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Abstract

Background: The Prognostic Nutritional Index (PNI), derived from serum albumin and 
peripheral lymphocyte count, may reflect immunonutritional status in patients with 
community-acquired pneumonia (CAP). This study evaluated the association between 
admission PNI and 30-day mortality and compared its discriminatory performance with the 
Pneumonia Severity Index (PSI) and CURB-65. Methods: This retrospective single-center 
cohort included 214 adults hospitalized with CAP between January 2025 and June 2026. De-
mographic, clinical, and laboratory data obtained at admission were analyzed. Thirty-day 
all-cause mortality was the primary outcome. Receiver operating characteristic analysis 
and multivariable logistic regression were performed. Results: Thirty-day mortality oc-
curred in 61 patients (28.5%). PNI was significantly lower in non-survivors than survivors 
(34.5 ± 5.6 vs. 39.1 ± 6.4; p < 0.001). PNI showed moderate discrimination for 30-day mor-
tality (AUC 0.713, 95% CI 0.637–0.789), with a numerically higher AUC than PSI (0.656) and 
CURB-65 (0.670); however, pairwise differences were not statistically significant. A cohort-
derived exploratory PNI cutoff of ≤36.6 yielded 70.5% sensitivity and 67.3% specificity. In 
multivariable analysis, continuous PNI remained independently associated with mortality 
(OR 0.869 per one-unit increase, 95% CI 0.814–0.927; p < 0.001). Adding PNI significantly 
improved discrimination compared with PSI alone (AUC 0.740 vs. 0.656; p = 0.034) and 
CURB-65 alone (AUC 0.771 vs. 0.670; p = 0.001). Conclusions: Lower admission PNI was 
independently associated with 30-day mortality and demonstrated moderate discrimination 
in hospitalized patients with CAP. Although PNI alone did not significantly outperform PSI 
or CURB-65, adding PNI significantly improved the discriminatory performance of both 
established severity scores, supporting its potential incremental prognostic value.

Keywords: community-acquired pneumonia; Prognostic Nutritional Index; mortality; PSI; 
CURB-65; prognostic biomarker; immunonutrition

1. Introduction
Community-acquired pneumonia (CAP) is a common infectious disease that accounts 

for a substantial burden of morbidity and mortality among adults and is characterized by a 
wide spectrum of clinical severity. Accurate identification of patients at high risk of adverse 
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outcomes at the time of hospital presentation is critical for determining the appropriate 
level of care, treatment intensity, and clinical monitoring. This need has prompted the 
development of objective and reproducible prognostic models for CAP. The Pneumonia 
Severity Index (PSI), developed by Fine et al. [1], was designed to stratify adults with CAP 
into five risk classes according to their risk of 30-day mortality and has been validated in 
independent patient cohorts.

PSI is a comprehensive prognostic model that incorporates demographic characteristics, 
comorbidities, physical examination findings, and laboratory and radiographic variables [1]. 
In contrast, Lim et al. [2] developed the CURB-65 score using a limited number of read-
ily available variables at the initial hospital assessment, including confusion, blood urea, 
respiratory rate, blood pressure, and age ≥ 65 years. Increasing scores are associated with 
progressively higher 30-day mortality risk [2]. Although the prognostic value of both 
scores has been validated across different CAP cohorts, Bradley et al. [3] reported that 
their ability to discriminate mortality may vary according to the clinical setting and patient 
population. These findings have increased interest in readily available biomarkers that 
may provide prognostic information reflecting the host response to infection. Indeed, a 
recent intensive care unit cohort of patients with CAP demonstrated that assessment of the 
fibrinogen-to-albumin ratio, in conjunction with established clinical scores may improve 
prognostic discrimination [4].

Systemic inflammation and immune dysfunction are important biological processes 
associated with the clinical course of CAP, and indices derived from routine peripheral blood 
parameters have been investigated as indirect markers of the host response. Alterations 
in hematologic indices, such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio, and monocyte-to-lymphocyte ratio, have been reported in patients with 
CAP; in particular, NLR has been shown to be associated with C-reactive protein (CRP), 
procalcitonin, length of hospital stay, and PSI [5]. The Prognostic Nutritional Index (PNI) 
combines serum albumin and peripheral lymphocyte count into a single composite measure 
and can be readily calculated from routinely available laboratory data [6,7]. However, in 
the setting of acute infection, serum albumin is influenced not only by nutritional status 
but also by systemic inflammation, capillary leakage, hydration status, hepatic synthesis, 
and underlying illness. Therefore, in patients with CAP, PNI may be more appropriately 
interpreted as an immunonutritional composite marker reflecting overlapping nutritional, 
inflammatory, and immune-related processes rather than as a direct measure of nutritional 
status alone.

Evidence supporting an association between lower PNI and adverse outcomes in 
pneumonia has expanded in recent years. De Rose et al. [6] demonstrated that a low 
PNI was independently associated with mortality in patients with community-acquired 
bacterial pneumonia. Wang et al. [7] similarly reported an inverse association between 
PNI and mortality among patients with CAP admitted to the intensive care unit and found 
that PNI demonstrated greater discriminatory performance than CURB-65 in their cohort. 
More recently, Ding et al. [8], in a multicenter retrospective cohort of 635 hospitalized 
patients with pneumonia, reported that increasing PNI was independently associated 
with lower 30-day and 90-day mortality and observed an AUC of approximately 0.70 for 
30-day mortality. Collectively, these findings indicate that the association between PNI and 
mortality in pneumonia is increasingly established across different clinical settings.

Accordingly, the principal contribution of the present study is not simply to determine 
whether lower PNI is associated with mortality, but to evaluate PNI within the same hospi-
talized CAP cohort and against the same 30-day outcome as PSI and CURB-65. This design 
enables both formal comparison of discriminatory performance and assessment of whether 
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PNI provides additional prognostic information when incorporated with established pneu-
monia severity scores.

This study aimed to evaluate the association between admission PNI and 30-day 
all-cause mortality in adults hospitalized with CAP, formally compare its discriminatory 
performance with PSI and CURB-65, and assess the incremental prognostic contribution 
of PNI when added to these established severity scores. We hypothesized that lower PNI 
values would be associated with higher 30-day mortality.

2. Materials and Methods
2.1. Study Design and Patient Population

This single-center, retrospective observational cohort study included adult patients hos-
pitalized with a diagnosis of CAP at Recep Tayyip Erdogan University Faculty of Medicine 
Training and Research Hospital between 1 January 2025, and 30 June 2026. Consecutive adult 
patients aged ≥18 years who were hospitalized with CAP during the study period were 
screened for inclusion, and their electronic medical records were retrospectively reviewed.

2.2. Definition of Cap and Patient Selection
CAP was defined as the presence of a newly developed pulmonary infiltrate on chest 

radiography or chest computed tomography, together with at least one of the following 
clinical or laboratory findings: new-onset cough, sputum production, or dyspnea; a pe-
ripheral white blood cell count of >10 × 103 /μL or <4 × 103 /μL; or a body temperature of 
>38.0 °C [9,10].

Patients were eligible for inclusion if they met the diagnostic criteria, were aged ≥18 years, 
had sufficient clinical and laboratory data to evaluate the PSI, CURB-65, and PNI at presen-
tation, and had available 30-day follow-up data from the time of presentation. Patients with 
missing clinical or laboratory data, those receiving immunosuppressive therapy, pregnant 
patients, and those diagnosed with hospital-acquired pneumonia were excluded from 
the study.

During the study period, 294 potentially eligible patients were screened. A total 
of 80 patients were excluded because of incomplete clinical or laboratory data (n = 42), 
immunosuppressive therapy (n = 19), hospital-acquired pneumonia (n = 16), or pregnancy 
(n = 3). The 42 patients excluded because of missing data had incomplete information in the 
hospital information system, mainly involving albumin, complete blood count/lymphocyte 
measurements, CRP, and/or PSI or CURB-65 records, which prevented complete assessment 
of the principal study variables. No patient was excluded because of unavailable 30-day 
mortality status.

In the final cohort of 214 patients, PNI, PSI, CURB-65, and 30-day vital status were 
available for all patients. Some ancillary laboratory and arterial blood gas variables were 
not available in every patient because these tests were not uniformly obtained in routine 
clinical care; analyses involving these variables were based on the available observations.

2.3. Collection of Clinical and Laboratory Data
Demographic characteristics, smoking status, vital signs at presentation, comorbidities, 

and length of hospital stay were obtained from electronic medical records. Admission to 
the intensive care unit (ICU) during hospitalization was also recorded as an indicator of the 
level of care required. The recorded comorbidities included hypertension, diabetes mellitus, 
coronary artery disease, congestive heart failure, chronic obstructive pulmonary disease, 
dementia, cancer, cerebrovascular disease, atrial fibrillation, and chronic kidney disease. 
Cancer was defined as the presence of a malignancy diagnosis recorded in the hospital 
information system.
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Systolic and diastolic blood pressure, heart rate, respiratory rate, and body temperature 
measured at presentation were recorded. Hematologic parameters included hemoglobin, 
leukocyte, neutrophil, lymphocyte, and platelet counts and red cell distribution width 
(RDW). Biochemical parameters included creatinine, urea, CRP, total protein, albumin, 
alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase, sodium, potas-
sium, and troponin levels. Arterial blood gas measurements included pH, partial pressure 
of carbon dioxide, partial pressure of oxygen, oxygen saturation, and lactate levels.

For all prognostic assessments, the first clinical and laboratory measurements obtained 
at hospital presentation were used.

2.4. Calculation of Pneumonia Severity Scores
Pneumonia severity at hospital presentation was assessed using the PSI and CURB-65.
PSI scores recorded in the hospital information system during the index hospitalization 

were retrieved for the study. These scores had been determined according to the original 
PSI model described by Fine et al. [1], which incorporates demographic characteristics, 
comorbidities, physical examination findings, and laboratory and radiographic variables. 
The original model stratifies patients with CAP into five risk classes according to their risk 
of 30-day mortality.

The CURB-65 score was calculated according to the criteria described by Lim et al. [2], 
based on confusion, serum urea level, respiratory rate, blood pressure, and age of ≥65 years. 
Serum urea values were obtained from the hospital laboratory information system and 
recorded in mg/dL; a urea concentration > 42 mg/dL, corresponding approximately to 
>7 mmol/L, fulfilled the urea criterion. One point was assigned for each criterion, yielding 
a total score ranging from 0 to 5.

2.5. Prognostic Nutritional Index
PNI was calculated using the serum albumin level and peripheral lymphocyte count 

obtained at hospital presentation. PNI was calculated using the following formula:

PNI = [10 × serum albumin (g/dL)] + [0.005 × total lymphocyte count (/μL)].

Serum albumin values were recorded in g/L in the hospital laboratory system and 
converted to g/dL before calculation of PNI.

This calculation method was consistent with that used in previous studies evaluating 
the prognostic value of PNI in patients with CAP [6,7].

2.6. Outcome
The primary outcome was all-cause mortality occurring within 30 days of hospital 

presentation. Thirty-day mortality was defined as death from any cause occurring within 
30 days of the index CAP presentation, irrespective of whether the patient remained hos-
pitalized or had been discharged. Vital status at day 30, including deaths occurring after 
hospital discharge, was verified through the death notification system available within the 
hospital information system. The patients were categorized into two groups according to 
their 30-day vital status: those who died and those who survived. Demographic, clinical, 
and laboratory characteristics at presentation, as well as PNI, PSI, and CURB-65 values, 
were compared between the two groups.

2.7. Statistical Analysis
All statistical analyses, including the additional analyses performed during revision, 

were conducted using IBM SPSS Statistics version 27 (IBM Corp., Armonk, NY, USA). 
The normality of continuous variables was assessed using the Kolmogorov–Smirnov test. 
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Normally distributed continuous variables were presented as mean ± standard deviation, 
whereas non-normally distributed variables were presented as median and interquartile 
range. Categorical variables were expressed as number and percentage.

For comparisons between patients who died and those who survived, the independent-
samples t test was used for normally distributed continuous variables, and the Mann–
Whitney U test was used for non-normally distributed continuous variables. Categorical 
variables were compared using the chi-square test. Associations between PNI and PSI and 
CURB-65 were assessed using Pearson correlation analysis.

The ability of PNI, PSI, and CURB-65 to discriminate 30-day mortality was evaluated 
using receiver operating characteristic (ROC) curve analysis. The areas under the curve 
(AUCs) and 95% confidence intervals (CIs) were calculated. For PNI, lower values were 
considered the positive test direction for mortality. Because PNI, PSI, and CURB-65 were 
evaluated in the same patients, pairwise comparisons of their correlated ROC curves were 
performed using DeLong’s method (PNI vs. PSI, PNI vs. CURB-65, and PSI vs. CURB-65).

The optimal PNI cutoff value was determined as the point at which the Youden index 
(sensitivity + specificity − 1) was maximized. Because the cutoff was derived and evaluated 
within the same cohort, it was considered a cohort-derived exploratory threshold. In 
contrast, the thresholds of PSI > 90 and CURB-65 ≥ 2 were not derived from ROC analysis 
but were prespecified clinical risk thresholds based on the literature [1,2]. Sensitivity, 
specificity, positive predictive value, and negative predictive value were calculated for each 
threshold with their corresponding 95% CIs.

The revised Youden analysis identified PNI ≤ 36.6 as the cohort-derived exploratory 
cutoff; patients were therefore secondarily categorized as PNI ≤ 36.6 or PNI > 36.6. In 
addition, the distribution of PNI was divided into four quartiles (Q1–Q4), and 30-day 
mortality rates across the quartiles were evaluated descriptively.

Univariable logistic regression analyses were performed to identify the factors asso-
ciated with mortality. In the primary multivariable logistic regression analysis, PNI was 
modeled as a continuous variable to avoid reliance on a cutoff derived from the same cohort. 
The model included age, diastolic blood pressure, respiratory rate, urea level, continuous 
PNI, presence of cancer, and RDW. These covariates were selected to represent clinically rel-
evant prognostic factors and variables associated with mortality in the initial analyses while 
limiting model complexity relative to the number of mortality events. The cohort-derived 
PNI cutoff was additionally evaluated in a secondary exploratory multivariable model.

The functional relationship between continuous PNI and 30-day mortality was further 
examined using restricted cubic spline analysis, including assessment of nonlinearity.

To evaluate the incremental prognostic contribution of PNI beyond established pneu-
monia severity scores, separate logistic regression models combining continuous PNI with 
PSI and continuous PNI with CURB-65 were constructed. Discrimination of the combined 
models was assessed using AUCs with 95% CIs and compared with the corresponding score-
alone models using paired DeLong tests. Model performance was additionally assessed 
using the Brier score and calibration.

Internal validation was performed using 1000 bootstrap resamples to estimate 
optimism-corrected discrimination and calibration for the principal multivariable model 
and the combined PSI + PNI and CURB-65 + PNI models.

Regression results were reported as ORs with 95% CIs. All statistical tests were two-
sided, and p < 0.05 was considered statistically significant.
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3. Results
During the study period, 294 patients hospitalized for CAP were evaluated. A total of 

214 patients were included in the final analysis (Figure 1). The mean age of the patients was 
71.7 ± 14.7 years, with 141 (65.9%) of them being men and 73 (34.1%) women. During the 
30-day follow-up period, 61 patients (28.5%) died, whereas 153 (71.5%) survived. Complete 
30-day vital status was available for all patients included in the final cohort.

Figure 1. Flowchart of patient selection and study inclusion.

3.1. Clinical and Laboratory Characteristics
Patients who died were significantly older than survivors (77.7 ± 10.7 vs. 69.3 ± 15.5 years, 

p < 0.001) and had a longer hospital stay [14 (7.5–25.5) vs. 8 (6–12) days, p < 0.001]. PSI 
(144.7 ± 35.1 vs. 126.0 ± 36.9, p < 0.001) and CURB-65 (3.03 ± 0.89 vs. 2.38 ± 1.00, p < 0.001) 
scores were significantly higher among patients who died. In addition, diastolic blood 
pressure was lower (67.3 ± 13.3 vs. 72.3 ± 10.7 mmHg, p = 0.005), whereas respiratory rate 
was higher (22.5 ± 4.2 vs. 21.1 ± 3.7 breaths/min, p = 0.013) among patients who died. No 
significant between-group differences were observed in sex, smoking status, systolic blood 
pressure, heart rate, or body temperature (Table 1).

Overall, 78 of 214 patients (36.4%) required ICU admission during hospitalization. 
ICU admission was more frequent among patients who died than among survivors 
[51/61 (83.6%) vs. 27/153 (17.6%), p < 0.001].

Regarding comorbidities, cancer was significantly more common among patients who 
died than among survivors (38% vs. 14%, p < 0.001). The prevalence of dementia was 
also higher in the mortality group (18% vs. 8%, p = 0.046). No significant between-group 
differences were observed for the other comorbidities assessed.

Laboratory evaluation showed that patients who died had lower hemoglobin levels 
(11.1 ± 2.3 vs. 11.8 ± 2.1, p = 0.016), lower lymphocyte counts [750 (510–1210) vs. 1070 
(650–1490)/μL, p = 0.010], and higher RDW values (16.6 ± 2.8 vs. 15.5 ± 2.5, p = 0.002). Urea 
levels were higher in the mortality group [66 (44–102) vs. 49 (39–70) mg/dL, p = 0.002], 
whereas total protein (62 ± 8 vs. 65 ± 8, p = 0.020) and albumin (30 ± 5 vs. 33 ± 5, p < 0.001) 
levels were lower. No significant between-group differences were observed for most of the 
other biochemical and arterial blood gas parameters assessed (Table 1).
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Table 1. Clinical and laboratory characteristics of patients who died and survivors.

Patients Who Died
(n: 61)

Survivors
(n: 153) p-Value

Age (years) 77.7 ± 10.7 69.3 ± 15.5 <0.001
Sex (Female), n (%) 22 (36.1%) 51 (33.3%) 0.704
Length of hospital stay (days) 14 (7.5–25.5) 8 (6–12) <0.001
Smoking, n (%) 23 (37.7%) 50 (32.7%) 0.484
ICU admission, n (%) 51 (83.6%) 27 (17.6%) <0.001
PSI score 144.7 ± 35.1 126 ± 36.9 <0.001
CURB-65 score 3.03 ± 0.89 2.38 ± 1.0 <0.001

Vital Signs
Systolic Blood Pressure (mmHg) 119.9 ± 26.3 124.1 ± 16.8 0.170
Diastolic Blood Pressure (mmHg) 67.3 ± 13.3 72.3 ± 10.7 0.005
Heart Rate (beats/min) 93 ± 18.6 93.7 ± 18.7 0.804
Respiratory Rate (breaths/min) 22.5 ± 4.2 21.1 ± 3.7 0.013
Body Temperature (°C) 36.6 ± 0.4 36.6 ± 0.5 0.367

Comorbidities, n (%)
Hypertension 28 (45.9%) 78 (51%) 0.502
Diabetes mellitus 15 (24.6%) 40 (26.1%) 0.814
Coronary artery disease 22 (36.1%) 47 (30.7%) 0.450
Congestive heart failure 20 (32.8%) 32 (20.9%) 0.068
COPD 18 (29.5%) 45 (29.4%) 0.989
Dementia 11 (18%) 13 (8.5%) 0.046
Cancer 23 (37.7%) 22 (14.4%) <0.001
Cerebrovascular Disease 7 (11.5%) 12 (7.8%) 0.399
Atrial fibrillation 13 (21.3%) 27 (17.6%) 0.535
Chronic kidney disease 12 (19.7%) 17 (11.1%) 0.099

Hemogram
Hemoglobin (g/dL) 11.1 ± 2.3 11.8 ± 2.1 0.016
Leukocyte count (/μL) 10,000 (7170–14,710) 10,890 (7590–14,910) 0.517
Neutrophil count (/μL) 7680 (5118–12,305) 8820 (6070–12,070) 0.684
Lymphocyte count (/μL) 750 (510–1210) 1070 (650–1490) 0.010
Platelet count (×103 /μL) 248.6 ± 113 280 ± 122.8 0.087
RDW (%) 16.6 ± 2.8 15.5 ± 2.5 0.002

Biochemical tests
Creatinine (mg/dL) 1.15 (0.62–1.92) 1.02 (0.83–1.42) 0.943
Urea (mg/dL) 66 (44–102) 49 (39–70) 0.002
CRP (mg/L) 137.3 (97–211.4) 131.6 (88–219.6) 0.727
Total Protein (g/L) 62 ± 8 65.1 ± 8.3 0.020
Albumin (g/L) 29.7 ± 5 33.3 ± 5.3 <0.001
ALT (U/L) 15 (12–30) 19 (12–33) 0.285
AST (U/L) 26 (18–46) 24 (18–34) 0.357
LDH (U/L) 269 (194–370) 234 (190–299) 0.158
Sodium (mmol/L) 137.1 ± 8.1 137.2 ± 5.3 0.898
Potassium (mmol/L) 4.09 ± 0.63 4.1 ± 0.64 0.867
Troponin (ng/L) 26 (13–49.3) 19 (7.6–33.8) 0.278
Prognostic Nutritional Index (PNI) 34.5 ± 5.6 39.1 ± 6.4 <0.001

Arterial Blood Gas Measurements
pH 7.41 ± 0.09 7.41 ± 0.07 0.598
pCO2  (mmHg) 40.2 ± 9.3 40.7 ± 9.1 0.726
pO2  (mmHg) 63.8 ± 14.1 59.3 ± 13.5 0.096
sO2  (%) 89.6 ± 5.8 87.4 ± 6.9 0.094
Lactate (mmol/L) 1.65 (1.28–2.83) 1.60 (1.10–2.10) 0.050

Data are presented as n (%), mean ± standard deviation, or median (interquartile range), as appro-
priate. Analyses were based on available observations. p-values were obtained using the independent-
samples t test, Mann–Whitney U test, or Pearson chi-square test, as appropriate. ICU, intensive care 
unit; PSI, Pneumonia Severity Index; COPD, chronic obstructive pulmonary disease; RDW, red cell 
distribution width; CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; LDH, lactate dehydrogenase; PNI, Prognostic Nutritional Index. Missing observations 
were present for length of stay (n = 9), heart rate (n = 3), body temperature (n = 14), leukocyte 
and neutrophil counts (n = 1 each), platelet count (n = 1), total protein (n = 23), ALT (n = 7), AST 
(n = 6), LDH (n = 24), sodium (n = 2), troponin (n = 156), pH (n = 8), pCO2  (n = 12), pO2  (n = 91), 
sO2  (n = 86), and lactate (n = 6).
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3.2. Discriminative Performance for Mortality
In ROC analysis, PSI, CURB-65, and PNI all demonstrated significant discrimination 

of 30-day mortality. The AUC was 0.656 (95% CI, 0.576–0.735) for PSI, 0.670 (95% CI, 
0.598–0.742) for CURB-65, and 0.713 (95% CI, 0.637–0.789) for PNI. Among the three 
parameters, PNI had the numerically highest AUC (Figure 2, Table 2). However, paired 
DeLong comparisons showed no statistically significant differences between PNI and PSI 
(ΔAUC = 0.058, p = 0.321), PNI and CURB-65 (ΔAUC = 0.043, p = 0.434), or PSI and 
CURB-65 (ΔAUC = −0.015, p = 0.710).

Figure 2. Receiver operating characteristic curves of PNI, PSI, and CURB-65 for 30-day mortality.

Table 2. Discriminative performance of PNI, PSI, and CURB-65 for 30-day mortality and pairwise 
comparison of ROC curves.

Prognostic Measure AUC 95% Confidence Interval

PSI 0.656 0.576–0.735
CURB-65 0.670 0.598–0.742
PNI 0.713 0.637–0.789

Pairwise ROC comparison 𝚫AUC p-value *

PNI vs. PSI +0.058 0.321
PNI vs. CURB-65 +0.043 0.434
PSI vs. CURB-65 −0.015 0.710

AUC, area under the receiver operating characteristic curve; CI, confidence interval; PSI, Pneumonia 
Severity Index; PNI, Prognostic Nutritional Index. * Pairwise comparisons of correlated ROC curves 
were performed using DeLong’s method.

The optimal PNI cutoff was 36.6, determined at the point of maximum Youden index. 
Because this threshold was derived from the same cohort, it was considered exploratory. 
The PSI > 90 and CURB-65 ≥ 2 thresholds were not derived from ROC analysis but were 
used as prespecified clinical risk thresholds based on the literature [1,2].

Using PNI ≤ 36.6 as the exploratory cutoff, the sensitivity, specificity, positive predictive 
value, and negative predictive value for predicting 30-day mortality were 70.5% (95% CI, 
57.4–81.5), 67.3% (95% CI, 59.3–74.7), 46.2% (95% CI, 35.8–56.9), and 85.1% (95% CI, 
77.5–90.9), respectively; for PSI > 90, these values were 93.4% (95% CI, 84.1–98.2), 16.3% 
(95% CI, 10.9–23.2), 30.8% (95% CI, 24.2–38.0), and 86.2% (95% CI, 68.3–96.1), respectively; 
for CURB-65 ≥ 2, they were 96.7% (95% CI, 88.7–99.6), 24.8% (95% CI, 18.2–32.5), 33.9% 
(95% CI, 26.9–41.5), and 95.0% (95% CI, 83.1–99.4), respectively (Table 3).
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Table 3. Performance of PNI, PSI, and CURB-65 cutoffs for 30-day mortality prediction.

Cutoff Values Sensitivity, % 
(95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

PSI > 90 93.4% (84.1–98.2) 16.3% (10.9–23.2) 30.8% (24.2–38.0) 86.2% (68.3–96.1)
CURB-65 ≥ 2 96.7% (88.7–99.6) 24.8% (18.2–32.5) 33.9% (26.9–41.5) 95.0% (83.1–99.4)
PNI ≤ 36.6 * 70.5% (57.4–81.5) 67.3% (59.3–74.7) 46.2% (35.8–56.9) 85.1% (77.5–90.9)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PSI, Pneumonia 
Severity Index; PNI, Prognostic Nutritional Index. * The PNI cutoff of ≤36.6 was derived from the 
present cohort using the Youden index and should be considered exploratory.

3.3. PNI and 30-Day Mortality
PNI, the primary biomarker of interest in this study, was significantly lower in patients 

who died than in survivors (34.5 ± 5.6 vs. 39.1 ± 6.4, p < 0.001) (Figure 3A).

Figure 3. (A) PNI values according to 30-day survival status. Error bars represent 95% confidence 
intervals. (B) Thirty-day mortality rates across PNI quartiles.

Among the 93 patients with a PNI ≤ 36.6, 43 (46.2%) died within 30 days, compared 
with 18 (14.9%) of the 121 patients with PNI > 36.6. Thus, mortality was higher among 
patients below the cohort-derived exploratory PNI threshold.

PNI was also evaluated after stratification into four quartiles. The mean PNI was 
29.7 ± 3.6 (minimum–maximum, 16.7–33.5) among 55 patients in the first quartile, 
35.6 ± 1.2 (33.8–37.9) among 52 patients in the second quartile, 40.3 ± 1.2 (37.9–42.3) among 
53 patients in the third quartile, and 45.6 ± 3.2 (42.4–54.6) among 54 patients in the fourth 
quartile. The corresponding 30-day mortality rates were 26/55 (47.3%) in Q1, 18/52 (34.6%) 
in Q2, 9/53 (17.0%) in Q3, and 8/54 (14.8%) in Q4. A descriptive decrease in mortality was 
observed across increasing PNI quartiles (Figure 3B). This quartile analysis was descriptive 
and unadjusted.

3.4. Mortality According to PSI and CURB-65 Risk Classes
Thirty-day mortality rates were also evaluated according to the PSI and CURB-65 risk 

classes. According to the CURB-65 classification, mortality rates were 5.0%, 26.9%, 32.2%, 
and 48.6% for scores of 1, 2, 3, and 4–5, respectively (Figure 4A). According to the PSI risk 
classification, mortality rates were 9.1%, 16.7%, 18.7%, and 39.1% in risk classes I-II, III, IV, 
and V, respectively (Figure 4B). Mortality rates increased progressively across higher risk 
classes for both clinical risk scores.
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Figure 4. (A) Thirty-day mortality according to CURB-65 score categories. (B) Thirty-day mortality 
according to PSI risk classes.

3.5. Association Between PNI and Pneumonia Severity Scores
A weak negative correlation was observed between PNI and CURB-65 (r = −0.187, 

p = 0.006). No significant correlation was found between PNI and PSI (r = −0.102, 
p = 0.137). In contrast, PSI and CURB-65 were positively correlated (r = 0.609, p < 0.001).

3.6. Factors Associated with Mortality
In univariable logistic regression analysis, older age, lower diastolic blood pressure, 

higher respiratory rate, higher PSI and CURB-65 scores, lower PNI, presence of cancer, 
lower hemoglobin and albumin levels, and higher urea and RDW levels were associated 
with mortality. When PNI was analyzed as a continuous variable, each one-unit increase in 
PNI was associated with lower odds of mortality (OR, 0.887; 95% CI, 0.841–0.936; p < 0.001). 
A PNI of ≤36.6 was associated with higher odds of mortality (OR, 4.92; 95% CI, 2.58–9.39; 
p < 0.001) (Table 4).

Table 4. Univariable logistic regression analysis of factors associated with 30-day mortality.

Variables OR 95% Confidence 
Interval p-Value

Age (Years) 1.050 1.022–1.079 <0.001
Diastolic blood pressure 0.964 0.939–0.990 0.006
Respiratory Rate 1.101 1.019–1.189 0.015
PSI 1.014 1.005–1.023 0.001
PSI > 130 3.066 1.623–5.793 0.001
CURB-65 2.017 1.440–2.826 <0.001
PNI, per 1-unit increase 0.887 0.841–0.936 <0.001
PNI ≤ 36.6 4.921 2.580–9.386 <0.001
Dementia 2.369 0.997–5.629 0.051
Cancer 3.604 1.813–7.164 <0.001
Hemoglobin 0.838 0.725–0.970 0.018
Lymphocyte count 1.000 * 0.999–1.000 0.078
Albumin 0.877 0.825–0.933 <0.001
Urea 1.013 1.005–1.020 0.001
RDW 1.179 1.054–1.319 0.004

OR, odds ratio; CI, confidence interval; PSI, Pneumonia Severity Index; PNI, Prognostic Nutritional 
Index; RDW, red cell distribution width. * The odds ratio for lymphocyte count is close to 1.000 
because the variable was modeled per one-cell/μL increase. The PNI cutoff of ≤36.6 was derived 
from the present cohort using the Youden index and should be considered exploratory.

In the primary multivariable logistic regression model, PNI was entered as a continuous 
variable. Older age (OR, 1.049; 95% CI, 1.016–1.084; p = 0.004), higher urea level (OR, 
1.011; 95% CI, 1.002–1.019; p = 0.011), lower PNI (OR per one-unit increase, 0.869; 95% CI, 
0.814–0.927; p < 0.001), and presence of cancer (OR, 4.44; 95% CI, 1.96–10.09; p < 0.001) were 
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independently associated with 30-day mortality. Diastolic blood pressure, respiratory rate, 
and RDW were not statistically significant in the adjusted model (Table 5). The apparent 
AUC of the primary multivariable model was 0.826 (95% CI, 0.769–0.884), with a Brier score 
of 0.147. After 1000 bootstrap resamples, the optimism-corrected AUC was 0.801 and the 
optimism-corrected calibration slope was 0.863.

Table 5. Multivariable logistic regression analysis of factors associated with 30-day mortality.

Variables OR 95% Confidence 
Interval p-Value

Age (Years) 1.049 1.016–1.084 0.004
Diastolic blood pressure 0.992 0.960–1.025 0.636
Respiratory Rate 1.081 0.980–1.193 0.120
Urea 1.011 1.002–1.019 0.011
PNI, per 1-unit increase 0.869 0.814–0.927 <0.001
Cancer 4.443 1.957–10.088 <0.001
RDW 1.082 0.943–1.241 0.263

OR, odds ratio; CI, confidence interval; PNI, Prognostic Nutritional Index; RDW, red cell distribution 
width. PNI was entered into the primary multivariable model as a continuous variable. Model 
discrimination was AUC = 0.826, with a Brier score of 0.147. After 1000 bootstrap resamples, the 
optimism-corrected AUC was 0.801 and the calibration slope was 0.863.

In a secondary exploratory model using the cohort-derived cutoff, PNI ≤ 36.6 remained 
associated with higher odds of 30-day mortality (adjusted OR, 4.73; 95% CI, 2.25–9.96; 
p < 0.001).

3.7. Incremental Prognostic Performance of PNI
To assess whether PNI provided prognostic information beyond the established severity 

scores, combined models were constructed using continuous PNI. Addition of PNI to PSI 
increased the AUC from 0.656 to 0.740 (95% CI for the combined model, 0.670–0.810), and 
the improvement in discrimination was significant by paired DeLong testing (p = 0.034). 
The Brier score decreased from 0.194 for PSI alone to 0.176 for PSI + PNI. Addition of PNI 
to the PSI model was also supported by the likelihood-ratio test (p < 0.001).

Similarly, addition of PNI to CURB-65 increased the AUC from 0.670 to 0.771 (95% CI 
for the combined model, 0.705–0.838; paired DeLong p = 0.001). The Brier score decreased 
from 0.187 for CURB-65 alone to 0.170 for CURB-65 + PNI, and the likelihood-ratio test for 
the addition of PNI was significant (p < 0.001).

Internal validation with 1000 bootstrap resamples yielded optimism-corrected AUCs of 
0.733 for PSI + PNI and 0.766 for CURB-65 + PNI. The corresponding optimism-corrected 
calibration slopes were 0.967 and 0.981, with calibration intercepts close to zero (−0.003 
and 0.006, respectively). These findings indicate improved discrimination after addition of 
PNI within the present cohort.

4. Discussion
This study evaluated the association between PNI calculated at hospital presentation 

and 30-day mortality in hospitalized patients with CAP and compared the discriminative 
performance of PNI with that of PSI and CURB-65. The main findings of the study can be 
summarized in four points:
(a) 30-day mortality was 28.5%, and patients who died had lower PNI and higher PSI and 

CURB-65 scores.
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(b) Mortality showed a descriptive decrease across increasing PNI quartiles, from 47.3% 
in Q1 to 14.8% in Q4, and was higher among patients with PNI ≤ 36.6 than among 
those with PNI > 36.6.

(c) PNI demonstrated moderate discrimination for 30-day mortality and had the numerically 
highest AUC among the three individual measures, although formal pairwise compar-
isons with PSI and CURB-65 were not statistically significant; continuous PNI remained 
independently associated with mortality in the primary multivariable analysis.

(d) Older age, higher serum urea levels, and cancer were additional independent factors 
associated with mortality, and adding PNI to PSI or CURB-65 significantly improved 
discrimination within this cohort.
A principal finding of our study was the independent association between lower PNI 

and 30-day mortality. PNI was significantly lower in patients who died than in survivors 
(34.5 ± 5.6 vs. 39.1 ± 6.4; p < 0.001). This finding is consistent with an expanding body 
of evidence evaluating PNI in pneumonia and CAP. De Rose et al. [6] demonstrated that 
low PNI was associated with mortality in patients hospitalized for community-acquired 
bacterial pneumonia and that this association remained significant after adjustment for age 
and comorbidity burden. Similarly, in a cohort of 1608 patients admitted to the intensive 
care unit, PNI was inversely and independently associated with both 30-day and 90-day 
mortality [7]. More recently, Ding et al. [8], in a multicenter cohort of hospitalized patients 
with pneumonia, also demonstrated an inverse association between PNI and short-term 
mortality, with discriminatory performance of a magnitude similar to that observed in 
the present cohort. Although patient characteristics and clinical settings differed between 
studies, the consistency of the direction of these findings indicates that the association 
between lower PNI and adverse outcomes in pneumonia is increasingly well established. 
Accordingly, the contribution of the present study should be viewed primarily as indepen-
dent confirmation in a new cohort, together with formal same-cohort comparison with PSI 
and CURB-65 and assessment of the incremental discriminatory contribution of PNI.

Evaluation of PNI according to quartiles provided further insight into this association. 
In our study, 30-day mortality decreased from 47.3% in Q1 to 34.6% in Q2, 17.0% in Q3, and 
14.8% in Q4. Previously, Wang et al. [7] stratified PNI into quartiles and reported 30-day 
mortality rates of 55.14%, 29.95%, 23.44%, and 15.10% from Q1 to Q4, respectively. Similarly, 
in the adjusted Cox regression models from that study, the hazard of 30-day mortality 
decreased progressively across higher PNI quartiles when the lowest quartile was used as 
the reference. Because the quartile boundaries and patient populations differed between 
the two studies, direct comparison of mortality rates is not appropriate. Nevertheless, the 
observation of a graded decline in mortality with increasing PNI levels in both cohorts is 
noteworthy. However, because an adjusted trend model was not applied to the quartiles in 
our study, this finding should be interpreted as descriptive.

The association between PNI and mortality was further supported by ROC analysis. In 
our study, the AUC was 0.713 for PNI, compared with 0.656 for PSI and 0.670 for CURB-65. 
Wang et al. [7] reported an AUC of 0.71 for PNI in predicting 30-day mortality, indicating a 
similar level of discriminative performance for PNI in two independent cohorts. Ramirez 
and File [11] emphasized that PSI and CURB-65 remain central to short-term mortality 
risk assessment, while noting that their performance may vary according to the clinical 
context. In a systematic review and meta-analysis of 23 prospective studies involving 
22,753 patients, Loke et al. [12] reported that PSI had higher sensitivity, whereas CURB-65 
had higher specificity, and that both scores had high negative predictive values, particularly 
for identifying patients at low risk of death. In an analysis of 13,874 patients, Barlas et al. [13] 
reported area under the receiver operating characteristic curve values of 0.80 for PSI and 
0.77 for CURB-65, further demonstrating that the two scores have distinct performance 

https://doi.org/10.3390/life16111804

https://doi.org/10.3390/life16111804


Life 2026, 16, 1804 13 of 17

characteristics. An independent validation study by Ewig et al. [14] also supported the 
clinical value of both the CURB-based approach and PSI for mortality risk stratification.

In our cohort, PNI had the numerically highest AUC; however, paired DeLong testing 
showed no statistically significant difference between PNI and PSI (p = 0.321) or between 
PNI and CURB-65 (p = 0.434). Thus, the present data do not support statistical superiority of 
PNI as a stand-alone prognostic measure. Importantly, however, adding PNI to PSI increased 
the AUC from 0.656 to 0.740 (p = 0.034), whereas adding PNI to CURB-65 increased the 
AUC from 0.670 to 0.771 (p = 0.001). The corresponding decreases in Brier scores were 
also consistent with improved overall predictive performance. These findings support 
incremental discriminatory information from PNI when incorporated with established 
severity scores within the present cohort, although external validation is required before 
clinical utility can be inferred.

The PNI cutoff of 36.6 identified by ROC analysis is also noteworthy from the per-
spective of clinical risk stratification. Among the 93 patients with PNI ≤ 36.6, 43 (46.2%) 
died within 30 days, compared with 18 (14.9%) of the 121 patients with PNI > 36.6. For 
PNI ≤ 36.6, sensitivity was 70.5%, specificity was 67.3%, positive predictive value was 46.2%, 
and negative predictive value was 85.1%. Previously, Wang et al. [7] reported a PNI cutoff 
of 31.55 for 30-day mortality among patients with CAP admitted to the intensive care unit. 
Differences in patient selection, the spectrum of clinical severity, and the distribution of PNI 
values may contribute to the variation in cutoff values across studies. Accordingly, the value 
of 36.6 identified in our study should be considered a cohort-derived exploratory threshold 
rather than an established clinical cutoff. Because the threshold was derived and evaluated 
in the same dataset, its performance may be optimistic and requires independent validation.

In the primary multivariable analysis, PNI was retained as a continuous variable to 
avoid reliance on the cohort-derived cutoff. Each one-unit increase in PNI was associated 
with lower odds of 30-day mortality (OR, 0.869; 95% CI, 0.814–0.927; p < 0.001) after 
adjustment for age, diastolic blood pressure, respiratory rate, urea, cancer, and RDW. Older 
age, higher urea levels, and cancer also remained independently associated with mortality. 
Restricted cubic spline analysis showed no evidence of a significant nonlinear relationship 
(p for nonlinearity = 0.677), supporting the use of PNI as a continuous linear term in the 
primary model. In particular, our findings regarding age and malignancy were consistent 
with the data from large CAP cohorts. In a study by Luna et al. [15] involving 6205 patients 
with CAP from 80 hospitals in 17 countries, 508 patients (8.2%) died within 30 days. In 
their cohort, malignant disease, congestive heart failure, cerebrovascular disease, renal 
disease, diabetes, and age ≥ 80 years were independently associated with mortality [15]. 
The inclusion of urea and age as core components of CURB-65 [2] and of age and neoplastic 
disease in PSI risk stratification [1] further supports the consistency of our findings with 
the established prognostic framework for CAP. The persistence of the association between 
continuous PNI and mortality after adjustment for these factors supports its prognostic 
relevance, although the observational design does not establish causality or clinical utility.

The potential biological basis for the prognostic significance of PNI in CAP lies in 
its combination of serum albumin and peripheral lymphocyte count within a single in-
dex. In our study, both albumin and lymphocyte levels were lower among patients who 
died. In a prospective multicenter study of 366 patients by Zhao et al. [16], serum albu-
min was independently associated with 30-day survival. In addition, they reported that 
albumin ≤ 30 g/L was associated with a higher risk of mortality, and albumin alone had an 
AUC of 0.762 for 30-day mortality [16]. Moreover, adding albumin to PSI or CURB-65 im-
proved the prognostic performance of these scores. Regarding the lymphocyte component, 
Bermejo-Martin et al. [17] demonstrated in large derivation and validation cohorts that 
marked lymphopenia at presentation was independently associated with 30-day mortality.
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Because albumin is a major component of PNI, we additionally examined whether 
PNI provided greater discrimination than albumin alone in the present cohort. Albumin 
alone yielded an AUC of 0.703 (95% CI, 0.627–0.780), compared with 0.713 for PNI, and 
the difference was not statistically significant (paired DeLong p = 0.664). Thus, our data 
do not demonstrate that PNI is superior to albumin alone, and a substantial component of 
the prognostic signal may be attributable to serum albumin. Nevertheless, PNI combines 
albumin with peripheral lymphocyte count and thereby integrates two biologically distinct 
components of the host response in a simple composite index.

Importantly, PNI should not be interpreted as a direct measure of nutritional status 
during acute pneumonia. Serum albumin is influenced by systemic inflammation, capillary 
leakage, hydration status, hepatic synthesis, comorbid illness, and nutritional state, while 
lymphocyte count is also affected by the acute immune response. PNI in this setting may 
therefore be more appropriately regarded as an immunonutritional composite marker reflect-
ing overlapping nutritional, inflammatory, immune-related, and disease-severity processes.

The findings regarding the correlation between PNI and established pneumonia sever-
ity scores are also relevant in this context. PNI showed only a weak negative correlation 
with CURB-65 (r = −0.187, p = 0.006), whereas no significant association was observed 
between PNI and PSI (r = −0.102, p = 0.137). In contrast, PSI and CURB-65 showed a more 
pronounced positive correlation (r = 0.609, p < 0.001). These findings suggest that PNI does 
not simply represent a biochemical counterpart of conventional pneumonia severity scores. 
However, it is important to emphasize that a low correlation, by itself, does not establish 
incremental prognostic value. In a prospective study of 453 patients with CAP, Menéndez 
et al. [18] directly examined this issue through model comparisons and demonstrated that 
adding CRP to PSI significantly increased the AUC from 0.80 to 0.85 and adding CRP to 
CURB-65 increased the AUC from 0.82 to 0.85. Using a similar model-comparison frame-
work in the present study, we found that adding PNI significantly improved discrimination 
compared with PSI alone and CURB-65 alone. These findings provide direct evidence 
of incremental discriminatory value within this cohort; however, they remain internally 
derived and require external validation.

The relatively high mortality observed in the present study also deserves consideration. 
Thirty-day mortality was 28.5%, 185 of 214 patients (86.4%) had PSI > 90, 174 (81.3%) 
had CURB-65 ≥ 2, and 78 (36.4%) required ICU admission. Thus, the study population 
represented a relatively high-risk subset of hospitalized patients with CAP. This case mix 
may partly explain why the AUCs of PSI and CURB-65 were lower than those reported in 
some previous validation cohorts and may limit the generalizability of our findings to lower-
risk hospitalized or outpatient populations. In addition, although the difference in mean 
PNI between survivors and non-survivors was statistically significant, both groups had 
relatively low mean PNI values. This may reflect the substantial burden of acute illness and 
comorbidity in the overall cohort and highlights the importance of distinguishing statistical 
significance from the magnitude and clinical interpretation of between-group differences.

From a clinical perspective, an important advantage of PNI is that it can be readily 
calculated from routinely available albumin and lymphocyte measurements. However, PNI 
should not be regarded as a fixed patient characteristic. Because albumin and lymphocyte 
levels may change during acute illness, the trajectory of PNI over time may provide in-
formation beyond that obtained from a single baseline measurement. Therefore, a single 
PNI measurement should be interpreted within the broader clinical context rather than in 
isolation. Whether serial PNI measurements provide incremental prognostic information 
beyond the baseline value in CAP warrants further investigation.

Our study has several strengths. Evaluating PNI, PSI, and CURB-65 within the same pa-
tient cohort and against the same 30-day outcome allowed different prognostic approaches 
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to be examined within a common clinical context. Formal paired ROC comparisons allowed 
the discriminatory performance of the three measures to be compared appropriately, while 
the PSI + PNI and CURB-65 + PNI models enabled direct assessment of the incremental 
discriminatory contribution of PNI. Continuous PNI was used in the primary adjusted 
analysis, reducing dependence on a cohort-derived cutoff, and restricted cubic spline anal-
ysis provided no evidence against a linear relationship. In addition, bootstrap internal 
validation was used to quantify model optimism and assess the stability of discrimination 
and calibration. The cutoff and quartile analyses were retained as secondary exploratory 
and descriptive analyses, respectively.

Limitations
This study has several limitations. First, its retrospective, single-center design makes it 

susceptible to selection bias and unmeasured confounding and limits the external validity 
of the findings. In addition, exclusion of 42 patients because of incomplete clinical or labo-
ratory data may have introduced complete-case selection bias and may have contributed to 
enrichment of the cohort with more severely ill patients undergoing more extensive clinical 
evaluation. Second, although the primary and combined models underwent bootstrap 
internal validation, the sample size and number of mortality events were relatively limited, 
and external validation was not available. Third, the PNI cutoff of 36.6 was derived and 
evaluated within the same cohort, and should therefore be regarded as exploratory until 
independently validated. Fourth, the relatively high mortality rate and high proportion 
of patients with elevated PSI and CURB-65 scores indicate that the cohort represented 
a high-risk hospitalized CAP population, which may limit generalizability to lower-risk 
patients. Fifth, PNI was assessed only at presentation, and serial measurements were not 
available. Finally, although mortality decreased across increasing PNI quartiles, no ad-
justed trend analysis was performed for the quartile categories. Therefore, these findings 
require validation in independent, preferably multicenter, prospective cohorts using formal 
comparisons of prognostic models.

5. Conclusions
In the present study, lower PNI at hospital presentation was independently associ-

ated with 30-day mortality among hospitalized patients with CAP, with continuous PNI 
remaining significant in the primary multivariable analysis. The descriptive decrease in 
mortality across PNI quartiles and the moderate discriminatory performance of PNI for 
30-day mortality support its potential role as an immunonutritional marker for prognos-
tic risk assessment in CAP. PNI alone did not significantly outperform PSI or CURB-65; 
however, adding PNI significantly improved discrimination compared with either score 
alone within this cohort. These findings support the potential incremental prognostic value 
of PNI as an immunonutritional composite marker, although external validation in larger, 
preferably multicenter prospective cohorts is required before routine clinical application.
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