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Background: The Prognostic Nutritional Index (PNI), an integrative measure of body’s immune and nutritional status, has demon-
strated its prognostic value across a range of diseases. However, its role in critically ill patients with Chronic Obstructive Pulmonary
Disease (COPD) remains unclear. This study investigates the association between PNI levels and clinical outcomes in critically ill
COPD patients, with a focus on identifying its role as a potential predictor of mortality.

Methods: A retrospective analysis of 1,250 critically ill COPD patients from the MIMIC-IV (v2.2) database was conducted. Patients
were grouped by PNI tertiles. Primary and secondary outcomes were 28-day and 90-day mortality, respectively. Associations were
evaluated using restricted cubic splines, Cox proportional hazards regression analysis, and Kaplan—-Meier survival curves. The
predictive performance of PNI was assessed via receiver operating characteristic (ROC) curves analysis, and a nomogram integrating
Boruta-selected features was developed to enhance clinical utility.

Results: The final cohort comprised 1,250 critically ill COPD patients, with observed mortality rates of 25.3% and 33.2% at 28 and 90
days, respectively. Higher PNI levels were associated with reduced risk of both 28-day and 90-day mortality [28-day HR: 0.95 (95%
CI: 0.93-0.97), P < 0.001; 90-day HR: 0.94 (95% CI: 0.93-0.96), P < 0.001]. Restricted cubic spline analysis confirmed this trend.
Furthermore, ROC analysis demonstrated the utility of PNI as a predictor for 28-day mortality (AUC: 0.61). Boruta-selected features
reinforced the importance of PNI, and the constructed nomogram exhibited excellent predictive accuracy (AUC: 0.712).
Conclusion: Higher PNI is linked to reduced mortality risk in critically ill COPD patients, indicating its potential as a prognostic marker.
Keywords: chronic obstructive pulmonary disease (COPD), the prognostic nutritional index (PNI), MIMIC-IV

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a common respiratory condition that imposes a substantial burden on
healthcare systems worldwide, often requiring admission to intensive care units (ICUs)." It frequently necessitates intensive
care unit (ICU) admissions due to its severe exacerbations and comorbidities.” The incidence of COPD has been rising in
recent years. According to the GOLD 2022 report, the global prevalence of COPD is 11.7%, and it is the third leading cause
of death worldwide.? This disease encompasses a spectrum of lung conditions characterized by irreversible tissue damage,
leading to diminished pulmonary function.® It is primarily characterized by chronic cough, sputum production, dyspnoea,
and chest tightness, along with systemic symptoms such as weight loss and anorexia.’ Previous studies have reported that
biomarkers such as blood eosinophil count, platelet-to-lymphocyte ratio (PLR) and systemic immune inflammatory index
(SII) are associated with adverse clinical outcomes in patients with COPD.*” However, given the limited progress in
improving clinical outcomes in this highly heterogeneous disease, there remains a strong need to identify and validate novel
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prognostic biomarkers to enhance risk stratification and guide personalized management strategies. Identifying high-risk
individuals promptly could enhance prognostic strategies and optimize therapeutic outcomes.

The Prognostic Nutritional Index (PNI), calculated using serum albumin and lymphocyte counts, serves as a novel
and practical marker for assessing immunonutritional status.® Albumin serves as a marker of the body’s nutritional state,
has antioxidant and anti-inflammatory capacities.” Lymphocytes, a subtype of white blood cells, are crucial to the
immune system, serving as key regulators of immune defense and memory. The PNI provides a comprehensive
assessment of both nutritional and immune status and is easily accessible, making it a valuable tool for prognostication
in clinical practice. PNI has been shown to have significant predictive value for various types of cancer.'®'" Recent
studies have extended its utility to non-neoplastic diseases, such as cardiovascular diseases, autoimmune disorders,
neonatal respiratory distress syndrome, and cerebrovascular diseases.'* '’

COPD is characterized by systemic inflammation and nutritional impairments that significantly impact disease
progression and patient outcomes.'®'” Given that malnutrition and immune dysfunction are prevalent in COPD patients,
PNI’s dual assessment of nutritional status and immune function makes it a particularly promising marker for this
population. However, the role of PNI in predicting outcomes for critically ill COPD patients remains insufficiently
explored. Our primary hypothesis is that PNI values are significantly associated with mortality risk in critically ill
patients with COPD, with lower values potentially indicating poorer outcomes. The main purpose of our study is to
explore whether PNI could serve as a valuable prognostic indicator for mortality outcomes in this specific patient
population, thereby potentially guiding early intervention strategies.

In this study, we aim to investigate the relationship between PNI scores and adverse health outcomes in critically ill
COPD patients, with the goal of providing new insights into early prediction of clinical outcomes in this population.

Materials and Methods

Database introduction

This study utilized data from the MIMIC-1V (version 2.2) database, a publicly accessible and comprehensive electronic health
record repository. Maintained by the Massachusetts Institute of Technology Laboratory for Computational Physiology,
MIMIC-IV contains detailed clinical data from over 70,000 patients admitted to the Beth Isracl Deaconess Medical Center
(Boston, Massachusetts) between 2008 and 2019.'® The database includes demographic, clinical, laboratory, and outcome data
for over 70,000 patients, providing a robust resource for retrospective analyses. The first author, Qiudie Liu (certification
number: 62816135), was authorized to access the MIMIC-IV database after completing required training.

Population Selection Criteria

A total of 1,250 COPD patients were identified from the MIMIC-IV database using International Classification of Diseases
(ICD) 9th, 10th Revision codes (J44, J440, J449, J441, 49,120, 49,121, 49,122, 496). Patients were included if they met the
following criteria: (1) age >18 years; (2) first ICU admission; and (3) availability of complete data for calculating the
Prognostic Nutritional Index (PNI). Exclusion criteria included repeated ICU admissions (n= 3,180), ICU stays shorter than
24 hours (n = 1,824), and missing PNI data (n = 2,190). After applying these criteria, the final cohort comprised 1,250 patients.

Data Extraction and PNI

Data extraction was conducted using PostgreSQL to retrieve relevant variables from the MIMIC-IV database. The collected
data encompassed demographics, vital signs, laboratory parameters, comorbidities, severity scores, and therapeutic inter-
ventions. All variables were limited to the first 24 hours admission to the hospital to ensure consistency. Demographic
variables included age and gender, while vital signs comprised mean blood pressure (MBP), heart rate, oxygen saturation
(Sp0O2), and temperature. Comorbidities included myocardial infarction, cerebrovascular disease, severe liver disease, renal
disease, cancer, diabetes. Laboratory parameters included white blood cell, hemoglobin, platelets, serum creatinine (SCr),
anion gap, albumin, blood urea nitrogen (BUN), serum sodium, serum potassium, serum calcium, international normalized
ratio (INR), and prothrombin time (PT), lymphocytes. Illness severity scores included the admission severity evaluated by
acute physiology score III (APS III), sequential organ failure assessment (SOFA) and the Charlson comorbidity index (CCI),
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life-sustaining interventions included vasopressors and Renal Replacement Therapy (RRT). The Prognostic Nutritional Index
(PNI) was calculated using the formula: = (10xserum albumin [g/dL]) + (0.005xlymphocytes [K/uL])." All data were
retrieved from records generated within the first 24 hours following the patient’s admission to the hospital.

Groups and Clinical Outcome

Patients were categorized into three groups based on tertiles of the PNI levels, Tertile (T)1: < 29; T2: 29-35; T3: > 35.
Primary outcomes focused on 28-day all-cause mortality. Secondary outcomes included hospital mortality,90-day
mortality and the lengths of hospital and ICU stays.

Statistical Analysis

Statistical analyses were conducted to ensure robust and reliable findings. Continuous variables were presented as means
+ standard deviations (SD) for normally distributed data or medians with interquartile ranges (IQR) for non-normally
distributed data. Parametric tests, including the #-test or ANOVA, were applied to normally distributed variables, while
non-parametric tests, such as the Mann—Whitney U-test and Kruskal-Wallis test, were used for skewed distributions.
Categorical variables were expressed as frequencies and percentages and analyzed using the Chi-square test. Missing
data for variables with less than 5% were imputed using mean or median value.

Survival analyses were performed using Kaplan-Meier curves to evaluate the incidence of 28-day and 90-day
mortality across PNI tertile groups. Differences between survival curves were tested using the Log rank test. The
association between PNI and mortality outcomes was further assessed using multivariate Cox proportional hazards
models. Results were reported as hazard ratios (HR) with 95% confidence intervals (CI). Three models were
constructed with increasing levels of adjustment: Model I: unadjusted; Model II: adjusted for age, myocardial
infarct, cerebrovascular disease, diabetes, renal disease, malignant cancer, severe liver disease; Model 3: further
adjusted for the variables in Model II plus hemoglobin, platelets, WBC, creatinine, calcium, sodium, potassium,
INR, PT, APTT, anion gap, BUN, chloride.

Subgroup analyses were performed to examine the consistency of PNI’s prognostic value across different patient
groups, including variations by age, gender, cerebrovascular disease, severe liver disease, congestive heart failure, renal
disease, malignant cancer, sepsis, and the use of vasopressors. Receiver operating characteristic (ROC) curve analyses
were employed to compare the predictive performance of PNI with other indicators, including APSIII and SOFA scores.
To explore potential nonlinear relationships between PNI and mortality outcomes, a restricted cubic spline (RCS)
regression model with four knots was applied.

The Boruta algorithm was used to identify the most important features for predicting mortality in our cohort. This
feature selection method determines feature importance by comparing the Z-value of each feature with the Z-value of its
corresponding “shadow feature.*” If the Z-value of a true feature significantly exceeds the maximum Z-value of shadow
features in multiple tests, it is classified as “important” (green area). Conversely, features with Z-values not exceeding the
shadow features’ maximum are classified as “unimportant” (red area).

A nomogram was developed based on the results of the Boruta algorithm and clinical considerations to predict mortality
risk in critically ill COPD patients. The dataset was divided into training and validation sets at a 7:3 ratio. The area under the
curve (AUC) was used to evaluate the performance of the model to predict the risk of severity transformation. During internal
validation, a calibration curve was plotted based on 1000 bootstrap resamples to assess predictive accuracy.>' The closer the
calibration curve to the 45-degree diagonal line, the better the performance of the prediction model.

All data analyses were carried out using R software, version 4.4.2, and SPSS version 27.0, with statistical significance
set at a two-sided p-value of less than 0.05.

Results

Patient Characteristics
Data from 1250 patients diagnosed with COPD were extracted from the MIMIC-IV (Figure 1). Patient characteristics,
divided by PNI tertile, were displayed in Table 1. Patients with higher PNI values (T3) had significantly lower WBC, BUN,
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Those diagnosed with COPD in
MIMIC-IV(n=8,444)

xclusion criteria:
Not first admitted to
ICU(n=3,180);
Age<18 years old(n=0);
Missing lymphocyte and
albumin(n=2,190);

CU stay<24h(n=1,824)

[ Analysis cohort(n=1,250) ’

PNI (29) PNI (29-35) PNI (>35)
(n=438) (n=409) (n=403)

Figure | Selection of the study population from the MIMIC-IV database.
Abbreviations: COPD, chronic obstructive pulmonary disease; PNI, Prognostic Nutritional Index; ICU, intensive care unit.

APTT, and PT levels compared to those with lower PNI values (T1). Additionally, patients in the higher PNI tertile presented
with lower disease severity scores (APSIII and SOFA) at admission. The prevalence of malignant cancer was significantly
higher in the lower PNI tertile group (P < 0.001). Regarding therapeutic interventions, the use of vasopressors, RRT, and
mechanical ventilation was significantly lower in patients with higher PNI tertiles compared to those in lower tertiles.

Clinical Outcomes

According to PNI levels, the mortality rates in the T1, T2, and T3 groups were 34.7%, 21.0%, and 19.4% at 28 days, and
45.2%, 28.6%, and 24.8% at 90 days, respectively (Table 2). These results demonstrate that mortality rates decreased
progressively with increasing PNI levels. This inverse relationship was further illustrated by the Kaplan-Meier survival
curves (Figure 2), which showed significant separation between the tertiles (log-rank P < 0.001).

Table | Baseline Characteristics of Patients Stratified by PNI Tertiles

Variables Overall TI T2 T3 P-value
(n=1250) PNI<29 (n=438) 29<PNI<35 (n=409) PNI>35 (n=403)

Age (year) 71.00 [63.00, 80.75] 71.00 [62.00, 81.00] 72.00 [65.00, 81.00] 71.00 [62.00, 79.00] 0.158

Gender, n(%)
Female 566 (45.3) 209 (47.7) 182 (44.5) 175 (43.4) 0.425
Male 684 (54.7) 229 (52.3) 227 (55.5) 228 (56.6)

Vital signs
MBP (mmHg) 74.84 [69.20, 83.38] 72.63 [67.36, 77.76] 75.27 [69.76, 82.31] 78.94 [71.92, 87.94] <0.0001
Heart rate (beats/min) 86.09 [75.39, 98.95] 89.51 [77.89, 102.86] 85.52 [74.23, 98.03] 82.79 [73.75, 95.49] <0.0001
SpO2° 96.39 [94.79, 97.78] 96.43 [94.61, 98.00] 96.31 [94.96, 97.72] 96.39 [94.88, 97.53] 0.673
Temperature (°C) 36.82 [36.59, 37.11] 36.79 [36.56, 37.12] 36.81 [36.58, 37.09] 36.86 [36.65, 37.12] 0.076

(Continued)
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Table | (Continued).
Variables Overall TI T2 T3 P-value
(n=1250) PNI<29 (n=438) 29<PNI<35 (n=409) PNI>35 (n=403)

Laboratory tests
Hemoglobin (g/L) 9.90 [8.40, 11.50] 8.80 [7.60, 10.20] 10.10 [8.60, 11.60] 10.90 [9.45, 12.30] <0.0001
Platelets (K/uL) 170.00 [120.00, 236.75] 156.00 [100.00, 242.50] 180.00 [126.00, 242.00] 174.00 [134.00, 227.00] 0.009
WBC(K/uL) 10.10 [7.00, 13.90] 10.30 [6.53, 15.38] 10.50 [7.40, 14.30] 9.40 [6.80, 13.00] 0.022
Lymphocytes(K/uL) 0.91 [0.53, 1.41] 0.72 [0.42, 1.24] 0.89 [0.55, 1.39] 111 [0.66, 1.63] <0.0001
Albumin 3.20[2.70,3.60] 2.5[2.2, 2.70] 3.2[3.10, 3.40] 3.8 [3.6, 4.00] <0.0001
NLR 10.00 [5.34, 19.02] 11.48 [6.30, 22.84] 10.40 [5.71, 20.65] 8.04 [4.38, 15.03] <0.0001
PNI 32.00[27.00,36.01] 25.00[22.00,27.01] 32.01[31.00,34.00] 38.00[36.01,40.01] <0.0001
Anion gap (mg/dL) 13.00 [11.00, 15.00] 13.00 [11.00, 15.00] 13.00 [11.00, 15.00] 13.00 [12.00, 16.00] 0.002
BUN (mg/dL) 28.00 [18.00, 48.00] 31.00 [19.00, 50.00] 30.00 [19.00, 48.00] 24.00 [16.00, 40.00] <0.0001
Creatinine (mg/dL) 125 [0.90, 2.10] 130 [0.90, 2.30] 130 [0.90, 2.10] 120 [0.85, 1.80] 0.104
Calcium (mEq/L) 8.00 [7.40, 8.60] 7.50 [7.00, 8.00] 8.00 [7.50, 8.50] 8.50 [8.00, 8.90] <0.0001
Chloride (mEq/L) 100.00 [96.00, 105.00] 101.00 [96.00, 106.00] 100.00 [96.00, 104.00] 100.00 [96.00, 104.00] 0.001
Sodium (mEgq/L) 137.00 [134.00, 140.00] | 136.50 [133.00, 140.00] | 137.00 [134.00, 140.00] | 138.00 [135.00, 140.00] 0.008
Potassium (mEq/L) 4.60 [4.20, 5.30] 4.50 [4.10, 5.20] 4.60 [4.20, 5.30] 4.70 [4.10, 5.30] 0.243
INR 1.30 [1.12, 1.70] 1.40 [1.20, 1.90] 1.30 [1.20, 1.60] 1.20 [1.10, 1.50] <0.0001
PT(s) 14.50 [12.60, 18.50] 15.80 [13.53, 20.67] 14.50 [12.60, 17.80] 13.50 [12.00, 16.15] | <0.0001
APTT (s) 33.30 [29.00, 46.10] 34.70 [30.00, 48.18] 33.40 [29.10, 50.40] 31.90 [28.10, 39.45] <0.0001

Score
SOFA 6.00 [3.00, 9.00] 7.00 [4.00, 10.00] 6.00 [3.00, 8.00] 4.00 [2.00, 7.00] <0.0001
APSIII 48.00 [38.00, 63.00] 56.00 [43.25, 75.00] 47.00 [37.00, 58.00] 42.00 [33.00, 54.00] <0.0001
Charlson comorbidity index 7.00 [5.00, 8.00] 7.00 [5.00, 9.00] 6.00 [5.00, 9.00] 6.00 [5.00, 8.00] 0.063

Comorbidities

Diabetes without complication(%) 0.633
NO 924 (73.9) 328 (74.9) 305 (74.6) 291 (72.2)
YES 326 (26.1) 110 (25.1) 104 (25.4) 112 (27.8)

Diabetes with complication(%) 0.419
NO 1092 (87.4) 390 (89.0) 353 (86.3) 349 (86.6)
YES 158 (12.6) 48 (11.0) 56 (13.7) 54 (13.4)

Malignant cancer (%) <0.0001
NO 1057 (84.6) 340 (77.6) 350 (85.6) 367 (91.1)
YES 193 (15.4) 98 (22.4) 59 (14.4) 36 (8.9)

Congestive heart failure (%) <0.0001

(Continued)
International Journal of Chronic Obstructive Pulmonary Disease 2025:20 https: 1497



Liu and Wang

Table | (Continued).

Variables Overall TI T2 T3 P-value
(n=1250) PNI<29 (n=438) 29<PNI<35 (n=409) PNI>35 (n=403)
NO 694 (55.5) 277 (63.2) 190 (46.5) 227 (56.3)
YES 556 (44.5) 161 (36.8) 219 (53.5) 176 (43.7)
Myocardial infarct (%) 0.108
NO 935 (74.8) 343 (78.3) 297 (72.6) 295 (73.2)
YES 315 (25.2) 95 (21.7) 112 (27.4) 108 (26.8)
Severe liver disease (%) 0.001
NO 1169 (93.5) 394 (90.0) 390 (95.4) 385 (95.5)
YES 81 (6.5) 44 (10.0) 19 (4.6) 18 (4.5)
Renal disease (%) 0.004
NO 943 (75.4) 346 (79.0) 285 (69.7) 312 (774)
YES 307 (24.6) 92 (21.0) 124 (30.3) 91 (22.6)
Cerebrovascular disease (%) <0.0001
NO 1064 (85.1) 396 (90.4) 355 (86.8) 313 (77.7)
YES 186 (14.9) 42 (9.6) 54 (13.2) 90 (22.3)
Sepsis (%) <0.0001
NO 379 (30.3) 77 (17.6) 120 (29.3) 182 (45.2)
YES 871 (69.7) 361 (82.4) 289 (70.7) 221 (54.8)
Therapy
Mechanical ventilation, n(%) 521 (41.7) 220 (50.2) 170 (41.6) 131 (32.5) <0.0001
RRT(%) 71 (5.7) 30 (6.8) 16 (3.9) 25 (6.2) 0.156
Vasopressin, n(%) 40 (3.2) 21 (4.8) 10 (2.4) 9(22) 0.062
ICU stay(days) 3.00 [2.00, 6.00] 4.00 [2.00, 8.00] 3.00 [2.00, 5.00] 3.00 [2.00, 5.00] <0.0001
Hospital stay(days) 8.00 [5.00, 14.00] 10.00 [6.00, 17.00] 8.00 [5.00, 13.00] 7.00 [4.00, 12.00] <0.0001

Note: *SpO2 measurements were taken under varying oxygen supplementation conditions.

Abbreviations: MBP, mean blood pressure; SpO2, blood oxygen saturation; SOFA, Sepsis-Related Organ Failure Assessment Score; APSIII, Acute Physiology
Score lIl; WBC, white blood cells; BUN, blood urea nitrogen; INR, international normalized ratio; PT, prothrombin time; APTT, activated partial thromboplastin
time; RRT, Renal Replacement Therapy; NLR, neutrophil-lymphocyte ratio; PNI, Prognostic Nutritional Index.

Table 2 28-Day Mortality and 90-Day Mortality

PNI Tertile | | Tertile 2 | Tertile 3 | P-value
Mortality, n (%)

28-day mortality 152 (34.7) | 86 (21.0) 78 (19.4) <0.0001
90-day mortality 198 (45.2) | 117 (28.6) | 100 (24.8) | <0.0001
Hospital mortality | 119 (27.2) | 66 (16.1) 60 (14.9) <0.0001

Note: Tertile 1(<29); Tertile 2(29-35); Tertile 3(>35).
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Figure 2 Kaplan-Meier survival curves for all-cause mortality by PNI.

Note: (a) 28-day and (b) 90-day mor-tality: Stratification across PNl tertiles (T 1: £29; T2: 29-35; T3: >35)) shows progressively better survival, with a turning point at PNI = 32.00,
as indicated by restricted cubic spline (RCS) analysis, where PNl is regrouped into T 1 (PNI < 32) and T2 (PNI 2 32), revealing significantly lower survival in T| (P <0.0001) for both
(c) 28-day and (d) 90-day mortality.

Association between All-Cause Mortality and PNI

In the Cox regression analysis, the results revealed an association between higher PNI and reduced risks of 28-day mortality
across various models: unadjusted [HR, 0.94 (0.93-0.96), P < 0.001], partly adjusted [HR, 0.94 (0.93—0.96), P <0.001], and fully
adjusted [HR, 0.95 (0.91-0.94), P <0.001] when PNI was treated as a continuous variable. Similarly, PNI was correlated with 90-
day mortality across the unadjusted [HR, 0.94 (0.93-0.96), P <0.001], partly adjusted [HR, 0.95 (0.93-0.96), P <0.001], and
fully adjusted [HR, 0.94 (0.93-0.96), P <0.001] models (Table 3). Furthermore, when PNI was categorized as a nominal
variable, individuals in the higher tertiles demonstrated significantly lower risks of 28-day and 90-day mortality in all three
models. For 28-day mortality, patients in Tertile 2 had the lowest risk (HR = 0.55, 95% CI: 0.42-0.72, P < 0.001), while for 90-
day mortality, the risk was lowest in Tertile 3 (HR = 0.53, 95% CI: 0.40-0.70, P < 0.001).
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Table 3 Cox Proportional Hazard Ratios (HRs) for All-Cause Mortality

Categories Model | P value | Model 2 P value | Model 3 P value
HR %(95% CI®) HR (95% CI) HR (95% CI)

28-day mortality

Continuous 0.94[0.93,0.96] <0.001 0.94[0.93,0.96] | <0.001 0.95[0.93,0.97] | <0.001

Tertile groups®

TI Reference Reference Reference
T2 0.55[0.42,0.72] <0.001 0.54[0.41,0.70] | <0.001 0.55[0.41,0.73] | <0.001
T3 0.50[0.38,0.66] <0.001 0.52[0.39,0.69] | <0.001 0.59[0.43,0.81] | 0.001

90-day mortality

Continuous 0.94[0.93,0.96] <0.001 0.95[0.93,0.96] | <0.001 0.94[0.93,0.96] | <0.001

Tertile groups

TI Reference Reference Reference
T2 0.56[0.44,0.70] <0.001 0.54[0.43,0.68] | <0.001 0.54[0.42,0.69] | <0.001I
T3 0.48[0.37,0.61] <0.001 0.50[0.39,0.64] | <0.001 0.53[0.40,0.70] | <0.001

Note: Model |: unadjusted; Model 2: adjusted for age, myocardial infarct, cerebrovascular disease, diabetes, renal disease,
malignant cancer, severe liver disease; Model 3: adjusted for age, myocardial infarct, cerebrovascular disease, diabetes renal
disease, malignant cancer, severe liver disease, hemoglobin, platelets, WBC, creatinine, calcium, sodium, potassium, INR, PT,
APTT, anion gap, BUN, chloride. *Harzard ratio; "Confidence interval; “PNI Tertile groups: T1 (£29), T2 (29-35), T3 (>35).
Abbreviations: WBC, white blood cells; BUN, blood urea nitrogen; INR, international normalized ratio; PT, prothrombin
time, APTT, activated partial thromboplastin time.

Restricted Cubic Spline

The restricted cubic spline (RCS) analysis for both 28-day and 90-day mortality (Figure 3) revealed an L-shaped association
between PNI and mortality risk, with an inflection point around PNI = 32.00, indicating a nonlinear relationship. Below this
inflection point, the risk of mortality decreased sharply with increasing PNI, while above PNI = 32.00, the reduction in
mortality risk became less pronounced. According to the Cox proportional hazards regression model (Table 3), the lowest 28-

as p for non-linear= 0.0145 be p for non-linear= 0.0058

HR (95% Cl)
fusuaq Kuiqeqosd

fusuaq Auigeqoid
HR (95% Cl)

PN ‘ PNI

Figure 3 RCS analysis of 28-day (a) and 90-day (b) mortality.

Note: The curves represent the estimated adjusted hazard ratios, with shaded ribbons indicating the 95% confidence intervals. The vertical dotted line marks the turning
point of the curve (PNI = 32), where the hazard ratio equals 1.0. The horizontal dashed line represents a hazard ratio of 1.0. The columns represent the histogram of the
PNI distribution in the study population.

Abbreviation: HR, hazard ratio; Cl, confidence interval.
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day mortality risk was observed in Tertile 2 (HR = 0.55, 95% CI: 0.42-0.72, P < 0.001), suggesting a potential nonlinear
association with a nadir at moderate PNI levels. In contrast, for 90-day mortality, the risk was lowest in Tertile 3 (HR = 0.53,
95% CI: 0.40-0.70, P < 0.001). This suggests that while increasing PNI generally correlates with better outcomes, the
relationship may be more complex at different time points.

ROC Curve Analysis

ROC curves were generated to assess the predictive performance of PNI, APSIII, SOFA, and the combined APSIII+PNI
model for 28-day mortality in patients with COPD (Figure 4). Among these, the APSIII score alone demonstrated the highest
discriminative ability, with an AUC of 0.75 (95% CI: 0.68-0.82). The combined APSIII+PNI model yielded a slightly lower
AUC of 0.72 (95% CI: 0.64-0.79), and the difference was statistically significant when compared with APSIII alone
(Z=2.436, p=0.0148). The PNI-only model showed moderate predictive ability with an AUC of 0.61 (95% CI: 0.53-0.68).
These results suggest that while PNI has independent prognostic value, combining it with APSIII does not enhance predictive
performance beyond using APSIII alone, possibly due to some overlap in the physiological parameters they assess.

Subgroup Analysis

Subgroup analysis across various demographic and clinical strata consistently showed that higher PNI was associated
with reduced 28-day mortality in COPD patients (Figure 5). Importantly, a significant interaction was detected only in the
vasopressor subgroup (p for interaction < 0.05), suggesting potential effect modification, whereas no such interactions
were observed in other subgroups.

Boruta Algorithm

Figure 6 illustrates the feature selection results based on the Boruta algorithm. Variables in the green area are identified as
important predictive features, while variables in the red area represent unimportant features. PNI was identified as an
important predictor with a high Z-score, reinforcing its significance in mortality prediction for critically ill COPD
patients. Other important features included age, APSIII, SOFA, MBP, SpO2, WBC count, neutrophil count, serum
creatinine, and temperature.
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Figure 4 ROC Curve for 28-day all-cause Mortality.
Abbreviations: PNI, Prognostic Nutritional Index; APSIII, Acute Physiology Score Ill; SOFA, Sequential Organ Failure Assessment.
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Variable No.of patients percernt% HR(95%CI) P value P forinteraction
Age : 0.946
>65 855 68.4 - 0.94(0.92-0.96) <0.001
<=65 395 316 e E 0.94(0.91-0.97) <0.001
Gender i 0.877
Female 566 453 == ! 0.94(0.92-0.97) <0.001
Male 684 547 = | 0.94(0.92-0.96) <0.001
Cerebrovascular disease 0.188
No 1064 85.1 - 0.93(0.91-0.95) <0.001
Yes 186 149 — 0.96(0.92-0.99) 0.015
Congestive heart failure : 0.709
No 694 555 - 0.94(0.92-0.96) <0.001
Yes 556 445 — f 0.94(0.92-0.97) <0.001
Renal disease i 0.118
No 943 754 -— f 0.93(0.92-0.95) <0.001
Yes 307 246 — 0.96(0.93 - 1.00) 0.038
Severe liver disease 0.099
No 1169 935 - 0.94(0.92-0.96) <0.001
Yes 81 6.5 — 0.98(0.93-1.03) 0.449
Malignant cancer E 0.229
No 1057 846 - 0.95(0.93-0.97) <0.001
Yes 193 154 —_— 0.92(0.88 -0.96) <0.001
Sepsis E 0.31
No 379 303 — i 0.93(0.89-0.97) 0.001
Yes 871 69.7 -— 0.95(0.94-0.97) <0.001
Mechanical ventilation 0.193
No 729 58.3 - 0.93(0.91-0.96) <0.001
Yes 521 417 - 0.96(0.94 -0.98) <0.001
vasopressor i 0.019
No 1210 96.8 - 0.94(0.92-0.95) <0.001
Yes 40 32 S — 1.05(0.95-1.15) 0.319
Overall 1250 100 - , 0.94(0.93-0.96) <0.001

i
i
T T
1 12

—
Better Worse

Figure 5 Subgroup analysis of associations between PNI and 28-day mortality.
Abbreviations: PNI, Prognostic Nutritional Index; HR, hazard ratio; Cl, confidence interval.
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Figure 6 Feature selection based on the Boruta algorithm.

Note: The horizontal axis is the name of each variable, and the vertical axis is the Z value of each variable. Boxplots represent the distribution of Z scores for each variable
during the Boruta feature selection process. Green: confirmed important variables; Red: rejected variables; Yellow: tentative variables; Blue: shadow attributes used as
reference to evaluate importance.
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Nomogram Building and Validation

Based on the Boruta algorithm results and clinical considerations, we constructed a nomogram prediction model
incorporating eleven variables (age, PNI, MBP, SpO2, WBC count, neutrophil count, serum creatinine, temperature,
APSIII, and SOFA) to predict mortality in critically ill patients with COPD (Figure 7). The model demonstrated robust
discriminatory power, with an AUC of 0.783 (95% CI: 0.735-0.800) in the training set and 0.712 (95% CI: 0.648-0.776)
in the validation set (Figure 8a and b). Furthermore, the calibration curve graphs showed good alignment between
predicted probabilities and actual outcomes (Figure 9a and b), particularly in the training set, though with some deviation
in the validation set at higher probability ranges.

Discussion

This study highlights a significant inverse relationship between PNI and mortality in critically ill COPD patients. Lower
PNI levels were strongly associated with higher risks of 28-day mortality [HR: 0.95 (95% CI: 0.93-0.97), P < 0.001] and
90-day mortality [HR: 0.94 (95% CI: 0.93-0.96), P < 0.001], suggesting its potential as a robust prognostic marker. The
PNI demonstrated moderate predictive performance for 28-day mortality with an AUC of 0.61, indicating its utility as an
independent prognostic indicator.

APSIII is a widely used scoring system in ICU practice, reflecting the acute physiological status of patients and
serving as the core component of the APACHE II score.? It includes 12 variables such as temperature, mean arterial
pressure, heart rate, and WBC count, providing a comprehensive method to assess illness severity. However, APSIII does
not incorporate nutritional markers such as serum albumin, which are critical determinants of prognosis, especially in
chronic conditions like COPD.?® The Prognostic Nutritional Index (PNI), by integrating serum albumin and lymphocyte
count, reflects both nutritional status and immune function, potentially offering complementary prognostic information.

In our study, APSIII alone demonstrated the highest predictive value for 28-day mortality in COPD patients (AUC =
0.75). Interestingly, the addition of PNI slightly reduced the AUC to 0.72, with this difference being statistically
significant (Z = 2.436, p = 0.0148). This finding suggests that while PNI captures nutritional dimensions not included
in APSIII, its integration with APSIII may introduce redundancy due to overlapping inflammatory components already
assessed by APSIII. The standalone PNI model (AUC = 0.61) showed moderate predictive ability, indicating its value as
an independent prognostic tool, particularly in settings where comprehensive physiological scoring may not be feasible.

0 10 20 30 40 50 60 70 80 90 100
Points
>65
Age —_—
<=65
MBP S
130 100 70
Sp02 e
100 94 88 82 76
Temperature r T r T T T T T T ' ' ' : y
40 395 39 385 38 375 37 365 36 355 35 345 34 335
PNI T T T T T
60 45 30 15 5
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Figure 7 Nomogram for predicting 28-day mortality in patients with COPD.

Note: Scores are assigned to each predictor based on its contribution to the model. The total score, derived by summing individual scores, corresponds to the estimated
probability of 28-day mortality shown on the bottom scale.

Abbreviations: PNI, Prognostic Nutritional Index; APSIII, Acute Physiology Score Ill; SOFA, Sequential Organ Failure Assessment; WBC, white blood cell; MBP, mean blood
pressure; Scr, serum creatinine.
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Figure 8 Receiver operating characteristic (ROC) curve of the nomogram training and validation cohort.

Note: The ROC curve shows the discriminative ability of the nomogram, with an area under the curve (AUC) of 0.783 (a) in the training cohort and an area under the
curve (AUC) of 0.712 (b) in the validation cohort.
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Figure 9 Calibration curve of the nomogram in the training and validation cohort.

Note: The calibration curve demonstrates the agreement between the predicted and observed 28-day mortality. (a) shows the calibration curve of the training set and (b)
shows the calibration curve of the validation set. The 45° dashed line is the reference line. The dotted line shows the performance of the current nomogram, and the solid
line is bias-corrected by bootstrapping.

The Boruta algorithm identified PNI as an important predictor with a high Z-score, confirming its relevance in
mortality prediction for critically ill COPD patients. This finding supports the use of PNI in prognostic models and risk
stratification tools. Based on these results, we developed a nomogram that integrates PNI with other clinically relevant
variables to provide a practical tool for mortality risk assessment in critically ill COPD patients. The nomogram
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demonstrated good discriminative ability (AUC = 0.783 in the training set, 0.712 in the validation set) and reasonable
calibration, suggesting its potential utility in clinical decision-making.

Relation to Previous Research

Extensive research underscores the intricate connection between nutritional and immune status and disease prognosis.
The PNI, encapsulating both dimensions, has emerged as a valuable prognostic marker, particularly in oncology, where it
has demonstrated predictive utility in cancers such as non-small cell lung cancer.?* Recent studies have shown that lower
PNI at admission correlates with increased mortality risk in patients with severe COVID-19.%*® Research has also
demonstrated that preoperative PNI is closely associated with prognosis in patients with hepatocellular carcinoma (HCC),
serving as a predictor of postoperative recurrence and survival.?’

Several prior investigations have evaluated the prognostic significance of PNI in individuals diagnosed with COPD.
For example, a retrospective analysis involving 91 COPD patients identified a significant negative correlation between
PNI and the risk of exacerbations in elderly patients.”® However, their analysis was limited to general hospital
admissions, lacking a focus on critically ill patients in ICU settings. In contrast, our study specifically targets this high-
risk subgroup, characterized by higher disease severity and complexity, where mortality risks are markedly elevated. By
examining critically ill COPD patients, we demonstrated that lower PNI levels are strongly associated with increased all-
cause mortality, emphasizing the importance of PNI as a practical and effective prognostic tool in ICU settings.

PNI and COPD

Serum albumin, a major plasma protein, is a conventional marker of nutritional status and plays essential roles in maintaining
oncotic pressure, exerting antioxidant effects, and modulating immune responses.”’ Hypoalbuminemia is common in critical
illnesses and has been associated with poor outcomes in various diseases.* Similarly, lymphocyte count reflects cellular immune
capacity, with lymphopenia indicating immune suppression and heightened susceptibility to infections.>’ In COPD patients,
lymphopenia is often linked to worse prognoses, compounding the challenges of disease management.**>>

The clinical course of COPD is multifactorial, involving interactions between systemic inflammation, immune
dysfunction, and nutritional deficiencies. These complexities often limit the utility of single predictive markers. The
PNI addresses this gap by integrating albumin and lymphocyte counts, creating a holistic measure that reflects both
nutritional and immune status. This dual assessment enhances its predictive value, enabling more accurate risk
stratification and prognostic evaluation in COPD patients, particularly those with severe disease presentations.

The relationship between PNI and mortality in COPD patients is complex and multifaceted. Poor nutritional status,
a hallmark of COPD, is associated with reduced exercise capacity, delayed recovery, and heightened susceptibility to
complications.* Malnutrition exacerbates muscle wasting, prolongs hospital stays, and impairs wound healing, con-
tributing to worse clinical outcomes.>* Furthermore, systemic inflammation and metabolic stress, characteristic of COPD,
amplify nutritional deficits, creating a vicious cycle that undermines recovery. Low PNI levels are also linked to higher
incidences of comorbidities, such as cancer and renal dysfunction, which independently elevate mortality risk.'**¢ As
PNI integrates albumin and lymphocyte levels, it offers a simple yet powerful method for assessing immune-nutritional
status using routine blood tests, facilitating early risk identification and intervention.

Limitations of the Study

Despite the significant findings of this study, several limitations must be acknowledged. First, the retrospective design utilizing
the MIMIC-IV database introduces inherent limitations such as dependence on pre-existing data and potential for residual
confounding, even after multivariate adjustments. Important factors that might influence both PNI and outcomes, such as
detailed nutritional history, physical activity levels, and socioeconomic status, were not available for analysis. Second, the
single-center nature of the MIMIC-IV database may limit the generalizability of our findings to broader COPD populations
with different demographic characteristics or treatment protocols. Variations in clinical practices and resource availability
across institutions could influence both PNI levels and patient outcomes. Third, our study evaluated PNI at a single time point
and did not assess dynamic changes in PNI over time, which might provide deeper insights into its prognostic utility.
Additionally, data on specific nutritional support interventions were unavailable, limiting our understanding of how these
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treatments might interact with PNI and influence mortality risk. Fourth, while our nomogram demonstrated good predictive
performance, external validation in independent cohorts is necessary to confirm its clinical utility. Future research should
prioritize large-scale, multi-center prospective studies to validate these findings across diverse COPD populations and explore
the impact of nutritional interventions on PNI and clinical outcomes.

Conclusion

Our study identified a significant negative correlation between PNI and all-cause mortality in patients with COPD. PNI
shows promise as a predictor of mortality risk in this cohort. However, further validation through prospective, large-
scale, multi-center studies is needed to confirm these findings.
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