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Background: Pneumonia severity index (PSI) estimates the risk of 30-day mortality in patients with
pneumonia. In this study, we aim to develop a simplified version of the PSI (G-PSI) to estimate the risk of
mortality in geriatric patients with community-acquired pneumonia (CAP).

Methods: This retrospective study included 186 patients aged 65 and older with a diagnosis of CAP. PSI
score and 30-day mortality rate of each patient were calculated. PSI parameters were analyzed using
univariate regression analysis and the G-PSI scoring system was established to predict 30-day mortality
and compared with PSI.

Results: Significant effectiveness of the values of cancer (odds ratio (OR) = 3.67; 95% confidence
interval (Cl): 1.42-9.48), altered mental status (OR = 0.79; 95% Cl: 0.68—0.92), systolic blood pressure
(OR =0.98; 95% Cl: 0.97-1.00), haematocrit (Hct) (OR = 0.87; 95% Cl: 0.81-0.93) and blood urea nitro-
gen (BUN) (OR = 1.04; 95% Cl: 1.02—1.06) were observed for predicting mortality in univariate regres-
sion analysis. G-PSI scoring system, like PSI score (if cancer + 30 points, if altered mental status +20
points, if systolic blood pressure < 90 mmHg + 20 points, if Hct < 30% + 10 points and if BUN > 30 mg/dl +
30 points) was created. The area under the receiver operating characteristic curve (AUC) was 0.762 (95% Cl
0.673-0.851), revealing the excellent discriminatory ability of the G-PSI model. The AUC for the PSI score
was 0.719 (95% Cl 0.631-0.806). When G-PSI and PSI were compared, G-PSI had a high level of significance
in predicting 30-day mortality.

Conclusion: Calculated with only five parameters from standard PSI information, G-PSI accurately dis-
plays the 30-day mortality risk of geriatric patients with CAP. The applicability of the G-PSl is easier in a

busy emergency service environment with similar prognostic accuracy and clinical prediction.

Copyright © 2021, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Community-acquired pneumonia (CAP) is still one of the most
common causes of mortality and morbidity in the geriatric patient
group. While the prevalence rate is 6/1000 in the 1839 age group, it
is 34/1000 in people aged 75 and over.} In-hospital mortality rate is
more than 10% and 1-year mortality is more than 40% in patients
over 65 years old diagnosed with CAP.2 These high mortality rates
indicate that the prognosis of patients hospitalized with CAP diag-
nosis is at least as severe as heart failure or stroke.

Scoring systems, such as pneumonia severity index (PSI), modi-
fied American Thoracic Society (mATS) rule or CURB 65 (confusion;
urea; respiratory rate; blood pressure; age over 65), have been de-
veloped to minimize the risk of pneumonia mortality.“_6 This prog-
nostic information obtained using scoring systems in the evaluation
and management of pneumonia patients is significant in the regula-
tion of patient care and in the hospitalization decision or guiding the
admission process to the intensive care unit.” It also helps the clini-
cian determine the suitability of early hospital discharge or out-
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patient care through accurate and objective prognosis prediction.

Although these scoring systems are widely used in clinical prac-
tice, all of them have different practical limitations.>% In PSI, which
is one of the most used scoring systems, five risk groups are created
using 20 clinical and investigational variables of the patient, and the
30-day mortality rate is calculated.® The high number of variables in
the PSI scoring system makes this scoring system difficult to use in
busy emergency service departments.

The present study aims to calculate the PSI score by examining
the geriatric patients who applied to our emergency department
and diagnosed with CAP and to provide a simplified version of PSl in
patients over 65 years of age by determining the effects on mortality
of the clinical and investigational variables used in the PSI scoring
system.

2. Materials and Methods

In this study, we analyzed the cases of CAP diagnosed in patients
aged 65 and over in the Emergency Department of the University of
Health Sciences Haydarpasa Numune Training and Research Center
during 12 months from November 2018, retrospectively. This study
was conducted in accordance with the Declaration of Helsinki and
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was approved by the Ethics Committee of the University of Health
Sciences, Haydarpasa Numune Training and Research Hospital
(Grant N0.2020/36-2128). Since this study was a retrospective study,
written informed consent was waived by the ethics committee of
the designated hospital. The annual number of patient applications
to our emergency department is approximately 200000-250000
individuals, and 9.6% of these patients are over 65 years of age. The
diagnosis of pneumonia was determined by physical examination
findings and radiological findings in patients presenting with symp-
toms, such as dry or productive cough, chest pain, fever or shortness
of breath. Patients with a history of hospitalization for any reason in
the last 30 days, patients who received intravenous drug therapy at
home or in the care center, patients undergoing hemodialysis and
patients with decubitus ulcers were excluded from this study and
patients diagnosed with community-acquired pneumonia were
included in this study.

The epicrisis of the patients were examined and age, gender,
co-morbid diseases, care place, altered mental status, respiratory
rate, systolic blood pressure, fever, heart rate, pH, sodium, BUN, glu-
cose, hemotocrit, partial oxygen pressure, presence of pleural effu-
sion in X-ray, discharge or hospitalization, mortality and length of
hospital stay were recorded and PSI scores were calculated. The
presence of altered mental status was accepted as acute impairment
of consciousness or confusion when compared to basal cerebral
functions of the patients.7

In this study, mean, standard deviation, median, lowest, highest
and frequency and ratio values were used in the descriptive statistics
of the data. The distribution of variables was measured using the
Kolmogorov Smirnov test. Unpaired t-test and Mann-Whitney U test
were used in the analysis of quantitative independent data. In the
analysis of qualitative independent data, the chi-square test was
used and the Fischer test was used when chi-square test conditions
were not met. Its effect level was investigated by multivariate logistic
regression. SPSS 26.0 program was used in the analyses. A p-value of
less than 0.05 was considered statistically significant.

3. Results

One hundred eighty-six geriatric patients diagnosed with CAP
were included in this study. The mean age of the patients was 79.4 +
8.7;55.9% (n = 104) of them were female. The 30 days mortality rate
was 18.8% (n = 35). Only three of the patients lived in a nursing
home. Demographic data, comorbid diseases, laboratory para-
meters and 1-month mortality rate of 186 patients are given in Table 1.

When we classified the patients into two groups as a survivor
and a 30-day mortality group, no significant difference was detected
between the ages, gender and location distribution of the patients (p
>0.05). While the rate of neoplastic disease was 25.7% (n = 9) in the
mortality group, it was 8.6% (n = 13) in the survivor group (p =
0.005). When we examined the CHF, CVA, kidney disease, CAD, and
liver disease comorbidities in the PSI scoring system, no significant
difference was observed between the two groups (p = 0.686, p =
0.644, p =0.067, p = 0.678, p = 1.000, respectively). It was observed
that the respiratory rate of > 30 breaths/min, and the presence of
pleural effusion in lung imaging had no effect on mortality (p = 0.626
vs. p = 1.000, respectively). In the group with mortality, 37.1% (n =
13) of the patients altered mental status, while this rate was 15.2%
(n=23) in the survivor group (p = 0.003). Systolic blood pressure was
118.7 £ 26.6 mmHg in the mortality group, while it was 129.2 £ 25.5
mmHg in the survivor group (p = 0.031). Glucose (152.0 + 80.4 vs.
157.8 £77.7), fever (37.0 £ 0.7 vs. 36.9 £ 0.7), pulse (94.3 £ 17.2 vs.
91.9+16.2), arterial pH (7.4 £0.1vs. 7.4£0.2), Pa0, (49.9+ 17.1 vs.
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48.8 +15.4), sodium (138.1+ 4.5 vs. 136.6 + 5.6) parameters did not
differ significantly between the survivor and mortality groups (p =
0.373, p =0.215, p =0.707, p = 0.658, p = 0.997, p = 0.418, respec-
tively). Htc level was lower in the mortality group as compared to the
survivor group (32.1 £7.5% vs. 37.7 £ 5.9%, p < 0.001, respectively).
BUN level was higher in the mortality group as compared to the
survivor group (43.0 £ 22.8 mg/dl vs. 27.8 + 16.3 mg/dl, p < 0.001,
respectively) (Table 2).

For predicting mortality in univariate regression analysis, cancer
(OR=3.67;95% Cl: 1.42-9.48, p = 0.007), altered mental status (OR =
0.79; 95% Cl: 0.68-0.92, p = 0.003), systolic blood pressure (OR =
0.98; 95% Cl: 0.97-1.00, p = 0.033), Hct (OR = 0.87; 95% Cl: 0.81—
0.93, p < 0.001) and BUN (OR =1.04; 95% Cl: 1.02-1.06, p 0.001)
values’ significant efficacy was observed (Table 3).

Geriatric PSI (G-PSl) scoring system was created using cancer,
altered mental status, systolic blood pressure, Hct and BUN para-
meters that were significant from the PSI parameters as a result of
univariate regression analysis. In the scoring of the parameters that
we used in the G-PSI scoring system, the scoring was performed
using the scoring system in PSI (if cancer + 30 points, if altered men-
tal status + 20 points, if systolic blood pressure < 90 mmHg + 20
points, if Hct < 30% + 10 points and if BUN > 30 mg/dl + 30 points).
Thus, the effectiveness of G-PSI in predicting 30-day mortality was
calculated.

It was observed that the G-PSI score calculated with cancer,
altered mental status, systolic blood pressure, Hct and BUN para-
meters had a significant effect in predicting mortality in geriatric

Table 1
Investigation of PSI parameters and 30-day mortality rate of patients
diagnosed with geriatric CAP.

Variables n (%)
Age
Min-max 65.0-104.0
Median 79.0
Mean + SD 79.4+8.7
Female 104 (55.9)

Accommodation, n (%)

Nursing home 3(1.6)
Private 183 (98.4)
Co-morbidities, n (%)
Neoplastic disease 22 (11.8)
Liver disease history 6(3.2)
Congestive heart failure 53 (28.5)
Cerebrovascular disease 20 (10.8)
Renal disease history 29 (15.6)
Coronary artery disease 48 (25.8)
Respiratory rate < 30 breaths/min, n (%) 149 (80.1)
Respiratory rate > 30 breaths/min, n (%) 37 (19.9)
Altered mental status 36 (19.4)
30 day mortality, n (%)
No 151 (81.2)
Yes 35(18.8)

CAP characteristics (med, min-max)

Glucose, mg/dl 131.0 (59.0-706.0)

SBP, mmHg 127.5 (60.0-206.0)
Temperature, °C 36.8 (36.0-39.4)
Pulse, bpm 92.0 (56.0-141.0)
Arterial, pH 7.4(7.0-8.2)
Pa0,, mmHg 49.0 (47.0-107.0)
Htc, % 37.1(12.7-54.3)
Sodium, mEq/I 138.0 (116.0-165.0)
BUN, mg/dl 25.5 (10.0-98.0)

Abbreviations: CAP, community-acquired pneumonia; SBP, systolic blood
pressure; Pa0O,, partial pressure of arterial oxygen; Htc, haematocrit; BUN,
blood urea nitrogen.
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Table 2
The significance level of gender, accommodation, comorbidities, respiratory rate, altered mental status and laboratory parameters according to 30-day
mortality.
30 day mortality (no) 30 day mortality (yes)
n (%) n (%) P
Gender 0.871
Female 84 (55.6) 20(57.1)
Male 67 (44.4) 15 (42.9)
Accommodation 0.467
Nursing home 2(1.3) 1(2.9)
Private 149 (98.7) 34 (97.1)
Co-morbidities
Neoplastic disease
Yes 13 (8.6) 9(25.7) 0.005
Liver disease history
Yes 5(3.3) 1(2.9) 1.000
Congestive heart failure
Yes 44 (29.1) 9(25.7) 0.686
Cerebrovascular disease
Yes 17 (11.3) 3(8.6) 0.644
Renal disease history
Yes 20 (13.2) 9(25.7) 0.067
Coronary artery disease
Yes 38(25.2) 10 (28.6) 0.678
RR < 30 breaths/min 122 (80.8) 27 (77.1) 0.626
RR > 30 breaths/min 29 (19.2) 8(22.9)
Altered mental status 23 (15.2) 13 (37.1) 0.003
Age 78.8 +8.4(78.0) 81.6 £ 9.5 (80.0) 0.164
Glucose, mg/dl 152.0 + 80.4 (128.0) 157.8 + 77.7 (147.0) 0.373
SBP, mmHg 129.2 + 25.5 (130.0) 118.7 +26.6 (120.0) 0.031
Temperature, °C 37.0+0.7 (36.9) 36.9+0.7 (36.7) 0.215
Pulse, bpm 94.3+17.2 (92.0) 91.9 +16.2 (92.0) 0.707
Arterial, pH 7.4+0.1(7.4) 7.4+0.2(7.4) 0.658
Pa0,, mmHg 49.9+17.1 (49.0) 48.8 +15.4 (52.0) 0.997
Htc, % 37.7+£5.9(37.6) 32.1£7.5(33.6) 0.001
Sodium, mmol/I 138.1+4.5(138.0) 136.6 £ 5.6 (138.0) 0.418
BUN, mg/dl 27.8+16.3 (24.0) 43.0+22.8(33.0) 0.001
PSI 110.0 + 29.8 (103.0) 136.5+36.3 (132.0) 0.001
G-PSI 12.08 £+ 15.1 (0.00) 31.47 £19.8 (30.0) 0.001
CURB 65 2.14+£0.93 (2.00) 2.86 +1.09 (3.00) 0.001

Data are presented as mean + standard deviation and median.
Abbreviations: RR, respiratory rate; SBP, systolic blood pressure; Pa02, partial pressure of arterial oxygen; Htc, haematocrit; BUN, blood urea nitrogen; PSI,
Pneumonia Severity Index; G-PSI, Geriatric Pneumonia Severity Index.

Table 3

Evaluation of factors affecting mortality with univariate logistic regression

analysis.

Univariate reg|

ression analysis

OR (95% Cl) p
Neoplastic disease 3.67 (1.42-9.48) 0.007
Altered mental status 0.79 (0.68-0.92) 0.003
SBP 0.98 (0.97-1.00) 0.033
Hct 0.87 (0.81-0.93) <0.001
BUN 1.04 (1.02-1.06) <0.001
PSI 1.02 (1.01-1.03) <0.001
G-PSI 1.06 (1.03-1.08) <0.001
CURB 65 2.06 (1.39-3.04) <0.001

Abbreviations: SBP, systolic blood pressure; Htc, haematocrit; BUN, blood
urea nitrogen; PSI, Pneumonia Severity Index; G-PSI, Geriatric Pneumonia
Severity Index; Cl, confidence intervals.

patients with CAP. G-PSI score was 31.47 + 19.8 (mean + standard
deviation) in the mortality group, while it was 12.08 + 15.1 (mean +
standard deviation) in the survivor group (p = 0.001) (Table 2). The
area under the receiver operating characteristic curve (AUC) was
0.762 (95% Cl 0.673-0.851), revealing the excellent discriminatory
ability of the G-PSI model. The AUC for PSI and CURB 65 scores was
0.719 (95% Cl1 0.631-0.806) and 0.687 (95% CI 0.584—0.790), respec-
tively (Figure 1). In predicting mortality, the sensitivity of the G-PSI >
0 cut-off value of the highest under the curve area was 85.7%, speci-
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Figure 1. Receiver operating characteristic curves for G-PSI, PSI and CURB
65. The area under the curve (AUC) is 0.762 (95% confidence interval (Cl)
0.673-0.851) for G-PSI. The AUC for PSI and CURB 65 scores was 0.719 (95%
C10.631-0.806) and 0.687 (95% Cl 0.584—-0.790), respectively.
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ficity 56.3%, positive prediction 31.3%, negative prediction 94.4%.
The specificity of the cut-off value of G-PSI > 30 in predicting mortal-
ity was 86%, while its sensitivity was 45.7%. In the PSI scoring system
with the highest area under the curve in predicting patients with
mortality, the sensitivity of the cut-off value of 94 score was 94.3%,
specificity was 37.7%, the positive predictive value was 26.0%, and
the negative predictive value was 96.6%. In the CURB 65 scoring sys-
tem with the highest area under the curve in predicting patients with
mortality, the sensitivity of the cut-off value of 2 scores was 62.9%,
specificity was 69.5%, the positive predictive value was 32.4%, and
the negative predictive value was 89.0%.

4. Discussion

This study suggests that simplified PSI (G-PSI) in geriatric pa-
tients successfully predicts 30-day mortality after CAP. Compared
with PSI, we showed that G-PSI has similar prognostic accuracy. The
main purpose of pneumonia risk scores is to assist the clinician in
identifying patients at high risk of mortality to reduce hospitalization
and healthcare spending. Previous studies have emphasized that
when evaluating pneumonia patients, PSlis more prominent and it is
more sensitive to predict mortality than mATS and CURB 653 n
our study, when we compared the groups with and without 30-day
mortality, it was seen that PSI predicted mortality at high rates in ac-
cordance with the literature in predicting mortality. However, scor-
ing 20 clinical and laboratory variables with different score weights
in PSl is difficult and time-consuming at the bedside.

Today, the elderly population is growing faster than the young
population and it is expected to reach 20% of the world population
by 2050.2 Therefore, the management of patients diagnosed with
CAP and the prediction of mortality will undoubtedly be even more
important for both geriatric patients and clinicians in the coming
years. Aging alone is an important risk factor for most chronic dis-
eases. Therefore, the mortality rate due to diseases, such as liver dis-
ease, coronary artery disease, ischemic heart disease, cerebrovas-
cular disease, cancer and diabetes, in elderly people is expected to
increase.™® In the course of acute or subacute disease, such as pneu-
monia, the mortality of elderly patients will change with the effect of
functional status, person’s immunity, biological condition or environ-
mental factors.>**> When we look at the literature, advanced age,
male gender and comorbidities are emphasized as significant prog-
nostic parameters in geriatric patients diagnosed with cAP23 In dif-
ferent studies, advanced age has not been reported as a prognostic
marker for 30-day mortality in elderly patients.ls’16 As the age score
is already high in the PSI scoring system, very old patients fall into the
Class lll or IV risk category only because of their age.15 When we
compared the groups with and without 30-day mortality in our
study, there was no age and gender difference between the two
groups, and the place where the patient lived did not have an effect
on mortality in our study. That the number of elderly living in nursing
homes is low for traditional reasons in our country may cause this
parameter to be meaningless in our study group.

In our study, the 30-day mortality rate was 18.8%, which is com-
patible with studies on the geriatric population diagnosed with CAP
in different countries; 16% and 19%, Japan and the USA, respec-
tively.7'17 When we look at the comorbidities of the patients in-
cluded in our study, comorbid liver disease, previous stroke, kidney
disease, CHF or CAD diagnosis did not significantly affect mortality (p
>0.05). We think that this situation can be explained by the increase
in the incidence of chronic diseases in the elderly population.

The incidence of cancer increases with aging, and 70% of the
cancer-related deaths occur at the age of 65 and over.2® Functional
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status, comorbidities, nutritional difficulties, cognitive problems or
cancer-specific treatments may lead to infection susceptibility by
causing immune impairment and lung damage in cancer patients.19 In
accordance with this information, according to the univariate regres-
sion analysis of our study, the additional diagnosis of malignancy in the
patient diagnosed with pneumonia increases the mortality rate 3.6
times. While hematocrit decrease in the elderly may be secondary to
nutritional deficiency, chronic inflammation or comorbid diseases, the
cause of anemia cannot be explained in one-third of the patient.20 The
incidence of anemia over 65 years of age is 11% in males and 10% in
females.?! When we look at the literature, anemia of any level has been
reported as an independent factor on mortality and morbidity in elderly
patients.zo'zz'23 In our study, Hct < 30% was effective in mortality.

Although the factors affecting prognosis have been investigated
in studies related to CAP and especially respiratory rate (RR), heart
rate (HR), systolic blood pressure (SBP), BUN, pH and PaO, have been
shown to be predictors for mortality, studies in the geriatric patient
population are insufficient.”?%%> When we look at the studies con-
ducted to predict mortality in pneumonia patients, Acute Phy-
siology and Chronic Health Evaluation Il (APACHE Il) and Simplified
Acute Physiology Score (SAPS) showed mortality higher than it actu-
ally existed.'>?® Torres et al., in their study with 99 pneumonia pa-
tients over 65 years of age, showed the activity of daily living (ADL)
as an independent predictor of mortality.15 In another study with
134 elderly patients, the prognostic value of the multidimensional
prognostic index (MPI) was more significant than PSI.3Ina study con-
ducted on 337 patients over the age of 80, the parameters of an-
orexia, systolic BP less than 90 mmHg, performance status (PS)
Grade 3 or higher, HR 100 beats/min or higher, RR 30/min or higher,
pH less than 7.35, BUN 30 mg/dL or greater, PaCO, 50 mmHg or
greater, and PaO, less than 60 mmHg in pneumonia patients were
found effective in demonstrating mortality in univariate analysis.7 In
this study, we aimed to predict pneumonia mortality with fewer pa-
rameters in patients over 65 years of age. In our study, when we
looked at the univariate regression analysis of PS| parameters
among the mortality groups, it was seen that the values of cancer,
altered mental status, systolic blood pressure below 90 mmHg, Hct <
30% and BUN 30 mg/dL or greater had a significant effect on 30-day
mortality and G-PSI consisted of these parameters was also found to
be at a high level of significance in predicting mortality. We showed
that in geriatric patients with a diagnosis of CAP, a G-PSl score above
0 or, in other words, a positive G-PSI parameter predicts mortality
with 85.7% sensitivity, 56.3% specificity and 94.4% negative predic-
tive value. A specificity of 86% could be achieved in the event of the
G-PSI cut-off value is > 30, if the clinician wants to obtain a higher
specificity when assessing the geriatric patients with pneumonia. PSI
score predicts mortality with a sensitivity of 94.3% and a specificity
of 37.7% at a cut-off score of 94. When we compare G-PSI and PSI
score, both scores have similar prognostic accuracy. Therefore, using
G-PSl instead of PSI in geriatric patients will enable us to predict the
prognosis with fewer parameters in a shorter time in the chaotic en-
vironment of emergency services.

The small sample size and being single-centred are the major
limitations of our study. Today, the geriatric population is gradually
increasing. Multicentre studies on this subject will facilitate the man-
agement of geriatric patients and contribute to shaping the treat-
ment plan and reducing health expenditures by shedding light on
the clinician on predicting the prognosis.

5. Conclusion

In our study, the mortality estimation of G-PSI in the manage-
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ment of the patients diagnosed with CAP over the age of 65 has a
similar significance level to that of PSI. Thus, calculating the G-PSI
score instead of PSI in patients with geriatric pneumonia in the
emergency clinic will highly likely to save us time in predicting the
risk of mortality and will guide the preparation of the treatment
plan.
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