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ABSTRACT

Objective: To determine the predictive value of commonly
used clinical and laboratory factors for mortality in patients
with pneumonia in the Arab world.

Methods: We retrospectively analyze the data collected
from all inpatients over the age of 16 years with a diagnosis
of pneumonia in Tawam Hospital, Al-Ain, United Arab
Emirates between the years 1997 and 2002. Patients were
grouped into those who survived and those who died in the
hospital. Clinical and laboratory factors on admission were
used to predict outcome using simple, and multiple logistic
regression analyses.

Results: Among the 236 patients admitted, 122 were
females (age 56.9 + 23 years), and 114 males (age 58.5 +
23 years). The 30-day mortality rate was 10%. The most
common comorbid risk factors were diabetes mellitus
in 23.7% and chronic obstructive pulmonary disease in
19.5%. Of the 236 patients, 145 had sputum culture on
admission. Simple logistic regression analysis showed

increasing age, presence of comorbidity, low systolic blood
pressure, confused mental status, low serum albumin, high
serum creatinine, raised blood urea nitrogen and raised
partial pressure of carbon dioxide at the time of admission
were associated with higher mortality. On the Stepwise-
multilogistic regression analysis, the most significant
factors influencing mortality were: older age, altered mental
status, low systolic blood pressure, low serum albumin and
raised serum creatinine. Using a scoring system developed
in the presence or absence of these risk factors, a score of
=100 predicted high risk for mortality.

Conclusion: The in-hospital mortality rate for pneumonia
was 10%. Older age, altered mental status, low systolic
blood pressure, low serum albumin concentration and
raised serum creatinine at admission were predictive of
poor outcome in this cohort of patients.
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Pneumonia is a common problem worldwide
and the reported mortality rate for hospitalized
patients with pneumonia varies from 10-25%.'
Several investigators have sought clinical and
biochemical indices on admission in order to predict
the outcome. Based on these predictive factors,
patients have been stratified as low, moderate and
high risk for survival.** However, the utility of

pneumonia management guidelines based on these
criteria has been questioned.’ Furthermore, it has been
suggested that since circumstances may vary between
countries, admission indices should be investigated in
individual countries in order to develop appropriate,
targeted management guidelines.® In this context,
there is a paucity of literature from the Arab world.’
Therefore, we retrieved data on all admitted patients
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to a university hospital over a 5-year period in order
to determine the predictive value of commonly used
clinical and laboratory factors for mortality.

Methods. In this retrospective chart review, data
were collected from all in-patients over the age
of 16 years, admitted to Tawam Hospital, Al-Ain,
United Arab Emirates (UAE) with a diagnosis of
pneumonia between the years 1997 and 2002. The
cases were identified from the medical records using
the International Classification of Diseases code
ICD-9-CM for community-acquired pneumonia.
Two independent physicians scrutinized the charts to
confirm the diagnosis of pneumonia. A standard form
was used to collect patient demographics, clinical
history, vital signs, clinical examination findings at
the time of admission and the results of the laboratory
investigations reported within 24 hours of admission.
Of the 236 patients, 28 had pneumonia identified
with one or more episode on admission. From these
28 patients, only data from the last admission were
included in order to avoid inaccuracy in statistical
analysis.

The following clinical factors at the time of
admission were documented: age, gender, presence
of comorbidity, altered mental status, respiratory
rate, systolic and diastolic blood pressure (BP),
temperature and pulse rate. The laboratory indices
recorded on admission were: total white blood count
(WBC), blood urea nitrogen (BUN), serum sodium,
glucose, arterial pH, partial pressure of oxygen (PO,),
partial pressure of carbon dioxide (PCO,) and chest
x-ray evidence of multiple lobe involvement and
presence of pleural effusion. The criteria for mortality
were defined as any death occurring within 30 days
of hospitalization as a result of pneumonia or to any
complication related to the pneumonia. Approval was
obtained from the Tawam Hospital Ethics Committee
and the Faculty of Medicine and Health Sciences
Research Review Committee.

Statistical analysis. In order to determine the
significant risk factors for mortality, simple logistic
regression analyses were run between outcome and
each of the following variables: age, gender, systolic
BP, diastolic BP, pulse, respiratory rate, temperature,
altered mental status, number of comorbidities, serum
albumin, BUN, creatinine, sodium, pH, glucose, PO,,
PCO,, total WBC count, and chest x-ray findings.

A backward stepwise logistic regression analysis
was then run to determine the subset of significant
factors that “best” predict mortality. The response
variable was “outcome” (dead versus alive) and the
predictors were the significant factors derived from
the simple logistic regression analysis. The variable
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“PCO,” was not considered in this step, as it was
measured in only 27% of the sample subjects. The
Hosmer-Lemeshow goodness-of-fit test had a p-value
=0.357, thus, suggesting that the fitted logistic model
fitted the data well.

The “best” subset of predictors of mortality was
used to derive a simple rule for predicting subjects
were at higher risk of mortality. The rule was
derived as follows: the continuous variables from
the multilogistic regression (age, systolic BP, serum
albumin and creatinine) were dichotomized into age
greater than or equal to 65 years, systolic BP less than
90 mm Hg, serum albumin less than or equal to 30
g/L and serum creatinine greater than or equal 133
mmol/L. A multiple logistic regression of outcome
versus these 5 dichotomous variables and altered
mental status was run. The predictive scores for the
variables: systolic BP, altered mental status, serum
albumin and creatinine were obtained by dividing
the logistic regression coefficient of each of these
variables by the coefficient of age, multiplying by 10
then rounding to the nearest multiple of 5.

From these predictive scores, sensitivity and
specificity were calculated. However, it is well
known that probabilities of correct classifications
(example specificity and sensitivity) computed from
the sample data used to derive the prediction rule
tend to overestimate the true probabilities of correct
classifications. To correct these estimation biases, we
used a bootstrapping technique based on 200 bootstrap
samples to approximate the estimation biases.®

Results. Among the 236 patients, 122 were females
and 114 males. The mean age (+ SD) of the population
was 57.7 years + 22.8. The age range varied from 16
years to 99 years. The ethnicity was: UAE nationals
75.8%, other Arab nationals 22.5% and patients of
Asian origin 1.7%. The 30-day mortality rate was
10%. The most common comorbid risk factors were
diabetes in 23.7% and chronic obstructive pulmonary
disease in 19.5%, cerebro vascular accidents in 9%,
renal failure in 7%, heart failure in 7%, HIV in 1%.
Thirty-five percent of the population did not have any
comorbid risk factors.

The significant predictors of mortality from simple
logistic regression analysis (Table 1) were: increasing
age, low systolic BP, high respiratory rate, impaired
mental status, low serum albumin, high serum
creatinine, raised BUN and raised PCO, at the time
of admission to hospital. The most significant factors
affecting mortality in multilogistic regression analysis
were: older age, altered mental status, low systolic
BP, low serum albumin and raised serum creatinine
(Table 2). Table 3 shows the coefficients of the 5
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Table 1 - Simple logistic regression of outcome versus putative risk factors.

Factor N Coefficient P-value*  Odds 95% CI for
ratio odds ratio

Age 236 0.04 <0.001 1.05 1.02 -1.07
Genderf 236 0.56 0.203 1.76 0.73-4.24
Systolic blood pressure 236 -0.03 0.002 0.97 0.95-0.99
Diastolic blood pressure 236 -0.01 0.407 0.99 0.96 - 1.02
Pulse 236 0.01 0.546 1.01 0.99-1.03
Respiratory rate 236 0.05 0.023 1.05 1.01-1.10
Temperature 236 -0.31 0.084 0.73 0.50 - 1.08
Altered mental statusz: 236 1.72 0.009 5.57 1.72-18
Albumin 215 -0.16 <0.001 0.85 0.78 -0.93
Blood urea nitrogen 215 0.07 0.001 1.07 1.03-1.11
Creatinine 215 0.02 <0.001 1.02 1.01-1.02
Sodium 215 0.03 0.165 1.04 0.98-1.10
Number of comorbidity 236 0.48 0.061 1.62 0.99 - 2.65
Arterial pH 64 -0.07 0.507 0.93 0.64 - 1.36
Serum glucose 215 -0.01 0.379 0.99 0.96 - 1.02
Arterial PO, 64 0.00 0.766 1 0.99 - 1.02
Arterial PCO, 64 0.07 0.009 1.07 1.01-1.13
Total WBC count 236 0.01 0.694 1.01 0.95-1.08
Chest x-ray** 236 0.34

Infiltrate 0.78 2.19 0.48 - 10.04

Effusion 1.23 3.42 0.27 —-43.70

Infiltrate and effusion 1.57 4.82 0.81 —28.86

*Based on likelihood ratio test (Omnibus test in SPSS output), fReference category
- Female, $Reference category - normal, **Reference category - Nil
PO, - partial pressure of oxygen, PCO, - partial pressure of carbon dioxide,
WBC - white blood count, CI - confidence interval
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Table 2 - Results of stepwise logistic regression - “best” subset of

predictors of outcome.

Predictor Coefficient P-value

Age 0.073 0.029

Systolic blood pressure -0.081 0.003

Altered mental status® 5.002 0.002

Albumin -0.133 0.023

Creatinine 0.021 0.006
*Reference category - normal

Table 3 - Coefficients of significant predictors in logistic regression.

Figure 1 - Provides the Receiver Operator Characteristics of predictive
scores. The response variable was “Outcome” (dead versus
alive) and the predictors were age, systolic blood pressure,
altered mental status, serum albumin and serum creatinine.
The optimum cutoff levels was selected to provide the max-
imum sensitivity and specificity.
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Predictors Coefficients Predictive
scores
Age =65 yrs 0.94 -
Systolic blood pressure <90 mm Hg 2.988 30
Altered mental status (Confused) 3.457 35
Albumin <30 g/L. 1.292 15
Creatinine >133 mmol/L 2.383 25
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predictive factors from multiple logistic regression.
The optimal cutoff limit for age at 65 years as a
predictor for mortality was derived from the Receiver
Operator Characteristics (ROC) analysis. Figure 1
shows the ROC curve developed for predictive factors
of mortality. The optimal cutoff level for classifying
patients into low risk and high risk was 100. A score of
100 corresponds to an observed cumulative mortality
of approximately 5%. Validation of this predictive
scoring system using bootstrapping technique yielded
a specificity 79% and sensitivity 66%.

Discussion. In this first retrospective analysis
of data from patients admitted with pneumonia in
an Arab country, we have identified 7 independent
predictors of mortality besides age using simple
logistic regression. These factors were: low systolic
BP, high respiratory rate, altered mental status,
low serum albumin, raised BUN and raised serum
creatinine levels. However, stepwise-multilogistic
regression revealed that only 5 of these factors were
important in predicting mortality in this cohort of
patients with pneumonia. These factors were: age
more than 65 years, low systolic BP, presence of
altered mental status, low serum albumin level and
raised serum creatinine concentration on admission.
We have also successfully used the bootstrap method
described by Efron and Tibshirani® for validating the
outcomes from this cohort of patients.

The presence of comorbidity has been established
as a significant predictor of mortality in patients with
pneumonia studies carried out in other countries.
Although our results in this regard were not significant
at the 5% level, there was a trend for comorbidity to
be predictor for mortality in this cohort of patients.”!!
The most common comorbid illness in our series was
diabetes mellitus, which reflects the high prevalence
of this disorder in the UAE. Interestingly, alcoholism,
chronic liver disease and acquired immune deficiency
syndrome were rare in this cohort compared to other
published reports.*'? Furthermore in the present
study, low systolic BP in patients with pneumonia
on admission to hospital has been shown to predict
a poor outcome in previous reports.>'%!* While a low
diastolic BP has been reported to be a major predictor
of death in pneumonia in some studies,'""” this
association was not seen in the present study.

Altered mental status has been consistently
shown to be a reliable predictor of poor outcome
in pneumonia®>*>'7 and our results agree with this
observation. Altered mental status in pneumonia is
presumed to represent the clinical effects systemic
inflammatory response in patients with pneumonia.

Although liver disease has been recognized
as a comorbid condition affecting the outcome in
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pneumonia in some reports,'®!? low serum albumin
has been recently identified as an independent
predictor of mortality.” To insure that these observed
effects of low serum albumin on odds of survival are
truly due to pneumonia rather than a confounding
factor like comorbid conditions, we ran a multiple
logistic regression of outcome versus serum albumin
concentration for patients with different types
of comorbid illness. As there was no significant
association between serum albumin concentrations in
patients with different coexisting illness, low serum
albumin appears to be an independent predictor of
mortality in this cohort.

Sepsis and infection such as pneumonia are
associated with increased production of early phase
reactive proteins such as C-reactive protein, Mannan-
binding lectin and lipopolysaccharide-binding protein
by the liver.'** All of these are essential in the innate
immunity.” Furthermore, low serum concentrations
of lipopolysaccharide-binding protein are associated
with a high mortality rate in human sepsis.* In this
setting, it is possible that patients with pneumonia
and low serum albumin represent a cohort with
poor liver function and by virtue of this, are unable
to mount an appropriate innate immune response to
infections and therefore, are at higher risk of dying
from pneumonia.

Interestingly, the incidence of parapneumonic
pleural effusion was very low in this cohort compared
to other published series.? Furthermore, it is of interest
that the incidence of empyema was low compared to
other reports.?**’

The 30-day mortality from pneumonia in this
dominantly Arab population was 10%. Older age,
altered mental status, low systolic BP, low serum
albumin concentration and raised serum creatinine
level at admission were predictive of poor outcome in
this cohort of patients. Compared to other published
series, the factors predicting mortality in pneumonia
appear to be somewhat different. The frequencies of
parapneumonic effusion and empyema were very low.
Although the results of this study have been validated
using repeated sampling procedure described in
bootstrap methodology, a prospective validation
study of the established risk factors for mortality in
patients admitted with pneumonia is warranted in this
population.
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