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Background: In the intensive care unit (ICU), approximately 45.6% of patients diagnosed with chronic obstructive pulmonary
disease (COPD) also presented with sepsis, and this cohort exhibited a significantly higher 28-day mortality rate compared to sepsis
patients without COPD (23.6% versus 16.4%). A novel nomogram is necessary to predict the risk of mortality within 28 days for
sepsis patients with COPD.

Methods: Clinical data from 501 sepsis patients with COPD were sourced from the MIMIC-1V database. These data were randomly
allocated into a training cohort and a validation cohort in a 3:1 ratio. Independent predictors of 28-day mortality were identified
through both univariate and multivariate logistic regression analyses. Subsequently, a nomogram model was developed, and its
performance was assessed using receiver operating characteristic (ROC) curve analysis, calibration plots, and decision curve analysis.
Results: The 28-day mortality rates in the training and validation cohorts were 32.7% and 27.2%, respectively. Multivariate regression
analysis identified age, heart rate (HR), respiratory rate (RR), blood urea nitrogen (BUN), creatinine (Cr), lactate levels, pH, and urine
output as independent risk factors for 28-day mortality in sepsis patients with COPD. Furthermore, the nomogram demonstrated
superior predictive performance, with an area under the curve (AUC) of 0.784 for the training group and 0.689 for the validation
group.

Conclusion: This nomogram integrates laboratory indicators pertinent to the patient’s metabolic status, hypoxia status, and organ
function, thereby enhancing the accuracy of early prediction of 28-day mortality in sepsis patients with COPD. Additionally, the
model’s comparative advantage over existing scoring systems (eg, SOFA) would enhance its impact. Our findings hold substantial
implications for early prognostic assessment and clinical decision-making in this patient population. Therefore, earlier diagnosis within
24 hours of admission and proper identification of high-risk patients may reduce disease-related mortality by promoting timely
treatment.
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Introduction

The advanced age of patients with Chronic Obstructive Pulmonary Disease (COPD), coupled with prolonged chronic
non-specific inflammation of the airway, bronchial mucosa, and surrounding tissues, along with heightened airway
responsiveness to various stimuli, impaired immune function, obstructed airflow, and numerous complications, increases
the likelihood of sepsis development.'* Analysis of Medical Information Mart for Intensive Care IV (MIMIC-IV) data
indicates that approximately 45.6% of ICU patients diagnosed with COPD also presented with sepsis. Furthermore, the
28-day mortality rate was significantly elevated in this cohort compared to patients with sepsis who did not have COPD
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(23.6% vs 16.4%).> Considering the severity of sepsis with COPD, accurate prognostic prediction is of great significance
for guiding treatment and patient management.

When COPD and sepsis coexist, the pathophysiological mechanisms underlying disease progression are
intricate and distinct, resulting in further deterioration of respiratory function. This is characterized by persistent
systemic inflammation, hypoxemia, and thrombotic conditions.>* These factors play a crucial role in disease
development and may exacerbate the progression of sepsis by enhancing neutrophil-mediated cytotoxicity and
modulating dysregulation of the innate immune response.”® Moreover, individuals with COPD exhibit an elevated
inflammatory state, which is correlated with a poor prognosis in the context of sepsis. At present, while the
Sequential Organ Failure Assessment (SOFA) scoring system and other related prediction model are employed to
diagnose sepsis in ICU patients and assess their prognosis, they fall short in accurately predicting the prognosis of
sepsis patients with COPD. This limitation arises from the inability of these scoring systems and biomarkers to
comprehensively capture the intricate complexities involved, resulting in imprecise prognostic predictions.’
Furthermore, the diagnostic value of potential genetic, microbial, and immune biomarkers in evaluating sepsis
prognosis among COPD patients has garnered increasing attention. Those biomarkers might further refine the
predictive model. However, clinical application requires validation in large-scale cohorts and standardized detec-
tion protocols.

Moreover, COPD was identified as an independent risk factor for 28-day all-cause mortality among patients with
sepsis.” This observation underscores the critical importance of employing 28-day all-cause mortality as a primary
endpoint, as it not only reflects short-term outcomes for patients with both sepsis and COPD but also facilitates the
identification of high-risk patient populations. This approach informs clinical decision-making and resource allocation.
Furthermore, employing 28-day all-cause mortality as a definitive and easily quantifiable endpoint can produce reliable
data for clinical trials assessing various treatment strategies.” ° As a result, this metric was chosen as an outcome
measure to deepen our understanding and improve clinical outcomes in sepsis patients with COPD, while offering
valuable insights for clinical practice.

The MIMIC-IV database, a substantial public repository, contains extensive clinical data pertaining to critically ill
patients in ICU. In light of the complex interactions among immune, inflammatory, hypoxic, and thrombotic conditions
and their impact on disease progression in sepsis patients with COPD, we aimed to construct a nomogram model utilizing
the MIMIC-IV database. This model is designed to predict the risk of 28-day mortality in this patient cohort. This model
based on variables available within 24h of admission, serving as a robust instrument for early prognostic evaluation and
clinical decision-making, thereby offering substantial clinical benefits.

Materials and Methods

Database introduction

The data employed in this study is derived from the MIMIC-IV database, a comprehensive clinical repository collabora-
tively developed by the Massachusetts Institute of Technology (MIT), Beth Israel Deaconess Medical Center, and Philips.
This database has received funding from the National Institutes of Health since 2003. The clinical data extraction from
the MIMIC database was conducted by Qi Xin, one of the contributing authors, who obtained the necessary certification
for the Protection of Human Research Participants (certification number: 53163698).

Study Population and Definitions

The study population comprised adults diagnosed with both sepsis and COPD in the intensive care unit (ICU). Sepsis was
identified in accordance with the Sepsis-3 criteria, necessitating a probable infectious etiology and a SOFA score of 2 or
higher.'®'" The diagnosis of COPD was established based on the ICD-9 codes.'? The exclusion criteria were as follows:
(1) individuals under the age of 18; (2) an ICU stay of less than 24 hours; (3) patients with multiple ICU admissions; and
(4) incomplete data, including missing laboratory test indicators. The primary outcome measure in this study is the 28-
day mortality rate.
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Data Collection

Patient data were extracted from the MIMIC IV database, encompassing the following categories of information: (1)
Basic demographic and clinical information, including age, gender, respiratory rate (RR), heart rate (HR), mean arterial
pressure (MAP), body temperature (T), and diagnoses such as myocardial infarction, diabetes, and congestive heart
failure; (2) Laboratory examination results, comprising hematocrit (HCT), hemoglobin (Hb), platelet count (PLT), white
blood cell count (WBC), international normalized ratio (INR), activated partial thromboplastin time (APTT), prothrom-
bin time (PT), pH, peripheral capillary oxygen saturation (SpO,), and partial pressure of carbon dioxide (PCO,), partial
pressure of oxygen (PO,), base excess (BE), total carbon dioxide (Total CO,), bicarbonate (HCOj; ), anion gap (AG),
creatinine (Cr), blood urea nitrogen (BUN), sodium (Na"), potassium (K"), calcium (Ca,"), chloride (CI), glucose,
lactate, the application of continuous renal replacement therapy (CRRT), length of hospital stay (LOS hospital), length of
Intensive Care Unit stay (LOS ICU), SOFA score, and urine output.

Sample Size

Based on previous studies, which identified 5-10 potential predictors for modeling, and considering a 25% 28-day
mortality rate observed in preliminary investigations, we estimated that a sample size of 200—400 patients,
yielding 50-100 instances of 28-day mortality, would be necessary to achieve sufficient precision in model
construction. This estimation adheres to the principle of having at least ten outcome events per variable in
regression analysis.

Statistical Analysis
The final cohort of patients was randomly allocated into a training group and a validation group in a 3:1 ratio. Continuous
variables following a normal distribution are presented as mean + standard deviation, whereas those not adhering to
a normal distribution are expressed as median with interquartile range. Categorical variables are reported as percentages.
Logistic regression analysis was employed to identify potential risk factors for 28-day mortality events, and multivariate
logistic regression analysis was utilized to develop a nomogram. Receiver operating characteristic (ROC) curves were
employed to evaluate the accuracy of the nomogram in predicting 28-day mortality. Calibration curves were utilized to
assess the concordance between observed outcomes and predicted probabilities. Additionally, decision curve analysis
(DCA) was conducted to determine the clinical net benefit of the predictive model.

Statistical analyses were conducted utilizing R software, version 4.1.3, with the significance level established at
P < 0.05.

Results

Basic Characteristics

The study included a total of 1487 eligible participants sourced from the MIMIC IV database (Figure 1). The participants
had a median age of 72 years and consisted of 228 women (45.5%) and 273 men (54.4%). The clinical characteristics of
these participants are comprehensively outlined in Table 1. Importantly, the training group demonstrated good compar-
ability with the test group concerning baseline clinical data (p>0.05). Among all participants, 157 individuals (31.3%)
succumbed within 28 days of hospitalization.

Development of Nomogram

Univariate logistic regression analysis identified 18 variables significantly associated with 28-day mortality, including
age, HR, RR, T, SOFA score, hemoglobin, AG, HCO; , BUN, Cr, INR, PT, SpO2, lactate, pH, BE, Total CO2, and urine
output (Table 2). Subsequent multivariate regression analysis of the training set, utilizing these significantly different
variables, identified age, HR, RR, BUN, Cr, LAC, pH, and urine output as independent risk factors for 28-day mortality
in sepsis patients with COPD (Table 3). Utilizing these variables, a nomogram was developed to predict the incidence of
28-day mortality in sepsis patients with COPD (Figure 2).
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Sepsis patients with COPD from MIMIC IV
database(n=1487)

(1) < 18 years old(n=0)

(2) The length of stay in ICU was less than 24 hours (n=148)
(3) Multiple ICU patients (n=134)

(4) Missing clinical information(n=704)

Final cohort (n=501)
[

| l
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(n=376) (n=125)
I I
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(n=123) (n=253) (n=34) (n=91)

Figure | The flowchart of patient selection from the MIMIC-IV.

Verification of Nomogram
The ROC curve analysis results indicated that the model exhibited a robust capability to differentiate 28-day mortality
among sepsis patients with COPD, achieving an AUC of 0.784 in the training cohort (Figure 3A) and 0.689 in the

Table | Baseline Characteristics of the Sepsis Patients with Chronic Obstructive Pulmonary Disease

Variable Total (n =501) Training (n=376) | Validation (n=125) | P Value
Mortality, n (%) 0.250
No 347 (69.2) 253 (67.3) 91 (72.8)
Yes 157 (31.3) 123 (32.7) 34 (27.2)
Age 72.0 (63.9,80) 71.8 (64.6,80) 72.6 (63.2,80.8) 0.891
Gender, n (%) 0.394
Female 228 (45.5) 167 (44.4) 61 (48.8)
Male 273 (54.4) 209 (55.5) 64 (51.2)
Vital signs
T («C) 36.9 (36.6,37.2) 36.9 (36.7,37.2) 36.9 (36.6,37.2) 0.580
RR (bpm) 20 (17.5,23.2) 20 (17.6,23.4) 19.7 (16.7,22.1) 0.123
HR (bpm) 85.3 (75.3,98.6) 86.6 (76.4,98.7) 82 (71.2,98) 0.055
MAP (mmHg) 73.3 (68.7,79.4) 73.1 (68.5,79.6) 74 (69.7,78.8) 0.445
Comorbidities
Myocardial infarct, n (%) 0.724
No 347 (69.2) 262 (69.6) 85 (68)
Yes 154 (30.7) 114 (30.3) 40 (32.0)
Congestive heart failure, n (%) 0.898
No 238 (47.5) 178 (47.3) 60 (48.0)
Yes 263 (52.4) 198 (52.6) 65 (52.0)
(Continued)
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Table 1 (Continued).

Variable Total (n =501) Training (n=376) | Validation (n=125) | P Value

Diabetes, n (%)
No 278 (55.4) 207 (55.0) 71 (56.8) 0.734
Yes 223 (44.5) 169 (44.9) 54 (43.2)

Laboratory test
HCT (%) 30.6 (26.6,35.2) 30.6 (26.6,34.9) 30.6 (26.8,36.0) 0.498
Hb (g/L) 9.7 (83,11.2) 9.6 (8.2,11.2) 9.7 (8.6,11.4) 0.352
PLT (/L) 184.5 (134.5,252.3) | 182.8 (134,242.5) 198.5 (137.3,263.3) 0.255
WBC (/L) 13.5 (9.9,18.3) 13.4 (9.7,18.5) 13.8 (10.4,17.9) 0.563
INR 1.4 (1.2,1.8) 1.4 (1.2,1.8) 1.4 (1.2,1.8) 0.885
APTT (S) 29.0 (26.1,33.3) 29.0 (26.0,23.3) 29 (26.5,33.3) 0.749
PT (S) 13.4 (12.2,15.7) 13.4 (12.2,15.7) 134 (12.0,15.3) 0.487
PH 7.34 (7.29,7.41) 7.34 (7.29,7.40) 7.34 (7.29,7.39) 0.714
SpO, (%) 97.1 (95.3,98.5) 97.0 (95.3,98.5) 97.2 (95.2,98.5) 0.741
PaCO, (mmHg) 42.5 (37.3,49.0) 42.5 (37.0,49.0) 43.5 (38.0,48.0) 0.641
PaO, (mmHg) 128 (92.3,205) 128.8 (94.1,207.4) 123.5 (88.5,198.5) 0411
BE (mmol/L) -2 (-5.51) -1.5 (-5.5,1) -2 (-5.8,0) 0.478
Total CO, (mmHg) 26 (22,30) 26 (22,30) 25 (22,28.5) 0.637
HCO;  (mmol/L) 21.5 (18.5,25.0) 22.0 (18.5,25.0) 21 (19,24.5) 0.573
AG (mmol/L) 15.5 (13.5,18.5) 15.5 (13.5,19.0) 21.0 (19.0,24.5) 0.757
BUN (mg/dl) 26.0 (18.0,45.0) 26 (18,42.9) 28 (17.5,47.8) 0.960
Cr (mg/dl) 1.4 (0.9,2.2) 1.35 (0.9,2.2) 1.4 (0.9,2.2) 0.738
SOFA 7.0 (5.0,10.0) 7 (5,10) 7(511) 0.803
Na* (mmol/L) 138 (135,141) 138 (135,140.5) 138.5 (35.5,141.5) 0.406
K* (mmol/L) 4.4 (4.0,5.0) 4.4 (4.0,5.0) 44 (4.1,49) 0913
Ga," (mmol/L) 8.2 (7.8,8.7) 8.2 (7.8,8.8) 8.2 (7.8,8.6) 0.446
CI™ (mmol/L) 102.5 (97.5,106.0) 102 (97.5,106) 103 (98.3,106) 0.233
Glucose (mmol/L) 145 (116.8,183.5) 144.3 (116,181.9) 149 (121,187) 0.377
Lactate (mmol/L) 2.1 (1.3,3.6) 2.0 (1.3,3.7) 2.2 (1.4,3.6) 0.585
CRRT, n (%) 0.950

No 428 (85.4) 321 (85.3) 107 (85.6)
Yes 73 (14.5) 55 (14.6) 18 (14.4)

ICU LOS (days) 4.4 (2.59.0) 4.5 (25, 93) 4.0 (2.4, 8.0) 0.362
Hospital LOS (days) 10.9 (6.4, 19.1) 10.9 (6.6, 18.9) 11.0 (6.0, 19.8) 0.790
Urine output (mL) 1275 (685, 2110) 1275 (686, 2096) 1295 (679, 2214) 0.829

Abbreviations: T, body temperature; HR, heart rate; RR, respiratory rate; MAP, mean arterial pressure; HCT, hematocrit; Hb,
hemoglobin; PLT, platelet; WBC, white blood cell; INR, international normalized ratio; APTT, activated partial thromboplastin time;
PT, prothrombin time; BE, base excess; HCO3-, bicarbonate; AG, Anion gap; BUN, blood urea nitrogen; Cr, creatinine; SOFA,

sequential organ failure assessment; CRRT, continuous renal replacement therapy; ICU, intensive care unit; LOS, Length of stay.

Table 2 Univariate Analysis of Predictive Variables of the 28-
Day Mortality in the Training Cohort

Variables OR 95% ClI P Value
Age 1.040 | 1.018-1.062 | <0.001l
Gender, n (%) 1.195 | 0.773-1.848 0.422
Vital signs
T(C) 0.662 | 0.449-0.976 0.037
RR (bpm) 1.128 | 1.066—1.193 | <0.001
HR (bpm) 1.027 | 1.013-1.041 < 0.0l
MAP (mmHg) 0.978 | 0.953-1.003 0.083
(Continued)
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Table 2 (Continued).

Variables

OR 95% CI P Value

Comorbidities

Diabetes, n (%)
Laboratory test
HCT (%)

Hb (g/L)

PLT (/L)

WBC (/L)

INR

APTT (S)

PT (S)

PH

SpO2(%)

PaCO, (mmHg)
PaO2 (mmHg)

BE (mmol/L)

Total CO, (mmHg)
HCO;3;  (mmol/L)
AG (mmol/L)
BUN (mg/dl)

Cr (mg/dl)

SOFA

Na* (mmol/L)

K* (mmol/L)

Ga,” (mmol/L)
CI" (mmol/L)
Glucose (mmol/L)
Lactate (mmol/L)
CRRT, n (%)

ICU LOS (days)
Hospital LOS (days)
Urine output (mL)

Myocardial infarct, n (%)
Congestive heart failure, n (%)

1.041 | 0.652-1.662 0.866
1.423 | 0.921-2.199 0.112
0.734 | 0.474-1.136 0.166

0.969 | 0.932-1.006 0.102
0.880 | 0.784-0.987 0.029
0.998 | 0.996—1.000 0.109
1.027 | 1.000-1.055 0.053
1.383 | 1.131-1.692 0.002
1.024 | 0.998-1.050 0.068
1.048 | 1.012-1.085 0.009
0.001 | 0.000-0.017 | <0.0l
0.872 | 0.805-0.944 0.001
1.007 | 0.991-1.024 0.391
0.997 | 0.994-1.000 0.058
0.913 | 0.876-0.951 < 0.0l
0.964 | 0.931-0.997 0.035
0.940 | 0.902-0.980 0.003
1.108 | 1.057-1.162 | < 0.0l
1.015 | 1.007-1.024 | < 0.0l
1.176 | 1.022-1.353 0.023
1.233 | 1.156-1.316 | < 0.0l
1.026 | 0.984-1.069 0.233
1.225 | 0.921-1.629 0.164
0.809 | 0.606—1.081 0.151
0.993 | 0.961-1.027 0.698
1.001 | 0.998-1.004 0.509
1.220 | 1.128-1.320 | < 0.0l
2.070 | 1.159-3.700 0.014
0.991 | 0.962-1.020 0.534
0.933 | 0.906-0.960 | < 0.0l
0.999 | 0.999-1.000 | < 0.0l

Abbreviations: T, body temperature; HR, heart rate; RR, respiratory rate;
MAP, mean arterial pressure; HCT, hematocrit; Hb, hemoglobin; PLT, platelet;
WBC, white blood cell; INR, international normalized ratio; APTT, activated
partial thromboplastin time; PT, prothrombin time; BE, base excess; HCO3-,
bicarbonate; AG, Anion gap; BUN, blood urea nitrogen; Cr, creatinine; SOFA,
sequential organ failure assessment; CRRT, continuous renal replacement ther-
apy; ICU, intensive care unit; LOS, Length of stay.

Table 3 Multivariate Logistic Regression Analysis of Independent

Predictors of the 28-Day Mortality in the Training Cohort

Variables B SE Wald | P-value OR (95% CI)

Age 0.043 0.013 | Il1.169 | <0.001 1.044 (1.018-1.071)
HR 0.021 0.008 | 6.616 0.010 1.021 (1.005-1.038)
RR 0.067 | 0.034 3912 0.048 1.070 (1.001-1.144)
BUN 0.022 0.007 | 9.453 0.002 1.022 (1.008-1.036)

(Continued)
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Table 3 (Continued).

Variables i} SE Wald | P-value OR (95% CI)
Cr —0.259 | 0.127 | 4.122 0.042 | 0.772 (0.602-0.991)
Lactate 0.117 | 0.047 | 6.074 0.014 1.124 (1.024-1.233)
PH —-3.536 | 1.677 | 4.445 0.035 0.029 (0.001-0.780)
Urine output | 0.000 | 0.000 | 6.062 0.014 1.000 (0.999-1.000)
Constant 18.564 | 12.186 | 2.32I 0.128 —

Abbreviations: HR, heart rate; RR, respiratory rate; BUN, blood urea nitrogen; Cr,

creatinine.

validation cohort (Figure 3B). Conversely, the AUC for predicting 28-day mortality using SOFA scores was 0.703

(Figure 3C) in the training group and 0.654 (Figure 3D) in the validation group. As shown in Table 4, the nomogram had

a higher specificity value compared to SOFA scores (85.8% vs 71.1%) in the training cohort. In addition, the nomogram

had a higher sensitivity value compared to SOFA scores (61.8% vs 47.1%) in the validation cohort. These findings imply

that the nomogram model possesses a superior predictive value compared to SOFA scores. The calibration curve

demonstrated that the predicted probabilities were consistently aligned with the observed outcomes in both the training

0 10 20 30 40 50 60 70 80 90 100
Points L " " 1 " " " 1 " " " " 1 " " " 1 " " " 1 " " " 1 " " ]
Age T T T T T T T T T T T 1
35 45 55 65 75 85 95
HR T T T T T T
50 70 90 110 130
RR T T T T T T T T T T T
12 16 20 24 28 3
BUN T T T T T T T T 1
0 20 40 60 80 100 120 140 160
Cr T T T T T T T T T 1
10 9 8 7 6 5 3 2 1 0
Lactate r T T T 1
0 10 15 20 25 30
PH T T T T T T T T T 1
755 745 735 725 7.15 7.05
Urine output T T T T T T T T 1
16000 14000 12000 10000 8000 6000 4000 2000 0
Total POintS T T T T T T T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350
Prob of 28-day mortality ? " T —T )
0.01 0.1 0.3 0.5 0.7 0.9
Figure 2 Nomogram to estimate the risk of the 28-day mortality in sepsis patients with chronic obstructive pulmonary disease.
Abbreviations: HR, heart rate; RR, respiratory rate; BUN, blood urea nitrogen; Cr, creatinine; LAC, lactate.
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Figure 3 The ROC curve of the nomogram for predicting the 28-day mortality in sepsis patients with chronic obstructive pulmonary disease. The AUC of the nomogram
for the prediction of the 28-day mortality in the training set (A) and the validation set (B). The AUC of SOFA for the prediction of the 28-day mortality in the training set
(C) and the validation set (D).

Abbreviations: ROC, receiver operating characteristics curve; SOFA, sequential organ failure assessment.

and validation cohorts, indicating successful calibration (Figure 4A and B). An analysis of the DCA (Figure 4C and D)
reveals that the nomogram demonstrates a substantial overall net benefit across a wide spectrum of threshold probabil-

ities, suggesting considerable potential for clinical application.
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Table 4 ROC Curve Analyses of Prediction Model for the 28-Day Mortality

Cohort Variables | AUC | Sensitivity (%) | Specificity (%)

The training cohort Nomogram | 0784 61.0% 85.8%
SOFA 0.703 61.8% 71.1%

The validation cohort | Nomogram | 0.689 61.8% 71.4%
SOFA 0.654 47.1% 76.9%

Abbreviation: SOFA, sequential organ failure assessment.

Discussion
COPD is one of the prevalent comorbidities of sepsis. A study conducted based on the MIMIC-IV database indicated that
the prevalence of COPD among patients with sepsis was 15.3%, involving 6257 patients with sepsis.> Recent studies

14.15 and oxidative stress'® associated with COPD

have proposed that systemic inflammation,'? prothrombotic conditions,
may play a role in the progression of sepsis.'’ Concurrently, the onset of sepsis can act as a catalyst for acute
exacerbations of COPD.'® The interplay between the pathophysiological mechanisms of COPD and sepsis often results
in a poorer prognosis for patients experiencing both conditions.® Nevertheless, the precise factors influencing disease
progression and patient outcomes in the context of coexisting COPD and sepsis remain inadequately elucidated.
Considering the diverse factors influencing disease progression in patients with COPD complicated by sepsis, we
extracted a set of common biomarkers associated with immune function, inflammation, metabolism, and circulation
from the MIMIC-IV database for comprehensive analysis. Our findings revealed significant associations between age,
respiratory rate, heart rate, blood urea nitrogen, creatinine, urine output, lactic acid, pH, base excess, anion gap, and the
SOFA score with mortality events occurring within 28 days. Based on the findings, we identified critical variables
including age, respiratory rate, heart rate, urea nitrogen, creatinine, urine volume, lactic acid, and pH, and subsequently
developed predictive models utilizing multivariate regression analysis. Our nomogram model demonstrated superior
predictive accuracy for 28-day mortality events in comparison to the SOFA scores. The results indicated that the
mortality rate among sepsis patients with COPD within 28 days was 32.7% in the training set and 27.2% in the
validation set.

Our findings indicate that the risk of 28-day mortality is elevated in older patients suffering from COPD in
conjunction with sepsis. Prior research has demonstrated that elderly individuals with COPD tend to exhibit higher
Simplified Acute Physiology Score II (SAPSII) values and a greater likelihood of requiring mechanical ventilation
support.'”2% This increased risk may be attributed to the generally poorer health status of older patients, diminished
immune function, a higher prevalence of comorbidities, a reduced capacity to mobilize physiological reserves in response
to sepsis, and more pronounced immune dysfunction during the onset of sepsis.?' Furthermore, the presence of long-term
chronic inflammation, hypoxemia, and hypercapnia in elderly patients with COPD may exacerbate the effects of sepsis
on the body.>*** Additional research indicates that older patients with COPD exhibit an elevated incidence of cardio-
vascular disease, and that systemic inflammation, hypoxia, and prothrombotic conditions may heighten the risk of
cardiovascular events in those experiencing sepsis.”**’

In this study, HR and RR were identified as independent risk factors for adverse outcomes in sepsis patients with
COPD. This finding is corroborated by previous research. Previous study examined the clinical characteristics of patients
with severe pneumonia and sepsis, revealing that the respiratory rate was significantly elevated in the mortality group
compared to the survival group.”® A multifactorial retrospective analysis further established respiratory rate as an
independent prognostic indicator. In COPD patients, who inherently suffer from airway inflammation and restricted
airflow, the additional lung infection and inflammation induced by sepsis exacerbate respiratory dysfunction, leading to
an increased respiratory rate. This elevation may represent a compensatory mechanism in response to hypoxia and
metabolic acidosis; however, sustained high respiratory rates can further compromise pulmonary function, thereby
negatively impacting patient outcomes. Furthermore, an elevated heart rate is also recognized as a crucial prognostic
marker in patients with sepsis. The observed elevation in heart rate may be attributed to the systemic inflammatory and
stress responses elicited by sepsis.”’*® In individuals with COPD, an increased heart rate may indicate heightened cardiac
workload and compromised cardiac function. Cardiac inhibition constitutes a critical aspect of organ dysfunction in
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sepsis patients, potentially linked to dysregulated nitric oxide (NO) metabolism and cardiomyocyte apoptosis.
Consequently, elevated heart and respiratory rates may serve as clinical indicators of inadequate circulating blood
volume in these patients.”’*° Monitoring heart and respiratory rates is crucial for assessing the prognosis of patients
with COPD and sepsis, as these parameters not only reflect the physiological stress state but also may signal underlying
organ dysfunction and an unfavorable prognosis. Further research is warranted to elucidate the relationship between these
physiological parameters and patient outcomes in COPD and sepsis, thereby providing more precise guidance for clinical
management.
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The findings of this study indicate that patients with renal insufficiency who have COPD combined with sepsis exhibit
a poor prognosis. Previous retrospective studies have identified BUN, Cr, and urine output as effective indicators for
assessing the prognosis of critically ill patients in clinical settings.>' > Our results further underscore the importance of
evaluating and managing renal insufficiency in sepsis patients with COPD to improve their prognosis. Elevated BUN
levels may reflect an intensified inflammatory response in COPD patients, which is crucial in the disease’s development
and progression.34 Serum levels of inflammatory markers, such as TNF-a and IL-6, are significantly elevated in COPD
patients, particularly during acute exacerbations.>® These inflammatory factors may contribute to protein catabolism,
resulting in increased BUN levels. Elevated BUN levels indicate heightened metabolic activity as a byproduct of protein
metabolism, and sustained high metabolism can lead to compromised nutritional status and immune function.*® This
deterioration in baseline health status can exacerbate the risk of infection. Reduced serum creatinine levels serve as
a direct indicator of diminished muscle mass. During acute exacerbations of COPD, circulating levels of TNF-a increase
significantly. Elevated TNF-a levels are closely associated with acute weight loss and reduced muscle mass, which can
lead to diaphragm fatigue and diminished respiratory muscle strength, thereby heightening the risk of respiratory failure
and mortality in patients. Urine volume is indicative of renal clearance capacity. In sepsis patients with COPD, impaired
renal clearance can result in the accumulation of toxins and metabolic waste, exacerbating organ dysfunction and
adversely affecting patient prognosis. Furthermore, sepsis-associated acute kidney injury (S-AKI) is influenced by
multiple factors, including a history of chronic kidney disease, elevated cystatin C levels, and organ failure. These
factors are implicated in the onset of S-AKI. Identifying and monitoring the risk factors for S-AKI to prevent the early
occurrence of acute kidney injury can enhance the prognosis for sepsis patients.

Furthermore, our study identifies pH and lactate levels as independent risk factors for adverse outcomes in sepsis
patients with COPD. Previous retrospective analyses have demonstrated a strong correlation between lactate levels and
mortality in sepsis patients.>’ >° In sepsis individuals with COPD, elevated lactate levels may indicate the degree of
tissue hypoxia, a condition often arising from insufficient oxygenation due to the underlying pulmonary disorder. The pH
value serves as a critical indicator of the body’s acid-base equilibrium. In sepsis patients, the accumulation of lactic acid
can lead to metabolic acidosis, thereby influencing the pH value. A decrease in pH further signifies a diminished capacity
of the body to buffer acid loads, which is associated with increased severity and mortality in patients with COPD and

sepsis.*’

Limitations

The study is subject to several limitations. Firstly, as it is a retrospective analysis utilizing secondary data, there is
a potential for inherent selection bias. Secondly, all models are developed and validated using the MIMIC-IV database,
which may impact their reliability. To enhance confidence in the findings, future validation efforts should employ
independent datasets. Thirdly, the diagnosis of COPD is based on the ICD-9 code rather than spirometry measurements
(specifically, a forced expiratory volume in one second/forced vital capacity ratio of less than 0.70 following bronch-
odilator administration), which may result in the overdiagnosis of COPD.*' Furthermore, the 1-second forced expiratory
volume (FEV1), D-dimer and fibrinogen degradation products (FDPs) may be critical risk factors for disease progression
in sepsis patients with COPD. Nevertheless, the absence of this data for the majority of patients in the MIMIC-IV
database introduces potential confounding variables that may influence the study’s outcomes.*? Therefore, further multi-
center prospective studies with more useful variables added would be needed to verify the results.

Conclusion

In this study, parameters including age, heart rate, respiratory rate, urea nitrogen, creatinine, lactic acid, pH, and urine
volume were identified as potential biomarkers for assessing the 28-day mortality in sepsis patients with COPD. Such an
accurate prognostic nomogram based on the above predictors is crucial for clinicians in formulating personalized
management strategies and making timely treatment adjustments, ultimately aiming to reduce mortality rates and

improve patient survival outcomes.
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