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postoperative complications

In trauma patients
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Introduction: Alcohol consumption is a significant risk factor for adverse
outcomes in trauma patients. Despite this, effective predictive biomarkers for
postoperative complications remain elusive. This study aims to identify potential
immune system biomarkers associated with postoperative complications in
trauma patients with a history of chronic alcohol consumption.

Methods: A prospective cohort study was conducted on trauma patients
admitted to a level 1 Trauma Center. Chronic alcohol consumption and
drinking habits were assessed using the Alcohol Use Disorders Identification
Test (AUDIT-C) questionnaire. Specifically, 26% of patients reported no alcohol
consumption, 44% reported moderate alcohol consumption, and 30% were
identified as having risky alcohol consumption. Acute systemic alcohol levels at
the time of injury were not measured or considered in this study, as the focus was
on chronic consumption patterns. Routine blood screening data were analyzed.

Results: Except for CRP, blood values were comparable between patients with
risky alcohol consumption and controls. However, CRP’s ability to predict
complications in patients with risky alcohol consumption remained limited
(ROC-AUC = 0.6288). In order to identify other predictive markers, patients
were matched based on relevant covariates in further analyses. Cytokine Array
screening identified CD28, B7-1, Eotaxin-3, TIMP-1, and IL-13 as potential
markers to predict complications. Verification with ELISA, however, showed
that potential differences could only be detected in the control group. The
discrepancies observed between cytokine array and ELISA results can be best
explained by methodological differences, particularly since the serum samples
were pooled for initial target screening. Additionally, variations in assay sensitivity,
dynamic range, and calibration protocols contribute to these discrepancies.
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Discussion: These findings suggest that chronic alcohol consumption alters
cytokine responses, posing challenges for identifying reliable immune
biomarkers for postoperative complications. Future studies should explore
alternative approaches for biomarker validation and consider individualized
assessment strategies for trauma patients with alcohol consumption history.

trauma, alcohol, postoperative complications, clinical outcomes, biomarkers

1 Introduction

Alcohol consumption is a major public health concern
worldwide, with significant consequences for individuals and
societies (1). It is linked to a wide spectrum of diseases, such as
alcohol dependency, liver diseases, cardiovascular diseases, cancer,
and impaired bone homeostasis (2, 3). However, alcohol remains
deeply integrated into the social behavior in many cultures (4).
According to the demographical report from the Robert Koch
Institute in Berlin, 13.1% of women and 18.5% of men in
Germany consume alcohol in harmful quantities (5). This places
Germany among the top alcohol consumers in Europe, with an
average of 10.6 liters per capita (3). Moreover, alcohol consumption
not only causes numerous chronic diseases but also increases the
risk of accidents and injuries (6). In trauma settings, many studies
have focused on the effects of acute alcohol intoxication, which is
known to increase the risk of injury by impairing judgment and
coordination. It also significantly influenced the severity of injuries
or the long-term outcomes, such as delayed wound healing,
prolonged hospital stays, and higher rates of complications (6, 7).
While acute intoxication is undoubtedly essential, our study focuses
on the effects of chronic alcohol abuse. Chronic alcohol abuse can
result in immunosuppression, increasing the risk of infections and
delaying wound healing (8-10). Despite the established association
between alcohol consumption and adverse outcomes in trauma
patients, alcohol intake alone cannot reliably predict complications.
The amount of alcohol intake, especially when measured as an acute
value, does not consistently correlate with the severity of
complications, indicating that acute alcohol consumption by itself
is not a sufficient predictor (11). Therefore, there remains a need for
reliable biomarkers that reflect the cumulative impact of long-term
alcohol consumption and could predict which patients are at higher
risk for complications. Identifying such markers may enable
clinicians to provide more targeted interventions and improve
outcome prognosis for their patients.

The chronic impact of chronic alcohol consumption extends
beyond direct tissue damage; it is also reflected in metabolic and
nutritional biomarkers. Previous studies have explored the
relationship between potential pre-operative biomarkers and
postoperative complications. For instance, one of the studies
showed that elevated pre-operative Hemoglobin Alc (HbAlc)
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levels could predict complications such as infections and
increased mortality in non-diabetic patients (12, 13). Additionally,
nutritional biomarkers like serum pre-albumin, transferrin, or
insulin-like growth factor 1 (IGF1) have been studied for their
potential to predict complications in patients undergoing elective
abdominal surgery (14). C-reactive Protein (CRP) kinetics have also
been examined in elderly patients with hip fractures, showing an
association between elevated CRP levels and complications like
infections and delirium (15, 16). However, these studies face several
limitations. Many had small sample sizes and observational designs,
limiting the generalizability of their findings. Many of these
biomarkers have not been validated to determine whether they
can predict complications in patients with alcohol consumption.
Additionally, confounding factors such as smoking are not always
controlled, potentially influencing the clinical outcomes (17).
Inconsistencies in the methods of biomarker measurement also
pose serious challenges.

In this study, the complex relationship between alcohol
consumption, trauma clinic outcomes, and the pursuit of
predictive biomarkers is being explored. Drawing on data
collected from a cohort of trauma patients, we explored the
association between alcohol consumption and the incidence of
postoperative complications. Furthermore, we present findings
from our analyses of blood samples, utilizing cytokine arrays and
Enzyme-linked immunosorbent assays (ELISA) assays to identify
potential immune parameters that may serve as early indicators of
postoperative complications in trauma patients with a history of
alcohol consumption. By shedding light on these critical issues, this
paper aims to contribute to the growing body of knowledge
surrounding alcohol-related trauma outcomes. Further, it
provides new insights that can inform clinical practice and
interventions aimed at mitigating the burden of trauma in
populations with a propensity for alcohol consumption.

2 Materials and methods
2.1 Ethical approval

This study was conducted following the Declaration of Helsinki
(1964) and was approved by ethical vote 346/2015B02 of the ethical
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commission of the medical faculty of the University of Tiibingen.
All participants obtained written informed consent before inclusion
in the study.

2.2 Study population, inclusion criteria, and
data collection

This study included trauma patients admitted to a level 1 trauma
center between July 2020 and August 2022. Included were patients
aged 18 years or older who experienced a trauma injury requiring
surgical intervention or undergone elective surgery and who
consented to participate in the study. Patients from the trauma,
septic, and endoprosthesis departments were included. Elective
procedures in the endoprosthetics department, such as joint
replacements and surgeries for non-trauma-related conditions, were
not excluded from the analysis as they contribute to the cohort’s full
representation of patient outcomes. The patients included in the
septic department did not have septic conditions prior to trauma, and
only those without sepsis were considered in the final dataset.
Included patients self-reported their alcohol consumption using the
Alcohol Use Disorders Identification Test (AUDIT-C) questionnaire.
Demographic and clinical data were collected from electronic medical
records, including age, gender, body mass index (BMI), laboratory
data, and postoperative outcomes. Patients were categorized based on
the injury site and type of surgical intervention, as detailed trauma
severity scores (e.g., Injury Severity Score, ISS) were unavailable for
this cohort. Excluded were patients aged under 18 years, polytrauma
cases, patients with cognitive impairments or insufficient language
skills, those who did not complete the 3-month follow-up, and
Patients with septic conditions at the time of inclusion.
Additionally, elective patients from the arthroplasty department
were included in the analysis to represent the full spectrum of
outcomes. Postoperative complications were classified based on
their clinical characteristics into implant-associated and non-
implant-associated infections, surgery-related complications,
internal complications, and preexisting conditions. Additional
categories included complications directly related to the surgical
procedure, those arising due to the severity of the underlying
diagnosis, internal medical complications, and general
postoperative complications. Preexisting conditions and other
reasons for exclusion were also documented but not considered in
the outcome analysis. For this study, implant-associated and non-
implant-associated infections, as well as internal and postoperative
complications, were included in the final analysis as relevant
postoperative complications. The general postoperative
complications included wound healing disorders, infections,
chronic pain, nerve lesions, movement restrictions, osteoarthritis,
hematomas, osteosynthesis failure, and pseudarthrosis.

2.3 Blood sampling

Blood samples were collected 1-4 days preoperatively and
processed after 30 minutes of collection. Samples were centrifuged

Frontiers in Immunology

10.3389/fimmu.2025.1492288

for 10 minutes at 4°C at 1000x g to obtain blood serum. The serum
samples were then aliquoted and stored at -80°C until analysis.

2.4 Cytokine arrays

Serum cytokine levels were semi-quantified using Human
Cytokine Array C5 and Human Immune Checkpoint Array Cl
(RayBiotech, Peachtree Corners, Georgia). The Human Cytokine
Array C5 is a membrane-based antibody array designed to detect
and compare the expression levels of 80 human cytokines. The
Human Immune Checkpoint Array C1 is another membrane-based
array that detects 23 human molecules expressed in T/B cells and
antigen-presenting cells. To enhance the detection of group-level
differences and reduce individual variability, serum samples from
patients within each defined group were pooled prior to analysis.
This pooling strategy allowed for obtaining a sufficient volume for
robust array experiments and provided an averaged expression
profile representative of each group. Cytokines and proteins were
semi-quantified using these arrays to detect differently expressed
markers across the groups. To eliminate the effect of the
confounding factors, patients were matched based on gender, age,
BMI, and smoking status. The assay was performed according to the
manufacturer’s instructions. Briefly, after incubating the membrane
in the blocking buffer for 30 minutes at room temperature, the
sample incubation was done overnight at 4°C. Chemiluminescence
detection was done upon the incubation with biotinylated antibody
cocktail and HRP-streptavidin using a charge-coupled device
camera (INTAS Science Imaging, Goéttingen, Germany). The
signal was quantified using ImageJ software (Version 1.54f, NIH,
Bethesda, MD, USA) the data were normalized either to the mean
value of the cytokine level or the z-score was calculated using the
equation:

Xx-p
(e}

z =

Where z is the z-score, x is the value, y is the mean of all samples
for the target protein, and ¢ is the standard deviation of all samples
for the target protein.

2.5 Enzyme-linked immunosorbent assays

ELISA assays were conducted on the same serum samples that
had previously been used for the cytokine arrays. However, because of
the limited availability of serum, only a smaller subset of patients
could be analyzed. To ensure that the groups were well stratified and
comparable, logistic regression analyses were performed to test and
control for potential confounding factors, including age, body mass
index (BMI), smoking status, comorbidities, and education level.
ELISA kits for CD28 (#DY342-05), B7-1 (#DY140) (R&D Systems,
Minneapolis, MN, USA), Interleukin 13 (IL-13; #900-K23), Eotaxin-3
(#900-K167), and Tissue Inhibitor of Metalloproteinase 1 (TIMP-1;
#900-K438) (PeproTech, Hamburg, Germany) were used according
to the manufacturer’s protocols. Absorbance was measured using an
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Omega Plate Reader (BMG Labtech, Ortenberg, Germany), and
concentrations were calculated from standard curves generated
with known concentrations of the respective cytokines.

2.6 Statistical analysis

Statistical analysis was performed using SAS (Version 16, North
Carolina, USA) and GraphPad Prism (Version 8.07, San Diego, USA).
Continuous variables were presented as Tukey’s boxplots of two
technical replicates (n = 2). The number of patients (N) is specified
in the figure legends. Statistical significance was assessed using a two-
way ANOVA followed by Tukey’s multiple comparison test. The
Mann-Whitney U test was used for comparisons between two groups.
Categorical variables were expressed as percentages. Statistical
significance was indicated as p <0.05 (*), p<0.01 (*¥), p<0.001
(***), and p <0.0001 (****). Logistic regression analysis was used to
identify independent predictors of postoperative complications.
A p-value < 0.05 was considered statistically significant.

Departments

Septic

Knee Endoprosthesis

38.92%
Hip Endoprosthesis Moderate Alcohol
Cc
Alcotiol Gender Departments Age Hospital Stay

Consumption

Trauma

10.3389/fimmu.2025.1492288

3 Results

3.1 Alcohol consumption and
complications

Between July 2020 and August 2022, 1146 patients were
recruited at a level 1 trauma center for this study. These patients
were distributed across various departments within the clinic, as
illustrated in Figure 1A. Specifically, 44% of the patients were
treated in the trauma department, 20% in the septic department,
and 36% in the endoprosthesis department. Alcohol consumption
among the patients was assessed using the AUDIT-C questionnaire.
A score of > 3 for females and > 4 for males was used to identify
patients with high alcohol consumption, classified as positive for
AUDIT-C (18). Based on this classification, 27% of the patients
reported no alcohol consumption, 39% consumed alcohol at levels
not considered harmful, and 34% reported alcohol consumption at
levels considered risky, thus falling into the positive AUDIT-C
category, as shown in Figure 1B. To explore potential associations,

Alcohol Consumption

No Alcohol
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=) T
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= @
= ©
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FIGURE 1

Overview of the patient recruited at a level 1 trauma center for this study. Patient data was collected between 2020 and 2022. (A) Distribution of
patients in the different departments in the clinic. (B) Distribution of alcohol consumption classifications among the patients. No Alcohol represents
patients with an AUDIT-C score of 0. Moderate Alcohol represents patients with AUDIT-C scores for females < 3 and males < 4. High Alcohol
represents patients with AUDIT-C scores for females > 3 and males > 4. (C) Distribution of patients with high alcohol consumption by gender,
department, age, and hospital stay duration. The red bars indicate high alcohol consumption, while the gray bars represent moderate or no

alcohol consumption.
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we analyzed alcohol consumption in relation to gender,
department, age, and hospital stay duration (Figure 1C). A higher
proportion of males reported high alcohol consumption, whereas
females were more represented in the no-alcohol group. Across
departments, alcohol consumption was most prevalent among
trauma patients. Age distribution analysis showed that younger
patients were more likely to consume alcohol, whereas older
patients tended to report lower or no alcohol consumption.

3.2 Study population

In this study, 343 patients were excluded due to pre-existing or
procedure-related complications or revision surgery. The remaining
patients were categorized based on their alcohol consumption using
the AUDIT-C questionnaire. Among these, 277 patients were
classified as positive for alcohol risk (Male: AUDIT-C score > 4,
Female: AUDIT-C score > 3) and 526 patients as negative for
alcohol risk (18). Each group was further subdivided into control
(no complications) and complication groups. An overview of the
study population is demonstrated in Figure 2A. Key demographic
and clinical characteristics, including age, BMI, and duration of
hospital stay, were compared between patients classified as negative
and positive for alcohol risk. As indicated in Figure 2B, the positive
alcohol risk group was significantly younger than the negative
group, with a median age of 59 years compared to 62 years (p <
0.0001). However, there was no significant difference in BMI
between the groups, with median values of 27 kg/m® for the
negative group and 26 kg/m’* for the positive group (Figure 2C).
We also observed no significant difference in the duration of
hospital stay between the two groups, with both having a median
stay of 8 days (Figure 2D). Figure 2E illustrates the distribution of
patients identified as having a positive alcohol risk between genders
and across the departments.

Furthermore, patient characteristics, comorbidities, and
complications are summarized in Table 1. Notably, a higher
proportion of smokers was observed in the alcohol-positive risk
group than in the other groups. In addition, implant-associated
infections occurred more frequently in the alcohol-positive risk
subgroup. A supplementary table (Supplementary Table S1)
provides an overview of the 20 most frequently diagnosed
diseases and surgical procedures in the study cohort.

3.3 Clinical laboratory data analysis

To identify potential preoperative risk factors for postoperative
complications in patients with alcohol abuse, a comprehensive
analysis of standard laboratory parameters was conducted.
Patients were categorized based on their alcohol risk (Neg. or
Pos.) and further subdivided into control (no complications) and
complication groups. Logistic regression analyses were performed
to control for age, BMI, and smoking status confounding factors.
The analyzed parameters included leukocytes, lymphocytes,
monocytes, neutrophils, basophils, eosinophils, Thrombocytes,

Frontiers in Immunology

10.3389/fimmu.2025.1492288

gamma-glutamyl transferase (GGT), glutamate oxaloacetate
transaminase (GOT), and CRP (Figures 3A-J). Among these,
CRP levels in Figure 3] showed significantly higher levels in the
alcohol-positive complication group compared to both control
groups (the main effect of alcohol and complication are
significant; p-value = 0,0217, 0,0365, respectively). The Receiver
operating characteristic (ROC) curve analysis for CRP within the
alcohol-positive group (Figures 3K, L) demonstrated a suboptimal
discriminatory ability (Area under the curve (AUC) = 0.6288) in
predicting complications within this group. Figure 3L focuses on
alcohol-positive patients, illustrating the sensitivity and specificity
of CRP levels for predicting postoperative complications. In
contrast, the other parameters showed no significant differences
between groups.

3.4 Cytokine profile analysis

A comprehensive screening of cytokines and proteins in blood
samples was conducted to identify potential biomarkers for
predicting postoperative complications. This screening involved
the utilization of the Human Cytokine Array C5 and Human
Immune Checkpoint Array Cl. The results show that several
cytokines displayed variations in expression levels between the
groups. To clarify these differences, the data were organized into
two panels: Figure 4A presents markers predominantly associated
with inflammatory responses, while Figure 4B focuses on those
related to T/B cell activation. This division provided a clearer
visualization of group differences. The results show a general
trend of increased inflammatory markers in the alcohol-negative
complication group and a decrease in the alcohol-positive
complication group compared to the controls (Figure 4A). In
contrast, Figure 4B shows a general decrease in the levels of T/B
cell activation markers in the complication groups compared to the
controls. In Figure 4C, specific cytokines of interest were
highlighted. This subset of cytokines demonstrated the most
pronounced differences. Namely, CD28, B7-1, Eotaxin-3, TIMP-1,
and IL-13. These cytokines were also selected due to their relevance
to postoperative outcomes. These molecules are involved in T-cell
activation, inflammatory response modulation, and
tissue remodeling.

3.5 ELISA quantification of key markers

The ELISA analysis focused on key cytokines identified as
significant in the initial cytokine array analysis. Specifically,
CD28, B7-1, Eotaxin-3, TIMP-1, and IL-13. To ensure a balanced
comparison, logistic regression analysis was performed and
demonstrated no significant differences in baseline characteristics
between groups, reinforcing the validity of comparisons. The
patient characteristics and comorbidities are summarized in
Table 2, including percentages for categorical variables. The
reduction in sample size for the ELISA analysis was primarily due
to limited serum availability. In the alcohol-negative group, there

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1492288
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hammour et al.

FIGURE 2

1146
3587 2559

803
3376 2427

10.3389/fimmu.2025.1492288

AUDIT-C

526
3207 2319

I |

Negative

I77
3169 2108

Positive

469 57
326 231

3181 2288 314

246

| I
31
9097 320 911

Control Complication Control Complication
B C D
Age BMI Hospital Stay
EEL L)
100 — 50 1807
_ 8 40 | é L
§ « E A £
B &3 LN %5
§ 40 5 EED <
3 20 Y E 10
0 T T 10 T T 0 T
Neg. Pos. Neg. Pos. Neg.
E
Audit-C Gender Departments
o 1] i ma |
[ @
= S Trauma
[}
a
Knee Endoprosthesis
E Y
©
> € _ _
%} & Hip Endoprosthesis

Overview of the study population and comparison of demographic characteristics between patients negative for alcohol risk (Neg.) and positive for
alcohol risk (Pos.). Data were collected from 1146 randomly chosen patients in a level 1 trauma center between 2020 and 2022 during their
hospitalization time. (A) The flow diagram represents the study population: 343 patients were excluded from the study due to pre-existing or
procedure-related complications or revision surgery. The patients were divided into two groups depending on their alcohol consumption (AUDIT-C
questionnaire) and the classification of the National Institute for Health. 277 patients were classified as positive for alcohol risk (Male: AUDIT-C score
> 4, Female: AUDIT-C score > 3) and 526 patients as negative for alcohol risk. The symbol & refers to Male, and @ to Female. (B) Age, (C) Body Mass
Index (BMI), and (D) duration of hospital stay of the study participants. (E) Distribution of patients who are positive for alcohol risk by gender and
departments. The red bars indicate high alcohol consumption, while the gray bars represent moderate or no alcohol consumption. Data are
presented as violin plots, the lines indicating the median and quartiles. Statistical significance was assessed using the Mann-Whitney U test, with
significance indicated by ****p < 0.0001.
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TABLE 1 Patient demographic, characteristics, and outcomes stratified by alcohol risk status.

Variable

Patient Characteristics Control (n=469)

Negative for Alcohol Risk (n=526)

Complication (n=57)

Positive for Alcohol Risk (n=277)

Control (n=246) Complication (n=31)

Age (years, mean + SD) 62.09 + 14.46 60.35" + 14.18 55.87° + 17.26 55.09 + 15.50
Sex (M/F) 181/288 26/31 149/97¢ 20/11°
BMI (kg/mz, mean + SD) 27.58 £ 6.01 29.33" + 6.34 26.63° + 5.03 28.05% + 4.89

Smoking Status (n smokers) 74 (15.77%)

24 (42.10%)*

71 (28.86%) 13 (41.93%)

Operation relative to trauma (days, mean + SD) 6.18 + 6.98 8.343 + 8.01 6.775 + 6.61 6.808 + 4.23
Hospital stay (days, mean + SD) 8.37 £ 533 9.54 + 5.70° 8.24 + 5.50 1451 + 15.4°
Education

No qualification 45 (9.59%) 1 (1.75%) 20 (8.13%) 1(3.22%)
Pre-vocational training 2 (0.42%) 0 (0%) 0 1(3.22%)
Lower secondary certificate 31 (6.60%) 7 (12.28%) 7 (2.84%) 2 (6.45%)

Two-year vocational training 193 (29.63%)

20 (35.08%)

96 (39.02%) 10 (32.25%)

Three-year vocational training 75 (16%)

University of Applied Sciences diploma 68 (14.5%)

or similar

12 (21.05%)

10 (17.54%)

40 (16.26%) 4 (12.90%)

40 (16.26%) 5 (16.12%)

University diploma or similar 46 (9.80%)

7 (12.28%)

38 (15.44%) 7 (22.58%)

Doctoral Degree 9 (1.91%)
Comorbidities (n)
Hypertension 115 (24.52%)

Diabetes 95 (20.25%)

0 (0%)

23 (40.35%)

22 (38.59%)

5 (2.03%) 1 (3.22%)

51 (20.73%) 7 (22.58%)

28 (11.38%)° 7 (22.58%)

Cardiovascular disease 79 (16.84%)

15 (26.31%)

30 (12.19%) 6 (19.35%)

Endocrine, Nutritional and metabolic diseases 111 (23.66%)

Skeletal muscle and connective tissue diseases 138 (29.42%)

Complications

Implant-associated early infection -

20 (35.08%)

21 (36.84%)

15 (26.31%) -

42 (17.07%) 6 (19.35%)

57 (23.17%) 7 (22.58%)

10 (32.25%)

Implant-associated late infection - 0 - 1(3.22%)
Not implant-associated infection - 5 (8.77%) - 1(3.22%)
Internal complication - 2 (3.51%) - 2 (6.45%)

Postoperative complication -

35 (61.40%) -

17 (54.83%)

Statistical comparisons were performed using t-tests for continuous variables and chi-square tests for categorical variables. Superscripts indicate statistical significance (p < 0.05): “a” denotes a
significant difference between control and complication within the negative alcohol risk group; “b” denotes a significant difference between control and complication within the positive alcohol
risk group; “c” denotes a significant difference between the control groups of the negative and positive risk categories; and “d” denotes a significant difference between the complication groups of

the negative and positive risk categories.

were clear distinctions between the control and complication
subgroups. For instance, B7-1, IL-13, and TIMP-1 levels were
elevated in patients with complications compared to controls
(Figures 5B, C, E). The levels of CD28 and Eotaxin-3 were
decreased in the complication group (Figures 5A, D). However, in
the alcohol-positive group, this distinction was not observed. Levels
of CD28, B7-1, Eotaxin-3, TIMP-1, and IL-13 (Figures 5A-E),
remained relatively consistent between the control and
complication subgroups.
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4 Discussion

Alcohol consumption remains a significant public health concern,
particularly in clinical settings where patients often present with
complications related to their drinking habits (19, 20). In Germany,
the prevalence of alcohol consumption is notably high, with
approximately 7.8 million adults exhibiting risky alcohol use.
Further, around 3.4% of the population meets the criteria for alcohol
dependence (21, 22). Within clinical populations, these numbers are
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FIGURE 3

Standard laboratory parameter analysis in patients’ blood samples. Patients were categorized as negative for alcohol risk (Neg.) or positive for alcohol risk
(Pos.). Each group is subdivided into a control group (Ctr.) and a complication group (Comp.). The (A-J) show the serum levels of (A) Leukocytes.

(B) Lymphocytes. (C) Monocytes. (D) Neutrophils. (E) Basophils. (F) Eosinophils. (G) Thrombocytes. (H) Gamma-glutamyl transferase. (I) Glutamate
oxaloacetate transaminase. (J) C-reactive protein. Data are presented as Tukey's boxplots of the 4 groups Neg. Ctr. (N=85), Neg. Comp. (N=33), Pos. Ctr.
(N=114), and Pos. Comp. (N=23). Statistical significance was assessed using 2-way ANOVA followed by Tukey's multiple comparisons test, with significance
indicated by **p < 0.001. (K) Receiver operating characteristic (ROC) curve for CRP in the Neg. and Pos. groups. (L) Sensitivity and specificity curve for CRP
in alcohol-positive patients, illustrating its performance as a predictive marker for complications

even higher, reflecting the impact of alcohol on health (23). Despite the  primarily focused on general populations, lacking the specificity needed
well-established link between alcohol use and adverse health outcomes, ~ to identify biomarkers that reliably predict alcohol-related
there remains a significant need for targeted research specifically  postoperative complications (24-26). This limitation has hindered
examining the impact of alcohol on patients. Previous studies have  the development of targeted strategies for the early detection and
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Cytokine array analysis in patient serum samples. Patients were categorized as negative for alcohol risk (Neg.) or positive for alcohol risk (Pos.). Each
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were determined using Human Cytokine Array C5 from RayBiotech. (B) Immune checkpoint protein levels in serum samples were determined using
Human Immune Checkpoint Array C1 from RayBiotech. (C) Highlights specific cytokines and proteins of interest. The heatmaps represent the
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expression levels, with red indicating upregulation and blue indicating downregulation. Differences between groups were assessed using a 2-way
ANOVA followed by Tukey's multiple comparisons test, with significance compared to control in the respective group indicated by *p < 0.05, and

**p < 0.001.

prevention of postoperative complications in individuals with high
alcohol consumption. Furthermore, while some research has examined
the relationship between alcohol and general health outcomes, these
studies have not fully clarified how alcohol alters the inflammatory
response (27, 28). This gap complicates the identification of reliable
biomarkers crucial for anticipating surgical complications related to
alcohol use. Addressing these research gaps could significantly enhance
patient care and outcomes in surgical settings. In this study, the
interplay between alcohol consumption, trauma clinic outcomes, and
the search for predictive biomarkers is explored. This relationship is
vital for understanding how alcohol influences postoperative recovery
and complication rates. By focusing on these dynamics, this research

Frontiers in Immunology

aims to contribute to the development of more effective pre-surgical
assessments and postoperative care strategies for this high-
risk population.

In this study, a diverse cohort of patients was recruited at a level 1
trauma center over two years. The AUDIT-C questionnaire was used
to categorize patients based on their alcohol consumption (18). While
the AUDIT-C is a widely used tool for assessing alcohol use, it relies
on self-reported data, which is subject to bias (29). Patients may
underreport their alcohol consumption due to social desirability, or
memory recall issues (30, 31). This limitation must be considered
when interpreting the findings, as self-reported alcohol consumption
may not accurately reflect actual intake levels. Despite its limitations,
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TABLE 2 Comparison of patient demographics, comorbidities, and postoperative complications between alcohol-negative and alcohol-positive
groups included in the ELISA analysis.

Variable Negative for Alcohol Positive for Alcohol Risk (n=62) p-value
Risk (n=48)

Patient Characteristics Control (n=31) Complication @ Control Complication  (Intercept)

(n=17) (n=46) (n=16) 0.896

Age (years, mean + SD) 57.43 + 15.73 63.19 + 11.23 57.31 + 12.66 59.65 + 15.78 0.357

Sex (M/F) 15/16 8/9 33/13 9/7 0.593

BMI (kg/m? mean + SD) 28.75 £ 4.29 28.11 + 6.29 27.95 + 426 28.24 + 541 0.65

Smoking Status (n smokers) 4 (12.90%) 5(29.41%) 9 (19.56%) 6 (37.5%) 0.364

Education

No qualification 1(3.22%) 0 1(2.17%) 0

Pre-vocational training 0 0 0 1 (6.25%)

Lower secondary certificate 3 (9.67%) 3 (17.64%) 4 (8.69%) 2 (12.5%)

Two-year vocational training 9 (29.03%) 6 (35.29%) 14 (30.43%) 4 (25%)

Three-year vocational training 7 (22.58%) 6 (35.29%) 22 (47.82%) 4 (25%)

University of Applied Sciences diploma 8 (25.80%) 4 (23.52%) 7 (15.21%) 3 (18.75%)

or similar

University diploma or similar 2 (6.45%) 2 (11.76%) 4 (8.69%) 2 (12.5%)

Doctoral Degree 0 0 0 1 (6.25%)

Comorbidities (n)

Hypertension 7 (22.58%) 7 (41.17%) 6 (13.04%) 1 (6.25%) 0.746

Diabetes 2 (6.45%) 3 (17.64%) 11 (23.91%) 6 (37.5%) 0.926

Cardiovascular disease 10 (32.25%) 6 (35.29%) 8 (17.39%) 6 (37.5%) 0.675

Endocrine, Nutritional and metabolic diseases 9 (29.03%) 10 (58.82%) 13 (28.26%) 7 (43.75%) 0.174

Skeletal muscle and connective tissue diseases 16 (51.61%) 4 (23.52%) 28 (60.86%) 5 (31.25%) 0.122

Complications

Implant-associated early infection - 5 (29.41%) - 6 (37.5%)

Implant-associated late infection - 0 - 1 (6.25%)

Not implant-associated infection - 2 (11.76%) - 1 (6.25%)

Internal complication - 2 (11.76%) - 2 (12.5%)

Postoperative complication - 12 (70.58%) - 7 (43.75%)

the AUDIT-C remains a valuable screening tool, but its results should
be interpreted cautiously (18). Moreover, the AUDIT-C assessment
provides a retrospective evaluation and may not adequately reflect the
consequences of acute alcohol intoxication or withdrawal.
Nevertheless, the aim of this study was to examine the impact of
chronic alcohol consumption patterns and drinking behaviors on
postoperative outcomes rather than to prioritize the effects of acute
alcohol exposure.

To investigate the influence of alcohol on surgical outcomes,
patients were also divided into control and complication groups.
Interestingly, patients who consumed alcohol were, on average,
younger and had lower BMIs than their non-drinking counterparts.
However, the duration of hospital stays remained consistent across
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all groups. The relatively high average age observed in both groups
can be attributed to the inclusion of elective arthroplasty patients
within our cohort. Unlike acute trauma cases, elective joint
replacement patients tend to be older due to the prevalence of
degenerative joint diseases requiring surgical intervention. This
inclusion influences the overall age distribution and must be
considered when interpreting demographic differences between
alcohol-consuming and non-consuming patients. This
demographic trend underscores the complexity of the patient
population, with age and BMI playing significant roles alongside
alcohol consumption in influencing health outcomes (32, 33). This
complexity further emphasizes the importance of matching patients
based on relevant criteria, such as age, BMI, and other confounding
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ELISA quantification of key inflammatory and T/B cell activation markers in patient serum samples. Patients were categorized as negative for alcohol
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(A) CD28, (B) B7-1, (C) Interleukin 13 (IL-13), (D) Eotaxin-3, and (E) Tissue Inhibitor of Metalloproteinase 1 (TIMP-1). The data presented as Tukey's
boxplots of the 4 groups Neg. Ctr. (N=31), Neg. Comp. (N=17), Pos. Ctr. (N=46), and Pos. Comp. (N=16). Statistical analysis was performed using 2-
way ANOVA followed by Tukey's multiple comparisons test if the effect of alcohol and/or complication was significant, with significance indicated by

*p < 0.05.

factors. While this approach may result in a smaller sample size, it
offers higher-quality data and more clinically relevant findings.

Both trauma severity and surgical intervention are known to have
a relevant impact on the immune system. We acknowledge the
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importance of trauma severity in influencing immune responses.
Although specific trauma severity scores (e.g., Injury Severity Score)
were unavailable for this study, we categorized injuries based on
anatomical site and documented surgical interventions. Our analysis
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confirmed that the distribution of injury sites and types of surgical
interventions was comparable across the alcohol-positive and
alcohol-negative groups. However, the absence of a formal trauma
severity score is a limitation of this study. Future studies would
benefit from incorporating detailed trauma severity scores (e.g., ISS)
and matching patients accordingly to improve comparability.

Analyzing standard laboratory parameters, revealed that many
parameters of the patients’ routine blood screening in the clinic did
not show significant differences between the groups. However, CRP
emerged as a notable exception. CRP is an acute-phase protein,
produced by the liver in response to systemic inflammation (34).
Trauma injuries often trigger an inflammatory response in the
body, leading to elevated CRP levels (35). This increase was
observed across all studied groups, reflecting the normal
inflammatory reaction to trauma. However, CRP levels were
significantly elevated in the alcohol-positive complication group
compared to both the alcohol-negative and alcohol-positive control
groups. This finding underscores the possible role of alcohol in
exacerbating the inflammatory response, contributing to the
development of complications. The ROC curve analysis on the
other side, demonstrated an AUC of 0.6288 a suboptimal
discriminatory ability as a predictive marker for complications
within the alcohol-positive group. This is likely due to the
influence of various factors on CRP levels, including injury
severity and lifestyle characteristics (35, 36). However, CRP’s
sensitivity to inflammation makes it a valuable tool for
monitoring recovery and differentiating between groups
experiencing varying levels of postoperative stress or infections
(37-40).

The comprehensive cytokine and protein screening conducted
in this study provides valuable insights into the inflammatory and
immune responses of the patients. Many of the complications
observed were linked to infection, impaired wound healing, and
systemic inflammatory responses. Therefore, targeting cytokines
that play a critical role in inflammation and immune modulation
was prioritized to understand and predict complications. One of the
key observations was the general trend of increased inflammatory
markers in the alcohol-negative complication group compared to
controls, while the alcohol-positive complication group exhibited a
decrease in these markers. These differences highlight the complex
and potentially suppressive effects of alcohol on the immune system
(41). Chronic alcohol consumption is known to impair the immune
response, leading to a dampened inflammatory reaction (42). This
could explain the reduced levels of cytokines in the alcohol-positive
group in response to trauma, which may, make it more difficult to
define specific immune biomarkers before complications may
occur, due to the already impaired inflammatory response.

Additionally, the decrease in T/B cell activation markers
observed in both complication groups suggests a compromised
adaptive immune response. This is particularly concerning as a
robust immune response is critical for effective recovery post-
surgery (43, 44). The reduction in these markers may reflect an
impaired ability of the immune system to respond adequately to
surgical stress and potential infections. Thereby, increasing the risk
of postoperative complications (45). This finding aligns with
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existing literature that describes alcohol’s inhibitory effects on T
and B cell function (8), further complicating the clinical
management of alcohol-consuming patients.

The highlighted cytokines CD28, B7-1, Eotaxin-3, TIMP-1, and
IL-13 demonstrated distinct differences across the groups,
indicating their potential as biomarkers for predicting
postoperative outcomes. CD28 and B7-1 are crucial co-
stimulatory molecules involved in T-cell activation and immune
regulation. Their altered expression suggests disrupted immune
signaling in patients with complications (46, 47). IL-13 is a cytokine
involved in various immune and inflammatory processes. It is a key
mediator of tissue fibrosis, particularly in conditions such as hepatic
fibrosis (48). Likewise, eotaxin-3 and TIMP-1 are associated with
inflammatory processes and tissue remodeling, respectively (49, 50).
Both immune modulators play a role in hepatic injury and systemic
inflammatory responses. Chronic liver diseases are closely linked to
bone metabolism disturbances, including reduced osteoblast
activity and impaired mineralization, (51). Thus, these cytokines
were prioritized in our study. Due to their role in immune
regulation, fibrosis, and tissue remodeling, they are also of
particular importance for alcohol-related complications as they
contribute to liver dysfunction, which in turn impairs bone
homeostasis (52). To gain deeper insights into the role of these
cytokines, their serum concentrations were measured using ELISA.
The results revealed distinct differences between the control and
complication subgroups in the negative-alcohol group, suggesting
their potential as biomarkers. However, in the alcohol-positive
group, this distinction was lost. Indicating that alcohol appears to
neutralize or alter the cytokine response, making it even more
challenging to identify reliable biomarkers for complications in
patients with a history of alcohol consumption.

One of the key areas of concern regarding alcohol consumption
is its impact on liver function (53). Chronic alcohol consumption is
known to impair liver function, leading to dysregulation of immune
responses and inflammation (54-56). This potential liver injury
may additionally contribute to the altered expression and
production of cytokines observed in the alcohol-positive groups
(42). Hence, identifying a reliable biomarker for alcohol-related
complications is particularly challenging due to the complex and
multifactorial nature of alcohol’s impact on the body. Alcohol
consumption can modulate immune responses, impair liver
function, and exacerbate inflammatory processes, all of which can
interfere with potential biomarker signals. This complexity makes it
difficult to find a single indicator that consistently predicts
complications, especially in clinical settings where patients exhibit
varying levels of alcohol exposure and diverse health statuses. The
interplay of these factors underscores the need for comprehensive
research to develop effective biomarkers for predicting alcohol-
related complications.

In conclusion, alcohol consumption not only complicates
patient outcomes but also poses challenges for identifying reliable
biomarkers of complications. The neutralization of cytokine
responses in alcohol-positive patients underscores the need for
further research into alternative pathways and markers that may
better predict complications in this population.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1492288
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hammour et al.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Medical
faculty of the University of Tiibingen. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

MH: Data curation, Formal Analysis, Methodology,
Visualization, Writing - original draft, Writing - review &
editing. YA: Formal Analysis, Writing - review & editing. RB:
Formal Analysis, Writing - review & editing. RA: Supervision,
Writing - review & editing. YX: Writing - review & editing.
GC: Writing - review & editing. TH: Writing - review & editing.
SE: Writing - original draft, Formal Analysis, Validation. AN:
Conceptualization, Funding acquisition, Project administration,
Resources, Supervision, Writing — review & editing, Validation.
SD: Writing - review & editing, Supervision, Validation.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This project was partially
funded by the Federal Ministry of Economics and Climate
(01MK2000G) in the AIQNET consortium.

Acknowledgments

We would like to thank Bianca Braun, Oliver Stihler, and Kevin

Schulz for their excellent technical assistance. Furthermore, we like

References

1. Park SH, Kim DJ. Global and regional impacts of alcohol use on public health:
Emphasis on alcohol policies. Clin Mol Hepatol. (2020) 26:652-61. doi: 10.3350/
c¢mh.2020.0160

2. Godos ], Giampieri F, Chisari E, Micek A, Paladino N, Forbes-Hernandez TY,
et al. Alcohol consumption, bone mineral density, and risk of osteoporotic fractures: A
dose-response meta-analysis. Int | Environ Res Public Health. (2022) 19:1515.
doi: 10.3390/ijerph19031515

3. Schaller K, Kahnert S, Garcia-Verdugo R, Treede I, Graen L, Ouédraogo N.
Alcohol atlas Germany 2022. Germany: Pabst Science Publishers, Lengerich (2022).

4. Wilms N, Seitz NN, Schwarzkopf L, Olderbak S, Kraus L. Alcoholic beverage
preference in Germany: an age-period-cohort analysis of trends 1995-2018. Alcohol
Alcohol. (2023) 58:426-35. doi: 10.1093/alcalc/agad013

Frontiers in Immunology

13

10.3389/fimmu.2025.1492288

to thank Clinical Research Center of the BG Clinic for excellent
support. We acknowledge support from the Deutsche
Forschungsgemeinschaft and Open Access Publishing Fund of the
University of Tiibingen. YA & MH performed parts of this work as
part of their dissertation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1492288/full#supplementary-material

SUPPLEMENTARY TABLE 1

Frequency of admission diagnoses in patients classified negative or positive
for alcohol risk. This table presents the distribution of admission diagnoses
among patients classified as negative or positive for alcohol risk in the study.
The 20 most common diagnoses are listed, highlighting their frequency
within each group. This comparison provides insight into potential
differences in disease patterns between the two populations.

SUPPLEMENTARY TABLE 2

Frequency of surgery procedures in patients classified negative or positive
for alcohol risk The table presents the 20 most common surgical
procedures identified in the overall patient population of our study. These
surgeries are analyzed based on patients classified as negative or positive
for alcohol risk.

5. Lange C, Manz K, Rommel A, Schienkiewitz A, Mensink GB. Alcohol
consumption of adults in Germany: Harmful drinking quantities, consequences and
measures. /] Health Monit. (2016) 1:2. doi: 10.17886/RKI-GBE-2016-029

6. Chikritzhs T, Livingston M. Alcohol and the risk of injury. Nutrients. (2021)
13:2777. doi: 10.3390/nu13082777

7. Hadjizacharia P, O’Keeffe T, Plurad DS, Green DJ, Brown CV, Chan LS, et al.
Alcohol exposure and outcomes in trauma patients. Eur | Trauma Emerg Surg. (2011)
37:169-75. doi: 10.1007/s00068-010-0038-5

8. Szabo G. Consequences of alcohol consumption on host defence. Alcohol
Alcoholism. (1999) 34:830-41. doi: 10.1093/alcalc/34.6.830

9. Avishai E, Yeghiazaryan K, Golubnitschaja O. Impaired wound healing: facts
and hypotheses for multi-professional considerations in predictive, preventive

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1492288/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1492288/full#supplementary-material
https://doi.org/10.3350/cmh.2020.0160
https://doi.org/10.3350/cmh.2020.0160
https://doi.org/10.3390/ijerph19031515
https://doi.org/10.1093/alcalc/agad013
https://doi.org/10.17886/RKI-GBE-2016-029
https://doi.org/10.3390/nu13082777
https://doi.org/10.1007/s00068-010-0038-5
https://doi.org/10.1093/alcalc/34.6.830
https://doi.org/10.3389/fimmu.2025.1492288
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hammour et al.

and personalised medicine. EPMA J. (2017) 8:23-33. doi: 10.1007/s13167-
017-0081-y

10. Lampert C, Bosch F, Werner ], Angele MK, Pratschke S. Komorbidititen
gefihrden die Wundheilung. MMW - Fortschr der Med. (2019) 161:54-9.
doi: 10.1007/s15006-019-1157-5

11. Riuttanen A, Jintti SJ, Mattila VM. Alcohol use in severely injured trauma
patients. Sci Rep. (2020) 10:17891. doi: 10.1038/s41598-020-74753-y

12. Karimian N, Niculiseanu P, Amar-Zifkin A, Carli F, Feldman LS. Association of
elevated pre-operative hemoglobin Alc and post-operative complications in non-
diabetic patients: A systematic review. World ] Surg. (2018) 42:61-72. doi: 10.1007/
500268-017-4106-4

13. Li Y, Li XW, Zhang YH, Zhang LM, Wu QQ, Bai ZR, et al. Prognostic
significance of the hemoglobin Alc level in non-diabetic patients undergoing
percutaneous coronary intervention: a meta-analysis. Chin Med ] (Engl). (2020)
133:2229-35. doi: 10.1097/CM9.0000000000001029

14. Raghuraman H, Gurushankari B, Laya GB, Elamurugan TP, Shankar G, Nanda
N, et al. Role of specific nutritional biomarkers in predicting post-operative
complications among patients undergoing elective abdominal surgery. Langenbecks
Arch Surg. (2023) 408:453. doi: 10.1007/s00423-023-03186-8

15. Beloosesky Y, Grinblat J, Pirotsky A, Weiss A, Hendel D. Different C-reactive
protein kinetics in post-operative hip-fractured geriatric patients with and without
complications. Gerontology. (2004) 50:216-22. doi: 10.1159/000078350

16. Ayob F, Lam E, Ho G, Chung F, El-Beheiry H, Wong J. Pre-operative biomarkers
and imaging tests as predictors of post-operative delirium in non-cardiac surgical
patients: a systematic review. BMC Anesthesiol. (2019) 19:25. doi: 10.1186/s12871-019-
0693-y

17. Tumen L, Pollmann-Schweckhorst L, Breinbauer R, Hammour MM, Aspera-
Werz RH, Blumenstock G, et al. Smoking increases risk of complication after
musculoskeletal surgery: analysis of single immune parameter to predict
complication risk. EXCLI J. (2024) 23:967-90. doi: 10.17179/excli2024-7306

18. Frank D, DeBenedetti AF, Volk R], Williams EC, Kivlahan DR, Bradley KA.
Effectiveness of the AUDIT-C as a screening test for alcohol misuse in three race/ethnic
groups. ] Gen Intern Med. (2008) 23:781-7. doi: 10.1007/s11606-008-0594-0

19. Nehring SM, Chen RJ, Freeman AM. “Alcohol use disorder”. In: StatPearls.
Treasure Island (FL): StatPearls Publishing (2025).

20. Mudd J, Larkins S, Watt K. The effect of alcohol consumption on clinical
outcomes in regional patients with chronic disease: a retrospective chart audit. Aust
New Z ] Public Health. (2020) 44:451-6. doi: 10.1111/1753-6405.13017

21. Pabst A, Kraus L, Matos EG de, Piontek D. Substanzkonsum und
substanzbezogene Storungen in Deutschland im Jahr 2012. Sucht (2013) 59(6):321-
31. doi: 10.1024/0939-5911.2000275

22. Hoftmann T, Voigt K, Kugler J, Peschel L, Bergmann A, Riemenschneider H. Are
German family practitioners and psychiatrists sufficiently trained to diagnose and treat
patients with alcohol problems? BMC Family Pract. (2019) 20:115. doi: 10.1186/
512875-019-1006-8

23. Sterling SA, Palzes VA, Lu Y, Kline-Simon AH, Parthasarathy S, Ross T, et al.
Associations between medical conditions and alcohol consumption levels in an adult
primary care population. JAMA Network Open. (2020) 3:e204687-e204687.
doi: 10.1001/jamanetworkopen.2020.4687

24. Eliasen M, Gronkjer M, Skov-Ettrup LS, Mikkelsen SS, Becker U, Tolstrup JS,
et al. Preoperative alcohol consumption and postoperative complications: a systematic
review and meta-analysis. Ann Surg. (2013) 258:930-42. doi: 10.1097/
SLA.0b013e3182988d59

25. Egholm JW, Pedersen B, Moller AM, Adami J, Juhl CB, Tennesen H. Perioperative
alcohol cessation intervention for postoperative complications. Cochrane Database Syst
Rev. (2018) 11:Cd008343. doi: 10.1002/14651858.CD008343.pub3

26. Fernandez AC, Guetterman TC, Borsari B, Mello MJ, Mellinger ], Tonnesen H,
et al. Gaps in alcohol screening and intervention practices in surgical healthcare: A
qualitative study. J Addict Med. (2021) 15:113-9. doi: 10.1097/ADM.0000000000000706

27. van de Loo AJAE, Mackus M, Kwon O, Krishnakumar IM, Garssen ], Kraneveld
AD, et al. The inflammatory response to alcohol consumption and its role in the
pathology of alcohol hangover. J Clin Med. (2020) 9:2081. doi: 10.3390/jcm9072081

28. Molina JC, Guerrero-Moran JD, Gonzalez-Espinosa C. Alcohol:
immunomodulatory effects and cancer. Rev investigacion clinica. (2023) 75:129-42.
doi: 10.24875/RIC.23000116

29. Althubaiti A. Information bias in health research: definition, pitfalls, and
adjustment methods. ] Multidiscip Healthc. (2016) 9:211-7. doi: 10.2147/JMDH.
$104807

30. Davis CG, Thake J, Vilhena N. Social desirability biases in self-reported alcohol
consumption and harms. Addict Behav. (2010) 35:302-11. doi: 10.1016/
j.addbeh.2009.11.001

31. Boniface S, Kneale J, Shelton N. Drinking pattern is more strongly associated
with under-reporting of alcohol consumption than socio-demographic factors:
evidence from a mixed-methods study. BMC Public Health. (2014) 14:1297.
doi: 10.1186/1471-2458-14-1297

Frontiers in Immunology

10.3389/fimmu.2025.1492288

32. Andruszkow H, Veh J, Mommsen P, Zeckey C, Hildebrand F, Frink M. Impact
of the body mass on complications and outcome in multiple trauma patients: what does
the weight weigh? Mediators Inflammation. (2013) 2013:345702. doi: 10.1155/2013/
345702

33. Benhamed A, Batomen B, Boucher V, Yadav K, Mercier E, Isaac CJ, et al.
Epidemiology, injury pattern and outcome of older trauma patients: A 15-year study of
level-I trauma centers. PLoS One. (2023) 18:¢0280345. doi: 10.1371/journal.pone.0280345

34. Black S, Kushner I, Samols D. C-reactive protein*. J Biol Chem. (2004)
279:48487-90. doi: 10.1074/jbc.R400025200

35. Pritchett JW. C-reactive protein levels determine the severity of soft-tissue
injuries. Am ] Orthop (Belle Mead NJ). (1996) 25:759-61.

36. Guo L, Huang Y, He J, Li D, Li W, Xiao H, et al. Associations of lifestyle
characteristics with circulating immune markers in the general population based on
NHANES 1999 to 2014. Sci Rep. (2024) 14:13444. doi: 10.1038/s41598-024-63875-2

37. Straatman J, Harmsen AM, Cuesta MA, Berkhof |, Jansma EP, van der Peet DL.
Predictive value of C-reactive protein for major complications after major abdominal
surgery: A systematic review and pooled-analysis. PLoS One. (2015) 10:e0132995.
doi: 10.1371/journal.pone.0132995

38. Choi HR, Song IA, Oh TK, Jeon YT. Perioperative C-reactive protein is
associated with pain outcomes after major laparoscopic abdominal surgery: a
retrospective analysis. J Pain Res. (2019) 12:1041-51. doi: 10.2147/JPR.S187249

39. Shetty S, Ethiraj P, Shanthappa AH. C-reactive protein is a diagnostic tool for
postoperative infection in orthopaedics. Cureus. (2022) 14:¢22270. doi: 10.7759/
cureus.22270

40. Bain CR, Myles PS, Martin C, Wallace S, Shulman MA, Corcoran T, et al.
Postoperative systemic inflammation after major abdominal surgery: patient-centred
outcomes. Anaesthesia. (2023) 78:1365-75. doi: 10.1111/anae.v78.11

41. Sarkar D, Jung MK, Wang HJ. Alcohol and the immune system. Alcohol
research: Curr Rev. (2015) 37:153.

42. Wang HJ, Zakhari S, Jung MK. Alcohol, inflammation, and gut-liver-brain
interactions in tissue damage and disease development. World ] Gastroenterol. (2010)
16:1304-13. doi: 10.3748/wjg.v16.i11.1304

43. Dabrowska AM, Stotwinski R. The immune response to surgery and infection.
Cent Eur ] Immunol. (2014) 39:532-7. doi: 10.5114/ceji.2014.47741

44. Lachmann G, von Haefen C, Kurth J, Yuerek F, Spies C. Innate immunity
recovers earlier than acquired immunity during severe postoperative
immunosuppression. Int ] Med Sci. (2018) 15:1-9. doi: 10.7150/ijms.21433

45. Uchida K. Post-surgical immune suppression: another target to improve
postoperative outcomes. ] Anesth. (2019) 33:625-7. doi: 10.1007/s00540-019-02651-3

46. Esensten JH, Helou YA, Chopra G, Weiss A, Bluestone JA. CD28 costimulation:
from mechanism to therapy. Immunity. (2016) 44:973-88. doi: 10.1016/j.immuni.
2016.04.020

47. Verdonk F, Einhaus ], Tsai AS, Hedou J, Choisy B, Gaudilliere D, et al.
Measuring the human immune response to surgery: multiomics for the prediction of
postoperative outcomes. Curr Opin Crit Care. (2021) 27:717-25. doi: 10.1097/
MCC.0000000000000883

48. Lee CG, Homer R], Zhu Z, Lanone S, Wang X, Koteliansky V, et al. Interleukin-
13 induces tissue fibrosis by selectively stimulating and activating transforming growth
factor beta(1). J Exp Med. (2001) 194:809-21. doi: 10.1084/jem.194.6.809

49. Ravensberg AJ, Ricciardolo FL, van SChadewijk A, Rabe KF, Sterk PJ, Hiemstra
PS, et al. Eotaxin-2 and eotaxin-3 expression is associated with persistent eosinophilic
bronchial inflammation in patients with asthma after allergen challenge. J Allergy Clin
Immunol. (2005) 115:779-85. doi: 10.1016/j.jaci.2004.11.045

50. Brew K, Nagase H. The tissue inhibitors of metalloproteinases (TIMPs): an
ancient family with structural and functional diversity. Biochim Biophys Acta. (2010)
1803:55-71. doi: 10.1016/j.bbamcr.2010.01.003

51. Nussler AK, Wildemann B, Freude T, Litzka C, Soldo P, Friess H, et al. Chronic
CCl4 intoxication causes liver and bone damage similar to the human pathology of
hepatic osteodystrophy: a mouse model to analyse the liver-bone axis. Arch Toxicol.
(2014) 88:997-1006. doi: 10.1007/s00204-013-1191-5

52. Ehnert S, Relja B, Schmidt-Bleek K, Fischer V, Ignatius A, Linnemann C, et al.
Effects of immune cells on mesenchymal stem cells during fracture healing. World ]
Stem Cells. (2021) 13:1667-95. doi: 10.4252/wjsc.v13.i11.1667

53. Mabher JJ. Exploring alcohol’s effects on liver function. Alcohol Health Res World.
(1997) 21:5-12.
54. Crews FT, Bechara R, Brown LA, Guidot DM, Mandrekar P, Oak §, et al.

Cytokines and alcohol. Alcohol Clin Exp Res. (2006) 30:720-30. doi: 10.1111/j.1530-
0277.2006.00084.x

55. Osna NA, Donohue TMJr., Kharbanda KK. Alcoholic liver disease: pathogenesis
and current management. Alcohol Res. (2017) 38:147-61.

56. Taipale T, Seppild I, Raitoharju E, Mononen N, Lyytikdinen L-P, Illig T, et al.
Fatty liver is associated with blood pathways of inflammatory response, immune system
activation and prothrombotic state in Young Finns Study. Sci Rep. (2018) 8:10358.
doi: 10.1038/s41598-018-28563-y

frontiersin.org


https://doi.org/10.1007/s13167-017-0081-y
https://doi.org/10.1007/s13167-017-0081-y
https://doi.org/10.1007/s15006-019-1157-5
https://doi.org/10.1038/s41598-020-74753-y
https://doi.org/10.1007/s00268-017-4106-4
https://doi.org/10.1007/s00268-017-4106-4
https://doi.org/10.1097/CM9.0000000000001029
https://doi.org/10.1007/s00423-023-03186-8
https://doi.org/10.1159/000078350
https://doi.org/10.1186/s12871-019-0693-y
https://doi.org/10.1186/s12871-019-0693-y
https://doi.org/10.17179/excli2024-7306
https://doi.org/10.1007/s11606-008-0594-0
https://doi.org/10.1111/1753-6405.13017
https://doi.org/10.1024/0939-5911.a000275
https://doi.org/10.1186/s12875-019-1006-8
https://doi.org/10.1186/s12875-019-1006-8
https://doi.org/10.1001/jamanetworkopen.2020.4687
https://doi.org/10.1097/SLA.0b013e3182988d59
https://doi.org/10.1097/SLA.0b013e3182988d59
https://doi.org/10.1002/14651858.CD008343.pub3
https://doi.org/10.1097/ADM.0000000000000706
https://doi.org/10.3390/jcm9072081
https://doi.org/10.24875/RIC.23000116
https://doi.org/10.2147/JMDH.S104807
https://doi.org/10.2147/JMDH.S104807
https://doi.org/10.1016/j.addbeh.2009.11.001
https://doi.org/10.1016/j.addbeh.2009.11.001
https://doi.org/10.1186/1471-2458-14-1297
https://doi.org/10.1155/2013/345702
https://doi.org/10.1155/2013/345702
https://doi.org/10.1371/journal.pone.0280345
https://doi.org/10.1074/jbc.R400025200
https://doi.org/10.1038/s41598-024-63875-2
https://doi.org/10.1371/journal.pone.0132995
https://doi.org/10.2147/JPR.S187249
https://doi.org/10.7759/cureus.22270
https://doi.org/10.7759/cureus.22270
https://doi.org/10.1111/anae.v78.11
https://doi.org/10.3748/wjg.v16.i11.1304
https://doi.org/10.5114/ceji.2014.47741
https://doi.org/10.7150/ijms.21433
https://doi.org/10.1007/s00540-019-02651-3
https://doi.org/10.1016/j.immuni.2016.04.020
https://doi.org/10.1016/j.immuni.2016.04.020
https://doi.org/10.1097/MCC.0000000000000883
https://doi.org/10.1097/MCC.0000000000000883
https://doi.org/10.1084/jem.194.6.809
https://doi.org/10.1016/j.jaci.2004.11.045
https://doi.org/10.1016/j.bbamcr.2010.01.003
https://doi.org/10.1007/s00204-013-1191-5
https://doi.org/10.4252/wjsc.v13.i11.1667
https://doi.org/10.1111/j.1530-0277.2006.00084.x
https://doi.org/10.1111/j.1530-0277.2006.00084.x
https://doi.org/10.1038/s41598-018-28563-y
https://doi.org/10.3389/fimmu.2025.1492288
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Impact of alcohol consumption on outcomes and potential of immune biomarkers for postoperative complications in trauma patients
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Study population, inclusion criteria, and data collection
	2.3 Blood sampling
	2.4 Cytokine arrays
	2.5 Enzyme-linked immunosorbent assays
	2.6 Statistical analysis

	3 Results
	3.1 Alcohol consumption and complications
	3.2 Study population
	3.3 Clinical laboratory data analysis
	3.4 Cytokine profile analysis
	3.5 ELISA quantification of key markers

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



>

Leucocytes
20+
3 15 i . 1
-~ AdL
(‘,9 10 m
E
3 ==
O 59
0 T 1 T 1
Ctr. Comp. Ctr. Comp.
Neg Pos
Neutrophils
20+
S15{ s Y
) - a
e HY N
- 10 4
5
3 o
© 51 Bl
0 T T T T
Ctr. Comp. Ctr. Comp.
Neg Pos
Thrombocytes
500+
— 4004 T L
=
% 300
’g’ 200+ Ee]
0
© 1004
0 1 1 1 1
Ctr. Comp. Ctr. Comp.
Neg Pos
C-Reactive Protein
*k
*
2001 £
S 100
E L
c * L]
L 3
®
s 50
c
3
Q
c
<]
0 T 1
Ctr. Comp. Ctr. Comp.

Neg Pos

Lymphocytes
5_
— 4 .
= a
53] s
oo
[<] Lo
o 1 L
0 1 1 1 1
Ctr. Comp. Ctr. Comp.
Neg Pos
Basophils
0.31 .
. 01 .
i .
= . -
o
€ 0.1 ; ‘
3
0
(&)
0.0 T 1
Ctr. Comp. Ctr Comp

Neg Pos

Gamma Glutamyl Transferase

5001 i A
i 150 .
5
= 100 ‘
© N
: AA
c
g 50
: A
o woooseees | S0
0 T T T T
Ctr. Comp. Ctr. Comp.
Neg Pos
ROC curve of

C-Reactive Protein

100+
80
X
>
3 %
£
5 404 A Alcohol Neg.
n . —— Alcohol Pos.
20-]
(Ctr. vs Comp.)
0-¢ T T T

T 1
0 20 40 60 80 100
100% - Specificity%

(@

Monocytes

3.01 .
- 1.5
T N
-
1.0
=
3 %l ++

Ctr Comp Ctr Comp
Neg Pos
Eosinophils

0.6+
5 .
~ 0.4
)
o
E
3 0.2+
(&]

0.0 1

Ctr Comp. Ctr Comp

Neg Pos

Glutamate Oxaloacetate Transaminase

500

7 .

§. 75

- ° A

2 504 s

s

g e

(8}

0 T 1 T 1

Ctr. Comp. Ctr. Comp.

Neg Pos

Alcohol Pos. (Ctr. vs Comp.)

100%
90%
80%
70%
60%
50%
40%
30%
20% “een

10% wee
0%'I'I'I'I'I'I'
0 25 50 75 100 125 150

C-Reactive Protein [mg/L]

T

» Sensitivity%

= Specificity%




