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Abstract: The aim of this study was to determine the effect of demographics, substance abuse,
and chronic illnesses on length of hospitalization and mortality of pneumonia. 866 patients
admitted to a community hospital with diagnosis of community-acquired pneumonia were studied.
Linear and logistic regression analyses were performed for the effect of chronic illnesses on length
of stay and mortality. Age (p=0.064), coronary artery disease (p=0.017), congestive heart failure
(p=0.011), history of neoplasm (p=0.079) and chronic kidney disease (p<0.001) were associated
with increased length of stay. Age (p<0.001), history of stroke (p=0.013), history of neoplasm
(p=0.028), and chronic kidney disease (p=0.005) were associated with higher mortality from
community-acquired pneumonia. Asthma was associated with decreased length of stay (p=0.006)
but no difference in mortality. Respiratory failure and congestive heart failure exacerbation were
associated with longer length of stay (p<0.001) but no difference in mortality. 1CU admission was
associated with longer hospital stay and higher mortality (p<0.001). Septic shock secondary to
pneumonia was associated with longer length of stay and higher mortality (p<0.0001). Age
(p=0.04), alcohol abuse (p=0.03), coronary artery disease (p=0.05), congestive heart failure
(p=0.009) and chronic kidney disease (p=0.011) were predictors of higher level of care needed
during hospital stay for community acquired pneumonia.

Keywords: pneumonia, community acquired pneumonia, chronic illnesses, length of stay,

mortality.

INTRODUCTION medical sciences [1-3]. Influenza and
pneumonia are the eighth leading cause of

Community acquired pneumonia (CAP) death in the United States causing 55,672

continues to be a significant cause of deaths annually [4-6]. During a two year

morbidity and mortality despite advances in prospective study of North America, overall
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admissions of pneumonia were about 270 per
100,000 adults per year; this number is
expected to grow as population ages [7]. 10
to 20% of patients hospitalized for
pneumonia are estimated to require intensive
care [8]. The economic burden of
community-acquired pneumonia is estimated
around $17 billion annually in United
States[9].

Symptomatology, severity,
presentation, and prognosis of pneumonia
vary by presence of co-morbid illnesses [10],
[11]. Age of the patient at the time of
presentation is a significant predictor of
mortality for hospitalized patients [7]. Male
sex, hypertension, diabetes mellitus and
history of neoplasm are all independently
associated with increased mortality from
pneumonia [12, 13]. Initial presentation in
CAP can predict patient outcomes [14].
Higher severity of presentation from
pneumonia with shock or renal failure
predicts higher risk of death from it [9].

Worsening of co-morbid illnesses
secondary to pneumonia also plays an
important role in prognosis. Concurrent
congestive heart failure decompensation due
to pneumonia increases in-hospital mortality
due to pneumonia [15]. Patient with chronic
obstructive pulmonary disease (COPD) had
worse prognosis and higher odds of mortality
while asthma patients had better prognosis
and lower mortality [16]. Pneumonia does
increase hospital admissions for asthma
exacerbations  especially  during  flu
season[17] but worsening of asthma is
associated with  better prognosis  of
pneumonia[18]. Presence of liver disease is
highly predictive of bacteremia and worse
prognosis in  pneumonia[19]. Tobacco
smoking is associated with increased odds of
hospital admission with pneumonia[20]. Not
only is alcohol intake a significant risk factor
for development of CAP, it is also associated
with higher intensity of care and longer
hospital stay[21, 22]. Effect of other
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substance abuse on prognosis of CAP has not
been widely studied. Effect of clinical
markers, severity of pneumonia and clinical
presentation on need for hospitalization and
mortality have been previously studied [23,
24] but there is paucity of data for effect of
chronic illnesses on length of stay from a
hospitalist’s point of view.

The aim of this study was to examine
the effects of sex, age, BMI, substance use
(including tobacco, alcohol, cocaine, and
cannabis) and co-morbid illness (including
asthma, chronic obstructive pulmonary
disease, diabetes mellitus, liver disease,
coronary artery disease, congestive heart
failure, history of stroke, history of neoplasm
and kidney disease) on length of stay in the
hospital (LOS), presentation of pneumonia,
intensity of care needed, and mortality in
patients admitted with community acquired
pneumonia.

METHODS

Study Sample
All patients admitted to Interfaith Medical
Center with a diagnosis of CAP over 3 years
were screened. ICD-9 codes for pneumonia
(486) and bacterial pneumonia (482.9) were
used to screen initial list of about 2000
patients admitted. Out of these patients, 866
were included in the study and others were
excluded based on reasons mentioned below.
Our goal was to restrict pathology to
community-acquired pneumonia.  We
excluded patients with possible healthcare-
associated pneumonia as well as aspiration
pneumonia. The diagnosis of HCAP was
based on documentation by physician besides
using readmission within 90 days as
exclusion criteria. The study was restricted to
patients aged 18 and older.
Immunocompromised patients including
HIV/AIDS or  currently  receiving
chemotherapy were excluded.
Immunosuppressed patients can present with
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very wide variety of etiology for pneumonia
and we tried to restrict pneumonia pathology
to community-acquired infections. Other
admissions for primarily cardiac conditions
like arrhythmias and myocardial infarction
were excluded. Among CKD patients, patient
with end stage renal disease and patients on
dialysis were also excluded.

Data was retrospectively collected on
demographic factors including age, race, sex,
and body mass index, medical co-morbidities
and substance abuse (tobacco, alcohol,
cocaine, cannabis). Asthma, chronic
obstructive pulmonary disease (COPD),
diabetes mellitus (DM), liver disease
(alcoholic or non-alcoholic liver disease or
chronic viral hepatitis), coronary artery
disease (CAD), congestive heart failure
(CHF), history of stroke, history of neoplasm
and chronic kidney disease (CKD), as
documented in the medical record, were
chosen as predictors among co-morbid
illness. Study sample could not be stratified
based on race as majority of our patients were
African America (86%). Information on
substance abuse was derived from positive
urine toxicology during hospital stay or from
documentation as self-reported by patients.
Differentiating patients based on opioid
abuse and those on long-term dependence
therapy could be perplexing, so we did not
study opioid abuse in this sample.

Definition of Study Outcomes

Longer length of inpatient stay is an indicator
of higher severity of infection and is in turn
associated with poor outcomes, increased
hospital costs, and increased mortality [25,
26]. Sicker patients require higher intensity
of care during hospital stay, and intensity of
care required during hospital stay in turn
correlates to worse outcomes and higher
mortality [25, 26]. We considered three study
outcomes: length of hospital stay (days),
level of care needed during hospitalization
(ICU, higher level); and discharge
disposition (discharged or expired). Patients
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were also divided based on presence of
respiratory failure, decompensation of CHF,
and septic shock and their effect on length of
stay and mortality was evaluated.

Baseline characteristics, pneumonia
severity, presence of co-morbidities and
mortality were examined after stratifying by
gender. We compared all study variables by
gender using t-tests for continuous variables
(age, BMI, LOS) and chi-square tests for
categorical variables (presence of co-morbid
illness, substance abuse, intensity of care and
mortality) (Table 1). Regression analyses
were performed to study effect of co-
morbidities and substance abuse on
pneumonia severity and patient outcomes.
Linear regression was performed for
continuous outcome of length of stay (in
days) and logistic regression was performed
for dichotomous outcome of mortality.

In model 1, effect of age, sex, BMI,
substance abuse and co-morbid illnesses on
length of stay and mortality was studied
(Table 2). Separate age-adjusted models were
completed for each variable. In model 2,
effect of presence of respiratory failure, CHF
exacerbation and septic shock on length of
stay and mortality was studied. Both the
regressions were simultaneously adjusted for
baseline characteristics, substance abuse and
co-morbid illness (Table 3).

In model 3, we studied effect of
higher level care needed (ICU or Telemetry)
on length of stay and mortality. Both the
regressions were simultaneously adjusted for
baseline characteristics, substance abuse and
co-morbid illness (Table 4). In model 4,
effect of age, sex, BMI, substance abuse and
presence of co-morbid illness on level of care
needed during hospitalization was studied.
Interfaith Medical Center is structured into
three levels of care: ICU, telemetry, and a
medical-surgical unit. ICU admissions were
compared against floor admissions. We
combined ICU and telemetry admissions into
higher level of care and compared them to
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floor admissions. Both the regressions were
simultaneously  adjusted for  baseline
characteristics, substance abuse and co-
morbid illness.

RESULTS

Out of total 866 patients, 48.4% were men
and 51.6% were women. Women were older
at presentation than men (p=0.012) and had
higher average BMI (p=0.009). Substance
abuse including tobacco, alcohol, cocaine
and cannabis were more prevalent among
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men (Table 1). Men had higher prevalence of
COPD and liver disease, while women had a
higher prevalence of bronchial asthma, DM,
CAD, CHF and history of stroke. There were
no significant differences for presence of
history of neoplasm and CKD by sex (Table
1). There were no significant differences for
presentation or severity of illness by gender.
There was no significant difference for LOS
by gender but mortality was higher among
women as compared to men (p=0.007) (Table
1).

Table 1. Baseline characteristics of patients included in the study. Groups were compared for differences using t-test

or chi-square testing.

Total Men Women p-value

Patients 866 419 (48.4%) 447 (51.6%) <0.001

Age 60.19 + 17.42 59.23 + 16.55 61.09 + 18.17 0.012

BMI 28.33£8.77 26.04 £6.71 30.49 +9.88 0.009

Substance abuse
Tobacco 450 (53.4%) 257 (63.3%) 193 (44.2%) <0.001
Alcohol 272 (32.4%) 174 (43.1%) 98 (22.5%) <0.001
Cocaine 96 (11.5%) 56 (13.4%) 40 (9.2%) <0.001
Cannabis 88 (10.5%) 60 (14.9%) 28 (6.5%) <0.001
Comorbidities

COPD 216 (25%) 112 (26.8%) 104 (23.3%) 0.017

Asthma 200 (23.1%) 62 (14.8%) 138 (30.9%) <0.001
Diabetes Mellitus 296 (34.2%) 130 (31.1%) 166 (37.1%) <0.001
Chronic Liver disease 93 (10.8%) 59 (14.1%) 34 (7.6%) <0.001
Coronary Artery disease 182 (21.1%) 73 (17.5%) 108 (24.4%) <0.001
Congestive Heart Failure 202 (23.2%) 81 (9.4%) 121 (27.1%) <0.001
Chronic Kidney Disease 223 (25.8%) 107 (25.8%) 116 (26.0%) 0.813
History of Stroke 100 (11.6%) 42 (10.0%) 58 (13.0%) <0.001
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History of Neoplasm 86 (9.9%) 45 (10.8%) 41 (9.2%) 0.118
Admitted to Unit

Floor 446 (51.6%) 208 (49.8%) 238 (53.2%) 0.192

Telemetry 275 (31.8%) 137 (32.8%) 138 (30.9%) 0.251

ICU 144 (16.6%) 73 (17.5%) 71 (15.9%) 0.225

Disposition
Discharged 775 (89.5%) 381 (90.9%) 394 (88.1%) 0.007
Expired 91 (10.5%) 38 (9.1%) 53 (11.9%) 0.007

Factors Associated with Length of Stay
In model 1, age-adjusted linear regression
was performed for length of stay using
baseline characteristics, substance abuse and
co-morbid illness as predictors. Higher
length of stay was observed for patients with
increase in age (p=0.064). Patients with
CAD (p=0.017), CHF (p=0.011), history of
neoplasm (p=0.079) or CKD (p<0.001) as co-
morbidities had longer length of stay.
Presence of asthma (p=0.006) was associated
with shorter LOS. There was no significant
effect of sex, BMI, substance abuse, DM,
chronic liver disease and history of stroke on
LOS after multivariable adjustment (Table
2).

In model 2, linear regression for LOS
was conducted for only surviving cases.

Patients with respiratory failure secondary to
pneumonia had 10.6 more days (p<0.001)
and patients with CHF decompensation 8.3
more days (p<0.001) of hospital stay as
compared to patients with uncomplicated
pneumonia. Septic shock secondary to
pneumonia resulted in 10.3 more days
(p<0.001) of hospital stay (Table 3).

In model 3, admission to telemetry
was associated with about 3 more days of
hospital stay, and admission to ICU was
associated with about 11 more days of
hospital stay regardless of admitting
diagnosis (p < 0.001) after adjusting for age,
sex, BMI, substance abuse and co-morbid
illnesses (Table 4).

Table 2. Model 1 — Age-Adjusted Linear Regression for outcomes of length of stay (in days) and logistic regression
for outcome of mortality using baseline characteristics, substance abuse and comorbidities as predictors.

Length of Stay
Coefficient + SE (p value)

Mortality
Odds ratio (95% Cl, p value)

Sex 0.564 + 0.744 1.140 (0.71 - 1.82)
Age 0.066 + 0.036 (p=0.064) 1.068 (1.05-1.08, p<0.001)
BMI 0.026 + 0.061 1.009 (0.97-1.05)
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Tobacco 0.448 £0.770 0.932 (0.56-1.56)
Alcohol 0.585 + 0.831 1.189 (0.63-2.23)
Cocaine 0.182 + 1.207 1.064 (0.36-3.17)
Cannabis -0.680+1.274 0.597 (0.14-2.59)

COPD 0.188 + 0.862 0.702 (0.39-1.24)
Asthma -2.503 + 0.907 (p=0.006) 0.528 (0.24-1.15)

Diabetes Mellitus

0.733+0.799

1.068 (0.67-1.71)

Chronic Liver disease

0.760 + 1.201

1.958 (0.95-4.03)

Coronary Artery Disease

2.295 + 0.964 (p=0.017)

1.206 (0.73-2.01)

Congestive Heart Failure

2.367 + 0.924 (p=0.011)

1.356 (0.83-2.22)

Chronic Kidney Disease

4.395 + 0.870 (p<0.001)

1.965 (1.22-3.16, p=0.005)

History of Stroke

1.923 £1.195

2.022 (1.16-3.53, p=0.013)

History of Neoplasm

2.157 + 1.267 (p=0.079)

1.943 (1.08-3.51, p=0.028)

Age adjusted model was used independently for each variable. Linear regression was performed for length of stay in
days and logistic regression was performed for mortality.

Table 3. Model 2 — Linear regression for outcome of length of stay and logistic regression for outcome of mortality

using admitting diagnoses as predictor.

Length of Stay
Coefficient + SE (p value)

Mortality
Odds ratio (95% CI, p value)

Pneumonia with respiratory
failure

10.646 + 1.500 (p<0.001)

1.251 (0.53-2.96)

Pneumonia with CHF
decompensation

8.302 + 0.972 (p<0.001)

1.663 (0.93-2.98, p=0.088)

Pneumonia with Septic Shock

10.295 + 2.357 (p<0.001)

20.479 (6.41-65.46, p<0.001)

Adjusted for sex, age, body mass index, substance abuse (tobacco, alcohol, cocaine and cannabis) and comorbid
illness (Asthma, COPD, CAD, CHF, DM, Liver disease, Stroke, Neoplasm and Kidney disease). Patients admitted
with pneumonia without complications were used as reference group.

Dwivedi et al.
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Factors Associated with Mortality

Multivariable-adjusted logistic regression
was performed for outcome of mortality
simultaneously using baseline
characteristics, substance abuse and co-
morbid illness as predictors. Mortality
significantly increased with age. Mortality
increased by 6.8% per year increase in age
(Odds ratio 1.068, p<0.001) (Table 2). Age
adjusted regression models for sex, BMI and
substance abuse did not show any significant
relationship. After adjusting for age, sex,
BMI and substance abuse in logistic
regression, mortality outcome from co-
morbid illness showed increased mortality
with history of stroke (p=0.013), neoplasm
(p=0.028) and CKD (p=0.005). In model 2,
logistic regression of mortality showed about
20 times higher odds of mortality in patients
admitted with septic shock secondary to
pneumonia as compared to patients admitted
with uncomplicated pneumonia (p<0.001)
after adjusting for age, sex, BMI, substance
abuse and presence of co-morbid illnesses.
Presence of respiratory failure or CHF

ORIGINAL ARTICLE

decompensation did not differ statistically
from uncomplicated pneumonia in terms of
mortality (Table 4). In model 3, ICU
admission was associated with higher odds of
mortality (p < 0.001) as compared to floor
admissions after adjusting for age, sex, BMI,
substance abuse and presence of co-morbid
illnesses. The telemetry admissions were not
significantly different from floor admission
in terms of mortality (Table 4).

Factors Associated with Level of Care

In model 4, logistic regression analysis was
performed to predict level of care required
(ICU or higher level) based on age, sex, BMI,
substance abuse and preexisting co-morbid
illness. Higher age (p=0.046) and patients
with CKD (p=0.011) were more likely to
require ICU care during hospital stay.
Patients with higher age (p=0.041), alcohol
abuse (p=0.029), CAD (p=0.048) and CHF
(p=0.004) were more likely to require overall
higher level of care during hospital stay.

Table 4. Model 3 — Linear regression for outcomes of length of stay (in days) and logistic regression for outcome of

mortality using intensity of inpatient care as predictor.

Length of Stay
Coefficient + SE (p value)

Mortality
Odds ratio (95% CI, p value)

Telemetry

3.82 + 0.47 (p<0.001)

1.074 (0.32-3.59, p=0.91)

ICU 11.05 + 1.28 (p<0.001)

69.53 (26.92-203.8, p<0.001)

Adjusted for sex, age, body mass index, substance abuse (tobacco, alcohol, cocaine and cannabis) and comorbid
illness (asthma, COPD, CAD, CHF, DM, liver disease, stroke, neoplasm and kidney disease). Admissions to floor
were used as reference group. Telemetry admissions and ICU admissions were compared to floor admissions for

length of stay and mortality.

DISCUSSION

Higher mortality was observed for women in
unadjusted samples but results were not
significant after multivariate adjustment.
This could possibly be explained by higher
prevalence of DM, CAD and CHF among
women in our sample. In previous studies
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lower mortality has been observed in females
[27, 28]. Patients with prior history of
cerebrovascular event with or without
existing deficit had significantly higher
mortality but no significant difference in
LOS or level of care needed. Patients with
CKD and history of neoplasm had
significantly higher length of stay and
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mortality. CKD was also predictive of critical
care needed during hospital admission for
community acquired pneumonia. These
findings are similar to previous studies of
prognosis of pneumonia [9, 12, 13].

Patients with asthma who presented
with pneumonia had significantly shorter
LOS but no differences in mortality. This is
contrary to expectation of higher mortality
and morbidity from coexisting asthma. A
possible explanation could be higher
incidence of atypical pneumonia in asthma
patients which has lower morbidity and
mortality as compared to other bacterial
etiologies [18]. Presence of liver disease did
not affect LOS, mortality or level of care on
our sample [27, 28]. While patients with
significant lung damage from smoking could
have been accounted for under COPD, there
was no effect of tobacco smoking on length
of stay or mortality. Tobacco smoking has
been shown to increase odds of hospital
admission and mortality from pneumonia
[29].

Length of stay and mortality were
significantly higher for patients admitted to
the ICU independent of diagnoses and in
those with diagnosis of septic shock, which is
an expected finding [9]. Length of stay was
higher for patients admitted with respiratory
failure or decompensation of CHF secondary
to pneumonia but there was no difference in
mortality. Higher in-hospital mortality has
been previously observed in pneumonia
patients with worsening CHF [15]. Our
exclusion of patients admitted with primarily
cardiac diagnoses could account for this
difference of observation. Heart diseases
independent of pneumonia continue to be the
leading cause of mortality and morbidity in
United States [5].

The following were the limitations of
our study. Firstly, the sample was limited to
patients admitted to a community hospital in
Brooklyn. Interfaith Medical Center is
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primarily non-profit and located in a less
privileged area of Brooklyn and caters to
surrounding neighborhoods. This sample is
very different from the national population
and thus our findings may not be
generalizable. We had multiple exclusion
criteria and these results only apply to
patients admitted with CAP. Third, we did
not include microbiologic data in the study
and tried to classify pneumonia based on
presentation. This could be a major limitation
to our study. Fourth, we did not classify
pneumonia on the basis of etiology, which
might obscure some key findings. The higher
association of atypical pneumonia with
asthma is possibly the reason for lower
morbidity and mortality in asthmatics
admitted with pneumonia, rather than effect
of actual asthma. Another potential problem
is higher rate of homelessness in the patients
served by the hospital, which delays safe
discharge planning. Fifth, we did not have
sufficient information and could not quantify
relationship based on amount or frequency of
substance abuse. Despite these weaknesses,
the study does have strengths. We evaluated
relationships of only CAP in terms of
morbidity and mortality. Limiting the sample
and etiology may have helped reduce dilution
of relationships and helped reveal
relationships. We included all previously
studied co-morbid illnesses in addition to
substance abuse for effect on morbidity and
mortality of CAP. Effect of chronic illnesses
on patient outcomes have been studied
regardless of admitting diagnoses [30, 31].
We studied the effect of chronic illnesses
specifically in the case of community
acquired pneumonia. In today’s era of
hospital medicine, with increased focus on
decreasing length of stay and prioritizing
dispositions, it is necessary to further explore
the factors which contribute to length of
hospitalization and mortality.

In conclusion, in patients admitted
with community acquired pneumonia, length
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of hospital stay increased with age, coronary
artery disease, congestive heart failure,
history of neoplasm and chronic kidney
disease.  Morbidity  from  pneumonia
increased with age, chronic kidney disease,
history of stroke and history of neoplasm.
Age, alcohol abuse, coronary artery disease,
congestive heart failure and chronic kidney
disease were predictors of higher level of care
during hospital stay. Our findings emphasize
the burden of chronic diseases on health care
and contribution to poor outcomes in
pneumonia.

Notes
Potential conflicts of interest: Authors declare no
conflicts of interest.
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