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Abstract

Background: Palliative care consultation (PCC) is recommended for older adults hospitalized 

with cardiopulmonary conditions, but frequently is reserved for patients with malignant conditions 

and those with advanced age.

Objectives: To compare age-adjusted PCC trends and the relationship between increasing age 

and PCC among older adults with cardiopulmonary and malignant conditions.

Methods: Observational analysis of patients age ≥65 years, stratified by age and 

cardiopulmonary (heart failure, chronic obstructive pulmonary disease) vs. malignant (lung and 

gastrointestinal) conditions. Age-adjusted PCC trends over time and compound annual growth 

rates (CAGR) were compared.

Results: Discharges with cardiopulmonary vs. malignant conditions were older, more likely to be 

female, and white. Relative to malignant conditions, discharges with cardiopulmonary conditions 

had lower age-adjusted PCC rates but higher CAGRS. Increasing age was associated with PCC in 

both groups but had a stronger effect among cardiopulmonary conditions.

Conclusions: Older adults with cardiopulmonary conditions experienced lower rates of PCC, 

but higher rates of growth over time relative to those with malignant conditions.
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INTRODUCTION

Older adults in the United States (U.S.) are living longer with multiple chronic 

conditions1 and more functional deficits2, with increasingly complex and potentially 

unmet palliative care needs as a population. Older adults report limited social supports 

and burdensome symptoms, both of which contribute to hospitalizations and progressive 

disability.2, 3 Furthermore, this population frequently experience poor hospitalization and 

post-hospitalization outcomes including utilization of intensive care units near the end of 

life and high rates of post-discharge mortality. Access to palliative care services may play 

an important role in improving these outcomes, especially in light of the more than 40% of 

older adults who have not discussed goals of care with family or healthcare providers.4

Over the past decade there has been a substantial increase in the availability of palliative 

care services in the U.S. Ninety-four percent of hospitals with 300 or more beds offer 

palliative care consultation (PCC) teams.5 In parallel, the integration of palliative care into 

the care of older adults with multiple chronic conditions has garnered increasing interest, 

becoming practice and research priorities. Despite this momentum, a majority of older adults 

hospitalized with heart failure and chronic obstructive pulmonary disease (COPD) do not 

receive palliative care.6 At least 7% and 10% of older adults have heart failure or COPD in 

the U.S. respectively, with both conditions contributing to high rates of morbidity, mortality, 

and impaired quality of life.7–9 Moreover, these patients suffer from significant symptoms 

and symptom burden, the number and severity of which are similar to those reported by 

patients with cancer.10 Despite the need for palliative care among patients with heart failure 

and COPD, PCC is often reserved for adults with advanced age and those with malignant 

conditions. In a study estimating the point prevalence of PCC at 33 U.S. hospitals, 29% of 

adults ages 65 – 85 who were deemed appropriate for referral to palliative care received a 

PCC, compared to 40% of those 85 years of age and older.6 PCC rates also varied widely 

with underlying condition, with 35.8% of patients with cancer receiving a PCC compared 

with 26.1% with COPD and 21.6% for patients with heart failure.6

While many older adults have unmet palliative care needs regardless of age, it remains 

unknown if the growth of palliative care programs in U.S. hospitals has translated into 

increased PCC for older adults with heart failure and COPD over time, or if age- and 

condition-related differences in PCC persist. Therefore, to fill this knowledge gap, we 

compared PCC trends and growth rates among older adults with cardiopulmonary and 

malignant conditions by age during hospitalization to identify differences in PCC rates 

across conditions and age strata. We then evaluated the relationship between age strata 

and other demographic, clinical, and hospital characteristics and PCC for older adults by 

condition group.
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METHODS

Study Design

This study was an observational study of data from the Healthcare Cost and Utilization 

Project’s National Inpatient Sample (NIS) of adults 65 years of age and older hospitalized 

between calendar years 2008 and 2014. Developed by the Agency for Healthcare Research 

and Quality, the NIS is an approximate 20% stratified cluster sample of acute-care 

hospitalizations from 44 states and is the largest publicly-available all-payer healthcare 

database in the United States.11 Findings from this study are reported in accordance with the 

STROBE guidelines.12

Sample

The NIS contains de-identified patient information at the level of hospital discharges (alive 

and decedent). Each discharge contains up to 30 International Classification of Disease 9th 

Revision, Clinical Modification (ICD-9-CM) diagnosis codes, and 15 ICD-9-CM procedural 

codes. To facilitate the use of multiple diagnosis codes, AHRQ has developed Clinical 

Classification Software (CCS) codes, which collapses ICD-9-CM diagnosis codes into 

approximately 300 clinically meaningful CCS categories.13

To determine trends in PCC, we created cohorts of discharges comprised of heart failure and 

COPD and malignant conditions (gastrointestinal cancer, lung cancer) as a comparator. We 

selected malignant conditions common among adults of both sexes 65 years of age and older 

and that are associated with significant morbidity and mortality.14–16 We included hospital 

discharges for patients who were 65 years or older, and stratified into two non-malignant 

groups by primary diagnosis: heart failure (HF, ICD-9-CM 428.X, 398.91, 402.01, 402.91, 

404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 425.4 – 425.9) and COPD (416.8, 416.9, 

490.0 – 505.0, 506.4, 508.1, 508.8). For the malignancy-related diagnoses cohort, we 

included discharges with a primary diagnosis of gastrointestinal cancer (CCS 12–18) or 

lung cancer (CCS 19 or 20).13 We excluded discharges with a major operation during the 

admission identified by ICD-9-CM code, those with a cancer diagnosis in any position 

other than principal diagnosis among the non-oncologic cohort, or those with other cancer 

diagnoses in any position other than primary in the oncologic cohort.

Primary Outcome

The primary outcome was PCC during the study period. We identified PCC by the presence 

of an ICD-9-CM code for “Encounter for Palliative Care” (V66.7). The ICD-9-CM defines 

this code as instances of “palliative care”, “end-of-life care”, “hospice care”, or “terminal 

care”.17

Variables of Interest and Covariates

We included demographic and clinical covariates based on prior research examining 

associations between health conditions and PCC.6, 18, 19 Demographic and clinical variables 

of interest included sex, age at discharge, race, Charlson comorbidity index (CCI), and 

discharge year. We stratified age into mutually exclusive increments of 65–69, 70–74, 75–

79, 80–84 and ≥85 years of age. Race was classified according to HCUP race/ethnicity 
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groupings as white, black, Hispanic, Asian and other.11 Because of the high rate of missing 

race data, particularly in the earlier years of the dataset, missing race was included as its 

own category in analyses. We used the CCI to adjust for the effect of comorbid disease in 

all study populations. The CCI was calculated by ICD-9-CM codes for a designated list of 

comorbid diseases and is available in the NIS.11 Because of the relative infrequency of no 

comorbidity in our cohort, discharges were classified according to the following CCI groups 

for modeling purposes: 0–1, 2, and 3 or more.

Hospital factors included hospital region, tax status (e.g. non-profit, for-profit), urbanicity, 

teaching status, and bedsize. Region was classified according to the four US census regions 

of Northeast, Midwest, South, and West. Hospitals were classified as urban or rural based 

upon their proximity to a metropolitan area and teaching or non-teaching based on the 

presence of residency training programs. Hospital bedsize was classified as small, medium, 

or large. HCUP determines hospital bedsize based on location-specific characteristics 

including teaching status, urbanicity, and region,11 which vary across facilities.

Regression models were also adjusted for discharge year, payer status, and admission status. 

Discharge year was included in regression models to adjust for annual changes in the 

frequency of PCC. Payer status was listed by the primary payer for the hospitalization, 

and given the geriatric population, classified according to the most prevalent groups as 

Medicare, privately insured, or other. Discharge admission status was categorized first as 

either an elective or an urgent/emergent admission. Secondly, they were classified according 

to whether they were admitted through the emergency department (ED), as opposed to 

directly admitted.

Statistical Analysis

All analyses used methods for complex surveys consistent with the stratified cluster design 

of the NIS. We first calculated age-adjusted rates in PCC by group using population 

estimates of non-malignant and malignant conditions from the NIS. We then calculated the 

compound annual growth rate (CAGR) for each age category for each condition to quantify 

temporal trends of PCC growth. The CAGR is a measure of growth over multiple time 

periods, representing the geometric average rate of growth from year to year. The CAGR is 

frequently used in health services research as an evaluative measure of healthcare trends.20 

We compared age-adjusted rates of PCC by condition using one-way Analysis of Variance. 

We tested for statistical significance in trends over time and for differences in CAGRs 

by age group for each condition using univariable students’ t-tests and linear regression, 

respectively.

We compared study variables using the Rao-Scott chi-square test for categorical variables. 

To evaluate factors associated with PCC, we performed separate hierarchical multivariable 

logistic regression for each group (heart failure, COPD, cancer), adjusting for previously 

mentioned covariates. All statistical tests were two-sided, and statistical significance was set 

at p-value < 0.01. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, 

NC). This study was determined to be non-human subjects research, and therefore formal 

review was not required by the Yale Institutional Review Board.
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RESULTS

Descriptive Statistics

The total sample was comprised of 7,072,079 (heart failure=4,105,465 (58%); 

COPD=2,966,614, (42%) and 608,087 malignancy-related patient discharges. Discharges 

with non-malignant compared to malignant conditions were more likely to be female (57.5% 

vs. 48.1%), older (age ≥85; 26.5% vs. 17.2%), and white (68.8% vs. 66.1%). (Table 1.; 

p<.001 for all) When examined by individual conditions, discharges with heart failure 

accounted for the differences in age observed, with 33.7% of patients age ≥85 compared 

with COPD = 16.4% and 17.2% of malignancy-related discharges. Discharges with non-

malignant conditions had a lower comorbidity burden, with 65% of heart failure and 34.6% 

of COPD discharges affected by ≥3 comorbidities, compared with 85.2% of the malignant 

group.

Temporal Trends

Age-adjusted rates of PCC were lower for discharges with heart failure and COPD overall 

and in each year compared to patients with malignant conditions (Figure 1; p <.001). 

Among the total number of discharges with heart failure, PCC increased from 10.1 per 

1,000 discharges in 2008 to 43.9 per 1,000 in 2014 (p <.001). Among the total number of 

discharges with COPD, PCC rates increased from 6.8 per 1,000 discharges to 18.1 per 1,000 

in 2014 (p <.001). Among the total number of discharges with malignant conditions, PCC 

also increased from 106 per 1,000 discharges in 2008 to 233 per 1,000 discharges in 2014 

(p <.001). For each condition, age-adjusted rates of PCC were highest among discharges 85 

years of age and remained the highest across all study years (p <.001). Based on the trend 

data for each condition, CAGRS were highest among discharges with heart failure (total 

sample = 23.4%), followed by COPD (total sample = 15.0%), and malignant conditions 

(total sample = 11.9%) across age strata (p<.001). An increasing trend in CAGRS by age 

group was observed among discharges with malignant conditions (β = .001; p = 0.04), but 

not heart failure (β = −.000; p = 0.2) or COPD (β = −.001; p = 0.1) (Figure 1).

Multivariable Regression Analysis of Palliative Care Consultation

Non-malignant conditions—Increasing odds of PCC by age stratum were observed 

across conditions but were most pronounced among discharges with heart failure. 

Discharges who age 85 years with heart failure and COPD were more than twice as likely 

to receive a PCC during hospitalization compared to discharges aged 65 – 69 (heart failure 

Odds Ratio (OR) 3.94, 95% CI 3.70 – 4.19; COPD OR 2.61, 95% CI 2.40 – 2.83) (Table 

2). Discharges with heart failure and COPD who were black (heart failure OR 0.62, 95% 

CI 0.58 – 0.66; COPD OR 0.52, 95% CI 0.47 – 0.58) or Hispanic (heart failure OR 0.72, 

95% CI 0.66 – 0.79; COPD 0.53, 95% CI 0.45 – 0.62) were less likely to receive a PCC 

compared with whites.

There were significant associations between hospital characteristics and PCC. Among both 

heart failure and COPD, discharges from urban, teaching, medium, or large bedsize hospitals 

were more likely to receive a PCC during hospitalization. Whereas discharges with heart 

failure or COPD hospitalized in a for-profit hospital were 59% and 62% less likely to receive 
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a PCC (heart failure OR 0.59, 95% CI 0.53 – 0.66; COPD OR 0.62, 95% CI 0.51 – 0.75) 

during the study period.

Malignant conditions—For discharges with malignant conditions, those ≥85 years were 

more likely to receive a PCC during hospitalization compared to discharges age 65 – 69, 

though this difference was smaller in magnitude compared to patients with non-malignant 

conditions (OR 1.74 95% CI 1.65 – 1.84). Increasing comorbidity burden was associated 

with PCC (Referent = CCI 0–1; CCI ≥3; OR 2.38, 1.69 – 3.36). In contrast to the non-

malignant group, hospitalization characteristics (urbanicity, teaching status, and bedsize) 

were not associated with PCC among patients in the malignant group. However, similar to 

discharges with heart failure and COPD, discharges from for-profit hospitals were associated 

with 49% decreased likelihood of receiving PCC (OR 0.61 (0.53 – 0.70).

DISCUSSION

In a nationally representative age-adjusted sample of hospital discharges aged 65 years of 

age and older with heart failure, COPD, and malignant conditions, we found increasing 

trends in rates of PCC. Discharges with heart failure and COPD had significantly lower age-

adjusted rates of PCC compared to discharges with malignant conditions overall. However, 

discharges with heart failure and COPD did have higher growth rates of PCC utilization 

compared to discharges with malignant conditions, although the absolute rates of PCC 

remain dwarfed compared with malignant conditions. Age continued to be one of the 

most consistent factors associated with PCC, with discharges 85 years having the highest 

age-adjusted rates of PCC overall across conditions and study years.

These findings align with Szekendi and colleagues6 who found that among patients 

appropriate for palliative care, 29% of those 65–84 years of age received a PCC compared 

with 40% of adults 85 years. Together, these findings may reflect increasing risk of 

mortality, particularly during hospitalization, as age increases. Others have found that 

providers may act as gatekeepers to palliative care, and may be influenced by their own 

perceptions of the usefulness and purpose of palliative care, as well as their perceptions 

of the need and appropriateness of the patient for referral.21, 22 This may be particularly 

true for patients with heart failure and COPD, for whom prognosis is less predictable 

compared with cancer-related conditions.23 In this context, our findings may also reflect 

providers’ preferences for PCC referral, specifically for patients with advanced age, for 

whom aggressive measures particularly at the end of life are viewed to have limited benefit.

The magnitude of the age-adjusted PCC rates was significantly lower for patients with 

heart failure and COPD. However, we were encouraged to find that growth, measured using 

CAGRs, was 25–200% higher compared to discharges with malignant conditions. Recent 

heart failure and COPD guidelines recommend referral to PCC for patients with advanced 

disease.24, 25 In parallel, the past decade has seen increasing growth in the body of evidence 

emphasizing the value of palliative care for patients with heart failure and COPD.26, 27 

Thus, the increased growth rates found in this study may represent increased recognition by 

clinicians of the benefit of PCC in non-malignant conditions like heart failure and COPD.
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Palliative care availability and its workforce has expanded nationally, with growth of 

palliative care delivery systems centered in urban and academic medical centers. These 

changes could also affect the PCC CAGRs among heart failure and COPD discharges seen 

in the current study.9 We also found that hospital characteristics were associated with PCC. 

This aligns with past reports which found that penetration of palliative care has improved 

in large academic medical centers for patients with non-malignant, as well as malignant, 

conditions.5 Taken together, findings emphasize that efforts to increase PCC access for 

patients in small, rural, and for-profit hospitals are still necessary to enhance uniform 

delivery of high-quality, patient-centered care regardless of the healthcare facility.

CAGRs also likely reflect an increased demand for palliative services among older adults 

with serious life-limiting illnesses. This group will only increase in size as the population 

ages; however, specialist palliative care providers able to meet this need are projected 

to be in short supply.9,33–35 Currently, only 25% of PCC teams have clinician staffing 

that meets the Joint Commission’s standards for palliative care programs.28 Further, only 

72% of hospitals with 50 beds or more have PCC services.9 PCC workforce shortages of 

sub-specialty clinicians trained in palliative care delivery remain a significant challenge.29 

Adequate palliative care workforce planning, subspecialist and hospitalist training, and novel 

PCC delivery paradigms, including telehealth palliative care30, and primary palliative care31, 

will be critical to support the growing PCC needs for these highly complex and multimorbid 

older adults.

This study has several limitations. We measured PCC using the ICD-9-CM code for 

palliative care in the NIS data. Past reports indicate that specificity of the code is generally 

high32, 33, but sensitivity may vary, which could result in the underestimation of PCC. 

Our use of the ICD-9-CM code also likely captures palliative care delivered by palliative 

care specialists but not provided by other clinicians during hospitalization. In addition to 

the potential for misclassification of PCC, there is the potential for misclassification by 

health condition. However, we mitigated the likelihood of this limitation by using previously 

validated ICD-9 codes for the health conditions included in the analyses. We were also 

limited by our inability to classify the analysis by disease severity which may explain some 

of the variation in rates of PCC by age group and warrants further inquiry. However, while 

trends in PCC by age may be associated with disease severity, there is growing interest in 

involving palliative care earlier in the disease course.9, 34 Thus, our findings may represent 

a growing recognition of the value of palliative care for patients who are younger and with 

perhaps with less severe disease. Unlike other studies,35, 36 we did not limit our sample to 

discharges who died while hospitalized, and thus our sample may have included discharges 

who legitimately may not have had unmet palliative care needs. However, limiting the 

sample to hospital decedents would represent a narrow view of trends in PCC for decedents 

without accounting for the high burden of unmet palliative needs for patients throughout 

their disease trajectory. Trends relying on samples drawn from hospital decedents may also 

be more indicative of inpatient hospice use than palliative care support, which similarly 

would discount the importance of palliative care support for any patient with a life-limiting 

illness regardless of prognosis.37
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Conclusions

Among a nationally representative sample of older adults, rates of age-adjusted PCC were 

highest among those >=85 years across health conditions. PCC rates were several fold lower 

for patients with heart failure and COPD compared to patients with malignant conditions 

across age strata, although growth rates for these conditions were higher. Given increased 

growth rates among patients with HF and COPD, findings suggest an increasing recognition 

of the value of PCC for these patients over time. Future studies should examine strategies 

and models for implementing palliative care for common and serious cardiopulmonary 

conditions.
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Highlights

• In this observational study of adults 65 years of age and older with 

cardiopulmonary conditions and cancer, rates of age-adjusted palliative care 

consultation was highest among discharges with malignant conditions.

• Compound annual growth rates of palliative care consultation were highest 

among discharges with cardiopulmonary conditions.

• Older adults with cardiopulmonary conditions had lower age-adjusted rates of 

palliative care consultation, but higher growth over time.
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Figure 1. 
Age-adjusted palliative care consultations per 1,000 older adults with heart failure, COPD, 

and malignancy

P<.001 for comparison of PCC age-adjusted rates by year by condition (heart failure, 

COPD, malignancy); P<.001 for trend for all age strata for all conditions; P = 0.2 for 

association between CAGRS and age group for heart failure; P = 0.1 for association between 

CAGRS and age group for COPD; P = 0.04 for association between CAGRS and age group; 

CAGRS = Compound Annual Growth Rates
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Table 1.

Sample demographics and clinical characteristics by non-malignant and malignant conditions

Total Non-Malignant 
(n = 7,072,079)

Heart Failure
c
 (n = 

4,105,465)

Chronic Obstructive 

Pulmonary Disease
c
 (n 

= 2,966,614)

Malignant
c
 (n = 

608,087)

Age in years, n (%)

 65–69 1,269,981 (18) 559,342 (13.6) 710,639 (24.0) 143,353 (23.6)

 70–74 1,290,573 (18.2) 620,699 (15.2) 669,874 (22.6) 133,206 (21.9)

 75–79 1,311,291 (18.5) 712,725 (17.4 598,566 (20.2) 123,468 (20.3)

 80–84 1,329,994 (18.8) 828,192 (20.2) 501,802 (16.9) 103,488 (17.0)

 ≥85 1,870,238 (26.4) 1,384,506 (33.7) 485,732 (16.4) 104,572 (17.2)

Sex = Female, n (%) 4,067,450 (57.5) 2,287,678 (55.7) 1,779,772 (60.0) 292,261 (48.1)

Race/Ethnicity
a
, n (%)

 White 4,869,002 (68.8) 2,765,971 (67.4) 2,103,031 (70.9) 402,142 (66.1)

 Black 752,885 (10.6) 490,992 (12.0) 261,893 (8.8) 67,380 (11.1)

 Hispanic 432,337 (6.1) 259,671 (63.2) 172,666 (5.8) 39,596 (6.5)

 Asian 116,935 (16.5) 70,419 (17.1) 46,516 (15.7) 20,121 (3.3)

 Other 181,054 (2.6) 106,291 (25.9) 74,763 (2.5) 17,796 (2.9)

Charlson Comorbidity Index, n (%)

 CCI ≤1 1,576,504 (22.3) 522,333 (12.7) 1,054,171 (35.5) 2,049 (0.3)

 CCI 2 1,798,455 (25.4) 913,224 (22.2) 885,231 (29.8) 87,970 (14.5)

 CCI ≥3 3,697,119 (52.3) 2,669,908 (65.0) 1,027,211 (34.6) 518,068 (85.2)

Hospital Region, n (%)

 Northeast 1,482,809 (21.0) 883,390 (21.5) 599,419 (20.2) 132,527 (21.8)

 Midwest 1,678,572 (23.7) 976,123 (23.8) 702,449 (23.7) 138,860 (22.8)

 South 2,880,074 (40.7) 1,628,123 (39.7) 1,251,951 (42.4) 232,618 (38.3)

 West 1,030,623 (14.6) 617,829 (15.0) 412,794 (13.9) 104,082 (17.1)

Tax status
b
, n (%)

 Government 831,592 (11.8) 467,867 (11.4) 363,725 (12.3) 72,754 (12.0)

 Not-for-Profit 5,101,853 (72.1) 3,019,699 (73.5) 2,082,154 (70.2) 454,204 (74.7)

 For-Profit 1,106,361 (15.6) 599,556 (14.6) 506,805 (17.1) 78,093 (12.8)

Urban hospital
b
, n (%)

5,690,930 (80.5) 3,390,930 (82.6) 2,300,000 (77.5) 533,553 (87.7)

Teaching hospital, n (%) 2,628,795 (37.2) 1,645,450 (40.1) 983,345 (33.1) 290,699 (74.8)

Hospital bedsize
b
, n (%)

 Small 1,256,067 (17.8) 692,178 (16.9) 563,889 (19.0) 79,185 (13.0)

 Medium 1,871,454 (26.5) 1,072,870 (26.1) 798,584 (26.9) 150,002 (24.7)

 Large 3,912,285 (55.3) 2,322,074 (56.6) 1,590,211 (53.6) 375,863 (61.8)

Palliative care, n (%) 150,137 (2.1) 113,688 (2.8) 36,449 (1.2) 105,637 (17.4)

Died during hospitalization, n (%) 197,343 (28.0) 150,953 (3.7) 46,390 (1.6) 608,087 (13.4)

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CCI, Charlson Comorbidity Index

a
Missing 10% of the sample;
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b
Missing ≤0.5% of the sample; column totals may not equal 100% due to rounding;

c
p-values <0.001 for all associations among health conditions and demographic and clinical characteristics
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Table 2.

Adjusted multivariable logistic regression of palliative care consultation by condition
a

Heart Failure (OR, 95% CI) Chronic Obstructive Pulmonary 
Disease (OR, 95% CI) Malignant (OR, 95% CI)

Age (years)

 65 – 69 -- -- --

 70 – 74 1.30 (1.21 – 1.40) 1.41 (1.30 – 1.53) 1.14 (1.09 – 1.02)

 75 – 79 1.70 (1.59 – 1.83) 1.70 (1.57 – 1.85) 1.23 (1.17 – 1.29)

 80 – 84 2.32 (2.18 – 2.48) 2.15 (1.98 – 2.34) 1.39 (1.31 – 1.46)

 ≥85 3.94 (3.70 – 4.19) 2.61 (2.40 – 2.83) 1.74 (1.65 – 1.84)

Female sex (referent = male) 0.99 (0.96 – 1.02) 0.96 (0.91 – 1.01) 1.09 (1.05 – 1.12)

Race/Ethnicity

 White -- -- --

 Black 0.63 (0.59 – 0.67) 0.52 (0.47 – 0.58) 0.92 (0.85 – 0.99)

 Hispanic 0.72 (0.66 – 0.79) 0.53 (0.45 – 0.62) 0.78 (0.68 – 0.88)

 Asian 0.75 (0.66 – 0.86) 0.62 (0.48 – 0.80) 0.86 (0.76) – 0.98)

 Other 0.80 (0.70 – 0.91) 0.64 (0.52 – 0.79) 0.87 (0.74 – 1.02)

Charlson Comorbidity Index (CCI)

 CCI ≤1 -- --

 CCI 2 0.88 (0.83 −0.93) 0.94 (0.88 – 1.00) 1.78 (1.26 – 2.51)

 CCI ≥3 1.20 (1.14 – 1.27) 1.05 (0.98 – 1.11) 2.38 (1.69 – 3.36)

Hospital Region

 Northeast -- -- --

 Midwest 1.41 (1.28 – 1.55) 1.41 (1.25 – 1.60) 1.12 (1.00 – 1.26)

 South 1.17 (1.06 – 1.31) 1.13 (0.99 – 1.29) 1.27 (1.14 – 1.55)

 West 1.72 (1.55 – 1.91) 2.01 (1.73 – 2.34) 1.33 (1.14 – 1.55)

Tax Status

 Not-for-profit -- -- --

 Government 0.78 (0.70 – 0.88) 0.83 (0.73 – 0.95) 0.82 (0.73 – 0.93)

 For-profit 0.59 (0.53 – 0.66) 0.62 (0.51 – 0.75) 0.61 (0.53 – 0.70)

Urban hospital (referent = rural) 1.67 (1.50 – 1.86) 1.82 (1.57 – 2.10) 1.13 (1.00 – 1.27)

Teaching hospital (referent = non-
teaching)

1.28 (1.19 – 1.38) 1.49 (1.32 – 1.67) 1.01 (1.00 – 1.22)

Hospital bedsize

 Small -- -- --

 Medium 1.32 (1.21 – 1.44) 1.44 (1.26 – 1.64) 1.09 (0.93 – 1.28)

 Large 1.50 (1.38 – 1.63) 1.62 (1.44 – 1.82) 1.09 (0.93 – 1.28)

a
Also controlling for missing race, discharge year, payer, and elective vs. emergent admission
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