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Abstract

Health disparities in heart failure (HF) show that Black patients face greater ED utilization
and worse clinical outcomes. Transitional care post-HF hospitalization, such as 7-day early
follow-up visits, may prevent ED returns. We examine whether early follow-up is associated
with lower ED returns visits within 30 days and whether Black race is associated with receiv-
ing early follow-up after HF hospitalization. This was a retrospective cohort analysis of all
Black and White adult patients at 13 hospitals in Michigan hospitalized for HF from October
1, 2017, to September 30, 2020. Adjusted risk ratios (aRR) were estimated from multivari-
able logistic regressions. The analytic sample comprised 6,493 patients (mean age = 71
years (SD 15), 50% female, 37% Black, 9% Medicaid). Ten percent had an ED return within
30 days and almost half (43%) of patients had 7-day early follow-up. Patients with early fol-
low-up had lower risk of ED returns (aRR 0.85 [95%Cl, 0.71-0.98]). Regarding rates of early
follow-up, there was no overall adjusted association with Black race, but the following vari-
ables were related to lower follow-up: Medicaid insurance (aRR 0.90 [95%Cl, 0.80—1.00]),
dialysis (aRR 0.86 [95%ClI, 0.77—-0.96]), depression (aRR 0.92 [95%ClI, 0.86—0.98]), and
discharged with opioids (aRR 0.94 [95%Cl, 0.88—1.00]). When considering a hospital-level
interaction, three of the 13 sites with the lowest percentage of Black patients had lower rates
of early follow-up in Black patients (ranging from 15% to 55% reduced likelihood). Early fol-
low-up visits were associated with a lower likelihood of ED returns for HF patients. Despite
this potentially protective association, certain patient factors were associated with being
less likely to receive scheduled follow-up visits. Hospitals with lower percentages of Black
patients had lower rates of early follow-up for Black patients. Together, these may represent
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missed opportunities to intervene in high-risk groups to prevent ED returns in patients with
HF.

Introduction

Black patients face the worst heart disease survival rates of all racial groups [1], and Black
patients, in particular, experience higher age-adjusted HF death rates compared to White
patients [2]. Studies have found racial disparities in the clinical management of HF, with Black
patients having reduced access to HF care: Black HF patients compared to Whites were less
likely to see a cardiologist while in the intensive care unit [3], less likely to be hospitalized from
the ED for HF [4], and less likely to receive evidence-based advanced HF treatment, including
an automatic implantable cardioverter-defibrillator (AICD) implantation [5-7] or cardiac
resynchronization therapy with defibrillation (CRT-D) [8, 9]. These racial disparities in access
to HF care may be partly explained by implicit bias, as has been examined in vignette studies:
in one interview study, race influenced healthcare professionals’ rationale for why a Black
patient was not considered a candidate for a heart transplant [10], and in a photo-based study,
Black women were less likely to be referred for cardiac catheterization [11].

In addition to racial disparities in HF mortality, Black patients also have greater ED utiliza-
tion and face higher readmission rates [12-15]. Higher healthcare utilization among these
groups may represent an opportunity for additional services such as transitional care—specifi-
cally early follow-up visits—to reduce health disparities in groups that either through comor-
bidities are medically vulnerable, or through structural racism and economic forces, are
medically underserved. Defined as services a patient receives when changing healthcare set-
tings and including telephone follow-ups or early follow-up visits, transitional care, and specif-
ically 7-day follow-up visits, have been associated with reduced hospital readmissions
following HF hospitalization [16-18]. Limited evidence suggests certain transitional care mea-
sures such as telephone follow-up and structured home visits are associated with reduced ED
returns following HF hospitalization [19]. ED return after HF discharge is a potentially avoid-
able event that frequently results in hospitalization [20], is a marker of clinical exacerbation in
HF symptoms, and creates fragmentation in patient care. Thus, early follow-up visits after hos-
pitalization may represent a measurable, modifiable, process-based quality measure that could
be harnessed to address racial disparities in HF outcomes.

Despite their potential to decrease unplanned healthcare utilization, less is known about
whether early follow-up visits are associated with reduced ED returns and whether race is asso-
ciated with early follow-up visits. Thus, we first examine whether early follow-up is associated
with lower 30-day ED returns. Secondly, we evaluate whether Black race is associated with
receiving a scheduled 7-day follow-up after discharge from a HF hospitalization. Because tran-
sitional care practices may vary by hospital, we further examine whether Black race is associ-
ated with early follow-up rates at the hospital-level. Since prior literature demonstrates the
greatest disparities between White and Black races, and our aim in examining racial disparities
is to offer transitional care interventions, we restrict our analysis sample to these groups.

We hypothesized that early follow-up is associated with lower ED returns and that Black
patients are less likely to have an early follow-up scheduled overall, but that there would be
lower rates of follow-up at hospitals with less Black patients. We conduct this study in a quality
improvement collaborative of 13 hospitals across Michigan which provide data on a set of tar-
geted conditions, including HF. Hospital participation was voluntary. This unique multi-payer
database allows for the examination of care across a variety of hospital settings with all-payer
patient data for HF.
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Methods

We performed a retrospective cohort analysis of all Black and White adult patients at 13 hospi-
tals in Michigan hospitalized for HF from October 1, 2017, to September 30, 2020. Details of
the participating hospitals are as follows: all non-profit and general acute care hospitals, 6
church ownership, 7 private ownership, 12 teaching hospitals. Number of hospital beds ranged
from 129-637 beds, 0 critical access designated. Race was captured via self-report using the
categories White or Caucasian, Black or African American, Asian, Native Hawaiian or Other
Pacific Islander, American Indian or Alaska Native, and some other race. Of the initial sample
of 6,821 individuals, those with missing data were removed from the analysis (n = 328). Miss-
ing data ranged from 0% to 1.89%; missingness from key variables was as follows: ED return
visits 0%, follow-up visits 0.03%, and race 1.89%. Eligibility criteria for chart abstraction were
as follows: not pregnant, did not die during hospitalization, not under the age of 18, and did
not leave the hospital against medical advice.

Given the inclusion of data captured during the COVID-19 pandemic, a sensitivity analysis
was conducted excluding data from the most affected period. The main regression models
were re-fitted using a sample that excluded patients discharged from April 1, 2020, through
the end of sample data on September 30, 2020.

Charts were manually abstracted by trained chart abstractors as part of a quality improve-
ment initiative funded by Blue Cross Blue Shield of Michigan (BCBSM) and Blue Care Net-
work. Abstractors were initially trained by quality improvement nursing staff from the
BCBSM central coordinating center following detailed data element guides. For each partici-
pating hospital, yearly audits of three charts and abstracted elements were conducted by the
centralized quality improvement nurses to ensure quality control. The audits are a part of the
performance improvement incentive score. If data abstractors abstract elements incorrectly,
points are deducted and retraining occurs with correction of the elements, and the chart is re-
audited. Although funded by BCBSM, the charts analyzed were from all patients hospitalized
for HF, regardless of the health insurance carrier.

Statistical analysis

The main outcome measures were ED returns, defined as a visit to the ED within 30 days of
discharge and early follow-up, defined as a scheduled appointment within 7 days of hospital
discharge. Early follow-up visits were incentivized by BCBSM through pay-for-performance
and were counted if scheduled. The association between early follow-up and 30-day ED
returns was assessed using a multivariable logistic regression model. A stepwise procedure was
used to select covariates into the multivariable model from a list of 21 demographic and clini-
cal variables (S1 File) selected by a theory-driven approach of variables related to healthcare
utilization for HF [16-18, 21], and described in Table 1. Stepwise procedure selected covariates
using a p-value threshold of 0.1 and selected the variable of interest (early follow-up); four
LACE [22] risk scoring items (length of stay, acuity of admission, Charlson comorbidity index,
and prior emergency department visits), and receipt of additional transitional care activities
(coded 0 and 1) regardless of their statistical significance. The Hosmer-Lemeshow goodness of
fit test indicated good fit (P = 0.276) for this model (Model 1).

A multivariable logistic model was also estimated to assess whether Black race was associ-
ated with a lower early follow-up rate (Model 2). Again, stepwise logistic regression was used
to select covariates into the multivariable model from demographic and clinical variables
(described in Table 1), with stepwise procedure retaining the variable of interest (race), Medic-
aid, four LACE risk scoring items, prior hospitalizations regardless of their statistical signifi-
cance, and other variables using a p-value threshold of 0.1. While Black race and Medicaid
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Table 1. Characteristics of Black and White patients hospitalized for heart failure at 13 hospitals in Michigan from 2017 to 2020.

Overall Early Follow-up No Early Follow-up p-value
(N = 6,493) (N = 2,798) (N = 3,695)
Outcome
ED return visits within 30 days 10% 9% 11% 0.039
Sociodemographics
Black 37% 31% 42% <0.001
Age (SD) 71 (15) 72 (14) 70 (15) <0.001
Female 50% 49% 51% 0.204
Married 41% 46% 37% <0.001
Medicaid 9% 7% 10% <0.001
Neighborhood Income ($1000) (SD) * 52.0(20.7) 53.5(19.6) 51.7(21.5) 0.11
Clinical Characteristics: Patient
Charlson Comorbidity Index (SD) b 4.2(2.2) 4.3(2.2) 4.1(2.1) <0.001
Diabetes uncontrolled 9% 10% 8% 0.028
Discharged with > = 10 medications 67% 70% 64% <0.001
Discharged with Opioids 24% 24% 25% 0.151
Discharged on Antiplatelets 63% 61% 64% 0.006
Depression 27% 28% 27% 0.48
Require Dialysis 9% 7% 10% <0.001
Clinical Characteristics: Hospitalization
ED visits in prior 180 days 32% 33% 32% 0.486
Admissions in prior 180 days 49% 48% 50% 0.057
Treated in Intensive Care Unit 8% 8% 8% 0.877
PCP identified in Discharge Summary © 86% 90% 83% <0.001
DS/AVS medication discrepancy 53% 46% 58% <0.001
Length of Stay (SD) © 4.7(3.6) 4.8(3.3) 4.8(3.8) 0.786
Received other transitional care/s ¢ 70% 80% 63% <0.001
Admitted from ED © 90% 88% 91% <0.001

P-values for categorical patient measures are based on chi-square tests, while p-values for continuous measures are based on T-tests

*Neighborhood income is zip code median household income measured in units of $1K

PCharlson Comorbidity Index (1-12)

“Abbreviations: ED, Emergency Department; PCP, Primary Care Provider; AVS, After Visit Summary; DS, Discharge Summary (d) Other quality improvement

transitional care intervention(s) intervention(s) determined at the cluster level excluding 7 day follow up, activities such as care management, standardized discharge

process, consults/ referrals, patient education, or medication reconciliation.

https://doi.org/10.1371/journal.pone.0279394.t001

were moderately correlated (0.235), collinearity diagnostics indicated lack of collinearity
between the two variables (Black: VIF = 1.15, Tolerance = 0.873; Medicaid: VIF = 1.09,
Tolerance = 0.920).

To test the hypothesis that the association between Black race and early follow-up may vary
across hospital sites, we re-estimated Model 2 adding an interaction term between Black race
and site indicators (Model 3). After fitting the model with interaction terms, predicted proba-
bility of early follow-up for Black patients were calculated taking the interaction effect into
account. While the Hosmer-Lemeshow goodness of fit test indicated good fit for both models
(Model 2: P = 0.483; Model 3: P = 0.829), a model comparison confirmed that the larger model
(Model 3) had better fit.

Using the logistical regression models cited above, we calculated the Adjusted Risk Ratios
(aRRs), a measure of relative risk, for ease of interpretation of the logit model. The ARR is a
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Variables Adjusted Risk Ratio
with 95% CI

Early Follow-up 0.85[ 0.71, 0.98] —'—i
Received other transitional care/s 1.05[0.86, 1.24] —:-—
LOS (p90=8days vs.p10=2days) 0.95[0.82, 1.07] —"i—
Charlson Index (p90=7 vs.p10=2) 1.21[1.00, 1.41] I‘—l—
ED visits in prior 180 days 1.77 [ 1.51, 2.04] : —
Admitted from ED 1.12[0.83, 1.42] —-—
Medicaid 1.33[1.03, 1.62] i—l—
Admission/s in prior 180 days 1.44[1.22, 1.67] : —
Require Dialysis 1.76 [ 1.41, 2.11] i -

|

|

050 160 Léo 260

Fig 1. Adjusted associations between early follow-up and ED Returns in Black and White patients hospitalized for heart failure at 13 hospitals in
Michigan from 2017 to 2020. Adjusted Risk Ratios (aRRs) calculated from multivariable logistic regression model between Early Follow-up and ED returns in
addition to all other included covariates. ED Returns is defined as ED visit within 30-days of HF hospital discharge; early follow-up is defined as scheduled
follow-up visit within 7 days.

https://doi.org/10.1371/journal.pone.0279394.9001

postestimation calculation which estimates predicted probabilities based on the logit model.
The fit model is used to estimate the ratio of the adjusted predicted risk among the exposed to
the adjusted predicted risk among those unexposed. Thus, the ARR is the ratio of the mean of
theses predicted probabilities averaged over the entire dataset. We conducted this analysis
using the adjrr command in Stata [23].

Fig 1 displays Model 1 for the association between factors and ED returns. Fig 2 ~Panel A
reports aRRs for Model 2 for the association between factors and early follow-up. Fig 2 —Panel
B reports aRRs from Model 3 for the association between Black race and early follow-up at
each of the 13 hospital sites. For descriptive purposes, Fig 2 —Panel B also provides percentage
of Black patients in each of the 13 sites.

Analyses were performed using STATA v16 (StataCorp). The University of Michigan Insti-
tutional Review Board (IRB) waived review of this study. The data were fully anonymized
before being accessed and the IRB waived the requirement for informed consent.

Results

The analytic sample comprised 6,493 patients with a mean age of 71 years (SD 15), 50% female,
37% Black, and 9% Medicaid (Table 1 and stratified by race in S1 Table). Most HF hospitalized
patients (90%) were admitted from the ED, 8% were treated in the intensive care unit during
the stay, and the average length of stay was 4.7 days (SD 3.6). Ten percent of patients (n = 666)
had an ED return visit within 30 days. Almost half (43%, n = 2,798) of patients had an early
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Variables iy Site Adjusted Risk Ratio
Sociodemographics ; with 95% CI
Black 0.95[0.89, 1.01] —= !
Married 1.12[1.06, 1.18] | —=— site 1 (Black=9%) 0.84[0.59, 1.19] —IJI—
Medicaid 0.2010:80, 1:001 = ste2 (Black=10%)  045[021, 098]  —=——!
: site 3 (Black=15%) 0.66 [ 0.43, 1.00] ——y
Clinical Characteristics: Patient | . Al |
Charlson Index (p90=7 vs.p10=2) 1.01[0.95, 1.08] -+ site 4 (Black=19%) 0.85[0.72, 0.99] -
Discharged with =10 medications 1.12[1.06, 1.20] | —=— site 5 (Black=24%) 0.88 [ 0.74’ 1.03] ~a-
Discharged with Opioids 0.94[ 0.88, 1.00] —] . o |
Depression 092[0.86, 0.98] ] site 6 (Black=26%) 1.10[0.92, 1.32] —H—I
Require Dialysis 0.86 0.7, 0.96] . ‘[ site 7 (Black=28%) 0.94[0.81, 1.10] —-
} site 8 (Black=30%) 1.1910.98, 1.43] Jl—!—
Cilnical C \ site 9 (Black=30%) 0.91[0.62, 1.36] ——
ED visits in prior 180 days 1.03[0.97, 1.09] fu— . |
Admission/s in prior 180 days 097092, 1.02] = site 10 (Black=44%)  1.42[0.96, 2.10] T
PCP identified in Discharge Summary 1.35[ 1.23, 1.48] ‘ ——— : —RR0, +
LOS (p90=8 days vs.p10=2 days) 0.99[0.95, 1.04] —l‘— Sl SRERSk! L s e
Received other transitional care/s 1.36[ 1.26, 1.46] | — site 12 (Black=78%) 0.98[0.79, 1.22] _dl—
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|
|
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Fig 2. Adjusted association between race and early follow-up by aggregate and by hospital site in Black and White patients hospitalized for heart failure
at 13 hospitals in Michigan from 2017 to 2020. Notes: Adjusted Risk Ratios (ARRs) calculated from multivariable logistic regression model between early
follow-up (defined as scheduled 7-day follow-up) and all other included covariates. Panel A shows the model with the Black race variable and no site
interaction term. Panel B shows the model that included all Panel A variables with an additional race x site interaction term. We present the predicted adjusted
association between Black race and 7-day follow-up by each hospital site ordered by percentage of Black patients hospitalized for HF in each site. Results listed
in tabular form in S3 Table.

https://doi.org/10.1371/journal.pone.0279394.9002

follow-up visit scheduled within 7 days. Patients with no early follow-up visits compared to
those who had early follow-up were more likely to have an ED return within 30 days (11% ver-
sus 9%, P = 0.039) and were more likely to be Black (42% versus 31%, P = <0.001).

Emergency department returns

The relationship between early follow-up visits and ED returns is displayed graphically with
covariates in Fig 1, and as unadjusted results in the S2 Table. Adjusted analysis found that
patients with early follow-up visits had a 15% lower risk of ED returns (aRR 0.85 [95%CI,
0.71-0.98]) compared with patients who did not have early follow-up visits. The following fac-
tors showed an increased risk of ED returns: Medicaid insurance (aRR 1.33 [95%CI, 1.03-
1.62]), prior admission in last 180 days (aRR 1.44 [95%CI, 1.22-1.67]); and dialysis (aRR 1.76
[95%CI, 1.41-2.11]).

Early follow-up across all hospitals

The relationship between race and early follow-up visits is displayed graphically with covari-
ates in Fig 2 Panel A (tabular form in S3 Table) and as unadjusted results in S4 Table. The
unadjusted analysis found Black patients had a reduced likelihood of early follow-up compared
to White patients (RR 0.76 [95%CI, 0.71-0.80]). The adjusted analysis found Black patients
had no significant association with early follow-up (aRR 0.95 [95%CI, 0.89-1.01]) compared
to White patients. Several patient clinical factors were associated with lower rates of early fol-
low-up: dialysis (aRR 0.86 [95%ClI, 0.77-0.96]), Medicaid insurance (aRR 0.90 [95%CI, 0.80-
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1.00]), depression (aRR 0.92 [95%CI, 0.86-0.98]), and being discharged with opioids (aRR
0.94 [95%CI, 0.88-1.00]).

Early follow-up by hospital-level

The relationship between race and early follow-up visits by hospital-level is displayed graphi-
cally with covariates in Fig 2 Panel B (tabular form in S3 Table). The adjusted analyses found
that three hospitals that had a lower proportion of HF patients of Black race also had lower
rates of early follow-up for Black patients, ranging from 15%-55% reduced likelihood of early
follow-up in Black patients. The hospitals with the lowest two follow-up rates for Black patients
were at a site with 10% Black patients (aRR 0.45 [95%CI, 0.21-0.96]), and a site with 15%
Black patients (aRR 0.66 [95%CI, 0.43-1.00]).

Sensitivity analysis on both main outcomes excluding COVID-19 affected quarters (dis-
charges from April 1, 2020, through the end of sample data on September 30, 2020) showed
findings consistent with the main analysis models. There were slightly stronger associations
between early follow-up and lower risk of ED return (aRR 0.78 [95%CI 0.65-0.93]) compared
to the full 2020 dataset. As in the full 2020 model, we did not observe any statistically signifi-
cant overall association between Black race and early follow-up when we excluded COVID-19
affected quarters.

Discussion

Having an early follow-up visit after HF hospitalization was associated with a lower likelihood
of an ED return. Despite this potentially protective association, certain patient factors reflective
of clinical vulnerability (dialysis, depression, discharge on opioid prescriptions) were associ-
ated with being less likely to receive early follow-up. At select hospital sites with lower propor-
tions of Black HF patients, Black race was also associated with a lower likelihood of early
follow-up.

There are a few potential explanations and interpretations for these findings. Early follow-
up visits after HF hospitalization could avert an ED visit due to the medical interventions and
coordination of care that takes place during the follow-up visit. While it may be expected that
patients with more comorbidities or difficulty with healthcare access—such as patients on dial-
ysis with Medicaid insurance—should be targeted for earlier follow-up since they are at higher
risk for readmission and unscheduled healthcare needs, these higher-risk patients were less
likely to receive early follow-up visits in this study. Specifically, Medicaid insurance and receipt
of dialysis were factors associated with a lower likelihood of early follow-up but also a higher
likelihood to have an ED return. One explanation for this observation may be that these
patients fared poorly due to the lack of follow-up and thus needed more urgent care in the ED.
Our theory—that transitional care can avert ED returns—is supported by previous random-
ized trials based in Canada, which found that HF patients randomized to transitional care after
discharge had a reduction in rate of ED returns [19]: in one study in 2000 by Harrison et al. of
200 patients, nurse-led transitional care of structured home visits and telephone follow-up
reduced ED visits; in the second study in 1998 by Tsuyuki et al. of 276 patients, transitional
care including patient education and telephone follow-up reduced cardiovascular-related ED
visits. These findings speak to the inherent value of prompt medical evaluation after HF
hospitalization.

An alternate explanation is that these patients are less likely to schedule outpatient appoint-
ments due to difficulty navigating the healthcare system [24], and thus are more likely to access
healthcare via unscheduled methods such as the ED. Of note, Medicaid insurance accounts for
a disproportionately higher number of ED visits than other insurance groups [25], a finding
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also seen in our population—the ED visit rate for Medicaid patients was 14.5% (n = 82/567)
versus 9.8% for non-Medicaid patients (n = 584/5926) (y2 for difference p<0.001). Impor-
tantly, the variable of follow-up visit was measured if the case was scheduled, not completed,
and so transportation factors, a known barrier to accessing healthcare, are not relevant. Thus,
patterns of healthcare usage may be a confounder in interpreting links between factors related
to lower early follow-up and higher ED returns.

Both explanations suggest the need for higher-touch outreach in scheduling early follow-up
and/or increased coordination of care before discharge for patients identified as at greater risk
of ED returns. Previous studies have found that higher-intensity transitional care, such as tele-
phone follow-up with home visits, had a greater impact on reducing readmission compared to
lower-intensity measures, such as telephone follow-up alone [19]. Additionally, a meta-analy-
sis found nurse home visits were more effective than disease-management clinics at reducing
readmissions [26]. Multidisciplinary teams including allied health professionals, navigators,
and community health workers can play a role in facilitating early follow-ups [27]. Future
studies should examine the impact of such higher-intensity interventions for groups less likely
to schedule follow-ups and/or more likely to have ED returns.

Our findings extend previous findings linking transitional care with lower ED returns. A
meta-analysis of transitional care interventions that included 5 randomized control trials
found a reduced risk of ED returns (relative risk 0.71 [95%CI, 0.51-0.98]), which was slightly
greater in magnitude than in our study [19]. The studies in this meta-analysis with the greatest
reduction in ED visits utilized structured home visits and telephone follow-up, as opposed to
our study, which only examined clinic-based follow-up visits. In a stepped-wedged cluster ran-
domized trial of 2,494 patients in Canada which examined transitional care interventions
including a 7-day follow-up visit, the exploratory outcome of 30-day ED returns was reduced
in the transitional care arm (HR 0.65 [95%CI 0.45-0.95]) compared to standard care [28].

While we examined ED returns within 30 days as a measure of care utilization, more evi-
dence exists on the impact of transitional care on hospital readmission among HF patients.
Since the majority of HF hospitalizations originated from ED admissions in this study (90%),
and nationally, most (83%) ED visits for HF are admitted, comparing our study to the read-
mission literature is instructive. In a meta-analysis of transitional care studies, visiting a disease
management clinic after HF hospitalization reduced all-cause readmission of varying periods
post-discharge (incident rate ratio 0.80, 95% CI 0.66-0.97) [26]. At a hospital level, a study of
225 hospitals found a significant decrease in 30-day readmissions for hospitals with the highest
early follow-up rates compared to the lowest (adjusted hazard ratio 0.91 95%CI 0.83-1.00)
[16]. A case-control study of 11,985 HF patients within an integrated healthcare system in Cal-
ifornia also found a reduced 30-day readmission for patients with 7-day follow-up compared
to those who received later appointment dates (aOR 0.81, 95%CI 0.7-0.94) [17]. Lastly, a study
of 13,577 HF patients in Taiwan demonstrated a reduced hazard ratio of 30-day readmission
for patients receiving 7-day physician follow-up (HR 0.54, 95%CI 0.48-0.6) [18].

Additionally, we find that although Black patients have worse HF outcomes, hospitals with
lower proportions of Black HF patients were less likely to schedule an early follow-up for Black
patients. That Black patients were less likely to have follow-ups after HF hospitalization is con-
sistent with the findings from a previous Medicare claims analysis [29]. However at an individ-
ual hospital level, our finding is surprising given Medicare data which shows Black patients at
non-minority serving hospitals had lower readmission rates (23%) than Blacks at minority-
serving hospitals (26%), seeming to imply better outcomes for Black patients at hospitals with
lower proportions of Black patients [30]. One might expect the non-minority-serving hospital
would then increase rates of scheduling for early follow-up in Black patients to decrease racial
disparities in care, however, this is not what we observed. These disparities in scheduling
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follow-up care existed despite a hospital network wide quality improvement program that spe-
cifically financially incentivized these visits. As an observational study, the explanations for
this finding are uncertain. Possible explanations of reduced access to HF care by Black patients
include: implicit bias—consistent with findings of racial disparities in the management and
evaluation of Black HF patients [3, 5-9, 12], and residual confounding from social variables
such as educational attainment and poverty [31].

Together, these findings may represent missed opportunities to intervene in high-risk
groups to prevent ED returns. Study limitations include: experiences in Michigan may not
generalize to other states, missing information on whether scheduled follow-up visits actually
occurred, unknown ED return or early follow-up data if a patient went to an ED, hospital, or
clinic outside of the 13 hospitals included in the study, and unmeasured confounding from
neighborhood effects and other social determinants of health. Furthermore, the reason for the
ED return was not delineated and could be related to other comorbidities as opposed to HF.
Study strengths include: detailed patient-level and visit-level variables to help understand con-
textual factors of healthcare utilization and high-quality chart abstracted all-payer data across a
wide variety of hospitals situated in geographic areas with diverse demographics.

As we recognize the human costs of our fragmented healthcare system, our findings under-
score the importance of identifying disparities in HF follow-up care and the necessity to
improve the equity of care for those in the highest need. Investigations into transitional care
measures are increasingly important given the potential negative influence of national policies
that may not adequately consider sociodemographic and community factors in their scoring
systems [32, 33]. One such example is the Hospital Readmissions Reduction Program (HRRP),
a Centers for Medicare & Medicaid Services (CMS) program that does not incorporate social
determinants [34, 35] —factors which may influence healthcare utilization and outcomes—but
penalizes hospitals for higher than expected rates of readmission. The policy implications of
our findings highlight the need to measure, monitor, and mitigate the potential inequitable
effects of national quality measures, especially those that could exacerbate financial challenges
for already struggling safety-net hospitals. Incorporating modifiable, process-based measures,
such as equity in the offering of transitional care services, may represent a future model for
federal quality measure consideration.

Supporting information

S1 File. Explanatory variable operational definitions.
(DOCX)

S1 Table. Patient characteristics stratified by race. P-values for categorical patient measures
are based on chi-square test, while p-values for continuous measures are based on linear
regression. * Neighborhood income is zip code median household income measured in units
of $1K. ® Charlson Comorbidity Index (1-12) € Abbreviations: ED, Emergency Department;
PCP, Primary Care Provider; AVS, After Visit Summary; DS, Discharge Summary. 4 Other
quality improvement transitional care intervention(s): intervention(s) determined at the clus-
ter level excluding 7-day follow-up, activities such as care management, standardized discharge
process, consults/referrals, patient education, or medication reconciliation.

(DOCX)

$2 Table. Unadjusted associations between early follow-up and emergency department. (a)
Comparison is for 10th and 90th percentile values. (b) Abbreviations: ED, Emergency Depart-
ment; PCP, Primary Care Provider; AVS, After Visit Summary; DS, Discharge Summary (c)
Other quality improvement transitional care intervention(s): intervention(s) determined at

PLOS ONE | https://doi.org/10.1371/journal.pone.0279394 December 22, 2022 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279394.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279394.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279394.s003
https://doi.org/10.1371/journal.pone.0279394

PLOS ONE

ED returns and the role of race in early follow-up visits in heart failure

the cluster level excluding 7-day follow-up, activities such as care management, standardized
discharge process, consults/referrals, patient education, or medication reconciliation.
(DOCX)

$3 Table. Adjusted associations between patient factors and early follow-up by aggregate
and by hospital site. Adjusted Risk Ratios (aRRs) from multivariable logistic regression model
between early follow-up (scheduled within 7 days post-discharge) and patient/site factors.
Panel A shows model with Black race variable and no site interaction term. Panel B shows
model that included Panel A variables with an additional race x site interaction term. We pres-
ent the predicted adjusted association between Black race and 7-day follow-up by each hospital
site ordered by percentage of Black patients hospitalized for heart failure in each site.

(DOCX)

S$4 Table. Unadjusted associations between patient characteristics and early follow-up. (a)
Comparison is for 10th and 90th percentile values. (b) Abbreviations: ED, Emergency Depart-
ment; PCP, Primary Care Provider; AVS, After Visit Summary; DS, Discharge Summary (c)
Other quality improvement transitional care intervention(s): intervention(s) determined at
the cluster level excluding 7-day follow-up, activities such as care management, standardized
discharge process, consults/referrals, patient education, or medication reconciliation.
(DOCX)

Author Contributions

Conceptualization: Rachel E. Solnick, Ganga Vijayasiri, Yiting Li, Grace Jenq, David Bozaan.
Data curation: Yiting Li.

Formal analysis: Ganga Vijayasiri, Yiting Li.

Investigation: Rachel E. Solnick, Ganga Vijayasiri, Yiting Li, Keith E. Kocher, Grace Jeng,
David Bozaan.

Methodology: Rachel E. Solnick, Ganga Vijayasiri, Yiting Li.

Project administration: Yiting Li, Grace Jenq, David Bozaan.

Resources: Grace Jeng, David Bozaan.

Supervision: Rachel E. Solnick, Keith E. Kocher, David Bozaan.

Writing - original draft: Rachel E. Solnick, Ganga Vijayasiri, Keith E. Kocher.

Writing - review & editing: Rachel E. Solnick, Ganga Vijayasiri, Keith E. Kocher, Grace Jeng,
David Bozaan.

References

1. Capers Q, Sharalaya Z. Racial Disparities in Cardiovascular Care: A Review of Culprits and Potential
Solutions. J Racial Ethn Health Disparities. 2014; 1: 171-180. https://doi.org/10.1007/s40615-014-
0021-7

2. Nayak A, Hicks AJ, Morris AA. Understanding the Complexity of Heart Failure Risk and Treatment in
Black Patients. Circ Heart Fail. 2020; 13: e007264. https://doi.org/10.1161/CIRCHEARTFAILURE.120.
007264 PMID: 32787445

3. BreathettK, Liu WG, Allen LA, Daugherty SL, Blair IV, Jones J, et al. African Americans Are Less Likely
to Receive Care by a Cardiologist During an Intensive Care Unit Admission for Heart Failure. JACC
Heart Fail. 2018; 6: 413—420. https://doi.org/10.1016/j.jchf.2018.02.015 PMID: 29724363

PLOS ONE | https://doi.org/10.1371/journal.pone.0279394 December 22, 2022 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279394.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279394.s005
https://doi.org/10.1007/s40615-014-0021-7
https://doi.org/10.1007/s40615-014-0021-7
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007264
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007264
http://www.ncbi.nlm.nih.gov/pubmed/32787445
https://doi.org/10.1016/j.jchf.2018.02.015
http://www.ncbi.nlm.nih.gov/pubmed/29724363
https://doi.org/10.1371/journal.pone.0279394

PLOS ONE

ED returns and the role of race in early follow-up visits in heart failure

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Lo AX, Donnelly JP, Durant RW, Collins SP, Levitan EB, Storrow AB, et al. A National Study of U.S.
Emergency Departments: Racial Disparities in Hospitalizations for Heart Failure. Am J Prev Med. 2018;
55: S31-839. https://doi.org/10.1016/j.amepre.2018.05.020 PMID: 30670199

Hess PL, Hernandez AF, Bhatt DL, Hellkamp AS, Yancy CW, Schwamm LH, et al. Sex and Race/Eth-
nicity Differences in Implantable Cardioverter-Defibrillator Counseling and Use Among Patients Hospi-
talized With Heart Failure: Findings from the Get With The Guidelines-Heart Failure Program.
Circulation. 2016; 134: 517-526. https://doi.org/10.1161/CIRCULATIONAHA.115.021048 PMID:
27492903

Groeneveld PW, Heidenreich PA, Garber AM. Racial disparity in cardiac procedures and mortality
among long-term survivors of cardiac arrest. Circulation. 2003; 108: 286—291. https://doi.org/10.1161/
01.CIR.0000079164.95019.5A PMID: 12835222

Hernandez AF, Fonarow GC, Liang L, Al-Khatib SM, Curtis LH, LaBresh KA, et al. Sex and racial differ-
ences in the use of implantable cardioverter-defibrillators among patients hospitalized with heart failure.
JAMA. 2007; 298: 1525—-1532. hitps://doi.org/10.1001/jama.298.13.1525 PMID: 17911497

Eapen ZJ, Al-Khatib S, Lopes RD, Wang Y, Bao H, Curtis J, et al. Are racial/ethnic gaps in the use of
cardiac resynchronization therapy narrowing?: an analysis of 107,096 patients from the National Car-
diovascular Data Registry’s ICD Registry. J Am Coll Cardiol. 2012; 60: 1577—1578. https://doi.org/10.
1016/j.jacc.2012.06.024 PMID: 22958954

Farmer SA, Kirkpatrick JN, Heidenreich PA, Curtis JP, Wang Y, Groeneveld PW. Ethnic and racial dis-
parities in cardiac resynchronization therapy. Heart Rhythm. 2009; 6: 325-331. https://doi.org/10.1016/
j.hrthm.2008.12.018 PMID: 19251206

Breathett K, Yee E, Pool N, Hebdon M, Crist JD, Knapp S, et al. Does Race Influence Decision Making
for Advanced Heart Failure Therapies? J Am Heart Assoc. 2019; 8: e013592. https://doi.org/10.1161/
JAHA.119.013592 PMID: 31707940

Schulman KA, Berlin JA, Harless W, Kerner JF, Sistrunk S, Gersh BJ, et al. The effect of race and sex
on physicians’ recommendations for cardiac catheterization. N Engl J Med. 1999; 340: 618—-626.
https://doi.org/10.1056/NEJM199902253400806 PMID: 10029647

Miller T, Carter SV, Smith BA. Disparities in acute decompensated heart failure. Curr Opin Cardiol.
2021; 36: 335—339. https://doi.org/10.1097/HCO.0000000000000856 PMID: 33769383

Kohei Hasegawa, Yusuke Tsugawa, Camargo Carlos A., Brown David F.M. Frequent Utilization of the
Emergency Department for Acute Heart Failure Syndrome. Circ Cardiovasc Qual Outcomes. 2014; 7:
735-742. https://doi.org/10.1161/CIRCOUTCOMES.114.000949 PMID: 25139183

Davis JD, Olsen MA, Bommarito K, LaRue SJ, Saeed M, Rich MW, et al. All-Payer Analysis of Heart
Failure Hospitalization 30-Day Readmission: Comorbidities Matter. Am J Med. 2017; 130: 93.e9-93.
e28. https://doi.org/10.1016/j.amjmed.2016.07.030 PMID: 27592085

Patil S, Shah M, Patel B, Agarwal M, Ram P, Alla VM. Readmissions Among Patients Admitted With
Acute Decompensated Heart Failure Based on Income Quartiles. Mayo Clin Proc. 2019; 94: 1939—
1950. https://doi.org/10.1016/j.mayocp.2019.05.027 PMID: 31585578

Hernandez AF, Greiner MA, Fonarow GC, Hammill BG, Heidenreich PA, Yancy CW, et al. Relationship
between early physician follow-up and 30-day readmission among Medicare beneficiaries hospitalized
for heart failure. JAMA. 2010; 303: 1716—1722. https://doi.org/10.1001/jama.2010.533 PMID:
20442387

Lee KK, Yang J, Hernandez AF, Steimle AE, Go AS. Post-discharge Follow-up Characteristics Associ-
ated With 30-Day Readmission After Heart Failure Hospitalization. Med Care. 2016; 54: 365-372.
https://doi.org/10.1097/MLR.0000000000000492 PMID: 26978568

Tung Y-C, Chang G-M, Chang H-Y, Yu T-H. Relationship between Early Physician Follow-Up and 30-
Day Readmission after Acute Myocardial Infarction and Heart Failure. PLoS One. 2017; 12: e0170061.
https://doi.org/10.1371/journal.pone.0170061 PMID: 28129332

Vedel I, Khanassov V. Transitional Care for Patients With Congestive Heart Failure: A Systematic
Review and Meta-Analysis. Ann Fam Med. 2015; 13: 562—-571. https://doi.org/10.1370/afm.1844 PMID:
26553896

Storrow AB, Jenkins CA, Self WH, Alexander PT, Barrett TW, Han JH, et al. The burden of acute heart
failure on U.S. emergency departments. JACC Heart Fail. 2014; 2: 269-277. https://doi.org/10.1016/].
jchf.2014.01.006 PMID: 24952694

Hess CN, Shah BR, Peng SA, Thomas L, Roe MT, Peterson ED. Association of early physician follow-
up and 30-day readmission after non-ST-segment-elevation myocardial infarction among older patients.
Circulation. 2013; 128: 1206—1213. https://doi.org/10.1161/CIRCULATIONAHA.113.004569 PMID:
23946265

PLOS ONE | https://doi.org/10.1371/journal.pone.0279394 December 22, 2022 11/12


https://doi.org/10.1016/j.amepre.2018.05.020
http://www.ncbi.nlm.nih.gov/pubmed/30670199
https://doi.org/10.1161/CIRCULATIONAHA.115.021048
http://www.ncbi.nlm.nih.gov/pubmed/27492903
https://doi.org/10.1161/01.CIR.0000079164.95019.5A
https://doi.org/10.1161/01.CIR.0000079164.95019.5A
http://www.ncbi.nlm.nih.gov/pubmed/12835222
https://doi.org/10.1001/jama.298.13.1525
http://www.ncbi.nlm.nih.gov/pubmed/17911497
https://doi.org/10.1016/j.jacc.2012.06.024
https://doi.org/10.1016/j.jacc.2012.06.024
http://www.ncbi.nlm.nih.gov/pubmed/22958954
https://doi.org/10.1016/j.hrthm.2008.12.018
https://doi.org/10.1016/j.hrthm.2008.12.018
http://www.ncbi.nlm.nih.gov/pubmed/19251206
https://doi.org/10.1161/JAHA.119.013592
https://doi.org/10.1161/JAHA.119.013592
http://www.ncbi.nlm.nih.gov/pubmed/31707940
https://doi.org/10.1056/NEJM199902253400806
http://www.ncbi.nlm.nih.gov/pubmed/10029647
https://doi.org/10.1097/HCO.0000000000000856
http://www.ncbi.nlm.nih.gov/pubmed/33769383
https://doi.org/10.1161/CIRCOUTCOMES.114.000949
http://www.ncbi.nlm.nih.gov/pubmed/25139183
https://doi.org/10.1016/j.amjmed.2016.07.030
http://www.ncbi.nlm.nih.gov/pubmed/27592085
https://doi.org/10.1016/j.mayocp.2019.05.027
http://www.ncbi.nlm.nih.gov/pubmed/31585578
https://doi.org/10.1001/jama.2010.533
http://www.ncbi.nlm.nih.gov/pubmed/20442387
https://doi.org/10.1097/MLR.0000000000000492
http://www.ncbi.nlm.nih.gov/pubmed/26978568
https://doi.org/10.1371/journal.pone.0170061
http://www.ncbi.nlm.nih.gov/pubmed/28129332
https://doi.org/10.1370/afm.1844
http://www.ncbi.nlm.nih.gov/pubmed/26553896
https://doi.org/10.1016/j.jchf.2014.01.006
https://doi.org/10.1016/j.jchf.2014.01.006
http://www.ncbi.nlm.nih.gov/pubmed/24952694
https://doi.org/10.1161/CIRCULATIONAHA.113.004569
http://www.ncbi.nlm.nih.gov/pubmed/23946265
https://doi.org/10.1371/journal.pone.0279394

PLOS ONE

ED returns and the role of race in early follow-up visits in heart failure

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Van Walraven C, Dhalla IA, Bell C, Etchells E, Stiell IG, Zarnke K, et al. 2010. Derivation and validatio of
an index to predict early death or unplanned readmission after discharge from hospital to the commu-
nity. CMAJ. 182(6):551557 https://doi.org/10.1503/cmaj.091117 PMID: 20194559

Norton EC, Miller MM, Kleinman LC. Computing Adjusted Risk Ratios and Risk Differences in Stata.
Stata J. 2013; 13(3):492-509. https://doi.org/10.1177/1536867X1301300304

Perry. Hospital readmissions from the inside out: Stories from patients and health care providers. The
revolving door: A report on US hospital. 2013. Available: https://www.aaaceus.com/courses/nl0314a_
article1-2.pdf.

Tang N, Stein J, Hsia RY, Maselli JH, Gonzales R. Trends and characteristics of US emergency depart-
ment visits, 1997-2007. JAMA. 2010; 304: 664—670. https://doi.org/10.1001/jama.2010.1112 PMID:
20699458

Van Spall HGC, Rahman T, Mytton O, Ramasundarahettige C, Ibrahim Q, Kabali C, et al. Comparative
effectiveness of transitional care services in patients discharged from the hospital with heart failure: a
systematic review and network meta-analysis. Eur J Heart Fail. 2017; 19: 1427-1443. https://doi.org/
10.1002/ejhf.765 PMID: 28233442

Centers for Medicare & Medicaid Services, NORC at the University of Chicago. Guide to Reducing Dis-
parities in Readmissions. Centers for Medicare & Medicaid Services; 2018 Aug. Report No.: Contract
Numbers HHSM-500-2011-0000021 #T0012. Available: https://www.cms.gov/about-cms/agency-
information/omh/downloads/omh_readmissions_guide.pdf.

Van Spall HGC, Lee SF, Xie F, Oz UE, Perez R, Mitoff PR, et al. Effect of Patient-Centered Transitional
Care Services on Clinical Outcomes in Patients Hospitalized for Heart Failure: The PACT-HF Random-
ized Clinical Trial. JAMA. 2019; 321: 753-761. https://doi.org/10.1001/jama.2019.0710 PMID:
30806695

DeLia D, Tong J, Gaboda D, Casalino LP. Post-discharge follow-up visits and hospital utilization by
Medicare patients, 2007-2010. Medicare Medicaid Res Rev. 2014;4. https://doi.org/10.5600/mmrr.004.
02.a01 PMID: 24949226

Joynt KE, Orav EJ, Jha AK. Thirty-day readmission rates for Medicare beneficiaries by race and site of
care. JAMA. 2011; 305: 675—-681. https://doi.org/10.1001/jama.2011.123 PMID: 21325183

Roberts ET, Zaslavsky AM, Barnett ML, Landon BE, Ding L, McWilliams JM. Assessment of the Effect
of Adjustment for Patient Characteristics on Hospital Readmission Rates: Implications for Pay for Per-
formance. JAMA Intern Med. 2018; 178: 1498—1507. https://doi.org/10.1001/jamainternmed.2018.4481
PMID: 30242346

Gu Q, Koenig L, Faerberg J, Steinberg CR, Vaz C, Wheatley MP. The Medicare Hospital Readmissions
Reduction Program: potential unintended consequences for hospitals serving vulnerable populations.
Health Serv Res. 2014; 49: 818-837. https://doi.org/10.1111/1475-6773.12150 PMID: 24417309

Bhalla R, Kalkut G. Could Medicare readmission policy exacerbate health care system inequity? Ann
Intern Med. 2010; 152: 114-117. https://doi.org/10.7326/0003-4819-152-2-201001190-00185 PMID:
19949133

Baker MC, Alberti PM, Tsao T-Y, Fluegge K, Howland RE, Haberman M. Social determinants matter for
hospital readmission policy: Insights from New York City. Health Aff. 2021; 40: 645—-654. https://doi.org/
10.1377/hlthaff.2020.01742 PMID: 33819098

Murray F, Allen M, Clark CM, Daly CJ, Jacobs DM. Socio-demographic and -economic factors associ-
ated with 30-day readmission for conditions targeted by the hospital readmissions reduction program: a
population-based study. BMC Public Health. 2021; 21: 1922. https://doi.org/10.1186/s12889-021-
11987-z PMID: 34688255

PLOS ONE | https://doi.org/10.1371/journal.pone.0279394 December 22, 2022 12/12


https://doi.org/10.1503/cmaj.091117
http://www.ncbi.nlm.nih.gov/pubmed/20194559
https://doi.org/10.1177/1536867X1301300304
https://www.aaaceus.com/courses/nl0314a_article1-2.pdf
https://www.aaaceus.com/courses/nl0314a_article1-2.pdf
https://doi.org/10.1001/jama.2010.1112
http://www.ncbi.nlm.nih.gov/pubmed/20699458
https://doi.org/10.1002/ejhf.765
https://doi.org/10.1002/ejhf.765
http://www.ncbi.nlm.nih.gov/pubmed/28233442
https://www.cms.gov/about-cms/agency-information/omh/downloads/omh_readmissions_guide.pdf
https://www.cms.gov/about-cms/agency-information/omh/downloads/omh_readmissions_guide.pdf
https://doi.org/10.1001/jama.2019.0710
http://www.ncbi.nlm.nih.gov/pubmed/30806695
https://doi.org/10.5600/mmrr.004.02.a01
https://doi.org/10.5600/mmrr.004.02.a01
http://www.ncbi.nlm.nih.gov/pubmed/24949226
https://doi.org/10.1001/jama.2011.123
http://www.ncbi.nlm.nih.gov/pubmed/21325183
https://doi.org/10.1001/jamainternmed.2018.4481
http://www.ncbi.nlm.nih.gov/pubmed/30242346
https://doi.org/10.1111/1475-6773.12150
http://www.ncbi.nlm.nih.gov/pubmed/24417309
https://doi.org/10.7326/0003-4819-152-2-201001190-00185
http://www.ncbi.nlm.nih.gov/pubmed/19949133
https://doi.org/10.1377/hlthaff.2020.01742
https://doi.org/10.1377/hlthaff.2020.01742
http://www.ncbi.nlm.nih.gov/pubmed/33819098
https://doi.org/10.1186/s12889-021-11987-z
https://doi.org/10.1186/s12889-021-11987-z
http://www.ncbi.nlm.nih.gov/pubmed/34688255
https://doi.org/10.1371/journal.pone.0279394

