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Abstract: Objective: To construct and validate a nomogram model for predicting sepsis complicated by acute lung
injury (ALIl). Methods: The healthcare records of 193 sepsis patients hospitalized at The Affiliated Tai’an City Central
Hospital of Qingdao University from January 2022 to December 2023 were retrospectively reviewed. Among these
patients, 69 were in the ALl group and 124 in the non-ALl group. A nomogram prediction model was constructed
using logistic regression analysis. Its predictive performance was evaluated through various measures, including
the area under the curve (AUC), calibration curve, decision curve, sensitivity, specificity, accuracy, recall rate, and
precision rate. Results: The predictive factors included the neutrophil/lymphocyte ratio (NLR), oxygenation index
(Pa0,/Fi0,), tumor necrosis factor-a (TNF-o), and acute physiology and chronic health evaluation Il (APACHE II).
The nomogram training set achieved an AUC of 0.959 (95% Cl: 0.924-0.995), an accuracy of 92.59%, a recall
of 96.70%, and a precision of 92.63%. In the validation set, the AUC was 0.938 (95% CI: 0.880-0.996), with an
accuracy of 89.66%, a recall of 93.94%, and a precision of 88.57%. The calibration curve demonstrated that the
prediction results were consistent with the actual findings. The decision curve indicated that the model has clinical
applicability. Conclusion: NLR, Pa0,/FiO,, TNF-a, and APACHE Il are closely associated with ALl in sepsis patients. A
nomogram model based on these four variables shows strong predictive performance and may be used as a clinical

decision-support tool to help physicians better identify high-risk groups.
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Introduction

Severe organ failure caused by an ineffective
host response to an infection is known as sep-
sis. It is the leading cause of death in critical
care units [1, 2]. Acute lung injury (ALI), a com-
mon and severe complication of sepsis, occurs
in 25% to 45% of sepsis cases, with a mortality
rate ranging from 30% to 40%, with adverse
patient prognosis [3, 4]. The treatment of ALl is
challenging, with limited efficacy from pharma-
cologic interventions. Current treatment strate-
gies primarily include lung protective ventila-
tion, strict fluid management, and extracorpo-
real membrane oxygenation [5]. Many research-
ers recommend early detection and manage-
ment of sepsis-induced ALl to improve out-
comes for sepsis patients. Studies have shown
that various inflammatory mediators and clini-

cal features are associated with the likelihood
of developing ALl in sepsis [6, 7].

The use of machine learning in the medical field
has grown in popularity as big data analysis
technology continues to advance. Analyzing
large amounts of patient data from electronic
medical records can lead to the development
of predictive models that assist physicians in
disease prediction and severity assessment.
Nomogram models have become a mainstream
method for predicting the occurrence and pro-
gression of diseases and have been applied in
various fields [8-10]. However, there is a lack of
research combining multiple predictive factors
to develop a reliable nomogram for identifying
sepsis patients at risk of developing ALI.
Therefore, this research aims to examine the
influencing factors of ALl in sepsis patients
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Figure 1. Flow chart for this investigation. ALI: acute lung injury.

using multidimensional indicators and to con-
struct a nomogram model, providing clinicians
with an easy-to-use risk prediction tool.

Materials and methods
Research subjects

This study was approved by the Ethics
Committee of The Affiliated Tai’an City Central
Hospital of Qingdao University. A retrospective
analysis was conducted on the medical records
of 193 sepsis patients admitted to the Affiliat-
ed Tai'an City Central Hospital of Qingdao
University between January 2022 and Decem-
ber 2023. The patients were divided into two
groups based on the presence or absence of
ALI: ALI (n = 69) and non-ALI (n = 124). All sub-
jects were over 80 years old and had complete
clinical data. Sepsis was defined using the
SEPSIS-3 criteria [11], and ALl was diagnosed
according to the Berlin Definition [12].

Exclusion criteria included patients who
declined medical intervention or died within
a day of admission, as well as those with he-
matological diseases, tumors, immunological
disorders, or those on long-term treatment
with immunosuppressants, corticosteroids,
and other medications. The study was approved
by the Ethics Committee of the Affiliated Tai’an
City Central Hospital of Qingdao University, and
all medical records were used and analyzed
anonymously. The investigation’s flow chart is
illustrated in Figure 1.

Data collection

Medical information was collected from the
hospital’'s electronic health records system,
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genation index (Pa0,/Fi0,),
tumor necrosis factor-a (TNF-
«), acute physiology and chron-
ic health evaluation Il (APACHE
Il) score, and sequential organ failure assess-
ment (SOFA) score.

Upon admission, peripheral venous blood was
collected from patients for the assessment of
routine blood indices, CRP, PCT, and TNF-a.
Routine blood tests were conducted using an
automated hematology analyzer (XN-1000,
Sysmex, Japan). The serum levels of CRP (CRP
assay kit, Roche, Switzerland), PCT (PCT CLIA
kit, Mindray, China), and TNF-a (TNF-a ELISA
Kit, Proteintech, China) were determined.

Statistical methods

SPSS Statistics 23.0 software was used for
statistical analysis. Quantitative data conform-
ing to a normal distribution were expressed as
mean * standard deviation, and differences
between groups were compared using the
t-test. Quantitative data with a skewed distribu-
tion were expressed as median and interquar-
tile range, and differences between groups
were compared using the rank-sum test.
Counted data were expressed as percentages,
and differences between groups were com-
pared using the chi-square test. Logistic regres-
sion was employed to analyze the influencing
factors of sepsis complicated with lung injury. R
4.2.3 software was used to construct the
model, dividing the data into training and vali-
dation sets in a 7:3 ratio using the sample func-
tion. The nomogram model was constructed
using the ‘rms’ package based on the training
set data. The ROC curve, calibration curve, and
decision curve were plotted, and the area under
the curve (AUC), sensitivity, specificity, accura-
cy, recall rate, and precision rate were calcu-
lated. The model’s predictive efficiency was
evaluated and verified using the validation set.
A P-value of <0.05 was considered significant.
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Table 1. Comparison of medical records from patients

Factor Non-ALI group (n = 124) ALI group (n = 69) Statistic value P value
Sex 0.127° 0.722
Female 56 (45.16) 33 (47.83)
Male 68 (54.84) 36 (52.17)
Hypertension 0.0722 0.789
No 60 (48.39) 32 (46.38)
Yes 64 (51.61) 37 (53.62)
Coronary heart disease 0.0852 0.771
No 71 (57.26) 41 (59.42)
Yes 53 (42.74) 28 (40.58)
Diabetes 0.995? 0.318
No 65 (52.42) 31 (44.93)
Yes 59 (47.58) 38 (55.07)
Infection sites 8.372° 0.015
Lung 56 (45.16) 46 (66.67)
Abdomen 41 (33.07) 15 (21.74)
Other places 27 (21.77) 8 (11.59)
Age, year 57.06+8.11 58.55+7.42 -1.257° 0.210
BMI, kg/m? 23.64+3.70 23.41+3.75 0.406° 0.685
SBP, mmHg 125.22+28.63 129.42+29.48 -0.967° 0.335
DBP, mmHg 71.02+18.14 66.96+16.65 1.534° 0.127
CRP, mg/L 63.85+11.21 66.30+£10.89 -1.466° 0.144
PCT, ng/mL 11.69+4.99 13.17+4.77 -2.008° 0.046
NLR 4.22+0.84 5.54+1.33 -8.360° <0.001
Pa0,/FiO, 176.86+12.29 149.65+18.29 12.317° <0.001
TNF-a, ug/L 16.27+3.93 21.59+4.95 -8.191° <0.001
APACHE II, score 16 (13, 20) 21 (19, 25) -6.164° <0.001
SOFA, score 7(6,9) 8(7,9) -3.337°¢ 0.001

Note: a: the statistical value of the chi-square test; b: the statistical value of the t-test; c: the statistical value of the non-
parametric test; ALI: acute lung injury; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; CRP:
C-reactive protein; PCT: procalcitonin; NLR: neutrophil/lymphocyte ratio; PaO,/FiO,: oxygenation index; TNF-a: tumor necrosis
factor-a; APACHE II: acute physiology and chronic health evaluation Il; SOFA: sequential organ failure assessment.

Results
Comparison of clinical data

The study included 193 sepsis patients, 69 of
whom had concurrent ALI, resulting in an ALI
incidence rate of 35.75%. The ALl group showed
higher rates of lung infection, PCT, NLR, TNF-c,
APACHE Il score, and SOFA score compared to
the non-ALI group (all P<0.05). Additionally, the
ALI group had significantly lower PaO,/FiO, val-
ues than the non-ALI group (P<0.05). Detailed
information can be found in Table 1.

Risk predictors of sepsis complicated with ALI
Multifactorial logistic regression analysis was

conducted with the incidence of ALl as the
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dependent variable (no ALI = O, with ALI = 1)
and infection site (pulmonary infection 0,
abdominal infection = 1, other infections = 2),
PCT (original values), NLR (original values),
TNF-« (original values), PaO,/FiO, (original val-
ues), APACHE Il score (original values), and
SOFA score (original values) as independent
variables. The occurrence of ALl in sepsis
patients was found to be influenced by NLR,
Pa0,/Fi0,, TNF-&, and APACHE Il score (all
P<0.05), as shown in Table 2.

Construction of a nomogram model

All samples were randomly divided into two
datasets in a 7:3 ratio, with 135 individuals in
the training set and 58 individuals in the valida-
tion set, ensuring an even distribution of sam-
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Table 2. Risk predictors of ALl in patients with sepsis

Variable B S.E. Wald x? P OR 95% Cl

Infection site -0.392 0.372 1.111 0.292 0.676 0.329-1.400
PCT 0.132 0.075 3.084 0.079 1.142 0.985-1.324
NLR 0.721 0.271 7.094 0.008 2.056 1.210-3.493
TNF-o 0.297 0.080 13.774 <0.001 1.346 1.150-1.574
Pa0,/FiO, -0.113 0.026 18.990 <0.001 0.893 0.849-0.940
APACHE I 0.188 0.060 9.952 0.002 1.207 1.074-1.356
SOFA 0.256 0.162 2.501 0.114 1.291 0.941-1.773

ALI: acute lung injury; BMI: body mass index; Pa0,/FiO,: oxygenation index; TNF-a: tumor necrosis factor-o; APACHE II: acute

physiology and chronic health evaluation Il; SOFA: sequential organ failure assessment.

Table 3. Comparison of the validation and training sets

Criterion Training set (n = 135) Validation set (n = 58) t/x? P

Complicated with ALI (Yes/No) 44/91 25/33 1.951 0.162
NLR 4.64+1.19 4.80+1.27 -0.851 0.396
Pa0,/FiO, 167.99+19.15 165.114+20.78 0.932 0.353
TNF-o 18.18+4.84 18.16+5.42 0.028 0.978
APACHE Il 17.89+5.42 18.50+5.51 -0.705 0.481

ALI: acute lung injury; NLR: neutrophil/lymphocyte ratio; PaO,/FiO,: oxygenation index; TNF-a: tumor necrosis factor-a; APACHE

II: acute physiology and chronic health evaluation II.

ples in both datasets (Table 3). Multifactorial
logistic regression analysis identified important
variables potentially predicting the develop-
ment of ALl in sepsis patients. The regression
equationis as follows: Y =2.104 + 0.721 * NLR
+0.297 * TNF-a - 0.113 * Pa0,/FiO, + 0.188 *
APACHE II. Using the regression coefficients of
the variables from the logistic regression equa-
tion, a risk prediction nomogram model was
created with R software, as shown in Figure 2.

Verification of the nomogram model

The area under the curve (AUC) for the training
set was 0.959 (95% Cl: 0.924-0.995), while the
AUC for the validation set was 0.938 (95% Cl:
0.880-0.996), indicating the nomogram'’s high
discriminative capacity (Figure 3). Table 4
presents the confusion matrix for the training
and validation sets. The training set achieved
92.59% accuracy, 96.70% recall, and 92.63%
precision, while the validation set had
89.66% accuracy, 93.94% recall, and 88.57%
precision.

The calibration curve (Figure 4) demonstrated
high agreement between predicted and actual
outcomes. The decision curve (Figure 5)
showed that for the training set, across a
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threshold range of 0.1 to 1.0, the predictive
model’s net benefit was higher than the refer-
ence line. For the validation set, within a thresh-
old range of 0.0 to 0.9, the predictive model’s
net benefit was also higher than the reference
line, indicating that the model had clinical
utility.

Discussion

The most prevalent serious condition in critical
care facilities is sepsis. This condition can rap-
idly trigger severe inflammatory responses in
the body, leading to multiple organ dysfunction
and posing a significant threat to the patient’s
life [13]. Acute lung injury (ALI) isa common and
severe complication of sepsis, affecting up to
35.75% of patients in our study, which aligns
with both domestic and international reports
[14-16]. Moreover, the high mortality rate of ALI
further underscores its threat to the prognosis
of sepsis patients [17]. Therefore, effectively
predicting the occurrence of ALl is crucial.

Our retrospective research identified NLR,
Pa0,/Fi0,, TNF-a, and the APACHE Il score as
significant predictors of ALl in sepsis patients.
The NLR reflects both the degree of current
inflammation and the balance of the immune
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Figure 2. Nomogram model. NLR: neutrophil/lymphocyte ratio; PaO,/FiO,: oxygenation index; TNF-a: tumor necrosis
factor-a; APACHE II: acute physiology and chronic health evaluation Il.

A © ]
@ | -0.174 (specificity 0.967,
© sensitivity 0.864)
>9
z°
@ AUC: 0.959
D <
D s 95% Cl: 0.924 - 0.995
N
S
o
S
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 3. ROC curves. A: Training set; B: Validation set.

system. An elevated NLR typically indicates an
exacerbation of the inflammatory response and
a disruption of immune balance [18]. Huang et
al. [19] highlighted the significant predictive
value of NLR in the diagnosis and prognosis of
pneumonia. Additionally, NLR has been report-
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ed as an independent risk factor for in-hospital
mortality in patients with infective endocardi-
tis, with its predictive value surpassing other
indicators [20]. In our study, the ALl group
exhibited higher NLR levels than the non-ALlI
group, and an increased NLR was identified as
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Table 4. Confusion matrix

Training set prediction classification

Validation set prediction classification

Total Total
ALI Non-ALI ALI Non-ALlI
Actual ALl 37 7 44 21 4 25
Non-ALlI 3 88 91 2 31 33
Total 40 95 23 35
ALI: acute lung injury.
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Figure 4. Calibration curves. A: Training set; B: Validation set.
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Figure 5. Decision curves. A: Training set; B: Validation set.
a risk factor for sepsis patients complicated
with ALI.

Neutrophils are the first to respond to infection
or inflammation sites during sepsis, playing a
crucial role in clearing infections and resolving
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inflammation. Neutrophil extracellular traps
represent a relatively new effector function of
neutrophils, capable of killing pathogens by
releasing DNA modified with histones and gran-
ular proteins. However, if the immune system’s
overactivation is not effectively controlled, it
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may lead to lung injury and even trigger multi-
ple organ failure or death [21-23].

The PaO,/Fi0, ratio is an important metric of
lung oxygenation capability. Studies have indi-
cated that the PaO,/FiO, ratio is negatively
associated with the severity of lung ilinesses,
meaning that the more severe the lung injury,
the lower the Pa0,/FiO, ratio [24, 25]. It is also
a key measure for diagnosing acute respiratory
distress syndrome (ARDS), with a ratio between
200-300 mmHg indicating mild ARDS [26]. This
study found that the PaQ,/FiO, ratio in the ALI
group was lower than that in the non-ALI group,
consistent with previous research [27]. In sep-
sis patients, the large release of inflammatory
mediators can damage vascular endothelial
and alveolar epithelial cells, causing fluid and
proteins to leak into the alveoli, resulting in
alveolar fluid accumulation. This reduces lung
oxygenation efficiency and increases the risk of
lung dysfunction, leading to more severe respi-
ratory problems [28].

Sepsis is characterized by a dysfunctional
inflammatory and immunologic response, with
TNF-a being a key inflammatory mediator. This
study found that TNF-a is an independent pre-
dictor of ALl in sepsis patients. Kothari et al.
[29] also found that as sepsis patients’ condi-
tions worsen and ALl severity increases, TNF-a
levels rise. TNF-a promotes inflammation by
facilitating white blood cell passage through
the endothelial cell wall and accelerating their
arrival at the inflammatory site. It also increas-
es neutrophil infiltration in lung tissue and alve-
oli, leading to ALI symptoms [30, 31].

The APACHE Il score is an objective scoring sys-
tem for assessing chronic organ dysfunction
and determining the need for resuscitation,
holding high reference value [32]. Research
has indicated that patients with inflammatory
disorders have considerably higher APACHE Il
scores than healthy individuals, with the
increase corresponding to the severity of the
condition [33]. Bardaji-Carrillo et al. [34] also
found that ARDS and sepsis patients with high-
er APACHE Il scores are at higher risk of death.
In this research, the APACHE Il score was a reli-
able indicator of ALI in sepsis patients, with the
ALl group having substantially higher scores
than the non-ALI group.

We created a nomogram using the four influen-
tial factors mentioned above. Scores were

4659

assigned based on the impact of each risk fac-
tor on ALl risk. The overall score was calculated
by summing the individual scores, which was
then converted to evaluate the individual risk
likelihood of ALl in sepsis patients. In the vali-
dation set, the nomogram had an AUC of 0.938,
an accuracy of 89.66%, a recall of 93.94%, and
a precision of 88.57%, demonstrating good
predictive performance. The calibration curve
showed good agreement between the model’s
predicted values and the actual outcomes. The
decision curve validated the nomogram’s clini-
cal utility. The nomogram simplifies the com-
plex regression formula into an easy-to-under-
stand visual tool, facilitating individualized
patient assessment by clinicians.

However, our research has certain limitations.
As a single-center retrospective investigation,
we cannot eliminate selection bias. Moreover,
the model has not been validated with external
data, so the applicability of the results needs
further confirmation. Future studies will require
multicenter, large-sample, long-term prospec-
tive studies.

In conclusion, we created a nomogram model
that integrates NLR, Pa0O,/FiO,, TNF-a, and the
APACHE Il score to accurately predict ALl in sep-
sis patients. The predictive model demonstrat-
ed good predictive ability and internal valida-
tion capability.
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