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Background: Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) particularly when
coupled with acute respiratory failure (ARF), markedly elevates mortality rates. This investigation focuses on
pivotal inflammatory markers in exacerbations of chronic obstructive pulmonary disease (COPD), including
the neutrophil-to-lymphocyte ratio (NLR), lactate-to-albumin ratio (LAR), glucose-to-lymphocyte ratio
(GLR), prognostic nutritional index (PNI), platelet-to-lymphocyte ratio (PLR), and systemic immune-
inflammation index (SII), which are easily determinable from peripheral blood. We aimed to investigate
the prognostic value of NLR, LAR, GLR, SII, PNI, and PLR for in-hospital mortality among AECOPD
patients with ARF.

Methods: This analysis encompassed data from the Medical Information Mart for Intensive Care IV
(MIMIC-IV) database, involving patients diagnosed with AECOPD and ARF. The study employed
multivariate logistic regression and restricted cubic spline (RCS) models to evaluate the relationship between
selected inflammatory markers and in-hospital mortality. The efficacy of these markers as prognostic tools
was further assessed through receiver operating characteristic (ROC) curve analysis.

Results: The study included 1,209 AECOPD patients with ARF, comprising 1,137 survivors and
72 fatalities, yielding an in-hospital mortality rate of 5.96%. Both NLR and PNI demonstrated non-linear
relationships with mortality outcomes in RCS analysis, with inflection points at 6.66 and 43.54, respectively.
Elevated GLR were linked with increased mortality risk. These results persisted even after adjusting for
covariates. No significant associations were found for SII, LAR, or PLR. Notably, NLR [area under the
curve (AUC) =0.684; 95% confidence interval (CI): 0.627-0.741] slightly surpassed PNI (AUC =0.663; 95%
CI: 0.557-0.691) and GLR (AUC =0.624; 95% CI: 0.557-0.691) in predictive accuracy.

Conclusions: NLR, GLR, and PNI on admission to hospital have moderate predictive utility for in-
hospital mortality in patients with AECOPD and ARF. The findings may provide some references for
exploring prognostic biomarkers and help clinicians to identify patients with AECOPD and ARF at elevated

risk of mortality in an early stage.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
widespread chronic respiratory illness that progressively
worsens symptoms and deteriorates quality of life. The
Global Burden of Disease Study 2019 identifies COPD
as the world’s third leading cause of death, responsible for
3.3 million deaths in 2019, thus imposing a substantial
societal burden (1). According to the updated Global
Initiative for Chronic Obstructive Lung Disease (GOLD)

2024 recommendations, an exacerbation of COPD is

Highlight box

Key findings

® The in-hospital mortality risk in acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) and acute respiratory
failure (ARF) patients increased along with the elevated the
neutrophil-to-lymphocyte ratio (NLR) and glucose-to-lymphocyte
ratio (GLR), while prognostic nutritional index (PNI) showed a
negative correlation. In addition, restricted cubic spline (RCS)
model indicated a non-linear relationship between NLR and in-
hospital mortality, with a significant increase in risk observed when
NLR exceeded 6.66. Additionally, a U-shaped curve was noted
for PNI, with an inflection point at 43.54, less than which the risk
of mortality increased significantly. For GLR, the RCS analysis
indicated a linear increase in mortality risk.

What is known and what is new?

® Previous research has established the link between AECOPD,
systemic inflammation, and increased mortality risk. Inflammatory
markers can predict adverse outcomes in AECOPD.

¢ NLR, GLR, and PNI have moderate predictive utility for in-
hospital mortality in patients with AEKCOPD and ARF, providing
some references for exploring prognostic biomarkers.

What is the implication, and what should change now?

* Focusing on NLR, GLR, and PNI in AECOPD with ARF patients
and keeping them within appropriate ranges may be important for
those who are with a high risk of in-hospital mortality. Further
prospective studies over longer follow-up periods are warranted
to establish the potential clinical use of the NLR, GLR, and PNI,
singly or as part of a combined predictive model, in early risk
stratification and reducing the burden of disease.

© AME Publishing Company.

defined as an event characterized by dyspnea and/or
cough and sputum that worsen in <14 days, which may be
accompanied by tachypnea and/or tachycardia and is often
associated with increased local and systemic inflammation
caused by infection, pollution, or other insult to the
airways. These events can be life-threatening and require
adequate evaluation and treatment (2). Additionally, acute
exacerbation of COPD (AECOPD) is associated with
significant hospitalization and mortality, along with health
and socioeconomic burdens (2). Acute respiratory failure
(ARF) stands out as a common and severe complication
among patients with AECOPD (3,4), especially in severe
cases requiring mechanical ventilation. Studies indicate
markedly high mortality rates for these patients: 20%
in-hospital, 48% at 1 year, 58% at 2 years, and 64%
at 3 years post-admission (5,6). Early identification of
the risks associated with AECOPD and ARF is vital for
initiating timely and appropriate interventions. Therefore,
it is meaningful to investigate the reliable and accessible
biomarkers or predictive indexes on the risk of in-hospital
mortality for patients with AECOPD and ARF.

COPD exacerbations typically signal a significant flare-
up of inflammatory processes. Both airway and systemic
inflammation in AECOPD are linked to disease progression
and mortality (7-9). Previous studies have shown the
association between AECOPD and various peripheral
blood immunoinflammatory cells and molecules, such as
neutrophils, eosinophils, lymphocytes, platelets, C-reactive
protein (CRP), and fibrinogen (7,10,11). Beyond these, the
neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-
lymphocyte ratio (PLR) have been reported to be associated
with adverse outcomes in hospitalized AECOPD patients
(12,13). Another study found that the systemic immune-
inflammation index (SII) log-level was associated with
COPD risk, lung function, and COPD severity (14). The
glucose-to-lymphocyte ratio (GLR) has been assessed for
its predictive capacity regarding in-hospital mortality in
intensive care unit (ICU)-admitted AECOPD patients (15).
The lactate-to-albumin ratio (LAR) was reported to be
associated with 28-day mortality in ICU patients with
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AECOPD (16). Additionally, decreased prognostic
nutritional index (PNI) levels at admission were showed
to be associated with adverse hospitalization outcomes in
patients with AECOPD (17) and indicated a heightened
exacerbation risk in elderly COPD patients (18). Taken
together, the aforementioned studies have explored the
impact of inflammatory biomarkers (NLR, LAR, GLR, SII,
PNI, and PLR) on prognosis of patients with AECOPD,
few have examined their correlation with AECOPD
in patients also suffering from ARF. Whether these
inflammatory biomarkers (NLR, LAR, GLR, SII, PNI,
and PLR) are prognostic factors for in-hospital mortality
in AECOPD and ARF patients is unclear. This study aims
to elucidate the prognostic value of NLR, LAR, GLR, SII,
PNI, and PLR for in-hospital mortality among AECOPD
patients with ARF using data from the Medical Information
Mart for Intensive Care IV (MIMIC-1V). We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-1287/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Data source

This retrospective, observational study utilized the
MIMIC-1IV database (version 2.2), which comprises high-
quality medical records of over 250,000 patients admitted
to the ICU or emergency room of Beth Israel Deaconess
Medical Center (BIDMC) from 2008 through 2019 (19).
Access to the MIMIC-IV database was granted to the first
author, Qimin Wang (certification ID: 54755644), under
the approval of the BIDMC Institutional Review Board.
The dataset was de-identified in compliance with privacy
regulations, thus negating the need for informed consent.

Study population

The study population was selected using structured query
language (SQL) queries to identify patients diagnosed
with both AECOPD and ARF within the MIMIC-IV
dataset. Primary diagnosis of AECOPD was identified
by International Classification of Diseases (ICD)-9 codes
491.21, 491.22 and ICD-10 codes ]J44.0, J44.1 (20,21).

© AME Publishing Company.
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Primary diagnosis of ARF was identified using ICD-9 codes
51881, 51884 and ICD-10 codes J96.0, J96.00, J96.01,
J96.02. Patients who were diagnosed with both AECOPD
and ARF were included in the study. Unfortunately, the
lung function test and annual frequency of exacerbations
were not available for this dataset to conduct comprehensive
assessment for AECOPD. Only the first hospitalization
records were used for patients with multiple admissions to
minimize selection bias. Exclusion criteria included patients
with incomplete documentation or essential medical records
and those missing survival outcome data. The patient
selection process is detailed in Figure 1.

Data extraction and outcome

PostgreSQL 15 software was utilized for data extraction
from the MIMIC-IV database. The following variables
were extracted for the first time they were measured
following the patients’ first hospital admission for analysis:
age, gender, race, body mass index (BMI), heart rate (HR),
respiratory rate (RR), laboratory parameters including white
blood cell (WBC) count, neutrophil count, lymphocyte
count, eosinophil count, platelet count, albumin, glucose,
lactate, serum blood urea nitrogen (BUN), serum sodium,
arterial blood gases [pH, partial pressure of oxygen (pO,),
and partial pressure of carbon dioxide (pCO,)], and
comorbidities [congestive heart failure (CHF), chronic
kidney disease (CKD), malignancy]. The severity of clinical
conditions was quantified using the Sequential Organ
Failure Assessment (SOFA) score (22) and the Simplified
Acute Physiology Score II (SAPS II) (23). Data on treatment
therapies such as ipratropium bromide were extracted;
However, variables with over 30% missing data, including
invasive mechanical ventilation (IMV) and vasopressor use,
were excluded from the analysis.

The dependent variables in this study were
inflammatory indices including the NLR, LAR, GLR, SII,
PLR, and PNI. The formulas used were: NLR: neutrophil
count divided by lymphocyte count; LAR: lactate divided
by albumin; PLR: platelet count divided by lymphocyte
count; GLR: fasting blood glucose divided by lymphocyte
count; SII: product of platelet count and the ratio of
neutrophil to lymphocyte count; PNI: 10 times the
albumin concentration (g/dL) plus 5 times the lymphocyte
count (x10°/L) (18).

The primary endpoint of this study was in-hospital
mortality, evaluated through in-hospital survival records.
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(n=329,325)
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Had multiple admissions other than the first admission
(n=148,685)

y

Patients for further screening
(n=180,640)

A

A

Inclusion criteria: aged >18 years; diagnosis of AECOPD
with (ICD-9 codes: 491.21, 491.22) and (ICD-10 codes:
J44.0, J44.1). Diagnosis of ARF (ICD-9 codes: 51881,
51884 and the ICD-10 codes: J96.0, J96.00, J96.01,
J96.02)

Patients with AECOPD and ARF
(n=1,239)

Exclusion criteria: missing data

Y

y

Patients who met the inclusion/
exclusion criteria
(n=1,209)

Survivors (n=1,137) Deaths (n=72)

(n=30)

Figure 1 Flowchart of participant selection. MIMIC-IV, Medical Information Mart for Intensive Care-IV; AECOPD, acute exacerbation of

chronic obstructive pulmonary disease; ICD, International Classification of Diseases; ARF, acute respiratory failure.

Statistical analysis

To mitigate bias from sample exclusion, the percentage
of missing values was calculated for each variable, and
multiple imputation techniques were employed to estimate
missing values for variables with less than 30% missing
data; variables exceeding this threshold were omitted
from the analysis. Baseline characteristics of patients were
summarized as mean = standard deviation (SD) for normally
distributed variables, median with interquartile range (IQR)
for non-normally distributed variables, and proportions for
categorical variables. Differences were assessed using ¢-tests,
Kruskal-Wallis tests, or Chi-squared tests as appropriate.
Multivariable logistic regression was used to analyze
the independent association of inflammatory indicators
(NLR, PLR, SII, GLR, LAR, and PNI) with in-hospital
mortality in AECOPD and ARF patients. The models
varied by adjustments: Model 1 adjusted for no covariates;
Model 2 for age, sex, race, and BMI; and Model 3 included
additional adjustments for HR, RR, WBC, BUN, CHE,
CKD, malignancy, SOFA score, SAPS II score, and
ipratropium bromide use. Results were presented as odds

ratios (ORs) with their respective 95% confidence intervals
(ClIs). Receiver operating characteristic (ROC) curves were
employed to determine the area under the curve (AUC)
for each inflammatory marker across the different models,
assessing their predictive accuracy. Additionally, a restricted
cubic spline (RCS) model was constructed to explore
potential dose-response relationships between inflammatory
markers and mortality. All statistical tests were conducted
as two-sided, with a significance level set at P<0.05. Data
analysis was performed using R software (version 4.2.1) with
RStudio (version 2022.07.2+567).

Results
Basic characteristics of patients with AECOPD and ARF

The study enrolled 1,209 patients diagnosed with AECOPD
and ARF. The median age was 70.00 (61.00, 78.00) years,
with 576 patients (47.64%) being male. Of these, 72
patients died in hospital, representing 5.96% of the cohort.
Table 1 presents the characteristics of participants. A
significant age disparity was noted between the deceased
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Table 1 Baseline characteristics of survivors and non-survivors

Wang et al. Inflammatory markers and mortality in AECOPD

Variables Total (n=1,209) Survival group (n=1,137) Death group (n=72) P value
Age (years) 70.00 (61.00, 78.00) 70.00 (61.00, 78.00) 76.00 (69.75, 82.25) <0.001
Gender 0.21

Female 633 (52.36) 601 (52.86) 32 (44.44)

Male 576 (47.64) 536 (47.14) 40 (55.56)
Race 0.20

White 411 (34.00) 381 (33.51) 30 (41.67)

Others' 798 (66.00) 756 (66.49) 42 (58.33)
BMI (kg/m?) 28.40 (23.90, 34.00) 28.40 (24.00, 33.90) 27.30 (23.67, 34.90) 0.79
HR (beats/min) 90.00 (78.00, 104.00) 89.00 (78.00, 103.00) 94.50 (74.75, 114.00) 0.23
RR (beats/min) 20.00 (17.00, 25.00) 20.00 (17.00, 25.00) 21.00 (18.00, 25.00) 0.49
pH 7.36 (7.29, 7.41) 7.36 (7.29, 7.41) 7.36 (7.29, 7.41) 0.36
pO, (mmHg) 72.00 (49.00, 113.00) 72.00 (49.00, 113.00) 72.00 (49.00, 113.00) 0.52
pCO, (MmHg) 48.00 (41.00, 60.00) 48.00 (41.00, 60.00) 48.00 (41.00, 60.00) 0.65
WBC (K/pL) 9.30 (7.00, 12.40) 9.10 (6.90, 12.10) 12.00 (9.07, 15.90) <0.001
Neutrophil (K/uL) 7.64 (5.07, 11.50) 7.52 (4.96, 11.35) 11.17 (8.73, 15.46) <0.001
Lymphocytes (K/uL) 1.18 (0.68, 1.85) 1.18 (0.70, 1.86) 0.83 (0.51, 1.43) 0.006
Eosinophils (K/pL) 0.08 (0.01, 0.21) 0.08 (0.01, 0.22) 0.01 (0.00, 0.17) 0.03
Platelets (K/uL) 241.00 (185.00, 305.00) 243.00 (186.00, 305.00) 202.50 (146.00, 296.00) 0.004
Lactate (mmol/L) 1.50 (1.10, 2.20) 1.50 (1.10, 2.20) 1.70 (1.30, 2.32) 0.059
Fasting blood-glucose (mg/dL) 117.00 (96.00, 156.00) 116.00 (96.00, 153.00) 136.50 (109.50, 178.25) 0.001
Albumin (g/dL) 3.70 (3.20, 4.10) 3.80 (3.20, 4.20) 3.30 (2.70, 3.90) <0.001
BUN (mg/dL) 19.00 (14.00, 29.00) 19.00 (14.00, 28.00) 29.50 (18.75, 39.25) <0.001
Serum sodium (mmol/L) 139.00 (136.00, 142.00) 139.00 (136.00, 142.00) 139.00 (136.00, 142.00) 0.61
SAPS Il 37.00 (30.00, 45.00) 37.00 (29.00, 45.00) 48.00 (39.75, 57.50) <0.001
SOFA score 4.00 (2.00, 7.00) 4.00 (2.00, 7.00) 8.00 (5.00, 11.00) <0.001
NLR 6.54 (3.35, 14.18) 6.26 (3.22, 13.64) 11.63 (6.92, 23.07) <0.001
PLR 205.06 (124.51, 351.35) 204.96 (124.24, 349.23) 218.93 (138.36, 397.18) 0.62
Sli 1,591.38 (789.66, 3,503.02)  1,536.59 (763.30, 3,414.55)  2,246.37 (1,546.24, 5,238.49) <0.001
PNI 43.55 (37.55, 48.75) 43.90 (37.95, 48.95) 37.80 (30.85, 45.06) <0.001
GLR 6.02 (3.46, 11.01) 5.85 (3.44, 10.60) 9.06 (5.33, 14.72) <0.001
LAR 0.43 (0.31, 0.61) 0.42 (0.31, 0.60) 0.53 (0.37, 0.76) 0.001
Usage of ipratropium bromide 0.09

No

Yes

219 (18.11)
990 (81.89)

200 (17.59)
937 (82.41)

19 (26.39)
53 (73.61)

Table 1 (continued)

© AME Publishing Company.

7 Thorac Dis 2024;16(12):8250-8261 | https://dx.doi.org/10.21037/jtd-24-1287



Journal of Thoracic Disease, Vol 16, No 12 December 2024 8255
Table 1 (continued)
Variables Total (n=1,209) Survival group (n=1,137) Death group (n=72) P value
CKD 0.008
No 755 (62.45) 699 (61.48) 56 (77.78)
Yes 454 (37.55) 438 (38.52) 16 (22.22)
CHF 0.001
No 448 (37.06) 407 (35.80) 41 (56.94)
Yes 761 (62.94) 730 (64.20) 31 (43.06)
Malignancy 0.56
No 1,059 (87.59) 998 (87.77) 61 (84.72)
Yes 150 (12.41) 139 (12.23) 11 (15.28)

Data are presented as median (IQR) or n (%). ', Asian, Black, Hispanic or Latino, unknown. BMI, body mass index; HR, heart rate; RR,
respiratory rate; pO,, partial pressure of oxygen; pCO,, partial pressure of carbon dioxide; WBC, white blood cell; BUN, blood urea
nitrogen; SAPS I, Simplified Acute Physiology Score Il; SOFA, Sequential Organ Failure Assessment; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; Sll, the systemic immune-inflammation Index; PNI, prognostic nutritional index; GLR, glucose-to-
lymphocyte ratio; LAR, lactate-to-albumin ratio; CKD, chronic kidney disease; CHF, congestive heart failure; IQR, interquartile range.

and surviving patients, with the former being notably older
[age (years): 76.00 (69.75, 82.25) vs. 70.00 (61.00, 78.00),
P<0.001]. Comprehensive analyses revealed significantly
differences between the deceased and surviving patients in
several clinical and hematological parameters, including
WBC count (K/pL) [12.00 (9.07, 15.90) vs. 9.10 (6.90,
12.10), P<0.001], neutrophil count (K/pL) [11.17 (8.73,
15.46) vs. 7.52 (4.96, 11.35), P<0.001], lymphocyte count
(K/pL) [0.83 (0.51, 1.43) vs. 1.18 (0.70, 1.86), P=0.006],
eosinophils (K/pL) [0.01 (0.00, 0.17) vs. 0.08 (0.01, 0.22),
P=0.03], platelet count (K/pL) [202.50 (146.00, 296.00) wvs.
243.00 (186.00, 305.00), P=0.004], BUN (mg/dL) [29.50
(18.75, 39.25) vs. 19.00 (14.00, 28.00), P<0.001], glucose
(mg/dL) [136.50 (109.50, 178.25) zs. 116.00 (96.00, 153.00),
P=0.001], albumin (g/dL) [3.30 (2.70, 3.90) vs. 3.80 (3.20,
4.20), P<0.001], SOFA score [8.00 (5.00, 11.00) vs. 4.00
(2.00,7.00), P<0.001], SAPS II [48.00 (39.75, 57.50) vs.
37.00 (29.00, 45.00), P<0.001], and inflammatory indices
such as NLR, GLR, PNI, LAR, and SII.

As detailed in Table 1, median values for NLR [11.63
(6.92, 23.07) vs. 6.26 (3.22, 13.64), P<0.001], GLR [9.06
(5.33, 14.72) vs. 5.85 (3.44, 10.60), P<0.001], LAR [0.53
(0.37,0.76) vs. 0.42 (0.31, 0.60), P=0.001], and SII [2,246.37
(1,546.24, 5,238.49) vs. 1,536.59 (763.30, 3,414.55),
P<0.001] were substantially higher in the death group
compared to survivors. Conversely, the median PNI was
lower in the death group [37.80 (30.85, 45.06) vs. 43.09
(37.95, 48.95), P<0.001].

© AME Publishing Company.

Correlation of inflammatory indicators with in-bospital
mortality in AECOPD and ARF patients

This analysis evaluated the influence of six inflammatory
indicators (NLR, PLR, SII, GLR, LAR, and PNI) on in-
hospital mortality among patients with AECOPD and ARFE.
Multivariable logistic regression models were employed
to adjust for confounding variables, with detailed findings
presented in Table 2. Unadjusted analysis (Model 1) showed
that elevated NLR (OR =1.023; 95% CI: 1.011-1.035;
P<0.001), GLR (OR =1.029; 95% CI: 1.010-1.046;
P=0.002), and LAR (OR =1.712; 95% CI: 1.214-2.394;
P=0.001) significantly predicted increased in-hospital
mortality. Conversely, PNI (OR =0.933; 95% CI: 0.905-
0.960; P<0.001) was negatively correlated with mortality
risk. PLR did not show a significant association.

Similar outcomes were observed in Model 2, which
adjusted for age, gender, race, and BMI. Further
adjustments in Model 3, which included HR, RR, WBC,
BUN, CHE, CKD, malignancy, SOFA score, SAPS 1II score,
and use of ipratropium bromide, confirmed that high levels
of NLR (OR =1.017; 95% CI: 1.002-1.030; P=0.02) and
GLR (OR =1.028; 95% CI: 1.005-1.050; P=0.01) remained
predictive of increased in-hospital mortality, while LAR,
PLR, and SII were not significantly related (P>0.05).
The negative correlation of PNI with mortality persisted
(OR =0.961; 95% CI: 0.930-0.992; P=0.02).

Further exploration using an RCS model indicated a
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Table 2 Association between inflammatory indicators and in-hospital mortality

Model | Model Il Model I
Variables
OR (95% ClI) P value OR (95% ClI) P value OR (95% ClI) P value

NLR 1.023 (1.011, 1.035) <0.001 1.024 (1.011, 1.036) <0.001 1.017 (1.002, 1.030) 0.02
PLR 1.000 (0.999, 1.001) 0.50 1.000 (0.999, 1.001) 0.50 1.000 (0.999, 1.001) 0.40
Sl 1.000 (1.000, 1.000) 0.03 1.000 (1.000, 1.000) 0.02 1.000 (1.000, 1.000) 0.20
PNI 0.933 (0.905, 0.960) <0.001 0.934 (0.905, 0.963) <0.001 0.961 (0.930, 0.992) 0.02
GLR 1.029 (1.010, 1.046) 0.002 1.028 (1.008, 1.046) 0.004 1.028 (1.005, 1.050) 0.01
LAR 1.712 (1.214, 2.394) 0.001 1.790 (1.245, 2.527) <0.001 0.948 (0.592, 1.450) 0.80

Model I: unadjusted; model Il: model | + age, gender, race and BMI; model Ill: model Il + HR, RR, WBC, BUN, CHF, CKD, malignancy,
SOFA, SAPS II, and use of ipratropium-bromide. OR, odds ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; Sll, systemic immune-inflammation index; PNI, prognostic nutritional index; GLR, glucose-to-lymphocyte
ratio; LAR, lactate-to-albumin ratio; BMI, body mass index; HR, heart rate; RR, respiratory rate; WBC, white blood cell; BUN, blood urea
nitrogen; CHF, congestive heart failure; CKD, chronic kidney disease; SOFA, Sequential Organ Failure Assessment; SAPS II, Simplified

Acute Physiology Score II.

non-linear relationship between NLR and in-hospital
mortality, as depicted in Figure 24 (P for non-linearity
=0.001), with a significant increase in risk observed when
NLR exceeded 6.66. Additionally, a U-shaped curve was
noted for PNI, with an inflection point at 43.54. On the
left side of the inflection point, the PNI was negatively
correlated with the risk of in-hospital mortality (P for non-
linearity <0.001; Figure 2B). For GLR, the RCS analysis
indicated a linear increase in mortality risk, although this
was not statistically significant for non-linearity (P=0.12;
Figure 2C).

Evaluating the predictive efficacy of inflammatory markers
for in-bospital mortality in AECOPD and ARF patients

The predictive capacities of the NLR, GLR, and PNI
regarding in-hospital mortality in patients with AECOPD
and ARF were assessed using ROC curve analysis. The
AUC for NLR was 0.684 (95% CI: 0.627-0.741), denoting
a moderate predictive utility. The AUC for PNI was slightly
lower at 0.663 (95% CI: 0.557-0.691), with GLR trailing
at an AUC of 0.624 (95% CI: 0.557-0.691), suggesting
that NLR is marginally more effective than PNI and GLR
in assessing the risk of in-hospital mortality. For further
details, see Figure 3.

Discussion

This study assessed the prognostic significance of
inflammatory markers (NLR, PLR, SII, GLR, LAR,

© AME Publishing Company.

and PNI) for in-hospital mortality among patients with
AECOPD and ARE, utilizing data from the MIMIC-IV
dataset. The observed in-hospital mortality rate was 5.96%,
aligning with the findings of prior studies (3,24). Both
NLR and PNI demonstrated non-linear relationships with
mortality outcomes in RCS analysis, with inflection points
at 6.66 and 43.54, respectively. Elevated GLR were linked
with increased mortality risk. These results persisted even
after adjusting for covariates. The AUC values for NLR,
PNI, and GLR in predicting mortality risk were 0.684,
0.663, and 0.624, respectively, highlighting their potential
as easily obtained indicators for identifying patients at
elevated risk and guiding timely clinical interventions.

The connection between AECOPD, increased airway,
and systemic inflammation is well-documented (9,25).
Systemic inflammation in AECOPD may accelerate
the decline in lung function and exacerbate comorbid
conditions (26). Severe episodes of AECOPD leading to
ARF are known to have poor prognoses.

Recent literature has frequently highlighted the
correlation between NLR and clinical outcomes in patients
with AECOPD. Numerous studies have found that elevated
NLR is independently associated with increased mortality
in these patients (13,27). These observations support the
proposition that the presence of relatively higher NLR
values reflects a local (airways) and/or systemic pro-
inflammatory state. This study identified that NLR levels
were markedly higher in deceased patients compared to
survivors. A non-linear relationship between NLR and in-
hospital mortality was observed, with a significant increase
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Figure 2 RCS curve analysis. (A) NLR for in-hospital mortality. A non-linear relationship between NLR and in-hospital mortality (P for
non-linearity =0.001), with an inflection point at 6.66. (B) PNI for in-hospital mortality. A U-shaped curve for PNI (P for non-linearity
<0.001), with an inflection point at 43.54. (C) GLR for in-hospital mortality. NLR, neutrophil-to-lymphocyte ratio; RCS, restricted cubic

spline; OR, odds ratio; CI, confidence interval; PNI, prognostic nutritional index; GLR, glucose-to-lymphocyte ratio.

in risk when NLR exceeded 6.66. Crucially, NLR continued
to serve as an independent predictor of mortality, even after
adjustments for potential confounders, underscoring its
utility as a prognostic biomarker for in-hospital mortality in
patients with AECOPD and ARFE.

The possible underlying pathological and physiological
mechanisms underlying NLR and AECOPD may be closely
related to inflammatory activity, immune dysfunction and
systemic inflammatory state. The NLR evaluation offers
insights into two separate immune pathways, reflecting
the body’s overall inflammatory condition. Neutrophil
is the key inflammatory cells in the pathogenesis of

© AME Publishing Company.

AECOPD, participating in pathogen clearance and releasing
inflammatory mediators (28). Second, the immune system of
AECOPD patients is in a state of dysregulation, with possible
abnormalities in both the number and functionality of
lymphocytes (9), contributing to elevated NLR values. Third,
AECOPD is not only limited to the lung, but also associated
with systemic inflammation. This is typically characterized by
elevated levels of cytokines, chemokines, and inflammatory
proteins or abnormal cell counts (9). The elevated NLR
represents the imbalance between inflammation, immunity,
and tissue destruction and repair, as well as persistent local
and systemic inflammation, including increased risks for ARF
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and other complications (13).

Platelets play a crucial role as mediators of inflammation
and thrombosis. Research indicates that thrombocytopenia
correlates with poor outcomes in AECOPD and other
respiratory diseases (29-31). Our findings showed that
non-survivors exhibited significantly lower platelet counts
compared to survivors. Regarding the PLR, our analysis
revealed no significant differences in PLR values between
survivors and deceased AECOPD and ARF patients,
aligning with previous research that found no substantial
link between PLR and mortality (27,32). Similarly, increases
in the SII, derived from lymphocyte, neutrophil, and
platelet counts, were associated with elevated all-cause
mortality risk in COPD patients (33). Although significant
variations in SII were noted between the survival and death
groups in our study, multivariate analysis did not establish
independent associations. This result could be attributed to
simultaneous reductions in both components of the SII—
platelet and lymphocyte counts—pointing to their collective
impact on increasing in-hospital mortality risk.

Our study found that a higher PNI was independently
correlated with decreased in-hospital mortality, even after
adjusting for potential confounders. The risk of in-hospital
mortality decreased significantly with PNI level up to the
inflection point (PNI =43.54). Another retrospective cohort
study consistent with ours, reported that the incidence of
adverse hospitalization outcomes in AECOPD patients

© AME Publishing Company.
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significantly decreased with PNI level up to the inflection
point (PNI =42) (17). In Zhou ez 4l.’s study, When PNI was
<38.58, AECOPD patients had a higher risk of hypercapnic
respiratory failure (34).

PNI is an indicator that reflects inflammation, immune
response, and nutritional health status (35). First, PNI
was an objective indicator for evaluating nutrition. Studies
have found that COPD patients often have higher energy
demands and are at an increased risk of malnutrition
(36,37). Second, PNI calculation relies on circulating
lymphocytes. It is worth noting that malnutrition weakens
immune defenses, and low circulating lymphocyte counts
are associated with poorer outcomes in infection-related
disorders such as COPD (38), coronavirus disease 2019
(COVID-19) patients (39) and sepsis (40). In recent years,
studies have also shown that PNI has significance in
predicting the prognosis of COPD (17,34,41). Malnutrition
reduced muscle mass, weakened the strength of respiratory
muscles, and impaired immune defense (42). These effects
can increase the risk of infection and exacerbate airflow
limitation, thereby raising the likelihood of respiratory
failure in AECOPD patients (17,41). Consequently,
nutritional assessments and interventions should be integral
to the treatment regimen for AECOPD patients with ARF
upon hospital admission.

Additionally, this study found that the GLR is positively
associated with in-hospital mortality, independently of
other factors. This aligns with findings from earlier studies
showing that higher GLR levels predict worse outcomes
for AECOPD patients, particularly those admitted to ICU
(43,44). While the exact mechanisms linking higher blood
glucose levels with respiratory impairment remain under
investigation, systemic inflammation has been proposed as a
potential mediator (45). Thus, GLR might effectively reflect
the combined impact of hyperglycemia and compromised
immunity in these patients.

In initial analyses (Model 1 and Model 2), an increase in
LAR was significantly associated with an elevated risk of in-
hospital mortality among patients with AECOPD and ARFE.
However, this relationship became non-significant in the
fully adjusted Model 3, indicating that other confounding
factors may influence the association between LAR and
mortality. These findings suggest a complex interaction
between LAR and in-hospital mortality, where LAR
alone does not solely drive mortality risk; instead, various
biological and environmental factors may also contribute.

This research is pioneering in its focus on the prognostic
values of NLR, LAR, GLR, PNI, PLR, and SII on
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admission to hospital for predicting in-hospital mortality in
patients with AECOPD and ARF. By adjusting for multiple
confounding factors, the study enhances the reliability
and applicability of its findings. The results may aid in
identifying reliable biomarkers for determining which
patients are at high risk of in-hospital mortality, potentially
guiding more targeted clinical interventions.

Despite its contributions, this study acknowledges
several limitations. Firstly, being a retrospective analysis
from a single center, it is subject to inherent selection bias.
Secondly, while the use of ICD-9 and ICD-10 codes was
instrumental in identifying our study cohort within the
MIMIC-1IV database, we acknowledge several limitations
associated with this approach. The reliance on ICD coding
for case identification may not fully capture the clinical
nuances and variations in disease presentation that a
physician’s assessment would provide. Additionally, coding
practices can vary across institutions and over time, which
may introduce variability in case identification. Thirdly, we
recognize that our study had a lower number of positive
events (in-hospital deaths), which could potentially affect
the power of our study to detect smaller effect sizes or rare
outcomes. Due to database constraints, critical variables
such as smoking status, annual frequency of exacerbations,
pulmonary function, and the use of corticosteroids or
antibiotics were not available, potentially impacting the
study’s outcomes. Fourthly, despite adjustments for known
confounders, the possibility of residual and unmeasured
confounding factors cannot be eliminated completely.
Lastly, serum biomarkers were the first measurements when
they were admitted into the hospital and their temporal
stability is still unclear. Future studies should be prospective,
ideally with extended follow-ups and more detailed clinical
data, to identify the best biomarker, or combination of
biomarkers with or without other clinical characteristics, for
prognosis in patients with AECOPD and ARF.

Conclusions

NLR, GLR, and PNI on admission to hospital have
moderate predictive utility for in-hospital mortality in
patients with AECOPD and ARF. Both NLR and PNI
demonstrate non-linear relationships with mortality
outcomes, with inflection points at 6.66 and 43.54,
respectively. Elevated NLR with the value over 6.66,
significantly increase the odds of the in-hospital mortality.
When the PNI was less than 43.54, the risk of in-hospital
mortality was negatively correlated with the PNI levels.

© AME Publishing Company.
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