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A B S T R A C T   

Objective: Sparse patterns in fixed-terrestrial broadband internet access are predominantly observed among older 
adults and low income areas, which are interrelated factors also associated with low center-based cardiac 
rehabilitation (CR) utilization in the United States (US). Telehealth CR is proposed to increase CR utilization 
under an assumption that fixed-terrestrial broadband internet access is readily available nationwide and parallels 
CR utilization demand. We aimed to characterize national, geographical, and urban-rural patterns in fixed- 
terrestrial broadband internet access, CR eligibility rates, and center-based utilization throughout the US. 
Methods: Centers for Disease Control data were used to estimate CR eligibility rates and center-based utilization 
for 2017-2018 among Medicare fee-for-service beneficiaries aged ≥65 years. Census Bureau data for 2018 were 
used to estimate fixed-terrestrial broadband internet access among households of adults aged ≥65 years. 
Results: Southern states exhibited the highest percentage of households without broadband internet [median 
(IQR): 32% (24-39)] coupled with the highest CR eligibility rates [per 1,000 beneficiaries, median (IQR): 18 (15- 
21)] and lowest participation rates [percentage completing ≥1 session, median (IQR): 25% (17-33)]. Compared 
with urban areas, rural areas demonstrated significantly higher eligibility rates [15.5 (13.2-18.4) vs. 17.4 (14.5- 
21.0)], participation rates [30.6% (22.0-39.4) vs. 34.6% (22.6-48.3)], and percentage of households without 
broadband internet [23.8% (18.1-29.2) vs. 31.6% (26.5-37.6)], respectively. 
Conclusion: Overlapping patterns in fixed-terrestrial broadband internet access and CR eligibility rates and 
center-based utilization suggest telehealth CR policies need to account for the possibility that lack of broadband- 
quality internet access could be a barrier to accessing telehealth CR delivery models.   

1. Introduction 

The extraordinary circumstances of the COVID-19 pandemic has left 
patients who have experienced major heart events facing unpredictable 
barriers to accessing important outpatient center-based cardiac reha-
bilitation (CR) heart care [1]. The rapid reaction to the suddenness of 
inaccessible center-based CR has been to focus on identifying 
non-center-based telehealth solutions [1–8]. Proponents of telehealth 
CR delivery methods have proposed, even before the COVID-19 
pandemic, that remote digital health technologies can be used to 
address many of the well-known barriers predictive of low center-based 
CR utilization [9,10]. However, to advance the telehealth-based CR 
initiative in the United States (US) so that it proves beneficial for all 
patients, there is an urgent need to improve the understanding of na-
tional, geographical, and urban-rural disparities in fixed-terrestrial (i.e., 

home) broadband internet access among adults aged ≥65 years. Patients 
of this age strata commonly demonstrate an increased risk of coronary 
artery disease and associated social determinants of health that limit 
their ability to access and prioritize preventive healthcare [8,10–17]. 
Historical trends in secondary cardiovascular disease prevention and 
center-based CR uptake commonly illustrate patients aged ≥65 years 
utilize CR less than the already suboptimal levels exhibited by younger 
counterparts [10,13,18,19]. 

Contemporary internet capable technologies that are suggested to be 
pragmatic and generalizable to patients who are eligible to enroll in CR 
are fundamentally constructed on the need for high-bandwidth strength 
internet accessibility in order to demonstrate clinical effectiveness and 
to allow for regulatory requirements to be met. The importance of this 
digital technological requirement is directly reflected in the key stipu-
lation of the temporary Hospitals without Walls initiative outlined by 
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the US Centers for Medicare & Medicaid Services (CMS) which requires 
prospective telehealth-based CR enrollees to demonstrate an ability to 
reliably accommodate real-time two-way audio and video (A/V) tele-
communication with qualified healthcare providers for the supervision 
of exercise sessions [20–22]. What remains missing from this recent 
telehealth CR policy is acknowledgement that broadband quality 
internet inaccessibility has been identified as a type of social determi-
nant of health that is interlinked with well-known factors characterizing 
low socioeconomic status [11,12,23]. No provisions in current policy 
outline telehealth CR solutions for patients unable to self-furnish 
broadband quality internet access. 

To date, evidence does not support the assumption that fixed- 
terrestrial broadband internet is universally available, affordable, and 
reliable at quality levels that meet or exceed the industry standard of 25 
megabits per second (Mbps) and upload rate of 3 Mbps needed for 
reliable high quality A/V telecommunications services [11,12,23]. 
Modern US data signals there is sporadic fixed-terrestrial broadband 
internet accessibility within low income and underserved communities 
[11,12,23]. The US Federal Communications Commission (FCC) also 
does not consider marketplace availability of cellular-based internet 
technologies an adequate like-for-like substitution for fixed-terrestrial 
broadband internet accessibility and capabilities [11,12,23]. Thus, 
given these limitations, it is possible that by hurriedly expanding stan-
dard- of-care CR to include telehealth services without simultaneously 
improving the understanding of whether patterns in fixed-terrestrial 
broadband internet access overlap with those for CR eligibility and 
utilization, low income patients residing in underserved communities 
could be left further behind in their ability to achieve healthcare equity. 
Other consequences could include less than expected improvements in 
national CR utilization levels and slowed progress made towards 
developing federal healthcare policies and services aimed at supporting 
those who require subsidized forms of high-bandwidth internet re-
sources to access telehealth CR services. 

In this study we aimed to characterize national, geographical, and 
urban-rural patterns in fixed-terrestrial broadband internet access, CR 
eligibility rates, and center-based CR utilization throughout the US. 

2. Methods 

In this cross-sectional and observational study, we ascertained CR 
data focused on eligibility rate (per 1,000 beneficiaries) and center- 
based utilization metrics, including participation rate (% of those 
eligible who initiated CR by participating in ≥1 session), adherence 
(mean number of sessions completed within 365 days of a qualifying 
event), and completion rate (% of enrollees who participated in ≥36 
sessions) for Medicare FFS beneficiaries aged ≥65 years who in 2017 to 
2018 experienced at least one primary or secondary CR qualifying event 
described by CMS [24,25]. All CR data analyzed for this study were 
originally sourced from CMS claims database warehouses by the Centers 
for Disease Control (CDC), who then generated cleaned datasets as 
spatially smoothed county-level estimates for all US states and the Dis-
trict of Columbia [25]. Sub-classification criteria used by the CDC to 
ascertain how patients should be counted towards specific CR metrics 
were those described in the latest American College of Cardiology and 
American Heart Association report on CR clinical performance and 
quality measures [24,25]. No patient-level identifying data describing 
specific CR qualifying event types and demographic characteristics are 
provided in CDC public use datasets [25]. Data on the number of hos-
pitals per county offering center-based CR services were also ascertained 
from the CDC database [25]. All CR data analyzed and reported in this 
study are publically accessible on the CDC website at no cost to users 
[25]. 

We acquired data on internet access/connectivity for occupied 
housing units where household member(s) were surveyed as part of the 
ongoing annual US Census Bureau American Community Survey (ACS) 
[26]. The ACS defines internet that is accessed via cellular carrier and 

mobile device a form of broadband internet access, but one that is not 
fixed-terrestrial [26]. 

Internet access referred to in this study reflects the percentage of 
households within a given county where ACS respondents provided 
“YES” or “NO” answers to questions about home computer and internet 
availability. In brief, a home computer that was available and could be 
used by anyone residing in the household was defined as any of the 
following: desktop or laptop, smartphone, tablet or other portable 
wireless computer, or some other type of computer [26]. A classification 
of “no home computer” meant an answer of “NO” was given for anyone 
residing in the household being able to access any computer type. 
Households of adults aged ≥65 years were defined in this study as 
exhibiting no fixed-terrestrial broadband internet access if there was 
either no access to a home computer (as defined above) or dial-up ser-
vice was the only type of internet access present. 

The ACS reports internet access data in 1-year estimates, and in pe-
riods where data for a given year of interest is estimated based on rolling 
5-year averages [27]. The Census Bureau specifies data reported as pe-
riods provide the most reliable datasets and are inclusive of all US 
counties regardless of population size. Alternatively, ACS data reported 
in 1-year estimates are described as most recent relative to the year of 
interest, but also least reliable in accuracy and precision while excluding 
geographical areas with population sizes <65,000 [27]. Therefore, to 
optimally match the precision and national representation of 
county-level data available for CR utilization metrics generated by the 
CDC [25], we studied internet access data that the Census Bureau esti-
mated for 2018 based on rolling multi-year averages of the 5-year period 
from 2014 to 2018 [26,27]. 

No Institutional Review Board review of this study was required 
since it meets the requirements for exempt status described by the 
Department of Health and Human Services in 45 Code of Federal Reg-
ulations §46.104, subpart A. 

2.1. Data processing 

We merged CR and internet access datasets based on matching 
county codes defined in both datasets according to Census 2010 classi-
fications. Geographical boundaries set for county location relative to 
either the Midwest, Northeast, South, or West region were also those 
defined by Census 2010 classifications [26]. The classification of county 
location as representing either a urban or rural area was based on 2013 
codes defined by the CDC [28]. A small number of counties (n=111) 
were excluded from the data merge because not all counties within the 
US demonstrated large enough populations of Medicare FFS benefi-
ciaries aged ≥65 years and enough CR qualifying events or occurrences 
for a particular metric for the CDC to generate reliable data estimates for 
CR eligibility rate, participation rate, adherence, and/or completion rate 
[25]. 

2.2. Statistical analyses 

We report data as median (IQR) or n (%) where appropriate. General 
linear model analyses were used to evaluate differences between 
geographical regions and/or urban-rural areas for dependent variables 
of interest. General linear modeling utilized either a negative binomial 
or poisson distribution and log link function, either of which could be 
determined to provide an optimal fit of the data when the goodness-of-fit 
chi-square test was not statistically significant at an alpha level of 0.05 
coupled with the Hessian convergence criterion limit of 0.0001 not 
being exceeded. Relying solely on the Hessian convergence criterion to 
determine model goodness-of-fit can be misleading since not exceeding 
the limit of 0.0001 only provides information on whether the model fit is 
generally adequate and converged, not necessarily optimal. Tukey- 
Kramer post-hoc testing was performed to evaluate pairwise differ-
ences only when the Wald Type 3 statistic was significant. 

Both univariable and multivariable associations between a particular 
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CR metric and fixed-terrestrial broadband internet access were evalu-
ated using incident rate ratios (IRR) derived from parameter estimates 
generated from poisson or negative binomial regression analyses. 
Multivariable regression analyses included evaluating associations be-
tween a particular CR metric and the interaction between broadband 
internet access and either the geographical region or urban-rural area 
variable. The presence of the interaction term tested whether an asso-
ciation between a particular CR metric and broadband internet access 
differed by either geographical region or urban-rural area. 

Two-tailed significance was determined using an alpha level set at 
.05. Analyses were performed using SAS v.9.4 (SAS Institute, Cary, NC), 
from March 2022 to December 2022. 

3. Results 

3.1. Geographical region disparities 

Overall, households of adults aged ≥65 years made up a significantly 
larger proportion of all households located in Midwestern and North-
eastern regions as compared with the Southern region (Table 1). The 
Midwestern and Northeastern regions also listed the most counties 
where center-based CR was offered by at least one hospital, which were 
significantly more frequent in number than that observed for the 
Southern region (Table 1). Similarly, fixed-terrestrial broadband 
internet access among households of adults aged ≥65 years was signif-
icantly more prevalent throughout Midwestern and Northeastern states 
as compared with the lowest levels observed across Southern states 
(Table 1). 

Medicare FFS beneficiaries aged ≥65 years in the Southern region 
demonstrated CR eligibility rates that were significantly higher than 
those of the other geographical regions (Table 1). The highest comple-
tion rates also occurred among enrollees in Southern states, and the 
mean number of sessions completed per enrollee in the Southern region 
were also among the highest in the country. Alternatively, the lowest 

overall participation rates occurred in the Southern region. 

3.2. Urban-rural disparities 

Households of adults aged ≥65 years made up a significantly larger 
proportion of households located in rural areas as compared with urban 
areas (Table 2), and this was consistent across geographical regions. 
Similarly, the proportion of households of adults aged ≥65 years 
reporting no fixed-terrestrial broadband internet access was signifi-
cantly larger in rural areas than urban areas (Table 2), regardless of 
geographical region. There were also significantly more counties in rural 
areas than urban areas where center-based CR was not offered by at least 
one hospital (Table 2). 

As a whole, Medicare FFS beneficiaries aged ≥65 years residing in 
rural areas demonstrated significantly higher CR eligibility rates than 
levels observed for urban areas (Table 2). Rural area residing patients 
also demonstrated significantly higher participation (initiation) rates 
and completion rate as compared with levels observed for urban area 
residents. However, the mean number of sessions completed per enrollee 
did not significantly differ between urban areas and rural areas. 

3.3. Associations between cardiac rehabilitation and broadband internet 
access 

On a national level, for every percentage unit increase in the pro-
portion of households of adults aged ≥65 years reporting no fixed- 
terrestrial broadband internet access, this was associated with a 1.0 % 
rise in CR eligibility rate (IRR=1.009, 95%CI 1.000 to 1.011; χ2=344, 
P<.0001), a -0.34 % decrease in participation rate (IRR=0.997, 95%CI 
0.994 to 0.999; χ2=7.85, P=.0051), and a 1.56 % increase in completion 
rate (IRR=1.016, 95%CI 1.012 to 1.019; χ2=95, P<.0001) among 
Medicare FFS beneficiaries aged ≥65 years. There was no association 
between broadband internet access and mean sessions completed 
(χ2=1.08, P=.2991). 

Table 1 
Cardiac rehabilitation eligibility, center-based utilization and availability, and fixed-terrestrial broadband internet access.    

Geographical Region   
Entire US Midwest Northeast South West P-value 

Eligibility rate, median (IQR), per 1000 beneficiaries 17 (14-20) 17 (15-20) 15 (13-18) 18 (15-21) 14 (11-16) <.0001a 

Counties estimated, No. (%) 3,031 (97) 933 (31) 317 (11) 1374 (45) 407 (13) <.0001 
Participation rate, median (IQR), % 33 (22-44) 44 (33-55) 31 (23-41) 25 (17-33) 34 (22-44) <.0001b 

Counties estimated, No. (%) 2353 (75) 842 (36) 295 (13) 949 (40) 267 (11) <.0001 
Mean sessions completed, median (IQR), n 25 (22-28) 25 (21-28) 25 (22-27) 26 (23-28)c 25 (21-27) <.0001 
Counties estimated, No. (%) 2353 (75) 842 (36) 295 (13) 949 (40) 267 (11) <.0001 
Completion rate, median (IQR), % 35 (24-46) 33 (24-45)e 30 (20-39) 38 (28-49)d 31 (18-43) <.0001 
Counties estimated, No. (%) 1268 (40) 432 (34) 180 (14) 508 (40) 148 (12) <.0001 
Counties with no hospitals offering center-based CR, No. (%) 1534 (51) 329 (35) 99 (31) 878 (64)d 228 (56) i <.0001 
Households per county, median (IQR), n 10520 

(4746-27089) 
9114 
(4191-19546)f 

24739 
(9160-78594) 

9875 
(5151-23594)g 

10017 
(3707-37645) 

<.0001 

Households of adults ≥65 years of age       
Proportion of households,  

median (IQR), % 
17.9 
(15.5-20.5) 

18.2  
(16.2-20.4) 

18.5  
(16.2-20.7) 

17.6 
(15.2-20.0)h 

17.5 
(13.7-22.1) 

.0053 

Proportion with no fixed-terrestrial BIA,  
median (IQR), % 

28.8 
(22.5-35.1) 

29.3 
(25.1-33.6) 

26.4 
(20.1-31.4) 

31.7  
(24.0-38.7) 

20.6  
(15.7-27.1) 

<.0001a 

Abbreviation: BIA, broadband internet access; CR, cardiac rehabilitation; US, United States. 
The total number of counties recognized by United States (US) Census 2010 classifications was 3,142. The maximum number of counties where any of the four cardiac 
rehabilitation (CR) utilization metrics could be estimated for Medicare fee-for-service (FFS) beneficiaries aged ≥65 years was 3,031. For counties where CR utilization 
data estimates could not be generated for Medicare FFS beneficiaries aged ≥65 years this was because of inadequate population size and/or not enough qualifying 
events occurred during 2017-2018. 

a All pairwise differences between regions were significant after Tukey-Kramer post-hoc testing. 
b All pairwise differences between regions were significant except for Northeast vs. West after Tukey-Kramer post-hoc testing. 
c South vs. Midwest and West, significantly different after Tukey-Kramer post-hoc testing. 
d South vs. all regions, significantly different after Tukey-Kramer post-hoc testing. 
e Midwest vs. Northeast, significantly different after Tukey-Kramer post-hoc testing. 
f Midwest vs. Northeast and West, significantly different after Tukey-Kramer post-hoc testing. 
g South vs. Northeast and West, significantly different after Tukey-Kramer post-hoc testing. 
h South vs. Midwest and Northeast, significantly different after Tukey-Kramer post-hoc testing. 
i West vs. all regions, significantly different after Tukey-Kramer post-hoc testing. 
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Significant associations between broadband internet access and CR 
eligibility rate, participation rate, and completion rate persisted after 
adjusting regressions for geographical region (Fig. 1a, b, and d, 
respectively). As opposed to the unadjusted regression, the association 
between broadband internet access and mean sessions completed was 
significant after adjusting for geographical region (Fig. 1c). However, 
participation rate was the only CR metric where the significant associ-
ation with broadband internet access differed by geographical region 
(Fig. 1b). 

In multivariable regressions including the urban-rural area variable, 
the adjusted association between broadband internet access and each of 
the four CR metrics was significant (Fig. 2). In Fig. 2a and 2c it is further 
illustrated that associations between broadband internet access with 
eligibility rate and mean sessions completed, respectively, differed by 
urban-rural area. 

4. Discussion 

In this study we described patterns in fixed-terrestrial broadband 
internet access throughout the US to suggest national, geographical, and 
urban-rural disparities in access to this type of telecommunications 
resource are not rare among households of adults aged ≥65 years. Pat-
terns in fixed-terrestrial broadband internet access tended to overlap 
those observed for CR eligibility rates to further suggest area-wide gaps 
in the availability of in-home high-speed internet technology may be 
symbolic of larger communitywide public health concerns, not just a 
limited ability to browse the internet. As the proportion of households 
reporting no fixed-terrestrial broadband internet access rose throughout 
the country we observed associated patterns of increasing CR eligibility 
rates overlap decreasing participation rates among Medicare FFS bene-
ficiaries aged ≥65 years. Several of these overlapping patterns also 

resulted in associations that differed across geographical boundaries and 
urban-rural areas to highlight that it cannot be assumed at the national 
level that telehealth-based CR delivery is a pragmatic option currently 
generalizable to Medicare FFS beneficiaries aged ≥65 years. The asso-
ciations characterized in our study suggest if available resources and 
infrastructure needed to support the nationwide expansion of fixed- 
terrestrial broadband internet access continue to remain out-of-step 
with the rapid rate at which broadband-dependent telehealth technol-
ogies develop, stagnant levels of fixed-terrestrial broadband internet 
access could play a meaningful role in setting absolute limits on what 
maximal effect telehealth-based CR delivery could have on making 
progress towards the CR utilization goals of the Million Hearts initiative 
[10]. 

When forced telehealth innovation had to occur without warning 
because of the suddenness of the COVID-19 pandemic this circumstance 
led to the rapid proliferation of high speed internet-dependent solutions 
that have in a short period of time grown to levels that are not reflective 
of a dated telecommunications infrastructure that has yet to be devel-
oped in the US to allow for widespread routine accessibility to high 
speed internet services [2–4,11,12,17,23]. Therefore, an inability to 
access fixed-terrestrial broadband internet services could be identified 
as a contemporary era barrier to non-center based CR uptake, and one 
which predominantly affects the individuals whose participation in CR 
is already likely to be impacted by other known social determinants of 
health [10–12,14,17,23,29]. As the telehealth evolution continues an 
essential part of this movement needs to include resources dedicated 
towards simultaneously closing the “digital divide” as a contemporary 
social determinant of health [11,12,23]. Not having the information, 
resources, and physical infrastructure in-place to support universal 
broadband-quality internet access jeopardizes both the present and 
future ability to leverage evolving telecommunications technologies to 
help address the role social disparities play in cardiovascular disease risk 
and accessing, utilizing, and prioritizing preventive healthcare [10,13, 
29,30]. 

Discussions and research studies to date that suggest technology 
driven telehealth CR delivery is urgently needed and a missing resource 
required to overcome barriers preventing CR utilization do not fully 
appreciate and acknowledge concern that universal fixed-terrestrial 
broadband internet access does not exist in the US [2–7]. The lack of 
widespread fixed-terrestrial broadband internet access nationwide is 
particularly impactful to patients who live below the poverty threshold 
and in underserved communities since not having routine access to this 
technological resource eliminates telehealth CR delivery options, such 
as the model outlined in the current Hospitals without Walls initiative 
defined by CMS [20–22]. Continuing to move forward with telehealth 
CR models such as the Hospitals without Walls program without 
concurrently implementing new and complementary provisions that 
provide resources for free broadband internet access to impoverished 
patients threatens to entrench the effects of the digital divide as a social 
determinant of health [11,12,20,22,23]. Contemporary estimates sug-
gest the median age of patients hospitalized because of primary acute 
coronary syndrome is 66.8 (95%CI 66.7 – 67.0) years with Medicare 
identified as the payer status for 56.8% of cases, and another 14.5% 
identified as extremely low income and receiving Medicaid benefits or 
uninsured altogether [30]. In this study we illustrate at least one-quarter 
to one-third of households of adults aged ≥65 years are affected by 
circumstances, socioeconomic or otherwise, where fixed-terrestrial 
broadband internet access is absent. In the present-to-medium term, it 
is unclear how current models [20–22] or proposals [2–7] advocating 
for mainstream telehealth CR delivery offer translational assistance with 
overcoming barriers to accessing non-center-based CR, and are trans-
formative and generalizable to the large segment of Medicare FFS ben-
eficiaries aged ≥65 years who live below the poverty threshold and are 
either eligible for CR or at high risk for experiencing a qualifying event 
[9,10,13,29,30]. There has also been no commitment by CMS to 
continue supporting beyond the declared public health emergency 

Table 2 
Urban-rural area differences in cardiac rehabilitation eligibility, center-based 
utilization and availability, and fixed-terrestrial broadband internet access.   

Urban areas Rural areas P-value 

Eligibility rate, median (IQR), per 1000 
beneficiaries 

15.5 (13.2- 
18.4) 

17.4 (14.5- 
21.0) 

<.0001 

Counties estimated, n (%) 1154 (38) 1877 (62) <.0001 
Participation rate, median (IQR), % 30.6 (22.0- 

39.4) 
34.6 (22.6- 
48.3) 

<.0001 

Counties estimated, n (%) 1057 (45) 1296 (55) <.0001 
Mean sessions completed, median (IQR), 

n 
25.3 (22.6- 
27.5) 

25.0 (21.1- 
28.2) 

.0661 

Counties estimated, n (%) 1057 (45) 1296 (55) <.0001 
Completion rate, median (IQR), % 31.3 (22.0- 

41.5) 
39.8 (28.6- 
50.0) 

<.0001 

Counties estimated, n (%) 748 (59) 520 (41) <.0001 
Counties with no hospitals offering 

center-based CR, No. (%) 
428 (37) 1106 (59) <.0001 

Households per county, median (IQR), n 97183  
(32267- 
220265) 

16829  
(8384- 
32529) 

<.0001  

Households of adults ≥65 years of age    
Proportion of households,  

median (IQR), % 
16.1 (13.6- 
18.3) 

19.0 (16.8- 
21.6) 

<.0001 

Proportion with no fixed-terrestrial BIA,  
median (IQR), % 

23.8 (18.1- 
29.2) 

31.6 (26.5- 
37.6) 

<.0001 

Abbreviation: BIA, broadband internet access; CR, cardiac rehabilitation; US, 
United States. Urban and rural area categories reflect United States (US) Census 
2010 geography and urban-rural classification structure defined in 2013 by the 
National Center for Health Statistics (NCHS). The total number of counties 
recognized by United States (US) Census 2010 classifications was 3,142. The 
maximum number of counties where any of the four cardiac rehabilitation (CR) 
utilization metrics could be estimated for Medicare fee-for-service (FFS) bene-
ficiaries aged ≥65 years was 3,031. For counties where CR utilization data es-
timates could not be generated for Medicare FFS beneficiaries aged ≥65 years 
this was because of inadequate population size and/or not enough qualifying 
events occurred during 2017-2018. 
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period reimbursement for A/V monitored home-based CR exercise 
training sessions that are remotely supervised by physicians [22]. 

The absence of universal access to fixed-terrestrial broadband 
internet connectivity as part of standard of living in the US [23] neu-
tralizes for many Medicare FFS beneficiaries aged ≥65 years the pro-
posed CR accessibility benefits thought to be gained by emphasizing the 
utility and practicality of smartphone applications and wearable health 
solutions as progressive tools for creating a technology-based ecosystem 
specific for CR [2–7]. In order to be effective and meet current re-
quirements of CMS, technologies proposed for use in the telehealth CR 

environment are fundamentally reliant on reliable medium strength (or 
higher) bandwidth quality (i.e., download rate ≥25 Mbps and upload 
rate of ≥3 Mbps) broadband internet access for transmitting data and 
supporting live-action A/V telecommunications [20–23]. Primarily 
relying on cellular-based subscriptions for broadband internet access is 
not pragmatic for the majority of the eligible or at-risk CR population 
since unlimited cellular data plans are cost prohibitive for low income 
households, fixed monthly data allowances are not suitable for accom-
modating up to 12 live-action A/V enhanced 1-hour supervised CR 
sessions per month, and concerns over cellular affordability and 

Fig. 1. Associations between cardiac rehabilitation eligibility rate and center-based utilization among Medicare fee-for-service beneficiaries aged ≥65 years and 
fixed-terrestrial broadband internet access among households of adults aged ≥65 years adjusted for geographical region effects. Eligibility rate (per 1,000 benefi-
ciaries) (A), participation rate (% of those eligible who participated in ≥1 session) (B), adherence (mean number of sessions completed within 365 days of qualifying 
event) (C), and completion rate (% of enrollees who participated in ≥36 sessions) (D). 
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continuity of active service lines affect patients who are least likely to 
have fixed-terrestrial broadband internet access [11,12,20–23]. The FCC 
also does not currently consider cellular-based internet technologies a 
like-for-like substitute for fixed-terrestrial internet access [11,12,21,23]. 

Paradoxically, it is the large segment of patients who are most 
vulnerable to experiencing the highest CR eligibility rates, hallmark 
barriers to CR utilization, and lack of fixed-terrestrial broadband 
internet access who in the present-to-near future stand to benefit the 
least from institutionalizing current [20–22] or proposed [2–7] models 
of telehealth CR as part of current standard of care. Additionally, if CMS 

first requires large-scale randomized clinical trial evidence to endorse 
the clinical benefits of telehealth CR as an option for standard of care, 
acquiring such data in a representative patient cohort of diverse social 
and economic backgrounds could prove extremely challenging and 
biased without universal fixed-terrestrial broadband internet access 
already in-place. Equitable representation of patients exhibiting char-
acteristics predictive of low socioeconomic status in randomized clinical 
trials is rare and an ongoing concern for the development of medical 
treatments and improving access to preventive healthcare [31–33]. 

Fig. 2. Associations between cardiac rehabilitation eligibility rate and center-based utilization among Medicare fee-for-service beneficiaries aged ≥65 years and 
fixed-terrestrial broadband internet access among households of adults aged ≥65 years adjusted for urban-rural area effects. The urban-rural classification scheme for 
counties defined by the CDC National Center for Health Statistics was used for stratifications. Eligibility rate (per 1,000 beneficiaries) (A), participation rate (% of 
those eligible who participated in ≥1 session) (B), adherence (mean number of sessions completed within 365 days of qualifying event) (C), and completion rate (% 
of enrollees who participated in ≥36 sessions) (D). 
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4.1. Limitations 

Causality cannot be established based on associations we report in 
this study. The internet access dataset from the Census Bureau did not 
exclusively represent the fixed-terrestrial broadband internet access 
status of CR eligible Medicare FFS beneficiaries aged ≥65 years. By 
reporting on fixed-terrestrial broadband internet access for all house-
holds of adults aged ≥65 years it is possible we over- or under-estimated 
our reported associations. However, to the best of our knowledge there 
is no data available that links national internet access status with CMS 
claims data focusing on CR eligible Medicare FFS beneficiaries aged ≥65 
years. Additionally, separate bodies of evidence are available illus-
trating demographic factors and social determinants of health that are 
associated with the digital divide are also commonly observed to 
correlate with cardiovascular disease risk and CR utilization [9–13,29, 
30]. Thus, it is unlikely that fixed-terrestrial broadband internet access 
levels would be higher among CR eligible Medicare FFS beneficiaries 
aged ≥65 years than that of the general population. 

We did not have data on the proportion of CR eligible patients who 
did not receive physician referrals for CR enrollment since CMS does not 
collect this information. Although the lack of a physician referral can be 
a barrier to CR enrollment [10], we are unaware of evidence suggesting 
the number of missing CR referrals differs significantly between and 
within counties and from state-to-state or region-to-region on a national 
level. 

5. Conclusions 

Current levels of fixed-terrestrial broadband internet access are 
imbalanced between geographical regions and urban-rural areas among 
US households of adults aged ≥65 years. Geographical regions and rural 
areas exhibiting the lowest levels of fixed-terrestrial broadband internet 
access also demonstrate the highest CR eligibility rates among Medicare 
FFS beneficiaries aged ≥65 years. Offering telehealth CR as an alter-
native to center-based care may have the largest potential impact on 
improving CR utilization among a select segment of patients residing in 
areas supported by the combination of up-to-date physical broadband 
infrastructure and government backed financial resources needed to 
allow for widespread opportunities to access fixed-terrestrial broadband 
internet services. In order to support the universal viability and intended 
benefit of offering patients the option of telehealth CR delivery, the 
modern era of digitally connected healthcare requires actionable public 
health policy initiatives aimed at providing communities with the 
physical and financial resources required to support the availability and 
accessibility to fixed-terrestrial broadband internet as a standard of 
living resource for all. 
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