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Abstract

Background Identify the association between specific combinations of home and community-based services (HCBS)
and risk of acute hospitalization.

Methods Data for this study came from Pennsylvania Medicaid claims and Medicare records. This was a retrospec-
tive, observational cohort study that examined hospitalization, HCBS service use and patient characteristics between
July, 2014 and December, 2016. This analysis compared risk of inpatient hospitalization risk for community dwelling
disabled older adults using a range of Medicaid financed HCBS. Twelve constellations of HCBS were identified repre-
senting different combinations of common services (personal assistive services [PAS], delivered meals, and adult day
care). Since HCBS users are not randomly assigned to different combinations of services, we used logistic regression
to estimate the predicted probability of experiencing hospitalization conditional on the constellation of services, and
adjusting for demographics, health and level of disability.

Results The most common constellation was people who used under four hours of PAS per person per day. This
group experienced a hospitalization rate of 13.7%. however, those individuals receiving more than 4 h per person per
day experienced only a 10.2% hospitalization rate. Similar trends were seen for people who used PAS in combination
with home delivered meals. However, those who used adult day care experienced higher hospitalization rates as the
number of hours of personal assistive service increased: increasing from 6.8% among those with under 4 h, to 8.6%
among those with 8 or more hours per person per day.

Conclusion Using medium and high levels of PAS was associated with lower hospitalization risk for people who PAS
alone or in combination with delivered meals. By contrast, higher levels of PAS was associated with increased hospi-
talization for adult day users (both alone or in combination). Policy makers should consider offering higher levels of
PAS to offset potential risk of hospitalization. Future research is needed to explain the association between adult day
care and risk.
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Introduction

America’s aging population poses a challenge never
before encountered [1-3]. Ideally older Americans can
continue to live independently and have their individual
needs and limitations can be met, rather than living in
a nursing home [4, 5]. This system of care must also be
financed so costs do not become unmanageable, espe-
cially for the public payers like Medicare and Medicaid
[6, 7]. One proposed strategy to provide high-quality
long-term services and supports (LTSS) sustainably is to
shift care more towards home and community-based ser-
vices (HCBS). HCBS can be designed to support an indi-
vidual’s unique needs [4, 8—10]. HCBS is also much less
expensive than skilled nursing facilities [7].

The scope of HCBS is to support a person’s functional
needs and everyday living. The in home services that
aid people are not staffed by trained clinicians and are
not designed to provide medical care. A potential prob-
lem with only providing functional support is that some
health needs may go unaddressed, causing HCBS recipi-
ents to have an increased risk of hospitalization, a finding
of previous research [11-13]. A hospital admission may
lead to a permanent nursing home placement [14-16]. If
HCBS is not adequately addressing the risk of hospitali-
zation, then it is not supporting people to live indepen-
dently nor is it lowering costs of care for these individuals
[17].

Previous research on HCBS service lines has examines
outcomes associated with individual services. Attendant
care or personal assistive services (PAS) is commonly
used in home services [18—20]. PAS has been shown to
protect against hospitalizations as well as support a per-
son’s autonomy [21-23]. Two studies focused on nutri-
tion for elderly people found that providing delivered
meals to HCBS beneficiaries decreased their likelihood
for admission to a nursing home and supported inde-
pendent living [24, 25]. Studies have demonstrated that
adult day care is associated with improved psychological
outcomes [26].

This study addresses this research gap by examining
the risk of hospitalization associated with the different
constellations of HCBS within the Pennsylvania 1915(c)
Medicaid Waiver. This study will identify what services in
an HCBS program can complement each other by pro-
viding additional protection from going to the hospital,
or if specific services are more effective when adminis-
tered at higher levels.

Methods

This study examined how the type and amount of HCBS
is associated with risk of experiencing an acute inpatient
hospitalization among disabled Pennsylvanians aged 65
and older. We used Medicaid and Medicare claims and
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individual assessment data to measure physical function
and other relevant risk factors for subsequent hospitali-
zation over a 30-month time period. The analytic data
set, described in detail below, was constructed to estab-
lish a chronological sequence between the main inde-
pendent variable (HCBS), covariates, and the outcome of
interest (hospitalization). Due to the observational nature
of the data, we do not advance a causal interpretation of
the findings.

Sample

The data for this study came from the Pennsylvania
Department of Human Services. The unit of observation
was the person quarter [11]. The earliest a person can be
observed in our data is July of 2014 and the latest a per-
son could be observed in our data is December of 2016.
To be counted as receiving HCBS the person needed
to be enrolled in the waiver for the whole quarter and
receive some HCBS during that quarter. The sample was
limited to people enrolled in traditional fee-for-service
Medicare, since hospitalization claims were not available
for people enrolled in Medicare Advantage.

Covariates

Comprehensive assessment data from the Pennsylvania
Department of Aging was used to construct measures
of physical and cognitive function. The comprehensive
assessment is used to determine if an individual is eligi-
ble for Medicaid HCBS Waiver services and is repeated
annually or if there is a change in the participant’s health
or functional status has changed. From these data we
extracted measurements of limitations in basic activities
of daily living (ADL; eating, bathing, toileting, transfer,
walking indoors, and dressing), instrumental activities of
daily living (IADL; housework, walking outside, manag-
ing money, using a telephone, preparing meals, and shop-
ping), and continence (bladder and bowel control, ability
to manage an ostomy bag). Each participant was rated as
totally independent, requiring some assistance, or totally
dependent on each task, and each task was assigned a
weight based on a magnitude estimation score and then
converted into zero to ten scales for ADL, IADL, and
continence [27, 28]. A zero indicates no limitation and a
10 indicates complete assistance required for all aspects
of each domain. We also included indicators of Parkin-
son’s disease and stroke (based on self or proxy report);
conditions which are associated with significant levels of
dependence that may not be captured by IADL and ADL
measures. Finally, since the assessment instrument does
not include a reliable measure of cognition, we include
an indicator of Alzheimer’s Disease or other form of
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Dementia (ADRD) as noted in the assessment (based on
self or proxy report).

Medicaid and Medicare claims data were used to con-
struct indicators of 27 chronic diseases [29]. Based on
the distribution of the number of chronic conditions per
person, the count was categorized as zero or one condi-
tion, two or three conditions, 4 or five conditions, or six
or more.

Race and ethnicity were coded as non-exclusive cat-
egories of non-Hispanic black, non-Hispanic white,
non-Hispanic Asian, Hispanic, or other. Urbanicity was
defined using the National Center for Health Statistics
Urban-Rural Continuum Codes (RUCC) that classifies
counties based on their population and their proximity to
an economic center [30].

Main independent variable
The main independent variable was use of HCBS ser-
vices. We focused on three specific services that were
used most frequently and are important components of
all HCBS programs [31]: PAS, Home Delivered Meals,
and Adult Day Care. These services are billed on a per
encounter basis. PAS was billed in 15-minute increments;
we calculated the average minutes per day per quarter.
Home delivered meals and adult day care are billed per
meal or per day (respectively). Due to the distribution of
these data (low prevalence), these were covered to binary
measurements, indicating if that person any home deliv-
ered meals or adult day care during the person quarter.
The service central to many HCBS programs is PAS
[19, 20] and 97% of the people in our analysis regularly
used some sort of personal assistive services. The daily
average PAS ranged from one hour to 24 h, however the
distribution was skewed with few people having rela-
tively high levels of PAS. Previous research found that
the mean hours of personal care per day for people with 3
ADL limitation is about 4 h; people with 3 or more ADL
limitations use an average of about 8 h per day [32]. We
therefore classified PAS use per day as low (up to 4 h),
medium (4 to 8 h), and high (more than 8 h) PAS users.
We constructed 12 constellations of HCBS based on
combinations of the three most common services: PAS,
adult day care, and home delivered meals. This 12 con-
stellations are: (1) low levels of only PAS, (2) low levels of
PAS and any adult day care, (3) low levels of PAS and any
home delivered meals, (4) low levels of PAS, any adult day
care, and any home delivered meals, (5) medium levels
of only PAS, (6) medium levels of PAS and any adult day
care, (7) medium levels of PAS and any home delivered
meals, (8) medium levels of PAS, any adult day care, and
any home delivered meals, (9) high levels of only PAS,
(10) high levels of PAS and any adult day care, 11) high
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levels of PAS and any home delivered meals, 12) high lev-
els of PAS, any adult day care, and any home delivered
meals.

Outcome variable

The outcome of interest was risk for experiencing an
acute inpatient hospitalization during the person-quar-
ter. Data on this came both from Medicaid and Medicare
claims. This was a binary variable indicating if a person
had or had not experienced a hospitalization during that
quarter.

Analysis
We used logistic regression to estimate the association
between hospitalization and selected constellations of
HCBS. The results are presented as predicted probabili-
ties to facilitate meaningful comparisons of the different
services.

Included in this analysis was a reference group of
community dwelling elderly people who had applied to
receive HCBS but had been deemed ineligible for Med-
icaid funded HCBS. These people were deemed ineligi-
ble because they did not meet the statutory requirement
for waiver services of needing nursing home level of care.
However, since this group applied for waiver services,
they are a potential control for self-selection of waiver
participants. Adjusting for functional status, this group
is similar to low-acuity waiver participants (i.e., they are
just below the threshold for nursing home level of care).
By comparing waiver users to this population, we hypoth-
esize that we can estimate the benefit of using any HCBS
compared to a similar population of people not receiving
any. If people using HCBS have a significantly lower risk
of hospitalization than people less disabled living in the
community and not receiving HCBS, this suggests HCBS
is providing some benefit at the threshold.

Descriptive, bivariate analysis was conducted to exam-
ine the characteristics of the sample of participants and
the association between physical function and use of
HCBS. Multivariate logistic regression was used to esti-
mate the probability of experiencing a hospitalization
for people in each HCBS constellation. Covariates in the
model were race, gender, age, rurality, location within the
state of Pennsylvania, urinary and fecal continence, the
person’s ADL and IADL levels, living arrangement, the
number of chronic conditions, and the number of quar-
ters the person had been observed in our data. Since indi-
viduals could appear in the data set for multiple quarters,
standard errors were clustered at the person level [33].
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Sensitivity analysis

Alternative models were estimated to examine whether
the association between risk of hospitalization and con-
stellation of HCBS was robust to assumptions about the
relevant comparison group and the estimation strategy.
The first alternative model run was a model that excluded
people who were not using any HCBS (i.e., not Waiver
eligible). This model used people receiving only low lev-
els of PAS as the reference group. The second alternative
specification used generalized estimating equation (gee)
with logit link and robust standard errors as an alter-
nate approach to adjusting for repeated observations.
These alternative specifications are included as an online
appendix.

Table 1 Demographic Characteristics of HCBS Users and non-Users
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Results

Assessment records for total of 21,818 older adults were
matched to Medicaid claims and enrollment files for the
period between July 2014 and December 2016. After
excluding 1,661 (7.6%) individuals with missing data on
one or more variables, the final analytic file consisted of
12,973 Medicaid 1915(c) waiver participants and 7,184
Medicaid participants who had a comprehensive assess-
ment, but were not eligible for waiver services. The
sample represented 142,416 person-quarters (mean 7.1
quarters per person).

The descriptive statistics show that the majority of the
people in our sample were female, white, and lived in
urban areas (See Table 1). The average age of the people
receiving HCBS was 79.3 (9.3) and the average age of the
community dwelling elderly people not receiving HCBS

PAS Hours Per Day
No HCBS <4h >4and <=8 >8 Total
(n=6,736) (n=6,812) (n=3,706) (n=790) (n=18,071)

Age

65-69 3735 23.26 2223 134 228

70-74 21.17 16.8 14.15 12.01 15.9

75-79 17.13 18.27 15.6 15.68 16.41

80-84 11.67 17.19 17.35 18.2 16.18

85 and Older 12.68 2448 30.67 40.71 28.72

Gender (Female) 67.81 7093 76.36 80.56 70.38

Rural 16.21 12.74 14.38 19.82 15.14
Race

Non-Hispanic White 59.69 47.98 56.72 67.13 67.05

Non-Hispanic Black 19.87 2767 2598 17.77 19.12

Asian 83 753 834 7.23 6.08

Hispanic 1.55 0.95 138 1.27 1.19

Other 106 5.87 7.58 6.6 6.56
Living Arrangement (Lives Alone)

Spouse 13.82 14.67 9.87 7.97 9.87

Child 1291 1791 3049 27.72 15.06

Other Relative 12.78 11.51 14.80 15.57 10.16

Other Person 19.50 9.29 10.75 11.39 2828
Chronic Conditions

0-1 3043 18.53 17.98 26.84 23.22

2-3 2797 2826 27.52 28.86 28.02

4-5 22.78 24.74 2391 21.01 23.67

6 or More 18.82 2848 30.59 23.29 25.08

Continence (0-10) 2.16(2.82) 3.85(3.29) 5.25(3.54) 6.63 (3.34) 3.62 (3.44)

Basic ADL (0-10) 3.61(2.94) 6.30(2.43) 761 (1.95) 8.61(1.47) 6.6 (3.05)

Instrumental ADL (0-10) 444 (2.5) 5.8(2.05) 6.84 (1.91) 7.96 (1.55) 5.58 (2.42)

Alzheimer’s Disease or Related 15.24 22.20 3369 51.27 2323

Dementia

All bivariate and group comparisons are statistically significant
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Table 2 Number of Person-Quarters with Combination of HCBS
Level of PAS (Hours PAS Only PAS and Adult Day PAS and Meals Pas and Adult Day
per day) and Meals

n % n % n % n %
<4 31,911 18.77% 7,404 4.36% 14,160 8.33% 617 0.36%
>=4and <8 27,319 16% 2,772 1.63% 7,282 4.28% 302 0.18%
>=8 8,370 4.92% 233 0.14% 1,843 1.08% 77 0.05%

was 75.8 (8.6) (see Table 1). People receiving HCBS had
a 3.04 higher ADL level (p<0.001), a 2.62 IADL level
(p<0.001), and a 2.08 higher level of incontinence than
those not enrolled in HCBS (p<0.001) (see Table 1).
The overall hospitalization rate (by person-quarter) was
13.36%; 11.14% of person-quarters without any HCBS
had at least one hospitalization compared to 14.7% of
person-quarters with any HCBS (chi square 393.29;
p=0.000).

More than one third of the sample (37.8%) used low
levels of PAS (Table 1). People with either medium or
high amounts of PAS made up 24.9% of the sample. Com-
munity dwelling elderly people not receiving any Med-
icaid funded HCBS were 37.3% of the sample. Table 2
presents the distribution of person-quarters by combina-
tions of HCBS service. About 22.8% of person-quarters
had any home delivered meals, while only 10.2% had any
use of adult day care.

Community dwelling elderly people not receiving any
Medicaid funded HCBS had an unadjusted hospitaliza-
tion rate of 11%. People receiving HCBS had a 14% rate
of hospitalization. The multivariate logistic regression
results are presented on Table 3; predicted probabili-
ties were generated for selected sub-groups of people to
elucidate the findings, and are discussed below and pre-
sented in Fig. 1.

After adjusting for health, disability, demographic fac-
tors, community dwelling duals receiving no Medic-
aid funded HCBS faced an 11.6% (95% CI:11.3%, 11.9%)
probability of experiencing a hospitalization (see Fig. 1).
The predicted probabilities of hospitalization for people
using HCBS ranged from 15.1 to 7.5% depending on a
person’s constellation of HCBS (see Fig. 1).

Holding all other variables at their averages, people
using only low levels (0<-4 h) of PAS faced a 13.9% prob-
ability (95% CI:13.5%, 14.3%) of experiencing hospitali-
zation. People using only medium (4<-8 h) levels of PAS
faced a 10.2% probability (95% CI: 9.8%, 10.6%) of experi-
encing a hospitalization. People using only high levels of
PAS (8+hours) face a 9.5% (95% CI: 8.8%, 10.1%) prob-
ability of experiencing a hospitalization (see Fig. 1).

People using low levels of PAS and adult day care expe-
rienced a 7.5% probability (95% CI: 6.8%, 8.1%) of hospi-
talization. People using medium levels of PAS and adult
day care faced an 8.2% probability (95% CI: 7.2%, 9.2%) of
experiencing a hospitalization. People using high levels of
PAS and adult day care faced a 9.4% probability (95% CI:
5.9%, 12.9%) of experiencing a hospitalization (see Fig. 1).

People using low levels of PAS and home delivered
meals experienced a 15.1% probability (95% CI: 14.5%,
15.7%) of hospitalization. People using medium levels of
PAS and home delivered meals faced a 10.7% probabil-
ity (95% CI: 10.0%, 11.4%) of experiencing a hospitaliza-
tion. People using high levels of PAS and home delivered
meals faced a 10.2% probability (95% CI: 8.9%, 11.5%) of
experiencing a hospitalization (see Fig. 1).

People using low levels of PAS and both adult day care
and home delivered meals faced a 10.1% probability (95%
CI: 7.7%, 12.4%) of experiencing a hospitalization. People
using medium levels of PAs, adult day care, and home
delivered meals faced an 11.1% probability (95% CI: 7.7%,
14.4%) of experiencing a hospitalization. People using
high PAS, home delivered meals, and adult day care faced
a 13.2% probability (95% CI: 5.7%, 20.8%) of experiencing
a hospitalization (see Fig. 1).

Discussion

The first takeaway from this analysis is that people using
high and medium levels of PAS face a lower risk of hos-
pitalization than the community dwelling elderly peo-
ple with no HCBS as well as people using less than four
hours of PAS per day. The most common constellations
of HCBS are those the least intensive in terms of PAS,
suggesting that a sizeable fraction of HCBS users may be
using the bare minimum amount of HCBS when using
more hours of PAS or PAS in combination with other ser-
vices might be more appropriate to support their needs.
Although it is beyond the scope of our data, a likely
mechanism is that greater time in the home is required
to assure adequate nutrition and hydration, medication
adherence, and to observe subtle changes in health that
can be addressed early.
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Table 3 Association Between All-Cause Hospitalization and Type
and Amount of HCBS

Odds Ratio 95%

Confidence
Interval
Type and Amount of HCBS (ref. No-HCBS)
Low PAS
Only PAS 118 113 1.23
PAS and Adult Day Care 0.54 0.49 0.6
PAS and Delivered Meals 1.33 1.26 141
PAS, Adult Day Care, and Delivered Meals 0.77 0.59 1.01
Medium PAS
Only PAS 0.84 0.8 0.89
PAS and Adult Day Care 06 0.53 0.7
PAS and Delivered Meals 091 0.84 0.99
PAS, Adult Day Care, and Delivered Meals 091 0.64 1.28
High PAS
Only PAS 0.77 0.71 0.84
PAS and Adult Day Care 0.69 0.46 1.05
PAS and Delivered Meals 0.88 0.76 1.02
PAS, Adult Day Care, and Delivered Meals 1.1 0.58 2.14
Age (ref. 65-69)
70-74 0.96 091 1.01
75-79 091 0.87 0.96
80-84 0.93 0.88 0.98
85 and Older 0.99 0.94 1.04
Gender (ref. Female) 0.88 0.85 091
Rural 1.10 1.05 1.16
Race (ref. Non-Hispanic White)
Non-Hispanic Black 113 1.08 117
Asian 0.56 0.52 061
Hispanic 1.00 0.88 1.14
Other 0.81 0.75 0.86
Living Arrangement (ref. Lives Alone)
Spouse 0.80 0.75 0.84
Child 0.98 0.94 1.03
Other Relative 0.99 0.94 1.04
Other Person 1.06 1.01 1.12
Chronic Conditions (ref. 0-1)
2-3 1.14 1.08 12
4-5 1.64 1.55 1.73
6 or More 341 325 3.59
Continence (range 0-10) 1.02 1.01 1.02
Basic ADL (range 0-10) 1.04 1.03 1.04
Instrumental ADL (range 0-10) 1.07 1.06 1.08
Alzheimer’s Disease or Other Dementia 091 0.88 095
Time in program (months) 1.02 1.02 1.03

HCBS Home and Community Based Services, PAS Personal Attendant Services,
ADL Activities of Daily Living

The second takeaway is that people receiving home
delivered meals and PAS were at a slightly higher risk of
hospitalization than people only receiving PAS. This was
noteworthy because previous literature has found that
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providing a meal can prevent or delay a person’s risk of
nursing home placement [24, 25]. One potential cause
of this elevated risk is that people who receive a home
delivered meal are more likely to live alone and experi-
ence loneliness and isolation [34]. These individuals may
not be managing their health needs or engaging a sup-
port system in an appropriate manner. Our data was lim-
ited in that the only measurement of isolation available to
us was a person’s living situation. Some people who live
alone may have family who live very close or may have a
tight social network that can support them. Others may
not have any form of social support. Understanding the
degrees of isolation people face and what services may
be able to address that isolation is an important future
research topic.

We conducted a sensitivity analysis excluding people
not using HCBS (see Appendix). This model still shows
the same relationship between level of PAS and hospitali-
zation, and the same patterns with respect to adult day
care and home delivered meals. Finally, the results are
not sensitive to the choice of estimators. A second sen-
sitivity analysis using Generalized Estimating Equations
(See Appendix), finds the same pattern of results. The
general estimating equation also used any hospitalization
during the person quarter as the outcome variable.

Limitations and future research

The primary limitation of this study is that it is an obser-
vational study that relies on actual service use, rather than
randomized assignment to the type and amount of HCBS.
Such a study would be prohibitively expensive, complex
and would raise serious ethical and equity concerns. Thus,
we were limited to identifying groups of people using
specific combinations services and their associated risk
for experiencing a hospitalization. Some combinations of
HCBS services were rare, leading to low statistical power
for some comparisons. However, the main findings regard-
ing the amount of PAS are based on stable estimates.

We also did not look at the total array of services
offered to each client. We did not have information in our
data to see specific services, for example we did not have
any way of measuring or examining the types of home
modifications people received. We also were not able to
see a person’s use of transportation services (i.e. did a
person use subsidized public transit, did a person use a
service like access, did a person have their attendant aid
provide transportation). We also did not observe family
care and the presence of a family caregiver not living with
the person. We also did not observe tasks the personal
care attendant was doing. In some instances, the personal
care attendant might be cooking and in other instances
a person may just be getting a meal to give the attendant
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Fig. 1 Predicted Probability of Experiencing a Hospitalization by Type and Amount of HCBS

more time to focus on other things. Ideally for a future
study, we could have greater insight into services a per-
son was receiving and what the personal care aid was
doing beyond just what was being is billed.

Conclusion

We found that the type and amount of PAS is associ-
ated with risk of acute hospitalization. This suggests
that HCBS users with relatively low levels of PAS may
benefit from additional units of service through reduc-
tion of hospitalization rates. As policy makers continue
to plan for the needs of an aging society, these findings
suggest that HCBS may provide important benefits
beyond maintaining independence and dignity. Further
research is still needed to understand how the type and
amount of HCBS affects nursing home placement, mor-
tality, and quality of life.
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