Risk Factors for All-Cause Rehospitalization Among Medicare Recipients
with Heart Failure Receiving Telehomecare

Youjeong Kang, PhD, MPH, CCRN!"*
Matthew D. McHugh, PhD, JD, MPH, RN, CRNP, FAAN!?
Jesse Chittams, MS! and Kathryn H. Bowles, PhD, RN, FAAN, FACMI™>*

"University of Pennsylvania School of Nursing, Philadelphia,
Pennsylvania.
2Center for Health Outcomes and Policy Research, University
of Pennsylvania School of Nursing, Philadelphia, Pennsylvania.
SvanAmeringen Professor in Nursing Excellence, University
of Pennsylvania School of Nursing, Philadelphia, Pennsylvania.
“Director of the Center for Home Care Policy and Research,
Visiting Nurse Service of New York, New York, New York.
*Current address: University of Washington School of Nursing,
Seattle, Washington.

Abstract

Objective: To identify potential risk factors associated with
rehospitalization among Medicare recipients with heart
failure (HF) receiving telehomecare. Materials and Meth-
ods: This study is a nonexperimental, cross-sectional sec-
ondary data analysis of the Centers for Medicare and
Medicaid (CMS) mandated assessment called the Outcome
and Assessment Information Set (0ASIS)-C, provided by a
large home care company. A total of 526 patients who
received telehomecare from January 1, 2011 to August 31,
2013 were included in the analyses, which used multi-
ple logistic regression. Results: The overall rate of re-
hospitalization was 36% while patients were receiving
telehomecare. Moderately frail health status (p=0.01), the
presence of severe pain (p=0.01), the presence of derma-
tologic problems (p=0.03), and independence in dressing
one’s lower body (compared to slightly dependent [p=0.01]
or mostly dependent patient groups [p=0.02]) were iden-
tified as risk factors for rehospitalization. Conclusions:
The risk factors identified from this study may be used
to drive more effective telehomecare placements, and re-
ferrals for additional services among telehomecare pa-
tients with HF.
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Introduction
early 75% of heart failure (HF) patients enter home
care services after hospital discharge,' and HF is the
most common Medicare diagnosis in the home care
setting.”®> Home care services are available for
supporting patients with HF in returning to normal life after
hospitalization and have integrated telemonitoring services
(telehomecare). By monitoring patients’ physiological data,
such as vital signs and weight, using telehomecare on a daily
basis, home care providers and patients can identify early
signs of HF exacerbation to prevent rehospitalization.*™® Al-
though telehomecare has been widely used, the majority of
telehomecare clinical trials conducted in the United States for
the HF population have yielded mixed results.””® One potential
way to optimize the use of telehomecare in HF patients is to
identify risk factors for rehospitalization from the start of care,
to facilitate early recognition of those individuals who need
additional support while receiving telehomecare.

To date, little is known about patient-level characteristics of
HF patients receiving telehomecare that are associated with re-
hospitalization. This study aims to identify risk factors for re-
hospitalization among HF patients receiving telehomecare
services. Patient-level characteristics were derived from Centers
for Medicare and Medicaid Services mandated assessment tool
called the Outcome and Assessment Information Set (OASIS).
The purpose of this study was to identify potential risk factors for
all-cause first rehospitalization during the home care episode in
Medicare recipients with HF receiving telehomecare. Determin-
ing these characteristics will assist in tailoring telehomecare
interventions to those individuals requiring additional support.

Materials and Methods

This study was a non-experimental, cross-sectional sec-
ondary data analysis using OASIS-C items collected on pa-
tients with HF receiving telehomecare services from a large
home care company from January 1, 2011 to August 31, 2013.
The diagnosis of HF was verified with the following HF In-
ternational Classification of Disease, Ninth Revision (ICD-9)
codes from the OASIS dataset: 402.01, 402.11, 402.91, 404.01,
404.03, 404.11, 428.00-428.99. The conceptual framework
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Fig. 1. Triangulated conceptual framework from the quality health outcomes model

and the initial behavioral model.

for this study was developed by triangulating the Quality
Health Outcomes Model (QHOM) and the Initial Behavioral
Model (IBM) to guide the development of a predictive model of
potential risk factors for all-cause first rehospitalization
(Fig. 1). The structure of the QHOM was adopted to explain
the relationship between the concepts as a primary structure:
client, intervention, system, and outcomes. The three com-
ponents (predisposing, enabling resources, and need char-
acteristics) from the IBM were adopted to organize client
(i.e., patient) characteristics. This study was approved by the
Institutional Review Board of the researchers’ institution, and
a data use agreement was signed with the home care company.

POWER ANALYSIS

The sample size determination was based on the following
assumptions: a two-sided alpha equal to 0.05, and the per-
centage of female patients (74%) as an independent variable of
interest in the telehomecare group.® A sample of 499 subjects
was found to achieve 80% power to detect an odds ratio as high
as 0.53, which corresponds to a 10% point reduction in the
rehospitalization rate from 25% in women (i.e., to 15% in men),
using a logistic regression model that is statistically significant
at an alpha level of 0.05. Thus, a sample of 552 in this study was
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treatment and risk adjustment.'®

The OASIS items as potential risk
factors for rehospitalization were di-
vided into three categories in this study: (1) predisposing
characteristics are defined as attributes that are inherently
personal and relatively unchangeable (i.e., age or ethnicity); (2)
enabling resources are defined as characteristics that influence a
person’s ability to procure healthcare (i.e., family support); and
(3) need characteristics refer to factors that may influence
the patients’ requirements for healthcare (i.e., health or
functional status).'”~"°

DATA SOURCE

This study used the Start of Care (i.e., upon admission to
home care services), Transfer, and Discharge OASIS-C as-
sessment files. First, identification of in-patient hospitali-
zation before starting home care was determined from the
OASIS-C item “in-patient discharge date.””® To determine
whether the patient had a hospital stay during the home care
episode, the items, “To which inpatient facility has the patient
been admitted?” and “Discharge/transfer/death date” were
used from the transfer OASIS-C dataset.”® The Transfer OASIS
assessment is completed when patients are transferred to an
inpatient facility.?® If the patient did not return to home care
from a rehospitalization occurring during the initial home
care episode, the item “Discharge/transfer/death date” in the
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vations were considered to have missing

1/1/2012 and 8/31/2013

833 patients with heart falure who entered home healthcare services between

data because the dates of rehospitaliza-

tion were unclear. Those with missing
outcomes data were excluded. The SAS

old

from the hospital settings

days before 8/31/2013

Y

® 33 patients were excluded because they were <55 years
® 266 patients were excluded because they did not come
® 15 patients were excluded because no discharge and

transfer dates were available within 60 days after
entered home health care, or start of care was within 60

Multiple Imputation procedure was ap-
plied to the subjects with missing data.

Results
A total of 552 patients were included in
the data analyses. The AUC value for the

552 patients

final model was 0.63. The results of the
multiple logistic regression model are pre-
sented in terms of the three categories out-

Fig. 2. The flowchart of sample selection.

discharge OASIS-C assessment captured the status of re-
hospitalization.”® This study used the start of care OASIS-C
items to identify potential risk factors for all-cause re-
hospitalization during the home care episode.

DATA ANALYSIS

All data analyses were completed in SAS™ version 9.4.
Descriptive statistics were used to evaluate characteristics of
patients in this study. After the final sample was obtained based
on study inclusion and exclusion criteria (Fig. 2), the normality
of the distributions for each of the variables in the dataset were
examined individually using box plots and histograms. Bi-
variate logistic regression analyses using PROC GENMOD were
conducted to select variables at the alpha level of 0.2 for in-
clusion in the stepwise regression model. A multiple logistic
regression model was built using PROC GENMOD to determine
the relative strength of any group associations with adjustment
for significant (p<0.05) covariates. The values of the area
under the receiver-operating characteristic curve (AUC) were
used to assess the reliability of the final model.

The AUC is a rank-based test to measure how well a model
differentiates between two groups (i.e., those with and with-
out the event, or with and without an intervention) based on the
outcome of interest, which reflects the accuracy of the model.?!
If the value of the AUC is greater than 0.7, the model is con-
sidered reliable; the closer the value is to 1.0, the more reliable
the model.!*%2728 If the value is less than 0.5, the model lacks
predictive accuracy and is “no better than chance.”?»%%2°

MISSING DATA

Missing data is a common problem that almost all re-
searchers face.”® Multiple imputation replaces each missing
value with a set of plausible values that represent the uncer-
tainty about the value to impute.’® In this study, 15 obser-

lined in the conceptual model guiding this
study: predisposing, enabling resources, and
need characteristics. Overall, the median age was 79.0 years
(interquartile range 15.0). Approximately half the patients who
received telehomecare were female, and the majority of pa-
tients were White (83%). Patients living with other person(s)
were 74%. Nearly 36% of patients had a rehospitalization
during the 60 days after being discharged to home care from an
in-patient facility. More than half of rehospitalized patients
required hospitalization due to HF complications (27%) and
other heart disease (26%) (Table 1).

FINAL MULTIPLE LOGISTIC REGRESSION MODEL

The full wording of the significant variables in the OASIS-C
dataset, and the “term” for each question’s responses, are pre-
sented in Table 2 for the purpose of interpretation. All the sig-
nificant variables were in the need characteristics category; that
is, patients’ current health status, the presence of severe pain, the
presence of skin problem(s) (e.g., pressure ulcers, skin lesions or
open wounds), and the ability to dress one’s lower body.*°

Table 3 presents the odds ratios for the final risk factor
variables, which could be used to determine a particular

Table 1. Five Top Reasons for Rehospitalization

FOR WHAT REASON(S)
DID THE PATIENT REQUIRE
HOSPITALIZATION?

REHOSPITALIZED
(N=198) COUNT (%)

Heart failure 54 (27)
Other heart disease 51 (26)
Respiratory infection 22 (11)
Cardiac dysrhythmia 16 (8)
Other respiratory problem 16 (8)
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odds of being rehospitalized if they re-
ported severe pain were 1.84 times
greater than the odds of rehospitaliza-
tion in patients without severe pain
(p=0.01).

In terms of the presence of derma-
tologic problems, the odds of being
rehospitalized for patients with der-
matologic problem(s) were approxi-
mately two times greater than for those
patients without dermatologic prob-
lem(s) (p=0.03). The odds of being
rehospitalized for patients who were
slightly dependent for dressing their
lower body were 63% lower than those in
the independent group (p-value=0.01);
the odds of being rehospitalized among
either those in the mostly dependent
group or those who were entirely de-
pendent for dressing their lower body

Table 2. Full Wording of the Significant Variables in the OASIS-C Dataset,
and the "Term" for Each Question's Possible Responses®*

OASIS-C QUESTION
(DEFINITION)

“TERM" FOR EACH QUESTION'S POSSIBLE
RESPONSES

Which description best fits the patient's overall 1. "Stable" means when a patient is stable without
status? (defined as the patient's current heightened risk (s) for serious complications and death?
health status)

N

. "Mildly frail" means when a patient is having high
health risk (s) for a short time and is more likely to
return to stable status without heightened risk (s) for
serious complications and death?

w

. "Moderately frail" means when a patient is still in frail
condition and currently at high risk(s) for serious
complications and death

4. "Very frail" means when a patient has a serious
condition(s) that may possibly lead to death within a
year

—_

Results of a formal pain assessment using a . No standardized, validated assessment done®
standardized pain assessment tool (defined as the

presence of severe pain)

N

. Assessment done, but a patient does not complain of
severe pain

w

. Assessment done, and a patient complaints of severe

pain were 54% lower than for those in the
The existence of a skin lesion or open wound, 1. No independent group ( p-value=0.02).
excluding bowel ostomy (defined as the presence 5 Y
. Yes

of skin problems)

Discussion
A greater proportion of rehospitaliza-
tions in this study were related to car-
diac diagnoses (54% of rehospitalizations
vs. 42% in a previous study). HF was
the primary cause of rehospitalization
. "Mostly dependent” means when a patient requires help . .. .
to put on undergarments, slacks, socks or nylons, and among Medicare recipients with HF
shoes receiving telehomecare in this study,
followed by other cardiac diseases and
cardiac dysrhythmia. This finding is
similar to the findings of other studies,
in which HF was the principle reason
for rehospitalization among Medicare
recipients.>"*? Four risk factors for all-
cause first rehospitalization were iden-
tified in this sample of Medicare recip-
ients with HF receiving telehomecare

The capability to dress lower body (with or without | 1. “Independent” means when a patient is able to dress
dressing aids) including undergarments, slacks, their lower body without help

socks or nylons, shoes (defined as capability in
dressing lower body)

N

. "Slightly dependent” means when a patient is able to
dress their lower body without help, if clothing and
shoes were arranged or handed to them

w

4. "Entirely dependent” means when a patient requires
another person to dress their lower body

?In the patient's current health status, the stable and mildly frail groups were combined into one category with
regards to patients' current health status.

®In the presence of severe pain, the category of “no formal pain assessment done" was considered as missing
data because eight patients in the dataset were recognized as nonrecipients of a formal pain assessment.

0ASIS-C, Outcome and Assessment Information Set.

patient’s risk factors for rehospitalization and to compare the
magnitude of the effects of various factors on risk for re-
hospitalization. In terms of patients’ current health status, the
odds of being rehospitalized for moderately frail status patients
were 1.65 times greater than the odds of rehospitalization in
stable or mildly frail patients, with a statistically significant
difference between the non-rehospitalized and rehospitalized
group (p=0.01). For patients who were provided a formal
pain assessment using a standardized pain assessment tool, the
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during their home care episode; the moderately frail health
status, the presence of severe pain, the presence of dermato-
logic problem(s), and independence in dressing the lower body.

PATIENTS’ CURRENT HEALTH STATUS

Before this study, patients’ current health status has not
been reported as a risk factor for adverse events such as re-
hospitalizations among home care patients, because it is a new
item added in the OASIS-C. Based on the results of this study,
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Table 3. Odds Ratios and 95% Confidence Interval
of the Final Risk Factors

95% CONFIDENCE

RISK FACTORS FOR ALL-CAUSE REHOSPITALIZATION

the HF population and it has not been typically
reported as the typical hallmark symptoms
of shortness of breath, fatigue, and edema
have.?*>* In addition, evidence demonstrates

INTERVAL p-VALUE
that pain in patients with stable HF is corre-
Current health status 0.03 . . .
lated with fatigue and depression and may re-
Stable or mildly frail group (reference) - - - strict daily activity, self-management, and
Moderately frail group 1.65 1.13, 2.41 0.01 quality of life.3473°
Very frail group 161 0.84, 3.09 0.15 . Pain as repo4r(:[ed ‘by pa'tlents IS a SubJ?C'
- tive experience.”” It is considered the fifth vital
The presence of severe pain . . s
sign and is a complex condition to address
Without severe pain (reference) - - - clinically.*' Unresolved pain usually influences
With severe pain 1.84 1.14, 2.96 0.01 physiological responses, for example by in-
The presence of dermatologic problems creasu;g cardiac workload and oxygen de-
mand.>®> However, there are many barriers to
No (reference) - - - . . .
effective pain management for specific popu-
Yes 1218 ok, e ey lations, such as a lack of knowledge about pain
The ability in dressing lower body safely 0.02 assessment®! and concerns about intolerance to
s 40 . . .
Independent (reference) _ _ _ pain.”” Pain management using pharmacologi-
cal approaches is difficult in the HF population
Slightly dependent 0.37 0.18, 0.76 0.01 pp pop .
because of the adverse effects of nonsteroidal
Mostly or entirely dependent 0.46 0.25, 0.87 0.02 anti—inﬂammatory dmgs, such as weight gain,

Adjusted for these patient-level characteristics: age, expected number of therapy visits (combined
total), patient living situation, a change in urinary incontinence, multiple hospitalizations more

than two times in the past 12 months, and hospital risk-other risks.

telehomecare may not be a sufficient intervention to prevent
rehospitalization for the moderately frail, due to the patients’
high potential for deterioration. These patients may have
needed more intensive interventions, such as continuous
maximum Medicare required in-person visits even though
patients become stable enough over the course of the home
care episode. One suggestion to future versions of the OASIS
dataset is to move the current health status items to the end
of the OASIS-C assessment instead of placing this item in the
beginning of the assessment, to allow home healthcare
providers to complete more of the assessment before an-
swering that question and therefore formulate a more ac-
curate assessment of the patient’s overall health status. Thus,
home care providers could use their clinical judgments to
assign each patient to a current health status category in the
OASIS-C dataset based on the patients’ stability or potential
for health decline.

PRESENCE OF SEVERE PAIN

We found that the presence of severe pain identified by
formal pain assessment using a standardized pain assess-
ment tool at the start of care was associated with re-
hospitalization. In general, pain is not well understood in

due to interactions with diuretics.*®*? Thus,
pain assessment and management in the HF
population in the home care setting needs to be
developed based on available resources, perhaps
by evaluating pain in addition to vital signs and weight
through telehomecare.

PRESENCE OF DERMATOLOGIC PROBLEM(S)

Among home care patients, pressure ulcers or skin problems
significantly increase risk for hospitalization'®'®**** and
constitute an intensive care need.'® This study aligns with
previous research'®!??3*3 that has found that patients with
dermatologic problems, such as pressure ulcers, skin lesions,
or open wounds, are at higher risk for rehospitalization than
those patients without dermatologic problems. A common
dermatologic manifestation of HF complications, such as
pitting edema in the lower extremities, is elephantiasis nostras
verrucosa (ENV).**** Severe lower extremity edema is asso-
ciated with decreased cardiac output and can cause other skin
problems, such as weeping superficial skin ulceration and
inflammation.****

Once life-threatening complications are addressed, HF pa-
tients may be discharged from the hospital with dermatologic
problems such as pitting edema and ENV, and they may be less
aggressive about seeking treatment for these problems, since
patients often receive more education about managing typical
HF symptoms at home. However, if ENV remains untreated
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and the disease progresses, it can cause infections that may
lead to sepsis requiring hospitalization.***®*’ Treating ENV is
a challenge because there is no standardized treatment ap-
proach** (B), even though there are simple and conservative
treatments available for lower extremity edema, such as using
compression bandages or embolic stockings on the affected
areas.***® Home care providers may need to be more vigilant
in caring for HF patients with dermatologic problems at the
start of care and monitor these conditions along with vital
signs and weight through telehomecare.

THE ABILITY IN DRESSING LOWER BODY

The ability to dress the lower body is one measure of pa-
tients’ functional status in the OASIS dataset.”* Researchers
reported that the ability to dress one’s lower body was one of
the best indicators of functional dependence in the HF pop-
ulation, followed by the ability to self-bathe.?* In our study,
patients who were able to dress their lower bodies indepen-
dently were more likely to be rehospitalized compared to those
patients with some degree of dependency, which was an un-
anticipated finding of this study. In general, it is assumed that
if a telehomecare patient is independent in dressing their
lower body, then they should also be able to weigh themselves
and be capable of recognizing weight gain earlier than other
patients. If this is true, recognition of their weight gain may
have triggered the more independent patients to return to the
hospital earlier, before they began experiencing clinical de-
terioration. Another assumption is that those who are more
functionally dependent might have better caregiver support
and help with meds and diet than those who are independent
and perhaps not aware of symptoms. Unfortunately, clear
information about whether those with independence had
different reasons for rehospitalization from those who were
dependent was not available from the OASIS-C data. Future
research using the OASIS data is warranted to consider as-
sessing the time of rehospitalization by using survival
analysis methods.

THE USE OF OASIS TO PREDICT THE RISK
OF REHOSPITALIZATION

In this study, the AUC value from the final model was 0.63,
which is similar to previous studies that used the values of
AUC to evaluate the predictive ability of models of re-
hospitalization or hospitalization built using earlier versions
of the OASIS dataset.'****° One study compared the effec-
tiveness of predictive models of rehospitalization between the
OASIS dataset and the Probability of Rehospitalization (Pra)
instrument, based on the values of the AUC.*° The researchers
found that the value of the AUC for the OASIS dataset was
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0.60.*° Another study that evaluated a predictive model of
hospitalization during the home care episode using the OASIS
dataset showed that the value of the AUC was 0.59.'* Al-
though the AUC value from our study does not show that the
model generated in our study is ideal (i.e., the AUC was not
greater than 0.7), they are consistent with the AUC values from
previous studies that have developed predictive models for
rehospitalization from home care.'**8>"52

The findings of our study and other future research using the
OASIS can be used to improve the content of the OASIS and to
identify risk factors for hospitalization. In particular, policy
makers ought to consider adding a variable related to the use of
technology to the OASIS dataset to assist researchers in iden-
tifying patients receiving any specific interventions. Also, if
future studies use rehospitalization as a binary outcome, using
larger sample sizes, such as obtaining OASIS data from multiple
home care agencies that use telehomecare, might be helpful to
maximize model performance. However, as evidence demon-
strates that administrative data could be useful to identify pa-
tients at risk during the transition home after hospital care,**>>
OASIS data can be an important instrument for predicting re-
hospitalization risk for HF patients after hospital discharge. In
addition, future research is warranted to identify risk factors
for rehospitalization using OASIS-C data among both non-
telehomecare and telehomecare users.

Limitations

One limitation of this study was that the data were not
collected for the specific purpose of this research question,
and the dataset was limited to Medicare recipients only. Al-
though the OASIS-C data are required for the assessment of
home care patients receiving Medicare benefits, these data do
not provide detailed information related to patients’ socio-
economic status or ability to use telehomecare. Although this
dataset contained data from multiple agencies managed under
one home care company, the specific characteristics and ef-
fectiveness of the providers in those agencies were unknown.
Also, the findings of this study may not be generalizable be-
cause the sample was limited to patients with a completed
OASIS-C assessment from one home care company. In addi-
tion, the process for obtaining two OASIS-C items—patients’
current health status and formal pain assessment using a
standardized pain assessment tool—was unclear. There was a
lack of information from the participating home care com-
pany about whether all of the admitting home care providers
used the same standardized pain assessment tools among
several tools that are available for use. Lastly, due to the na-
ture of secondary data analysis, it was difficult to assess un-
derlying factors.
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Conclusions

The findings of this study provide preliminary evidence for
the potential role of several risk factors for rehospitalization
among Medicare recipients with HF receiving telehomecare.
The identified risk factors, such as the presence of severe pain
and dermatologic problems at the time of admission to home
care services, could be used by home care providers when
making clinical judgments about those for whom tele-
homecare alone is sufficient and those who may need addi-
tional support while receiving telehomecare. If home care
providers were given guidance regarding the type of patients
who would need additional support to prevent rehospitaliza-
tion, this information would provide a valuable supplement to
their care plans involving telehomecare at the start of care.
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