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Abstract

BACKGROUND—Nursing home residents’ use of hospice has substantially increased. Whether 

this increase in hospice use reduces end-of-life expenditures is unknown.

METHODS—The expansion of hospice between 2004 and 2009 created a natural experiment, 

allowing us to conduct a difference-in-differences matched analysis to examine changes in 

Medicare expenditures in the last year of life that were associated with this expansion. We also 

assessed intensive care unit (ICU) use in the last 30 days of life and, for patients with advanced 

dementia, feeding-tube use and hospital transfers within the last 90 days of life. We compared a 

subset of hospice users from 2009, whose use of hospice was attributed to hospice expansion, with 

a matched subset of non–hospice users from 2004, who were considered likely to have used 

hospice had they died in 2009.

RESULTS—Of 786,328 nursing home decedents, 27.6% in 2004 and 39.8% in 2009 elected to 

use hospice. The 2004 and 2009 matched hospice and nonhospice cohorts were similar (mean age, 

85 years; 35% male; 25% with cancer). The increase in hospice use was associated with 

significant decreases in the rates of hospital transfers (2.4 percentage-point reduction), feeding-

tube use (1.2 percentage-point reduction), and ICU use (7.1 percentage-point reduction). The 

mean length of stay in hospice increased from 72.1 days in 2004 to 92.6 days in 2009. Between 

2004 and 2009, the expansion of hospice was associated with a mean net increase in Medicare 

expenditures of $6,761 (95% confidence interval, 6,335 to 7,186), reflecting greater additional 

spending on hospice care ($10,191) than reduced spending on hospital and other care ($3,430).

CONCLUSIONS—The growth in hospice care for nursing home residents was associated with 

less aggressive care near death but at an overall increase in Medicare expenditures. (Funded by the 

Centers for Medicare and Medicaid Services and the National Institute on Aging.)
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Medicare expenditures for beneficiaries in their last year of life account for a quarter of the 

annual payments made by Medicare.1 From its inception, hospice has been viewed as 

respecting patients’ goals of care with no resulting increase — or even with a resulting 

decrease — in health care expenditures.2–4

Between 2000 and 2012, the percentage of Medicare decedents using hospice doubled (from 

23% to 47%)5 and hospice expenditures quintupled (from $2.9 billion to about $15.1 

billion),5 which raised budgetary concerns.6,7 This increase was particularly large among 

persons with non-cancer diagnoses and those residing in nursing homes.8 The Medicare 

Payment Advisory Commission and the Office of Inspector General have expressed concern 

about hospice providers that may be selectively enrolling nursing home residents with 

longer hospice stays and less complex care needs, thereby generating higher profit 

margins.6,7 It is unknown how growth in the number of hospice patients residing in nursing 

homes has affected health care expenditures.

The evidence regarding the relationship between hospice and health care savings is 

mixed,4,6,9–12 and most studies have had important methodologic limitations.9 An important 

limitation is that most observational studies are not able to control for differences in 

preferences for aggressive care. In the present study, we address this limitation in two ways. 

First, we use mandatory nursing home assessment data that provide a wealth of risk 

adjusters not available in most other studies, including proxies for patients’ preferences for 

aggressive care (do-not-resuscitate [DNR] and do-not-hospitalize [DNH] orders). Second, 

we capitalize on the natural experiment created by the rapid expansion of hospice in the 

nursing home setting by using a difference-in-differences matching approach. This approach 

provides better adjustment for confounders than has been used in previous studies.

METHODS

OVERVIEW AND STUDY POPULATION

An important concern with observational studies is that persons who elect and those who do 

not elect hospice have different preferences for aggressive care. This concern regarding 

selection bias and the lack of information on preferences is an important threat to the 

validity of earlier studies that matched hospice users to persons who contemporaneously die 

without hospice services.

Instead of using cross-sectional matching, we used a difference-in-differences cross-

temporal matching design. We took advantage of the natural experiment created by the 

substantial increase in hospice use between 2004 and 2009 and compared a subset of 

hospice users in 2009, whose use of hospice was attributed to hospice expansion between 

2004 and 2009, with a matched subset of nonusers in 2004, who were considered likely to 

have used hospice had they died in 2009.

We studied all 2004 (baseline period) and 2009 nursing home decedents who were 67 years 

of age or older at death and who had fee-for-service Medicare for the last 2 years of life. We 

did not include 828 persons (0.1%) whose last nursing home assessment was performed 

more than 120 days before death. Although the use of data from later years would have been 
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desirable, the nursing home assessment changed in 2010; the new assessment is not 

comparable and is missing key information, such as DNR and DNH orders.

OUTCOMES

Medicare expenditures in the last year of life9 were based on inpatient, outpatient, postacute, 

home health, and hospice claims. In addition, carrier-file physician-visit claims for a random 

20% sample were used. Expenditures for health care services starting before the last year of 

life but overlapping with the last year of life were prorated. All expenditures were inflation-

adjusted to 2007 prices.13 We also examined claims-based measures that characterized the 

aggressiveness and quality of end-of-life care. For all patients, we examined admission to an 

intensive care unit (ICU) in the last 30 days of life. For patients with advanced dementia 

(those with dementia and a Cognitive Performance Scale [CPS] score of 4, 5, or 6), we 

examined feeding-tube use in the last 90 days of life and “burdensome transitions” (defined 

as more than two hospitalizations for any reason or more than one hospitalization for 

pneumonia, urinary tract infection, dehydration, or sepsis) in the last 90 days of life.14 The 

CPS score ranges from 0 (intact) to 6 (very severe impairment), with a score of 5 

corresponding to a score of 5.1 on the Mini–Mental State Examination (range, 0 to 30; <24 

indicates cognitive impairment).

OTHER VARIABLES

Our main independent variable was hospice use in the last year of life. Detailed 

demographic and clinical information was obtained from the Minimum Data Set (MDS), a 

comprehensive assessment federally mandated for Medicare and Medicaid–certified nursing 

homes. Our analyses adjusted for demographic characteristics (age at death, sex, race [white 

or nonwhite], and marital status), four diagnosis groups based on the MDS assessments and 

Medicare claims (cancer without dementia, cancer with dementia, dementia without cancer, 

and other), a list of clinical coexisting conditions, measures of physical and cognitive 

performance impairment (activities of daily living score and CPS score, respectively), DNR 

and DNH orders, indicators of long (>90 days) and very short (<30 days) nursing home 

stays before death, and time from the last MDS assessment to death. We also adjusted for 

the number and mean length of stay of hospitalizations in the year before the last year of 

life, to control for previous health care use patterns, which are known to predict use in the 

last year of life.15 Our models also controlled for nursing home facility characteristics, 

including proprietary status; whether it was hospital-based, was part of a chain, or had any 

special care units; and the percentage of patients whose primary payer was Medicaid, 

Medicare, or other (generally private pay). Facility data were obtained from the Online 

Survey Certification and Reporting (OSCAR) component of the Centers for Medicare and 

Medicaid Services Provider of Services file.16

STATISTICAL ANALYSIS

We created three well-defined matched groups of nursing home decedents in 2004 and 2009: 

those who used hospice services during both periods (traditional hospice users, who used 

hospice before and after the expansion of hospice use; group 1); those who used hospice in 

2009 whose use was attributed to hospice expansion, matched to residents who did not use 

hospice in 2004 but were considered likely to have been users had they died in 2009 (new 
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users, those expected to use hospice only in the context of expanded hospice use; group 2); 

and those who did not use hospice in 2009 matched with 2004 nonhospice residents 

(nonusers, group 3).

The difference-in-differences matching model was used to estimate the association between 

hospice use and outcomes by comparing changes over time for decedents in group 2 (new 

users) with changes over time for decedents in group 3 (nonusers). This approach adjusts for 

changes over time other than the change in hospice status. Group 1 (hospice users in both 

years) offers a basis for the assessment of the secular changes among hospice users over this 

period and is not used in the analysis in which the association between hospice and 

outcomes is examined.

To account for case-mix differences between the 2004 and 2009 cohorts, we first used 

propensity-score matching within each of the three groups to find decedents with similar 

characteristics. Next, we applied a difference-in-differences multivariable regression model 

based on the resulting matched decedents in groups 2 and 3, to adjust for the residual person 

and facility characteristics that remained after matching.

Figure 1 provides a schematic depiction of the matching procedures. First, the 2004 cohort 

was used to calculate the propensity for hospice election in 2004, p2004 (Fig. 1, step 1). The 

p2004 model was applied to the 2009 cohort to predict who would have elected hospice if 

they had died in 2004. Persons who used hospice in 2004 were matched one-to-one with 

replacement to 2009 hospice users to form the first group using hospice in both years 

(G12004 and G12009 in Fig. 1). The 2009 hospice patients who were left unmatched (G22009) 

form the basis of the second group of decedents new to hospice in 2009. The propensity 

score based on the 2009 cohort data, p2009, is used to find one-to-one matches with 

replacement for them (G22004) among 2004 non-hospice decedents who were likely to have 

elected hospice had they died in 2009, to complete our group of “new to hospice” decedents 

(Fig. 1, step 2). Because matching was done with replacement, some persons in 2004 were 

selected as matches for more than one person in 2009. Finally, the last comparison group of 

decedents that never used hospice was formed with the use of the 2009 propensity score, 

p2009, to match each nonhospice decedent in 2009 (G32009) to one nonhospice decedent in 

2004 (G32004).

The propensity-score models of hospice election were calculated with the use of 

multivariable logistic regression, with the patient and nursing home facility characteristics 

listed above as covariates. Covariate balance among matched groups was examined with 

standardized differences.17 The difference-in-differences models were estimated with the 

use of a least-squares regression for Medicare expenditures in the last year of life and a 

probability linear model for our clinical binary outcomes. These regressions included the 

same covariates as the propensity-score models to adjust for residual imbalances in our 

matching. We estimated robust standard errors adjusted for the clustering of persons within 

nursing home facilities.18 A Supplementary Appendix, available with the full text of this 

article at NEJM.org, contains additional details of the estimation process, the adequacy of 

the matching model, and sensitivity analyses.
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RESULTS

CHARACTERISTICS OF THE NURSING HOME DECEDENTS AND MATCHED TREATMENT 
AND CONTROL GROUPS

The total number of Medicare fee-for-service beneficiaries we identified who were 67 years 

of age or older who died while they were nursing home residents was 786,328 (426,276 in 

2004 and 360,052 in 2009). The mean age of the persons in our sample was 85 years, and 

35% were male. Among the nursing home decedents in our total sample, 117,858 (27.6%) in 

2004 and 143,394 (39.8%) in 2009 used hospice care. The mean length of stay in hospice 

increased from 72.1 days (median, 17; proportion of hospice users with a length of stay >6 

months, 12.3%) in 2004 to 92.6 days (median, 21; proportion of hospice users with a length 

of stay >6 months, 16.7%) in 2009. Each year, approximately 15% of nursing home 

decedents had cancer, 46% had dementia without cancer, and 10% had both cancer and 

dementia. Among hospice users, these three rates changed from 18.6%, 46.6%, and 12.5%, 

respectively, in 2004 to 14.5%, 51.9%, and 12.4% in 2009, reflecting a reduction in the rate 

of cancer and a similar increase in the rate of dementia cases (Table S1 in the 

Supplementary Appendix).

Using our matching approach, we identified 71,003 hospice users (49.5%) in 2009 who were 

likely to have elected hospice in 2004 if they had died then (group G12009 in Fig. 1). The 

analytic comparison sample consisted of the remaining 2009 new hospice decedents (72,391 

decedents, group G22009) and 2009 nonhospice decedents (216,658 decedents, group 

G32009) and their 2004 matches (groups G22004 and G32004 in Fig. 1). Decedent 

characteristics were very similar within matched groups, which indicated adequate covariate 

balance (Table 1). Among new hospice users and their 2004 nonhospice matched decedents 

(G22009 and G22004), the mean age at death was approximately 86 years, about one third 

were male, one quarter had a cancer diagnosis, close to 64% had Alzheimer’s disease or 

another form of dementia, and coexisting conditions like emphysema or chronic obstructive 

pulmonary disease, congestive heart failure, diabetes, and depression were common. Most of 

these hospice users (77%) had a DNR order, but DNH orders were uncommon (less than 

10%). The largest differences were in the rates of diabetes (25.3% in 2004 vs. 29.4% in 

2009) and depression (43.1% in 2004 vs. 48.4% in 2009). Nursing home decedents who did 

not use hospice in 2009 (group G32009) and their 2004 matches (group G32004) also shared 

similar characteristics, with the largest differences being in the rates of diabetes and 

depression.

END-OF-LIFE EXPENDITURES FOR THE MATCHED TREATMENT AND CONTROL GROUPS

Table 2 shows Medicare spending in the last year of life for decedents with or without 

hospice care. Nursing home decedents not electing hospice in 2009 saw a mean increase in 

expenditures of $3,143, as compared with a $9,906 increase among those electing hospice in 

2009 (where increases are defined as relative to their matched 2004 non–hospice users), for 

a net adjusted increase of $6,761 (95% confidence interval [CI], 6,335 to 7,186). Analyses 

stratified according to diagnosis showed that patients with cancer and without dementia 

(14% of hospice group) had the smallest net increase, at $2,180 (95% CI, 826 to 3,534), 

whereas the hospice patients with dementia and without cancer (52% of the hospice group) 

Gozalo et al. Page 5

N Engl J Med. Author manuscript; available in PMC 2015 November 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



had the largest net increase, at $8,592 (95% CI, 8,126 to 9,058). Decedents in for-profit 

nursing homes were slightly more likely to elect hospice (adjusted odds ratio, 1.20; 95% CI, 

1.18 to 1.22) and had a net adjusted increase in expenditures of $3,461 (95% CI, 2,770 to 

4,152) on average. A breakdown of total expenditures according to type of care highlights 

that although hospice election is indeed associated with some reduction in costs related to 

hospitalizations and other types of care ($3,430), the savings are lower than the cumulative 

costs of hospice care ($10,191) (Table 3).

CHANGES IN THE AGGRESSIVENESS OF END-OF-LIFE CARE

As compared with nursing home decedents who did not elect hospice, those who elected 

hospice in 2009 had a larger reduction (relative to their 2004 nonhospice matches) in their 

aggressive end-of-life care outcomes. Their rate of ICU admission in the last 30 days of life 

decreased by 1.1 percentage points, as compared with an increase of 5.9 percentage points 

for 2009 non–hospice users, for a net adjusted decrease of 7.1 percentage points (95% CI, 

7.5 to 6.6). Similarly, among persons with advanced dementia, in the last 90 days of life, 

hospice users had modest net adjusted decreases in burdensome transitions of 2.4 percentage 

points (95% CI, 3.0 to 1.8) and decreases in feeding-tube insertions of 1.2 percentage points 

(95% CI, 1.6 to 0.8) (Table 2).

DISCUSSION

The landscape of hospice providers in the United States has changed, from small not-for-

profit providers to increasingly for-profit hospice chains. The percentage of persons 

receiving hospice care in a nursing home tripled from 14% of Medicare decedents in 19998 

to nearly 40% in 2009. Medicare pays a per-diem rate for routine hospice care, regardless of 

whether services are provided, which raises the policy concern that profit motives may be 

driving selective enrollment of nursing home residents without cancer, who have longer 

hospice lengths of stay.6,7 Recent regulations to address the growth of long hospice stays, 

such as the physician narrative implemented in 2009 or the face-to-face visit requirement 

implemented in 2011, have had a negligible effect.20 Using a difference-in-differences 

matching approach, we found that although hospice use was associated with a reduction in 

aggressive end-of-life care, it was also associated with a net increase of $6,761 in Medicare 

expenditures per decedent in the last year of life.

The higher level of expenditures has two primary explanations. First, an increased mean 

hospice length of stay led to additional Medicare expenditures. In our unmatched cohorts, 

the mean hospice length of stay increased from 72.1 days in 2004 to 92.6 days in 2009. This 

increase is largely due to the growth in the number of nursing home hospice residents 

without cancer (who have less accurate 6-month prognoses)21 from 16% of hospice 

admissions in 199022 to 68% in 2012, and 75% in nursing homes.5 Second, hospice savings 

arise through avoidance of hospitalizations and curative treatments. However, among 2004 

nonhospice decedents, those considered likely to have elected hospice had they died in 2009 

had lower end-of-life care expenditures than did those considered likely not to have used 

hospice had they died in 2009 ($30,636 vs. $36,745) (Table 2). These two reasons — longer 
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hospice stays and low use among the non–hospice users most likely to elect hospice — 

make it hard to achieve any savings.

Previous research on the association between hospice and health care expenditures has 

provided mixed results and has had important limitations.9 At best, studies used cross-

sectional matching approaches, relied primarily on claims-based risk factors,10,12 excluded 

beneficiaries with long hospice stays,4 or examined expenditures in the last month of life.11 

By focusing on nursing home patients, our study addressed these limitations by including a 

rich array of potential confounders and accounting for selection bias with a new difference-

in-differences cross-temporal matching model that controlled for time-invariant unmeasured 

differences between hospice and nonhospice groups. Furthermore, we examined the effect of 

hospice on expenditures in the last year of life from a population perspective, providing key 

policy information on whether the current use of hospice is cost-neutral. 9

There are certain limitations in the interpretation of this study. Our results, which are based 

on fee-for-service Medicare beneficiaries, may not be generalizable to nursing home 

residents with Medicare Advantage or to non–nursing home residents. However, Medicare 

Advantage nursing home decedents have characteristics similar to those of fee-for-service 

nursing home decedents (see Table S4 in the Supplementary Appendix). Also, our findings 

pertain to nursing home residents who started using hospice services in 2009. However, our 

findings were robust under sensitivity analyses involving nursing home facilities that had no 

hospice in 2004 (see Table S5 in the Supplementary Appendix). Finally, our analyses offer 

some measures of how hospice reduces the aggressiveness of care for dying patients, but it 

does not include other quality-of-care measures.23–25

Increasingly, hospice is provided in nursing homes. Our finding of an increased cost of 

$6,761 associated with hospice use per decedent needs to be considered in light of evidence 

that hospice improves the quality of care and that the decision to enter hospice services is 

consistent with the patient’s goals and wishes for care. Cost neutrality or savings was a 

policy goal of the Medicare hospice benefit at its onset. If we are to achieve this policy 

objective, hospice must be provided at the right time and for the right duration. 

Prognostication in patients without cancer is difficult. If patients improve, reconsideration of 

the goals of care and the appropriateness of continued hospice care is warranted. Our study 

raises important concerns regarding the efficiency of hospice services from a societal 

perspective, especially if the motivation for keeping persons on hospice services (at $159 

per day in fiscal year 2015) is increasing profit margins and not improving patients’ quality 

of life. With the current payment policy based on a flat per-diem payment rate, and given the 

increase in long hospice stays, the Medicare hospice benefit may not achieve cost savings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overview of the Analytic Difference-in-Differences Cross- Temporal Matching 
Approach
Step 1 forms group 1 of “traditional” hospice users: the propensity-score model of hospice 

election in 2004 (p2004) is used to match one-to-one with replacement each hospice user in 

2004 (group G12004) to a hospice user in 2009 (group G12009); G12009 represents those most 

likely to have used hospice in 2004. In step 2, the propensity-score model of hospice 

election in 2009 (p2009) is used to form groups 2 and 3, used in the final analysis. Group 2 is 

formed from all the 2009 hospice users who remain unmatched in step 1 (G22009) and their 

matched (with replacement) 2004 nonhospice decedents (G22004). Similarly, group 3 

consists of all the 2009 nonhospice decedents (G32009) and their matched (with 

replacement) 2004 nonhospice decedents (G32004). Note that because matching is done with 

replacement, some 2004 nonhospice decedents are not selected into G22004 or G32004 as best 

matches for those in G22009 or G32009 and are not used in our comparative analysis. Our 

difference-in-differences model calculates the effect of hospice use among new hospice 

users as the difference of the changes in outcomes over time for groups 2 and 3: (G22009 - 

G22004) − (G32009 - G32004).
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