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Purpose: Chronic obstructive pulmonary disease (COPD) concurrent with respiratory failure (RF) is devastating, and may result in
death and disability. Systemic immune-inflammation index (SII) is a new prognostic biomarker linked to unfavorable outcomes of
acute coronary syndrome, ischemic stroke, and heart failure. Nonetheless, its role in COPD is rarely investigated. Consequently, this
study intends to assess the accuracy of SII in predicting the prognosis of COPD.

Patients and Methods: The clinical information was retrospectively acquired from the Medical Information Mart for Intensive
Care-IV database. The outcomes encompassed the incidence of RF and mortality. The relationship between different SII and outcomes
was examined utilizing the Cox proportional-hazards model and restricted cubic splines. Kaplan-Meier analysis was employed for all-
cause mortality.

Results: The present study incorporated 1653 patients. During hospitalization, 697 patients (42.2%) developed RF, and 169 patients
(10.2%) died. And 637 patients (38.5%) died during long-term follow-up. Higher SII increased the risk of RF (RF: HR: 1.19, 95% CI
1.12—-1.28, P<0.001), in-hospital mortality (HR: 1.22, 95% CI 1.07-1.39, P=0.003), and long-term follow-up mortality (HR: 1.12, 95%
CI 1.05-1.19, P<0.001). Kaplan-Meier analysis suggested a significantly elevated risk of all-cause death (log-rank P<0.001) in patients
with higher SII, especially during the short-term follow-up period of 21 days.

Conclusion: SII is closely linked to an elevated risk of RF and death in COPD patients. It appears to be a potential predictor of the
prognosis of COPD patients, which is helpful for the risk stratification of this population. However, more prospective studies are
warranted to consolidate our conclusion.

Keywords: systemic immune-inflammation index, chronic obstructive pulmonary disease, respiratory failure, mortality, MIMIC-IV
database

Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent long-lasting airway inflammatory condition that features
enduring respiratory symptoms and irreversible airflow restriction.'* Globally, COPD ranks third in terms of cause of
death behind ischemic heart disease and cerebrovascular disease, owing to high morbidity and mortality rates.**
Respiratory failure (RF), especially hypercapnic RF (HRF), frequently occurs in most COPD patients at severe or
end-stage.>® COPD complicated by RF (COPD+RF) increases the difficulty of treatment, resulting in poor prognosis.’
COPD+RF patients usually require unplanned hospitalization or intensive care unit (ICU). The short-term mortality

reaches nearly 30%,% '® and the mortality of critically ill patients who need mechanical ventilation is as high as 50%.""-'?
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This undoubtedly has a huge negative influence on patients’ health, economy, and quality of life. Therefore, early
identification of the risk of RF in COPD patients is of significant importance. Exploring an easily accessible biomarker
related to the incidence of RF to predict the clinical outcome can assist clinicians in determining high-risk patients early
and implementing preventative strategies.

Despite the elusive pathogenesis of RF in COPD, aberrant immune activation and systemic inflammation constitute
key contributors.'*"'* The systemic immune-inflammation index (SII) is a comprehensive inflammatory indicator that is
computed by peripheral lymphocyte, neutrophil, and platelet counts. Neutrophils, platelets, and produced cytokines are
mostly tied to nonspecific immune responses.'*”'” In contrast, lymphocytes are primarily linked to immune-related
pathways.'*"'7 SII is more stable and can more accurately reflect the inflammation state of the human body than the
absolute count of a single immune cell.'®'? In addition, due to low costs and easy accessibility, it is regarded as a
powerful inflammatory indicator of both local immune response and systemic inflammation.”*' In recent years, SII has

222 242 . ..o
23 2% acute kidney injury®®

been demonstrated to be indicative of poor prognosis of cardiovascular diseases, stroke,
and sepsis.”” However, no study, particularly with large sample sizes, has been done to discern how SII influences the
prognosis of critically ill COPD patients.

Therefore, the current study intends to probe into the relationship between SII and the risk of RF and death in
critically ill patients with COPD and to assess the prognostic value of SII in this population, providing guidance for the

prevention and treatment of COPD+RF.

Materials and Methods

Data Sources

Relevant data were retrospectively acquired from the Medical Information Mart for Intensive Care-IV (MIMIC-IV
version 2.2) database (https://physionet.org/content/mimiciv/2.2/). MIMIC-1V is a sizable and openly accessible database
established and operated by the Massachusetts Institute of Technology (MIT). It includes the clinical data of 299,712
patients hospitalized in the Beth Israel Deaconess Medical Center (BIDMC) from 2008 to 2019. We have completed the
courses required to use this database and obtained access to the database (authentication No.: 52663507). All the

protected private information of patients has been de-identified. Ethical approval for this study was obtained from the
Medical Research Ethics Committee of The First Hospital of Jiaxing (No. 2023-LY-633).

Study Population

Data on all patients were obtained from the MIMIC-IV database. The following patients were incorporated into our
analysis: (1) Patients who were diagnosed with COPD according to the ninth and tenth revisions of the International
Classification of Diseases (ICD-9 codes: 491.20, 491.21, 491.22 and 496; ICD-10 codes: J 44, J 44.0, J 44.1 and J 44.9);
(2) patients who aged 18 and above. The following patients were excluded: (1) Patients who were hospitalized for less
than 24 hours; (2) patients who had RF at admission; (3) patients whose platelet, neutrophil, and lymphocyte counts were
missing or zero.

Data Extraction and Integration
PostgreSQL tool (version 14.6, https://www.postgresql.org/) was leveraged to extract patient data at their first admission

from the MIMIC-IV database, encompassing demographic data (age, gender, race, BMI), vital signs (heart rate, blood
pressure, respiratory rate, etc.), complications (hypertension, diabetes, atrial fibrillation, asthma, cancer, etc.), laboratory
tests (blood routine, biochemical indicators, blood gas analysis, etc.), disease severity score [sequential organ failure
assessment (SOFA), acute physiology score III (APSII), simplified acute physiology score II (SAPSII), etc.], and
treatment measures (glucocorticoid, bronchodilator, antibiotics, mechanical ventilation, etc.).

SII was computed utilizing the formula: SII = platelet count x neutrophil count/lymphocyte count.”* We extracted
data on patients at their first admission. For indicators that were measured multiple times, we only used the results at the
first measurement. For vital signs, laboratory tests, treatment measures, and other data, we only analyzed the data before
patients developed RF.
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Primary Outcome and Secondary Outcomes
The primary outcome was the incidence of RF. According to the Guidelines for Chronic Obstructive Pulmonary
Disease,”® RF was defined as arterial oxygen partial pressure (PaO2) < 60 mmHg or PaO2/fractions of inspired oxygen
(Fi02) < 300 mmHg, with or without carbon dioxide (CO2) retention. Among them, carbon dioxide retention
(PaCO2>50mmHg) means HRF.

Secondary outcomes consisted of in-hospital all-cause mortality and mortality during long-term follow-up. In-hospital
mortality encompassed ICU death and general ward inpatient death. The information on the mortality of discharged
patients was derived from the United States Social Security Death Index.

Missing Data

The variables that had more than 20% missing values were categorized based on the database’s reference range and
converted into dummy variables for analysis. For variables with less than 20% missing values, the random-forest
multiple imputation method was utilized to estimate the missing values.*’

Statistical Analysis

According to the quartile of SII index, all patients were randomized into four groups. Normally distributed continuous
variables were reported using mean + standard deviation (SD), while abnormally distributed continuous variables were
displayed as median and interquartile range [M (Q1, Q3)]. Categorical variables were reported as number and percentage
(%). Comparisons of continuous variables were conducted utilizing the #-test or non-parametric test, and Pearson’s chi-
square test or Fisher’s exact test was leveraged for categorical variable comparisons. To guarantee the comparability of
baseline features across groups, covariates were adjusted utilizing Propensity score matching (PSM). The baseline traits
of the original queue and the matching queue were displayed, separately.

The relationship between SII and the risk of outcomes was discerned employing the Cox proportional-hazards
models, with hazard ratio (HR) with 95% confidence interval (CI) as the effect size. Three multivariate models were
established based on the quartile of SII. No variables were adjusted in Model 1. Age and gender were adjusted in Model
2. On the basis of model 2, Model 3 was further adjusted for other 24 variables, encompassing asthma, acute myocardial
infarction (AMI), atrial fibrillation (AF), cerebrovascular disease, chronic kidney disease (CKD), hypertension, heart
failure(HF), liver disease, pneumonia, sepsis, acute exacerbations of chronic obstructive pulmonary disease (AECOPD),
smoke, bronchodilator, glucocorticoid, mechanical ventilation, albumin, red cell distribution width (RDW), triglycerides,
c-reactive protein, tidal volume, vital capacity, APSIII, SOFA and hemoglobin. Restricted cubic splines (RCS) model was
adopted to delve into the nonlinear relationship between SII and the risk of RF and death in COPD patients. The Kaplan-
Meier survival curve was leveraged to examine the relationship between different SII indexes and mortality, and the
differences between groups were evaluated by Log rank test. Because of the non-normal distribution of SII, SII was
converted into a logarithmic scale to minimize the skewness of the basic distribution.

Subgroup analysis was carried out to determine whether the relationship between SII and primary outcome indicators
was consistent in different subgroups, and that SII was stable as a prognostic marker, such as age (<65 years old and > 65
years old), gender, body mass index (BMI) (<30 and > 30 kg/m2), and presence of hypertension, diabetes, coronary heart
disease, cancer, dyslipidemia, heart failure, ischemic heart disease, liver disease, AECOPD, smoke, pneumonia and
sepsis. Statistical analysis was executed utilizing the R software (version 4.2.3; R foundation for statistical computing,
Vienna). P < 0.05 indicates a statistical difference.

Results

14,050 individuals with COPD were retrospectively extracted from the MIMIC-IV 2.2 database. Finally, 1653 COPD
patients were analyzed in our study (Figure 1), encompassing 879 (53.2%) males and 774 (46.8%) females, and most of
them were white people. The average age was 71.00 years (range 62.00-78.00 years). The average SII was 1302.17
(range 634.51-2821.88). RF occurred in 697 patients (42.2%), and HRF occurred in 427 patients (25.8%). Additionally,
169 patients (10.2%) died in hospital, with 39 deaths (2.3%) during hospitalization and 130 cases (7.9%) in ICU. During
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All patients from MIMIC-1V database (n=299,712)

Excluded:
Case without COPD (n=285662)

\ 4

Diagnosed with COPD (n=14050)

Excluded:
(1)Length of hospita stay<24h (n=555);
(2)Respiratory failure existed before admission(n=67)

\ 4

A 4

Patients included (n=13428)

Excluded:
Platelet, neutrophils or lymphocytes data was missing
or zero (n=11775)

\ 4

A 4

Analysis Cohort (n=1653)

\ 4 A 4 \ 4 A 4

Quartile1( n=414) Quartile 2(n=413) Quartile 3(n=413) Quartile 4(n=413)

Figure | Flow chart of patient screening.
Abbreviations: MIMIC-IV, Medical Information Mart for Intensive Care-IV; n, Number; COPD, chronic obstructive pulmonary disease.

the follow-up, 637 patients (38.5%) died. The median follow-up time for RF, in-hospital death and follow-up death were
5.00 [1.00, 9.00], 8.00 [5.00, 15.00] and 29.00 [8.00, 187.00] days, respectively.

Baseline Characteristics

The baseline features of SII groups are delineated in Table 1. Patients in the high SII group were mostly old, white, and
males, with more unstable vital signs and higher disease scores at admission compared to the low SII group. Individuals
with higher SII had a higher incidence of developing cancers, heart failure, AECOPD, pneumonia, and sepsis, but they
were less likely to suffer from liver diseases and dyslipidemia. Their white blood cells, neutrophils, platelets, RDW,
serum phosphorus, serum urea nitrogen, partial pressure of carbon dioxide and serum glucose levels were also higher,
while the levels of red blood cells, hemoglobin, lymphocyte count, albumin, PH, PaO2, sodium ion, and chloride were
lower. In addition, patients with high SII were also most likely to use glucocorticoids, antibiotics, vasopressors, oxygen,
and invasive ventilation.

With the rise in SII index, ICU stay (1.05 days vs 1.36 days vs 1.68 days vs 2.45 days, P <0.001), hospitalization time
(7.00 days vs 8.00 days vs 9.00 days vs 9.00 days, P <0.001), RF rate (28.3% vs 38.7% vs 42.6% vs 59.1% P<0.001), the
incidence of HRF (16.4% vs 23.5% vs 27.1% vs 36.3%, P<0.001), ICU mortality (4.6% vs 6.3% vs 8.0% vs 12.6%,
P<0.001), and in-hospital mortality (6.0% vs 7.3% vs 11.6% vs 16.0%, P<0.001) and long-term follow-up mortality
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Table | The Baseline Clinical Characteristics of the Study Population

characteristics Sl P value
Ql Q2 Q3 Q4
Total SII>634.51 634.51<S1I<1302.17 1302.17<S11<2821.88 S11>2821.88

Participants, N 1653 414 413 413 413
Demographics
Age, years 71.00 [62.00, 78.00] 67.00 [58.00, 75.00] 71.00 [63.00, 79.00] 71.00 [62.00, 79.00] 73.00 [65.00, 79.00] <0.001
Gender, n (%)

Male 879 (53.2) 240 (58.0) 216 (52.3) 212 (51.3) 211 (51.1) 0.155

Female 774 (46.8) 174 (42.0) 197 (47.7) 201 (48.7) 202 (48.9)
Race, n (%) 0.044

White 1190 (72.0) 300 (72.5) 299 (72.4) 309 (74.8) 282 (68.3)

Black 56 (3.4) 19 (4.6) 19 (4.6) 7(1.7) I (2.7)

Asian 27 (1.6) 10 (2.4) 7(1.7) 5(1.2) 5(1.2)

Other 380 (23.0) 85 (20.5) 88 (21.3) 92 (22.3) 115 (27.8)
Vital signs
HR, beats/min 86.00 [77.00, 99.00] 82.00 [75.00, 93.00] 83.00 [76.00, 95.00] 87.00 [77.00, 103.00] 91.00 [80.00, 104.00] <0.001
RR, breaths/min 18.00 [16.00, 22.00] 17.00 [15.00, 20.00] 17.00 [15.00, 20.00] 20.00 [16.00, 22.00] 20.00 [16.00, 24.00] <0.001
MBP, mmHg 79.50 [69.75, 93.00] 79.00 [69.00, 90.75] 78.00 [68.00, 92.00] 81.00 [71.00, 94.00] 80.00 [71.00, 93.00] 0.123
Spo2, % 97.00 [94.00, 100.00] 99.00 [95.00, 100.00] 97.00 [95.00, 100.00] 97.00 [94.00, 100.00] 96.00 [92.00, 99.00] <0.001
Temperature, °C 36.78 [36.44, 37.06] 36.67 [36.39, 37.00] 36.78 [36.40, 37.00] 36.78 [36.56, 37.11] 36.78 [36.47, 37.06] 0.005
BMI, kg/m? 27.40 [23.40, 32.80] 27.70 [23.60, 32.80] 28.00 [23.60, 32.52] 27.20 [23.05, 33.40] 26.50 [22.67, 31.55] 0.178
Comorbidities, n (%)
Hypertension 1175 (71.1) 295 (71.3) 292 (70.7) 287 (69.5) 301 (72.9) 0.754
DM 523 (31.6) 136 (32.9) 130 (31.5) 139 (33.7) 118 (28.6) 0414
Asthma 145 (8.8) 41 (9.9) 37 (9.0) 37 (9.0) 30 (7.3) 0.599
HF 639 (38.7) 127 (30.7) 178 (43.1) 163 (39.5) 171 (41.4) 0.001
CHD 601 (36.4) 154 (37.2) 156 (37.8) 172 (41.6) 119 (28.8) 0.001
AMI 235 (14.2) 50 (12.1) 57 (13.8) 72 (17.4) 56 (13.6) 0.154
AF 285 (17.2) 55 (13.3) 76 (18.4) 75 (18.2) 79 (19.1) 0.102
IHD 702 (42.5) 178 (43.0) 178 (43.1) 201 (48.7) 145 (35.1) 0.001
Cancer 411 (24.9) 96 (23.2) 82 (19.9) 100 (24.2) 133 (32.2) <0.001
Cerebrovascular disease 195 (11.8) 59 (14.3) 43 (10.4) 49 (11.9) 44 (10.7) 0.298
CKD 396 (24.0) 96 (23.2) 85 (20.6) 105 (25.4) 110 (26.6) 0.185
Liver disease 237 (14.3) 83 (20.0) 59 (14.3) 47 (11.4) 48 (11.6) 0.001
Dyslipidemia 828 (50.1) 218 (52.7) 219 (53.0) 212 (51.3) 179 (43.3) 0.016
Pneumonia 361 (21.8) 59 (14.3) 77 (18.6) 90 (21.8) 135 (32.7) <0.001
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Table | (Continued).

characteristics Sl P value
Ql Q2 Q3 Q4
Total S11=634.51 634.51<SI1<1302.17 1302.17<S11<2821.88 S11>2821.88

Bacterial pneumonia 87 (5.3) 16 (3.9) 18 (4.4) 21 (5.1) 32 (7.7) 0.059

Viral pneumonia 8 (0.5) 0 (0.0 1 (0.2) 3(0.7) 4 (1.0) 0.169

Ventilator associated pneumonia | 64 (3.9) 10 (2.4) 9 (2.2) 18 (4.4) 27 (6.5) 0.003
Sepsis 294 (17.8) 43 (10.4) 53 (12.8) 66 (16.0) 132 (32.0) <0.001
AECOPD 280 (16.9) 41 (9.9) 62 (15.0) 73 (17.7) 104 (25.2) <0.001
Smoke 498 (30.1) 143 (34.5) 121 (29.3) 115 (27.8) 119 (28.8) 0.149
Laboratory events
WBC, 10°/L 10.40 [7.50, 14.30] 7.60 [5.40, 10.60] 9.70 [7.40, 12.60] 11.10 [8.40, 14.20] 14.40 [10.60, 19.40] <0.001
RBC, 10'4L 3.72 [3.15, 4.24] 3.62 [2.92, 4.18] 3.82 [3.23, 4.33] 3.73 [3.21, 4.23] 3.74 [3.16, 4.23] 0.003
Hemoglobin, g/d| 11.00 [9.30, 12.60] 10.70 [8.80, 12.40] 11.30 [9.60, 12.70] 11.10 [9.40, 12.80] 10.80 [9.30, 12.30] 0.008
Platelets, 10°/L 196.00 [144.00, 256.00] 143.50 [98.00, 192.00] 186.00 [145.00, 240.00] 213.00 [168.00, 259.00] 252.00 [189.00, 318.00] <0.001
RDW,% 14.50 [13.40, 16.10] 14.50 [13.30, 15.90] 14.40 [13.30, 15.80] 14.40 [13.40, 16.00] 14.80 [13.70, 17.00] <0.001
Neutrophils, 10%/L 8.31 [5.41, 11.95] 4.36 [2.71, 6.43] 7.33 [5.48, 9.70] 9.30 [7.12, 12.63] 13.26 [10.32, 17.69] <0.001
Lymphocytes, 10%/L 1.18 [0.70, 1.86] 1.79 [1.14, 2.60] 1.48 [1.05, 2.05] 1.10 [0.76, 1.57] 0.63 [0.38, 0.93] <0.001
Albumin, g/dL 3.30 [2.80, 3.70] 3.40 [2.90, 3.80] 3.40 [3.00, 3.75] 3.20 [2.80, 3.70] 3.10 [2.60, 3.52] <0.001
Sodium, mEq/L 139.00 [136.00, 141.00] 139.00 [137.00, 141.75] 139.00 [136.00, 141.00] 138.00 [135.00, 141.00] 138.00 [135.00, 141.00] 0.001
Potassium, mEq/L 4.10 [3.80, 4.60] 4.00 [3.70, 4.47] 4.20 [3.80, 4.60] 4.10 [3.80, 4.50] 4.30 [3.80, 4.70] <0.001
Phosphate, mEq/L 3.60 [3.00, 4.27] 3.50 [2.90, 4.10] 3.50 [2.98, 4.20] 3.60 [3.00, 4.30] 3.70 [3.10, 4.47] 0.007
Chloride, mEq/L 102.00 [98.00, 105.00] 103.00 [100.00, 107.00] 102.00 [98.00, 105.00] 102.00 [98.00, 105.00] 101.00 [96.00, 104.00] <0.001
Scr, mg/dl 1.00 [0.70, 1.40] 0.90 [0.70, 1.30] 0.90 [0.70, 1.20] 1.00 [0.70, 1.30] 1.00 [0.70, 1.50] 0.132
BUN, mg/dl 19.00 [14.00, 30.00] 18.00 [13.00, 27.00] 18.00 [14.00, 27.00] 20.00 [14.00, 30.00] 23.00 [15.00, 36.00] <0.001
CRP, mg/L 58.40 [14.40, 117.20] 38.30 [6.90, 97.30] 73.80 [25.35, 116.85] 64.30 [12.17, 117.33] 79.00 [32.65, 145.05] 0.106
Triglycerides, mg/dL 133.00 [96.50, 189.50] 138.00 [99.00, 192.00] 125.50 [98.00, 191.00] 115.00 [87.00, 175.00] 139.00 [107.00, 194.00] o.116
Glucose, mg/dl 119.50 [98.00, 158.00] 109.00 [93.00, 139.00] 118.00 [98.00, 153.00] 120.00 [100.00, 155.00] 134.00 [103.00, 174.00] <0.001
nt_probnp 2551.00 [913.00, 7142.00] | 1930.50 [478.00, 5230.50] | 2006.50 [912.25, 6486.25] | 3100.00 [1481.75, 7279.25] | 2892.00 [932.50, 7972.00] | 0.l164
PH 7.37 [7.31, 7.42] 7.38[7.33, 7.42] 7.38 [7.32,7.42] 7.38 [7.30, 7.42] 7.35[7.28, 7.41] 0.006
PaO, 88.50 [54.00, 231.75] 150.50 [64.00, 317.50] 98.00 [56.00, 288.00] 96.00 [59.00, 234.00] 73.00 [46.75, 127.25] <0.001
PaCO, 44.00 [38.00, 53.00] 43.00 [37.00, 49.00] 44.00 [39.00, 51.00] 44.00 [38.00, 54.00] 46.00 [39.00, 55.25] 0.004
Tidal volume, mL 451.00 [397.00, 502.00] 454.00 [401.00, 510.00] 451.00 [404.75, 498.25] 450.00 [390.75, 493.00] 446.50 [387.00, 517.50] 0.537
Vital capacity, L 1.46 [0.76, 618.75] 374.77 [187.66, 561.88] 700.00 [700.00, 700.00] 1.06 [0.50, 94.84] 1.46 [1.27, 450.73] 0.605
Therapies, n (%)
Antibiotic 1357 (82.1) 306 (73.9) 336 (81.4) 355 (86.0) 360 (87.2) <0.001
Bronchodilator 1343 (81.2) 308 (74.4) 347 (84.0) 337 (81.6) 351 (85.0) <0.001
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Glucocorticoids

Albumin

Vasopressor

Oxygen

Mechanical ventilation
Invasive
Nonlnvasive

SupplementalOxygen
Tracheostomy

CRRT

Scores

APSIII

SAPSII

OASIS

SOFA

Events

RF n (%)

Hypercapnic RF, n (%)

Hospital death, n (%)

ICU death, n (%)

Follow-up death, n (%)

LOS Hospital, days

LOS ICU, days

RF-time?, days

Hospital-time®, days

Longtime©, days

831 (50.3)
362 (21.9)
434 (263)
953 (57.7)
998 (60.4)
548 (33.2)
121 (7.3)
880 (53.2)
40 (2.4)
77 (4.7)

43.00 [32.00, 56.00]
37.00 [30.00, 47.00]
33.00 [26.00, 38.00]
5.00 [3.00, 8.00]

697 (42.2)

427 (25.8)

169 (10.2)

130 (7.9)

637 (38.5)

8.00 [5.00, 15.00]
1.49 [0.00, 4.76]
5.00 [1.00, 9.00]
8.00 [5.00, 15.00]
29.00 [8.00, 187.00]

177 (42.8)
101 (24.4)
70 (16.9)
203 (49.0)
215 (51.9)
114 (27.5)
14 (3.4)
192 (46.4)
6 (1.4)

16 (3.9)

38.00 [29.00, 55.00]
36.00 [29.00, 44.00]
31.00 [26.50, 37.00]
5.00 [3.00, 8.00]

117 (28.3)
68 (16.4)

25 (6.0)

19 (4.6)

137 (33.1)

7.00 [4.00, 12.00]
1.05 [0.00, 3.05]
5.00 [2.00, 8.00]
7.00 [4.00, 12.00]
32.00 [7.00, 227.50]

209 (50.6)
121 (29.3)
99 (24.0)
246 (59.6)
252 (61.0)
141 (34.1)
34 (82)

231 (55.9)
10 (2.4)

19 (4.6)

42.00 [29.25, 53.75]
37.00 [29.00, 44.75]
32.00 [26.00, 37.00]
5.00 [3.00, 8.00]

160 (38.7)
97 (23.5)

30 (7.3)

26 (6.3)

137 332)

8.00 [5.00, 15.00]
.36 [0.00, 4.35]
5.00 [2.00, 9.00]
8.00 [5.00, 15.00]
25.00 [7.00, 190.00]

213 (51.6)
84 (20.3)
110 (26.6)
233 (56.4)
247 (59.8)
140 (33.9)
32 (77)
210 (50.8)
1 @27)
14 (3.4)

45.00 [32.00, 55.50]
37.00 [30.00, 47.00]
33.00 [27.00, 39.00]
4.00 [2.00, 7.00]

176 (42.6)
112 27.1)

48 (11.6)

33 (8.0)

162 (39.2)

9.00 [5.00, 15.00]
1.68 [0.00, 5.01]
5.00 [1.00, 10.00]
9.00 [5.00, 15.00]
29.00 [9.00, 181.00]

232 (56.2)
56 (13.6)
155 (37.5)
271 (65.6)
284 (68.8)
153 (37.0)
41 (9.9)
247 (59.8)
13 (3.1)
28 (6.8)

45.50 [36.00, 60.00]
39.00 [32.00, 50.25]
34.00 [26.00, 40.00]
5.00 [3.00, 8.00]

244 (59.1)
150 (36.3)

66 (16.0)

52 (12.6)

201 (48.7)

9.00 [5.00, 16.00]
2.45 [0.00, 6.23]
3.00 [1.00, 8.00]
9.00 [5.00, 16.00]
29.00 [9.00, 173.00]

0.001
<0.001
<0.001
<0.001
<0.001
0.029
0.003
<0.001
0.400
0.100

<0.001
0.001
0.010
0.004

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0811

Notes: *Follow-up time for respiratory failure; bFoIIow-up time for Hospital death; “Follow-up time for Follow-up death.

Abbreviations: Sll, Systemic immune inflammatory index; N, Number; Q, Quartile; HR, Heart rate; RR, Respiratory rate; MBP, Mean blood pressure; SpO2, Saturation of peripheral oxygen; BMI, Body mass index; DM, Diabetes
mellitus; HF, Heart failure; CHD, Coronary heart disease; AMI, Acute myocardial infarction; AF, Atrial fibrillation; IHD, Ischemic heart disease; CKD, Chronic kidney disease; AECOPD, Acute exacerbations of chronic obstructive
pulmonary disease; WBC, White blood cell; RBC, Red blood cell; RDW, Red cell distribution width; Scr, Serum creatinine; BUN, Blood urea nitrogen; CRP, C-reactive protein; CRRT, Continuous renal replacement therapy; APSIII Acute

physiology score lll; SAPSII, Simplified acute physiological score Il; OASIS, Oxford acute severity of iliness; SOFA, Sequential organ failure assessment; ICU, Intensive care unit; RF, Respiratory failure; LOS length of stay.
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(33.1% vs 33.2% vs 39.2% vs 48.7%, P<0.001) were elevated progressively. PSM analysis was performed with median
SII as the cutoff value, and it was observed that the baseline features of the two groups were basically comparable after
matching (Table S1 in the Supporting Information). Significant differences were found in preliminary analysis of
outcome indicators (Table S2 in the Supporting Information).

Association Between Sl and Outcomes
Cox proportional-hazards analysis unveiled (Table 2) that SII was significantly correlated with the incidence of RF
[Model 1: HR, 1.31 (1.23-1.39), P < 0.001; Model 2: 1.30 (1.22-1.38), P < 0.001; Model 3: 1.19 (1.12-1.28), P<0.001]
and the incidence of HRF [Model 1: HR, 1.29 (1.19-1.40), P < 0.001; Model 2: 1.29 (1.19-1.40), P < 0.001; Model 3:
1.16 (1.06-1.26), P<0.001]. In addition, compared with low SII (Q1), high SII (Q4) was linked to a higher incidence of
RF [RF: Model 1: HR, 2.69 (2.15-3.35), P < 0.001; Model 2: 2.63 (2.11-3.29), P < 0.001; Model 3: 2.02 (1.59-2.57), P <
0.001]; HRF: Model 1: HR, 2.37 (1.78-3.15), P < 0.001; Model 2: 2.39 (1.79-3.20), P < 0.001; Model 3: 1.59 (1.17-
2.15), P=0.003)].

Besides, SII was also significantly correlated with in-hospital mortality [Model 1: HR, 1.24 (1.09-1.41), P < 0.001;
Model 2: 1.21 (1.06-1.37), P = 0.004; Model 3: 1.22 (1.07-1.39), P=0.003] and long-term follow-up mortality [Model 1:
HR, 1.17 (1.09-1.25), P < 0.001; Model 2: 1.13 (1.06-1.21), P < 0.001; Model 3: 1.12 (1.05-1.19), P< 0.001].

Table 2 Cox Regression Analysis for Sl with Respiratory Failure and All-Cause Mortality

Categories Events (%) Model | Model 2 Model 3
HR (95% Cls) p value HR (95% Cls) p value HR (95% Cls) p value
Respiratory failure
Continuous variable per | unit (logSll) 1.31 (1.23-1.39) 1.30 (1.22-1.38) 1.19 (1.12-1.28)
Quartile® 697 (42.2) <0.001 <0.001 <0.001
QI (N=414) 117 (28.3) Reference Reference Reference
Q2 (N=413) 160 (38.7) 1.49 (1.17-1.89) | 0.001 1.47 (1.15-1.86) | 0.0018 1.41 (1.10-1.82) | 0.008
Q3 (N=413) 176 (42.6) 1.58 (1.25-2.00) | <0.001 1.56 (1.23-1.97) | <0.001 1.45 (1.13-1.85) | 0.003
Q4 (N=413) 244 (59.1) 2.69 (2.15-3.35) | <0.001 2,63 (2.11-3.29) | <0.001 2.02 (1.59-2.57) | <0.001
Hypercapnic respiratory failure
Continuous variable per | unit (logSll) 1.29 (1.19-1.40) 1.29 (1.19-1.40) 1.16 (1.06—1.26)
Quartile 427 (25.8) <0.001 <0.001 <0.001
QI (N=414) 68 (16.4) Reference Reference Reference
Q2 (N=413) 97 (23.5) 1.44 (1.05-1.96) | 0.022 1.45 (1.06-1.98) | 0.0198 1.20 (0.87-1.66) | 0.268
Q3 (N=413) 112 (27.1) 1.64 (1.21-2.22) | 0.001 1.65 (1.22-2.24) | 0.0012 1.39 (1.02-1.91) | 0.040
Q4 (N=413) 150 (36.3) 2.37 (1.78-3.15) | <0.001 2.39 (1.79-3.20) | <0.001 1.59 (1.17-2.15) | 0.003
In-hospital mortality
Continuous variable per | unit (logSIl) 1.24 (1.09-1.41) 1.21 (1.06-1.37) 1.22 (1.07-1.39)
Quartile 169 (10.2) <0.001 0.004 0.003
QI (N=414) 25 (6.0) Reference Reference Reference
Q2 (N=413) 30 (7.3) 1.10 (0.65-1.88) | 0.7154 1.03 (0.60-1.75) | 0.920 1.23 (0.69-2.19) | 0.484
Q3 (N=413) 48 (11.6) 1.74 (1.07-2.83) | 0.0248 1.60 (0.98-2.60) | 0.060 2.26 (1.31-3.87) | 0.003
Q4 (N=413) 66 (16.0) 220 (1.39-3.49) | <0.001 1.98 (1.25-3.16) | 0.004 2,01 (1.21-3.36) | 0.007
Long-term follow-up death
Continuous variable per | unit (logSll) 1.17 (1.09-1.25) 1.13 (1.06-1.21) 1.12 (1.05-1.19)
Quartile 637 (38.5) <0.001 <0.001 <0.001
QI (N=414) 137 (33.1) Reference Reference Reference
Q2 (N=413) 137 (33.2) 1.13 (0.89-1.43) | 0.323 1.03 (0.81-1.31) | 0.792 1.04 (0.81-1.33) | 0.773
Q3 (N=413) 162 (39.2) 1.26 (1.00-1.58) | 0.047 1.16 (0.92-1.45) | 0.218 1.27 (0.99-1.62) | 0.056
Q4 (N=413) 201 (48.7) 1.66 (1.33-2.06) | <0.001 1.47 (1.18-1.84) | <0.001 1.32 (1.04-1.67) | 0.022

Notes: Model I: unadjusted. Model 2: adjusted for age, sex. Model 3: adjusted for age, sex, asthma, acute myocardial infarction, atrial fibrillation, cerebrovascular
disease, chronic kidney disease, hypertension, heart failure, liver disease, pneumonia, sepsis, acute exacerbations of chronic obstructive pulmonary disease, smoke,
bronchodilator, glucose, mechanical ventilation, albumin, red cell distribution width, triglycerides, c-reactive protein, tidal volume, vital capacity, acute physiology
score lll, sequential organ failure assessment, hemoglobin. aSll index: QI (2634.51), Q2 (634.51<SII<1302.17), Q3 (1302.17<S11<2821.88), Q4 (>2821.88).
Abbreviations: HR, hazard ratio; Cl, confidence interval; Sll, Systemic immune inflammatory index.
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RCS analysis suggested a nonlinear correlation between SII and RF in Model 1 and Model 2 (P<0.001) (Figure 2A
and B). In the RF Model 3 and HRF Model 1-3, the nonlinear relationship was not significant (P>0.05) (Figure 2C-F).
Elevated SII (logSII>7.19) was linked to an elevated risk of RF in COPD patients. In addition, we also observed similar
trends in in-hospital mortality and long-term follow-up mortality (Figure S1).

Incidence of All-Cause Mortality Among Different Groups

The Kaplan-Meier survival curve for intergroup all-cause mortality is shown in Figure 3. There were significant
differences in the in-hospital mortality (Ql: 6.0% vs Q2: 7.3 vs Q3: 11.6 vs Q4: 16.0%, log-rank, P<0.001,
Figure 3A) and long-term follow-up all-cause mortality (Q1: 33.1% vs Q2: 33.2 vs Q3: 39.2 vs Q4: 48.7%, log-rank,
P < 0.001, Figure 3B) of each group. The association between increased mortality and higher SII disappeared after 21
days, with no statistical differences between groups (log-rank, P= 0.097, Figure 3C). Landmark analysis showed that
during the 21-day short-term follow-up period, individuals with higher SII had a higher all-cause mortality rate compared
to those with lower SII. (Q1: 6.0% vs Q2: 7.3 vs Q3: 11.6 vs Q4: 16.0%, log-rank, P<0.001, Figure 3D). Besides, we also
found that, with the increase of SII, the all-cause mortality of patients with RF did not show significant differences
between different SII groups (Figure S2).

Subgroup Analysis

Subgroup analysis was executed to delve further into the link between SII and the incidence of RF. In the adjusted Model
3, the results unveiled that increased SII was closely related to an elevated risk of RF in COPD patients in most
subgroups (Figure 4). The trends of the risk of RF in most subgroups were similar. In the subgroup analysis of RF, except
for the obvious interaction observed in cancer (P<0.001), pneumonia (P = 0.001), sepsis (P = 0.005), and BMI (P =
0.019), the majority of stratification factors did not considerably affect the correlation between SII and RF (Figure 4A).
However, no significant interaction factors were found in the HRF subgroup (Figure 4B).

A Respiratory failure (model 1) B Respiratory failure (model 2) C Respiratory failure (model 3)
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Figure 2 Restricted cubic spline analysis of Sl with respiratory failure incidence. (A-C) Restricted cubic spline for respiratory failure. (D-F) Restricted cubic spline for
hypercapnic respiratory failure. Heavy central lines represent the estimated adjusted hazard ratios; with shaded ribbons denoting 95% confidence intervals. logSll index 7.19
was selected as the reference level represented by the vertical dotted lines. The horizontal dotted lines represent the hazard ratio of 1.0.

Abbreviations: HR, hazard ratio; Cl, confidence interval; Sll, Systemic immune inflammatory index.
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Figure 3 Kaplan—Meier survival analysis curves for all-cause mortality. Sll index: Q1 (SI12634.51), Q2 (634.51<SII<1302.17), Q3 (1302.17<S11<2821.88), Q4 (SI1>2821.88).
Kaplan—Meier curves showing cumulative probability of in-hospital mortality (A), long-term follow-up death (B), landmark analysis from 2| days to 10 years (C), and
Kaplan—Meier survival analysis curves for all-cause mortality according to groups at 21 days (D)..

Discussion

This study is the pioneer, to our knowledge, in probing into the link between SII and the risk of RF and death in COPD
patients. In this study, 1653 critically ill patients with COPD from the MIMIC-IV database were included, and the large
sample size increased the reliability of the results. According to the findings, a higher SII was linked to a higher risk of
RF and death as well as a longer hospital stay. Accordingly, SII may be a useful novel predictor of the prognosis of
COPD patients. In addition, this correlation is still significant in PSM analysis, variable adjustment, and subgroup
analysis. This enhances the validity of SII as a prognostic marker. Our findings are clinically significant in that SII may
aid in early identifying high-risk COPD patients, carrying out early intervention, and promoting risk stratification

management.
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A Subgroups Adjusted HR(95%CI) P value P for interaction
Sex (female) 1.37 (1.24, 1.52) —_— <0.001 0.501
Sex (male) 1.28 (1.18, 1.39) —_— <0.001
Cancer - 1.44 (1.33, 1.55) —_— <0.001 <0.001
Cancer + 1.08 (0.97, 1.21) —_—— 0.171
CHD - 1.29 (1.19, 1.39) —_— <0.001 0.591
CHD + 1.34 (1.20, 1.49) <0.001
DM - 1.32(1.22, 1.43) —_— <0.001 0.669
DM + 1.28 (1.15, 1.43) —_— <0.001
Dyslipidemia - 1.24(1.14, 1.34) —_— <0.001 0.071
Dyslipidemia +  1.40 (1.26, 1.55) <0.001
HF - 1.34(1.22, 1.47) —_— <0.001 0.325
HF + 1.26 (1.15, 1.38) —_— <0.001
Hypertension - 1.25 (1.11, 1.40) <0.001 0.337
Hypertension +  1.33 (1.24, 1.44) —— <0.001
IHD - 1.31(1.20, 1.43) — ey <0.001 0.960
IHD + 1.31(1.19, 1.45) —_— <0.001
Liver disease -  1.33 (1.24, 1.43) —_— <0.001 0.255
Liver disease +  1.44 (1.25, 1.66) <0.001
Pneumonia - 1.35(1.25, 1.47) —_— <0.001 0.001
Pneumonia + 1.10(1.00, 1.21) —_— 0.048
Sepsis - 1.30(1.20, 1.41) — <0.001 0.005
Sepsis + 1.08 (0.97, 1.20) —_— 0.160
AECOPD - 1.31(1.21, 1.41) —_— <0.001 0.052
AECOPD + 1.15 (1.02, 1.29) —_— 0.021
Smoke - 1.29 (1.20, 1.40) —_— <0.001 0.635
Smoke + 1.35(1.21,1.52) <0.001
BMI<=30kg/m2  1.21(1.09, 1.34) —_— <0.001 0.019
BMI>30kg/m2 1.44 (1.22, 1.70) <0.001
Age<=65 years  1.22(1.09, 1.36) —_— 0.001 0.144
Age>65 years 1.35(1.25, 1.46) — <0.001

B Subgroups  Adjusted HR(95%CI) P value P for interaction
Sex (female) 1.32 (1.17, 1.50) <0.001 0.573
Sex (male) 1.26 (1.13,1.41 <0.001
Cancer - 1.36 (1.23,1.49 <0.001 0.131
Cancer + 1.18 (1.01, 1.39 0.036
CHD - 1.32(1.20, 1.46 <0.001 0.322
CHD + 1.21 (1.04,1.41 0.014
DM - 1.32(1.19,1.46 <0.001 0.634
DM + 1.27 (1.11,1.46 0.001
Dyslipidemia - 1.21 (1.09, 1.34 <0.001 0.080
Dyslipidemia +  1.41 (1.23, 1.61 <0.001
HF - 1.38 (1.22,1.55 <0.001 0.069
HF + 1.18 (1.05, 1.33 0.004
Hypertension-  1.22 (1.05, 1.41 0.010 0.346
Hypertension+  1.32 (1.20, 1.46 <0.001

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
IHD - 1.32 (1.19, 1.47) <0.001 0.534
IHD + 1.25 (1.10, 1.43) 0.001
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

Liver disease - 1.33 (1.22,1.46 <0.001 0.482

Liver disease + 1.23 (1.02,1.48 0.027
Pneumonia - 1.31(1.17,1.45 <0.001 0.094
Pneumonia + 1.14(1.02,1.28 0.023
Sepsis - 1.21 (1.09,1.33 <0.001 0.628
Sepsis + 1.25 (1.08, 1.44 0.002
AECOPD - 1.28 (1.16, 1.42 <0.001 0.221
AECOPD + 1.15 (1.01, 1.32 0.038
Smoke — 1.27 (1.15,1.40 <0.001 0.532
Smoke + 1.35 (1.16, 1.56 <0.001
BMI<=30kg/m2  1.25(1.09, 1.43 0.001 0.411
BMI>30kg/m2 1.31 (1.07,1.59 0.008
Age<=65years 1.17 (1.02, 1.34 0.028 0.058
Age>65 years 1.38 (1.24,1.52 <0.001

Figure 4 Subgroup analysis of the relationship between SII and respiratory failure.(A) Subgroup analysis for respiratory failure. (B)Subgroup analysis for hypercapnic
respiratory failure.
Abbreviations: HR, hazard ratio; Cl, confidence interval; Sll, Systemic immune inflammatory index; BMI, body mass index; DM, diabetes mellitus.
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Nevertheless, the mechanism of SII linked to the poor prognosis of COPD is still unclear. There is a characteristic
inflammatory pattern in COPD patients, that is, there is an increased number of neutrophils in the airway tract and
macrophages, T lymphocytes, and B lymphocytes.'®*°*! Numerous immune cells, like lymphocytes and neutrophils,
participate in the inflammatory response.'*'”*? In recent years, it has been found that platelets are involved in the
inflammatory response of sepsis and other serious infections, and serve as a main contributor to the occurrence and
progression of COPD.'> When infection occurs, inflammation activates the coagulation pathway and initiates platelet
activation. Then the activated platelets can secrete pro-inflammatory substances and chemokines, regulate the function of
white blood cells, and then participate in and induce the inflammatory process.

SII combines the predictive ability of neutrophil, lymphocyte, and platelet count, allowing it to accurately and
thoroughly reflect our body’s inflammatory and immune condition. In some diseases, SII is a powerful prognostic
indicator compared with the systemic inflammatory response biomarkers, encompassing neutrophil-lymphocyte ratio
(NLR), platelet-lymphocyte ratio (PLR), and monocyte-lymphocyte ratio (MLR).**** Although inflammatory molecules,
consisting of tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), and procalcitonin, perform well in the prognosis
evaluation of patients,'? they are unable to accurately express the inflammatory and immune state of our body, and the
high detection cost also limits their clinical application. The SII index is obtained from blood tests, which are common-
place for almost all hospitalized patients and are easily accessible in clinical practice. It is simple, fast, and cost-effective,
and has broad application prospects, particularly, in underdeveloped areas.

Based on Cox proportional-hazards regression analysis, higher SII at admission amplifies the risk of RF and death,
whether confounding factors are adjusted or not. Therefore, it is reasonable to conclude that SII is valuable and reliable in
forecasting the prognosis of COPD patients. Through the Kaplan-Meier curve, we observed that patients with high SII
had an elevated risk of mortality over time. Considerable differences were noted in the risk of death among the three
groups. This significance was especially obvious in the early stage (within 21 days of admission). We suspected that the
early inflammatory cytokine storm is more prominent, and a large number of inflammatory-related cytokines are
increased and activated. This initial stage has a greater impact on the prognosis. SII is more valuable for forecasting
short-term prognosis than for long-term prognosis.

There are also many previous studies on the predictive indicators of COPD patients.>> >’ However, these studies often
focus on mortality, and lack subgroup analysis on whether COPD patients have RF or RF types. Considering that once
COPD patients are complicated with RF, it is often difficult to treat and results in high mortality. Therefore, in addition to
mortality, RF is used as the primary outcome measure, which enriches the root cause analysis of this research. In
addition, we also analyzed the mortality of patients with RF. The results showed that with the rise in SII, there was no
significant difference in the risk of death among different groups in the COPD+RF population, possibly owing to the
high-grade inflammation and high mortality of RF patients themselves. Therefore, in COPD patients, early identification
of those with high risks of inflammation and RF is essential for the clinical treatment of COPD, thereby decreasing
mortality and ameliorating prognosis.*®

In the description of baseline characteristics, our study is more detailed than other similar studies.***” We included
smoking history, BMI, the use of glucocorticoids, bronchodilators, antibiotics, mechanical ventilation, and information
about other diseases that may cause inflammation, such as pneumonia and sepsis. Our findings revealed that patients with
higher SII are more susceptible to cancers, heart failure, AECOPD, pneumonia, and sepsis. Although cancer, pneumonia,
sepsis, and BMI showed obvious connections with RF, this effect was not observed in the subgroup analysis of HRF.
HREF is the most typical type of RF in COPD. Therefore, this seems to further prove the validity of SII as a prognostic
indicator of COPD, especially in forecasting the risk of HRF. In addition, patients with higher SII were less prone to liver
diseases and dyslipidemia. A previous study has shown that severe liver diseases may affect the coordinated response of
the liver to infection.”® Metabolic syndrome, including dyslipidemia, is closely related to systemic inflammation and
cardiovascular risk.***! This seems to be inconsistent with our results, but no significant interaction between these two
factors was found in subgroup analysis. The influence of liver diseases and blood lipids on inflammation needs to be
further validated in future research.

Besides, the predictive power of SII for the prognosis of COPD+RF patients with cancer and sepsis is relatively weak.
These conditions need to be considered when predicting the risk of RF in COPD patients. We hypothesized that these
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patients had obvious immune inflammatory reactions at the time of admission, which may affect the baseline white blood
cell counts. When it comes to RF in COPD patients, pneumonia, sepsis, and cancers have to be considered. This is
consistent with previous literature.**** Previous studies have also confirmed that the poor prognosis of these diseases is
usually related to inflammation.?”** However, we found that there were few patients in these subgroups. Therefore, these
differences may be caused by small sample sizes.

Certainly, several limitations need to be considered. Firstly, since our study is single-center retrospective, the selection
bias cannot be disregarded, limiting the generalizability of these results to other populations. Therefore, a large-scale
multicenter prospective study is required in the future to further support our views. Secondly, due to the retroactive nature
of the data collection, several significant variables might have been missed. Although we made adjustments for the
confounding variables, our findings could still be affected by unidentified factors. Thirdly, Thirdly, changes throughout
hospitalization were not taken into account when calculating SII; instead, just SII values at admission were used.
Therefore, the ideal time period needs to be investigated. Fourthly, our research lacks information about other
inflammatory markers, such as procalcitonin, IL-1, IL-6, and TNF-a, as well as blood culture and pathogenic bacteria.
These may affect the baseline white blood cell counts. Ultimately, it is impossible to identify the likely mechanism
underlying the link between high SII and a poor prognosis of COPD patients in this study. Consequently, additional
research is warranted.

Conclusion

In conclusion, high SII may be closely correlated with a poor prognosis of critically ill COPD patients, such as a high risk
of RF and all-cause mortality. Therefore, SII serves as a potential, cost-effective, and easily available biomarker for early
risk assessment of this population. Nevertheless, larger prospective studies with long-term follow-up are desired to
corroborate our conclusions.
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