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Abstract

Introduction: There is lack of information about predictive variables for pneumonia mortality in the Mexican population.
Objective: The objective of the study was to identify a model for predictive variables for mortality in adults hospitalized with com-
munity acquired pneumonia (CAP). Material and methods: Case—control study of patients hospitalized with CAP. The cases
were incident cases with CAP that died during hospitalization and controls were those that did not die. The patients were followed
during the study time until the discharge or outcome of each patient. The association between the independent variables (clinical,
severity indices for pneumonia) with the outcome variable (in-hospital mortality) was evaluated by logistic regression. Results:
The model of associated variables with mortality were: stratified age from 50-70 years (odds ratio [OR] 2.35; 95% confidence
interval [95% ClJ: 1.06-5.17) and age >70 years (OR: 2.75; 95% CI: 1.18-6.37), woman (OR: 2.05; 95% Cl: 1.11-3.8), antecedent
of arterial hypertension (OR: 0.40; 95% CI: 0.20-0.80), tachycardia (OR: 2.68; 95% Cl: 1.16-6.17), tachypnea (OR: 2.85; 95% CI:
1.54-5.29), leukocytes = 12,000 (OR: 2.17; 95% CI: 1.21-3.87), and urea nitrogen > 30 mg/dL (OR: 4.85; 95% ClI: 2.55-9.24).
Conclusions: The proposed risk model is easy to document with clinical history and routine clinical laboratory variables.

Keywords: Adults. Risk factors. Mortality. Community acquired pneumonia.
Resumen

Antecedentes: Existe escasa informacion sobre variables predictoras para mortalidad por neumonia en poblacién mexicana.
Obijetivo: Identificar un modelo de variables predictoras para mortalidad en adultos hospitalizados por neumonia adquirida
en la comunidad (NAC). Método: Estudio de casos y controles de pacientes hospitalizados por NAC. Los casos fueron
pacientes con NAC que fallecieron durante la hospitalizacién y los controles fueron pacientes que no fallecieron. Los pacien-
tes se siguieron durante el tiempo de estudio hasta el egreso o el desenlace de cada uno. La asociacion entre las variables
independientes (clinicas, indices de gravedad para neumonia) con la variable desenlace (muerte hospitalaria) se evalué
mediante regresion logistica. Resultados: Las variables asociadas a mortalidad fueron la edad estratificada de 50-70 afios
(odds ratio [OR] 2.35; intervalo de confianza del 95% [IC 95%]: 1.06-5.17) y > 70 afios (OR 2.75; IC 95%: 1.18-6.37), ser
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mujer (OR 2.05; IC 95%: 1.11-3.8), antecedente de hipertension arterial (OR 0.40; IC 95%: 0.20-0.80), taquicardia (OR 2.68;
IC 95%: 1.16-6.17), taquipnea (OR 2.85; IC 95%: 1.54-5.29), leucocitos = 12,000 (OR 2.17; IC 95%: 1.21-3.87) y nitr6geno
de la urea >30 mg/dl (OR 4.85; IC 95%: 2.55-9.24). Conclusiones: E/ modelo de riesgo que se propone es facil de docu-
mentar con la historia clinica y las pruebas de laboratorio habituales.

Palabras clave: Adultos. Factores de riesgo. Mortalidad. Neumonia adquirida en la comunidad.

|ntroduction

Community-acquired pneumonia (CAP) is a common
and potentially serious disease. Although pneumonia
mortality rate has declined since the introduction of
antibiotic treatment in the 1940s, it is still regarded as
one of the leading causes of morbidity and mortality
worldwide.

In Mexico, in 2014, it was ranked as the 19" cause
of morbidity, with 174,748 cases and a rate of 1.5 per
100,000 population; furthermore, in 2013 it was the
12" cause of mortality, with 17,417 cases, which cor-
responded to 2.8% of all-cause mortality in the coun-
try'. At the National Institute of Respiratory Diseases
(Instituto Nacional de Enfermedades Respiratorias
[INER]), it is the second cause of emergency unit care
and the first cause of hospital morbidity (data obtained
from INER Medical Directorate, 2013-2017).

Severity evaluation is essential, since early identifica-
tion of individuals at high risk of death can help deciding
the site of medical care and a treatment plan. Therefore,
CAP clinical guidelines start the treatment algorithm
with severity evaluation by means of prediction rules for
patient risk stratification®“. The best validated and most
commonly used risk prediction models are the CURB-
65 scale® (confusion, urea nitrogen = 20 mg/dL, respi-
ratory rate > 30 breaths per min [bpm], systolic pressure
< 90 mmHg or diastolic pressure < 60 mmHg, and age
older than 65 years) and the pneumonia severity index
(PSI)®. These statistical predictive models were devel-
oped based on the identification of variables associated
with mortality and allow to identify patients at low risk
who can be treated on an outpatient basis and thereby
reduce the costs of care. The previous studies have
demonstrated their efficacy and safety for reducing hos-
pitalization in patients at low risk for mortality; however,
the proportion of hospitalized patients classified in this
stratum ranges from 31% to 62.5%"2.

In Mexican patients, the risk factors associated with
pneumonia mortality have been poorly explored, and
their recognition is essential for an appropriate treat-
ment according to the case, as well as for hospitaliza-
tion decision. In this context, the purpose of the

present study was to identify and evaluate a model of
variables predictive of mortality in adult patients hos-
pitalized with CAP, and to measure the proportion of
those classified as at low risk of mortality according
to the PSI and CURB-65 indices.

Methods

The study protocol was approved by the institutional
Research Ethics Committee. The results were han-
dled in such a way that protection of individual rights
and confidentiality was ensured.

Design, patients, setting, and period of
study

Case—control study of consecutive hospitalized pa-
tients diagnosed with CAP, carried out from 2006 to
2013 in a reference hospital for respiratory diseases
in Mexico City.

The study included hospitalized cases with a CAP
diagnosis, defined as acute disease in which the patient
has a new lung opacity associated with at least one of
the following signs or symptoms: recent-onset cough,
fever or hypothermia, leukocytosis or leukocytopenia,
left shift, for which there is no other explanation and the
disease is the main cause of hospital admission and will
be treated as pneumonia®. Patients with post-obstructive
pneumonia, history of hospitalization within 2 weeks be-
fore admission, nosocomial pneumonia, influenza-relat-
ed pneumonia and any type of immunosuppression
(either congenital or acquired), or under any immuno-
suppressive treatment were excluded from the study.

Case definition

Patient with CAP as admission diagnosis who died
during hospitalization.

Control definition

Hospitalized patient with CAP as admission diagnosis
who was discharged due to healing of the condition.
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Patients were consecutively included as they met
the inclusion criteria. The decision on patient treat-
ment site was at the discretion of the emergency
department treating physician, without mortality pre-
diction rules implementation having any influence.

Sample size and power

A minimum sample size necessary to identify an
odds ratio (OR) different from 1 was established, with
an alpha error of 0.05, power of 0.90, four controls per
case and considering the Chi-square test without con-
tinuity correction. Thus, 38 cases and 152 controls
were required’.

Each case was examined to verify that CAP diag-
nostic criteria were met, and data were collected in a
study-standardized worksheet. Patients were followed
during the study period until discharge or outcome of
each patient.

The “outcome” variable was in-hospital death. The
independent variables were sociodemographic vari-
ables, clinical characteristics (comorbidity, symptoms,
time with the condition, time between onset of the
condition, and treatment initiation), history of influenza
and pneumococcus vaccination, pleural effusion, obe-
sity (body mass index [BMI] > 30 kg/m?), and under-
nutrition (BMI < 18.5 kg/m? for women and < 20 kg/m?
for men), usual clinical laboratory tests for these pa-
tients, initial antibiotic treatment, isolated microorgan-
isms, and PSI® and CURB-65° severity indices scores.
To calculate the PSI score, points are added accord-
ing to age, gender, presence of comorbidity and al-
terations found on physical examination and laboratory
and radiological investigations. With the obtained
score, patients are stratified into categories that range
from | to V according to their severity. Class | corre-
sponds to patients younger than 50 years without
neoplastic disease, liver disease, congestive heart
failure or cerebrovascular or kidney disease, with nor-
mal or slightly altered vital signs, and without mental
state disorder. Classes Il to V are assigned according
to three demographic variables (age, gender, and resi-
dence at nursing home), five comorbid conditions, five
findings on physical examination and seven laboratory
or radiographic findings. Risk Class | corresponds to
0 points; Class Il, between 1 and 70 points; Class I,
between 71 and 90 points; Class IV, between 91 and
130 points; and Class V, more than 130 points.

The CURB-65 scale is based on the evaluation of
four essential prognostic variables, in addition to age
older than 65 years: confusion, defined as an abbreviated

mental state test score of 8 or less; urea nitrogen =
20 mg/dL, respiratory rate = 30 bpm and systolic pres-
sure < 90 mmHg or diastolic pressure < 60 mmHg.
Each variable present represents 1 point, and pa-
tients with two or more of these prognostic factors
have a highly elevated risk of death and should be
immediately referred to the hospital, since this is an
indication for admission to the intensive care unit.
Initial antimicrobial treatment in all cases adhered
to international and national clinical practice guide-
lines for CAP. The most commonly used regimens
were third-generation cephalosporin plus macrolide or
respiratory fluorogquinolone, both initially by intrave-
nous route. The decision of one regimen or the other
was at the discretion of the treating physician and
antimicrobials availability at the institution.

Statistical analysis

The STATA 15.1.0 statistical package (College Sta-
tion, Texas, USA) was used. To summarize the data,
descriptive statistics appropriate to each variable were
used. Continuous variables were expressed as medi-
ans (interquartile range), and categorical variables as
frequencies and percentages.

The association of different independent variables
(clinical and laboratory) with the outcome variable (in-
hospital death) was evaluated by logistic regression
according to Hosmer-Lemeshow methodology. Initial-
ly, a bivariate analysis was carried out, from which
variables were selected according to their statistical
significance (p < 0.2) and biological plausibility, which
were included in a multivariate analysis model. Odds
ratios were expressed with a 95% confidence interval
(Cl). To evaluate the model, the goodness-of-fit test
was used, and sensitivity, specificity, and predictive
values of the model were determined, as well as the
area under the curve.

Results

Patients with CAP were included: 87 cases with in-
hospital death and 230 controls who were alive at
discharge. Cases were older that subjects who were
alive at discharge, with a median of 64 versus
55 years, respectively (p < 0.05). Age as a continuous
and stratified variable was significantly associated
with mortality. From age 50 onward, the risk of mortal-
ity increases proportionally as age advances: In the
50-70 years stratum, OR was 1.66 (95% CI: 0.89-3),
and in those older than 70 years, OR was 2.22 (95%
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Table 1. Baseline characteristics of the study population with regard to vital status

Clinical characteristics Total population Cases Controls OR (95% ClI) p
(n=317) (n=87) (n =230)
n (%) n (%) n (%)

General
Age in years, median (25-75 interquartile range) 58 (41-73) 64 (47-79) 55 (38-71) 1.0 (1.0-1.03) 0.006
Age > 50 years 196 (61.8) 63 (72.4) 133 (57.8) 1.91 (1.12-3.28) 0.018

Gender
Females 144 (45.4) 45(51.7) 99 (43) 1.41(0.86-2.32) 0.167
Males 173 (54.6) 42 (48.3) 131 (57)

Comorbidity
At least one comorbidity 189 (59.6) 54 (62) 135 (58.7) 1.15(0.69-1.91) 0.585
Diabetes 87 (27.4) 19 (21.8) 68 (29.6) 0.67 (0.37-1.19) 0.171
Hypertension 96 (30.4) 9(10.3) 36 (15.7) 0.67 (0.38-1.17) 0.160
Cardiovascular 33(10.4) 13 (15) 20 (8.7) 1.84 (0.87-3.89) 0.108
Cerebrovascular 43(13.6) 18 (20.7) 25(10.9) 2.13(1.10-4.16) 0.025
Neoplastic 11(3.5) 2(2.3) 9(3.9) 0.58 (0.12-2.73) 0.489
Active or former smoker 145 (45.7) 40 (46) 105 (45.7) 1.01 (0.62-1.66) 0.959
Exposure to wood smoke 87 (27.4) 28 (32.2) 59 (25.7) 1.38 (0.80-2.36) 0.246
Prior antibiotic 125 (39.4) 38(43.7) 87 (37.8) 1.27 (0.78-2-10) 0.342

Cl: 1.20-4.12). Among the cases, there were more
women than men, with no significant difference. In the
overall population, presence of at least one comorbid-
ity (diabetes, hypertension, cerebrovascular disease,
etc.) was observed in 189 (59.6%) patients, with no
significant differences between cases and controls.
Having cerebrovascular disease was associated with
mortality (OR: 2.13; 95% CI: 1.10-4.16). There were no
differences between cases and controls with regard
to history of exposure to tobacco or wood smoke
(Table 1).

Crude analysis of clinical signs alterations and labo-
ratory variables association with mortality showed that
many were positively associated, such as heart rate >
124 beats/min (b/m), respiratory rate > 30 bpm, total
leukocytes > 12,000 mméd, blood urea nitrogen = 30 mg/
dL, and arterial pH < 7.35, among others. The respira-
tory pathogen was identified in 14.2% of total popula-
tion, with no significant differences between both study
groups. PSI class > 3 and a CURB-65 score > 1 were
strongly associated with mortality (Table 2).

The multivariate model for mortality showed that strat-
ified age remains strongly associated, as well as other
variables such as being female, heart rate > 124 b/m,
respiratory rate > 30 bpm, total leukocytes > 12,000
and blood urea nitrogen > 30 mg/dL. Having a history
of hypertension persists as a protective variable for
mortality in this model (Table 3). Regarding overall eval-
uation of the model, it met the goodness-of-fit criterion
(p = 0.7417), and had a sensitivity of 38.37%, specificity

of 93.48%, a positive predictive value of 68.75%, and
negative predictive value of 80.22%. The predictive
value of the model, evaluated by the area under the
curve was 0.78.

In the distribution of mortality risks for the PSI and
CURB-65 indices in the cases of death, a trend that
is directly proportional to the frequency of observed
mortality as each level of risk increases stands out.
In addition, we documented that, of the entire study
sample, 113 (35.6%) patients did not meet the hospi-
talization criteria according to PSI Classes | and I,
and there were 156 (49.2%) with a CURB-65 score of
0 and 1 (Table 4).

Discussion

The model proposed as a mortality predictor for
CAP includes seven variables that are easy to docu-
ment: five of them are easily obtained from the medi-
cal record and vital signs evaluation, and the other
two are clinical laboratory variables available at any
health-care unit. It was shown to be a good model
according to the criteria that were studied for its evalu-
ation, such as the goodness-of-fit test and the area
under the curve.

In the bivariate analysis, many of the variables that
were associated with CAP mortality are those al-
ready described in other populations and those in-
cluded in PS1® and CURB-65° mortality prediction
indices, such as neurological and cardiovascular
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Table 2. Selected vital signs and clinical laboratory variables with regard to vital status of the study population

Cases (n =87) Controls (n = 230) OR (95% ClI) p
n (%) n (%)
Clinical signs
Systolic pressure < 90 mmHg 13 (14.9) 17 (7.4) 2.13(0.99-4.60) 0.054
Heart rate > 124 b/m 19 (21.8) 24 (10.4) 2.39 (1.24-4.65) 0.010
Respiratory rate > 30 bpm 38 (46.7) 48 (20.9) 2.86 (1.68-4.86) 0.001
Pleural effusion 5(5.8) 37 (16.1) 0.32(0.12-0.84 0.020
Clinical laboratory
Total leukocytes > 12,000/mm? 56 (64.4) 106 (46.1) 2.11(1.3-3.5) 0.004
Total leukocytes < 3,500 4(4.6) 4(1.7) 2.76 (0.68-11.2) 0.155
Total neutrophils > 9,500 52 (59.8) 107 (46.5) 1.70 (1.03-2.82) 0.036
Hematocrit < 30% 14 (16.1) 16 (7) 2.6 (1.2-5.5) 0.016
Glucose > 250 mg/dL 8(9.2) 17 (7.4) 1.3(0.5-3) 0.596
Blood urea nitrogen > 30 mg/dL 42 (48.3) 36 (15.7) 5(2.9-8.7) 0.001
Sodium < 130 mmol/L 6(7) 21(9) 0.74 (0.29-1.89) 0.526
Serum albumin < 3.0 g/dL N/n 66/85 (77.7) 153/289 (73.2) 1.27(0.70-2.3) 0.429
Arterial pH < 7.35 14 (16.1) 17 (7.4) 2.40(1.13-5.12) 0.023
Sp0, < 88% 63 (72.4) 116 (50.4) 2.57 (1.51-4.41) 0.001
Microbiological identification 14 (16.09) 31(13.5) 1.23 (0.62-2.45) 0.552
PSl class Il 62 (70.1) 75(32.6) 4.85 (2.84-8.28) 0.000
CURB-65 > 1 65 (74.7) 96 (41.7) 4.12(2.38-7.15) 0.000

Cl: confidence interval; OR: odds ratio; SpO2: blood oxygen saturation.

Table 3. Community-acquired pneumonia mortality multivariate
analysis

Table 4. Risk distribution and mortality observed for PSI and
CURB-65 in the entire population and in deceased cases

Clinical characteristics OR (95% ClI) p

Stratified age
< 50 years Reference 0.034
50-70 years 2.35(1.06-5.17) 0.019
> 70 years 2.75(1.18-6.37)

Female gender 2.05(1.11-3.8) 0.021
Hypertension 0.40 (0.20-0.80) 0.010
Heart rate > 124 b/m 2.68(1.16-6.17) 0.021
Respiratory rate > 30 bpm 2.85 (1.54-5.29) 0.001
Total leukocytes > 12,000 2.17 (1.21-3.87) 0.009
Blood urea nitrogen > 30 mg/dL 4.85 (2.55-9.24) 0.000

Cl: confidence interval; OR: odds ratio.

comorbidity, clinical signs such as heart rate >
124 b/m, respiratory rate > 30 bpm, and systolic
blood pressure < 90 mmHg, as well as laboratory
variables such as blood urea nitrogen > 30 mg/dL
and hematocrit < 30%!"". Other variables not included
in said prediction indices, such as total leukocytes
> 12,000 and total neutrophils > 9500, were also as-
sociated in our population. Alboumin was not associ-
ated with mortality in our study and pleural effusion
was a protective factor (OR: 0.32; 95% Cl: 0.12-0.84)
for CAP mortality. In contrast, in the CURB-65 pre-
diction rule validation study, albumin and pleural ef-
fusion were associated with mortality in the bivariate
analysis, although only few subjects were evaluated

Severity Total population (n = 317) Deaths (n = 87)
n (%) n (%)
PSI Class | 52 (16.4) 3(5.8)
PSI Class Il 61(19.2) 7 (11.5)
PSI Class IIl 68 (21.5) 16 (23.5)
PSI Class IV 94 (29.6) 39 (41.5)
PSI Class V 42 (13.3) 22 (52.4)
CURBO 80 (25.2) 10 (12.5)
CURB 1 76 (24) 12 (15.8)
CURB 2 88 (27.8) 31(35.2)
CURB 3 55 (17.4) 23 (41.8)
CURB 4 16 (5) 9(56.3)
CURB5 2(0.63) 2 (100)

for those variables?®. In addition, a class > lll PSI and
CURB-65 > 1 point are also useful, given that both
were strongly associated with mortality, with ORs of
4.85 (95% CI: 2.84-8.28) and 4.12 (95% CI: 2.38-
7.15), respectively, which suggests that the risk pro-
file of our population, in general terms, is not different
from the scenario these prediction rules were derived
from, which positively impacts on their validity.
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The multivariate model further confirms the obser-
vation that age older than 50 years is a strong predic-
tor of mortality, together with other variables such as
being a female and having total leukocytes = 12,000.
A history of hypertension behaves as a protective vari-
able for mortality in this model. Regarding the latter
variable, the only explanation we have is that it may
be due to the opposite effect hypotension has as a
risk factor, and we consider this to be biologically
plausible. This, as far as we know, is something not
previously described that deserves to be explored,
given that it persists when adjusted for other variables
such as age and precisely in subjects older than
50 years is the prevalence of a history of high blood
pressure much higher than in those younger than
50 years (42.6 vs. 10.7%).

With the purpose to improve the outcome of patients
who suffer from CAP, since 1993, some medical societ-
ies of the United States of America and other parts of
the world developed different clinical guidelines for the
care of these patients®*, in which recommendations are
proposed for the diagnosis, treatment and prevention
of CAP, the compliance of which has shown a positive
impact on the outcome. However, there is still the prob-
lem of deciding which patients to hospitalize and which
can be treated on an outpatient basis, which unques-
tionably has an impact on the costs of care.

Prognostic prediction indices, such as PSI and
CURB-65, although validated for mortality, are mainly
used to identify cases of lower risk and that can be
treated on an outpatient basis without increasing the
risk of death. For PSI, indications say that patients in
Classes | and Il generally do not require hospitaliza-
tion, those in Class Ill may require very brief hospi-
talization, and those in Classes IV and V generally
require hospitalization. In the case of CURB-65, hos-
pitalizing those who have 2 points or more is recom-
mended. However, hospitalization of patients classified
as of low risk for various reasons is highly common.
In our study, 35.6% and 49.2% of cases had no hos-
pitalization criteria according to PSI and CURB-65,
respectively, a proportion that is within the figures
described by other authors. In the CAPO international
medical care quality trial, 26% of cases did not meet
the hospitalization criterion according to PSI™2, and
other studies have found rates of between 31% and
62.5% for this indicator"®. The reasons for hospitaliza-
tion in most our patients who did not require hospi-
talization according to PSI and CURB-65 criteria
included hypoxemia, need to treat any comorbidity,
parapneumonic pleural effusion, bilateral multilobular

radiological compromise, or oral intolerance. How-
ever, in many cases, a higher need for hospitalization
is likely to have been estimated. In this regard, there
is evidence that in approximately 20% of hospitalized
cases with low risk for mortality, no reason for it is
documented, except for the decision of the treating
physician'. This is an aspect that should be evalu-
ated in our institution given its characteristics, and
although PSI is a good predictor of mortality risk at
hospital admission, it may not be useful in some
cases, since it does not take into account social-type
factors or the need to treat another comorbidity
(Table 4).

The limitations of this study include its case—control
design and sample size, compared to the large co-
horts the prediction indices were derived from; in ad-
dition, there was no follow-up after discharge and the
results do not apply to outpatients. We were unable
to assess the contribution of pneumococcal vaccina-
tion history due to a lack of information on the
subject.

Conclusions

In the proposed risk model, age older than 50 years,
being a female, heart rate > 124 b/m, respiratory rate
> 30 bpm, leukocytes > 12,000, and blood urea nitro-
gen > 20 mg/dL were positively associated with mor-
tality. A history of hypertension was protective for
mortality. The variables of the model are easy to docu-
ment with the medical record and usual laboratory
tests in hospitalized patients with CAP.

A high frequency of hospitalized patients with low-
risk criteria according to PSI and CURB-65 stands
out: 35.6% and 49.2%, respectively
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