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Abstract

Objective: To conduct a systematic review and analysis of the risk factors linked to sepsis in adult trauma patients, providing evidence-based medical
evidence for reducing the incidence of sepsis following trauma.

Methods: Literature searches were conducted in the total of 9 databases from their inception to December 2023 on factors influencing sepsis in trauma
patients. Meta-analysis was conducted using the meta package in R, and the model’s heterogeneity was assessed using the I2 value.

Results: A total of 10 literatures were included, involving 65,866 adult patients admitted for trauma, with 5,165 cases of sepsis following trauma.
The meta-analysis results showed that advanced age (MD=1.31,95%CI: 0.51~ 3.12), male gender (OR=1.21, 95%CI: 0.95~1.54), Injury Severity Score
(ISS) (MD=5.99, 95%CI: 3.05~8.93), Glasgow Coma Scale (GCS) score (MD=-1.75, 95%ClI: -2.68~-0.81), Acute Physiology and Chronic Health Evaluation
(APACHE II) score (MD=4.37, 95%CI: 2.56, 6.17), Sequential Organ Failure Assessment (SOFA) score (MD=2.51, 95%ClI: 2.30~2.73), mechanical ventilation
(OR=4.71, 95%ClI: 3.44, 6.45), blood transfusion (OR=2.20, 95%CI: 1.63~2.96), central venous catheterization (OR=2.74, 95%CI: 1.93~3.89), concurrent
shock (OR=2.30, 95%CI: 1.70~3.10), and emergency surgery within 24 hours (OR=2.85, 95%ClI: 2.00~ 4.07), were identified as independent risk factors for
sepsis among trauma patients.

Conclusion: Sepsis in trauma patients is influenced by a variety of risk factors. Clinical medical staff should intervene early in High-risk patients with
these factors should be targeted to reduce sepsis incidence among trauma patients.
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Introduction as a promising approach to address this issue [6]. By comprehensively
. . reviewing and dissecting the extant literature on the risk factors
Trauma represents a major global health burden, accounting . . . . . . .
. . associated with post-traumatic sepsis, this study aims to systematically
for around 9% of annual deaths and ranking among the leading ) ] ] )
. . ) organize and deliberate upon these factors. The ultimate goal is to
causes of mortality worldwide [1]. The advent of advanced medical ] . ] o ]
. . furnish a robust evidence-based foundation for clinical practice,
technologies has successfully curbed the early mortality rate among o ) ] o
. L . . thereby facilitating the early detection and prevention of sepsis in
trauma patients. However, a significant number of survivors are at risk

of developing sepsis in the days or weeks following the initial trauma
[2]. Sepsis, a complex clinical syndrome arising from a dysregulated
host response to infection, not only can precipitate septic shock and
multiple organ failure but also substantially worsens the prognosis
[3]. The development of sepsis is associated with an overactive and
persistent inflammatory response in trauma patients and is a prevalent
complication [4]. Existing studies have reported that the mortality
rate among trauma patients with sepsis hovers between 17% and 23%
[5], highlighting the gravity of this complication. Despite a plethora
of research efforts, the majority of which are based on single-center
data, there remains a lack of consensus regarding the identification of
specific risk factors for sepsis in trauma patients.

Meta-analysis, a powerful tool that aggregates and quantifies the
effect sizes of individual studies through systematic review, emerges
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trauma patients and potentially ameliorating their outcomes.
Methods
Protocol and Registration

This research adhered to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines [7]
and our systematic review protocol was recorded on PROSPERO
(International Prospective Register of Systematic Reviews, with the
registration number CRD42024537479). As the data utilized were
publicly accessible, ethical committee approval was not pursued.

Retrieval Strategy

Literature Sources and Search Strategy Literature was retrieved
from databases including China National Knowledge Infrastructure,
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Wanfang Data, China Science and Technology Journal Database,
China Biology Medicine Literature Database, PubMed, Embase, Web
of Science, Cochrane, CINAHL, and Scopus from their inception to
December 2023. We utilized the keywords included trauma, traumatic,
post-traumatic, multiple injuries, polytrauma, septic, sepsis, septicemia,
multiple organ failure, factor, and risk. Databases for dissertations and
trial registries were not searched. The specific search strategies employed
for English databases are detailed in Appendix 1.

Inclusion and Exclusion Criteria

Inclusion criteria: 1) Age 218 years; 2) Study population consisting
of trauma patients; 3) Sepsis diagnosed according to Sepsis-1, Sepsis-2,
or Sepsis-3 criteria; 4) Independent risk factors determined through
multivariate regression analysis. Exclusion criteria: 1) insufficient
patient baseline data; 2) reviews, meta-analyses, commentaries, case
reports, guidelines, letters, conference abstracts, and literature related
to animal experiments; 3) abnormal data and/or not conforming to
statistical rules. The predominant literature reviewed comprised case-
control and retrospective cohort studies, predominantly authored
in either English or Chinese. We excluded smaller studies (those
with fewer than 50 patients) to avoid potential false negative results.
Additionally, patients with burns were excluded because they have
distinct risk factors, such as a compromised skin barrier, which could
potentially elevate the risk of developing sepsis [8].

Literature Screening and Data Extraction

Search results were imported into EndNote X9 software (Clarivate
Analytics, London, UK) for management. Two independent reviewers
(Wang B and Shi Y) screened titles and abstracts against predefined
inclusion/exclusion criteria, following Cochrane guidelines. Potentially
relevant citations were subjected to full-text review. Data extraction was
performed independently from all eligible studies using a standardized
form, with a third researcher consulted to resolve any discrepancies. The
main extracted content included: principal investigator, study design,
publication region and year, sample size, characteristics of the study
population (age, sex), follow-up period, identified risk factors, and
outcomes of multifactorial regression analysis.

Quality Assessment of Literature

Two researchers (Zhu X and Dong C) independently assessed
the quality of the literature using the Newcastle-Ottawa Scale (NOS)
[9]. NOS scores categorized the literature into three quality levels: 27
(high quality), 4-6 (moderate quality), and <4 (lower quality). In the
event of any disagreements during the assessment process, the opinion
of a third researcher (Cao S) will be sought to resolve them.

Statistical Analyses

Statistical analyses were conducted using Review Manager (version
5.3), STATA (version 12.0), and the ‘meta package in R software.
The categories of subgroup analyses of incidence included: age, year
of publication, research region, diagnostic criteria for sepsis, and
duration of follow-up. For categorical variables, the Odds Ratio (OR)
and 95% Confidence Intervals (CI) were used to express the statistical
effect size, while the Mean Difference (MD) and 95% CI were used for
continuous variables. Heterogeneity across studies was evaluated with
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the intraclass correlation index (I?), which quantifies the proportion
of total variation in study outcomes due to between-study variance
(7%) rather than chance [10]. I? > 50% was considered indicative of
significant heterogeneity. In these instances, a random-effects model
was employed for meta-analysis; otherwise, a fixed-effects model was
applied. Publication bias was assessed via Egger’s regression test and
funnel plots, with P <0.05 considered statistically significant.

Results

Study Characteristics

A preliminary collection of 3391 articles was obtained, and a
total of 10 articles were ultimately included (Figure 1). The 10 articles
included in this study were all retrospective cohort studies [11-20],
published between 2004 and 2023. Upon summarizing the literature,
there were 12 risk factors with >2 articles, including 10 articles on age
[11-20] as a risk factor; 9 articles on male gender [11-19] as a risk
factor; 8 articles on Injury Severity Score (ISS) [12-18,20] as a risk
factor; 5 articles each on Glasgow Coma Scale (GCS) [13,14,17,18,20]
Sequential Organ Failure Assessment (SOFA) [11,13-16], mechanical
ventilation [13-17], and shock [12,14-17]as risk factors; 4 articles each
on Acute Physiology and Chronic Health Evaluation II (APACHE
1) [11,13,14,16], number of blood transfusions [13,15-17], and
emergency surgery within 24 hours [13,15-17] as risk factors; 3 articles
each on central venous catheterization [14-16] and diabetes [11,12,20]
as risk factors. The study characteristics are shown in Table 1.

Outcomes of Incidence and Subgroup Analyses

There were 65,866 trauma inpatients, with 5,165 cases of sepsis
and 60,701 cases without sepsis. The I was 100%, so a random-effects
model was used. The results showed that the incidence of sepsis in adult
trauma patients was 35.2% (95% CI: 17.8%, 52.7%) (Figure 2). Subgroup
analyses were conducted based on age, publication year, study region,
sepsis diagnosis criteria, and follow-up duration. The results showed:
subgroup analysis by continent demonstrated a pooled incidence rate
for the age group 30<Age < 69 years was the highest at 37.9% (95% CI:
19.8%, 58.0%); when grouped by publication year, the incidence rate
for the group after 2020 was 34% (95% CI: 15%, 56%), lower than the
incidence rate for the group before 2020, which was 38.6% (95% CI:
22.9%, 55.6%); subgroup analysis by study region, the incidence rate was
60.1% (95% CI: 48.0%, 71.5%) in China, higher than the incidence rate in
other regions was 10.3% (95% CI: 4.2%, 18.5%); when grouped by sepsis
diagnosis criteria, the incidence rate for the group using the third edition
of sepsis diagnosis criteria was 60.1% (95% CI: 48.0%, 71.5%), higher
than the group using the first and second editions of sepsis diagnosis
criteria; when grouped by follow-up duration, the incidence rate for the
group with a follow-up duration of 32 to 72 months was the highest at
45.2% (95% CI: 22.5%, 68.9%). Supplemental Table 1 for details.

Outcomes of Sepsis Influencing Factors

An analysis was conducted on the 12 included influencing factors.
For SOFA, mechanical ventilation, number of blood transfusions,
central venous catheterization, shock, and diabetes, the I*> was <30,
so a fixed-effects model was chosen for analysis. For the remaining
factors, the I was >50%, so a random-effects model was used. The
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Relevant literature was obtained by searching
(n=3391): PubMed (n=1338), Web Of Science (n=235),
Cochrane (n=180), CINAHL (n=142), Scops (n=950),
Embase(n=125), China Knowledge (n=77), Wanfang

Database (n=64), China Biomedical Literature

Database (n=195). China Science and Technology
Journal Database9(n=85)

[ Identification l

[ Exclusion of duplicates (n=1001 ) ]

Literature obtained after elimination of
duplicates (n=2390 )

Literature excluded after reading title and abstract
(n= 2299): topic irrelevant (n=2170); reviews/meta-
analyses/guidelines (n=17); case/report/animal
studies (n=15); outcome indicators did not match

(s |

(n=88); incompatible study population (n=9)
£
=1 Read full-text rescreening literature
=) l (n=91) ]
w
— Excluded literature (n= 81):clinical trials of treatment
(n=14); cross-sectional studies (n=6); not relevant to
— influencing factors of concern, e.g., biomarkers
(n=28); full-text unavailable (n=5); no usable data
3 (n=23); failure of quality assessment of literature
S (n=3)
]
£ Read the full article Final inclusion
(n=10)

Figure 1: PRISMA diagram for identification of relevant studies. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Table 1: Baseline characteristics of studies included for analysis.

Patients
. _ ) Follow-up Period Mean Age )
First Author Year Country Type of Study | Source of cohort Setting (Control Male (%) Influencing Factors
(months) . (years)
/Intervention)
) University ~
Akaraborwom[11] | 2023 Thailand Cohort Study Hosoital IcU 2011-2012(20) 254/60 4655224 | 224 (713%) DEEEM@
ospi
. University .
Sun[12] 2023 China Cohort Study Hosoital NR 2019-2021(32) 60/32 4552136 | 32 (34.78%) LEEOE
ospi
University ME)3EE)E
Xu[13] 2022 China Cohort Study ) . NR 2017-2020(48) 17117 4832159 172 (73.5%) Pt
Hospital E@HEE
University 2E@ENE)
Huang[14] 2019 China Cohort Study ) & ICU 2012-2017(72) 209/382 1005174 | 443 (74.9%) g
Hospital DHE@W
University MZEFIE
Yu[15] 2018 China Cohort Study ) & ICU 2015-2017(25) 30/84 40,6282 90 (78.9%) Gt
Hoapital OUTLE]
University M2)3EE)NE)
Gao[16] 2017 China Cohort Study ) & ICU 2012-2015(37) 59/168 48.4=15.8 174 (76.7%) P
Hospital EONTE]
University LT E
Park[17] 2016 | SouthKorea | Cohort Study ] o ED 2010-2012(36) 167/15 45217 127 (69.4%) CEOOO®
Hospital (O]
26,515
Arasch[18] 2011 Germany | Cohort Study TR-DGU? IcU 1993-2008(130) 26787/3024 4225208 (85.9%) e
3,157
David[19] 2010 | United States | Cohort Study | ICU Database ICU 2000-2007(35) 3321/677 36.7=19.1 (9.0% 0l0)
ICU 19.472
Tiffany[20] 2004 | United States | Cohort Study | Trauma Center 1996-1007(24) 19,697/606 4721 (643% LEEOm
=

Note : (D) Age (years); (2) Sex (Male); (3) Injury Severity Score, ISS; (4) Glasgow Coma Scale, GCS; (5) Acute Physiology and Chronic Health Evaluation II, APACHE II; (6) Sequential organ
failure assessment, SOFA; @ mechanical ventilation, MV; blood transfusion; @ Central venous catheterization, CVC; Shock: SBP < 90 mmHg at hospital; @ Diabetes; @ Emergency
surgery: surgery within 24 hours.

*TR-DGU: Trauma Registry of the German Society for Trauma Surgery

NR: not reported
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study results indicated that, except for diabetes, all other factors were
statistically significant (P<0.05) (Table 2).

Sensitivity Analysis

The pooled effect size and heterogeneity for the 12 influencing

factors were estimated using both random-effects and fixed-
effects models. The statistical results showed that, except for the
ISS, the other influencing factors demonstrated good consistency,
indicating a high level of reliability in the results of this study
(Table 3).

Weight Weight

Study Events  Total Proportion 95%-Cl (common) (random)
Arasch Wafaisade-2011 3024 29811 I ' 0.101  [0.098; 0.105) 17.1% 10.1%
Akaraborworn-2023 60 314 i —— E 0,191  [0.149; 0.239] 0.1% 10.0%
David-2010 677 3998 i - . 0.169  [0.158: 0.181] 1.5% 10.1%
Sun-2023 32 92 ; + 0.348 [0.251: 0.454] 0.0% 9.8%
Xu-2022 117 234 ' ' S — 0.500 [0.434; 0.566] 0.0% 10.0%
Gao-2017 168 227 ! : pe—— 0.740 [0.678; 0.796] 0.1% 10.0%
Yu-2018 84 114 ! E —— 0.737  [0.646: 0.815] 0.0% 9.9%
Huang-2019 382 591 | . e 0646 [0.606; 0.685] 0.1% 10.0%
Park-2016 15 182 i—'—' E 0.082 [0.047;0.132] 0.1% 10.0%
Tiffany-2004 606 30303 | ' 0.020 [0.018; 0.022] 80.9% 10.1%
| :
Common effect model 65866 | ' 0.038 [0.037; 0.040] 100.0% i
Random effects model —*—— 0.352 [0.178; 0.527)] " 100.0%
Heterogeneity: I = 100%, +* = 0.0785, p = 0 J — 1 L '
0.2 04 0.6 08
Figure 2: Forest plot of the incidence of sepsis in trauma patients.
Table 2: Meta-Analysis of Influencing Factors.
Factors articles cases Heterogeneity Effect Model Pooled Effect Size
P P (%) Effect Size 95%CI VA P

Age 10 65884 <0.01 71.1 Random MD=1.31 (0.51,3.12) 5.09 <0.001
Male 9 26217 <0.05 75.2 Random OR=1.21 (0.95,1.54) 9.30 <0.001
1SS 8 61554 <0.01 97.2 Random OR=5.99 (3.05,8.93) 39.43 <0.001
GCS 5 61139 <0.01 95.6 Random MD=-1.75 (-2.68,0.81) 18.86 <0.001
APACHE II 4 1366 <0.01 73.3 Random MD=4.37 (2.56,6.17) 10.62 <0.001

SOFA 5 1480 0.96 0 Fixed MD=2.51 (2.30,2.73) 22.88 <0.001

Mechanical ventilation 5 1348 0.83 0 Fixed OR=4.71 (3.44,6.45) 9.67 <0.001

Blood transfusion 4 1121 0.23 30 Fixed OR=2.20 (1.63,2.96) 517 <0.001

CcvC 3 932 0.95 0 Fixed OR=2.74 (1.93,3.89) 5.66 <0.001

Shock 5 1206 0.81 0 Fixed OR=2.30 (1.70,3.10) 5.45 <0.001

Diabetes 3 30709 0.92 0 Fixed OR=1.23 (0.94,1.60) 1.52 0.13

Emergency surgery 4 757 <0.01 76.0 Random OR=2.85 (2.00,4.07) 5.80 <0.001

Table 3: Sensitivity Analysis of Influencing Factors.
Factors Random Effects Model Fixed Effects Model
OR/MD 95%CI OR/MD 95%CI

Age 131 (0.51,3.12) 15 (0.92,2.08)

Male 1.21 (0.95,1.54) 1.46 (1.35,1.59)

1SS 5.99 (3.05, 8.93) 7.95 (7.56, 8.34)

GCS -1.75 (-2.68,-0.81) -1.48 (-1.64, -1.33)
APACHEII 4.37 (2.56, 6.17) 429 (3.50, 5.08)

SOFA 2.51 (2.30, 2.73) 2,51 (2.30,2.73)
Mechanical ventilation 4.67 (3.40, 6.40) * 4.71 (3.44, 6.45)

Blood transfusion 2.38 (1.54,3.68) * 2.20 (1.63, 2.96)

CvC 2.74 (1.93,3.89) ® 2.74 (1.93, 3.88)

Shock 2.31 (1.71,3.21)* 2.30 (1.70, 3.10)

Diabetes 123 (0.94, 1.60) * 123 (0.94, 1.60)

Emergency surgery 2.52 (1.21,5.26) * 2.85 (2.00, 4.07)
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Quality Evaluation and Publication Bias

The NOS scoring results showed that 7 articles scored >7 points
(11,13-15,17-19] and 3 articles scored 6 points [12,16,20]. Quality
evaluation is provided by Supplemental Table 2. Egger’s regression test
was used to assess publication bias for the 10 articles that considered
age as a risk factor for sepsis. The Egger’s regression test for funnel plot
asymmetry supports this observation, yielding a non-significant result
(p = 0.32), which indicates a low level of bias in the published findings.
The contour-enhanced funnel plot as shown in Supplement Figure 1.
For the other 11 influencing factors, the number of included articles
did not reach 10, hence no publication bias analysis was conducted
for them.

Discussion

The pooled average incidence of sepsis in adult trauma patients
calculated from the studies was 35.2%, which is higher to the 31.1%
reported by Amina Abliz et al. [21]. The estimation of incidence
rates varies by region. This study found that the incidence rate in
China is 60.1%, which is significantly higher than the 10.3% in other
countries. The reason for this difference may be related to the data
sources. Among the five foreign studies included, the data of three
studies come from public databases. Such data sources may have
a more representative sample of the general population, but issues
such as data collection methods and quality control may lead to an
underestimation of the incidence rate. In contrast, the data of the
five domestic studies all come from hospitals, which means that the
data mainly come from patients seeking medical treatment, and
there may be selection bias. Hospital - based data tend to be biased
towards patients with more severe or symptomatic conditions, which
may overestimate the incidence rate. Furthermore, the decrease in
the incidence of post - traumatic sepsis over time may be attributed
to early diagnosis and intervention, continuous strengthening of
hospital infection control measures, improvement of the trauma
treatment system, and enhanced self - health awareness of patients
after trauma. Finally, compared with previous standards, the Sepsis - 3
diagnostic criteria may have improved sensitivity. This comprehensive
assessment method may lead to the diagnosis of more sepsis patients
in early or sub - clinical states, thereby resulting in an increase in the
incidence rate.

Advanced age is an important risk factor for sepsis in adult trauma
patients. The elderly are more susceptible to sepsis due to factors such
as immunosenescence, weakened cardiovascular function, poor
nutritional status, and comorbidities [22]. Epidemiological studies
have shown that the incidence of sepsis is higher in males than in
females [23]. The results of this study indicate that the risk of sepsis
in male trauma patients is 1.21 times higher than in females, which is
close to the 1.3 times reported in a study from the United States [24].
This may be related to differences in sex hormone levels [25]. Although
demographic-related influencing factors cannot be directly intervened,
the development of sepsis in elderly male trauma patients should be
closely monitored. Additionally, APACHE II and SOFA scores are
used to assess the severity of patients’ conditions. The risk of sepsis
is positively correlated with these scores. The lower the GCS score,
the higher the risk of sepsis. Particularly, patients with severe brain
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injuries and coma have a higher incidence of sepsis and septic shock
[26]. The ISS score provides a quantitative measure for assessing soft
tissue injuries in trauma patients. This study found that ISS, APACHE
II, SOFA, and GCS scores are all helpful for early identification of
sepsis in adult trauma patients. Medical staff need to closely monitor
patients with abnormal scores and take timely intervention strategies
to prevent the occurrence of sepsis. Furthermore, the number of blood
transfusions, mechanical ventilation, central venous catheterization,
and emergency surgery are associated with an increased risk of sepsis
in trauma patients. Blood transfusion may increase the risk of sepsis
by suppressing immune responses [27]. Patients on mechanical
ventilation are more likely to develop VAP, leading to sepsis [28].
Central venous catheterization increases the risk of central venous
catheter-related bloodstream infections, especially in the intensive
care unit, where such infections are common and potentially life-
threatening [29]. Emergency surgery is also a risk factor for sepsis
after trauma. The OR value of this study is 2.55, indicating that the
risk of sepsis in patients undergoing emergency surgery is 2.55 times
that of those undergoing elective surgery, which is close to the 2 times
reported in previous studies [30].

Therefore, in the management of trauma patients, the necessity
of blood transfusions, mechanical ventilation, central venous
catheterization, and emergency surgery should be carefully assessed to
reduce the risk of sepsis. Lastly, shock can predispose patients to sepsis
by damaging microcirculation and reducing tissue perfusion, while
sepsis can exacerbate shock by triggering widespread inflammatory
responses and cardiovascular dysfunction [31]. Therefore, when
trauma patients have shock, it should be promptly recognized and
treated to reduce the incidence of sepsis.

Limitations

This meta-analysis has several limitations. Firstly, there is a
certain degree of heterogeneity in the combined effect sizes of some
risk factors, which may be related to factors such as the race, age
distribution of the study subjects, and the quality of diagnosis and
treatment in different medical institutions, and thus needs further
improvement; Secondly, risk factors with less than 10 studies were not
assessed for publication bias, so the possibility of bias cannot be ruled
out. Moreover, the study did not categorize sepsis by severity, which
could affect treatment strategies and outcome predictions.

Conclusion

In conclusion, the incidence of sepsis in adult trauma patients is
high and influenced by various factors including age, gender, clinical
scoring systems, invasive procedures, as well as comorbid conditions.
Clinical medical staff can refer to the results of this study, deal with
and prevent risk factors in a targeted manner, reduce the occurrence
of sepsis, and thus improve the prognosis and quality of life of trauma
patients.
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