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Abstract

Background: Telehealth and enabling services are promising
approaches to address the intersecting challenges of chronic
disease burden, a growing aging population, and poor access
to care disproportionately affecting rural areas. Using po-
tentially preventable hospitalizations (PPHs) as an indicator
for health system efficiency and quality, this study examined
the relationship between health information technology and
hospital-provided enabling services on PPHs across rural,
micropolitan, and metropolitan areas.

Methods: We constructed a patient-, hospital-, community-,
and state-level data set using the Medicare fee-for-service
claims file and the Medicare Master Beneficiary Summary
File, and the American Hospital Association Annual
Survey. Logistic regressions were applied to examine asso-
ciations between PPH and telehealth post-discharge, tele-
health treatment, and telehealth post-discharge and
enabling services.

Results: Approximately 50% of rural and micropolitan resi-
dents (vs. 36% of urban residents) were treated in hospitals
providing neither telehealth post-discharge services nor en-
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abling services, and 7% (vs. 11% of urban residents) were
treated in hospitals with both services. Telehealth post-
discharge services were associated with significantly lower
odds ratio (OR) of having any PPH due to acute (OR=0.91,
p < 0.001) and chronic conditions (OR=0.94, p < 0.001). The
ORs of having any PPH due to acute and chronic conditions
were the least among beneficiaries who were treated in hos-
pitals with both telehealth post-discharge and enabling ser-
vices (OR=0.56, p < 0.001, for acute conditions, and
OR=0.73, p < 0.001, for chronic conditions).

Conclusions: Hospital use of post-discharge telehealth alongside
enabling services may help provide timely access to care, improve
care coordination, and reduce PPHs for older rural residents.

Keywords: telehealth, enabling services, potentially pre-
ventable hospitalizations, rural health disparities, tele-
medicine, telehealth

Introduction
ecent data from the U.S. Census show that more than
one in every five (22.9%) older Americans live in
rural areas, while from 1980 to 2016, the size of the
older adult population in rural areas has grown more
than those residing in urban areas during the same period
(10.9-17.5% compared with 11.4-13.8%, respectively).' Rural
populations face unique health and aging challenges, where
rural-urban and within-rural disparities are large, growing,
and persistent.>> Several risk factors, including smoking,
obesity, and physical inactivity, contribute to high needs of
health care and public health services given rural-urban
disparities in mortality rates due to conditions such as heart
disease, stroke, and cancer.*
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Potentially preventable hospitalizations (PPHs) are un-
planned hospital admissions for certain acute illnesses or
chronic conditions that might have been avoided by high-
quality outpatient treatment and disease management in
primary care settings.” They can serve as potential markers of
health system efficiency since the lack of access to health care
and poor quality care can lead to increases in these types of
hospitalizations.® However, access and quality vary widely in
rural and urban areas, where rural areas have greater short-
ages in health care services and providers’~® and more barriers
to telehealth adoption.'®™'> This results in a higher incidence
of health disparities in rural areas,'*'> which are home to
larger proportions of older adults.'®

Increased availability of telehealth services could poten-
tially improve access to health services and disease manage-
ment programs by eliminating transportation and travel
challenges in rural areas.'?!” Telehealth services have in-
creasingly become reimbursable by the Center for Medicare
and Medicaid Services (CMS) and have been vastly expanded
amidst the COVID-19 pandemic.'®"?° In an average week be-
fore the COVID-19 public health emergency declaration,
about 13,000 Medicare beneficiaries received services via
telehealth, compared with about 1.7 million in late April
2020.?° While evidence shows rural beneficiaries utilizing less
telehealth than urban beneficiaries,?® this could be due to
lower telehealth adoption in rural areas.'®

To address these disparities, access barriers, and other social
determinants of health, many health centers provide “en-
abling services” that help patients access health care, such as
transportation services and/or referrals to local social services
agencies.”’”> When provided immediately post-hospital dis-
charge, enabling services may help decrease preventable
readmissions by connecting patients to primary care. Al-
though research on enabling services is limited, they have
been associated with improvements in health care access and
patient satisfaction.?’ These services are not systematically
implemented across the nation because they have historically
been inadequately funded by short-term grants and some
insurance providers.?>??

Improvements in health information technology (HIT) and
provision of enabling services are among several population
health approaches that have shown promise in addressing the
intersecting challenges of chronic disease burden, a growing
aging population, and poor access to care in rural areas.”
There is growing evidence to support the important role that
telehealth plays in reducing preventable hospitalizations.**
Hospitals provide critical health care resources for the aging
and underserved patients. Care needs must be thoughtfully
coordinated to prevent post-acute care utilization. Evidence
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demonstrating the effectiveness of the combination of tele-
health and enabling services in the hospital setting is limited.

This study examines the relationship between HIT and
hospital-provided enabling services on PPHs across rural,
suburban, and metropolitan areas. We hypothesize that hos-
pitals with capabilities to provide telehealth services post-
discharge have lower rates of PPHs, and the combination of
post-discharge telehealth capabilities and provision of en-
abling services is further related to lower odds of PPHs. This
combination of services could reduce PPHs due to higher
levels of patient engagement and improved care coordination
as shown in outpatient safety net clinics.”® Finally, we hy-
pothesize that the reductions of the likelihood of having PPH
would be more substantial among patients residing in rural
areas, who face more challenges in accessing high-quality
care, compared with patients living in urban areas.

Methods
DATA

The main data sets used were the 100% inpatient Medicare
fee-for-service (FFS) claims file for calendar year 2017
merged with the Medicare Master Beneficiary Summary File.
We linked the CMS data with the American Community
Survey (ACS) using beneficiaries’ zip codes. CMS claims data
were also linked to the 2017 American Hospital Association
(AHA) Annual Survey, which tracks detailed measures of
services hospitals provided (including the enabling services)
and HIT functions hospital adopted. Hence, we constructed
a patient-, hospital-, community-, and state-level data set,
using a geographic identifier and the Medicare provider ID.

SAMPLE

Our sample included community-dwelling Medicare FFS
beneficiaries, aged 65 years and older, with continuous en-
rollment in 2017 and who had at least one hospital visit
in 2017. Elderly patients with Medicare Advantage or dual-
eligible patients were not included. Our final sample size
included 3,540,442 beneficiaries. Using the Core-Based
Statistical Areas (CBSAs) in the AHA data, residents were di-
vided into three geographical categories: rural (n=155,288),
suburban (n=574,063), and urban (n=2,531,601).2°

MEASURES

The dependent variable was a PPH for any acute or chronic
condition. Using the Prevention Quality Indicators (PQIs) de-
veloped by the Agency for Healthcare Research and Quality,
ICD-10-CM diagnosis codes were used to identify condi-
tions.”” Composite scores were generated for acute (PQI 91)
and chronic (PQI 92) conditions.
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We created the key independent variables of hospital-based
telehealth using the AHA data. Different measures were tested
in the sensitivity analysis. We categorized the telehealth mea-
sures into two groups and created dichotomous variables: (1)
telehealth post-discharge, which equaled 1 if a hospital adopted
any remote patient monitoring: post-discharge and ongoing
chronic care management, and O otherwise; and (2) telehealth
treatment, which equaled 1 if a hospital adopted any telehealth
consultation and office visits, Electronic Intensive Care Unit,
stroke care, or psychiatric and addiction treatment.

Enabling services was defined as a program designed to
help patients access health care services by offering any of the
following: transportation services and/or referrals to local
social services agencies. Hospitals reported whether or not
enabling services were provided at their hospital (1="yes” or
0="no"). We were interested to study the continuous provi-
sion of services post-discharge (i.e., post-discharge + enabling
services). Hence, we crossed tabulated these two measures and
categorized hospitals into four groups: with or without tele-
health post-discharge and/or enabling services.

Covariates included various characteristics at the patient,
hospital, and community levels. The Medicare enrollment file
was used to collect patient-level characteristics (age, sex, and
race/ethnicity). A frailty index was created using the approach
employed by Ouayogode et al.”® We also used definitions of
chronic conditions provided by the CMS chronic conditions data
warehouse”® and controlled for number of major chronic con-
ditions beneficiaries had. Hospital-level characteristics included
teaching status, ownership type, and bed size. Community-level
characteristics included geography, percentage of the popula-
tion in poverty, percentage of the African American population,
percentage of the population with greater than high school
education, and number of medical doctors per 1,000 residents.

ANALYSIS

We first presented characteristics of beneficiaries (and
hospitals, communities) by rural and urban areas. More than
70% of the beneficiaries visited the same hospital. We created
beneficiary hospital-level data to account for the situations
where beneficiaries visited multiple hospitals and we adjusted
for the weight of the number of hospitals in the regressions.
Logistic regressions were applied to examine the associations
between telehealth post-discharge, telehealth treatment, and
telehealth post-discharge and enabling services with PPH for
any acute or chronic condition. We also tested interactions
between telehealth and rural/urban measures and controlled for
state fixed effects. STATA15 MP4 was used for the analysis.

We implemented sensitivity analyses to test the robustness
of the results. We applied the principal component and factor

analysis.30 Two factors were predicted: (1) associated with
telehealth treatment services and (2) associated with tele-
health post-discharge services, when we set eigenvalue as 1.
We also set eigenvalue as 0.8 in the factor analysis, using an
overall telehealth measure. We also tested different model
specifications using different geographic measures, including
the area deprivation index.’' Results were similar and are
available upon request. The study was approved by the Uni-
versity of Maryland Institutional Review Board.

Results

Approximately 8% (or 4%) of Medicare beneficiaries from
rural and suburban areas who had any hospital stay in 2017
were treated in hospitals offering telehealth post-discharge
services (or telehealth treatment services), compared with 10%
(or 5%) of beneficiaries in urban areas, as shown in Figure 1.
Figure 2 shows that ~50% of rural and micropolitan residents
(vs. 36% of urban residents) were treated in hospitals pro-
viding neither telehealth post-discharge services nor enabling
services, and 7% (vs. 11% of urban residents) were treated in
hospitals with both services.

Table 1 presents the comparisons of population characteris-
tics by rurality. The likelihoods of having any PPH due to acute
and chronic conditions were relatively higher in rural and mi-
cropolitan areas (0.09 vs. 0.07, p<0.001, for PPH for acute
conditions, and 0.13 vs. 0.12, p<0.001, for PPH for chronic
conditions), compared with the rates for beneficiaries living in
urban areas. Compared with residents in urban areas, rural and
suburban residents were less likely to be aged 85+ years, White,
and fragile. They were also less likely to be treated in teaching
hospitals, hospitals with bed size >200, and more likely to be
treated in government-owned hospitals. Compared with urban
counterparts, they were more likely to live in neighborhoods
with lower rates of high school degrees, low rates of Black res-
idents, higher poverty rates, and lower per physician to resident
ratios.

Table 2 presents the regression results. Model 1 presents
results of unit regression, only controlling for rural and mi-
cropolitan areas, with metropolitan areas as the reference
group. Results showed that the rates of having any PPH for
acute conditions were higher among patients residing in rural
and micropolitan areas (odds ratio [OR]=1.16, p<0.001, for
rural areas, OR=1.12, p<0.001, for micropolitan areas, with
metropolitan areas as the reference group). The rates of having
any PPH for chronic conditions were higher in rural and mi-
cropolitan areas (OR=1.02, p <0.05, for rural areas, OR = 1.06,
p<0.001, for micropolitan areas, with metropolitan areas as
the reference group). Model 2 presents the results controlling
for all the covariates presented in Table 1, and the interaction
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Access to Hospital-based Telehealth Services by
Beneficiary Residence
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Fig. 1. Access to hospital-based telehealth services by beneficiary residence. Our sample included community-dwelling Medicare fee-for-
services beneficiaries, aged 65 years and older, with continuous enrollment in 2017 and who had at least one hospital visit in 2017. Elderly
patients with Medicare Advantage or dual-eligible patients were not included. Telehealth post-discharge was a binary measure indicating
whether a hospital adopted any remote patient monitoring: post-discharge; and remote patient monitoring: ongoing chronic care man-
agement. Telehealth treatment was a binary measure indicating whether a hospital adopted any telehealth consultation and office visits,
Electronic Intensive Care Unit, stroke care, or psychiatric and addiction treatment. T-tests were also implemented to compare the dif-
ferences of telehealth treatment and telehealth post-discharge by beneficiary residence, using metropolitan areas as the reference
group. All differences were statistically significant at 95% confidence interval.

Access to Hospital-based Telehealth-Post Discharge
and Enabling Services by Beneficiary Residence
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Fig. 2. Access to hospital-based telehealth post-discharge and enabling services by beneficiary residence. Enabling services (the AHA
definition): “A program that is designed to help the patient access health care services by offering any of the following linguistic services,
transportation services, and/or referrals to local social services agencies.” T-tests were also implemented to compare the differences of
adopting none, either, or both telehealth post-discharge and enabling services by hospital locations, using metropolitan areas as the
reference group. All differences were statistically significant at 95% confidence interval. AHA, American Hospital Association.
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Table 1. Characteristics of Beneficiaries, Hospitals, and Communities by Beneficiary Residence

METROPOLITAN AREAS RURAL AREAS MICROPOLITAN AREAS
Telehealth treatment services 0.04 0.21 0.05 0.21 0.04 0.19 | <0.001 0.04 0.20 | <0.001
Telehealth post-discharge services 0.10 0.30 0.10 0.30 0.08 0.28 | <0.001 0.08 0.28 | <0.001
No telehealth post-discharge and no enabling services 0.39 0.49 0.36 0.48 0.50 0.50 | <0.001 0.52 0.50 | <0.001
Telehealth post-discharge but no enabling services 0.02 0.13 0.02 0.13 0.03 0.17 | <0.001 0.02 0.15 | <0.001
No telehealth post-discharge but with enabling services 0.48 0.50 0.51 0.50 0.40 0.49 | <0.001 0.38 0.49 | <0.001
Telehealth post-discharge and enabling services 0.10 0.30 0.1 0.31 0.07 0.26 | <0.001 0.08 0.27 | <0.001
BENEFICIARY CHARACTERISTICS
Any PPH for acute conditions 0.08 0.27 0.08 0.27 0.09 0.29 | <0.001 0.09 0.28 | <0.001
Any PPH for chronic conditions 0.13 0.33 0.12 0.33 0.13 0.34 | <0.001 0.13 0.34 | <0.001
Age, years
65-74 0.49 0.50 0.49 0.50 0.50 0.50 | <0.001 0.50 0.50 | <0.001
75-84 0.35 0.48 0.34 0.47 0.35 0.48 | <0.001 0.35 0.48 | <0.001
85 and older 0.16 0.37 0.17 037 0.14 0.35 | <0.001 0.14 0.35 | <0.001
Sex
Male 0.49 0.50 0.51 0.50 0.52 0.50 | <0.001 0.50 0.50 | <0.001
Female 0.51 0.50 0.51 0.50 0.48 0.50 | <0.001 0.50 0.50 | <0.001
Race and ethnicity
White 0.86 0.34 0.85 0.36 0.88 0.32 | <0.001 091 0.28 | <0.001
Black 0.07 0.25 0.07 0.26 0.06 0.24 | <0.001 0.04 0.19 | <0.001
Hispanic 0.03 0.18 0.04 0.19 0.02 0.16 | <0.001 0.02 0.14 | <0.001
Asian 0.01 0.11 0.02 0.12 0.00 0.07 | <0.001 0.00 0.06 | <0.001
Native 0.01 0.07 0.00 0.05 0.02 0.12 | <0.001 0.01 0.11 | <0.001
Unknown 0.01 0.1 0.01 0.1 0.01 0.10 | <0.001 0.01 0.10 | <0.001
Other race 0.01 0.08 0.01 0.08 0.00 0.06 | <0.001 0.00 0.06 | <0.001
Health conditions
Frailty index 0.45 0.50 0.44 0.50 0.46 0.50 | <0.001 0.48 0.50 | <0.001
No. of major chronic conditions 2.76 1.32 2.76 1.32 2.71 1.34 | <0.001 2.77 1.33 | <0.001
Hospital characteristics
Teaching 0.18 0.38 0.20 0.40 0.12 032 | <0.001 0.12 0.32 | <0.001
For-profit 0.17 0.38 0.18 0.38 0.17 0.38 | <0.001 0.16 0.37 | <0.001
Non-for-profit 0.73 0.45 0.74 0.44 0.67 0.47 | <0.001 0.68 0.46 | <0.001
Government 0.10 0.30 0.08 0.28 0.16 0.36 | <0.001 0.16 0.36 | <0.001
Bed size <50 0.06 0.24 0.04 0.19 0.14 0.34 | <0.001 0.15 0.35 | <0.001
Bed size 50-200 0.26 0.44 0.23 0.42 0.29 0.45 | <0.001 0.35 0.48 | <0.001
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Table 1. Characteristics of Beneficiaries, Hospitals, and Communities by Beneficiary Residence continued
TOTAL METROPOLITAN AREAS RURAL AREAS MICROPOLITAN AREAS

N=3,260,952 N=2,531,601 N=155,288 N=574,063

Bed size 2200 ‘ 0.68 ‘ 0.47 | 0.73 ‘ 0.44 ‘ 0.57 | 0.49 ‘ <0.001 | 0.51 | 0.50 ‘ <0.001
Community characteristics

% Population with high school degrees 88.89 7.31 89.59 7.22 85.93 7.29 | <0.001 86.33 7.01 | <0.001

% Population living in poverty 13.18 8.02 12.27 7.84 16.56 8.71 | <0.001 16.59 7.59 | <0.001

% Black population 10.51 16.13 11.32 16.57 7.36 14.90 | <0.001 7.55 13.81 | <0.001

% MD per 1,000 resident 0.71 0.32 0.77 0.30 0.35 0.33 | <0.001 0.55 0.26 | <0.001

Data source: The main data sets used were the 100% inpatient Medicare FFS claims file for calendar year 2017 merged with the Medicare Master Beneficiary Summary
File. We linked the CMS data with the ACS using beneficiaries' zip codes. CMS claims data were also linked to the 2017 AHA Annual Survey, which tracks detailed
measures of services hospitals provided (including the enabling services) and HIT functions hospital adopted. Our sample included community-dwelling Medicare FFS
beneficiaries, aged 65 years and older, with continuous enroliment in 2017 and who had at least one hospital visit in 2017. Elderly patients with Medicare Advantage or
dual-eligible patients were not included. Any PPH for acute conditions: the measure was created according to the PQl 91 acute composite—PQl composite of acute
conditions including dehydration, bacterial pneumonia, or urinary tract infection. Any PPH for chronic conditions: the measure was created according to the PQl 92
chronic composite—PQl composite of chronic conditions including diabetes with short-term complications, diabetes with long-term complications, uncontrolled diabetes
without complications, diabetes with lower extremity amputation, chronic obstructive pulmonary disease, asthma, hypertension, or heart failure without a cardiac
procedure. Number of diseases: depression, AMI, asthma, heart failure, COPD, diabetes, hyperlipidemia, and hypertension.

ACS, American Community Survey; AHA, American Hospital Association; AMI, Acute Myocardial Infarction; COPD, Chronic Obstructive Pulmonary Disease; FFS, fee-for-
service; HIT, health information technology; PPH, potentially preventable hospitalization; PQl, Prevention Quality Indicators; SD, standard deviation.

Table 2. Rates of Potentially Preventable Hospitalizations by Beneficiary Residence and Hospital-Based Telehealth Treatment
and Telehealth Post-Discharge Services

ANY PPH FOR ACUTE CONDITIONS ANY PPH FOR CHRONIC CONDITIONS
MODEL | | oswa -
Metropolitan areas Reference Reference
Rural areas 1.16 1.14 1.18 <0.001 1.02 1.00 1.03 0.04
Micropolitan areas 1.12 1.11 1.13 <0.001 1.06 1.05 1.07 <0.001
MODEL 2: FULL MODEL 95% Cl

Rural areas 1.08 1.05 1.11 <0.001 0.95 0.93 0.97 <0.001
Micropolitan areas 1.00 0.99 1.02 0.48 0.96 0.94 0.97 <0.001
Telehealth: post-discharge services 091 0.90 0.93 <0.001 0.94 0.93 0.96 <0.001
Telehealth: post-discharge servicesxrural areas 0.71 0.65 0.78 <0.001 0.83 0.76 0.89 <0.001
Telehealth: post-discharge services x micropolitan areas 0.80 0.76 0.84 <0.001 0.85 0.82 0.88 <0.001
Telehealth: treatment services 0.97 0.94 0.99 0.01 1.01 0.99 1.04 0.25
Telehealth: treatment services X rural areas 0.91 0.79 1.04 0.17 0.88 0.78 0.99 0.04
Telehealth: treatment services x micropolitan areas 0.84 0.79 0.90 <0.001 0.90 0.86 0.95 <0.001

Data source: The main data sets used were the 100% inpatient Medicare FFS claims file for calendar year 2017 merged with the Medicare Master Beneficiary Summary
File. We linked the CMS data with the ACS using beneficiaries’ zip codes. CMS claims data were also linked to the 2017 AHA Annual Survey, which tracks detailed
measures of services hospitals provided (including the enabling services) and HIT functions hospital adopted. Our sample included community-dwelling Medicare FFS
beneficiaries, aged 65 years and older, with continuous enrollment in 2017 and who had at least one hospital visit in 2017. Elderly patients with Medicare Advantage or
dual-eligible patients were not included. Our final sample size included 3,540,442 beneficiaries. Using the CBSAs in AHA data, residents were divided into three
geographical categories: rural (n=155,288), suburban (n="574,063), and urban (n=2,531,601). Model 1 presents results of unit regression, only controlling for rural and
micropolitan areas, with metropolitan areas as the reference group. Model 2 presented the results controlling for the covariates presented in Table 1.

CBSA, Core-Based Statistical Area: Cl, confidence interval; OR, odds ratio.

1460 TELEMEDICINE and e-HEALTH OCTOBER 2023 © MARY ANN LIEBERT, INC.



TELEHEALTH AND ENABLING SERVICES IN RURAL AREAS

terms between hospital-based telehealth services with rural
and micropolitan areas.

Results showed that telehealth post-discharge services were
associated with significantly lower OR of having any PPH due
to acute (OR=0.91, p<0.001) and chronic conditions
(OR=0.94, p<0.001). The interaction terms of rural and tel-
ehealth post-discharge services were significantly lower
(OR=0.91, p<0.001, for PPH due to acute conditions, and
OR=0.83, p<0.001, for PPH due to chronic conditions). Tel-
ehealth treatment services were associated with a significant
reduction of PPH due to acute conditions (OR=0.97, p=0.01),
but not chronic conditions (OR=1.01, p=0.25). The interac-
tion terms of telehealth treatment services and rural
(OR=0.91, p=0.17, for PPH due to acute conditions, and
OR=0.88, p=0.04, for PPH due to chronic conditions) and
micropolitan areas (OR=0.84, p<0.001, for PPH due to acute
conditions, and OR=0.90, p<0.001, for PPH due to chronic
conditions) were also associated with lower PPH rates.

Table 3 presents the results of the combined hospital-based
telehealth post-discharge services and hospital provision of

enabling services. The ORs of having any PPH due to acute and
chronic conditions were the least among beneficiaries who
were treated in hospitals with both telehealth post-discharge
and enabling services (OR=0.56, p<0.001, for PPH due to
acute conditions, and OR=0.73, p<0.001, for PPH due to
chronic conditions). ORs of interaction terms of hospitals with
both telehealth post-discharge and enabling services were
also the least in both regressions of PPHs, compared with ORs
of having either telehealth post-discharge or enabling ser-
vices, or neither of these two services.

Discussion

The expansion of telehealth during the pandemic under-
scores its importance to increasing health care access, al-
though more work remains to further increase access
particularly in rural areas.’” Recent study suggested the po-
tential to apply hospital-based telehealth services among the
aging population with dementia, a high-risk and high-cost
population.?®> Our study further demonstrated a connection
between hospital telehealth adoption and reduced PPH

Table 3. Rates of Potentially Preventable Hospitalizations by Beneficiary Residence and Hospital-Based Telehealth

Post-Discharge and Enabling Services

ANY PPH FOR ACUTE CONDITIONS

ANY PPH FOR CHRONIC CONDITIONS

FULL MODEL 959 Cl 95% Cl
Metropolitan areas Reference Reference
Rural areas 1.18 1.15 1.23 <0.001 1.00 0.97 1.04 0.80
Micropolitan areas 1.07 1.05 1.09 <0.001 1.01 0.99 1.02 0.37
No telehealth post-discharge and no enabling services Reference Reference
Telehealth post-discharge but no enabling services 0.87 0.83 0.91 <0.001 0.97 0.93 1.01 0.1
No telehealth post-discharge but with enabling services 0.99 0.97 1.00 0.03 1.00 0.99 1.01 0.49
Telehealth post-discharge and enabling services 0.89 0.88 091 <0.001 0.93 0.91 0.94 <0.001
Telehealth post-discharge but no enabling services X rural area 0.79 0.68 091 <0.001 0.84 0.74 0.95 0.01
No telehealth post-discharge but with enabling servicesx rural area 0.70 0.66 0.74 <0.001 0.81 0.77 0.85 <0.001
Telehealth post-discharge and enabling servicesx rural area 0.56 0.50 0.64 <0.001 0.73 0.66 0.80 <0.001
Telehealth post-discharge but no enabling services x micropolitan areas 0.87 0.80 0.95 <0.001 0.85 0.78 0.91 <0.001
No telehealth post-discharge but with enabling services x 0.79 0.77 0.82 <0.001 0.82 0.80 0.84 <0.001
micropolitan areas
Telehealth post-discharge and enabling servicesx micropolitan areas 0.69 0.65 0.73 <0.001 0.78 0.74 0.81 <0.001

Data source: The main data sets used were the 100% inpatient Medicare FFS claims file for calendar year 2017 merged with the Medicare Master Beneficiary Summary
File. We linked the CMS data with the ACS using beneficiaries' zip codes. CMS claims data were also linked to the 2017 AHA Annual Survey, which tracks detailed measures of
services hospitals provided (including the enabling services) and HIT functions hospital adopted. Our sample included community-dwelling Medicare FFS beneficiaries, aged 65
years and older, with continuous enroliment in 2017 and who had at least one hospital visit in 2017. Elderly patients with Medicare Advantage or dual-eligible patients were not
included. Our final sample size included 3,540,442 beneficiaries. Using the CBSAs in AHA data, residents were divided into three geographical categories: rural (n=155,288),
suburban (n="574,063), and urban (n=2,531,601). All the models (full model) controlled for the covariates presented in Table 1.
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especially for all the aging rural residents. Hospital use of
telehealth post-treatment and for ongoing chronic care
management may help provide timely access to care and
improve care coordination. The recently released CMS final
Physician Fee Schedule Payment Policies keeps certain tele-
health provisions in place through 2023,* but additional
congressional action will be needed to ensure that telehealth
expansions from COVID-19 become permanent.**>>

Our study also showed a lower likelihood of PPH (for both
acute and chronic conditions) when a hospital reported pro-
vision of enabling services alongside post-discharge tele-
health. This finding underscores the important role that
enabling services can play in helping to address the needs of
vulnerable populations. Enabling services are a hallmark of
community health centers; nationally, the number of health
centers employing staff to provide enabling services grew by
30% between 2010 and 2019.>° Enabling services are not di-
rectly reimbursed by CMS unless provided as a part of reim-
bursable care coordination services and provided by a billable
service provider.

There are likely contextual differences between enabling
services provided in hospitals compared with those provided
in primary care settings; future studies should examine these

differences to better understand the mechanisms by which
enabling services contribute to improved health outcomes
post-hospitalization. In the shift toward value-based care, an
improved understanding of the role of enabling services will
be needed as more primary care offices become affiliated with
hospitals and larger health systems.

Finally, we would like to note that similar patterns were
observed in 2021, during/post the COVID-19 pandemic. Al-
though we were not able to link hospital-based HIT and en-
abling services with 2021 due to the availability of the CMS
2021 data, we produced evidence of hospital-based HIT using
the recently released 2021 AHA annual survey (Fig. 3). More
than 829% of hospitals in rural areas reported neither telehealth
post-discharge services nor enabling services, compared with
47% of hospitals in metropolitan areas. The adoption of digital
health care likely will play a more critical role after the
COVID-19 pandemic. The results of our study suggest the
importance of focusing on the digital divide between urban
and rural hospitals.

Myriad factors contribute to PPH in general and in rural
contexts among the elderly,’” including use of rural health
clinics,?® access to specialists,®® and other structural, patient-
related, and geographic variations.’®** As constructed, the

No telehealth-post discharge and no enabling services §

2021 Hospital-based HIT and Enabling Services

No telehealth-post discharge but with enabling services L s
Telehealth-post discharge but no enabling services [
Telehealth-post discharge and enabling services [
Enabling services @ =
Telehealth treatment service index [SSS
Telehealth-post discharge service index S

Telehealth stroke care =

Telehealth eICU T

Telehealth consultation and office visits 2

Telehealth psychiatric and addiction treatment L

Telehealth remote patient monitoring: post-discharge |SEEiS a

0 0.1

Metropolitan areas

Telehealth remote patient monitoring: ongoing chronic care management Sl
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

® Micropolitan areas

o Rural areas

Fig. 3. 2021 Hospital-based HIT and enabling services. Author’s analysis using the 2021 AHA Annual Survey. General medical and surgical
hospitals were included. (1) Telehealth post-discharge service index, which equaled 1 if a hospital adopted any remote patient monitoring:
post-discharge and ongoing chronic care management, and o otherwise; and (2) telehealth treatment index, which equaled 1 if a hospital
adopted any telehealth consultation and office visits, Electronic Intensive Care Unit, stroke care, or psychiatric and addiction treatment. Enabling

services (the AHA definition): “A program that is designed to help the patient access health care services by offering any of the following
linguistic services, transportation services, and/or referrals to local social services agencies.” HIT, health information technology.
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linked data set used in this study is unable to fully examine the
complexity of factors contributing to PPH in the rural elderly
population; thus, our study has several limitations. First, our
sample is limited to the community-dwelling Medicare FFS
population. Future studies may examine the role of telehealth
in the post-acute care settings (e.g., long-term care hospitals,
inpatient rehabilitation facilities, skilled nursing facilities, and
home health agencies).

Second, telehealth and enabling services were only coded as
yes if they were provided directly by the hospital, which does
not necessarily indicate patients’ actual use of these services.
We implemented an intent-to-treat analysis assuming that
patients had equal opportunities to access such services if they
were admitted into the same hospitals. Third, using claims
data, we were unable to capture more specific measures on
beneficiaries’ socioeconomic status, such as education or in-
come, that might be associated with the likelihood of having
PPHs. Finally, our analysis was cross-sectional. OQur study
identified association between having PPH and availability of
hospital-telehealth and enabling services. Future research
may use longitudinal data to estimate causality.

Conclusions

Our findings demonstrated that the combination of post-
discharge telehealth capability and enabling services was
associated with the lowest odds of PPHs for any acute con-
ditions, especially for rural residents. Notably, compared with
residents of other areas (metropolitan and micropolitan) and
compared with telehealth capability or enabling services
alone, it was the combination of these in rural areas that
showed the largest effect on any PPHs for both acute and
chronic conditions in those aged 65 years and older. Future
research can further explore the specific mechanisms by
which post-discharge telehealth and enabling services com-
bine in the rural hospital setting to improve care management
in the outpatient or home-based settings. The larger effect in
rural areas compared with micropolitan and metropolitan
areas may suggest that rural areas stand to benefit most from
these strategies given disproportionate health care access
challenges related to transportation and fewer health care
providers per capita.
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