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BACKGROUND: Cardiac rehabilitation (CR) is associated with improved cardiovascular outcomes. Racial and ethnic differences
in CR have been identified, but whether income may attenuate these disparities remains unknown. We evaluated (1) racial/eth-
nic differences in CR participation in a contemporary sample of insured US adults, and (2) assessed how household income
modifies associations between race or ethnicity and CR participation.

METHODS AND RESULTS: We identified 107 199 individuals with a CR-qualifying diagnosis between January 1, 2016 and
December 31, 2018 in Optum’s de-identified Clinformatics database. We evaluated associations between race or ethnicity
and participation in CR, and assessed interaction between race or ethnicity and annual household income. The mean+SD
age of all participants was 70.4+11.6 years; 37.4% were female and 76.0% were White race. Overall, 28443 (26.5%) attended
>1 CR sessions. After adjustment, compared with White individuals, the probability of attending CR was 31% lower for Asian
individuals (95% Cl, 27%-36%), 19% lower for Black individuals (95% Cl, 16%-22%), and 43% lower for Hispanic individuals
(95% Cl, 40%-45%), all P<0.0001. The time to CR attendance was also significantly longer for Asian, Black, and Hispanic
individuals. Associations between race or ethnicity and attendance at CR differed significantly across household income cat-
egories (P interaction=0.0005); however, Asian, Black, and Hispanic individuals were less likely to attend CR at all incomes.

CONCLUSIONS: In a geographically and racially diverse cohort, participation in CR was low overall, and was lowest among
Asian, Black, and Hispanic candidates. Household income may impact the link between race or ethnicity and attendance at
CR, but substantial racial and ethnic disparities exist across incomes.
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ercise with counseling to optimize secondary pre-

vention of cardiovascular disease.! Participation
in CR has been associated with reductions in rehospi-
talization, recurrent cardiovascular events, depression
and anxiety, and mortality>~'?;, available evidence has
suggested that many of these benefits also occur in
low-and middle-income countries.'® Professional soci-
ety guidelines recommend CR for individuals with re-
cent acute myocardial infarction (AMI) or other acute

Cardiac rehabilitation (CR) combines structured ex-

coronary syndrome, chronic stable angina, coronary
artery bypass grafting, percutaneous coronary inter-
vention, heart transplant, valve surgery, peripheral ar-
terial disease, or heart failure.'* Evidence also suggests
that both the dose of CR sessions'® and the time to
initiation of CR'®~'® may impact outcomes.
Nevertheless, CR participation remains low. Referral
rates range from 10% to 60%, with higher rates among
individuals with procedural-qualifying diagnoses.'®-22
Among those referred to CR, few attend, from 14% in
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CLINICAL PERSPECTIVE

What Is New?

e |n a diverse cohort of insured individuals, par-
ticipation in cardiac rehabilitation (CR) remains
low; Asian, Black, and Hispanic individuals were
less likely than White individuals to attend CR
and had a longer time to CR initiation.

e Among Hispanic individuals only, higher income
partially attenuated the lower CR participation;
however, among all racial and ethnic groups, per-
sistent disparities remained across all incomes.

What Are the Clinical Implications?

e New initiatives—such as automatic referral, vir-
tual delivery options, development of CR facilities
in underserved or rural areas, community-based
CR, evening delivery options, and home-based
CR—are urgently needed to optimize the sec-
ondary prevention benefits of CR and promote
equitable cardiovascular outcomes.

Nonstandard Abbreviations and Acronyms

CR cardiac rehabilitation

those with AMI to 47% among those with coronary ar-
tery bypass grafting.?*=?" Individual factors associated
with low CR participation have been identified and in-
clude female sex, Black race, Hispanic ethnicity, high
comorbidity, low socioeconomic status, longer dis-
tance from a CR facility, older age, and nonprocedural-
qualifying diagnosis.!9-23:25.26.26-36 The National Institute
of Minority Health and Health Disparities Research
Framework outlines several domains that influence
health outcomes among minority individuals, including
the health care system, sociocultural environment, the
physical or built environment, and behavioral factors.
For example, in addition to structural barriers, bias in
clinical referral practices may contribute to differences
in CR participation and outcomes.?® However, although
disparities in CR participation have been well docu-
mented, the extent to which multiple social factors—
such as race or ethnicity and income—intersect to
influence CR participation is less clear. Our aims in this
study were 2-fold: first, we evaluated contemporary ra-
cial and ethnic differences in CR participation in a large
contemporary cohort of insured US adults. Second,
we examined how household income modifies partic-
ipation in CR across races and ethnicities to delineate
how social disadvantage may provide barriers to CR
participation. We hypothesized that Asian, Black, and
Hispanic individuals may have lower participation than
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those of White race, but that the difference would be
attenuated by higher household income.

METHODS

Study Population

We conducted a retrospective analysis of health
claims data, which are available directly from Optum
Clinformatics Data Mart (Eden Prairie, MN, optum.
com). Because of commercial licensing, the authors
do not have permission or authority to share these
data or provide direct access to them. Optum is an
administrative database including de-identified inpa-
tient, outpatient, emergency department, pharmacy,
and laboratory health claims from individuals with
a commercial health insurance plan and Medicare
Advantage (C and D). The database is updated an-
nually and provides a geographically and socially di-
verse sample. Medical claims include diagnostic and
procedural coding from the International Classification
of Diseases, Ninth and Tenth Revisions (ICD-9 and
ICD-10) and Current Procedural Terminology. The
University of Pittsburgh Institutional Review Board ap-
proved this study and classified this investigation as
not constituting human subjects research. Because
data are entirely de-identified, informed consent was
waived.

We identified individuals aged >18years with an in-
cident CR-qualifying diagnosis using /CD or Current
Procedural Terminology codes between January 1,
2016 and December 31, 2018. CR-eligible events in-
cluded those covered by Medicare that required pro-
cedural intervention: (1) AMI listed as the first or second
diagnosis, (2) coronary artery bypass grafting surgery,
(3) valve repair or replacement, and (4) percutaneous
coronary intervention. The ICD-9, ICD-10, and Current
Procedural Terminology codes used to identify qualify-
ing events are listed in Table S1.

Qualifying events were defined as the first CR-
qualifying event in individuals with continuous enroll-
ment in the database for >6 months before the event.
The date of study entry was defined as the discharge
date for the qualifying diagnosis. Individuals were ex-
cluded for disenroliment within 90 days of the hospital
discharge. We also excluded individuals discharged to
a nursing facility or hospice or missing data on sex,
race, ethnicity, or income. We excluded individuals
who had cardiac transplant as a qualifying diagnosis
because the number of individuals was small and they
are likely to have robust social support. Figure 1 sum-
marizes the derivation of the analytic sample.

Sociodemographic Variables
Collection of sociodemographic variables in Optum
has been discussed previously.®” Age, sex, race,


http://www.optum.com
http://www.optum.com
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221,899 individuals with qualifying event for cardiac rehabilitation in Optum

189.316 with continuous enrollment for =6 months prior to qualifying event

24,566 with discharge to skilled nursing facility,
hospice, or long-term acute care facility

25,297 with <90 days of enrollment after discharge

682 with age <18 years

16,808 with missing data on race

14,253 with missing data on income

7 with missing data on sex

504 with heart transplant

n = 107,199 included in final analytic sample

Figure 1. Flow diagram for participants included in analysis.

and ethnicity are included in the Optum Clinformatics
claims data. Specifically, race and ethnicity are ascer-
tained by public records and imputed from commercial
software that utilizes validated algorithms incorporat-
ing racial and ethnic neighborhood composition from
the US Census, residential zip code, and first and last
name.® Race and ethnicity were subsequently cat-
egorized by Optum as Asian, Black, Hispanic, or non-
Hispanic White.

Derivation of household income in Optum has been
described.®” Briefly, annual household income was
estimated and validated from surveys of US house-
holds using a comprehensive set of variables that
encompass ZIP+4 (a highly specific geographic lo-
cator), Internal Revenue Service data, address-level
home value, aggregated credit, and short-term loans.
For this analysis, we analyzed income according to
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5 categories: <$40000; $40000-$59999; $60000-
$74999; $75000-$99999; and >$100000.

Covariates

Education level was derived from Census data at
the ZIP+4 level and categorized as <12th grade, high
school, less than bachelor’s degree, bachelor’s degree
or higher, or unknown. To improve model stability, we
collapsed these categories into 3 groups: high school
or less, less than bachelor’s degree, and bachelor’s
degree or higher. Clinical covariates included hyperten-
sion, diabetes, depression, and ischemic stroke. The
Elixhauser Comorbidity Index, a validated index that
predicts hospital use and mortality,3® was calculated
using a previously described algorithm“® and used to
adjust for overall comorbid conditions. /CD codes and
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comorbidity weights are summarized in Table S2. All
covariates were defined by ICD-9 or ICD-10 codes in
claims before or at the time of the incident qualifying
diagnosis.

Outcomes

We identified CR participation using appropriate
Current Procedural Terminology codes. Our primary
outcome was defined as participation (>1 session) in
CR in the 1-year period following the CR-qualifying
event, stratified by race or ethnicity. Secondary out-
comes included (1) number of CR sessions attended
by participants who had >1 session, and (2) time to
initiation of CR, defined as the number of days from
discharge to initial CR session.

Statistical Analysis

We characterized sociodemographic and clinical char-
acteristics of CR-eligible individuals by their means and
SDs for continuous variables and by their distributions
for categorical variables. We compared these charac-
teristics across race and ethnicity using Kruskal-Wallis
tests for continuous variables and ¥ tests for categori-
cal variables.

We evaluated associations between race or ethnic-
ity and initiation of CR by calculating risk ratios and
95% Cls using multivariable-adjusted Poisson regres-
sion. Mean differences and 95% ClI for both the num-
ber of CR sessions attended and time to initiation of
CR were compared with multivariable-adjusted linear
regression. These models were sequentially adjusted
using a stepwise process to assess the relative impact
of different covariates on the parameter estimates.
Model 1 adjusted for age and sex; model 2 additionally
adjusted for Elixhauser score, hypertension, diabetes,
depression, and ischemic stroke; and model 3 further
adjusted for income and education. Model 4 was a fully
adjusted model that included the model 3 variables and
qualifying event type. To evaluate effect modification of
racial and ethnic differences by household income, we
included a term for interaction between race or ethnic-
ity and income in models evaluating each outcome; we
further visualized the interaction through stratification
by household income. Because CR is often underuti-
lized in older adults,*' we also evaluated interaction
between race or ethnicity and age, comparing individ-
uals aged <65years to those aged >65years to reflect
Medicare eligibility. P values for the interaction terms
were calculated using generalized score tests for bi-
nary outcomes and F tests for continuous outcomes.
In all models, we specified empirical SEs. Because of
skewness in the continuous outcomes, we replicated
these analyses using log-transformed values and ob-
tained similar results.
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All analyses were conducted using SAS version 9.4
(Cary, NC). An a priori 2-sided a of <0.05 was consid-
ered statistically significant.

RESULTS

After application of inclusion and exclusion criteria,
the final sample size was 107 199. Eligible individu-
als were age 70.4+11.6years; 37.4% were female and
76.0% were White race (Table 1). Overall, 34.2% had a
high school degree or lower, and 31.5% had an annual
household income of <$40000. Black individuals were
most likely to have a history of hypertension and is-
chemic stroke, and had the highest Elixhauser comor-
bidity score. Percutaneous coronary intervention was
the most common qualifying diagnosis for CR.

Overall, 28443 (26.5%) of eligible individuals at-
tended >1 CR sessions, ranging from 14.4% in Hispanic
individuals to 29.6% in White individuals (Table 2). White
individuals were significantly more likely than Asian,
Black, or Hispanic individuals to attend CR; after full
adjustment, the probability of attending CR was 31%
lower for Asian individuals (95% ClI, 27%-36%), 19%
lower for Black individuals (95% ClI, 16%—-22%), and
43% lower for Hispanic individuals (95% Cl, 40%-45%)
relative to White individuals, all P<0.0001. Furthermore,
these racial and ethnic differences in CR participation
were more pronounced among those aged >65years
compared with those aged <65years, particularly for
Asian and Hispanic individuals (Table S3). Among
those who participated in CR, the number of sessions
attended was 15.3+13.7, which differed significantly by
race and ethnicity (P<0.0001). Following adjustment for
demographic, clinical, and social factors (model 4), we
observed that Black individuals attended a mean 1.4
(95% Cl, 0.8—- 2.0, P<0.0001) more sessions than White
individuals, whereas Hispanic individuals attended 0.8
(95% ClI, -1.5 to -0.1, P=0.02) fewer sessions. The
time to initiation of CR was 45.8+46.5 days. Compared
with White individuals, the time to initiation of CR was
an adjusted 9.4 (95% Cl, 5.2-13.7), 10.4 (95% Cl, 8.1-
12.8), and 8.5 (95% Cl, 5.8-11.2) days longer for Asian,
Black, and Hispanic individuals, respectively.

Table 3 summarizes that White individuals were
significantly more likely than Asian, Black, or Hispanic
individuals to attend >1 CR sessions at all income lev-
els. However, the association between race or ethnicity
and CR attendance differed across income (adjusted P
interaction <0.0001). Notably, an income in the highest
2 categories ($75000 or >$100000) was associated
with an attenuation of the lower probability of CR atten-
dance for Hispanic individuals only, although even at
the highest income level, the probability of attendance
remained substantially lower than for White individuals
(risk ratio=0.71, 95% ClI, 0.65-0.77, P<0.0001). After
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Table 1. Sociodemographic and Clinical Characteristics of Patients Eligible for Cardiac Rehabilitation, by Race or
Ethnicity
Race or Ethnicity
Asian Black Hispanic White
Variable Total* (N=107199) n=2651 (2.5%) n=12613 (11.8%) n=10462 (9.8%) n=81473 (76.0%) P valuet
Demographics
Age (y), mean+SD 70.4+11.6 68.7+12.7 69.4+11.5 70.2+12.1 70.6+11.6 <0.0001
Female sex, n (%) 40172 (37.4) 793 (29.9) 6211 (49.2) 3901 (37.3) 29267 (35.9) <0.0001
Household income ($), n (%)
<40k 33820 (31.5) 449 (16.9) 7083 (56.2) 3831 (36.6) 22457 (27.6) <0.0001
40k-<60k 19489 (18.2) 345 (13.0) 2530 (20.1) 2389 (22.8) 14225 (17.5)
B0k—<75k 13153 (12.3) 324 (12.2) 1189 (9.4) 1323 (12.6) 10317 (12.7)
75k-<100k 17126 (16.0) 507 (19.1) 1027 (8.1) 1388 (13.3) 14204 (17.4)
>100k 23611 (22.0) 1026 (38.7) 784 (6.2) 1531 (14.6) 20270 (24.9)
Education, n (%)
<High school 36633 (34.2) 517 (19.5) 7047 (55.9) 5306 (50.7) 23763 (29.2) <0.0001
<Bachelor's degree | 57647 (53.8) 1377 (51.9) 5074 (40.2) 4443 (42.5) 46753 (57.4)
Bachelor’s degree 12822 (12.0) 754 (28.4) 482 (3.8) 708 (6.8) 10878 (13.4)
Clinical characteristics
Hypertension, n (%) 99384 (92.7) 2387 (90.0) 12134 (96.2) 9913 (94.8) 74950 (92.0) <0.0001
Diabetes, n (%) 53822 (50.2) 1529 (57.7) 7746 (61.4) 6826 (65.2) 37721 (46.3) <0.0001
Depression, n (%) 27789 (25.9) 378 (14.3) 3140 (24.9) 2729 (26.1) 21542 (26.4) <0.0001
Ischemic stroke/TIA, 41528 (38.7) 919 (34.7) 5101 (40.4) 3927 (37.5) 31581 (38.8) <0.0001
n (%)
Elixnauser, mean+SD 16.7£12.5 16.1£12.5 18.4+12.8 16.9+12.6 16.4+12.4 <0.0001
CR qualifying diagnosis, n (%)
Myocardial infarction 24040 (24.1) 581 (23.5) 3719 (32.0) 2630 (27.2) 17110 (22.5) <0.0001
CABG 17782 (17.8) 514 (20.8) 1750 (15.1) 1630 (16.8) 13888 (18.3)
Valve repair/ 16812 (16.8) 333 (13.5) 1582 (13.6) 1415 (14.6) 13482 (17.7)
replacement
PCl/stent 41170 (41.3) 1040 (42.1) 4557 (39.3) 4005 (41.4) 31568 (41.5)

CABG indicates coronary artery bypass graft; CR, cardiac rehabilitation; PCI, percutaneous coronary intervention; and TIA, transient ischemic attack.

*Percentages for some variables reflect missing values.

TFrom ¥? tests for categorical variables and Kruskal-Wallis tests for continuous variables.

adjustment, Black individuals attended significantly
more CR sessions than White individuals with the
same income for incomes <$100000, but not for in-
comes >$100000; this association was not observed
for Asian or Hispanic individuals (P interaction=0.04),
nor in unadjusted analyses (Table S4). The association
between race or ethnicity and time to initiation of CR
did not vary significantly by income (P interaction=0.28)
(Table 3).

Figure 2 highlights the differences in attendance
at >1 CR sessions, with adjustment for sociodemo-
graphic and clinical covariates and stratified by both
race or ethnicity and income, where White individu-
als with an income >$100000 serve as the referent.
Among those with the highest income, individuals of
Asian race had a 28% lower probability of attending
>1 CR sessions compared with the referent (95% ClI,
20%-34%, P<0.0001). Similarly, individuals of Black
race had an 11% lower probability of attendance (95%
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Cl, 2%-20%, P=0.02) and individuals of Hispanic eth-
nicity had a 28% lower probability (95% ClI, 21%—-33%,
P<0.0001). Within each racial and ethnic group, in-
come was positively associated with CR attendance
in a dose-response manner. Differences in CR atten-
dance relative to the referent were most striking among
Asian, Black, or Hispanic individuals with the lowest
incomes. For example, compared with White individ-
uals with a household income of >$100000, Hispanic
individuals earning <$40000 annually had a 64% lower
probability of attending >1 CR sessions (95% Cl, 60%—
67%, P<0.0001).

DISCUSSION

In this study of a large diverse sample of individuals
with qualifying events for CR, most did not participate
in CR. Compared with White individuals, Asian, Black,
and Hispanic individuals were significantly less likely to
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Table 2. Association Between Race or Ethnicity and Participation in Cardiac Rehabilitation

Race or Ethnicity
Asian Black Hispanic White

Outcome n=2651 (2.5%) n=12613 (11.8%) n=10462 (9.8%) n=81473 (76.0%) P value*
Attendance at >1 CR sessions

n, (%) 597 (22.5) 2217 (17.6) 1510 (14.4) 24119 (29.6)

Model 1, RR (95% Cl) 0.72 (0.67 t0 0.77) 0.61 (0.58 to 0.63) 0.49 (0.46 to 0.51) Ref <0.0001

Model 2+ 0.73(0.68 t0 0.78) 0.64 (0.61 to 0.66) 0.51 (0.48 to 0.53) Ref <0.0001

Model 3% 0.67 (0.63 10 0.72) 0.76 (0.73 t0 0.79) 0.55 (0.53 t0 0.58) Ref <0.0001

Model 4 0.69 (0.64 t0 0.73) 0.81(0.78 t0 0.84) 0.57 (0.55 to 0.60) Ref <0.0001
Number of sessions attended

Mean+SD 13.6+13.5 16.9+£14.2 13.3+13.4 156.4+13.7

Model 1, mean diff (95% 0.7 (-0.2t0 1.7) 1.4 (0.81t0 2.0) -0.6 (-1.2t0 0.1) Ref <0.0001

Cl)

Model 2% 0.7 (-0.3t0 1.6) 1.3(0.7t01.9) -0.6 (-1.31t0 0.0) Ref <0.0001

Model 3% 0.7 (-0.3t0 1.6) 1.4 (0.81t0 2.0) -0.6 (-1.3t0 0.0 Ref <0.0001

Model 4! 0.6(-0.41t01.6) 1.4 (0.81t0 2.0) -0.8 (-1.5t0 -0.1) Ref <0.0001
Time to initiation of CR, d

Mean+SD 52.3+51.2 57.0£52.4 52.7+51.0 441+£45.3

Model 1, mean diff (95% ClI) 10.0 (5.9 to 14.1) 12.8 (10.5 to 15.0) 9.5(6.9to 12.1) Ref <0.0001

Model 2% 9.5 (5.4 t0 13.5) 10.9 (8.7 to 13.1) 8.1 (5.5t010.7) Ref <0.0001

Model 3% 9.2 (51t013.2) 10.6 (8.4 to 12.9) 8.0 (5.4 t0 10.6) Ref <0.0001

Model 4/ 9.4 (5.2 10 13.7) 10.4 (8.1 t0 12.8) 8.5 (5.810 11.2) Ref <0.0001

CR indicates cardiac rehabilitation; and RR, risk ratio.

*Score statistic from Poisson or linear regression models. Robust variances were specified in all models.

fAdjusted for age and sex.

*Adjusted for variables in model 1+Elixhauser score, hypertension, diabetes, depression, and ischemic stroke.

SAdjusted for variables in model 2+income and education.
IAdjusted for variables in model 3+qualifying diagnosis.

attend CR. Asian, Black, and Hispanic individuals also
had significantly longer time from their qualifying event
to initiation of CR. The association between race or
ethnicity and participation in CR varied across income
levels; however, racial and ethnic differences persisted
at all incomes, even among those in the highest in-
come category. Differences in attendance were most
extreme among Asian, Black, and Hispanic individuals
in the lowest income categories.

CR Participation by Race or Ethnicity

Our finding that 26.5% of individuals with a CR-eligible
diagnosis participated in CR is consistent with previ-
ous work, including a large study of Medicare benefi-
ciaries, in which 24.4% participated.3* That study also
found lower participation among Black and Hispanic
individuals. In another analysis of individuals receiv-
ing Medicare, Asian, Black, and Hispanic individuals
were significantly less likely than White individuals to
receive a referral to CR?3; a related study found similar
results for enrollment in CR among those undergoing
cardiac valve surgery.?®> Absence of equitable referral
to CR across all races and ethnicities may explain our

J Am Heart Assoc. 2022;11:e025591. DOI: 10.1161/JAHA.122.025591

findings. It has further been noted that individuals of
White race are more likely to initiate CR than those of
other races and ethnicities,®® potentially because of
structural barriers to participation. Consistent with evi-
dence that older individuals may be less likely to attend
CR,* we also found larger racial and ethnic differences
in CR participation among those aged >65years.
Overall, our study further demonstrates significant dif-
ferences in CR participation across races and ethnici-
ties, possibly exacerbated by age.

Interaction Between Race or Ethnicity and
Household Income

Our finding of a positive association between income
and attendance at CR is consistent with evidence that
socioeconomic factors affect CR participation.*3-4°
However, studies of the interaction between race and
income in CR are scarce. Several studies have sug-
gested that racial differences in health may vary de-
pending on social factors such as income, although
prior research has not focused on CR participation.46-48
The observation that an income >$75000 was asso-
ciated with a sharp increase in CR attendance only
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Table 3. Association Between Race or Ethnicity and Participation in Cardiac Rehabilitation, by Income

Race and Income in Cardiac Rehabilitation

Race or Ethnicity
Outcome* by income Asian Black Hispanic White
category, RR (95% CI) n=2651 (2.5%) n=12613 (11.8%) n=10462 (9.8%) n=81473 (76.0%) P interaction’
Attendance at >1 CR sessions*
<40k 0.67 (0.53 t0 0.84) 0.83(0.77 10 0.88) 0.52 (0.47 t0 0.58) Ref <0.0001
40k-<60k 0.58 (0.46 to 0.74) 0.78 (0.72 t0 0.85) 0.49 (0.43 t0 0.55) Ref
60k—<75k 0.68 (0.56 t0 0.84) | 0.77 (0.69 to 0.86) 0.47 (0.41 to0 0.55) Ref
75k-<100k 0.67 (0.57 0 0.79) | 0.83(0.75t0 0.92) 0.67 (0.60 to 0.74) Ref
>100k 0.72 (0.65 t0 0.79) 0.87 (0.79 10 0.96) 0.71 (0.6510 0.77) Ref
Number of CR sessions attended®
<40k 2.9(-0.2 10 6.0) 1.7 (0.7 to 2.7) -0.5(-2.010 1.0) Ref 0.04
40k-<60k 1.7 (-1.810 5.2) 1.6 (0.2102.9) -0.3(-1.910 1.4) Ref
60k—<75k ~0.8(-3.7t0 2.1) 1.7 (<0110 3.5) -21(-4.11t0-0.2) Ref
75k-<100k 1.8 (-0.6 to 4.3) 1.8 (0.3 10 3.4) -0.9 (-2.3 10 0.6) Ref
>100k 01 (-1.2t0 1.4) -1.0 (-2.5 t0 0.5) -1.0(-21100.2) Ref
Time to initiation of CR, d$
<40k 14.7 (-011029.4) | 9.3(5.41013.3) 5.8 (-0.2 to 11.8) Ref 0.28
40k-<60k 9.5 (-4.9 10 24.0) 12.6 (7.4 10 17.9) 8.0 (2.2t0 13.7) Ref
B0k—<75k -0.4 (-10.2t09.4) | 12.7 (6.9t0 19.5) 5.0 (-1.4 10 11.4) Ref
75k-<100k 131 (2.9 10 23.2) 10.7 (4.8 10 16.6) 13.1 (6.6 t0 19.6) Ref
>100k 10.1 4.1 to 16.1) 4.6 (-111010.2) 9.2 (3.8 t0 14.6) Ref

CR indicates cardiac rehabilitation; and RR, risk ratio.

*Adjusted for age, sex, Elixhauser score, hypertension, diabetes, depression, ischemic stroke, education, and qualifying diagnosis. Robust variances were

specified in all models.

TFrom Poisson or linear regression models with a term for interaction between race or ethnicity and income. P values were calculated with the use of
generalized score tests for binary outcomes and F tests for continuous outcomes.

*Risk ratios (95% Cl) from Poisson regression models.
SMean differences (95% Cl) from linear regression models.

among Hispanic individuals warrants additional inves-
tigation. Nevertheless, differences by race and eth-
nicity remained at all incomes, with Asian, Black, and
Hispanic individuals in the lowest income categories
least likely to attend CR. Although few studies have
examined racial or ethnic differences in the timing of
CR, our observation that Asian, Black, and Hispanic
individuals had a significantly longer time to initiation
represents an additional challenge even for those who
attend CR. In light of the benefit associated with a
shorter time to starting CR,'®~'® interventions to pro-
mote earlier initiation may augment secondary preven-
tion of cardiovascular outcomes.

Clinical and Public Health Significance

Because CR is a standard of secondary prevention
for cardiovascular disease, our observation that Asian,
Black, and Hispanic individuals and those of lower in-
come are not fully benefitting from CR, even in a cohort
of insured individuals, represents a major clinical con-
cern. The causes of racial and income-related dispari-
ties in CR participation are complex. Neighborhood
deprivation has been associated with the use of CR*3,;
cost, transportation, and distance to CR present
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specific potential barriers.*>*° Even among insured in-
dividuals, cost sharing has been associated with lower
CR participation in a dose-response manner®'; future
research should investigate whether variable coverage
of CR might mediate racial or ethnic differences in CR
participation. In addition, a recent meta-analysis dem-
onstrated a positive association between health liter-
acy and adherence to treatment, particularly among
patients with cardiovascular disease®?; however, the
role of health literacy in CR participation remains less
clear.5® Structural racism, social capital, or other sys-
temic factors may mediate health outcomes in socially
disadvantaged individuals. For example, in a recent
study, a social vulnerability index that included a variety
of social risk factors was inversely associated with CR
participation.®* To eliminate disparities in individuals eli-
gible for CR, it is crucial to address how social factors
influence the utilization of CR services.

Our findings have important implications for devel-
oping interventions that may promote CR participation.
Initiatives such as automatic referral, virtual delivery
options, establishment of CR facilities in underserved
or rural areas, community-based CR, or evening deliv-
ery options all have potential to increase participation.
Interest has grown recently in home-based CR,% which
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n (%) RR (95% CI)
<40k = 64 (14.3) 0.48 (0.38, 0.60)
§ 40k to <60k = . 52(15.1) 0.49 (0.39, 0.62)
Z  60kto <75k = { 67 (20.7) 0.63 (0.51, 0.77)
75K to <100k = i 114 (22.5) 0.66 (0.56, 0.77)
100k+ ————i 300 (29.2) 0.72 (0.66, 0.80)
<40k —e— 972 (13.7) 0.57 (0.54, 0.61)
4 40k to <60k —— 450 (17.8) 0.66 (0.60, 0.72)
=  60kto <75k —— 247 (20.8) 0.71 (0.64, 0.79)
75K to <100k —— 291 (28.3)  0.82(0.74, 0.90)
100k+ —e——1 | 257(328) 0.89 (0.80, 0.98)
o <40k 359 (9.4) 0.36 (0.33, 0.40)
§ 40k to <60k 276 (11.6)  0.41(0.36, 0.46)
& 60kto <75k — 169 (12.8) 0.44 (0.38, 0.51)
= 75K to <100k —_ 298 (21.5) 0.66 (0.60, 0.73)
100k+ — 408 (26.6) 0.72 (0.67, 0.79)
<40k i 4393 (19.6)  0.71(0.69, 0.74)
2 40k to <60k —o—i 3690 (25.9)  0.85(0.82, 0.88)
= 60kto <75k i 3149 (30.5)  0.92(0.89, 0.95)
75K to <100k o1 4858 (34.2)  0.98 (0.95, 1.01)
100k+ (ref) 8029 (39.6)  Ref
03 0.5 RR (95% CI) 1.0

Figure 2. Associations between income and participation in >1 cardiac rehabilitation sessions, by race or ethnicity.

Relative to individuals of White race in the highest income category, those of other race or ethnicity and lower income were less
likely to attend >1 cardiac rehabilitation sessions. The associations with income differed significantly across race and ethnicity (P
interaction <0.0001), but these disparities persisted across all racial/ethnic groups. All results are from Poisson regression models with
adjustment for age, sex, Elixhauser score, hypertension, diabetes, depression, ischemic stroke, education, and qualifying diagnosis.

RR indicates risk ratio.

may provide an alternative to center-based programs
and improve access. However, additional funding is nec-
essary to promote widespread incorporation of home-
based programs into health systems, which will likely
require changes in policy.*® Because home-based CR
may require exercise equipment or mobile supervision,
the socioeconomic impediments to these programs also
merit consideration. CR practitioners should also better
reflect the multicultural diversity of the communities they
serve, because the perceived benefit of and rationale for
CR may vary across socioeconomic groups. Finally, in-
terventions to improve CR participation must be acces-
sible to all vulnerable groups, such as older adults. Given
the benefit of CR for morbidity and mortality, efforts to
increase participation rates have the potential to improve
clinical outcomes. In addition, alternative secondary pre-
vention programs may be necessary to reach patients
who are unable to attend CR.%’

Our study has important strengths. The large sam-
ple was racially, ethnically, and socially diverse, facil-
itating our assessment of interaction. Also, we were
able to adjust for clinical and sociodemographic char-
acteristics that are likely related to CR participation.

Study Limitations
Several limitations should be noted. First, we are not
able to verify race or ethnicity as provided by Optum.
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Second, income and education are not individually
derived. However, the ZIP+4 is a highly specific geo-
graphic indicator and determined without regard to
CR participation. Hence, we expect misclassification
by income to be nondifferential. Third, because claims
data exist primarily for billing and reimbursement, they
may incompletely capture qualifying diagnosis or co-
variates. Fourth, we cannot rule out the possibility of
residual confounding, in particular by unmeasured so-
cial variables such as health literacy, distance to CR,
rurality, family composition, tobacco use, or other fac-
tors that may influence the outcomes studied here.
For example, we were unable to adjust for geographic
location, which has been associated with CR par-
ticipation.?°34 Fifth, because we excluded those with
<90days of enroliment after discharge or with missing
data for some variables, the possibility of selection bias
cannot be discounted. However, the resulting sample
size provides adequate statistical power for our obser-
vations. Finally, our study included only insured indi-
viduals; therefore, our results likely underestimate the
association between low income and CR participation.

CONCLUSIONS

In summary, in a large sample of individuals eligible for
CR, participation was low; Asian, Black, and Hispanic
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individuals were less likely to attend CR and had a
longer time to CR initiation. These disparities in CR
participation may be modified by household income;
nevertheless, they were evident in all income groups.
Future studies that evaluate the impact of other social
variables—such as health literacy, household compo-
sition, or employment status—may further elucidate
how social factors interact with race and ethnicity to
contribute to disparities in CR participation. This work
highlights critical disparities by race and ethnicity, ex-
acerbated by income, and missed opportunities in
disadvantaged individuals to achieve the secondary
prevention and health benefits of CR.
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Table S1. Summary of ICD-9, ICD-10, and CPT codes.

ICD-9

ICD-10

CPT

Myocardial
Infarction

410.00, 410.01,
410.02, 410.10,
410.11, 410.12,
410.20, 410.21,
410.22, 410.30,
410.31, 410.32,
410.40, 410.41,
410.42, 410.50,
410.51, 410.52,
410.60, 410.61,
410.62, 410.70,
410.71, 410.72,
410.80, 410.81,
410.82, 410.90,
410.91, 410.92

121.0, 121.01, 121.02,
121.09, 121.1, 121.11,
121.19, 121.2, 121.21,
121.29, 121.3, 121.4, 121.9,
121.A17, 121.A91, 122.0,
122.1, 122.2, 122.8, 122.9

Coronary Artery
Bypass Grafting

36.10, 36.11, 36.12,
36.13, 36.14, 36.15,
36.16, 36.17, 36.19,
36.2

0210X, 0211X, 0212X,
0213X

33510, 33511,
33512, 33513,
33514, 33516,
33517, 33518,
33519, 33521,
33522, 33523,
33530, 33533,
33534, 33535,
33536, 33572,
35600, S2205,
S2206, S2207,
S2208, S2209

Valve
Repair/Replaceme
nt

35.00, 35.01, 35.02,
35.03, 35.04, 35.05,
35.06, 35.07, 35.08,
35.09, 35.10, 35.11,
35.12, 35.13, 35.14,
35.20, 35.21, 35.22,
35.23, 35.24, 35.25,
35.26, 35.27, 35.28,
35.33, 35.96, 35.97,
35.99

027F, 027G, 027H, 027,
02CF, 02CG, 02CH, 02CJ,
02NF, 02NG, 02NH,
02NJ, 02QF, 02QG,
02QH, 02QJ, 02RF, 02RG,
02RH, 02RJ, 02ND,
02VG, 02UF, 02UG,
02UH, 02UJ, 06BQ, 5A12

33361-33417,
33418-33430,
33460-33468,
33470-33478




Table S2. Summary of Elixhauser comorbidity ICD10 codes.

Weight
Weight (van
Group DX (AHQR) | Walraven) CORRESPONDING CODES

1| CHF 9 7 1099 111.0 130 132 1255 420 1425 M26 427 1428 1429 43X 150X P29.0

2 | Arrhythmias 0 5 1441 1442 1443 M56 459  M7X 148X  M9X RO0.O ROO.1 ROO.8 T821 2450 295.0

3 | Valvular disease 0 1 AS20 105X 106X 07X 108X 091 098 134X 135X  I36X 137X 138X 39X Q230 Q231 Q232 Q233 7952 17953 2954

4 | Pulmonary circulation disorders 6 ' 126X 127X 1280 1288 1289

5 | Peripheral vascular disorders 3 2 170X 171 1731 1738 1739 771 790 179.2 KS5.1 K558 KS59 7958 7959

6 | Hypertension (uncomplicated) 1 0 1o.

7 | Hypertension (complicated) 1 0 11X 12X 13X 1nsx

8 | Paralysis 5 7 G041 G114 GBO.1 G802 GB1X GB2X G83.0 G831 GB32 G833 GBAA GB39

9 | Other neurological disorders 5 6 G10.X GI1.X GI12X G13X G20X G21X G22.X G254 G255 G312 G318 G319 G32X G3ISX GIEX GI7TX G40X GILX G931 G934 R4ATO RSEX

10 | Chronic pulmonary disease 3 3 127.8 1279 J4Dx  J4LX  JA2X  J43X  J44X 45X  J4BX 47X 80 131 j[:] 183 B4 J65 166 67 J684 701 J703

11 | Diabetes (uncomplicated) 0 0 E10.0 E10.1 E109 E110 E1L1  E119 E120 E121 E129 E13.0 E13.1 E13.9 E140 E141 E149

12 | Diabetes (complicated) 3 0 E10.2 E10.3 E104 E105 E106 €107 FE108 FE11.2 E113  E11l4 E115 E116 E117 E118 FE122 E123 E124 FE125 €126 E127 FE128 E132 E133
E134 E135 E136 E137 E138 E142 FE143 El44 E145 F146 FE147 El48

13 | Hypothyroidism 0 0 ECO.X EOLX EOZX EO3X E89.0

14 | Renal failure 6 5 1120 1131  NI1BX NI19X N250 2490 249.1 2492 7940 2992

15 | Liver disease 4 11 B18X 185X 1864 19B.2 K70X K7L1 K713 K714 K715 K717 KF2X K73X K744 K760 K762 K763 K764 K765 K766 K767 K768 K769 2944

16 | Peptic ulcer disease (excluding bleeding) 0 0 K25.7 K259 K267 K269 K27.7 K279 K287 K289

17 | AIDS/HIV 0 B B20X B21X B22X B24.X

18 | Lymphoma 6 9 C81. (CB2. (83 (B4 (BS. (CBB. (9. (90.0 (902

19 | Metastatic cancer 14 12 €77,  €78. C€79. €80

20 | Solid tumor w/o metastasis 7 4 €00, €01 €02 CO3.  CO4 CO5. C06. CO7. COB. C09. €100 €11 C12. C13. €14, €15 €16 Cl7. (€18 C19. (€20, €21 a2
€23, €24, €25 €26 C30. €31 (32 (33 (34 (€37, (38 (39, 40 41, C43. C45 C46.  C47. (48, C49. (50 €S QS
€53. C54. (€55 €56 (57. CS8. CBO. CBl. C62. C63. CB4. €65 C66. ©C67. (CBB. (C69. C70. C71. C72. C73. C7P4. (€75, C76. C97.

Rheumatoid arthritis/collagen vascular

21 | disease 0 0 1940 1941 1943 MOSX MO6X MOBX MI120 MI123 M30X M3L0 M3L1 M312 M313 M32. M33. M34. M35 M4S. M461 M46.8 M469

22 | Coagulopathy 11 3 D65. D66, D67. D68 D691 D693 D694 DBIS DEIE

23 | Obesity -5 -4 {7

24 | Weight loss 9 6 E40. E41. E42. E43. E44.  E45. E46. RG34 R64.

25 | Fluid and electrolyte disorders 11 5 E22.2 EB6x E8TxX

26 | Blood loss anemia -3 -2 D50.0

27 | Deficiency anemia -2 -2 D508 D509 DS1.  DS2.  DS3.

28 | Alcohol abuse -1 0 F10 E52 G621 M2.6 K292 K700 K703 K709 T51. 2502 ZI714 Z721

29 | Drug abuse -7 7 F11. F12. F13. Fl4. F15. F16. F18.  F19. 7715 2722

30 | Psychoses 5 0 F20. F22. F23. F24. F25. F28. F29. F30. F30.2 F31.2 F3ILS

31 | Depression -5 3 F204 F313 F314 F315 F32. F33.  F341  FA12 F432

source: https://cran.r-project.org/web/packages/comorbidity/vignettes/comorbidityscores.html
source: Coding algorithms for defining comorbidities in ICD-9-CM and |CD-10 administrative data. Quan et al. Med Care 2005.




Table S3. Associations between race or ethnicity and participation in cardiac rehabilitation, by age.

Race or Ethnicity

Outcome” by age, RR (95% CI) Asian
n = 2651 (2.5%)

Black
n=12613 (11.8%)

Hispanic
n = 10462 (9.8%)

White
n = 81473 (76.0%)

P, interaction’

Attendance at >1 CR sessions*

<65 years 0.87 (0.79, 0.95) 0.85 (0.80, 0.91) 0.73 (0.68, 0.78) Ref < 00001

>65 0.58 (0.53, 0.65) 0.80 (0.76, 0.84) 0.50 (0.47, 0.53) Ref '
Number of CR sessions attended®

<65 years 0.0 (-1.0,1.0) 1.6 (0.8,2.4) -0.1 (-0.8, 0.6) Ref 0.002

>65 1.0 (-0.6, 2.6) 0.7 (-0.1, 1.5) -1.4 (-2.4,-0.4) Ref '
Time to initiation of CR, days§

<65 years 9.9 (4.2, 15.6) 8.6 (4.9,12.3) 7.1(3.0,11.2) Ref 0.95

>65 9.4 (3.2,15.6) 11.1 (8.1, 14.1) 9.3 (5.6,12.9) Ref '

Cl indicates confidence interval; CR, cardiac rehabilitation; RR, risk ratio

* Adjusted for income, sex, Elixhauser score, hypertension, diabetes, depression, ischemic stroke, education, and qualifying diagnosis. Robust variances were specified in all

models.

T From Poisson or linear regression models with a term for interaction between race or ethnicity and age. P-values were calculated with the use of generalized score tests for

binary outcomes and F-tests for continuous outcomes.
! Risk ratios (95% CI) from Poisson regression models.
8 Mean differences (95% CI) from linear regression models.



Table S4. Unadjusted associations between race/ethnicity and participation in cardiac rehabilitation, by income.

Outcome™ by income category,
RR (95% CI)

Race/Ethnicity

Asian
n = 2651 (2.5%)

Black

n = 12613 (11.8%)

Hispanic
n = 10462 (9.8%)

White
n = 81473 (76.0%)

P, interaction®

Attendance at >1 CR sessions*

<40k 0.73 (0.58, 0.92) 0.70 (0.66, 0.75) 0.48 (0.43, 0.53) Ref
40k to <60k 0.58 (0.45, 0.75) 0.69 (0.63, 0.75) 0.45 (0.40, 0.50) Ref
60k to <75k 0.68 (0.55, 0.84) 0.68 (0.61, 0.76) 0.42 (0.36, 048) Ref <0.0001
75k to <100k 0.66 (0.56, 0.77) 0.83 (0.75, 0.92) 0.63 (0.57, 0.70) Ref
>100k 0.74 (0.67, 0.81) 0.83(0.75, 0.92) 0.67 (0.62, 0.73) Ref
Number of CR sessions attended®
<40k -0.4 (-3.8,3.0) 0.3(-0.7, 1.3) -1.2(-2.7,0.3) Ref
40k to <60k 1.3 (-2.5, 5.0) 0.5 (-0.9, 1.9) -2.0 (-3.7,-0.3) Ref
60k to <75k -2.8(-5.9, 0.4) 1.1 (-0.8,3.0) -2.6 (-4.6, -0.5) Ref 0.20
75k to <100k 0.6 (-2.2, 3.4) 0.7 (-1.1, 2.4) 3.2 (-4.7,-1.7) Ref
>100k -2.6 (-4.0, -1.1) -1.4 (-2.9, 0.2) -2.1(-3.4,-0.9) Ref
Time to initiation of CR, days®
<40k 9.1 (-5.0, 23.3) 11.9 (8.2, 15.7) 6.4 (0.6,12.2) Ref
40k to <60k 7.1(-8.0,22.2) 14.2 (9.2, 19.1) 8.0 (2.4, 13.5) Ref
60k to <75k -0.1 (-10.1,9.8) 13.3 (6.5, 20.1) 6.6 (0.3,12.9) Ref 0.35
75k to <100k 15.1 (5.1, 25.1) 12.6 (6.7, 18.5) 11.8 (5.6, 18.0) Ref
>100k 7.9 (2.2,13.6) 5.3 (-0.2,10.9) 8.5 (3.2,13.7) Ref

Cl indicates confidence interval; CR, cardiac rehabilitation; RR, risk ratio

* Robust variances were specified in all models.
" From Poisson or linear regression models with a term for interaction between race/ethnicity and income. P-values were calculated with the use of generalized score tests for
binary outcomes and F-tests for continuous outcomes.

¥ Risk ratios (95% CI) from Poisson regression models.

% Mean differences (95% CI) from linear regression models.
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