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Background. To date, there has been little empirical evidence about the relationship between service use and risk-
adjusted functional outcomes among the frail, chronically ill elderly population. The Program of All-Inclusive Care for the
Elderly (PACE) offers a unique model within which to investigate this relationship. We examine variation in the risk-
adjusted utilization of acute, rehabilitative, and supportive services in PACE, and assess whether use of these services is
associated with risk-adjusted functional outcomes.

Methods. The analytical sample included 42,252 records for 9853 individuals in 29 programs, over 3 years. Outcome
was measured as change in functional status. Service use was assessed for hospital and nursing home admissions, day
center attendance, therapy encounters, and personal home care. Mixed regression, generalized estimating equation (GEE)
log-linear Poisson models and bootstrap procedures were used.

Results. We examined the marginal effect of the five services on functional status over time, having controlled for each
program’s risk-adjusted use of services and functional status of their enrollees. We observed a statistically significant
association between hospital admissions and functional status. Sites using more hospital care had worse functional
outcomes. We found no other significant relationship between functional change and service use. However, correlations
between program-level measures showed that sites providing more day center care and more therapy had significantly
fewer hospital admissions.

Conclusions. Findings suggest that programs with high hospital use may do well to re-examine and adjust the intensity
of day center care. Greater focus on service provision in this setting may enhance care coordination and lead to reductions
in hospitalizations, better outcomes, and cost savings.
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IN the United States, substantial variations in Medicare
spending and service use across geographic regions, in-

stitutions, and health plans have been extensively docu-
mented (1–7). The observed variations in health care
spending, hospital use, diagnostic tests and procedures,
and the frequency of primary care physician and specialist
visits, cannot be explained by differential pricing of services
(8) or differences in health and sociodemographic status of
the patient populations (9). Although there has been rela-
tively little empirical evidence as to whether greater risk-
adjusted health care spending and/or service use result in
better patient risk-adjusted health outcomes (10), several
recent studies have suggested that greater use of services
does not assure more effective care. Fisher and colleagues
(11) found that, adjusting for case mix, patients residing in
geographic regions with higher Medicare spending do not
experience better quality of care and may in fact have
slightly worse access to care. Increased Medicare spending
also does not appear to improve survival, functional status,
or satisfaction (11,12). These issues have received relatively
little attention in frail, chronically ill populations, despite the
fact that .50% of Medicare spending is used to purchase
services for patients with chronic illnesses.

Victor Fuchs, John Wennberg, and others have suggested
that the organizational structure of medical care, dominant

in the fee-for-service Medicare, creates clinical and financial
incentives that often result in unwarranted variations in the
use of medical services (10,13). According to Wennberg,
a reduction in unwarranted variations can be achieved by
implementing a ‘‘reform in financing that would facilitate
investment in under funded aspects of care in the non-acute
sectors and in the resources needed for active chronic
disease management’’ (13).

The Program of All-Inclusive Care for the Elderly
(PACE) was created within the framework of similar
financial reforms (14). PACE is a community-based
managed care program for frail, older, chronically ill
individuals whose significant functional impairments
make them eligible for nursing home care. The goals of
PACE are to improve the coordination of acute and chronic
care services to improve patient outcomes, prevent or delay
institutional placement, and produce savings for public
payers, Medicare, and Medicaid. PACE organizations are
responsible for their enrollees’ health care needs, ranging
from preventive and primary to acute and long-term care. To
this end, programs receive capitated funding from Medicare
and Medicaid and have the ability to use these resources
creatively, customizing services to fit the needs of in-
dividuals often in ways that are not possible under the
traditional Medicare and Medicaid reimbursement rules.
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The program has been extensively described in the literature
(15–17).

The purpose of this study is to address two questions.
First, given the many commonalities of PACE such as a frail
and disabled enrollee population, a delivery model based on
an interdisciplinary team, similar financial incentives, and
a shared philosophy of care, how much variation in service
use is there across these programs nationally? Second, do
enrollees in programs providing more (or fewer) services
have better (or worse) functional outcomes?

METHODS

Sample
The study was based on 29 (of 32) PACE programs that

were in operation prior to January 2000 and agreed to
provide their administrative database for the project.
Limiting the sample to programs that started prior to 2000
ensured that only mature programs, the practice styles of
which were not easily confounded by start-up learning
curves, were included.

The final analytical file consisted of longitudinal data with
42,252 assessment records for 9853 individuals. For each
program we used the most recent 3-year period of data
available (end of the time period varied by program with the
last date being December 31, 2002). Assessment records
correspond to health and functional status assessments that
are periodically conducted for all participants. Federal
PACE regulations require all participants to be assessed at
enrollment and thereafter semiannually, and following an
unexpected health event or at a participant’s request (18).

With the exception of the activities of daily living
(ADLs), the dependent variable, if values of some health
assessment variables were missing on one assessment, we
assumed no change from the prior assessment period and
carried those values to the current assessment (2.7% of
observations). Another type of missing data may have
occurred when whole assessment records were missing. We
evaluated this by examining the time between assessments.
The mean elapsed time between assessments was 4 months
(SD ¼ 1.5), with 90% of periods being between 2.4 and
6.3 months. Assessments with time differences .12 months
accounted for 0.4% of all records. This shows that sites
perform the assessments fairly regularly, and we found no
significant differences between sites with regard to missing
assessments.

Data and Variable Definitions
We estimated five models measuring each program’s

propensity to provide the following services: number of
hospitalizations; number of short-term (length of service �
90 days) admissions to nursing homes; day center atten-
dance days per month; therapy encounters per months; and
days of personal home care per month. For each program,
we estimated one program-level health outcome, change in
functional status of the participants over time. We measured
functional status using an index of ADLs (19). The ADLs
included in the data set are bathing, dressing, grooming,
toileting, transferring, walking, and feeding. The data set

defines each ADL as independent, needing help or super-
vision, or totally dependent on human assistance. We used
this classification to assign numeric scores ranging from
0 to 2 for each ADL. The scores were then summed. Finally,
we examined the association between each of the five
services and program-level functional status.

Information about participants was obtained from a patient
level administrative database collected by the programs. The
data set included information about enrollees’ demograph-
ics, health status, physical and cognitive functions, medical
conditions and treatments, service utilization, and dates of
death or disenrollment.

To risk-adjust for the case mix of the enrollees at different
programs we included a number of explanatory variables
(see Table 1). These variables were chosen because, based
on our prior work (20–22) and on the review of the
literature, we expected them to be important risk-adjusters
for functional status. Among these we included selected
diagnoses; vision, hearing, and communication impair-
ments, and receipt of acute (e.g., injections, inhalations) or
chronic (e.g., daily oxygen, ostomy) nursing treatments;
bowel and bladder incontinence, and behavioral problems
(measured on a scale of 0–2, with 0 indicating no impair-
ment and 2 indicating total impairment). Other risk-adjustors
included instrumental activities of daily living (IADLs):
meal preparation, shopping, housework, laundry, heavy
chores, managing money, taking medications, and trans-
portation. Because of the possibility of reciprocal causation,
the sum of IADLs was lagged, that is, at each assessment we
used the value of IADLs from a prior assessment. Cognitive
status was assessed using the Short Portable Mental Health
Status Questionnaire (23), with severe cognitive impairment
being measured by eight or more errors. We also controlled
for the participants’ age and the length of exposure each has
had to PACE-provided care.

Statistical Analyses
Our analytical approach was based on a two-stage

method. First we estimated five separate models to generate
each program’s risk-adjusted use of the five services, and
one model to predict each program’s performance, measured
by risk-adjusted change in functional status. The dependent
and the independent variables for these models are listed in
Table 1.

In the second stage we examined the relationship between
programs’ ADL performance and their propensities to
provide these services by estimating a model in which
program performance was the dependent variable and
service use propensities were the independent variables.

First, we divided the analytical sample into two groups
randomly assigning enrollees to each. One part of the data
was used to estimate a mixed regression model for func-
tioning, with the sum of the ADLs at each health assessment
being the dependent variable. To model longitudinal obser-
vations for each person, corresponding to their periodic
health assessments, we estimated the linear growth model
with time from enrollment to each assessment as a predictor.
This variable was interacted with PACE-site indicators to
produce program-specific slopes, and may be interpreted as
risk-adjusted measure of the programs’ performance. The
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time variable was centered on the participant’s mean so that
the program-specific slope represented strictly longitudinal
change for a person in that program. We included random
effects for the participant’s slope and the intercept to allow
person-specific trajectory due to differences between people
not accounted by observable characteristics. We used robust
standard errors to account for possible remaining correla-
tions between observations for the same person.

We used the second part of the sample to measure the
programs’ risk-adjusted utilization of the five services. We
estimated mixed linear regression models for the monthly
number of day center days, therapy encounters, and personal
home care days, measured between consecutive assess-
ments, as dependent variables. The independent variables
were measured at the beginning of the periods and were
centered on grand means. These models included fixed
program effects as site-specific intercepts and simple ran-
dom effects for the participants. To model the number of
hospital and nursing home admissions we used generalized
estimating equations (GEE) log-linear Poisson models. The
logarithm of the length of the period was included in the
model as the offset variable so that the program-specific
intercept represented the logarithm of rate of admissions per
year in the program. The working exchangeable correlation
matrix and robust standard errors accounted for correlation
between observations for the same person.

Finally, we modeled the association between the program
performance (risk-adjusted functional change) and the
propensities to provide the five services using a mixed
regression model described in detail in Appendix 1.

RESULTS

Table 1 shows means and standard deviations (SD) for all
the variables used to estimate measures of program
functional status performance and service use. The results
of the mixed regression model for functioning and the
models measuring programs’ service use are made available
in Appendix 2.

Figure 1 profiles patterns of these variations across the 29
PACE sites. Each program is depicted by a dot, representing

Table 1. Dependent and Independent Variables

Used in the Analyses

Variable Mean SD

Dependent variables

ADLs (sum)* 5.34 4.23

Number of hospital admissions during

the period 0.17 0.50

Number of nursing home admissions

(with LOS � 90) during the period 0.12 0.43

Day center attendance (d) per mo 11.00 6.56

Therapy encounters per mo 3.94 6.12

Home aide days per mo (day is 8 h) 2.79 4.20

Independent variables

Age at enrollment, y 77.62 9.31

Gender, male 25.7%

Not Medicaid eligible 7.1%

Education, y 8.58 4.22

Race/ethnicity

White 44.8%

Black 28.6%

Hispanic 15.8%

Asian 9.0%

Other 1.8%

Diseases

Hypertension 62.3%

Arthritis 56.4%

Other cardiac 54.8%

Dementia 50.3%

Depression or anxiety 40.4%

Diabetes 32.1%

Cerebrovascular 32.0%

Pulmonary 25.8%

CHF 18.9%

Psychosis or other mental diseases 14.1%

COPD 14.1%

Cancer 11.3%

Renal failure 10.4%

Other respiratory diseases 8.4%

Infectious diseases 4.6%

IADLs (sum)y 13.42 3.19

Self-assessed healthz

Good/excellent 43.0%

Fair 26.5%

Poor 8.3%

Not answered/missing 15.2%

Bladder incontinence (scale 0–2) 1.02 0.89

Bowel incontinence (scale 0–2) 0.48 0.77

Behavioral problems (scale 0–2)

Wandering 0.18 0.50

Verbally disruptive behavior 0.20 0.51

Physically aggressive behavior 0.10 0.36

Regressive behavior 0.20 0.52

Vision impairment 51.4%

Hearing impairment 32.5%

Communication impairment 59.8%

Cognitive impairment

(SPMSQ errors � 8) 28.7%

Receiving nursing treatments

Acute 38.6%

Chronic 7.4%

Table 1. Dependent and Independent Variables

Used in the Analyses (Continued)

Variable Mean SD

Time in years from enrollment to the

middle of the period between assessmentsz 2.21 1.93

Time in years from enrollment to assessment§ 2.04 1.92

Participants’ mean time from enrollment to

assessment§ 2.04 1.82

Notes: *In the ADL model, this is a dependent variable, whereas in the

service models this is a risk factor.
yIn the ADL model this risk factor is lagged, i.e., takes on a value from

a prior assessment. Nonlagged IADLs are used in all of the service models.
zUsed as risk factor only in the service models.
§Used as a risk factor in the ADL model.

SD¼ standard deviation; ADLs¼ activities of daily living; LOS¼ length of

service; IADLs¼ instrumental activities of daily living; CHF¼ congestive heart

failure; COPD ¼ chronic obstructive pulmonary disease; SPMSQ ¼ Short

Portable Mental Health Status Questionnaire.
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the ratio of each program’s mean to the overall mean for all
programs. For each variable we report the coefficient of
variation (CV¼ SD / mean 3 100), allowing us to compare
the extent of the variation in program characteristics with
different units of measurement. Longitudinal change in risk-
adjusted functional status across programs exhibits a fair
amount of variation as documented by the CV of 77.05%.
Only one of the five services, personal home care, exhibits
similarly high variation with a CV of 77.41%. Nursing
home admissions, therapy encounters, and hospital admis-
sions exhibit lower variability (CV ¼ 62.52%, 55.95%,
39.44%, respectively). There is least variation in programs’
use of day center services (CV ¼ 19.90%). This is quite
consistent with day center being the core PACE service.

The results of the second stage model are shown in Tables
2, 3, and 4. We observe statistically significant (95% con-
fidence interval [CI]) variations across all PACE programs
in the risk-adjusted functional status change (0.056–0.101),

and in the propensities to provide the five services (Table 2):
hospital admissions (0.072–0.137); nursing home admis-
sions (0.295–0.535); day center use (3.469–4.790); therapy
encounters (2.978–3.893); home aide days (3.779–4.879).

In Table 3 we present the marginal effects of risk-adjusted
service use on changes in functional status over time. Only
hospital admissions have a statistically significant associa-
tion with ADL change (95% CI, 0.196–0.825). Programs
that have higher risk-adjusted hospital admission rates
experience worse risk-adjusted functional outcomes over
time. We observe no other statistically significant relation-
ships between functional change and service use.

To determine the relative contribution of patient charac-
teristics and program effects we decomposed the variation in
the change (slope) in ADL dependencies into components
attributed to the patient risk factors, which were included in
the analysis and to program effects. The reduction in
variance due to patient risk factors was 0.071 and the

Figure 1. Ratio of each program mean to the overall mean for the Program of All-Inclusive Care for the Elderly (PACE) and coefficients of variation (CV) for each

service.

Table 2. Variation in Program Outcome and Service Use: Estimated Means, Variances, and 95% CI

Overall Variance

Overall Mean 95% Bootstrap CI

Variable Estimate Standard Error Estimate Left Bound Right Bound

Program

ADL change 0.474 0.064 0.086 0.056 0.101

Hospital admits* 0.449 0.069 0.117 0.072 0.137

Nursing home admits* 0.309 0.131 0.446 0.295 0.535

Day center days used 10.579 0.396 4.301 3.469 4.790

Therapy encounters 3.362 0.357 3.528 2.978 3.893

Personal home care use 2.708 0.391 4.331 3.779 4.879

Notes: *Log-transformed.

CI ¼ confidence interval; ADL ¼ activities of daily living.
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reduction due to program effects was 0.086, suggesting that
programs play an important role in ADL trajectories.

The program-level model also provides estimates of cor-
relations between program-level measures (bivariate associa-
tions) (Table 4). The correlations range from 1 (perfect
correlation) to�1 (perfect inverse correlation); 0 indicates no
correlation. Programs that provide more day center care have
significantly (p , .05) fewer hospital admissions (�0.408).
Programs with higher risk-adjusted rates of therapy services
also have significantly fewer hospital (�0.291) as well as
nursing home admissions (�0.406). Because therapy is
provided in the day care it is not surprising that these
programs also have greater propensity to provide day center
care (0.167). Programs that provide more personal home care
also provide more therapy (0.153) and experience fewer
nursing home admissions (�0.169).

DISCUSSION

Although PACE programs share many common features
such as the patient population, the delivery system, and the
financial incentives of a managed care model, they never-
theless exhibit wide variations in program performance. On
a risk-adjusted basis, we document wide variations in func-
tional status across the 29 sites, ranging from a statistically
insignificant decline of 0.4 ADL dependencies to a statisti-
cally significant increase of 1.2 ADLs per year (i.e., deterio-
ration in health status). We observe substantial differences
across programs in risk-adjusted use of selected health care
services. The least variation appears to be in the provision of
day center care. Therapy encounters and hospital admissions
exhibit somewhat greater variation. The most variable are
the provision of nursing home admissions and personal
home services.

Greater program use of these services does not appear to
be associated with better participant outcomes in functional
status. In fact, PACE programs providing higher intensity of
hospital care demonstrate worse functional outcomes for
their enrollees.

These findings raise several questions. What is causing
the differences in service utilization? Why do additional
services not lead to better outcomes? What are the policy
implications of these variations in service propensities on
the PACE programs? We offer some reflections on these
issues in the following sections.

Differences in Service Utilization
Variations in the use of services, particularly hospital

care, are most often attributed to the supply of hospital beds

and to local physician practice styles (5). Although all
PACE programs share a model of care that stresses the
importance of controlling hospital utilization in managing
PACE financial risks (15,17,24), studies have shown that
even in this program the supply of hospital beds in the host
community matters (25). Several PACE organizations have
developed program-related housing, which offers access to
transitional care beds. Having the option of transitional care
may allow programs to prevent some hospital as well as
short-term nursing home admissions, thus reducing the
propensity to use these services. Early in the PACE
development a number of programs had actively provided
primary care in the home with the goal of delaying or
preventing institutional care (hospital or nursing home).
Over time, most programs have opted to provide primary
care mostly in the day center setting. Programs may wish
to re-examine this change in practice patterns particularly
for the participants who are at highest risk of being
hospitalized.

Conformity with local clinical practice style is also likely
to impact propensities to institutionalize (in hospital or
nursing home) program enrollees. Clinicians do not easily
adopt departures from local practice, particularly in absence
of scientific standards. Conformity with local practice may
also be reinforced by ‘‘patients’ expectations, which are
partially formed by the treatment received by neighbors and
friends’’ (10). PACE programs are not immune to the
influences of such patient and/or family preferences (26).

One may expect patient and family preferences to matter
even more in influencing day center or personal home care
propensities. The day center is a setting in which a wide
variety of services including primary care, restorative and
recreational therapies, social work, and personal care are
provided. Personal care services are also provided in the
participants’ homes to augment and sometimes to substitute
for day center care. Each program, although undoubtedly
influenced by patient preferences and the availability of
family support, directly controls the use of these services.
PACE organizations may choose to be more or less gen-
erous with regard to day center care. For example, programs
may decide to expand their reliance on day center if, for
whatever reason, they need to reduce the intensity of home
health services. Programs may choose to limit day center
attendance if they are experiencing rapid census growth, but
are not yet positioned to open additional day facilities and/or
are unable to adequately staff them. Our findings show that
programs that rely more on care provided in the day centers
tend to experience fewer hospital admissions.

Table 3. Effect of Service Use on the Time

Trend in Sum of ADLs

Services Marginal Effect on ADLs 95% Bootstrap CI

Hospital admissions 0.447 0.196 to 0.825

Nursing home admissions �0.042 �0.177 to 0.101

Day center attendance �0.003 �0.045 to 0.048

Therapy encounters 0.028 �0.019 to 0.082

Home personal care 0.009 �0.037 to 0.049

Note: ADLs ¼ activities of daily living; CI ¼ confidence interval.

Table 4. Correlation Matrix for Site-Level Service Propensities

Variable

Hospital

Admissions

Nursing

Home

Admissions

Day

Center

Days

Therapy

Encounters

Personal

Home

Care

Hospital Admissions 1.000

Nursing Home Admissions 0.222* 1.000

Day Center Days �0.408* 0.064 1.000

Therapy Encounters �0.291* �0.406* 0.167* 1.000

Personal Home Care 0.112 �0.169* 0.100 0.153* 1.000

Note: *p , .05.
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Service Use and Quality of Care
Our study suggests that more is not necessarily better. We

document that more hospital care was associated with worse
functional outcomes in the PACE population.

Other studies have shown that when ADL needs of frail,
older individuals are not properly met, their risk of
hospitalization significantly increases (27–29). It also has
been shown that hospitalizations for an acute illness tend to
precipitate loss of function in older patients despite
treatment of the acute illness (30,31). Geriatric patients
admitted to the hospital have been shown to experience
either a loss of or a diminished performance in at least one
ADL. This decline in functional status occurs as early as the
second day of the hospital admission (32,33). This study
does not allow us to identify which of these paths is
responsible for the observed relationship between hospital-
izations and functional outcomes. PACE programs provide
a continuum of services with an objective to maintain
functional status and to prevent hospitalizations. Although
they manage these services across institutional and commu-
nity-based settings, the locus for these services is in the day
center. The day center is a focal point for the provision of
preventive and restorative services aimed specifically at
persons with functional impairments. Our results show that
more intensive use of day center care is associated with
greater use of restorative care. Although the types of
services provided in the day center are not unique, having
these services consolidated in one place and coordinated by
an interdisciplinary team of providers is. The provision of
day center services, combined with the frequency of the
interactions between providers and participants, also permits
close monitoring and prompt interventions that likely reduce
hospitalization in this population (24). A recent study
comparing hospitalization in PACE and in the Wisconsin
Partnership Program, a variant of PACE that does not rely
on the provision of services through the day center model,
showed that PACE enrollees had significantly fewer hospital
admissions and emergency room visits (34). PACE pro-
grams with higher risk-adjusted hospitalization rates may do
well to re-examine and adjust the intensity with which day
center care is provided. Greater focus on service provision
and coordination in the day center setting may lead to
reductions in excess hospital admissions.

Programmatic and Policy Implications
Our findings demonstrate the need for improvements in

the organization and delivery of care across PACE pro-
grams. The lessons from PACE can also be applied to other
managed care programs serving frail, older individuals. By
re-examining how and where care is provided, and by
improving the targeting of services and settings to specific
needs of the participants, programs can reduce excess hos-
pitalizations and realize both better outcomes and cost
savings.

These findings also pose a public policy challenge. Each
day, health plans spend large amounts of money, mostly
public funds, for services that are expected to increase or at
least maintain the quality of care for their members. When
evidence-based measures do not support that more care

produces better outcomes, continuing widespread variations
in service use are difficult to justify.
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APPENDIX 1

Statistical Analysis
In modeling the association between the program perfor-

mance (risk-adjusted functional change) and the propensi-
ties to provide the five services, we assumed that these
features were normally distributed latent random variables
with joint distribution described by means and a covariance
matrix. The program fixed-effect estimates, developed in the
first stage of the analyses, measured these latent program
features with error; that is:

Ŷp ¼ Yp þ ep X̂i;p ¼ Xi;p þ vi;p i ¼ 1 . . . 5 ð1Þ

where Ŷp is the estimated fixed effect of program p in
the functional decline model; Yp is the true program effect ;
ep is the ‘‘measurement’’ error with known variance; X̂i,p,
Xi,p and vi,p are analogous variables for each of the five
(i ¼ 1 . . . 5) service models.
The means: my, mx1 � mx5 and the covariance matrix

T ¼ ðsijÞ i; j ¼ 1; 2; . . . 6 ð2Þ
of the latent variables Yp, X1p – X5p can be translated (35)
into the regression equation that depicts the relationship
between the latent program performance Yp and the latent
propensities X1p – X5p:

EðYpjX1p; . . . ;X5pÞ ¼ my þ b1ðX1p �mx1Þ
þ b2ðX2p �mx2Þ þ . . .

þ b5ðX5p �mx5Þ ð3Þ

We estimated the mixed model (36) for the equations (1)
above with Y, X1 – X5 as random effects and used their
estimated covariance parameters (as in equation 2) to cal-
culate the service use coefficients b1 – b5 (as in 3). We used
the bootstrap sampling technique (37) with 500 iterations to
obtain 95% confidence intervals for these parameters. The
correlation matrix for the program features was calculated
based on the estimated variance–covariance matrix.
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APPENDIX 2

Program Level Mean Service Use and Change in Functional Status for Participants With Average
Characteristics, Based on Models Adjusting for Individual Risks
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