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Abstract

Aim: In patients with community-acquired pneumonia, we observed that the impact of the age variable commonly used in Pneumonia
Severity scores to predict mortality risk is disproportionate within the pneumonia severity index (PSI). In this context, our study aimed to
evaluate and compare the effectiveness of pneumonia severity scores, adjusted for demographic factors such as age and gender, in predicting
intensive care unit (ICU) admission and mortality, compared to PSI and CURB-65.

Materials and Methods: In 2019, data on patients diagnosed with pneumonia in the emergency department were obtained through a
retrospective review. The CURB-65, PSI, age-modified PSI (mPSI), and gender- modified PSI (gmPSI) scores were calculated. The predictive
performance of these scores for ICU admission and mortality was statistically analyzed.

Results: A total of 363 patients were included in the study, of whom 205 (56.4%) were male. Additionally, comparisons of the newly developed
age-mPSI and gmPSI with the standard PSI and CURB-65 demonstrated no statistically significant difference in predicting 30-day mortality or
ICU admission rates (p>0.05).

Conclusion: The findings of this study indicate that the newly developed mPSI and gmPSI scoring systems yield results comparable to those
of the standard PSI scoring system.
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Pneumonia Severity index (PSI). CURB-65 is a classification system
used to predict the risk of mortality and is frequently preferred
in emergency departments because it is easy to remember and

Introduction

Community-acquired pneumonia (CAP) is a common disease with

a lifetime prevalence of 20-30% in developing countries and 3-4%
in developed countries (1). The mortality rate among hospitalized
and diagnosed patients has been reported to vary between 4%
and 21% in different settings (2). It has been reported that this
rate is higher, even up to 50%, among patients admitted to the
intensive care unit (ICU) (3). Treatment in patients with CAP is
determined according to the general condition and prognosis of
the patient, and the follow-up and treatment plan of the patient
varies according to the severity of the disease (4). Therefore,
various scoring systems are used to determine the prognosis. The
most commonly used assessment tools are CURB-65 (confusion,
blood urea nitrogen, respiratory rate, blood pressure) and

contains few criteria (3). PSI is a scoring system developed by
Fine et al. (5) that includes 20 parameters and is divided into
5 categories according to 30-day prognosis predictions. CURB-
65 and the PSI are widely used to predict mortality in CAP (6).
However, there are many studies reporting that PSI performs
better than CURB-65 in predicting mortality (7,8).

Nevertheless, clinical applications have revealed certain
limitations of this scoring system within the context of emergency
departments (8,9). For instance, one study demonstrated that
mortality and ICU admission rates were lower among patients
categorized as PSI Class I/1l but were paradoxically higher among
those with a CURB-65 score of 1 (10). Furthermore, evidence

pneumonia. Eurasian ] Emerg Med. 2025;24(3): 208-13.
@oee)

208

! Corresponding Author: Yasemin Yilmaz MD, University of Health Sciences Tiirkiye, Ankara Atatiirk Sanatorium
gy Training and Research Hospital, Clinic of Emergency Medicine, Ankara, Tiirkiye

- Cite this article as: Yilmaz Y, Yurtseven A. Performance of modified pneumonia severity indexes in community-acquired

Received: 11.02.2025
Accepted: 09.05.2025
Epub: 07.07.2025
Published: 10.09.2025

©Copyright 2025 The Emergency Physicians Association of Turkey / Eurasian Journal of Emergency Medicine published by Galenos Publishing House.
Licenced by Creative Commons Attribution-NonCommercial-NoDerivatives (CC BY-NC-ND) 4.0 International License.


https://orcid.org/0000-0003-1048-4478
https://orcid.org/0000-0002-1554-0873

Eurasian | Emerg Med.
2025;24(3): 208-13

Yilmaz and Yurtseven. Performance of Modified Pneumonia Severity Indexes

suggests that approximately 27% of patients in PSI Class I-lll
may necessitate ICU admission and 40% of patients classified
as low-risk were hospitalized (11,12). Although elevated scores
in such systems are typically indicative of more severe illness,
it is important to note that younger to middle-aged patients
with low scores may also require ICU-level care. In particular,
the age-related risk factor incorporated into the PSI scoring
system may result in disproportionately high scores among older
patients while potentially underestimating severity in younger
individuals.

Many studies in the literature have shown that sex hormones
play an important role in the immune response and that
women have a stronger immune response than men. In general,
women have a stronger response to pathogens and produce
higher levels of interferon and antibodies (13,14). We aimed to
assess the influence of age and sex on the performance of the
PSI scoring system in this study. In particular, the impact of the
newly developed age- and sex-modified, modified-PSI (mPSI) and
gender- modified PSI (gmPSI) on clinical outcomes, including
mortality and ICU admission rates, was analyzed.

Materials and Methods

This retrospective study was conducted in the emergency
department of a tertiary hospital located in a provincial center
that experiences approximately 420,000 patient visits annually. It
received ethical approval from the University of Health Sciences
Turkiye, Diskapi Yildirim Beyazit Training and Research Hospital
Clinical Research Ethics Committee (decision number: 103/13,
date: 25.01.2021). Our research was designed in accordance
with the Standards for Reporting of Diagnostic Accuracy Studies
statement (15).

Information was extracted from electronic medical records and
patient charts. A retrospective chart review was conducted by two
emergency medicine specialists, each possessing a minimum of
three years of experience.

Between January 1, 2019, and December 31, 2019, patients were
diagnosed with pneumonia in the emergency medicine clinic. All
patients over the age of 18 years with a diagnosis of pneumonia
were included in the study. The inclusion criteria were based on
ICD-10 codes (International Statistical Classification of Diseases,
J15 and its subcodes, J15.8, J15.9) retrieved from the hospital’s
data system. Individuals with a history of hospitalization
within the preceding seven days, a diagnosis of cystic fibrosis,
tuberculosis, or Human immunodeficiency virus, a documented
history of concomitant pulmonary embolism, or a history of
trauma at the time of admission, as well as those with incomplete
data in their records, were excluded from the study. Additionally,

patients with high mortality at the time of admission and those
diagnosed with pneumonia were not included in the study.

Patients diagnosed with pneumonia were initially stratified
according to the CURB-65 score, the PSI, and the criteria for ICU
admission (1). The PSI scoring system was subsequently modified
by excluding the age and gender variables. To adjust for age-
related risk, 10 points were allocated to patients aged 65 years
and older, whereas no points were assigned to those under 65
years. This revised scoring model was termed the mPSI.

In the calculation of the gmPSI, female patients aged 65 years and
older were assigned 10 points, while male patients in the same
age group were allocated 20 points. No points were assigned to
either male or female patients under the age of 65.

The predictive performance of the scoring systems (PSI, mPSI, and
gmPSl) in estimating hospitalization and mortality outcomes was
systematically evaluated. Patients were subsequently categorized
into two distinct age groups: younger adults (18-64 years) and
older adults (>65 years), enabling a comprehensive comparison
between these cohorts.

Statistical Analysis

Statistical analyses were conducted using the SPSS 22.0 software
package. The normality of continuous variables was assessed
through the Kolmogorov-Smirnov test, supplemented by
descriptive statistical measures of Skewness and Kurtosis.

Descriptive statistics were presented as frequencies and
percentages for categorical variables, while continuous variables
were summarized using medians and (interquartile range 25"-
75" percentiles). For the analysis of differences in numerical
variables between two independent groups, the Mann-Whitney
U test was employed. Comparisons of proportions between
independent groups were conducted using chi-square analysis.

ROC analyses were conducted to evaluate the predictive efficacy
of continuous variables in estimating 30-day mortality and the
need for intensive care. A p value of <0.05 was considered the
threshold for statistical significance.

Results

A total of 450 patients were initially enrolled in the study;
however, 87 were excluded due to incomplete data. Among the
remaining participants, 205 (56.4%) were male. Hospitalization
rates did not differ significantly between male and female
patients (p=0.248).

The stratified pneumonia scores based on 30-day mortality
and ICU requirements for all patients are presented in Table 1.
Patients who died or required ICU admission were older and
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exhibited higher scores across all measurements (p<0.05 for all
comparisons) (Table 1).

ROC analysis was conducted to identify the threshold values
of pneumonia scores distinguishing between deceased and
surviving patient groups. Among the scores, PSI demonstrated
the highest area under the curve (AUC), while CURB-65 exhibited
the lowest. All AUC values were statistically significant (p<0.001
for all comparisons) (Table 2, Figure 1A).

In the ROC analysis conducted to determine the threshold values
of pneumonia scores differentiating patients admitted to the ICU
from those not admitted, the mPSI demonstrated the highest
AUC, while the CURB-65 showed the lowest. All AUC values were
statistically significant (p<0.001 for all comparisons) (Table 3,
Figure 1B).

The best cut-off values, along with the corresponding sensitivity
and specificity of the PSI, mPSI, and gmPSI scores for predicting
mortality and ICU admission, are presented in Table 4. The
sensitivity and specificity values for all three scoring systems were
found to be comparable (Table 4).

Patients were categorized into two age groups: 18-64 years
(young) and >65 years (geriatric). In the ROC analysis conducted to
identify the threshold values of pneumonia scores for predicting
mortality within the young age group, the PSI demonstrated the
highest AUC, whereas CURB-65 exhibited the lowest. All AUC
values were statistically significant (p<0.001) (Table 5, Figure 2A).

In the ROC analysis conducted to determine the threshold values
of pneumonia scores for predicting mortality in the geriatric
group, PSI and mPSI exhibited the highest AUC values, while
CURB-65 demonstrated the lowest (Table 6, Figure 2B).

In the ROC analysis conducted to identify the threshold values
of pneumonia scores for predicting ICU admission in the young
patient group, the highest AUC value was observed for the mPSI,
while the lowest was associated with the PSI (Table 7, Figure 3A).

In the ROC analysis conducted to determine the threshold values
of pneumonia scores for intensive care admission in the geriatric
population, the highest AUC value was observed for the PSI score,
while the lowest was associated with the CURB-65 score (Table 8,
Figure 3B).

Discussion

Treatment, prognosis, and care location decisions are often
facilitated by scoring systems, which, despite inherent challenges
and limitations, serve as valuable tools in the clinical decision-
making process. These systems primarily aim to minimize
unnecessary hospital admissions while ensuring appropriate
patient placement and management. The PSI, a widely utilized
scoring system, comprises 20 variables encompassing patient
age, history of nursing home residence, comorbid conditions,
vital signs, laboratory results, chest radiographic findings, and
oxygenation status. The assessment is conducted in two distinct
stages. In this scoring system, the age variable is directly assigned
based on the numerical age in male patients, while, for female
patients, it is calculated as age minus 10. Consequently, this
approach may result in low scores for young patients with
severe respiratory failure in the absence of comorbidities,
while generating high scores for very elderly patients. Such
discrepancies can create confusion for clinicians and potentially
lead to inappropriate hospitalization and treatment decisions.

Table 2. AUC values of pneumonia scores according to 30-day
mortality

AUC iCr:)tr;friclaelnce p value
CURB-65 0.700 0.637-0.763 <0.001
PSI 0.803 0.750-0.855 <0.001
mPS| 0.794 0.740-0.849 <0.001
gmPS| 0.793 0.739-0.847 <0.001

AUC: Area under the curve, PSI: Pneumonia severity index, mPSI: Modified-PSI,

gmPSI: Gender-mPSI

Table 1. Pneumonia severity scores stratified by 30-day mortality and intensive care unit admission requirement

Mortality in 30 days ICU hospitalization

Exitus Alive p value | None ICU admission ICU admission p value
Gender n (%)
Female 33 (44.6%) 125 (43.3%) 0.835 | 106 (41.4%) 52 (48.6%) 0.248
Age (years) (min-max) 80 (70-86) 75 (63-83.5) 0.005 75 (63-81.7) 80 (70-87) <0.001
CURB-65 median (min-max) 2(2-3) 2(1-2) <0.001 |2(1-2) 2(2-3) <0.001
PSI score 164 (138-191) 119 (93-149) <0.001 | 112.5(91-140) 163(142-180) <0.001
mPSI, median (min-max) 100 (80-120) 60 (40-80) <0.001 | 50 (30-80) 100 (80-120) <0.001
gmPSI, median (min-max) 100 (80-120) 60 (40-90) <0.001 | 60 (40-80) 100 (90-120) <0.001
ICU admission n (%) 55 (74.3%) 58 (20.1%) <0.001

ICU: Intensive care unit, PSI: Pneumonia severity index, mPSI: Modified-PSI, gmPSI: Gender-mPSI
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The literature contains numerous studies evaluating the sensitivity
and specificity of CURB-65 and PSI scores in predicting mortality
and the necessity for ICU admission (16-18). In a study conducted
in Iran, CURB-65 demonstrated higher accuracy in predicting
mortality and the need for intensive care hospitalization in
patients with CAP (17). In contrast, studies conducted by Akca
et al. (17) and Satici et al. (18) found that PSI exhibited superior
performance in predicting mortality.
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Figure 1. ROC analysis of pneumonia scores according to 30-day
mortality or ICU hospitalization for all patients. A) ROC analysis of
pneumonia scores according to 30-day mortality for all patients, B)
ROC analysis of pneumonia scores according to ICU hospitalization
for all patients

ICU: Intensive care unit

Table 3. AUC values of pneumonia scores by ICU
AuC icr:)tr;frlclaelnce p value
CURB-65 0.764 0.714-0.815 <0.001
PSI 0.839 0.796-0.882 <0.001
mPSI 0.856 0.818-0.895 <0.001
gmPSI 0.854 0.815-0.892 <0.001
AUC: Area under the curve, ICU: Intensive care unit, PSI: Pneumonia severity index,
mPSI: Modified-PSI, gmPSI: Gender-mPSI

In a retrospective study involving 1,902 patients, Zhang et al. (19)
categorized the patients into three age groups: 18-64 years, 65-84
years, and >85 years. Although PSI Class Il is considered a low-
risk category for mortality, they observed a mortality rate of 7.5%
in the 18-64 age group, compared to 2.1% in the 65-84 age group
and 2.6% in those aged >85 years. Accordingly, they suggested
that PSI Class IIl may not be appropriate for classification as a
low mortality risk in younger patients. They reported that while

Table 5. AUC values of pneumonia scores according to 30-day
mortality at 18-64 years of age

AuUC i(ir?tr;ti‘(/iaelnce p value
CURB-65 0.760 0.594-0.927 0.008
PSI 0.870 0.756-0.985 <0.001
mPSI 0.825 0.688-0.963 =0.001
gmPS| 0.825 0.687-0.962 =0.001

AUC: Area under the curve, PSI: Pneumonia severity index, mPSI: Modified-PSI,
gmPSI: Gender-mPS|
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Figure 2. ROC analysis of pneumonia scores according to 30-
day mortality for young and geriatric patients. A) ROC analysis
of pneumonia scores according to 30-day mortality for young
patients, B) ROC analysis of pneumonia scores according to 30-day
mortality for geriatric patients
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Figure 3. ROC analysis of pneumonia scores according to I1CU
hospitalization for young and geriatric patients. A) ROC analysis
of pneumonia scores according to ICU hospitalization for young
patients, B) ROC analysis of pneumonia scores according to 1CU

Table 4. Threshold values and sensitivity and specificity of
pneumonia scores
PSI mPsI gmPs| :
Mortality he
Best cut-off point | 121% 57% 52%
Sensitivity 89% 90% 95% ——,
Specificity 55% 47% 42% BETr—
ICU
Best cut-off point | 123% 62% 62%
Sensitivity 90% 92% 94%
Specificity 62% 66% 62%
ICU: Intensive care unit, PSI: Pneumonia severity index, mPSI: Modified-PSI, gmPSI: hospitalization for geriatric patients
Gender-mPs| ICU: Intensive care unit
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Table 6. AUC values of pneumonia scores for predicting 30-day
mortality in patients aged >65 years

AUC iCr:)tr:;i‘(liaelnce p value
CURB-65 0.658 0.585-0.731 <0.001
PSI 0.771 0.709-0.834 <0.001
mPSI 0.771 0.708-0.834 <0.001
gmPSI 0.769 0.707-0.832 <0.001

AUC: Area under the curve, PSI: Pneumonia severity index, mPSI: Modified-PSI,
gmPSI: Gender-mPS|

Table 7. AUC values of pneumonia scores for 18-64 years
according to ICU

AUC icl:)tr;ti‘jlaelnce p value
CURB-65 0.865 0.775-0.955 <0.001
PSI 0.835 0.726-0.944 <0.001
mPSI 0.901 0.814-0.988 <0.001
gmPS| 0.900 0.814-0.987 <0.001

AUC: Area under the curve, ICU: Intensive care unit, PSI: Pneumonia severity index,
mPSI: Modified-PSI, gmPSI: Gender-mPSI

Table 8. AUC values of pneumonia scores for predicting
intensive care unit admission in the geriatric population

AUC iC&r::i‘(/iaelnce p value
CURB-65 0.728 0.666-0.790 <0.001
PSI 0.833 0.787-0.880 <0.001
mPSI 0.830 0.783-0.876 <0.001
gmPSI 0.828 0.781-0.875 <0.001

AUC: Area under the curve, ICU: Intensive care unit, PSI: Pneumonia severity index,
mPSI: Modified-PSI, gmPSI: Gender-mPSI

PSI was more sensitive than CURB-65 in predicting mortality, it
misclassified the low-risk group among younger patients, and
the discriminative power of both CURB-65 and PSI diminished
with increasing age (19). In a prospective study involving 987
patients, Chen et al. (20) categorized the patients into age
groups as defined in the study and observed mortality rates of
20% in the 18-64 age group, 11% in the 65-84 age group, and
11.5% among those aged 85 years and over. They demonstrated
that 77.8% of the patients who died in the young adult group
were categorized as low-risk, a significantly higher proportion
compared to those categorized as low-risk in the elderly and
very old groups. They attributed the poor performance of the PSI
score in elderly patients to the significant influence of the age
variable and proposed that applying a non-linear adjustment
to the age variable would enhance the PSI score’s accuracy.
Simonetti et al. (21) also observed in their prospective study
that the effectiveness of PSI and CURB-65 in predicting mortality
diminished with advancing age. In our clinical practice, we found
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it necessary to critically evaluate the age component of the PSI
score. Our observations indicated that some very elderly patients
did not require intensive care despite having a high PSI score,
whereas certain younger patients required intensive care despite
a low PSI score.

In our study, a novel scoring system was developed and
implemented to address the confusion caused by existing scoring
systems for patients requiring hospitalization in the ward or ICU,
or those who can be managed as outpatients. Based on the data
obtained from these scoring systems, we found that the highest
AUC value for predicting 30-day mortality was associated with
PSI, while the lowest was observed with CURB-65.

Comparisons according to the patients’ age groups indicated that
the highest AUC value for 30-day mortality in the 18-64 age group
was related to PSI, and the highest AUC value for the need for
ICU admission was related to mPSI. We found that the highest
AUC value for 30-day mortality in the geriatric age group was
related to both PSI and mPSI, and the highest AUC value for the
need for ICU admission was related to PSI. PSI scoring was more
significant than mPSI scoring in terms of the need for intensive
care admission in the geriatric age group. However, the results
of both scores were similar in the geriatric age group in terms of
mortality. In the 18-64 age group, the significance of mPSI scoring
in intensive care admissions led to the conclusion that the age
factor had an effect on determining the need for admission.
However, after a more detailed examination of the findings,
we found that there was no significant difference between the
scoring systems.

Study Limitations

Our study has a retrospective design, and the consequent data
loss is one of our limitations. There may be missing data due to
incorrect diagnosis code records. Due to the retrospective nature
of the study, certain variables like confusion may have been
under-documented in the medical records, which could have
resulted in lower CURB-65 and PSI scores. There are limitations in
our study because patient data were collected in a single center
and the study was conducted with a specific sample size.

Conclusion

In our study, we have demonstrated that the mPSI and gmPSI
scoring systems, can reduce hospital burden and additional costs
by decreasing unnecessary intensive care admissions, similar
to PSI. Additionally, they exhibit comparable sensitivity to PSI,
which is used as the standard for predicting early mortality.
Therefore, we believe that its application in both elderly and
younger patients could facilitate a more objective assessment.
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