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BACKGROUND: Although chronic lung disease is a common cause of mortality, little is known
about where individuals with chronic lung disease die.

RESEARCH QUESTION: The aim of this study was to determine the trends and factors asso-
ciated with place of death among individuals with chronic lung disease.

STUDY DESIGN AND METHODS: This cross-sectional analysis of natural deaths was conducted
by using the Centers for Disease Control and Prevention Wide-ranging OnLine Data for
Epidemiologic Research from 2003 to 2017 for which COPD, interstitial lung disease (ILD),
or cystic fibrosis (CF) was the underlying cause. Place of death was categorized as hospital,
home, nursing facility, hospice facility, and other.

RESULTS: From 2003 to 2017, more than 2.2. million deaths were primarily attributed to
chronic lung disease (51.6% female, 92.4% white). Most were attributed to COPD (88.9%),
followed by ILD (10.8.%), and CF (0.3%). Hospital and nursing facility deaths declined from
44.4% (n ¼ 59,470) and 22.6% (n ¼ 30,285) to 28.3% (n ¼ 49,655) and 19.7% (n ¼ 34,495),
while home and hospice facility deaths increased from 23.3% (n ¼ 31,296) and 0.1% (n ¼
192) to 34.7% (n ¼ 60,851) and 9.0% (n ¼ 15,861), respectively. Male sex, being married, and
having some college education were associated with increased odds of home death, whereas
non-white race and Hispanic ethnicity were associated with increased odds of hospital death.
Compared with individuals with COPD, individuals with ILD and CF had increased odds of
hospital death and reduced odds of home, nursing facility, or hospice facility death.

INTERPRETATION: Home deaths are rising among decedents from chronic lung disease,
increasing the need for quality end-of-life care in this setting. Further research should explore
the end-of-life needs and preferences of these patients and their caregivers, with particular
attention paid to patients with ILD and CF who continue to have high rates of hospital death.
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Lung disease is responsible for significant morbidity and
mortality globally, with COPD alone being the fourth
leading cause of death in the United States.1 Patients
with chronic progressive lung diseases such as COPD,
interstitial lung disease (ILD), and cystic fibrosis (CF)
tend to experience a protracted decline with frequent
exacerbations and recoveries, resulting in a high physical
and psychosocial symptom burden.2,3 Research indicates
that breathlessness, fatigue, and anxiety occur more
commonly in patients with these diagnoses than in those
with advanced cancer, heart disease, or renal disease.4,5

This high symptom burden often results in acute
hospitalizations given the difficulty of managing
exacerbations in the home setting.

Palliative care and hospice, which have been associated
with improved quality of life and increased ability to die
in one’s preferred location, remain understudied and
underused in patients with pulmonary disease.6-9

Palliative care focuses on quality of life and symptom
management of serious illness at any stage; hospice is a
type of palliative care for individuals with limited life
expectancy. Importantly, disparities in the provision of
both of these services are well documented. For example,
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racial minorities are less likely to receive palliative care
or use hospice than white subjects, and research suggests
that older adults may be less likely to receive specialist
palliative care services than younger patients.10-12

Significant geographic variation in end-of-life health-
care utilization, including hospice use, among patients
with COPD has also been identified.13

Location of death serves as one important metric of
quality end-of-life care. Most patients wish to die at
home, and dying in the hospital setting is associated
with increased intensity of potentially ineffective
interventions, yet some patients’ symptoms may be
inadequately managed at home.14,15 Little is known,
however, about place of death for patients dying of
chronic lung disease and how it has changed over time.
The aim of the current study therefore was to assess
trends and describe factors associated with place of
death among patients with chronic lung disease in the
United States. We hypothesized that home deaths have
increased and that disparities in location of death exist
according to demographic characteristics such as age,
sex, race/ethnicity, marital status, geographic region,
education, and disease subtypes.
Deaths for which COPD/ILD/CF listed
as underlying cause 2003-2017

N = 2,281,406

Excluded (n = 800,921)

• Deaths coded as due to accident,
   suicide, homicide, pending
Materials and Methods
Data Source

This study used aggregated death certificate data obtained from the
Centers for Disease Control and Prevention Wide-ranging OnLine
Data for Epidemiologic Research database for 2003 to 2017 and
individual-level data from the Mortality Multiple Cause-of-Death
Public Use Record for 2006 to 2017 from the National Center for
Health Statistics. These sources are based on de-identified
information abstracted from death certificates, and they provide
mortality data for all deaths in the United States.16,17 We included
deaths occurring between 2003 and 2017 attributed to the following
lung diseases using International Classification of Diseases, Tenth
Revision (ICD-10), codes for the following categories: CF, COPD,
and ILD.

The primary study outcome of interest was place of death. Place of
death categories included hospital, home, nursing facility/long-term
care, hospice facility, and other (including outpatient medical
facility, ED, and dead on arrival at the hospital). Within lung
disease deaths, specific diagnosis subtypes were created by using
the ICD-10 codes documented as the underlying cause of death:
CF, E84; COPD, J42 to J44; and ILD, J84. Centers for Disease
Control and Prevention Wide-ranging OnLine Data for
Epidemiologic Research lists all deaths from 1999 onward using
Included in regression analyses
n = 1,480,485

   investigation, could not be
   determined, or cause of death missing
   (n = 502,148)
•  Place of death unknown (n = 2,697)
•  Education level unknown (n = 291,746)
•  Age not stated (n = 21)
•  Marital status unknown (n = 4,309)

Figure 1 – Participation flowchart. CF ¼ cystic fibrosis; ILD ¼ inter-
stitial lung disease.
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ICD-10 codes, and we therefore did not have to convert ICD-9
codes for death prior to 2014.

Decedent demographic characteristics included age (< 64, 65-74,
75-84, and $ 85 years), race (white, black, Native American/
Alaska Native, and Asian/Pacific Islander), ethnicity (Hispanic or
non-Hispanic), sex (male or female), marital status (married or
not married), and education level (some college or more, high
school or less). Using the standardized National Center for
Health Statistics rural-urban classification, the following
categories were created: large metropolitan (population $ 1
million), medium metropolitan (250,000-999,999), small
metropolitan (50,000-250,000), and nonmetropolitan (<
50,000).18 Geographic variables were available in aggregate only
because individual-level geographic information was not publicly
available.
672 Original Research
Analysis

This descriptive study evaluated trends in and factors associated with
place of death for 2013 to 2017. To assess the relation between patient
characteristics and place, multivariable logistic regression was
performed with models adjusting for decedent demographic
characteristics, marital status, education, and year of death. A unique
model was generated for each place of death vs all other places of
death, defined as a binary indicator. The Huber-White SEs were used
to estimate CIs robust to unknown correlations in the outcome. We
used listwise deletion of cases with missing values (Fig 1). Deaths
from 2003 to 2006 were not included in the regression analyses
because a consistent code for education level was missing for these years.

All analyses were conducted by using Stata version 16.0 (StataCorp). A
two-tailed P value < .05 was considered statistically significant. ORs
are presented with 95% CIs.
Results

Overall Trends

Between 2003 and 2017, more than 2.2 million deaths
were primarily attributed to COPD, ILD, or CF
(51.6% female, 92.4% white) (Table 1). The number of
annual deaths due to these diseases increased from
134,040 in 2003 to 175,333 in 2017. The majority of
these deaths were attributed to COPD (88.9%), ILD
(10.8%), and CF (0.3%).

Between 2003 and 2017, home and hospice facility
deaths increased while deaths in the hospital and
nursing facilities decreased (Fig 2). The proportion of
lung disease deaths occurring in the hospital decreased
from 44.4% (n ¼ 59,470) in 2003 to 28.3% (n ¼ 49,655)
in 2017. The proportion of deaths in nursing facilities
fell slightly from 22.6% (n ¼ 30,285) in 2003 to
19.7% (n ¼ 34,495) in 2017. Over the same period, the
proportion of deaths occurring at home increased from
23.3% (n ¼ 31,296) to 34.7% (n ¼ 60,851). The
proportion of deaths in a hospice facility increased from
0.1% (n ¼ 192) in 2003 to 9.1% (n ¼ 15,861) in 2017.

Differences According to Age

Compared with younger decedents, a lesser proportion
of decedents aged $ 85 years died in the hospital and a
greater proportion died in nursing facilities (Fig 3). The
proportion of deaths occurring in nursing facilities fell
over time among all age groups with the exception of
those aged < 65 years. Among this youngest group, the
proportion of nursing facility deaths increased from
7.5% (n ¼ 1,306) in 2003 to 8.4% in 2017 (n ¼ 2,085).
Throughout the study period, a greater proportion of
decedents aged < 65 years died at home compared with
older decedents. A greater proportion of decedents
between ages 75 and 84 years died in hospice facilities
(37.9%) compared with decedents of all other ages
(9.6% among those aged < 65 years, 23.8% among those
aged 65-74 years, and 28.7% among those aged $ 85
years).
Differences According to Ethnicity and Race

Among both Hispanic and non-Hispanic subjects, home
and hospice facility deaths increased while hospital and
nursing facility deaths decreased. However, differences
between these groups were noted (Fig 4). Throughout
the study, a greater percentage of Hispanic vs non-
Hispanic subjects died in the hospital, whereas a greater
percentage of non-Hispanic vs Hispanic subjects died at
home, in nursing facilities, and in hospice facilities. The
difference in hospital, home, and nursing facility deaths
between Hispanic and non-Hispanic subjects decreased,
from 11.3% to 8.9%, 1.2% to 0.3%, and 10.1% to 8.3%,
respectively.

Compared with black decedents, a greater percentage of
white decedents died at home, in nursing facilities, and
hospice facilities, whereas a smaller percentage died in
the hospital (Fig 4). The difference between black and
white subjects in home deaths decreased from 5.0% to
4.4% over the study period, whereas the difference in
hospital deaths between black and white subjects was
virtually unchanged, decreasing slightly from 7.8% to
7.7% between 2003 and 2017. Increases in home deaths
were seen among decedents from all racial groups, with
Native American subjects having the greatest percentage
of home deaths in 2017 (37.8%) followed by white
subjects (35.0%). In 2017, a smaller percentage of white
decedents died in the hospital (27.6%) relative to non-
white subjects (Native American subjects, 33.0%; black
subjects, 35.3%; Asian subjects, 39.0%). Hospice facility
deaths increased for all racial groups, with a greater
percentage occurring among white decedents (9.3%),
followed by black subjects (7.2%), Native American
[ 1 5 8 # 2 CHES T A UGU S T 2 0 2 0 ]



TABLE 1 ] Place of Death of Decedents With COPD, Interstitial Lung Disease, and Cystic Fibrosis (2003-2017)

Characteristic
Total

(N ¼ 2,279,875)
Hospital

(n ¼ 816,061 [35.8%])
Home

(n ¼ 658,817 [28.9%])
Nursing Home

(n ¼ 475,794 [20.9%])
Hospice Facility

(n ¼ 119,861 [5.3%])
Other

(n ¼ 209,342 [9.2%])

Age, y

< 65 315,975 (13.9) 128,782 (15.8) 108,706 (16.5) 24,706 (5.2) 11,555 (9.6) 42,226 (20.2)

65-74 538,520 (23.6) 220,417 (27.0) 169,395 (25.7) 69,088 (14.5) 28,515 (23.8) 51,105 (24.4)

75-84 811,810 (35.6) 300,725 (36.9) 230,156 (34.9) 168,943 (35.5) 45,412 (37.9) 66,574 (31.8)

$ 85 613,517 (26.9) 166,127 (20.4) 150,542 (22.9) 213,050 (44.8) 34,376 (28.7) 49,422 (23.6)

Sex

Male 1,103,423 (48.4) 412,937 (50.6) 335,696 (51.0) 196,373 (41.3) 55,559 (46.4) 102,858 (49.1)

Female 1,176,452 (51.6) 403,124 (49.4) 323,121 (49.0) 279,421 (58.7) 64,302 (53.7) 106,484 (50.9)

Race

White 2,105,853 (92.4) 739,089 (90.6) 616,082 (93.5) 450,252 (94.6) 113,662 (94.8) 186,768 (89.2)

Black 135,257 (5.9) 58,902 (7.2) 32,010 (4.9) 20,307 (4.3) 5,142 (4.3) 18,896 (9.0)

Asian or Pacific Islander 27,027 (1.2) 13,301 (1.6) 6,997 (1.1) 3,558 (0.8) 707 (0.6) 2,464 (1.2)

Native American 11,738 (0.5) 4,769 (0.6) 3,728 (0.6) 1,677 (0.4) 350 (0.3) 1,214 (0.6)

Ethnicity

Non-Hispanic 2,196,755 (96.4) 778,850 (95.4) 635,160 (96.4) 465,195 (97.8) 115,645 (96.5) 201,905 (96.4)

Hispanic 78,065 (3.4) 35,244 (4.3) 22,318 (3.4) 9,606 (2.0) 3,989 (3.3) 6,908 (3.3)

Lung disease

COPD 2,026,758 (88.9) 693,593 (85.0) 589,736 (89.5) 445,991 (93.7) 107,057 (89.3) 190,381 (90.9)

Interstitial lung disease 246,210 (10.8) 117,552 (14.4) 67,843 (10.3) 29,685 (6.2) 12,638 (10.5) 18,492 (8.8)

Cystic fibrosis 6,907 (0.3) 4,916 (0.6) 1,238 (0.2) 118 (0.0) 166 (0.1) 469 (0.2)

County urbanization

Large central metro 517,940 (22.7) 201,535 (24.7) 141,831 (21.5) 100,411 (21.1) 29,722 (24.8) 44,441 (21.2)

Large fringe metro 499,063 (21.9) 177,468 (21.8) 141,180 (21.4) 100,306 (21.1) 30,415 (25.4) 49,694 (23.7)

Medium metro 507,846 (22.3) 169,328 (20.7) 151,020 (22.9) 106,104 (22.3) 34,396 (28.7) 46,998 (22.5)

Small metro 257,926 (11.3) 87,988 (10.8) 78,785 (12.0) 55,863 (11.7) 12,414 (10.4) 22,876 (10.9)

Micropolitan (nonmetro) 277,653 (12.2) 97,420 (11.9) 82,688 (12.6) 64,052 (13.5) 8,321 (6.9) 25,172 (12.0)

Noncore (nonmetro) 219,447 (9.6) 82,322 (10.1) 63,313 (9.6) 49,058 (10.3) 4,593 (3.8) 20,161 (9.6)

Data are expressed as No. (%). Age not stated, n ¼ 53. Ethnicity not stated, n ¼ 5,055. Other category includes outpatient medical facility or ED, dead on arrival, other and unknown.
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Figure 2 – Trends for lung disease in places of death (2003-2017).
subjects (4.9%), and Asian subjects (4.5%). The
percentage of nursing facility deaths increased slightly
among black and Asian decedents.

Geographic Differences

The greatest proportion of home deaths in 2017
occurred in nonmetropolitan areas (36.2%) and the least
in large metropolitan areas (33.0%) (e-Fig 1). Large
metropolitan areas (29.9%) had the greatest proportion
of hospital deaths, and medium metropolitan areas had
the smallest (26.5%). Nonmetropolitan areas had the
greatest (22.6%) proportion of nursing facility deaths,
and large metropolitan areas had the lowest (18.3%).
Medium metropolitan areas had the greatest proportion
of hospice facility deaths (10.4%), and nonmetropolitan
had the smallest (5.2%).

Compared with other parts of the country, a greater
percentage of decedents in the West census region died
at home (38.9% in 2017) (e-Fig 2). The Northeast had
the smallest percentage of home deaths in the country,
with only 29.1% in 2017. Compared with other regions,
a greater percentage of decedents in the Northeast
(32.6%) died in the hospital in 2017. The greatest
reduction in hospital deaths occurred in the South
(42.0% change), followed by the Midwest
(33.6% change) and the Northeast (32.8% change). From
2003 to 2017, the West experienced the smallest decline
in hospital deaths (28.8% change). Throughout the study
period, the greatest percentage of nursing facility deaths
occurred in the Midwest relative to other regions. In
2017, the South experienced the greatest percentage of
hospice facility deaths (12.0%), whereas the West had
the smallest percentage (6.0%) compared with other
regions.
674 Original Research
Differences According to Lung Disease Type

The pattern of increasing home and hospice deaths as
well as decreasing hospital and nursing facility deaths
was consistent across all lung disease subgroups,
although the magnitude of these changes differed (Fig
5). The greatest increases in home deaths occurred
among deaths due to COPD, increasing by > 50% over
the study period to reach 35.1% in 2017. In 2017,
32.2% of decedents with ILD and 22.4% of those with CF
died at home. The proportion of patients dying in the
hospital was reduced over the period in all lung disease
groups. The greatest reduction in hospital deaths
occurred among COPD (38.6% change), followed by
ILD (23.1% change) and CF (14.8%). The lowest rate
was observed among deaths due to COPD disorders in
2017 at 26.5%. Rates of hospice facility deaths increased
the most among COPD and ILD, reaching 9.1% and
8.6%, respectively, in 2017. Only 3.9% of CF deaths in
2017 occurred in a hospice facility.

Logistic Regression Results

Of all deaths between 2003 and 2017, a total of 1,480,485
met our inclusion criteria for the regression analysis.
After adjusting for covariates, lung disease type is the
one of the most influential factors in place of death.
Decedent age, sex, race, ethnicity, marital status, and
education level were also significantly associated with
location of death (Table 2).

Odds of hospital and home deaths declined with age
while odds of nursing facility and hospice facility deaths
increased with age. Decedents aged $ 85 years had the
greatest odds of nursing facility death relative to younger
decedents. Odds of hospice facility death were the
greatest among decedents aged $ 65 years relative to
decedents aged < 65 years. Relative to female decedents,
male decedents had increased odds of home death and
reduced odds of nursing facility or hospice facility death.

Relative to nonmarried decedents, married decedents
had almost 50% lower odds of nursing facility death and
increased odds of hospital, home, or hospice facility
death. Relative to decedents with less than high school
education, decedents with some college education had
lower odds of hospital or nursing facility death and
increased odds of home and hospice facility death.

Non-white decedents had increased odds of hospital
death and reduced rates of nursing and hospice facility
death relative to white decedents. For example, black
and Asian decedents had 47% and 62% greater odds,
respectively, of a hospital death compared with white
[ 1 5 8 # 2 CHES T A UGU S T 2 0 2 0 ]



Hospital Home

Nursing Facility Hospice Facility

40%

30%

20%

10%

0%

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

50%

60%

12%

8%

6%

4%

2%

0%

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

10%

45%

0%

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

5%

10%

15%

20%

25%

30%

35%

40%

45%

0%

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

5%

10%

15%

20%

25%

30%

35%

40%

< 65y 65-74y 75-84y ≥ 85y

Figure 3 – Trends according to age in places of death (2003-2017).
decedents and reduced odds of home death, nursing
facility death, and hospice facility death.

Decedents of Hispanic ethnicity had nearly 40% higher
odds of hospital death, greater odds of hospice facility
death, and reduced odds of death at home or nursing
facility than non-Hispanic subjects.

Discussion
This analysis found that, from 2003 to 2017, the
proportion of lung disease deaths occurring in the
hospital declined while the proportion occurring at
home increased. This move toward deinstitutionalized
deaths is also evident in the reduction of deaths
occurring in nursing facilities, although there was an
increase in the proportion of those dying in hospice
facilities. Although home surpassed the hospital as the
most common place of death for this population in
2014, this trend was largely driven by deaths caused by
COPD. The hospital remains the most common location
of death for decedents from ILD or CF. We also found
disparities in location of death according to age, race,
Hispanic ethnicity, sex, marital status, education level,
urban-rural status, and census region. These findings
highlight the complex factors that influence where
chestjournal.org
patients with lung disease die yet also offer implications
for how to improve end-of-life care for this population.

Over time, the greatest change in place of death was the
increase in hospice facility deaths. Although the overall
numbers are small, this growth speaks to the increased
use of hospice by patients with lung disease.13,19 Among
chronic lung disease diagnoses, COPD comprises the
greatest proportion of hospice facility deaths, indicating
a need to ensure that patients with other lung disease
subtypes have access to and are offered hospice. We also
found geographic differences in hospice facility deaths,
with fewer occurring in rural areas and in the West and
Northeast. Although geographic disparities in hospice
use among patients with COPD have been previously
documented, these findings suggest that access to
inpatient hospice may be inequitable and that these gaps
should be explored further.13 Because patients receiving
care in inpatient hospices are typically experiencing
severe symptom burden, the increase in hospice facility
deaths is in line with the challenging end-of-life
experience for patients with chronic lung disease.4,20,21

A home death will not be appropriate or possible for all
individuals. However, because most people with lung
675
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Figure 4 – Trends according to race and ethnicity in places of death (2003-2017).
disease prefer to die at home, the marked increase in the
proportion of home deaths is encouraging.14 Even so, it
is important to note that preferred place of death may
change with disease progression or if the necessary
support to remain at home is lacking.22,23 Because lung
disease deaths occur more frequently at home, unpaid
caregivers, typically relatives, will be responsible for
more and more patient care, making the need for
caregiver support more critical. This may explain our
finding that married decedents have increased odds of
home death relative to nonmarried decedents. Similarly,
the increased odds of home death among decedents with
greater education, often a proxy for socioeconomic
status, may reflect greater financial resources to support
a home death.

We also found significant racial differences in place of
death, with most non-white decedents experiencing
greater odds of hospital deaths and lower odds of home,
nursing facility, or hospice facility death. These findings
are similar to other research on location of death among
other disease groups and are unsurprising given the
well-documented underuse of hospice use, advance care
676 Original Research
planning, and greater preference for aggressive end-of-
life care among racial and ethnic minorities.24-30 These
findings reinforce the need to explore culturally tailored
strategies for improving the quality of care for these
patients.31

The continuously high rate of hospital death among
these patients, particularly those with ILD and CF,
suggests that more research and clinical interventions
are needed to improve end-of-life care in lung disease. A
study of all natural deaths in the United States found
that a greater proportion of decedents from pulmonary
disease die in the hospital than individuals dying of
cancer, cardiovascular disease, cerebrovascular disease,
or dementia; however, hospital deaths are dropping
among all disease groups.32 However, even among lung
disease diagnoses, there are striking differences in place
of death. Compared with decedents from COPD, a
greater proportion of decedents from ILD and CF died
in the hospital, and a smaller proportion died at home.
The majority of patients with chronic lung disease have
COPD; it is therefore understandable that this diagnosis
has been the focus on end-of-life research on lung
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Figure 5 – Trends according to lung disease subtype in places of death (2003-2017). See Figure 1 legend for expansion of abbreviations.
disease. However, the end-of-life experiences of
individuals with other lung diseases deserve greater
attention.

Patients with chronic lung disease are likely to
experience hospitalizations, particularly ICU
admissions, at the end of life, which may be both
burdensome to the patient and costly to the health-
care system.33 These patients often receive life-
prolonging interventions in the last 24 h of life.34-37

Rather than simply responding to acute exacerbations,
care for patients with lung disease should follow a
previously developed plan for managing their disease
and symptoms.33,38 Incorporating palliative care early
in the disease course may improve the quality of life
and symptom burden of these patients. A study of
patients with idiopathic pulmonary fibrosis found that
palliative care use was associated with increased
likelihood of home or hospice death.39 However, only
a minority of patients with chronic lung disease receive
formal palliative care referrals, and many of these
referrals are only following ICU admission or prior to
initiation of hospice.40 In a study of patients with
COPD and their caregivers, fewer than one-third of
respondents had heard of palliative care.41 After
chestjournal.org
receiving education about palliative care, all
respondents voiced belief that palliative care should be
integrated earlier in the COPD disease course.
Qualitative interviews with patients with end-stage
ILD and their caregivers have revealed that most
lacked prognostic understanding of their disease and
did not engage in end-of-life discussions or planning
with each other or with their clinicians.42 Increased
palliative care use, advance directive completion, and
improved patient-clinician communication may assist
patients in understanding the progressive and terminal
nature of their disease and improve their end-of-life
experience.43,44 A randomized controlled trial of a
community-based palliative care intervention has
shown promise for improving symptoms and quality
of life among patients with ILD, and other innovative
care models should be explored.45 Despite such efforts,
hospice use among this population is likely to remain
low because the current model of hospice, which
requires a life expectancy # 6 months and the ceasing
of disease-directed therapies, may not fit the disease
course and needs of patients with lung disease. In
addition, the cost of some symptom-directed
treatments exceeds Medicare’s hospice per diem and
may be an additional barrier to hospice use for some
677
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TABLE 2 ] Multivariable Logistic Regression: Decedent Characteristics and Place of Death, 2006-2017
(N ¼ 1,480,485)

Characteristic
Hospital vs

All Other Places
Home vs

All Other Places
Nursing Facility vs
All Other Places

Hospice Facility vs
All Other Places

Age, y

< 65 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

65-74 1.06 (1.03-1.09)a 0.812 (0.803-0.821)a 1.77 (1.73-1.80)a 1.46 (1.41-1.50)a

75-84 0.879 (0.847-0.913)a 0.708 (0.684-0.732)a 3.07 (2.97-3.18)a 1.64 (1.58-1.71)a

$ 85 0.575 (0.546-0.606)a 0.578 (0.550-0.608)a 5.89 (5.62-6.17)a 1.53 (1.48-1.57)a

Sex

Female 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.03 (1.02-1.04)a 1.09 (1.08-1.10)a 0.916 (0.909-0.922)a 0.904 (0.890-0.918)a

Race

White 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Black 1.44 (1.42-1.46)a 0.724 (0.705-0.744)a 0.713 (0.685-0.741)a 0.763 (0.730-0.797)a

Native American 1.24 (1.19-1.29)a 1.04 (0.989-1.09) 0.779 (0.726-0.835)a 0.508 (0.452-0.572)a

Asian 1.63 (1.55-1.71)a 0.887 (0.842-0.934)b 0.508 (0.474-0.546)a 0.592 (0.523-0.670)a

Ethnicity

Non-Hispanic 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Hispanic 1.41 (1.37-1.45)a 0.979 (0.955-1.00) 0.500 (0.483-0.517)a 1.05 (1.00-1.09)c

Marital status

Married 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Not married 1.21 (1.20-1.23)a 1.26 (1.24-1.28) 0.504 (0.489-0.518)a 1.08 (1.06-1.10)a

Education

High school
or less

1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Some college
or more

0.976 (0.969-0.984)a 1.03 (1.01-1.04)a 0.903 (0.892-0.915)a 1.19 (1.16-1.22)a

Lung disease

COPD 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Interstitial
lung disease

1.78 (1.70-1.87)a 0.844 (0.822-0.866)a 0.537 (0.523-0.552)a 0.946 (0.921-0.971)a

Cystic fibrosis 4.22 (3.98-4.48)a 0.407 (0.386-0.431)a 0.166 (0.126-0.219)a 0.635 (0.549-0.736)a

Data are expressed as OR (95% CI). In addition to adjusting for all variables in the table, the models adjusted for year of death.
aP < .001.
bP < .01.
cP < .05.
individuals. Services such as high-flow oxygen can be
challenging to provide in home settings and may not
be available through all hospices. New models of
hospice care for patients with lung disease should be
considered.

We believe this study is the first to examine location
of death among individuals in the United States with
lung disease using national data, but there are
several limitations. Although this dataset offers a
more complete picture of place of death trends than
other sources, errors in death certificate
678 Original Research
documentation have been documented.46 It is also
possible that cause of death documentation may
reflect misdiagnosis, not uncommon in patients with
asthma and COPD.47,48 In addition, this dataset did
not permit determination of hospice use in home or
nursing facility settings. Furthermore, our focus on
underlying cause of death may have resulted in an
undercount of deaths to which chronic lung disease
contributed. Finally, we lacked information on
individual preferences, which prohibited
determination of concordance between preferred
and actual place of death.
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Conclusions
Given the significant burden of chronic lung disease,
attention to the end-of-life needs of this population will
grow in importance.49 As more patients with chronic
lung die at home, the need to understand their
experiences will become more urgent. The substantial
physical and existential suffering accompanying these
chestjournal.org
diseases and the impact on caregivers make both
palliative care and hospice essential components of care
for these patients and an issue of health-care
equity.8,50,51 Research should continue to explore
barriers to palliative care and hospice for patients with
lung disease, and the factors contributing to disparities
in place of death should be examined.
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