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Abstract

Aims/Background Pneumonia is a complex condition with rapid progression, often leading to multiple
organ dysfunction syndrome (MODS), which significantly impacts patient quality of life and prognosis.
This study aims to identify risk factors closely associated with the development of MODS by conduct-
ing a retrospective analysis of clinical data from 150 patients with pneumonia, providing insights for
informing the prevention and treatment of pneumonia.

Methods We recruited 150 patients with pneumonia admitted to Huzhou Third Municipal Hospital,
the Affiliated Hospital of Huzhou University between 2019 and 2022. The patients were divided into
two groups according to whether they had developed MODS: the non-MODS group (n = 100) and the
MODS group (n = 50). Patients’ data, such as their demographic information, clinical characteristics,
laboratory test results, treatment course and outcomes, were collected. Logistic regression analysis was
conducted to determine the independent predictors of MODS occurrence.

Results After propensity score matching, the baseline data of the two groups of patients presented
no significant difference (p > 0.05). The predominant clinical and laboratory manifestations of both
groups of patients were fever, cough, decreased arterial partial pressure of oxygen (PaO,), as well as
elevated white blood cell (WBC) count, C-reactive protein (CRP) level, and procalcitonin (PCT) level,
but inter-group differences in these metrics were not statistically significant (p > 0.05). However, the
clinical manifestation of dyspnea was significantly more prevalent in the MODS group (p < 0.01). The
MODS group also had a significantly higher likelihood of receiving mechanical ventilation and renal
replacement therapy (p < 0.001), as well as experiencing respiratory failure, cardiac failure, and death
(p < 0.01). Univariate analysis indicated that factors including age >65 years, WBC count >15 x
10°/L, PCT >2 ng/mL, PaO, <60 mmHg, arterial partial pressure of carbon dioxide (PaCOy) >50
mmHg, severe pneumonia, and dyspnea were associated with a significantly increased risk of MODS
(p < 0.05). These factors, except for the PCT, were validated as independent risk factors for MODS in
the multivariate logistic regression analysis (p < 0.05).

Conclusion Age >65 years, WBC count >15 x 10%/L, PaO, <60 mmHg, PaCO, >50 mmHg, severe
pneumonia, and dyspnea are independent risk factors for developing MODS in patients with pneumonia.
Patients with MODS presenting respiratory failure as the main manifestation have a high mortality rate,
and timely mechanical ventilation and supportive treatment are essential to improve the prognosis.
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Introduction

Pneumonia, a common respiratory disease, has seen a rising incidence glob-

ally in recent years, posing one of the major challenges to global public health
Copyright: © 2025 The Author(s).
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(Eshwara et al, 2020). Pneumonia is characterized by the inflammation of the lung
parenchyma caused by various pathogens, including bacteria, viruses, and fungi
(Quinton et al, 2018), leading to symptoms such as respiratory distress, cough, and
fever. Mild cases can resolve spontaneously, while severe cases can result in res-
piratory failure or even multiple organ dysfunction syndrome (MODS). MODS is
a condition where patients without pre-existing organ dysfunction develop simulta-
neous or sequential dysfunction in two or more organs within 24 hours after acute
insults such as severe trauma, infection, shock, major surgery, or acute poisoning
(Srdic¢ et al, 2024). Once MODS occurs, the condition often deteriorates rapidly,
putting the patients at an extremely high risk for mortality, imposing a heavy psy-
chological and economic burden on patients and their families, and presenting a
significant challenge to healthcare resources (Zymlinski et al, 2019). Respiratory
failure is one of the most common manifestations of MODS and often appears as the
initial symptom. The onset and progression of respiratory failure not only directly
affect the patient’s quality of life but also play a dominant role in the development
of MODS (Tong et al, 2021). The respiratory system serves as the first line of de-
fense against factors or agents from the external environment, which could impair
lung function and trigger systemic reactions, subsequently affecting other organs
(Asada et al, 2019). Furthermore, respiratory failure can lead to tissue hypoxia, fur-
ther exacerbating organ damage and creating a vicious cycle (Monteiro et al, 202 1).
Therefore, a deeper understanding of the role of respiratory failure in MODS and
its impact on patient outcomes is crucial for improving the survival rates of patients
with MODS.

In recent years, with advancements in critical care medicine, our understanding
of the pathophysiological mechanisms of MODS has been growing. However, ef-
fectively preventing and treating MODS, particularly when respiratory failure is the
main manifestation, remains a significant challenge in clinical practice. Although
numerous studies have reported on the clinical characteristics and therapeutic ad-
vancements of MODS (Acharya et al, 2022; Soni et al, 2022), research specifically
focusing on the role of respiratory failure in MODS and its impact on prognosis
remains relatively limited. Therefore, this study aims to conduct a retrospective
analysis to investigate the clinical features, treatment strategies, and outcomes of
patients with MODS primarily characterized by respiratory failure. The goal of this
study is to provide a scientific basis for clinical diagnosis and treatment and to lay
a foundation for future research.

Methods

Study Participants

A total of 150 patients with pneumonia who were hospitalized in Huzhou Third
Municipal Hospital, the Affiliated Hospital of Huzhou University between Septem-
ber 2019 and April 2022 were selected. The inclusion criteria are as follows: (1)
Confirmed diagnosis of pneumonia according to the diagnostic criteria for pneu-
monia (Cao et al, 2018); (2) Age >18 years; (3) Complete clinical data; and (4)
Duration of hospital stay exceeding 24 hours. The exclusion criteria of the present
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study are as follows: (1) Presence of congenital organ dysfunction; (2) Concurrent
malignant tumors or other terminal-stage diseases; (3) Refusal to participate in the
study. This study was conducted in accordance with the Declaration of Helsinki
and was approved by the Ethics Review Committee of Huzhou Third Municipal
Hospital, the Affiliated Hospital of Huzhou University (No. 2024-636). Written in-
formed consent was obtained from all patients for the use of clinical and laboratory
data obtained from their medical records.

Propensity Score Matching

After screening for inclusion and exclusion criteria, 79 patients were assigned
to the MODS group and 237 to the non-MODS group. To minimize confounding
factors, propensity score matching was performed between the non-MODS group
and the MODS group. Propensity score matching was performed using a nearest
neighbor matching procedure with a 2:1 ratio, along with a caliper size of 0.02 for
age, gender, history of alcoholism, history of smoking, and past medical history;
the procedure was conducted without replacement. The detailed screening process
for patients is shown in Fig. 1.

Clinically diagnosed as
pneumonia (n =357)

Inclusion (7 = 348):

1) Age > 18 years;

2) Complete clinical information;

3) Duration of hospital stay longer than

24 hours. Exclusion (n = 32):
1) Presence of congenital organ
dysfunction;
2) Concurrent malignant tumors or other
terminal-stage diseases;
Patients included in the study 3) Refusal to participate in the study.
(n=1316)
Propensity score
matching (2:1)
|
Non-MODS group MODS group
(n=100) (n=150)

Fig. 1. Flow chart for patient inclusion. Note: » indicates the number of patients. Abbreviations:
MODS, multiple organ dysfunction syndrome.
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Table 1. MODS scores (Marshall criteria).

Organ system Scores
0 1 2 3 4

Respiratory system (PaO,/FiO;) >300 226-300 151225 76-150 <75
Kidney system (creatinine, pmol/L) <100 101-200 201-350 351-500 >500
Hepatic system (total bilirubin, pmol/L) <20 21-60 61-120 121-240 >240
Cardiovascular system (PAR = HR x CVP/MAP) <10.0 10.1-15.0 15.1-20.0 20.1-30.0 >30.0
Coagulation system (platelet count, 10°/L) >120 81-120 51-80 21-50 <20
Neurologic system (Glasgow Coma Scale (Teasdaleet 15 13-14 10-12 7-9 <6

al, 2014))

Abbreviations: CVP, central venous pressure; FiO», fraction of inspiration O;; HR, heart rate; MAP, mean
arterial pressure; MODS, multiple organ dysfunction syndrome; PaO,, arterial partial pressure of oxygen;
PAR, pulmonary artery pressure.

Diagnosis of Multiple Organ Dysfunction

According to the MODS criteria (Sun et al, 2021), patients were divided into
the non-MODS group (n = 100) and the MODS group (n = 50). An organ score of
>2 on the Marshall score was defined as organ failure. Transient organ failure was
considered organ function recovered within 48 hours; otherwise, persistent organ
failure was considered. The MODS scoring criteria are shown in Table 1.

Data Collection

Clinical information during hospitalization was collected from patient records,
with follow-up ending at either the patient’s death or 30 April 2022. The collected
data included general clinical characteristics and demographic information, such
as gender, age, past medical history, history of alcoholism, history of smoking and
final outcomes of hospitalization. Clinical manifestations during the course of the
disease included fever, cough and dyspnea. The confusion, urea, respiratory rate,
blood pressure, age >65 (CURB-65) score (Lim et al, 2003) was used to assess the
severity of dyspnea. The scale consists of five simple clinical criteria, each of which
is scored as either 0 or 1. The total score ranges from 0 to 5, with higher scores in-
dicating higher illness severity and mortality risk. Laboratory parameters, such as
white blood cell (WBC) count, procalcitonin (PCT) and C-reactive protein (CRP),
were measured using an automated biochemical analyzer (BC-7500[NR]CS; Min-
dray, Shenzhen, China). In interpretation, abnormality was considered when WBC
was greater than 15 x 10%/L, PCT greater than 2 ng/mL, and CRP greater than
100 mg/L. Respiratory failure detected in patients was determined as either of the
two types: Type 1 respiratory failure is characterized by hypoxaemia with normal
arterial partial pressure of carbon dioxide (PaCO;) and an arterial partial pressure
of oxygen (Pa0O,) of <60 mmHg; type 2 respiratory failure is characterized by hy-
poxaemia with hypercapnia (PaO; <60 mmHg and PaCO, >50 mmHg). PaO,
and PaCO, were measured using cobas b123 Blood Gas Analyzer (Roche, Basel,
Switzerland). In the interpretation of the data obtained, PaO, of less than 60 mmHg
or PaCO; of more than 50 mmHg was considered abnormal.
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Variables

Before PSM

After PSM

Total (n =316)

Non-MODS
group (n =237)

MODS group

(n="79)

tx?

p

Total (n = 150)

Non-MODS
group (n = 100)

MODS group

(n = 50)

tx* p

Age, mean £ SD
Gender, n (%)
Female
Male
History of
alcoholism, 7 (%)
No
Yes
History of
smoking, n (%)
No
Yes

Past medical history

COPD, n (%)
No
Yes
Diabetes, n (%)
No
Yes

Hypertension, n (%)

No

Yes
Others, n (%)

No

Yes

134 (42%)
182 (58%)

270 (85%)
46 (15%)

183 (58%)
133 (42%)

211 (67%)
105 (33%)

253 (80%)
63 (20%)

275 (87%)
41 (13%)

292 (92%)
24 (8%)

98 (41%)
139 (59%)

209 (88%)
28 (12%)

143 (60%)
94 (40%)

165 (70%)
72 (30%)

195 (82%)
42 (18%)

210 (89%)
27 (11%)

217 (92%)
20 (8%)

6591 £19.46 60.07 £18.99 77.60 &= 14.61

36 (46%)
43 (54%)

61 (77%)
18 (23%)

40 (51%)
39 (49%)

46 (58%)
33 (42%)

58 (73%)
21 (27%)

65 (82%)
14 (18%)

75 (95%)
4 (5%)

t=749 <0.001 67.46 = 13.58

x>=0.432 0.511

x>=5.73

xX>=2.29

x*=3.47

x2=2091

x>=2.10

x%>=10.96

0.017

0.130

0.063

0.088

0.147

0.327

60 (40%)
90 (60%)

118 (79%)
32 (21%)

96 (64%)
54 (36%)

102 (68%)
48 (32%)

118 (79%)
32 (21%)

131 (87%)
19 (13%)

142 (95%)
8 (5%)

64.38 £17.76 70.12 == 14.87 t=1.97 0.051

40 (40%)
60 (60%)

82 (82%)
18 (18%)

68 (68%)
32 (32%)

73 (73%)
27 (27%)

82 (82%)
18 (18%)

90 (90%)
10 (10%)

96 (96%)
4 (4%)

20 (40%)
30 (60%)

36 (72%)
14 (28%)

28 (56%)
22 (44%)

29 (58%)
21 (42%)

36 (72%)
14 (28%)

41 (82%)
9 (18%)

46 (92%)
4 (8%)

x%=10.00 1.000

x> =1.990.159

x> =2.080.149

X% =3.450.063

x> =1.990.159

x>=1.930.165

x> =0.410.521

Note: n indicates the number of patients. Abbreviations: COPD, chronic obstructive pulmonary disease; MODS, multiple organ dysfunction syndrome; PSM,
propensity score matching; SD, standard deviation.
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All patients received intravenous fluid resuscitation, nutritional support, and
anti-inflammatory therapy. Patients with respiratory failure were treated with me-
chanical ventilation. Patients with gastrointestinal failure were given drugs to re-
store bowel motility. Patients with kidney failure were treated with continuous
renal replacement therapy (CRRT).

Statistical Analysis

EpiData (version 3.1, EpiData Association, Odense, Denmark) was used for
data recording, GraphPad Prism (version 9.0, GraphPad Software, San Diego, CA,
USA) was used for generating charts, and SPSS (version 25.0, IBM, Armonk, NY,
USA) was used for statistical analysis. The Shapiro-Wilk test was used to assess
the normal distribution of data. Continuous variables, expressed as mean + stan-
dard deviation, were compared between the two groups using #-test. Categorical
variables, expressed as frequency and percentage, were compared using x? test.
Multivariate logistic regression analysis was used to determine independent predic-
tors of MODS occurrence. p < 0.05 was considered statistically significant.

Results

Baseline Data Before and After Propensity Score Matching

Before propensity score matching, there were 237 patients in the non-MODS
group and 79 patients in the MODS group, which presented significant differences
in terms of age and alcohol history (p < 0.05). After propensity score matching
with a 2:1 ratio, there were 100 patients in the non-MODS group and 50 patients in
the MODS group, and the differences in the baseline data between the two groups
were found to be insignificant. Detailed data are shown in Table 2.

Clinical Characteristics

In the MODS group, 46 patients had fever, with 35 having a body tempera-
ture >38.5 °C; in the non-MODS group, 86 patients had fever, with 64 having a
body temperature >38.5 °C. There was no significant difference in the incidence
of fever or the degree of temperature elevation between the two groups (p > 0.05).
In the MODS group, 44 patients experienced cough and sputum production, with
28 producing purulent sputum; in the non-MODS group, 90 patients experienced
cough and sputum production, with 52 producing purulent sputum. There was no
significant difference in the incidence of cough and the nature of the sputum be-
tween the two groups (p > 0.05). With 37 and 46 patients in the MODS group and
the non-MODS group experiencing dyspnea, the incidence of dyspnea between the
two groups presented a significant difference (p = 0.001).

In the MODS group, 44 patients had elevated WBC counts; in the non-MODS
group, 81 patients had elevated WBC counts. There was no significant difference in
the proportion of patients with elevated WBC counts between the two groups (p >
0.05). In the MODS group, 43 patients had elevated CRP levels; in the non-MODS
group, 88 patients had elevated CRP levels. There was no significant difference in
the proportion of patients with elevated CRP levels between the two groups (p >
0.05). In the MODS group, 39 patients had elevated PCT levels; in the non-MODS
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Table 3. Relationship between clinical characteristics and laboratory results with MODS.

Total (n=150)  Non-MODS MODS group X2 p
group (n = 100) (n=150)
Fever, n (%) x2=1.14 0.286
No 18 (12%) 14 (14%) 4 (8%)
Yes 132 (88%) 86 (86%) 46 (92%)
Cough, 1 (%) x2=0.14 0.708
No 16 (11%) 10 (10%) 6 (12%)
Yes 134 (89%) 90 (90%) 44 (88%)
Dyspnea, 1 (%) x> =10.57 0.001
No 67 (45%) 54 (54%) 13 (26%)
Yes 83 (55%) 46 (46%) 37 (74%)
Elevated WBC count, 7 (%) x2=1.18 0.278
No 25 (17%) 19 (19%) 6 (12%)
Yes 125 (83%) 81 (81%) 44 (88%)
Elevated CRP, 1 (%) x2=0.12  0.728
No 19 (13%) 12 (12%) 7 (14%)
Yes 131 (87%) 88 (88%) 43 (86%)
Elevated PCT, n (%) x2=229 0.131
No 45 (30%) 34 (34%) 11 (22%)
Yes 105 (70%) 66 (66%) 39 (78%)
Decreased PaOy, n (%) x>=181 0.178
No 50 (33%) 37 (37%) 13 (26%)
Yes 100 (67%) 63 (63%) 37 (74%)
Elevated PaCOy, n (%) x2=438 0.036
No 66 (44%) 50 (50%) 16 (32%)
Yes 84 (56%) 50 (50%) 34 (68%)

Note: n indicates the number of patients. Abbreviations: CRP, C-reactive protein; MODS, multiple organ
dysfunction syndrome; PaCO,, arterial partial pressure of carbon dioxide; PaO,, arterial partial pressure
of oxygen; PCT, procalcitonin; WBC, white blood cell.

group, 66 patients had elevated PCT levels. There was no significant difference
in the proportion of patients with elevated PCT levels between the two groups (p
> 0.05). In the MODS group, 37 patients had decreased PaO;; in the non-MODS
group, 63 patients had decreased PaO,. There was no significant difference in the
proportion of patients with decreased PaO, between the two groups (p > 0.05). In
the MODS group, 34 patients had increased PaCO,; in the non-MODS group, 50
patients had increased PaCO;. There was a significant difference in the proportion
of patients with increased PaCO, between the two groups (p < 0.05). Detailed data
are shown in Table 3.

Clinical Outcome

36 patients in the MODS group suffered respiratory failure, mainly manifested
as hypoxemia, hypercapnia, efc. 26 patients in the non-MODS group suffered res-
piratory failure. There was a significant difference in the incidence of respiratory
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Table 4. Comparison of clinical outcomes between MODS and non-MODS groups.

Variables Total (n=150) Non-MODS  MODS group P p
group (n = 100) (n=150)
Mechanical ventilation, n (%) x> =29.34 <0.001
No 101 (67%) 82 (82%) 19 (38%)
Yes 49 (33%) 18 (18%) 31 (62%)
Respiratory failure, n (%) x>=29.09 <0.001
No 88 (59%) 74 (74%) 14 (28%)
Yes 62 (41%) 26 (26%) 36 (72%)
CRRT, 1 (%) x>=13.96 <0.001
No 130 (87%) 94 (94%) 36 (72%)
Yes 20 (13%) 6 (6%) 14 (28%)
Cardiac failure, n (%) x2=9.57  0.002
No 144 (96%) 100 (100%) 44 (88%)
Yes 6 (4%) 0 (0%) 6 (12%)
Deaths, 1 (%) x2=29.68 <0.001
No 127 (85%) 96 (96%) 31 (62%)
Yes 23 (15%) 4 (4%) 19 (38%)

Note: n indicates the number of patients. Abbreviations: CRRT, continuous renal replacement therapys;
MODS, multiple organ dysfunction syndrome.

failure between the two groups (p < 0.001). Our results showed that significantly
more patients were treated with mechanical ventilation and CRRT in the MODS
group than in the non-MODS group, and the number of hospital deaths was also
significantly higher than in the non-MODS group (p < 0.001). Detailed data are
shown in Table 4.

Risk Factor Analysis

The results of univariate analysis showed that age >65 years, WBC count >15
x 10%/L, PCT >2 ng/mL, PaO, <60 mmHg, PaCO, >50 mmHg, severe pneumo-
nia, and dyspnea were related to the occurrence of MODS in patients with pneumo-
nia (p < 0.05), as shown in Table 5.

Statistically significant indicators in the univariate analysis were included in
the multivariate logistic regression analyses, and the results showed that age >65
years, WBC count >15 X 10°/L, PaO, <60 mmHg, PaCO,; >50 mmHg, severe
pneumonia, and dyspnea were the independent risk factors for the development of
MODS in patients with pneumonia (p < 0.05). Detailed data are shown in Table 6.

Discussion

In the current study, we analyzed the risk factors for the development of MODS
in patients with pneumonia. Age >65 years was identified as one of the indepen-
dent risk factors for MODS in pneumonia patients. Individuals of older age are sus-
ceptible to gradual decline of organ function, weakened immunity, and reduced tol-
erance to disease (Cilloniz et al, 2020; Henig and Kaye, 2017). Elderly patients are
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Table S. Univariate logistic regression analysis for pneumonia-induced MODS.

Variables B SE Z p OR (95% CI)
Age >65 years

No 1.00 (Reference)

Yes 1.63 0.41 4.00 <0.001 5.09 (2.29-11.30)
History of alcoholism

No 1.00 (Reference)

Yes 0.66 0.37 1.77 0.077 1.94 (0.93-4.04)
Severe pneumonia

No 1.00 (Reference)

Yes 2.07 040 5.11 <0.001 7.89 (3.57-17.42)
WBC count >15 x 10°/L

No 1.00 (Reference)

Yes 0.82 0.31 2.65 0.008 2.27(1.24-4.17)
CRP >100 mg/L

No 1.00 (Reference)

Yes 0.30 0.36 0.83 0.407 1.35(0.66-2.74)
PCT >2 ng/mL

No 1.00 (Reference)

Yes 0.69 0.35 1.97 0.048 1.99 (1.00-3.96)
PaO,; <60 mmHg

No 1.00 (Reference)

Yes 0.98 0.36 2.74 0.006 2.66 (1.32-5.36)
PaCO,; >50 mmHg

No 1.00 (Reference)

Yes 1.90 0.39 4.82 <0.001 6.68 (3.08-14.48)
Dyspnea

No 1.00 (Reference)

Yes 1.80 0.42 4.28 <0.001 6.04 (2.65-13.75)

Abbreviations: CRP, C-reactive protein; MODS, multiple organ dysfunc-
tion syndrome; PaCQO,, arterial partial pressure of carbon dioxide; PaO,,
arterial partial pressure of oxygen; PCT, procalcitonin; WBC, white blood
cell; SE, standard error; OR, odds ratio; CI, confidence interval.

more likely to develop underlying diseases such as chronic obstructive pulmonary
disease (COPD), diabetes, and hypertension. These underlying diseases augment
the severity of pneumonia and the risk of complications, thereby contributing to the
development of MODS (Kouhpayeh, 2022; Yoshimatsu et al, 2024).

In this study, we found that patients with severe pneumonia were more likely
to develop MODS. Severe pneumonia typically presents with symptoms such as
high fever, cough, sputum production, and dyspnea, and can rapidly progress to se-
rious complications such as respiratory failure, shock, and multi-organ dysfunction
(Feng et al, 2023). The severity of pneumonia is influenced by factors such as the
virulence of the pathogen, the extent of infection, and the patient’s immune status
(Haessler et al, 2022). Iwasaki et al (2021) found that the incidence of respiratory
failure in coronavirus disease-19 patients was 81-100%, which is highly correlated
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Table 6. Multivariate logistic regression analysis for pneumonia-induced MODS.

Variables B SE Z p OR (95% CI)
Intercept -15.12 3.12 —4.85 <0.001 0.00 (Reference)
Age >65 years

No 1.00 (Reference)

Yes 296 090 3.29 0.001 19.22(3.30-111.77)
Severe pneumonia

No 1.00 (Reference)

Yes 4.06 092 441 <0.001 57.82(9.54-350.54)
WBC count >15 x 10°/L

No 1.00 (Reference)

Yes 238 092 260 0.009 10.76 (1.79-64.65)
CRP >100 mg/L

No 1.00 (Reference)

Yes 1.08 0.82 133 0.185  2.95(0.60-14.66)
PCT >2 ng/mL

No 1.00 (Reference)

Yes 0.8 0.73 1.09 0.277 2.22 (0.53-9.31)
PaO,; <60 mmHg

No 1.00 (Reference)

Yes 206 0.76 272 0.006  7.88 (1.78-34.82)
PaCO,; >50 mmHg

No 1.00 (Reference)

Yes 391 094 4.16 <0.001 49.91 (7.90-315.12)
Dyspnea

No 1.00 (Reference)

Yes 3.82 1.07 3.58 <0.001 45.71(5.63-371.31)

Abbreviations: CRP, C-reactive protein; MODS, multiple organ dysfunction syn-
drome; PaCO,, arterial partial pressure of carbon dioxide; PaO,, arterial partial
pressure of oxygen; PCT, procalcitonin; WBC, white blood cell.

with mortality. Early identification of patients with severe pneumonia and timely
implementation of effective treatment measures are crucial for preventing the de-
velopment of MODS. Dyspnea is a common clinical manifestation in pneumonia
patients and is also one of the important risk factors for MODS. Dyspnea can result
from factors such as pulmonary inflammation, pulmonary edema, and atelectasis,
significantly impacting respiratory function and oxygenation (Grewal et al, 2023).
Patients with dyspnea are more likely to develop respiratory failure, which can lead
to dysfunction in other organs. Therefore, it is essential to promptly assess and man-
age dyspnea in pneumonia patients to prevent the onset of MODS.

Elevations in inflammatory markers such as WBC count, CRP, and PCT indi-
cate the presence of an inflammatory response in pneumonia patients, suggesting
a more severe infection (Gallo Marin et al, 2021). Blood gas analysis showing
decreased PaO, (Ullah et al, 2022) and increased PaCO; indicates respiratory dys-
function, and abnormalities in these indicators are closely associated with the devel-
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opment of MODS. According to Cui et al’s study (202 1), the occurrence of MODS
is frequently linked to underlying diseases; in terms of laboratory indicators, low
absolute lymphocyte count, elevated troponin T, and low oxygenation index are
risk factors for multi-organ failure. In clinical practice, these laboratory parame-
ters should be closely monitored to allow for prompt detection and management of
any abnormalities, which is critical for reducing the risk of MODS.

Several limitations of this study should be acknowledged. First, due to its
retrospective nature, the study relies on medical records and existing clinical data,
which may be incomplete or inaccurate. Recall bias and selection bias are also
difficult to completely avoid, potentially affecting the accuracy of the study results.
Second, this study used a relatively small sample size, which may affect the stability
and reliability of the statistical results. Using a smaller sample is not beneficial for
full generalizability of the study findings to the broader population of patients with
pneumonia and may miss some less common but important risk factors. Future
research should focus on large-scale, multicenter studies to further investigate the
pathogenesis of MODS and respiratory failure caused by pneumonia, providing
more effective strategies for clinical treatment.

Conclusion

Age >65 years, WBC count >15 x 109/L, PaO, <60 mmHg, PaCO, >50
mmHg, severe pneumonia, and dyspnea are potential independent risk factors for
pneumonia-induced MODS. These risk factors should be given higher emphasis
during patient screening. In addition, early monitoring and intervention for high-
risk patients should be conducted to reduce the incidence of MODS and improve
the prognosis of patients.

e Patients with MODS are more likely than non-MODS patients to develop
dyspnea.

e Patients with MODS have a higher mortality rate than patients without
MODS.

e Compared to dysfunctions of other organs, there is a higher likelihood of
respiratory failure occurrence in patients with pneumonia-induced MODS.

e Age >65 years, WBC count >15 X 10%/L, PaO, <60 mmHg, PaCO,
>50 mmHg, severe pneumonia, and dyspnea are potential independent
risk factors for MODS development.

Availability of Data and Materials

The data used to support the findings of this study are available from the cor-
responding author upon request.
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