for

beneficiaries self-reported Hispanic Black and Hispanic AIAN. Previ-

ous studies of racial identity among Hispanics in the United States

provide evidence that Hispanic ethnicity, which refers to cultural

values, norms, and behaviors, is distinct from race, which refers to cat-

egorization of individuals on the basis of perceived differences in skin

color and appearance.29 While imperfect, the distinction between race

and Hispanic ethnicity is important for understanding how bias, racial

discrimination, culture, socioeconomic status, access to care, environ-

mental factors, and genetics relate to racial/ethnic differences in

health outcomes.30

Medicare's current practices to combine Hispanic ethnicity with

race categories and to exclude consideration of beneficiary multiracial

identity, in addition to prediction errors inherent in the imputation of

missing race/ethnicity by the RTI race code, help explain why we find

significant misclassification of race/ethnicity among beneficiaries in

our study. While there has been discussion on how imputation

methods can introduce biases as a result of misidentification due to

underrepresentation, the performance of an imputation algorithm is

also dependent on the race/ethnicity categories the algorithm is

trained on.27 When beneficiaries are allowed to self-report multiracial

identities, we find examples of how the algorithm, by design, performs

poorly at distinguishing which single-race category to classify the ben-

eficiary (eTable 5, eTable 6).

4.3 | Implications for health services research and
policy

Our study suggests several important implications for health services

researchers using the administrative Medicare race/ethnicity variables

in their research. Our findings agree with previous validation studies

that the EDB and RTI race codes should be considered valid for identi-

fying beneficiaries who self-report as non-Hispanic White or non-

Hispanic Black, due to the high sensitivities and specificities of the

variables for both race and ethnicity categories, although the EDB

codes have lower specificity for non-Hispanic Whites indicating a

higher chance of false positives. Our findings also agree with previous

validation studies that the EDB codes should not be considered valid

for identifying beneficiaries who self-report as Hispanic any race,

non-Hispanic AANHPI, or non-Hispanic AIAN due to low sensitivity.

The RTI race codes should be preferred for identifying beneficiaries

who self-report Hispanic any race, non-Hispanic AANHPI, but

researchers should keep in mind that lower sensitivities of 85.9% and

72.1% suggest that the variables may disproportionately undercount

1052 HUANG and MEYERSHealth Services Research



these beneficiaries compared to non-Hispanic White or non-Hispanic

Black beneficiaries in their sample.

Both the EDB and RTI race codes should not be used to identify

beneficiaries who self-report as non-Hispanic AIAN, as both variables

have low sensitivity and are likely to result in undercounting for these

beneficiaries. This assessment remains true whether the sample

includes beneficiaries who are multiracial or self-report a single-race

category only. We also find that these misclassification errors result in

undercounting of hospital admission and readmission outcomes for

non-Hispanic AIAN, which may indicate that caution is needed when

using the Medicare race/ethnicity variables to measure outcomes

stratified by race and ethnicity.

Our study also suggests several important policy consider-

ations. First, CMS should regularly audit the classification

performance of their race/ethnicity imputation algorithms and

implement processes to validate against self-reported race/

ethnicity. While the performance of the RTI imputation algorithm

may have been sufficient when first developed, the current pro-

cess of using imputation combined with administrative EDB data

may no longer be sufficient.14,31 Recent advances in race/

ethnicity imputation algorithms, including the Medicare Bayesian

Improved Surname Geocoding (MBISG), combine Medicare

administrative records with additional data elements to improve

classification performance, but a race/ethnicity code derived from

this algorithm is not included in datasets available to researchers,

and early versions of the algorithm also performed poorly for

identifying AIAN and multiracial beneficiaries, which underscores

the need for continuous monitoring, validation, and improvement

over time.32–34

When we compare beneficiaries who are correctly or incor-

rectly identified by Medicare race/ethnicity codes, we find no dif-

ferences in age, sex, or reasons for Medicare enrollment, but we do

observe differences in geographic location and Medicare-Medicaid

dual eligibility (eTable 7, eTable 8). For both single-race and multi-

racial beneficiaries, those who are misclassified are less likely to

reside in the South Census Region and more likely to reside in the

West Census Region. While the difference in the South may be due

to greater survey nonresponse in our study population (Table 2),

the difference in the West suggests a need for CMS to improve

race/ethnicity for beneficiaries residing in this region. In addition,

those who are misclassified are more likely to be dual-eligible for

Medicare and Medicaid, which suggests a need for CMS to improve

race/ethnicity data for the dual-eligible population, which include

opportunities for CMS to supplement Medicare data with race/

ethnicity from Medicaid.

Second, this study highlights the need for CMS to revise their

race/ethnicity categories and to consider separately identifying

Hispanic ethnicity and allowing multiracial identity.35 Allowing for

greater diversity in the representation of race and ethnicity catego-

ries allows for greater granularity and detail in the outcomes and

quality of care reporting necessary for understanding systematic

differences in health and health care differences among Medicare

beneficiaries.36

4.4 | Limitations

Our study has several limitations. First, our sample is conditional on

an MA beneficiary response to the HOS or CAHPS survey and provid-

ing self-reported race and ethnicity information. Our results may

under- or over-estimate misclassification if beneficiaries with a higher

likelihood of misclassification are more or less likely to complete the

survey. While we are unable to measure misclassification among

those who do not complete the surveys and self-report race/ethnicity,

we find that beneficiaries who do not complete the survey are more

likely to reside in the South Census region (eTable 1), indicating that

our results may be less generalizable in the South due to higher non-

response rates and more research is needed to improve survey collec-

tion of race and ethnicity in this region.

Second, our sample is limited to MA beneficiaries; however, previ-

ous literature has found MA disproportionately enrolls racial and ethnic

minorities and may be an important population to study race/ethnicity

classification.21 Third, we are limited by the questions available in the

HOS or the CAHPS surveys which still might not capture all aspects of

an individual's self-racial or ethnic identity. For the purposes of validat-

ing the Medicare race/ethnicity codes, we were required to aggregate

some identities (such as Asian Americans, Native Hawaiians, and other

Pacific Islanders into a single AANHPI category) for comparison pur-

poses. Because this is a validation study, we do not intend to attribute

any specific meaning to this race and ethnicity classification system but

instead aim to measure the validity of using EDB or RTI race variables

in Medicare data should one choose to use these race and ethnicity cat-

egories for studying the Medicare population.

5 | CONCLUSIONS

In this study, we find that current imputed race/ethnicity coding in

administrative Medicare data disproportionately misclassifies and can

lead to biased health outcomes reporting for Medicare beneficiaries

who self-identify as non-Hispanic AANHPI, non-Hispanic AIAN, or

Hispanic any race. While the imputation of missing race and ethnicity

for Medicare beneficiaries has its merits, these findings suggest that

ongoing evaluation is needed to ensure that algorithmic approaches

to imputing race/ethnicity do not introduce additional bias when mea-

suring disparities and inequities in health outcomes.37
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