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Objective: Telemedicine has developed as an
innovative way to remotely view and treat patients
without necessitating for patients to physically
come into a physicians’ office or healthcare
facility. This study aims to provide insights into the
effectiveness of integrating telemedicine in medical
facilities, where patients have high hierarchical
condition category (HCC) risk scores.

Design: This study utilized two raw datasets: (1) a
Centers for Medicare & Medicaid Services (CMS)
dataset created from the 2017 Medicare Physician
and Other Supplier National Provider Identity
Aggregate Report and (2) a National Center for
Education Statistics (NCES) dataset created from
the NCES table on the number and percentage

of households in each state with computer and
internet access. A regression analysis was
carried out on the CMS dataset to determine the
correlation between HCC risk scores and the

reimbursement lost by healthcare facilities, where
over 50% of their patients are diagnosed with
chronic obstructive pulmonary disease (COPD).

A second analysis was conducted with the NCES
dataset to show which states had a high proportion
of both households with internet access and COPD
patients. A final regression analysis was run and
translated into an interactive map in order to
determine which regions of the United States could
most benefit from telemedicine adoption.

Results: This study discovered a number

of physicians and healthcare facilities in

the eastern region of the United States that
could benefit significantly from telemedicine
applications. These findings were supported by
the locations and data abstracted from facilities
with high numbers of COPD patients, which
were found to have poor HCC risk scores and
thus high reimbursement losses.
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Conclusions: This study confirmed the association
between HCC risk scores and reimbursement
losses. In order to alleviate those losses, this study
identified states across the United States that
should choose to incorporate telemedicine into how
they diagnose and treat patients based on the needs
of healthcare facilities and the internet capabilities
of households in those states, because telemedicine
integration presents the potential to improve patient
HCC risk scores and reimbursement amounts by
lowering readmission rates while also promoting
higher patient and physician satisfaction. Future
efforts should develop specific strategies to assist
with telemedicine implementation and should

track the observed effects of its adoption on
reimbursements and quality of care.

INTRODUCTION

The hierarchical condition category (HCC) risk
score is a system implemented by the Centers of
Medicaid and Medicare Services (CMS) to
determine patients’ future medical needs in a
medical coding format according to diagnoses and
diagnostic coding (ICD-9-CM).! Chronically ill
patients receive a HCC risk score as an assessment
of the amount of reimbursement a healthcare
facility could expect to profit or lose.? Provision of
reimbursements to healthcare facilities depends on
proper determination of HCC risk scores by taking
a number of different variables into account,
including different patient diagnoses and their
likelihood of readmittance. Accurate patient
diagnostic coding is especially necessary for those
patients who suffer from other diseases in addition
to their chronic illness. Misdiagnosing or
underdiagnosing a patient who suffers from
multiple comorbidities can result in inaccurate
HCC risk scores and greater losses for the facility.?

Because the CMS-HCC model is typically used

for chronic illnesses, this study focuses on chronic
obstructive pulmonary disease (COPD), one of the
most widespread chronic diseases worldwide with

at least 16 million people living with COPD in the
United States alone.> COPD is one of the leading
causes of death in the United States, causing over
150,000 deaths each year.>* According to the
CMS, patients hospitalized for COPD have a
30-day readmission rate of 22.6. Given the high
burden of readmission in addition to the already
staggering number of existing cases, COPD was
added to the Medicare Hospital Readmission
Reductions Program, in 2015, resulting in
financial penalties for COPD readmissions within
30 days of hospital discharge.’

Hospitals or healthcare facilities responsible for
treating patients with chronic illnesses like COPD
that has to be readmitted on a consistent basis are
likely to have worsening HCC risk scores, which
can prove detrimental not only to the quality of care
but also to the amount of reimbursement a facility.®
Since the beginning of Medicare’s implementation
of the HCC risk score, there has been a direct
correlation between the risk score factor and
reimbursement rates for facilities.” After examining
how hospital finances affect the quality of care they
deliver, Akinleye et al.® concluded that there is a
strong positive correlation between performance
scores and reimbursement amounts and hospital
performance scores and reimbursement amounts,
and a strong negative correlation between
performance scores and readmission rates. There is
an abundance of existing literature that provides
evidence in support of this assertion that financially
unstable, low-revenue, or low-reimbursement
healthcare facilities and hospital systems are less
capable of reliably providing high-quality care.’'

Nevertheless, ensuring that patients who receive the
best care possible should always be a top priority
for healthcare providers. When high-quality health
care is administered to patients, their overall quality
of health improves as well as their general
satisfaction with their doctor or physician.®!3 This

is where telemedicine comes in. With the staggering
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number of COPD cases each year, it would be
beneficial for facilities treating COPD patients to
incorporate telemedicine into their treatment
options. If physicians were able to give round-the-
clock care to COPD patients, they could better
detect sudden changes or declines in health.”!413
By bringing clinical care to patients at home,
telemedicine enables healthcare practitioners to
reduce the long-term risk of patients and make
personalized adjustments, which would ultimately
reduce the need for patients to frequently visit
doctors’ offices and hospitals and lead to a
subsequent decrease in their readmission rates in
these facilities. In fact, there has been a consistent,
strong parallel between the adoption of
telemedicine practices in healthcare facilities and
the reduction of readmission rates since its first
introduction to society in the late 1950s and early
1960s.'® O’Connor et al. found that telemedicine
and telehealth were shown to cause a 73% relative
reduction in the readmission rates for a Medicare-
certified home healthcare agency over the course of
3 years.!” Consequently, reduced readmissions as a
result of telemedicine integration is likely to reduce
HCC risk scores of patients.

The adoption of telemedicine practices and methods
in healthcare facilities could have positive effects on
readmission rates, facility reimbursement amounts,
and overall satisfaction with quality of care for both
patients and providers. Despite these positive
effects, telemedicine adoption faces several
obstacles to implementation. Ronda et al.'®
concluded that unawareness is the primary barrier to
enrollment in a virtual telemedicine platform
designed to connect physicians with patients with
diabetes mellitus, another chronic disease. For
uninformed or untrained patients, the ability to talk
with their providers face to face without physically
being in a doctor’s office may seem counterintuitive.
Thus, one of the most crucial steps toward getting
providers and patients to begin incorporating
telemedicine into their practices is providing

patients with detailed knowledge about telemedicine
platforms, thereby helping patients recognize and
understand the potential benefits. Kruse et al."”
published a systematic review in 2018, in which
several patient barriers hindering telemedicine
adoption were identified, including the most salient
patient barriers being the age, level of education,
eHealth or computer literacy, unawareness, and
bandwidth of dwelling. Collectively, these barriers
similarly suggest a general lack of patient awareness
and education about telehealth advances. In
addition, Kruse et al. point to the need for a certain
degree of internet access and computer literacy in
order to successfully implement telemedicine and
reap its benefits.

This study aims to provide a systematic analysis
on the ways in which the HCC risk score affects
reimbursement rates for healthcare facilities
where half or more of the patients seen suffer
from COPD. In addition, this analysis will
identify the regions of the United States which
contain healthcare facilities and households that
are likely to benefit the most from telemedicine.
In addition, this analysis will provide novel
insights into the effectiveness of integrating
telemedicine with standard practices in these
medical facilities as a measure to reduce their
readmission rates, which, in turn, will improve
HCC risk scores as well as facility payout rates.

METHODS

Study Design

This literature review led to the establishment of the
following analytic inquiries: (1) how medical
facilities are affected by their insurance revenue, (2)
how HCC risk scores are correlated with
reimbursement amounts, (3) how telemedicine is
known to reduce the amount of readmissions for
healthcare facilities, and (4) how telemedicine can
reduce the overall HCC risk scores. In order to
address these queries, several different statistical
analyzations were carried out on two different
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datasets containing raw data. The first dataset from
the CMS—Medicare Physician and Other Supplier
National Provider Identifier (NPI) Aggregate Report,
Calendar Year 2017—contains a number of different
variables, including utilization, payments (Medicare
allowed amount, Medicare payment, standardized
Medicare payment), and submitted charges
organized by NPI along with demographic
information for each facility listed and their
corresponding HCC risk score.?’ A subset of this data
was created to identify those healthcare facilities,
where over 50% of the patients treated at that facility
were diagnosed with COPD. This data subset was
used to show the correlation between the HCC risk
score and Medicare reimbursement amount, as well
as a correlation to show which providers and
facilities across the United States would benefit the
most from the integration of telemedicine according
to their HCC risk score. The second dataset from the
NCES—Table 702.60.Number and percentage of
households with computer and internet access, by
state—includes all households whose members
access the Internet at home by paying a cell phone
company or internet service provider.?! This dataset
was used to show how many households across the
United States have access to internet capabilities as a
proxy measure for the ability to utilize telemedicine
practices. Both the article reviews and the data
analysis complement each other as each article
referenced in the research shows a direct correlation
to the specific analyses ran using the raw data.

Data Analysis

The first analysis was a regression analysis,
calculated using the subset of the first dataset—
Medicare Physician and Other Supplier NPI
Aggregate Report, Calendar Year 2017—to show
the correlation between HCC risk score and the
reimbursement amount for healthcare facilities,
where over 50% of their patients are diagnosed with
CPD. In order to obtain data for patients who were
specifically suffering from COPD, the dataset was
filtered by the variable “Provider Type,” explicitly

selecting providers that specialize in pulmonary
disease. The filtered dataset was then uploaded into
the programing system SAS Studio, where the
regression analysis was run to evaluate whether
HCC score has an impact on the reimbursement
amount not paid for COPD patients. The dataset
contained 10,000 different variables for HCC score,
so it was necessary to group each of the HCC risk
scores by state before performing the regression
analysis in order to properly calculate and compare
the correlations between HCC risk score and amount
of reimbursement. This method was supported by
Yeatts and Sangvai' since the “CMS-HCC risk-
adjustment model was designed to most accurately
predict spending at the group level, not the individual
beneficiary level. Thus, the expenditure predicted for
an individual beneficiary is likely to be less accurate
than the expenditure predicted for a group of
beneficiaries.” After the dataset was filtered and
grouped accordingly, the analysis was conducted.

The second analysis was done using a dataset from
the NCES—Table 702.60.Number and percentage
of households with computer and internet access,
by state: 2016—to show the average number of
households across the United States with internet
accessibility, therefore showing which states could
viably adapt to telemedicine. Because the
correlation of the initial dataset from CMS was
done for Medicare patients, the focus of the second
dataset was on patients in the oldest age group
(50+). This age group was chosen because it is most
inclusive of the desired population COPD is
typically diagnosed in patients older than 45 years
of age, and most elder patients will qualify for
Medicare as an insurance once they reach 65 years
of age.?? There was no need for this data to be
filtered since the dataset did not contain an overly
large or abnormal amount of data, so it was
uploaded directly into the programing application
Microsoft Azure, where several graphical analyses
were run to determine which households in the
United States have the highest internet access.
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A final analysis was then run using an SAS
linear regression model of the CMS data subset
to show which regions of the United States
have healthcare facilities that would most
benefit from the adoption of telemedicine
methods based upon their HCC risk score and
Medicare reimbursement amounts. This final
regression analysis was translated into an
interactive map.

a Scatterplot of Amount not paid for COPD vs Risk Score across all States
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RESULTS

The regression analysis ran on the CMS
dataset was plotted into a scatterplot to show
the correlation between the average HCC risk
score and the reimbursement amounts not paid
to each one of the healthcare facilities,
representing their reimbursement losses
(Figure 1A). The analysis showed a moderate
positive relationship between the dependent
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The REG Procedure
Model: MODEL1
Dependent Variable: Amt_Not_Paid_For_COPD Amt_Not_Paid_For_COPD

Number of Observations Read | 50

Number of Observations Used | 50

Analysis of Variance

Sum of Mean
Source DF Squares Square @ FValue | Pr>F
Model 1 467429202 | 467429202 13.83 | 0.0005
Error 48 | 1621874587 33789054
Corrected Total | 49 | 2089303789
Root MSE 5812.83527 | R-Square | 0.2237
Dependent Mean 16965 Adj R-Sq | 0.2076
Coeff Var 34.26285
Parameter Estimates
Parameter Standard
Variable Label DF Estimate Error | tValue | Pr>|t|
Intercept Intercept -9199.04513 | 7082.51054 -1.30  0.2002
AverageHCCRiskScore | AverageHCCRiskScore 10772 | 2896.08349 3.72 | 0.0005

Figure I—Regression analysis of CMS dataset showing the positive correlation between HCC risk scores and
the Medicare reimbursement amount for healthcare facilities. (A) Scatterplot of HCC risk score versus amount
not paid for COPD patients. (B) Fit plot of the data along with the regression line, prediction interval (indicated
by dashed lines), and confidence interval (indicated by solid blue region). (C) Regression analysis statistics.
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and independent variables with a correlation
coefficient of » = 0.47 (Figure 1C). This
scatterplot demonstrates that as the HCC risk
score increases (based upon the average risk

scores for each of the 50 states), the amount of

reimbursement lost by hospitals and facilities
increases as well. Along with the correlation
coefficient, an R-squared value of 0.2237 was
found, indicating that 22.37% of the variation
in the reimbursement amount not paid for
COPD patients was due to a variation in the
HCC risk scores. Furthermore, the amount not
paid for COPD patients increased by
approximately $10,772 on average, per point
increase in HCC risk score, shown by the
“Parameter Estimates” listed in the regression
analysis for the average HCC risk scores by
state (Figure 1C). An additional fit plot
(Figure 1B) was created to depict the
scatterplot of the regression analysis along
with the regression line, prediction interval,

and confidence interval. The confidence
interval makes an estimate for the average
individual with a particular HCC risk score.
The prediction interval is wider to account for
the risk in trying to make a prediction for an
individual.

Using the dataset from the NCES, this study found
the number of households in the United States that
are capable of utilizing their home internet for
telemedicine. Figure 2 shows a scatterplot for the
association between states and the percentage of
households with internet access. Analysis of this
scatterplot revealed a much higher portion of
states on the eastern half of the United States with
homes with internet access than the north western
half of the country. This analysis was also done in
combination with the graphical analysis in

Figure 3A, which shows the percentage of patients
with COPD across the United States. By
accounting for both the percentage of patients with
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Figure 2—Graphical analysis of the numbers of households across the United States with access to the

Internet.
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Figure 3—Saturation of COPD Medicare beneficiaries by state. (A) In the nation-level map, yellow states
show states with the lowest percentage of patients with COPD, while red states show the highest per-
centage of COPD patients. The average age of the COPD Medicare beneficiaries is listed below each

state abbreviation. (B) Florida, the state with the highest amount of COPD patients who will benefit from
telemedicine.
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COPD and the number of households with access
to the internet, the state-level analysis suggests
that California, Florida, Michigan, Kentucky,
Ohio, New York, and Pennsylvania would benefit
the most from telemedicine. The state with the
highest percentage of COPD patients and the
highest percentage of patients with access to
internet was Florida (Figure 3B). Based on the
CMS data, an interactive mapping guide was
designed with a drill-down analysis of the overall
map of the United States (including state and city
levels) to show the percentages of patients who
have been identified with COPD (Figure 4).

DISCUSSION

Based upon the regression analysis of the CMS
raw dataset, our findings did demonstrate that the
HCC risk score is associated with the amount of
reimbursement that medical facilities and
hospitals receive. The regression analysis
proposes a moderate positive correlation between
the HCC risk score and the amount of
reimbursement loss. This finding is consistent
with the existing body of scientific works, which
en masse maintains that as the risk score
increases, the amount of money that medical
facilities will lose.” In other words, a higher HCC
risk score would denote a larger amount of
money lost from the reimbursement. Because
Medicare accounts for two different variables
when calculating the risk score, the HCCs may
be assumed to have a direct correlation to both
the amount of times a patient is readmitted and
the patient’s particular diagnosis. This finding is
particularly significant for healthcare facilities
that treat chronic conditions like COPD, which is
associated with abnormally high readmission
rates, as these hospital systems may begin
struggling with financial upkeep as a result of the
low reimbursements. Financial stability in
healthcare facilities is a well-documented
precursor for diminishments in the overall
quality of care and performance ratings.’

The adoption of telemedicine has been known to
produce improvements in patient readmission
rates. Reducing readmission rates with
telemedicine can continuously improve HCC risk
scores over long periods of time. Because our
analysis shows a direct correlation between the
HCC risk scores and the amount of money a
healthcare facility loses in reimbursements,
telemedicine-induced improvements in
readmission rates and HCC risk scores could
reduce the amount of reimbursements lost by
healthcare facilities. According to our analyses,
states on the east coast of the United States along
with California are likely to benefit the most
from telemedicine adoption as these states tend
to be the most saturated with COPD patients and
to have the most homes with internet access.
Florida appears to be the state with the highest
amount of COPD patients and households with
internet accessibility. Therefore, because COPD
patients are more likely to be given high HCC
risk scores, healthcare facilities in Florida would
be expected to reap greater benefits than most
other states by adopting telemedicine practices
for patients diagnosed with COPD. Nonetheless,
all of the identified states—Florida, California,
Michigan, Kentucky, Ohio, New York, and
Pennsylvania—have the technological
capabilities and the COPD burden to significantly
benefit from integrating healthcare facilities with
telemedicine practices in the treatment of COPD
and other chronic illnesses.

LIMITATIONS

The regression analysis performed on the raw
data from the CMS plotted a weak correlation
between the HCC score and reimbursement
amounts per patient. This could be attributed to
grouping the HCC risk scores by state when
determining the correlation between HCC risk
scores and amount of reimbursement lost.
Though an earlier regression was carried out
where each patient was accounted for
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Figure 4—FExamples of interactive mapping guides created (A) for the entire United States and (B) for a
single state, which, in this case, is Georgia.
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individually, the analysis was incomprehensible
due to the large dataset of over 10,000 patients.
Upon further research, this study confirmed that,
not grouping together, the HCC risk factors by
state or other variables in addition to the COPD
variable could show an imprecise correlation,
which is why the presented regression analysis
was conducted by grouping-related HCC risk
factors.! The filters placed on the second dataset
from the NCES constitute a potential limitation
as well. Though the initial dataset was quite
large, filtering it by both age and provider type
may have made the study population less
representative of all COPD patients (from the
CMS dataset) and all households (from the
NCES dataset) across the United States. If an
accurate or large enough sample was not
evaluated, there is a possibility that the observed
conclusions drawn from each of the analyzed
populations could lack external validity.

CONCLUSIONS

The goal of this study was to investigate how the
HCC risk scores model has an effect on the amount
of reimbursement that healthcare systems are paid
by Medicare. This analysis confirmed that the HCC
risk score does in fact have a direct correlation
with Medicare reimbursement amounts for
facilities, as well as with the readmission rates for
patients. It was also shown that the enactment and
maintenance of telemedicine and telehealth
practices can reduce readmissions for patients,
which will concurrently reduce patients” HCC risk
scores as well. The regression analysis for the
correlation between HCC risk score and Medicare
reimbursement lost was shown to have a positive
correlation when calculated. In combination, all of
the findings concurred that there are relevant
associations between HCC risk scores,
readmissions, and medical facility reimbursements.
Our second analysis identified regions across the
United States that would benefit the most from
telemedicine usage. Locations were selected based

upon the number of households in the United
States with internet access and the healthcare
facilities in the United States that commonly treat
COPD patients (these facilities would thus have
the highest amount of reimbursement lost based on
the HCC scores of the COPD patients). This
analysis showed that the Eastern half of the United
States (with the exception of California) contains
the highest proportion of facilities that would
benefit the most, with Florida having the highest
percentage of COPD patients and the highest
number of households with access to internet. The
span and implications of this research could be
expanded in future research efforts by not limiting
the provider type to pulmonary physicians in order
to investigate all providers that treat patients with
Medicare. This method would provide a larger
sample size to represent a larger collection of the
Medicare population. Furthermore, in order to see
an increase in patients’ health and a reduction in
HCC risk scores, future efforts should develop
specific strategies to implement telemedicine
practices in healthcare facilities in the states
identified in this research. Following
implementation, a large-scale analysis of the
observed effect telemedicine adoption in these
facilities that correlate to physician reimbursements
from Medicare would prove useful. If successful
telemedicine implementation shows an association
with increased reimbursements and quality of care,
the collective research could support how value-
based care, continuous care, and preventative care
methods have a strong impact on facility
reimbursement rates.
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