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Abstract

Objectives—We compared admission rates, outcomes, and performance of the CURB-65
mortality prediction score of homeless patients and nonhomeless patients with community-
acquired pneumonia (CAP).

Methods—We compared homeless (n = 172) and nonhomeless (n = 1897) patients presenting to
a Salt Lake City, Utah, emergency department with CAP from 1996 to 2006. In the homeless
cohort, we measured referral from and follow-up with the local homeless health care clinic and
arrangement of medical housing.

Results—Homeless patients were younger (44 vs 59 years; P < .001) and had lower CURB-65
scores and higher hospitalization risk (severity-adjusted odds ratio = 1.89; 95% confidence
interval = 1.33, 2.69) than did nonhomeless patients and a similar length of stay, median inpatient
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cost, and median outpatient cost, even after severity adjustment. Of homeless patients, 22% were
referred from the homeless health care clinic to the emergency department; 54% of outpatients and
51% of hospital patients were referred back to the clinic, and medical housing was arranged for
23%.

Conclusions—A large cohort of homeless patients with CAP demonstrated higher
hospitalization risk than but similar length of stay and costs as nonhomeless patients. The strong
relationship between the hospital and homeless health care clinic may have contributed to this
finding. (Am J Public Health. Published online ahead of print October 22, 2013: e1-e5. doi:
10.2105/AJPH.2013.301342)

Community-acquired pneumonia (CAP) is the most common infectious cause of death in the
developed world! and a frequent cause of death in homeless populations, even in younger
age groups.23 Determining the most appropriate site of care is a major decision in the
management of pneumonia and depends on estimated severity.* Mortality prediction tools
such as the Pneumonia Severity Index® and the CURB-656 can guide clinicians in the triage
of CAP patients.

The CURB-65 estimates 30-day mortality on the basis of new-onset confusion, uremia
(blood urea nitrogen F 20 mg/dL), respiratory rate (> 30 breaths/min), systolic blood
pressure (< 90 mm Hg) or diastolic blood pressure (< 60 mm Hg), and age (t 65 years);
contains objective features available in the electronic medical record (EMR); and is simple
to calculate. However, the utility of traditional severity assessment for the management of
homeless populations is unclear. A previous study of CAP at a public hospital found a high
rate of admission despite low severity scores, citing homelessness, mental illness, and
substance abuse as reasons for admission not captured in traditional pneumonia mortality
prediction.” Patients experiencing homelessness or lower socioeconomic status have
typically demon-strated higher rates of acute admissions and longer hospitalizations.8-° For
homeless individuals, locally available case management and medical housing after
discharge may reduce length and costs of hospitalizations.10

We compared rates of hospital admission and outcomes of a large cohort of homeless
patients with those of nonhomeless patients seen in the emergency department (ED) with
CAP. We also assessed the accuracy of CURB-65 in predicting 30-day mortality and
hospital admission in homeless patients versus nonhomeless patients. In the homeless
cohort, we performed a manual chart review to evaluate the rate of involvement with the
local homeless clinic, including referral to and from the ED and use of the community
medical housing network. We also evaluated relationships between cost of hospital inpatient
care and involvement with the local homeless clinic.

METHODS

The study was performed at LDS Hospital, a university-affiliated community teaching
hospital in Salt Lake City, Utah, with 520 total beds. During the study period, LDS served as
the primary referral hospital for the Fourth Street Clinic, a nonprofit community health
center that provides ambulatory care services to approximately 5000 homeless individuals in
Salt Lake City annually. Fourth Street Clinic is a federally qualified health center and is the
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only health-care-for-homeless grantee from the Health Resources and Services
Administration’s Bureau of Primary Health Care in the Salt Lake City area. To meet the
needs of homeless patients with acute illnesses, the Fourth Street Clinic Respite Program
provides medical housing through a shelter-based day bed program, temporary emergency
motel housing, tuberculosis housing, or nursing home services.11

Study Population

Our methodology of patient selection has previously been described.12 Briefly, we
electronically identified patients older than 18 years evaluated in the ED at LDS Hospital
from 1996 to 2006 with International Classification of Diseases, Ninth Revision!3 codes
specific to a primary diagnosis of pneumonia (480---487.5) or with respiratory failure or
sepsis asthe primary diagnosis with pneumonia as a secondary diagnosis. We excluded
patients diagnosed with aspiration pneumonia, immune-compromised conditions including
AIDS or HIV with receipt of antiretroviral therapy, solid organ transplants, and hematologic
malignancies and those meeting criteria for health care---associated pneumonia.* We
manually reviewed all initial chest x-ray and computerized tomography reports and excluded
patients lacking radiographic evidence of pneumonia.

Homeless individuals were identified by a computer search on the term “homeless” in all
hospital admission and ED reports and by electronic screening for home addresses matching
all shelters in the community and LDS Hospital. We then confirmed homelessness by
manual review of initially screened charts; homeless individuals were identified as those
indicated in the medical chart to be lacking fixed or adequate nighttime housing, including
those residing in shelters, in emergency housing, or on the street.14

Manual Chart Review of Homeless Population

For all patients identified as homeless, we performed a manual chart review of dictated ED
reports, admission history and physicals, and hospital discharge summaries for the following
information: history of chronic obstructive pulmonary disorder or asthma; use of tobacco,
alcohol, or illicit substances; and referral from Fourth Street Clinic. We manually reviewed
microbiology culture results from blood and respiratory sources. Discharge summaries and
ED reports were also reviewed for follow-up at the Fourth Street Clinic or another primary
care clinic and arrangement of medical housing.

Electronic Medical Record Data Extraction

As previously described,12 we extracted initial vital signs and orientation status (entered
routinely in the EMR during the initial nursing assessment), electrolytes, and complete
blood count from the EMR. We measured 30-day all-cause mortality using the Utah
Population Database.1> Hospital admission, length of stay (LOS), and cost of care were
extracted from the EMR. For all patients initially discharged from the ED, we measured
return to the ED and rehospitalization within 7 days; for all patients initially hospitalized, we
measured rehospitalization within 30 days.
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We tested categorical associations by comparing homeless and nonhomeless individuals
using the Fisher exact test, and we tested continuous associations with an independent-
samples t test or Wilcoxon rank-sum test, as appropriate. We compared receiver operating
characteristic curves and P values for the CURB-65. Severity was adjusted for outcomes
using eCURB, a continuous, weighted, electronic version of CURB-65 that is more
accurate.12 All statistical analyses were performed using the R statistical package version
2.15.1 (http://www.r-project.org; Statistics Department, University of Auckland, New
Zealand).

Of 2069 patients evaluated in the ED with CAP, we identified 172 as homeless (Figure 1).
Homeless patients were younger and more likely to be uninsured and presented with
significantly lower CURB-65 scores than were nonhomeless patients (Table 1). Although
the admission rate was similar to that of non-homeless patients (61% vs 58%; P = .42),
homeless patients were more likely to be admitted than nonhomeless patients after severity
adjustment (odds ratio [OR] = 1.89; 95% confidence interval [CI] = 1.33, 2.69). The median
LOS for all patients hospitalized with CAP was 3.0 days; median cost of hospitalization was
7 times that of outpatient management ($3906 vs $554). The LOS, inpatient cost, and
outpatient cost were no different for homeless patients compared with nonhomeless patients,
even after adjusting for severity.

Figure 2 demonstrates receiver operating characteristic curves for the CURB-65 score versus
30-day mortality and admission. We found no difference in CURB-65’s ability to predict
30-day mortality for homeless patients (area under the curve = 0.79 vs 0.81; P = .77).
However, CURB-65’s ability to predict hospital admission in the homeless patients was
significantly lower (area under the curve = 0.65 vs 0.77; P =.001).

Within the homeless cohort, 72% (n = 124) had a history of tobacco use; 40% (n = 68),
ongoing alcohol abuse; 29% (n = 51), illicit substance use; and 23% (n = 40), chronic
obstructive pulmonary disorder or asthma. We saw higher rates of admission for patients
with ongoing alcohol abuse (87% vs 44%; P < .001), illicit substance use (75% vs 55%; P
=.026), and tobacco use (66% vs 48%; P = .028); we found a nonsignificant increase in
admission rate for patients with lung disease (68% vs 59%; P = .36). Fourteen percent (n =
24) had a culture-identified pathogen, with 18 patients testing positive for Streptococcus
pneumoniae, 3 for Mycobacterium tuberculosis, 2 for methicillin-sensitive Staphylococcus
aureus, and 1 for methicillin-resistant S. aureus. After its introduction in January 2000,
urinary testing identified Legionella pneumophila in 2.6% of all tested cases (8 of 283); after
its introduction in 2003, urinary testing identified pneumococcal pneumonia in 12.5% of
tested cases (17 of 136). We found no significant difference in the rate of positive S.
pneumoniae or L. pneumophila urinary antigen tests between homeless and nonhomeless
individuals, although the study was not powered adequately to rule out a significant
difference.
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Of all homeless patients, 22% (n = 38) had been referred to the ED from the Fourth
StreetClinic. Of outpatients, 54% (36 of 67) were referred to the Fourth Street Clinic for
followup, and 51% of inpatients (53 of 105) were referred on discharge. Twenty-four
additional patients were referred to clinics other than the Fourth Street Clinic, including the
hospital’s internal medicine clinic (n = 18), US Department of Veterans Affairs clinics (n =
2), and specialty clinics (n = 4). Medical housing was arranged for 23% of all patients (34
received housing; 6 placed in nursing facilities); of these patients, 75% (n = 30) followed up
at the Fourth Street Clinic. Hospitalized patients were more likely to have medical housing
arranged after discharge than were ED patients (29% vs 13%; P = .016) Patients discharged
from the ED with follow-up at the Fourth Street Clinic demonstrated significantly lower cost
of care than homeless patients not referred (median cost = $483 vs $674; P < .001) with no
observed increase in 7-day readmission, 30-day rehospitalization, or mortality. Among
hospitalized patients, we found a nonsignificant reduction in hospital LOS for patients with
medical housing arranged (median LOS = 2.7 vs 3.1 days; P = .85); we found no significant
difference in LOS or cost for patients referred to the Fourth Street Clinic or medical
housing.

DISCUSSION

In a large cohort of homeless patients presenting to an ED with CAP, hospitalization risk
was higher than among nonhomeless individuals, and traditional severity assessment with
the CURB-65 did not predict admission well for homeless individuals compared with non-
homeless individuals. These findings are consistent with previous studies in under-served
populations,” suggesting that the admission decision for pneumonia is often influenced by
patient characteristics not measured by traditional mortality prediction scores. Homeless
patients with ongoing alcohol, illicit substance, and tobacco use demonstrated higher
admission rates, suggesting that these features, which are often difficult to measure
objectively, contributed to the admission decision. Three patients were also found to have
M. tuberculosis, highlighting the importance of considering this pathogen in homeless
populations with pneumonia. The disconnect between traditional severity measurement and
management observed in this population suggests a need for sensitivity to less measurable
clinical features in lower socioeconomic populations, especially if professional societies,
insurers, and medical advisory boards place greater emphasis on objective severity
assessment in clinical decision-making and quality measurement.

The finding that hospitalized homeless individuals had no difference in LOS or cost of care
compared with nonhomeless patients, even after adjustment for severity, differed from those
of previous studies,82 which cited lack of public housing and access to primary care as
possible causes of longer hospitalizations. Housing and case management programs have
been proposed as a means to improve long-term outcomes and reduce overall costs of care in
chronically ill homeless patients.1%:16 During the study period, LDS Hospital had a close
relationship with the Fourth Street Clinic. Intermountain Healthcare (the parent organization
of LDS Hospital) provides the clinic with approximately $1 billion annually in charity care
and has sponsored annual grants to support the Fourth Street Clinic since 1996. The
multidisciplinary approach to acute illnesses for homeless individuals may have contributed
to the observed shorter hospital stays and reduced cost in our population. Although the study
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was underpowered to show statistical difference, the observed reduction of LOS for
hospitalized patients who were provided medical housing after discharge suggests that
providing patients with betterpopulation-sensitive outpatient services could improve
outcomes and reduce cost in patients with acute illnesses, especially in vulnerable
populations.

Our study has several limitations. Because the study was limited to hospital and ED records,
we did not follow patients prospectively to confirm follow-up with primary care or study
long-term outcomes other than 30-day mortality. We did not distinguish between chronic
and acute homelessness. We included hospitalized patients who left against medical advice
(although we found only 3 in the homeless cohort, with an average LOS of 2 days). We
excluded 20 patients with health care---acquired pneumonia and 5 patients with AIDS
(reflecting the low burden of HIV in Salt Lake City). Homeless veterans were also likely
underrepresented because of the presence of a large US Department of Veterans Affairs
hospital in the area. Small numbers of severely ill patients and subgroups within the
homeless cohort limited our power to detect significant differences in 30-day mortality or
readmission rates.

Conclusions

Homeless patients with CAP presented to the ED with significantly lower 30-day mortality
risk than those of nonhomeless individuals and demonstrated higher rates of admission after
adjustment of severity. CURB-65 correlated less well with hospital admission for homeless
patients, suggesting that additional clinical or demographic features were considered in the
admission decision for homeless patients. Despite the higher admission risk, we found no
difference in LOS or cost of hospital care, even after adjustment for illness severity; this
finding may be related to the strong affiliation between LDS Hospital and the Fourth Street
Clinic during the study period. As the United States faces rising health care costs and an
increase in homelessness resulting from foreclosures and unemployment, we need more
programs that effectively establish a strong relationship between primary care providers,
community housing, and acute care facilities for homeless patients.
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FIGURE 1. Patient population: Salt Lake City, UT, 1996-2006
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FIGURE 2. Receiver operating characteristic curvesfor the CURB-65 scorevs (a) mortality and
(b) admission: Salt Lake City, UT, 1996-2006
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TABLE 1
Patient Characteristics, Admission Decisions, and Outcomes of Community-Acquired
Pneumonia in the Homeless and Nonhomeless Population in an Urban Community
Hospital: Salt Lake City, UT, 1996-2006
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Variable Homeless (n =172) Nonhomeless (n = 1897) P

Age, y, median (95% CI) 44 (38, 50) 59 (40, 76) <.001
Female, % 22 51 <.001
Minority, % 34 19 <.001
Uninsured, % 60 16 <.001
Admission statistics

% admitted 61 58 42

OR (95% CI)? 1.89 (1.33, 2.69) 1.00 (Ref) <.001

ICU, % 14 16 .57

Patients with empyema, no. (%) 2(1) 11 (0.5) .29

Length of stay,b d, median (95% CI) 3(2,5) 3(2,5) 992
Readmission rate, % (95% CI)

7.d° 5(2,9) 9 (8, 10) .06

30-d° 5.7 (1.9, 12.9) 4.3(3.4,53) >.999
Cost of care, $, median (95% CI)

Outpatient 529 (432, 755) 557 (421, 667) 798

Inpatient 3926 (2612, 6581) 3899 (2754, 6557) 932
No. patients with CURB-65 score, % (95% CI)

0 58 (50, 65) 41 (39, 43) <.001

>3 1(0,3) 10 (9, 12) <.001
CURB-65 of admitted patients, mean (median +SE) 0.7 (0.7 £0.08) 1.4 (1.4 £0.03) <.001
30-d mortality, % (95% CI) 2.9% (1.0,6.7) 43(3.4,5.3) 54

1duasnuely Joyny vd-HIN

Note. Cl = confidence interval; ICU = intensive care unit; OR = odds ratio. CURB-65 is a clinical prediction rule used to estimate 30-day mortality
for patients with community-acquired pneumonia on the basis of confusion, uremia (blood urea nitrogen = 20 mg/dL), respiratory rate (> 30
breaths/minute), systolic blood pressure (< 90 mm Hg) or diastolic blood pressure (< 60 mm Hg), and age (= 65 years).

aAdjusted for illness severity using eCURB.

bOf hospitalized patients.

c T .
Of patients initially managed as outpatients.
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