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Abstract
Background—The majority of Americans die in institutions although most prefer to die at home.
States vary greatly in their proportion of home deaths. Although individuals’ circumstances largely
determine where they die, health policies may affect the range of options available to them.

Objective—To examine whether states’ spending on home- and community-based services (HCBS)
affects place of death, taking into consideration county health care resources and individuals’ family,
sociodemographic, and health factors.

Methods—Using exit interview data from respondents in the Health and Retirement Study born in
1923 or earlier who died between 1993 and 2002 (N = 3362), we conducted discrete-time survival
analysis of the risk of end-of-life nursing home relocation to examine whether states’ HCBS spending
would delay or prevent end-of-life nursing home admission. Then we ran logistic regression analysis
to investigate the HCBS effects on place of death separately for those who relocated to a nursing
home and those who remained in the community.

Results—Living in a state with higher HCBS spending was associated with lower risk of end-of-
life nursing home relocation, especially among people who had Medicaid. However, state HCBS
support was not directly associated with place of death.

Conclusions—States’ generosity for HCBS increases the chance of dying at home via lowering
the risk of end-of-life nursing home relocation. State-to-state variation in HCBS spending may partly
explain variation in home deaths. Our findings add to the emerging encouraging evidence for
continued efforts to enhance support for HCBS.
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Most Americans prefer to die at home,1,2 but less than a quarter actually do.3 The majority
die in hospitals or nursing homes. The proportion of hospital deaths declined from
approximately 54% to 41% during the 1990s, but the proportion of nursing home deaths
increased as much as that of home deaths.1 Nursing home deaths are particularly common
among the oldest old: one-third of decedents aged 75 and older died in a nursing home in
2001.4 Where elderly persons spend their last stage of life has important implications for their
own well-being and that of their family5 as well as the level and distribution of health care
expenditures across various sources. People aged 65 and older consume more than one-third
of personal health care spending, largely for inpatient services primarily funded by Medicare
and for nursing home facility services, the largest portion of which is financed by Medicaid.
6,7 Close to a quarter of medical expenditures for the elderly occur in the last year of life in
the United States.8

Although individuals’ circumstances such as their health, family, social, and economic factors
may largely determine where they die, health policies may affect the range of options available
to individuals. Indeed, the proportion of home deaths varied more than 3-fold across states in
2001.3 Such large state-to-state variation is not likely to be explained away by between-state
variation in residents’ characteristics. We suspect state-level factors play a role, but previous
studies provide little information on this issue. Studies of place of death typically use clinical
or population-based samples from local areas, which are inappropriate for cross-state
investigation. Even with the use of a national sample, confidentiality concerns have hindered
access to data on respondents’ addresses, hampering research on statelevel factors.9,10

As major players in long-term care (LTC) policies, states vary greatly in their support of home-
and community-based services (HCBS).11,12 These services including personal assistance
with activities of daily living, day care, transportation, and meals-on-wheels, help seniors avoid
institutionalization and remain in the community. If those services function as intended, we
expect that living in a state with more HCBS enhances the chance of living in the community
at the end of life and eventually dying at home. However, HCBS, consisting mostly of
nonmedical custodial care, may not be effective in preventing end-of-life hospitalization
triggered by medical needs. Furthermore, recent state-level efforts to enhance HCBS, funded
mainly by Medicaid, do not support palliative care that would prevent institutional deaths.13
Thus we hypothesize that living in a state with higher HCBS support would delay or prevent
entering a nursing home as one’s end-of-life residence, especially among seniors with
Medicaid, but it may have limited or no impact on whether one dies in a hospital or in one’s
residence.

To test this hypothesis, we propose a multilevel conceptual framework involving 2 end-of-life
transitions (relocation to a nursing home and death) (Fig. 1). Unlike previous studies that
assume that place of death is determined at the time of death, we assume that where people die
involves 2 independent decisions, first whether to relocate to a nursing home as one’s end-of-
life “permanent” residence, and second where to die. In addition to person-level determinants
of place of death examined in previous studies, we considered multilevel factors (eg, family
care availability, local LTC resource availability, and states’ HCBS support). To capture the
2 transitions and the effect of changing characteristics of states and individuals that may prompt
those 2 transitions, which may be days or years apart, we used 10-year longitudinal data. As
described below, we conducted 2 separate sets of multivariate analysis, one for “permanent”
nursing home admission and the other for “place of death.” The second “place of death”
decision, in many practical respects, is contingent on the first “place of residence” decision,
8,14 and thus we examined “place of death” separately for those who relocated to a nursing
home and those who remained in the community. Because social factors are likely to exert
stronger influences in the case of expected deaths than for unexpected deaths, where chance
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elements may play a large role, we examined place of death for expected deaths as well as for
total deaths.

METHODS
Data

Data came from the Health and Retirement Study (HRS), a national longitudinal study of
health, family support, and economic circumstances of older adults.15 We focused on
respondents born in 1923 or earlier (a national representative sample of noninstitutionalized
seniors 70 years and older at the 1993 baseline survey conducted) who died between 1993 and
2002. HRS tracks all the respondents every 2 years (3 years between 1992 and 1995), including
those who moved to nursing homes. For deceased participants, exit interviews are attempted
with “proxy” informants knowledgeable about the respondents. As of the 2002 wave, 3563 of
the 7443 people in the original cohort were known dead, of whom 3349 completed exit
interviews in 1995, 1998, 2000, or 2002. Our sample consists of 3320, excluding 28 cases with
missing death or end-of-life nursing home admission timing data. We supplemented person-
level data drawn from files produced by the Rand Center for the Study of Aging (Version E),
which include data from the panel surveys conducted in 1993, 1995, 1998, 2000, and 2002,
with other public data files such as “exit interview” and “tracker” files.15 A restricted data file
containing state and county identifiers permitted us to link state- and county-level data to the
person-level data.

To identify “permanent” nursing home relocation, we relied on a proxy informant’s response
to the following question: “Was (the respondent) living in a nursing home or other health care
facility at the time (he/she) died?” HRS defines a nursing home or other facility as any
institution that provides 24-hour care, dispenses medication, and offers personal assistance and
room and meals. This question captures the place of residence at the time of death, which may
be the same as, or different from, the place of death. The length of “permanent” nursing home
stays varied: the median was approximately 4 months, whereas a quarter of our sample stayed
for less than 1 month and the upper 5% for more than 3.5 years up to 7.8 years. The timing of
relocation and the place of death were determined by the questions, “In what month and year
did (he/she) move to the facility where (he/she) was a resident just before (his/her) death?” and
“At the time of death, was (the respondent) in a hospital, in a nursing home, at home, in a
hospice, or what?,” respectively.

Independent Variables
State HCBS expenditures were measured by 2 alternative variables, total HCBS expenditures
per 65+ population, and percentage of LTC expenditures going to HCBS rather than nursing
homes.16-18 The former indicates the absolute amount of money spent on HCBS adjusted for
the state population size, whereas the latter indicates the extent of state LTC system’s
orientation toward HCBS as opposed to institutional services. These variables were created for
1993-2002 from state-level data on HCBS and LTC expenditures compiled from various
sources. We captured HCBS funds not only from Medicaid (home health and personal
care19,20 and waiver programs21-23) but also from non-Medicaid funds (Older Americans
Act,24-26 Social Services Block Grant,27-29 and state-funded programs16,30,31) that
provided HCBS to older adults, given the substantial role played by non-Medicaid programs
in some states. For multivariate analysis, we used the natural logarithm of the per-capita HCBS
expenditures to capture the effect of proportional changes. To identify the state of residence,
we used administrative records of place of residence (1993) or the location of interviews
(subsequent HRS panel surveys), which were matched with respondents’ self-reported state of
residence. County-level measures of LTC availability (nursing home beds and certified home
health agencies)32 adjusted for the number of 65+ residents33 and medical resources (hospital
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beds and physicians, and the percentage of specialists among physicians33) were also included.
As shown in Table 1, state-level HCBS expenditures significantly increased both in their
percentage of LTC expenditures and per-capita amount between 1993 and 2000.

Each set of analysis (nursing home relocation and place of death) involves the same state-level
and county-level factors and a similar, but somewhat different set of person-level factors
assessed at different points in the respondents’ life course. For example, causes of death and
end-of-life circumstances can determine place of death, while they are irrelevant for the
majority of nursing home relocations that may occur before terminal illnesses. Person-level
factors included in both sets of analysis are: sociodemographic variables (age, gender, race/
ethnicity, years of education, household income and nonhousing wealth, Medicaid coverage),
physical/mental health and function, and family availability. Most of these person-level
variables were compiled from the Rand data unless noted otherwise. More detailed description
of variables unique to each analysis is provided below.

Analysis
After describing where people died, we conducted discrete-time survival analysis of the risk
of permanent nursing home relocation to examine how it is associated with states’ support for
HCBS, taking into consideration the timing of relocation and state, county, and person-level
characteristics that change over time. Then we ran logistic regression analysis of place of death,
separately for community and nursing home residents, to examine how the chance of dying in
the residence (vs. in the hospital) was associated with state LTC contexts and individuals’ end-
of-life circumstances.

RESULTS
Where Do People Die?

Of the total sample of N = 3320, approximately one-quarter died at home, another quarter in
a nursing home, and the rest in hospitals, hospice, and other locations. Description of place of
death by end-of-life residence (Table 2) is consistent with the view that place of death is
contingent on whether one relocated to a nursing home or remained in the community: among
community residents, 40.9% died at home and 1.5% in a nursing home; among nursing home
residents, 68.7% died in the nursing home and only 0.8% at home.

Does State Support for HCBS Reduce the Risk of End-of-life Relocation to a Nursing Home?
For discrete time survival analysis of permanent nursing home relocation, we constructed a
file of person-months for each observation beginning with the month of the 1993 interview
and continuing until admission to a nursing home where the person resided at death. We chose
the month of 1993 interview as the starting point, because our focus was on state-specific
“period” or “history” effects of HCBS. We controlled for birth cohorts by including age at the
1993 survey. Those who died without permanent nursing home relocation were considered
censored. For each month of observation, we constructed time-varying covariates, drawn from
the most recent interview (for person-level variables) and the most recent annual data (for state
and county-level variables) before the month in question.

After excluding 55 respondents with missing data, the analysis file consisted of 155,108 person-
month records, each coded to indicate whether permanent relocation to a nursing home had
taken place. Of the 3265 respondents represented in those records, 1082 persons resided in
nursing homes at the time of death.

The effects of state- and county-level factors presented in Table 3 are based on the
complementary log-log model34 with standard errors adjusted for individuals clustered within
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states.35 We examined the main state HCBS effects (including or excluding county factors)
and the interaction between state HCBS and person-level Medicaid status for 2 alternative
measures of HCBS. Higher state HCBS was associated with lower risk of nursing home
relocation, regardless of state HCBS measures and county-level controls. When measured in
HCBS expenditures per 65+, state HCBS had significant main effects (not shown) and
interaction with Medicaid (models 1 and 2). The significant interaction indicated differential
HCBS effects: for those with Medicaid, the HCBS coefficient is the sum of the HCBS main
effect and the interaction coefficients [(-0.0191) + (-0.2309) = 0.25; P < 0.02], suggesting that
doubling per-capita HCBS expenditures (a 100% increase) would result in a 25% reduction in
the risk of nursing home relocation. For those without Medicaid, the effect (-0.0191) was not
statistically significant. When measured in the percentage of LTC expenditures, state HCBS
had significant main effects (models 3 and 4), but there was no statistically significant
interaction (not shown). The HCBS coefficient in model 3 (-0.0068; P ≤ 0.01) indicates that a
10% increase in the percent of LTC expenditures spent on HCBS would reduce the risk of
relocation by 6.8%. Adding county-level controls reduces the effect to -0.0036 (P < 0.10),
indicating that some of the HCBS effect is mediated by county-level variables. All models
controlled for numerous person level variables as shown in the footnote to Table 3.

End-of-Life Circumstances and State HCBS Spending: Association With Place of Death
We examined factors associated with place of death separately for community residents and
nursing home residents, as we argued that place of death is contingent on the decision to relocate
to a nursing home. Given the small number of people who died in settings other than residence
or hospital (Table 2, columns 1 and 2), we restricted our analysis to those who died in the end-
of-life residence or in a hospital. We excluded hospice from our dependent and independent
variables, because the number of hospice deaths was too small to constitute a separate category,
and we could not ascertain the actual place of death, given that hospice services can be provided
in a home, hospital, or nursing home setting. Sensitivity analysis including hospice deaths as
deaths in the residence or hospital deaths, indicated that our findings were robust. The analytic
sample consisted of 2528 (1615 community and 913 nursing home) residents from 36 states,
after excluding those who died in hospice or other unspecified places (n = 301), cases with
missing or inconsistent state identifiers (n = 272), those who moved out of the area since the
interview before death (n = 124), and those with missing data for specific variables (n = 95).
Data from each wave of exit interviews were combined with state and county-level data from
the year in which a respondent died.

The independent variables represent end-of-life circumstances. Age at death was calculated
based on birth months (Rand data) and death months (exit interview data). For 17 cases with
no death month information, we used the National Death Index (NDI) data available from HRS
as a restricted dataset. If the month of birth or death was unavailable, only the year was used
for computation. Household income and nonhousing wealth, assessed at the last interview
before death and inflation adjusted using the 2000 consumer price index, involved 3 categories
(high, middle, low) using the 33.3 and 66.6 percentile values of the 1993 full sample to adjust
for potentially high mortality of people with lower income. Medicaid status was assessed at
the time of death. Underlying causes of death came from the NDI data. HRS collapsed cause-
of-death categories comparable in ICD9 and ICD1036 at their highest levels. We grouped the
HRS codes into cancer (reference category), cardiovascular diseases, other chronic diseases,
acute diseases, other causes, and unknown. Timing of death was indicated by whether or not
the death was expected at the time it occurred, and duration of the final illness that led to death.
End-of-life health status included the number of activities of daily living (ADL) limitations
during the last 3 months of life, and whether the duration of any ADL limitation lasted longer
than a year. Those respondents who spent the last 3 months in bed were coded as limited in all
ADL items. Also included were variables indicating whether there was a period of at least 1
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month during the last year when the respondent had “uncontrolled outbursts of temper” or
“periodic confusion,” whether the respondent experienced severe pain most of the time since
the last interview, the number of diagnosed health conditions, and cognitive impairment.
Family availability involves marital status, living alone at death, and the number of living
children assessed at the most recent panel survey. Calendar years of death was included to
examine the time trend of place of death. Time between the most recent panel interview month
and the death month varied from person to person and thus was controlled for. Table 2 presents
sample characteristics.

Preliminary multilevel analysis results (not shown; “empty” model with no independent
variables; individuals nested in counties nested in states) indicated that the variance was mainly
at the individual level with negligible variance at the state- and county-levels (0.22% and
0.32%, respectively among community residents; 0.65% and 5.74% among nursing home
residents). Thus, rather than using random effect models, we present conventional logistic
regression analysis with standard errors adjusted for clustering in states35 for community and
nursing home samples (Table 4). For each sample, we ran parallel models including and
excluding unexpected deaths.

Cause of death, medical needs, and timing of death were consistently associated with death in
the residence (vs. hospital death). Both in the community and nursing home samples, cancer
deaths (vs. dying of other causes), less medical needs (ie, less comorbidities), and more ADL
limitations in the last 3 months of life were associated with death in the residence. The final
illness lasting less than a month increased the chance of hospital death in both samples, whereas
the duration of final illness was negatively associated with hospital death in the community
sample but positively associated with hospital death in the nursing home sample.

Among community residents, dying at an older age was associated with home death.
Community residents with final illness lasting more than a month were more likely to die in
the home. Home death was also associated with higher income and nonethnic minority status,
and marginally with the number of living children. Among nursing home residents, nursing
home death (vs. hospital death) was associated with nonminority status. African Americans’
reduced chance of dying at a residence was especially salient when death was expected.
Contrary to our initial expectation, availability of specialist physicians was associated with a
higher chance of dying in a nursing home among nursing home residents whose death was
expected. We speculate that hospitals in areas with higher medical specialization may be more
reluctant to care for dying elderly patients. Or it could be that nursing home residents in such
areas have more access to outpatient specialists, reducing the need for hospitalization.

As expected, state HCBS expenditures were not significantly associated with place of death,
regardless of the use of an alternative HCBS measure (percentage of LTC expenditures).

DISCUSSION
States vary greatly in LTC policies and their efforts to convert a traditionally institution-based
LTC system into a more balanced one that would help people with disabilities access
community-based services and remain in the community.18 We examined whether such
variation contributes to the large state-to-state variation in location of death using a conceptual
model involving 2 end-of-life transitions (nursing home relocation and death) and their
relationships with multilevel factors (state HCBS support, county health resources, and person-
level characteristics). A major strength of this study lies in the use of a 10-year longitudinal
multilevel dataset, which allowed examination of state HCBS effects on older persons’ end-
of-life transitions that occurred over years. We found that living in a state with high HCBS
expenditures would reduce the risk of end-of-life relocation to a nursing home, especially
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among those with Medicaid, and thus indirectly increase the chance of dying at home. State
commitment to HCBS did not have a direct effect on the chance of dying in the residence (vs.
hospital), whether one lived in the community or in a nursing home. This lack of effect was
not surprising, given that HCBS are not designed to address end-of-life medical needs.
Minorities and individuals with fewer resources (income and time to prepare for death during
one’s final illness) were less likely to die in the residence. This finding is consistent with
previous studies that indicate racial and socioeconomic disparities in end-of-life transitions.37

Our findings add to the emerging evidence from recent observational studies that states’
increased spending on HCBS may reduce nursing home utilization among seniors.18,38 Based
on the HRS data, Muramatsu et al18 reported that living in a state with higher HCBS
expenditures reduced first life-time nursing home admission lasting 90+ days among childless
seniors.18 Our current study extended these findings to show that state HCBS may exert
statistically significant effects on permanent nursing home relocation regardless of child
availability. Those findings of state HCBS effects are in contrast with studies of the late 1970s
and early 1980s based mainly on experimental designs, which provided little support for
HCBS’s effects on preventing nursing home admissions.39-42

The United States has made a significant progress towards expanding HCBS, mainly through
Medicaid HCBS waiver programs. Most public LTC services are funded for those with limited
economic resources. Our study indicated that per-capita state HCBS expenditures lowers the
risk for nursing home relocation among those with Medicaid, but not among those without,
suggesting that the US efforts to enhance HCBS do not significantly benefit Medicaid-
ineligible Americans. On the other hand, a higher percentage of LTC expenditures spent on
HCBS, which was also associated with reduced risk of nursing home relocation, did not have
differential effects on those with or without Medicaid, indicating that state efforts to shift their
LTC services from nursing homes to HCBS may have exerted spill-over effects on people who
are not poor enough to be eligible for public HCBS, perhaps by changing societal caregiving
norms to promote HCBS. Given that LTC needs are universal regardless of one’s
socioeconomic status, the United States should look toward other countries already committed
to universal and equitable access to LTC.43

States’ adoption of enhanced HCBS programs may not be independent of nursing home
utilization. States with higher nursing home utilization might be more motivated to adopt HCBS
initiatives, while states without strong nursing home industries or those with strong home care
labor unions may be better positioned to lower nursing home utilization and enhance HCBS.
Complex political factors and processes that may facilitate or inhibit HCBS support are beyond
the scope of this study and should be examined in future research.

Our study, due to data limitations, could not incorporate additional determinants of place of
death, including nursing home characteristics44-46 and end-of-life needs.47 Preference may
be expressed in the form of advanced directives to limit health care, an item included in the
HRS exit interviews except for 1998. Our analysis excluding the 1998 data indicated that
advanced directives significantly reduced hospital deaths in the nursing home sample (not
shown), supporting previous findings.48 Access to hospice, known to facilitate home deaths,
is another missing factor.

Due to the HRS complex sampling design, our sample did not include all 50 states. Side
analyses indicated that states included in the sample had higher HCBS expenditures. The
implications of this are difficult to assess, and caution is needed to generalize our findings. Our
use of the sample restricted to noninstitutionalized persons aged 70+ as of 1993 may be
justified, because states’ support for HCBS is mainly targeted to noninstitutionalized seniors.
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Our findings support states’ increased efforts to expand HCBS programs, which would reduce
the risk of moving into a nursing home and thus increase the chance of spending end-of-life at
home. However, we should pay attention to evidence that people facing death sometimes prefer
to die in an institution because the home setting may not accommodate difficult end-of-life
situations.49,50 Promoting a LTC system that would help seniors deal with end-of-life medical
emergencies and reduce family burden could not only enhance people’s quality of life but also
help lower inpatient hospital expenditures that constitute a large portion of older adults’ end-
of life health care expenses. States’ support for HCBS should involve end-of-life care, for
example, greater integration of social and medical services, improved access to medical care
for the homebound, and greater access to end-of-life care for people dying of noncancer
diseases as well as cancer.
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FIGURE 1.
Multilevel conceptual framework of place of death involving 2 end-of-life transitions.
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TABLE 1
Characteristics of States and Counties Represented in the Sample of Health and
Retirement Study Respondents Born 1923 or Earlier and Deceased as of 2002,
1993-2000

Variables 1993 (201 Counties,
36 States)*

Median (25, 75
Percentile)

1995 (255 Counties,
41 States)

Median (25, 75
Percentile)

1998 (309 Counties,
41 States)

Median (25, 75
Percentile)

2000 (342 Counties,
44 States)

Median (25, 75
Percentile)

State-level

 HCBS
expenditures per 65
+ persons ($)†

161 (107, 257) 214 (157, 318) 308 (183, 438) 354 (195, 533)

 Total LTC
expenditure per 65+
persons ($)‡

911 (728, 1199) 1071 (875, 1272) 1244 (1072, 1598) 1402 (1189, 1802)

 Percentage of
total long-term care
expenditures spent
on HCBS (%)

18.86 (14.13, 25.34) 21.00 (15.58, 27.99) 24.84 (16.39, 32.38) 25.94 (16.94, 33.05)

County-level

 No. nursing
home beds per 1000
65+ persons§

48.14 (37.20, 62.57) 48.66 (37.53, 65.26) 48.58 (38.41, 65.55) 48.20 (38.25, 63.37)

 No. home health
agencies per 10,000
65+ persons

1.64 (0.96, 2.68) 1.83 (1.05, 3.22) 2.05 (1.13, 3.49) 1.48 (0.90, 2.67)

 No. hospital beds
per 1000 persons¶

3.42 (2.10, 5.14) 3.15 (1.78, 4.79) 2.91 (1.74, 4.35) 2.76 (1.61, 4.05)

 No. physicians
per 1000 persons∥

1.28 (0.73, 69.68) 1.34 (0.81, 1.92) 1.39 (0.89, 2.02) 1.41 (0.91, 2.02)

 Percentage of
specialists among
physicians∥

65.00 (56.40, 69.68) 63.77 (54.65, 69.19) 63.17 (53.21, 68.21) 62.38 (53.96, 68.06)

*
Change in the number of states and counties resulted from residential mobility and mortality of the sample.

†
Home and community-based services (HCBS) include expenditures on Medicaid home health, personal care,19,20 and 1915 (c) waiver programs for

the aged/disabled21-23], Older Americans Act,24-26 Social Services Block Grant,27-29 and state source programs.16,30,31 The sum was divided by the
size of 65+ population for each state.

‡
Total LTC (long-term care) expenditures = Total HCBS expenditures plus Medicaid nursing home expenditures.19,20

§
Nursing home beds include both certified and uncertified beds in certified nursing homes.32

¶
Short-term general and long-term hospital beds.33

∥
Active, office-based physicians. Specialists include all specialist physicians except for those in general internal medicine, general pediatrics, and family

practice subspecialties.33
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TABLE 2
End-of-Life Characteristics: Health and Retirement Study Respondents Born in
1923 or Earlier and Deceased as of 2002*

Total Sample
N = 3320

Those Who Died at the Residence or in the Hospital
N = 2528

Variables Community
Residents
N = 2125

%

Nursing
Home

Residents
N = 1195

%

Community
Residents
N = 1615

% or Mean (SD)

Nursing Home
Residents
N = 913

% or Mean (SD)

Place of death

 Home 40.9 0.8 45.3

 Nursing home 1.5 68.7 74.5

 Hospital 49.5 23.1 55.7 25.5

 Hospice 3.1 3.3

 Other 5.0 4.2

Sociodemographic characteristics

 Age at death (yrs) 83.2 (6.2) 87.1 (6.3)

 Female gender (%)* 52.4 63.8

 Race (%)*

  White non-Hispanic (ref) 76.4 83.1

  Black non-Hispanic 16.2 14.4

  Hispanic 7.4 2.5

 Education (yrs)* 10.1 (4.0) 10.0 (3.7)

 Household income ($)* 26,989 (44,289) 18,842 (27,627)

 Total nonhousing wealth ($)* 156,463 (909,350) 81,962 (279,053)

 Medicaid at death (%) 18.0 41.1

Cause of death (%)

 Cancer (ref) 23.9 13.0

 Cardiovascular disease 44.1 44.5

 Other chronic conditions 9.0 11.5

 Acute conditions 6.8 9.1

 Unknown 3.1 3.6

 Other 13.5 18.5

Timing of death

 Death expected (%) 52.9 68.9

 Duration of final illness (%)

  <1 d 19.1 11.8

  <1 mo 36.9 39.7

  ≥1 mo (ref) 44.0 48.5

End of life health status

 No. ADL† limitations in the last 3
mo (range, 0-6)

2.8 (2.6) 4.7 (2.0)

 Any ADL limitation lasting >1 yr 10.1 18.8

 Temper (%) 12.0 20.5
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Total Sample
N = 3320

Those Who Died at the Residence or in the Hospital
N = 2528

Variables Community
Residents
N = 2125

%

Nursing
Home

Residents
N = 1195

%

Community
Residents
N = 1615

% or Mean (SD)

Nursing Home
Residents
N = 913

% or Mean (SD)

 Confused (%) 32.3 54.8

 Severe pain (%) 18.6 18.0

 No. diseases: (range, 0-5)‡ 1.6 (1.0) 1.6 (1.0)

 Cognitive impairment§ 9.13 (3.8) 12.0 (3.5)

Family availability

 Married (%) 47.2 27.8

 No. children* 2.9 (2.4) 2.374 (2.0)

 Live alone (%)* 66.6 80.8

Control variables

 Year of death 1997.5 (2.4) 1998.5 (2.3)

 Years since last core interview 1.1 (0.7) 1.3 (0.8)

*
Obtained from the data of the last core survey that the respondent participated in when alive. All the other variables were obtained from exit interviews.

†
Activities of daily living.

‡
Number of diagnosed health conditions that have ever been reported (heart, stroke, lung, cancer, and other).

§
Sum of 3 cognition variables assessing memory, judgment, and organization [each assessed on a scale of 1-5 (ie, excellent to poor; range, 3-15)].
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TABLE 3
State- and County-Level Correlates of Permanent Nursing Home Admission:
Discrete Time Survival Analysis Results‡

Variables Model 1
Coefficients
(Exponentiated)

Model 2
Coefficients
(Exponentiated)

Model 3
Coefficients
(Exponentiated)

Model 4
Coefficients
(Exponentiated)

Person-level factors§

 Medicaid coverage (1 =
yes, 0 = no)

0.0363 (1.0370) 0.0227 (1.0230) 0.0139 (1.0140) 0.00136 (1.0014)

State-level health system factors

 Total HCBS∥ expenditures
per 65+ (logged)

-0.0191 (0.9810) -0.0121 (0.9880)

 Percentage of LTC¶
expenditures spent on
HCBS∥

-0.0068 (0.9932)† -0.0036 (0.9964)*

 LTC¶ expenditures per 65
+ persons (logged)

-0.0264 (0.9739) -0.0497 (0.9515)

Interaction between state-
level HCBS and person-level
Medicaid status**

-0.2309 (0.7938)* -0.2153 (0.8063)*

County-level health system factors

 Nursing home beds per
1000 65+ at county

0.0055 (1.0055)† 0.0001 (1.0001)†

 Hospital beds per 1000
persons at county

0.0098 (1.0099) 0.0088 (1.0088)

 Home health agencies per
10,000 65+ at county

-0.0016 (0.9984) -0.0013 (0.9987)

 Generalist physicians per
1000 persons at county

-0.1657 (0.8473) -0.1682 (0.8452)

 Percentage of specialist
physicians at county

0.1886 (1.2076) 0.1724 (1.1882)

*
P ≤ 0.10.

†
P ≤ 0.01.

‡
Models 1 and 2 use total HCBS expenditures per 65+ person as a measure of state HCBS expenditures, whereas models 3 and 4 use percentage of LTC

expenditures spent on HCBS rather than nursing homes and include total per-capita long-term care expenditures as a control variable. Models 1 and 3
include state-level factors, and models 2 and 4 include state and county-level factors.

§
Other person-level variables included in the models are age, gender, race, years of education, household wealth, household income, nursing home

coverage, physical functioning, self-rated health, severity of dementia (1 = no dementia, 2 = mild dementia, 3 = moderate dementia, 4 = severe dementia),
number of medical conditions, marital status (currently married or not), child availability (3 categories: coresidence or child living ≤10 miles, child living
>10 miles, and no living child), number of living siblings, spouse age, spouse physical functioning, spouse self-rated health, spouse’s number of medical
conditions, whether own residential house, whether proxy interview, time since the month of 1993 survey, and time squared, square of time, and cubic of
time.

∥
Home- and community-based services.

¶
Long-term care.

**
The interaction between state-level HCBS and person-level Medicaid status was significant when state HCBS was measured in HCBS expenditures

per 65+ (models 1 and 2). This result indicates that the effects of state HCBS expenditures depend on the person’s Medicaid status. For those with Medicaid,
the HCBS coefficient was -0.25 (-0.0191 plus -0.2309; P = 0.02), suggesting that doubling per-capita HCBS expenditures (100% increase) would result
in a 25% reduction in the risk of nursing home relocation. For those without Medicaid, the coefficient was -0.0191 (statistically insignificant). On the
other hand, when state HCBS expenditures were measured in the percentage of LTC expenditures spent on HCBS, the interaction term involving state

Med Care. Author manuscript; available in PMC 2009 July 9.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Muramatsu et al. Page 16

HCBS and Medicaid status was not significant (results not shown). Thus, Table 3 reports the main effects models that do not include the interaction term
(models 3 and 4).
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