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Abstract
Objective: Limited data exist around the receipt of palliative care (PC) in patients hospitalized with common chronic conditions.

We studied the independent predictors, temporal trends in rates of PC utilization in patients hospitalized with acute exacerbation

of common chronic diseases. Methods: Population-based cohort study of all hospitalizations with an acute exacerbation of heart

disease (HD), cerebrovascular accident (CVA), cancer (CA), and chronic lower respiratory disease (CLRD). Patients aged ≥18
years or older between January 1, 2004, and December 31, 2017, referred for inpatient PC were extracted from the National

Inpatient Sample. Poisson regression analyses were used to estimate temporal trends. Results: Between 2004 and 2017, of

91,877,531 hospitalizations, 55.2%, 13.9%, 17.2%, and 13.8% hospitalizations were related to HD, CVA, CA, and CLRD, respec-

tively. There was a temporal increase in the uptake of PC across all disease groups. Age-adjusted estimated rates of PC per

100,000 hospitalizations/year were highest for CA (2308 (95% CI 2249–2366) to 10,794 (95% CI 10,652–10,936)), whereas
the CLRD cohort had the lowest rates of PC referrals (255 (95% CI 231–278) to 1882 (95% CI 1821–1943)) between 2004

and 2017, respectively. In the subgroup analysis of patients who died during hospitalization, the CVA group had the highest uptake

of PC per 100,000 hospitalizations/year (4979 (95% CI 4918–5040)) followed by CA (4241 (95% CI 4189–4292)), HD (3250 (95%

CI 3211–3289)) and CLRD (3248 (95% CI 3162–3405)). Conclusion: PC service utilization is increasing but remains disparate,

particularly in patients that die during hospital admission from common chronic conditions. These findings highlight the need to

develop a multidisciplinary, patient-centered approach to improve access to PC services in these patients.
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Introduction
Heart disease, cancer, cerebrovascular accidents, and chronic
lower respiratory disease are the four most common causes of
death in the US.1 Many chronic diseases progress to end-stage
conditions that cannot be cured and often result in poor
quality of life, excessive medical resource use, and ultimately,
death. Palliative care (PC) is the provision of care intended to
alleviate or control symptoms, provide psychological and spir-
itual support, relieve physical discomfort, and improve or main-
tain the quality of life for such patients with chronic end-stage
diseases and their families.2,3

While PC has been noted to be essential for all patients with
severe advanced illness, traditionally, it has been directed
mostly toward patients with cancer.4–7 There are significant dif-
ferences in access to PC among patients with chronic diseases
or those presenting with acute deterioration.8,9 Despite being
the leading cause of death in the US, patients with heart
disease approaching the end of life remain less likely to receive
upstream non-hospice-based PC.10 Similarly, lower use of PC
has been observed for other chronic conditions such as chronic
obstructive pulmonary disease (COPD) and dementia.11–13

Patients with chronic diseases are often burdened with complex
symptoms, physical and emotional distress, and significantly
impaired quality of life. Therefore, integrating PC into disease
management is even more crucial.11,14 According to the Center
to Advance Palliative Care (CAPC), the prevalence of hospitals
with PC service has increased from 658 to 1831 from 2000 to
2016.15 However, despite this continued growth in the availabil-
ity of PC services, data about the secular trends and uptake of PC
in managing acute exacerbation of common chronic diseases are
limited. We utilized the largest all-payer inpatient database in the
United States to study the rates and trends of inpatient PC
encounters among the top four common causes of mortality in
the US. Our second objective was to identify independent predic-
tors of inpatient PC encounters. Finally, we aimed to describe
associations between resource utilization and subsequent dis-
charge destination.

Methods

Study Design
This is a retrospective, longitudinal observational cohort study
of all patients hospitalized with a diagnosis of heart disease,
cerebrovascular accident, cancer, or chronic lower respiratory
disease within the National Inpatient Sample (NIS) database.

Study Data
In this study, we analyzed patients from the NIS database admit-
ted with a primary diagnosis of heart disease, cerebrovascular
accident, cancer, or chronic lower respiratory disease between

January 1, 2004, and December 31, 2017. The NIS is part of
the Healthcare Cost and Utilization Project sponsored by the
Agency for Healthcare Research and Quality.16 It is the
largest all-payer US inpatient care database, containing more
than 100 clinical and non-clinical variables derived from
billing data submitted by hospitals to state-wide organizations
across the United States.17–19 It includes data from about 8
million hospital stays per year and covers more than 95% of
the US population.

Study Population
Adult patients >18 years old who were admitted with a primary
diagnosis of heart disease, cerebrovascular accident, cancer, or
chronic lower respiratory disease were included. The first dis-
charge diagnosis in the database is referred to as the “principal
diagnosis.” These patient records were recognized utilizing
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes up to September 30,
2015, and then ICD-10-CM codes till December 31, 2017.
Heart disease, cerebrovascular accident, cancer, and chronic
lower respiratory disease were defined as per the Centers for
Disease Control and Prevention (CDC) ICD codes classification
(Supplementary Table 1). All patients diagnosed with hospital-
izations for each of the four chronic diseases were then stratified
based on PC encounters using ICD-9-CM code V66.7 and
ICD-10-CM Z51.5 codes. These codes have been used in previ-
ous studies and were shown to have high specificity and positive
predictive value in identifying PC encounters.20–22 We also col-
lected demographic data, including age, sex, race, ethnicity,
median home income, and primary expected payer. NIS con-
tains comprehensive information about comorbidity burden in
the form of 29 Elixhauser comorbidities, hospital region, teach-
ing status, and bed size, which were also included in this study.
Additionally, we used ICD-9-CM and ICD-10-CM codes to
extract information about important comorbidities such as pre-
vious myocardial infarction, percutaneous coronary interven-
tion, smoking, coronary artery bypass graft surgery, stroke,
and family history of coronary artery disease. 18,23 Patient
records with missing information for age, sex, in-hospital mor-
tality, and PC were excluded.

Study Outcomes
The primary outcome of interest for this study was the
in-hospital PC encounter during hospitalization. Secondary out-
comes of interest were (1) to study the independent predictors of
PC encounters, (2) to study the association between PC encoun-
ters and hospital costs, length of stay, and discharge destination.
Costs were calculated by multiplying the charge-to-cost ratio by
the total charge representing the bill for the patient stay but did
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not include professional fees and non-covered charges. All costs
were also adjusted for inflation using the federal government’s
publicly available inflation adjustment calculator (https://data.
bls.gov/cgi-bin/cpicalc.pl) using December 2019 as the refer-
ence. All outcomes were assessed for the heart disease, cerebro-
vascular accident, cancer, and chronic lower respiratory disease
groups separately, whereas, in the subgroup analyses, cancer
was considered as the reference group.

Statistical Analysis
Weighted data were used for all statistical analyses by applying
the discharge weight (DISCWT) up to 2012 and “TRENDWT”
after that and using Stata’s survey estimation (svy) command to
account for the change in the sampling strategy by Healthcare
Cost and Utilization Project (HCUP) in 2012.24 As the
records are being sampled by hospitals rather than individuals
in the NIS, clustering of records within hospitals was considered
in the survey estimation.24 For descriptive statistics, categorical
variables were presented as percentages, while continuous var-
iables were presented as median (interquartile ranges). The
baseline variables of PC patients compared to non-PC patients
across the four groups were compared using descriptive statis-
tics. We constructed Poisson regression models, including PC
encounter count as an outcome variable and disease group,
age, and year as covariates to calculate incidence rate ratios
(IRRs) of PC utilization with 95% confidence intervals (95%
CI). Post-estimation commands were used to estimate absolute
rates. We used an interaction term between the calendar year (as
an ordinal variable) and disease group to estimate absolute rates
of PC encounters per 100,000 hospitalizations per year for each
disease group and calendar year, adjusting for age. We also per-
formed the same models using the calendar year as a continuous
variable to estimate the average absolute change in rates per cal-
endar year for each disease group. A statistically significant dif-
ference in trends over time between each disease group
compared to the cancer group was identified using the interac-
tion term’s P-value in the primary model. Joinpoint regression
analyses were undertaken to estimate the average annual per-
centage change (AAPC) in PC encounters for each population
group by using statistical software that calculates AAPC in
rate and tests whether any apparent change in trend is signifi-
cant.25 Adjusted Poisson models were also constructed for
overall rate differences, including demographics, important
comorbidities, hospital characteristics, and 29 Elixhauser
comorbidities in the model (Supplementary Table 2). Finally,
multivariable logistic regression analyses were performed to
study the independent predictors of PC encounters for each pop-
ulation group using the same variables provided in
Supplementary Table 2. Collinearity diagnostics were per-
formed by measuring the tolerance and variance inflation
factors.26 To further study the association between disease
severity and PC encounters, subgroup analyses were undertaken
for patients who died in hospital, patients discharged alive, and
subgroups of patients hospitalized with heart failure, acute myo-
cardial infarction, chronic lower respiratory disease, CVA, and

cancer. Stata v14.2 MP (Stata Corp, College Station, Texas) was
used to perform all statistical analyses, and α was set at .01 for
any statistically significant result.

Ethical Consideration
An institutional review board was not required for this study as
NIS is publicly available anonymized data and does not contain
any patient-identifiable information.

Results

Study Population
Out of 91,877,531 total hospitalizations between 2004 and 2017,
50,667,180 (55.2%), 12,758,741 (13.9%), 15,843,276 (17.2%),
and 12,608,335 (13.8%) were related to heart disease, cerebro-
vascular accident, cancer, and chronic lower respiratory
disease, respectively. Overall proportions of PC encounters
were 1.4% in heart disease, 3.5% in cerebrovascular accidents,
6.1% in cancer, and 0.9% in chronic lower respiratory disease
cohorts (Supplementary Figure 1). Patients receiving PC were
generally older and more likely to be females, Caucasian, and
Medicare beneficiaries across all four cohorts. Receipt of PC
was significantly higher in patients with comorbidities such as
co-existing chronic kidney disease, previous stroke, previous
coronary artery bypass graft, COPD, complicated diabetes, neu-
rological disorders, and peripheral vascular disease. Patients
admitted with high-risk features such as cardiac arrest were
also more likely to receive PC, particularly in the heart disease
cohort. A higher proportion of patients referred to PC in the
heart disease (41.6%) and cerebrovascular accident cohort
(53.4%) died in the hospital compared to cancer (34.6%) and
chronic lower respiratory disease (32.2%) cohorts (Table 1).

Rates of Palliative Care
Age-adjusted estimated rates of PC encounters were highest for
the cancer group throughout the study period, increasing from
2308 (95% CI 2249–2366) in 2004 to 10,794 (95% CI
10,652–10,936) in 2017. Chronic lower respiratory disease
cohort had the lowest rates of PC encounters; 255 (95% CI
231–278), rising to 1882 (95% CI 1821–1943) per 100,000 hos-
pitalizations, respectively (Table 2, Figure 1). The average abso-
lute increases in rates per calendar year were also highest for the
cancer group, followed by the cerebrovascular accident, heart
disease, and chronic lower respiratory disease groups, respec-
tively (Table 2). Joinpoint regression analysis showed the
highest AAPC in PC encounters in heart disease (31.4% 95%
CI 22.6%–40.8%) and the lowest in cancer (14.9% 95% CI
10.1%–20.0%) group (Supplementary Figure 2). Temporal
analysis of AAPC in each population group showed a higher
rise in AAPC in each population group until 2011 and a constant
steady rise afterward except for the cancer cohort, which had a
statistically insignificant increase after 2012 (AAPC 7.49, P= .1)
(Supplementary Figure 2). In the subgroup analysis of patients
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Table 1. Overall Characteristics Stratified According to the Population Group and Receipt of Palliative Care.

Variable

Heart disease

Cerebrovascular

accident Malignant cancer

Chronic lower

respiratory disease

No PC PC No PC PC No PC PC No PC PC

% of weighted discharges 98.6 1.4 96.5 3.5 93.9 6.1 99.1 0.9

Age years, median [IQR] 70[59–80] 82[72–88] 72[60–81] 81[71–88] 65[55–74] 69[59–79] 66[55–77] 76[68–83]

Female (%) 45.2 52.6 52.0 59.6 49.8 51.1 60.7 57.3

Male (%) 54.8 47.4 48.0 40.4 50.2 48.9 39.3 42.7

Weekend admission (%) 20.1 23.6 22.0 26.0 10.3 20.4 24.2 24.1

Race %
White 74.1 79.2 71.6 77.4 73.8 71.7 73.3 84.7

African American 13.5 10.8 15.0 10.0 11.7 13.8 15.5 7.7

Hispanic 7.3 5.5 7.8 6.3 8.1 7.8 7.1 4.3

Asian or Pacific Islander 2.0 2.1 2.6 3.2 3.0 3.4 1.4 1.4

Native American 0.5 0.4 0.5 0.4 0.4 0.4 0.6 0.3

Others 2.7 2.0 2.6 2.7 2.9 2.9 2.2 1.6

Median home income ($)

1st–25th percentile 29.6 25.5 29.5 25.5 25.2 26.6 36.8 28.4

26th–50th percentile 26.6 26.2 26.4 25.6 25.0 24.7 27.4 26.8

51st–75th percentile 23.5 25.5 23.7 25.2 24.7 24.4 21.0 24.2

75th–100th percentile 20.3 22.9 20.4 23.7 25.1 24.3 14.8 20.6

Expected payer (%)

Medicare 64.0 76.8 65.3 72.4 49.2 50.3 62.6 68.5

Medicaid 7.1 4.3 7.2 4.6 8.9 10.4 13.8 5.7

Private 22.7 13.1 21.0 15.3 36.1 29.1 16.3 16.8

Self 3.7 1.7 4.1 2.9 2.9 3.2 4.6 1.8

No charge 0.4 0.1 0.4 0.2 0.4 0.3 0.5 0.1

Other 2.2 4.1 2.1 4.7 2.5 6.8 2.3 7.2

Comorbidities (%)

Smoking history 24.7 17.4 24.4 15.1 25.0 24.2 44.8 39.8

Previous PCI 11.9 8.6 5.8 4.7 3.2 3.0 5.2 5.7

Previous CABG 10.6 11.5 7.9 6.6 3.2 3.2 5.0 5.0

Previous Stroke 4.9 9.2 9.7 11.8 2.2 3.8 4.0 6.2

Hyperlipidemia 47.9 37.2 47.0 34.7 23.7 21.3 29.3 29.2

Cardiac arrest 3.9 15.2 0.6 3.3 0.5 1.6 0.3 3.3

Acquired immune deficiency syndrome 0.2 0.1 0.2 0.1 0.2 0.3 0.4 0.3

Alcohol abuse 2.8 2.3 3.6 3.3 2.4 3.0 3.6 3.1

Chronic kidney disease 20.6 41.9 11.3 15.7 6.3 11.1 9.4 15.9

Anemia 17.5 29.2 11.0 14.0 18.2 26.7 13.5 22.7

Collagen vascular disease 2.5 3.1 2.4 2.3 1.7 1.8 3.0 3.0

Chronic pulmonary disease 25.5 31.6 15.8 14.7 19.0 21.7 0.6 4.1

Coagulopathy 4.8 11.0 3.0 7.1 5.2 10.9 2.3 5.5

Depression 8.0 10.2 9.7 8.5 7.8 10.3 15.0 17.0

Diabetes mellitus 26.9 21.1 25.2 20.2 16.5 15.9 24.0 17.2

Diabetes with complications 8.3 12.5 6.9 6.2 2.7 4.1 5.0 6.1

Hypertension 64.1 53.3 77.7 76.3 48.6 47.2 60.1 60.0

Liver disease 1.9 3.8 1.3 1.9 3.1 6.5 2.0 2.2

Lymphoma 0.7 1.4 0.5 0.8 0.6 0.6 0.5 0.8

Neurological disorders 5.8 14.7 0.7 1.2 3.9 7.7 7.2 10.8

Peripheral vascular disease 10.0 13.5 9.9 8.4 3.7 4.9 6.2 10.0

Paralysis 1.5 4.0 4.6 8.7 2.0 4.4 1.1 2.0

Pulmonary circulation disorders 0.9 2.0 1.9 3.2 1.9 4.1 0.3 2.0

Fluid and electrolytes imbalance 20.5 45.6 18.3 29.4 21.8 40.1 22.5 35.8

Psychosis 2.3 2.7 2.9 2.0 2.1 3.4 5.7 4.4

Weight loss 2.4 11.5 2.7 6.9 8.4 21.4 3.2 14.2

Obesity 14.4 10.0 8.4 5.1 7.9 5.0 15.6 8.6

Valvular disease 0.7 1.4 8.1 8.3 3.5 3.3 5.4 8.0

(continued)
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Table 2. Age-Adjusted Estimated Rates of Palliative Care Referrals per 100,000 Hospitalizations per Year by Population Groups and Calendar

Year.

Estimated rates per 100,000 hospitalizations per year

(95% CI) Average absolute rate

increase

per calendar year (95% CI) Year of change2004 2017

All admissions (N= 91,877,531)

Malignant cancer 2308 (2249–2366) 10,794 (10,652–10,936) 821 (813–828) 2012

Heart disease 167 (159–175) 2611 (2576–2647) 274 (271–276) 2011

Heart failurea 290 (270–310) 4193 (4016–4369) 411 (404–417) 2011

Acute myocardial infarctiona 266 (241–292) 5456 (3138–3559) 279 (272–286) 2011

Cerebrovascular accident 557 (528–586) 5456 (5357–5554) 588 (581–595) 2011

Chronic lower respiratory 255 (231–278) 1882 (1821–1943) 141 (137–144) 2011

Discharged alive hospital admission (N= 88,579,392)

Malignant cancer 1123 (1081–1166) 8060 (7935–8185) 681 (674–688) 2012

Heart disease 65 (60–70) 1647 (1619–1675) 185 (183–187) 2011

Heart failurea 127 (114–141) 2903 (2754–3052) 315 (309–320) 2011

Acute myocardial infarctiona 93 (78–109) 1203 (1071–1334) 136 (131–141) 2011

Cerebrovascular accident 165 (149–181) 2846 (2775–2918) 341 (336–347) 2011

Chronic lower respiratory disease 127 (111–144) 1393 (1341–1445) 115 (112–118) 2011

Died during admission (N=3,298,139)
Malignant cancer 15,307 (14,785–15,829) 62,143 (60,600–63,687) 4241 (4189–4292) 2011

Heart disease 3499 (3288–3709) 35,988 (35,180–36,796) 3250 (3211–3289) 2011

Heart failurea 5036 (4582–5491) 44,069 (40,819–47,320) 3679 (3578–3780) 2011

Acute myocardial infarctiona 2710 (2399–3020) 30,595 (28,246–32,944) 2641 (2559–2723) 2011

Cerebrovascular accident 7385 (6923–7848) 57,874 (56,381–59,366) 4979 (4918–5040) 2011

Chronic lower respiratory disease 7387 (6427–8346) 42,488 (39,674–45,233) 3248 (3162–3405) 2011

All predictions are at the mean population age (67 years). CI, confidence interval.
aHeart failure and acute myocardial infarction are subgroups of heart disease.

Table 1. Continued.

Variable

Heart disease

Cerebrovascular

accident Malignant cancer

Chronic lower

respiratory disease

No PC PC No PC PC No PC PC No PC PC

Hospital location (%)

Rural 11.4 8.6 10.6 7.5 7.1 7.6 19.9 12.4

Urban non-teaching 38.5 31.3 37.5 28.0 30.0 28.0 41.4 36.3

Urban teaching 50.0 60.2 52.0 64.5 62.9 64.4 38.7 51.3

Bed size of the hospital (%)

Small 13.1 13.6 12.0 10.4 10.8 11.4 18.7 16.4

Medium 25.3 26.8 25.2 25.1 22.2 24.5 28.0 28.7

Large 61.6 59.7 62.8 64.5 67.0 64.2 53.3 54.9

Hospital region (%)

North East 20.1 18.0 18.2 17.4 21.7 20.6 20.3 16.6

Mid-West 23.6 24.8 22.7 22.9 22.4 22.6 23.6 24.0

South 39.8 36.7 41.3 37.0 36.7 37.2 42.7 40.8

West 16.5 20.5 17.8 22.7 19.1 19.6 13.4 18.7

Discharge destination (%)

Home 80.5 50.2 64.2 27.8 85.1 59.5 85.5 58.8

Short-term facility 5.2 1.6 2.9 1.8 2.0 1.5 1.2 1.2

Long-term facility 13.3 48.0 32.2 70.3 12.6 38.8 11.6 39.6

Discharge against medical advice 1.0 0.3 0.8 0.1 0.3 0.2 1.8 0.5

Died in hospital (%) 2.4 41.6 3.9 53.4 4.2 34.6 0.9 32.2
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who died in the hospital, the chronic lower respiratory and heart
disease groups had the lowest absolute rates of increase over
time. Notably, the absolute rate change was highest for the cere-
brovascular accident group dying in hospital (4979 95% CI
4918–5040) per 100,000 hospitalizations per calendar year
(Table 2, Figure 2). Similar trends were observed for subgroup
analysis of admissions discharged alive (Table 2). PC encounter
rates also increased in patients hospitalized with heart failure
from 290 (95% CI 270–310) to 4193 (95% CI 4016–4369) and
acute myocardial infarction from 266 (95% CI 241–292) to
5456 (95% CI 3138–3559) between 2004 to 2017 (Table 3).
Finally, heart failure patients who died in the hospital had a
lower absolute rate increase per year 3679 (95% CI 3578–3780)
than cancer group 4241 (95% CI 4189–4292) in PC encounters.

Overall unadjusted and adjusted rates of PC encounters strati-
fied by population group showed that all groups had a significantly
lower uptake of PC compared with the cancer group. The heart
disease cohort was least likely to receive PC (adjusted IRR
0.213 95% CI 0.211–0.215). Similar differences were observed
in the study cohort who died in the hospital, where heart disease
(adjusted IRR 0.55 95% CI 0.54–0.55), cerebrovascular accident
(adjusted IRR 0.83 95% CI 0.82–0.84), and chronic lower respira-
tory disease (IRR 0.67 95%CI 0.66–0.69) groups had significantly
lower PC encounters compared with the cancer group (Table 3).

Independent Predictors of Palliative Care Encounters
The independent predictors for PC encounters for each cohort
are reported in Table 4. Female sex had the strongest association
with receipt of PC in the cerebrovascular accident cohort (OR
1.22 95% CI 1.20–1.24). High-risk features such as cardiac
arrest, ventricular arrhythmias, neurological disorder, metastatic
cancer, weight loss, and solid tumors were strong independent
predictors of PC across all four groups. Urban teaching hospital
status was associated with increased PC encounters in heart
disease, cerebrovascular accident, and chronic lower respiratory
disease cohort but not in the cancer group. All racial and ethnic
minorities were less likely to receive PC compared with white
Americans, except for African Americans with cancer, who
had higher odds of receiving PC (OR 1.11 95% CI 1.09–
1.13). Finally, there were significant regional variations across
all four population groups in receipt of PC, where the West
region had the highest odds of PC use compared with the
North East region. In the subgroup analysis of patients who
died in the hospital, ethnicity, male sex, and cardiovascular
risk factors such as hypertension, hyperlipidemia, and family
history of coronary heart disease were negative predictors of
PC encounters (Supplementary Table 3).

Trends in Resource Utilization and Discharge
Destination
Patients with a longer length of stay received PC more fre-
quently across all disease groups and the overall trend through-
out the study period remained stable (Supplementary Table 4).T
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Table 4. Independent Predictors of Receipt of Palliative Care Stratified According to Population Group.

Independent predictors

Heart disease

Odd ratio, (95%CI)

Cerebrovascular accident

Odd ratio (95%CI)

Malignant cancer

Odd ratio (95% CI)

Lower respiratory disease

Odd ratio (95% CI)

Age years 1.06 (1.067–1.069) 1.06 (1.063–1.065) 1.03 (1.033–1.034) 1.06 (1.062–1.065)

Female 1.13 (1.12–1.14) 1.22 (1.20–1.24) 1.10 (1.09–1.11) 0.99 (0.–1.02)

Weekend admission 1.08 (1.06–1.10) 1.17 (1.14–1.19) 1.75 (1.73–1.78) 0.99 (0.96–1.02)

Previous CABG 1.03 (1.01–1.05) 0.95 (0.92–0.98) 0.99 (0.96–1.02) 0.80 (0.74–0.85)

Median home income

1st–25th percentile Ref Ref Ref Ref

26th–50th percentile 1.09 (1.07–1.11) 1.05 (1.02–1.07) 1.00 (0.99–1.02) 1.09 (1.05–1.14)

51st–75th percentile 1.12 (1.10–1.14) 1.07 (1.05–1.09) 1.03 (1.02–1.05) 1.13 (1.08–1.18)

75th–100th percentile 1.16 (1.13–1.18) 1.13 (1.10–1.16) 1.07 (1.05–1.09) 1.25 (1.20–1.31)

Expected payer

Medicare Ref Ref Ref Ref

Medicaid 1.67 (1.62–1.173) 1.66 (1.59–1.72) 1.85 (1.81–1.89) 1.31 (1.22–1.40)

Private 1.62 (159–1.65) 1.67 (1.63–1.71) 1.54 (1.52–1.57) 1.32 (2.21–2.43)

Self 1.89 (1.80–1.99) 2.23 (2.13–2.34) 1.94 (1.88–2.01) 1.55 (1.38–1.75)

No charge 1.58 (1.34–1.86) 1.63 (1.37–1.92) 1.31 (1.19–1.45) 0.90 (0.59–1.38)

Other 3.97 (3.84–4.11) 4.50 (4.33–4.68) 4.42 (4.31–4.53) 6.55 (6.14–6.98)

Comorbidities

Smoking history 0.92 (0.91–0.94) 0.75 (0.73–0.77) 0.92 (0.91–0.94) 0.94 (0.91–0.97)

Previous PCI 0.78 (0.76–0.80) 0.86 (0.83–0.89) 0.90 (0.87–0.92) 0.87 (0.81–0.92)

Family history of CAD 0.64 (0.62–0.67) 0.67 (0.63–0.71) 0.89 (0.85–0.93) 0.87 (0.78–0.96)

Hyperlipidemia 0.64 (0.63–0.65) 0.54 (0.53–0.55) 0.74 (0.73–0.75) 0.76 (0.73–0.78)

Diabetes mellitus 0.99 (0.97–1.07) 0.94 (0.92–0.95) 0.99 (0.98–1.01) 0.87 (0.84–0.91)

Hypertension 0.64 (0.64–0.65) 0.84 (0.82–0.86) 0.77 (0.76 –0.78) 0.73 (0.71–0.76)

Obesity 0.81–0.79–0.82) 0.79 (0.76–0.81) 0.58 (0.56–0.59) 0.75 (0.71–0.79)

Previous stroke 1.11 (1.09–1.13) 0.93 (0.91–0.95) 1.15 (1.12–1.18) 0.98 (0.93–1.05)

Ventricular tachycardia/ fibrillation 1.67 (1.62–1.72) 1.28 (1.16–0.41) 0.95 (0.87–1.05) 1.28 (1.06–1.56)

Cardiac arrest 5.96 (5.81–6.11) 5.52 (5.21–5.85) 2.32 (2.20–2.45) 7.64 (6.76–8.63)

Acquired immune deficiency syndrome 1.71 (1.45–2.02) 1.81 (1.46–2.23) 1.56 (1.40 –1.73) 1.82 (1.36–2.44)

Alcohol abuse 1.03 (0.99–1.07) 1.23 (1.18–1.29) 0.90 (0.87–0.93) 0.89 (0.82–0.98)

Chronic kidney disease 1.70 (1.67–1.72) 1.16 (1.14–1.19) 1.20 (1.17–1.22) 1.10 (1.05–1.15)

Anemia 1.00 (0.98–1.01) 0.92 (0.90–0.94) 1.09 (1.07–1.10) 1.15 (1.11–1.19)

Collagen vascular disease 1.02 (0.98–1.05) 0.85 (0.80–0.89) 0.90 (0.86–0.93) 0.84 (0.78–0.92)

Chronic pulmonary disease 1.17 (1.16–1.19) 0.97 (0.95–0.99) 1.12 (1.10–1.13) –

Coagulopathy 1.28 (1.25–1.31) 1.61 (1.56–1.66) 1.43 (1.40–1.46) 1.36 (1.27–1.46)

Depression 1.16 (1.13–1.18) 0.87 (0.85–0.90) 1.23 (1.21–1.25) 1.24 (1.19–1.29)

Diabetes with complications 1.02 (1.00–1.04) 0.82 (0.79–0.84) 1.01 (0.98–1.04) 0.93 (0.87–0.99)

Liver disease 1.70 (1.64–1.76) 1.37 (1.30–1.46) 1.57 (1.53–1.61) 1.09 (0.98–1.21)

Lymphoma 1.42 (1.34–149) 1.25 (0.14–1.36) 0.79 (0.74–0.84) 1.06 (0.90–1.25)

Neurological disorders 1.77 (1.74–1.80) 1.22 (1.13–1.31) 1.52 (1.49–1.55) 1.25 (1.19–1.31)

Peripheral vascular disease 1.10 (1.08–1.12) 0.87 (0.85–0.90) 1.07 (1.04–1.10) 1.18 (1.12–1.24)

Paralysis 2.02 (1.96–2.09) 1.35 (1.31–1.39) 1.99 (1.94–2.05) 1.53 (1.38–1.71)

Pulmonary circulation disorders 1.31 (1.25–1.37) 1.13 (1.08–1.19) 1.60 (1.56–165) 2.94 (2.59–3.35)

Fluid and electrolytes imbalance 1.76 (1.74–1.78) 1.40 (1.37–1.42) 1.70 (1.68–1.1.72) 1.36 (1.32–1.41)

Weight loss 2.09 (2.05–2.14) 1.52 (1.47–1.57) 1.79 (1.77–1.82) 2.58 (2.47–2.70)

Valvular disease 1.22 (1.15–1.29) 0.77 (0.75–0.79) 0.73 (0.71–0.75) 0.98 (0.93–1.03)

Hospital location

Rural Ref Ref Ref Ref

Urban non-teaching 1.15 (1.12–1.18) 1.09 (1.06–1.13) 0.85 (0.83–0.87) 1.36 (1.29–1.44)

Urban teaching 1.49 (1.46–1.53) 1.62 (1.57–1.67) 0.85 (0.83–0.87) 1.97 (1.87–2.08)

Hospital bed size

Small Ref Ref Ref Ref

Medium 1.15 (1.13–1.18) 1.25 (1.22–1.29) 1.10 (1.08–1.12) 1.19 (1.14–1.25)

Large 1.30 (1.28–1.32) 1.49 (1.45–1.53) 1.09 (1.07–1.11) 1.39 (1.34–1.45)

Hospital region

(continued)
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Compared to the cancer group, heart disease, cerebrovascular
accident, and chronic lower respiratory disease cohort receiving
PC had shorter hospital stays. There was a significant cost rise
for PC cohorts across all four groups. However, the differences
in the cost of care between PC and non-PC groups for heart
disease, cerebrovascular accident, and chronic lower respiratory
disease narrowed down over time to almost similar costs by the
end of the study period. In contrast, there remained a signifi-
cant difference in the cost of care between PC and non-PC
groups for the cancer cohort throughout the study period
(Supplementary Table 5). Finally, patients discharged to long-
term care facilities were more likely to receive PC across all
four groups whereas home destination had lower PC uptake
(Table 1).

Discussion
These nationally representative data of over 90 million hospital-
izations provide an important overview of trends, characteris-
tics, and cost of care for patients referred to inpatient PC
services after admission with one of the four most common
causes of death in the US. Between 2004 and 2017, there was
a temporal increase in the use of in-hospital PC encounters
across all patients admitted with primary diagnosis of cancer,
heart disease, cerebrovascular accident, and chronic lower respi-
ratory disease. The growth of PC encounters was significantly
higher in earlier years until 2011, after which it increased at a
slower rate until 2017. Despite these encouraging trends, heart
disease patients, including those with heart failure and acute
myocardial infarction, remained least likely to be referred for
inpatient PC consultation. Similar lags in PC encounters were
observed in patients who died in the hospital, with heart
disease patients almost twice as less likely to receive PC com-
pared with the cancer cohort. Our study provides important
information on temporal changes of PC encounters and
factors associated with differential use of PC among the four
most common causes of death in the US.

Despite a consensus regarding the early integration of PC ser-
vices into the management of chronic diseases, there remain sig-
nificant disparities in the use of PC services.27–30 Previous

studies have reported that patients with chronic illnesses such
as COPD, heart failure, and cerebrovascular accident suffer
from poor quality of life, increased psychological, social, and
emotional discomfort in addition to chronic symptoms of the
disease and are likely to benefit from early access to PC specialist
services compared to patients with cancer.13,31–33 Our study
shows that despite a significant increase in access to PC services,
patients with non-malignant illnesses have lower rates of access
to PC. This was particularly evident in later study years, where
uptake of PC services utilization was even slower. Prior studies
have shown a modest rise in referral to PC services, particularly
in the terminal manifestation of cerebrovascular disease
(CVD).9,10,20,34 Our study highlights significant differences in
the trajectory of inpatient PC use among the common cause of
death in the US. These differences were also evident in patients
dying in hospitals from heart disease and chronic lower respira-
tory disease. Heart disease remains the most common cause of
death in the US, and its prognosis is worse in patients with
heart failure, acute myocardial infarction complicated by cardio-
genic shock, cardiac arrest, or those with co-existing malig-
nancy.35 Cardiologists are also known to have a lower
tendency to refer patients to PC services.10,36 We also noted sig-
nificant differences in the use of PC based on the admitting hos-
pital location, where urban teaching hospitals had the highest
uptake of PC compared to the rural hospital. These differences
may be related to the lack of local specialist PC service at the
admitting hospital. A multidisciplinary team approach with the
early involvement of PC specialists, family caregivers, patients,
and relatives is required to improve access to PC in this cohort.37

Our study also identifies various patient and hospital charac-
teristics which were independently associated with PC referrals.
We found that African American ethnicity, male sex, and home
discharge destination had significantly lower odds of PC refer-
rals. There are various barriers for early access to PC services in
patients with heart disease, CVA, and chronic lower respiratory
disease, such as lack of awareness among treating physicians,
unrealistic expectations from family or patients, local availabil-
ity of specialist services, uncertainties regarding patient goal
and prognosis, and lack of funding for specialist PC ser-
vices.32,38–40 Our results show that the characteristics of patients

Table 4. Continued.

Independent predictors

Heart disease

Odd ratio, (95%CI)

Cerebrovascular accident

Odd ratio (95%CI)

Malignant cancer

Odd ratio (95% CI)

Lower respiratory disease

Odd ratio (95% CI)

North East Ref Ref Ref Ref

Mid-West 1.27 (1.25–1.30) 1.21 (1.18–1.24) 1.05 (1.03–1.06) 1.35 (1.28–1.41)

South 1.21 (1.19–1.23) 1.12 (1.10–1.15) 1.01 (1.00–1.03) 1.35 (1.30–1.41)

West 1.43 (1.40–1.45) 1.40 (1.36–1.43) 1.06 (1.04–1.08) 1.73 (1.65–1.82)

Race

White Ref Ref Ref Ref

African American 0.84 (0.82–0.86) 0.70 (0.68–0.72) 1.11 (1.09–1.13) 0.58 (0.55–0.62)

Hispanic 0.76 (0.73–0.78) 0.78 (0.75–0.80) 0.94 (0.92–0.96) 0.57 (0.53–0.61)

Asian or Pacific Islander 0.76 (0.73–0.80) 0.92 (0.88–0.96) 1.01 (0.98–1.04) 0.53 (0.47–0.60)

Native American 0.89 (0.81–0.98) 0.88 (0.78–0.99) 0.94 (0.87–1.03) 0.68 (0.52–0.88)

Others 0.78 (0.74–0.81) 0.92 (0.88–0.97) 0.93 (0.90–0.96) 0.71 (0.63–0.80)
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with chronic illness receiving PC are significantly different
compared to cancer. Furthermore, uncertainties regarding their
prognosis may require a different model of care compared to
cancer patients involving a multidisciplinary team with a dual
focus on active disease management and providing psycholog-
ical, social, and symptom control from the PC services.33

These data illustrate temporal differences in length of stay and
cost of care in all four population groups. Patients with cancer had
more extended hospital stays and increased healthcare costs com-
pared with heart disease, cerebrovascular accident, and chronic
lower respiratory disease. However, it appears that the total and
inflation-adjusted cost of care difference between the PC and
non-PC groups has narrowed down over the study period.
Finally, we also observed that discharge to a home or a short-term
facility was associated with significantly lower PC use than a
long-term facility. Recent data show that home has become the
most common place of death for patients with CVD, COPD,
and other chronic illnesses.41–44 Our results highlight the need
to develop pathways to ensure individualized, uniform access
to PC in patients discharged home.

This analysis has certain limitations. Although NIS collects
comprehensive information regarding comorbidities, length of
stay, and care costs, we did not have information regarding
the degree of symptoms or disease severity. Differences in the
rates of PC utilization between the different conditions studied
may relate to differences in the proportion of end-stage patients
in each group. Nevertheless, we recorded similar observations
in sensitivity analyses undertaken to analyze hospital episodes
where the patients had died. NIS also lacks information
around other important, relevant predictors and quality indica-
tors of PC utilization, such as the presence of family care pro-
viders at the time of referrals, appropriate medical therapies
for chronic disease management, quality of PC being offered
such as psychological support and timing of PC referrals. It is pos-
sible that a small proportion of patients with heart disease or
chronic lower respiratory disease suffered from acute deterioration
or a terminal event such as cardiac or respiratory arrest with unsuc-
cessful resuscitation. Consequently, these patients may have died
before being referred to PC services. As the PC encounter in
NIS was derived using the ICD codes ICD-9-CM V66.7 and
ICD-10-CM Z51.5, which are specific for specialist PC services
input, PC rates may be underestimated in our study, particularly
when other physicians or providers provide PC. Finally, although
we used the primary diagnosis to categorize patients into four
mutually exclusive groups, diagnosis code misclassification or
error cannot be ruled out. The costs charged in the NIS represent
the actual amount billed by the hospitals and do not account for
physician fees and non-covered charges, which may have resulted
in an underestimation of the actual costs.

Conclusion
In this most contemporary analysis of patients admitted with acute
exacerbation of common chronic conditions from the US, we
found significant differences in upstream non-hospice in-hospital
PC utilization. Despite increasing trends, the uptake of PC referrals

in patients hospitalized with heart disease, cerebrovascular accident,
and chronic lower respiratory disease still lags behind cancer, partic-
ularly in patients dying during hospitalization. Heart disease patients,
especially those hospitalized with heart failure and acute myocardial
infarction, are least likely to receive PC despite it being the most
common cause of death in the US. Our results show that PC utiliza-
tion is not associated with increased costs or length of stay. Further
research is needed to identify potential barriers, develop tailored
pathways, and raise awareness among the non-PC specialist to
involve PC services as soon as physical or psychological distress
is identified in patients with non-malignant conditions.

Abbreviations and Acronyms
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CLRD chronic lower respiratory diseases
HD heart disease
CVA cerebrovascular accident
CA cancer
AHRQ Agency of Healthcare Research and Quality
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NIS National Inpatient Sample
US United States
IQR interquartile range
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