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Objective Cognitive functions have been shown to become impaired due to alcoholism. Recently, neuroinflammation gained attention
for playing a role in the neurotoxic effect of alcohol. However, there is limited data on the relationship between alcohol and cognitive
function, based on the mechanism of inflammation. This study examined whether the interaction between alcohol use and pro-inflam-
matory biomarkers is related to cognitive function in Korean male firefighters.

Methods A total of 474 firefighters were assessed for alcohol-related problems using CAGE, cognitive functions, and pro-inflammatory
biomarkers (CRP, IL-6, TNF-0). Sequential multiple regression analyses were conducted to determine if inflammatory markers moder-
ate the relationship between alcohol use and cognitive function.

Results Only a decreased attentional function was associated with the interaction of alcohol use and inflammatory markers, after con-
trolling for age, sex, body mass index, lipid profiles, smoking, depression, fatigue, self-reported hypertension, diabetes, and musculoskel-
etal problems.

Conclusion This study revealed that the interaction between alcohol use and inflammation is related to attentional function in Korean
male firefighters. Additionally, this cross-sectional study suggests that diminishing attention, related to alcohol use, may be based on the

mechanism of inflammation.
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INTRODUCTION

Cognitive function is important when performing highly
demanding tasks in rapidly changing environments, as expe-
rienced by firefighters." Firefighters require the ability to main-
tain high levels of attention for prolonged periods; even the
smallest mistake while performing procedures could lead to
failure on a huge level.”

However, firefighters are mostly exposed to a wide variety of
physical, chemical, and mental hazards while performing their
duties, and many studies have found that these conditions are
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associated with cognitive decline in firefighters.>* Further, al-
cohol-associated cognitive decline has been extensively stud-
ied in other populations,® and studies have shown that alco-
hol use is an important factor of cognitive decline in people.
Many studies have recorded that the consumption of alcohol
by firefighters is higher than that in the general population.®
Therefore, high alcohol use is also an important factor of cog-
nitive decline among firefighters.

The brain is a major site that exhibits the neurotoxic effects
of alcohol: heavy alcohol consumption induces selective neu-
ronal loss as well as reduction of synaptic complexity in spe-
cific regions of the brain. Such alcohol-induced changes may
precipitate various neurological dysfunctions such as working
memory, attention control, depression, anxiety, and executive
functions like response inhibition.'"”"" However, the mecha-
nisms underlying the neurotoxic effects of alcohol on the hu-
man brain, and cognitive impairment, are poorly understood.
Recently, neuroinflammation gained attention for playing a
role in the neurotoxic effect of alcohol. There is growing evi-
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dence of neuroinflammation with increased activation of mi-
croglia, and elevated expression of central and peripheral in-
flammatory factors, in adults with a history of alcohol abuse.***

Pre-clinical models of alcohol dependence demonstrate mi-
croglial activation and expression of inflammatory mediators
such as tumor necrosis factor-o. (TNF-a) and interleukin-6
(IL-6), both in the brain and peripheral blood."*'* In humans,
similar processes mediated by a number of inflammatory cy-
tokines and chemokines, including TNF-o, IL-6, monocyte
chemoattractant protein 1 (MCP1), and IL1B,*'>”** may re-
sult in cytotoxic effects, thereby impacting neurotransmission,
neuroendocrine function, and neural plasticity;***!
neuroinflammation also, at least partly, contributes to cogni-
tive deficits linked to alcohol consumption.’

Previous studies, which examined the relationship between

presumably,

alcohol use, inflammatory markers, and phenomenologically
represented cognitive decline, showed that in alcohol-depen-
dent participants, the level of inflammation was higher than
in healthy controls, and that the level of cognitive decline was
higher.'*"**>> However, the study sample was very small, and
most subjects were alcohol-dependent patients in the acute
withdrawal period. Additionally, the three variables were not
simultaneously considered in the analyses in all the previous
studies.

In this study, we aimed to investigate the decline of cogni-
tive functions mediated by the neuroinflammation of alcohol
by identifying the association of alcohol, inflammatory mark-
ers, and cognitive functions in male firefighters in Korea. And
then, using moderation analysis, we aimed to determine wheth-
er an increase in inflammatory markers in the relationship be-
tween alcohol and cognitive functions in firefighters has a mod-
erating effect.

Based on existing studies, we assumed that those who were
screened as having alcohol dependence, among Korean male
firefighters who are currently performing occupational func-
tions, would also show a decrease in cognitive functions and
would show an increase in systemic inflammatory markers.
Furthermore, we hypothesized that the interaction between
alcohol and inflammation would intensify the association with
declined cognitive functions, than alcohol-only main effect.

METHODS

Study design and ethics

This study had a cross-sectional study design and was ap-
proved by the Institutional Review Board of Dongguk Universi-
ty Ilsan Hospital (DUTH 2017-08-014-001) and Yonsei Univer-
sity Wonju Severance Christian Hospital (IRB No. CR318031).
The study was conducted according to the tenets of the Dec-
laration of Helsinki and its revisions. All participants consent-
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ed in writing to participate in the study after being informed
of the nature of the study and its benefits and potential risks.

Participants

From October 2017 to May 2018, a panel of 516 firefighters
from eight fire stations in South Korea was constructed. Among
them, we selected only male firefighters to control for the in-
fluence of gender diversity. Of 474 male firefighters, we exclud-
ed those with C-reactive protein (CRP) concentrations sug-
gestive of acute inflammation and related bacterial infection
(>10 mg/L)* (n=9, 2%). Participants whose blood tests and
CAGE were not conducted were excluded (n=34). Finally, 431
subjects were included in the analysis.

Measure

Cognitive functions

All examinations were conducted in the morning, when work
started, in the week of daytime shifts. Cognitive function was
tested using a computerized test battery [CNS Vital Signs (CNS-
VS); Morrisville, NC, USA]. CNSVS is a computerized neuro-
cognitive screening battery comprising seven neuropsycho-
logical tests: verbal and visual memory, finger tapping, symbol-
digit coding, stroop test, shifting attention test, and continuous
performance test (CPT). The test takes approximately 20 min
to complete. The tests in the Vital Signs battery are highly re-
liable, and their concurrent validity has been established by
comparing their performance with that of conventional neu-
ropsychological tests on computerized tests.”” The validity of
each score was evaluated according to the “Validity Indicator”
criterion defined in CNSVS. Individual functional tests and
cognitive domains computed by raw scores on these tests are
listed in Table 1. Raw scores on these individual tests were used
to calculate cognitive domain scores, which were used in sta-
tistical analysis.

Pro-inflammatory markers: CRP, IL-6, TNF-a
Pro-inflammatory biomarkers of CRP, IL-6, and TNF-o were
measured using intravenous blood samples. Venous blood was
collected directly after the cognitive function test. If the blood
test and the cognitive function test could not be performed on
the same day, the blood test was performed the day after the
cognitive function test. Analyses of biomarker concentrations
were performed for all participants simultaneously.
High-sensitivity plasma levels of CRP were measured in du-
plicate by ELISA based on purified protein and polyclonal an-
ti-CRP antibodies (N-Assay LA CRP-s, Nittobo, Japan). IL-6
(Human IL-6 Immunoassay HS600B, R&D Systems, USA)
and TNF-o (Human TNF-o Immunoassay HSTAOOE, R&D
Systems, USA) levels were measured in duplicate by a high sen-



Table 1. Formulas for calculating the neurocognitive domain scores

JAYun et al.

BRIEF-CORE

Corresponding test
clinical domains P &

Domain Score Calculations

Verbal memory Verbal memory test (VBM)

VBM Correct Hits Immediate + VBM Correct Passes Immediate + VBM Correct

Hits Delay + VBM Correct Passes Delay

Visual memory Visual memory test (VIM)

VIM Correct Hits Immediate + VIM Correct Passes Immediate + VIM Correct Hits

Delay + VIM Correct Passes Delay

Psychomotor speed ~ Finger Tapping (FTT),
Symbol Digit Coding (SDC)

Stroop Test (ST)

Complex attention  Stroop Test (ST), Shifting
Attention (SAT), Continuous
Performance (CPT)

Cognitive flexibility =~ Stroop Test (ST), Shifting
Attention (SAT)

Processing speed Symbol Digit Coding (SDC)

Executive function  Shifting Attention (SAT)

Reaction time

Simple attention

Motor speed Finger Tapping (FTT)

Omission Errors

FTT Right Taps Average + FT'T Left Taps Average + SDC Correct Responses

(ST Complex Reaction Time Correct + Stroop Reaction Time Correct) / 2

Stroop Commission Errors + SAT Errors + CPT Commission Errors + CPT

SAT Correct Responses - SAT Errors - Stroop Commission Errors

SDC Correct Responses - SDC Errors
SAT Correct Responses - SAT Errors
Continuous Performance (CPT) Continuous Performance (CPT) Correct Responses minus CPT Commission Errors

Finger Tapping Test Right Taps Average + Finger Tapping Test Left Taps Average

sitivity enzyme-linked immunosorbent assay (ELISA).

Screening for alcohol dependence: CAGE

The CAGE questionnaire is one of the most widely re-
searched of all alcohol screening tools,” and because of its brev-
ity and ease of administration, it may also be the most widely
employed.”® In a study examining the sensitivity and specific-
ity of CAGE in Koreans, a score of 3 was recommended as the
cut off point for strictly selecting alcohol dependence. In ad-
dition, CAGE score of more than 3 was known to have a high-
er specificity for alcohol dependence.” In this study, partici-
pants obtaining a CAGE score of more than 3 were classified
under the alcohol dependence group.®

Potential confounders

Potential confounders that are known to play a role in both
cognitive functioning and systemic levels of inflammatory
markers> that were utilized in the study were age; smoking
status (never/stopped smoker/current smoker); body mass in-
dex; lipid profiles (total cholesterol, triglyceride, LDL-choles-
terol); and self-reported presence/absence of diagnosed hyper-
tension, diabetes, and unspecified musculoskeletal problems.
Self-rated depressive symptoms that evaluated with Patient
Health Questionnaire-9 (PHQ-9)* and fatigue symptoms that
evaluated with Fatigue Severity Scale (FSS)* at the time of test-
ing were also included in the study as potential confounders.

Analyses
All statistical analyses were performed using SPSS 21.0 (IBM
Corp., Armonk, NY, USA). Interval scaled data were described

as means, and standard deviation (SD) and nominal variables
by frequency and valid percent. We divided the participants into
two groups according to their CAGE score (i.e., groups with
a CAGE score of 3 or higher and those without). Independent
sample t-tests were used to compare quantitative demograph-
ic data and psychiatric scale score between the two groups. A
chi-square test was used to compare qualitative variables.

The distributions for IL-6, TNF-a, and CRP were positively
skewed and therefore, these variables were log-transformed
to better conform to a normal distribution.

Composite scores of the inflammatory biomarker levels were
computed. These composite scores were computed by first
standardizing (z-transforming) each log-transformed biomark-
er, and then computing the mean of these z-scores. Since the
pattern of bivariate correlations between TNF-a and the out-
come measures differed from that of the other biomarkers—
bivariate correlations between TNF-a and attention were absent,
while the other biomarkers (IL-6, and CRP) were negatively
correlated with the attention—a biomarker composite score
excluding TNF-a was also computed for the analyses.

The linear regression analysis was used to determine whether
alcohol and inflammatory markers were related to each cog-
nitive domain. In the adjusted model, age, smoking, BMI, lipid
profiles (total cholesterol, triglyceride, LDL-cholesterol), diag-
nosed diseases (hypertension, diabetes, and unspecified mus-
culoskeletal problems), depressive symptoms, and fatigue were
included as confounder variables.

Sequential multiple regression analyses were conducted to
determine if inflammatory markers moderated the relationship
between alcohol dependence and cognitive function. To exam-
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ine this, we created the interaction term of alcohol (CAGE=>3)
and each inflammatory marker.

For dependent measure (each cognitive domain), regression
analyses were performed as follows:

Step 1: potential confounders mentioned above,

Step 2: variables included in Step 1; alcohol (CAGE=>3), one
of the inflammatory markers or composite score,

Step 3: variables included in Step 1 and 2, interaction term
of alcohol dependence and one of the inflammatory markers
or composite score (AlcoholXInflammatory marker).

ModGraph-TI** was used to visually illustrate this interaction.

RESULTS

Descriptive statistics
Sample characteristics are presented in Table 2. Seventy-three
participants (16.9% of the total) had a CAGE score of 3 or more.

Table 2. The sociodemographic characteristics and pro-inflam-
matory markers of the total samples

N=431 Mean (N) SD (%)

Age 40.84 8.83
Marriage

Single 112 259

Married 316 73.0

Divorced 5 1.2
Smoking

Never 144 40.2

Stop smoker 155 433

Current smoker 131 36.6
Body mass index 24.38 233
Lipid profiles

Total cholesterol 189.71 34.00

Triglyceride 169.64 101.27

LDL-cholesterol 118.95 30.98
Depression (PHQ9) 2.17 3.00
Fatigue (FSS) 24.28 11.55
Diagnosed disease

Hypertension 71 19.8

Diabetes 72 20.1

Musculoskeletal problems 70 19.6
Pro-inflammatory markers

CRP (mg/L) 1.00 1.33

IL-6 (pg/mL) 1.17 1.04

TNF-o (pg/mL) 0.77 0.30

PHQO9: Patient Health Questionnaire-9, FSS: Fatigue Severity
Scale, CRP: C-reactive protein, IL-6: interleukin-6, TNF-a: tumor
necrosis factor-o
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There were no significant differences between CAGE>3 and
CAGEX<3 participants, except the smoking status.

Associated factor of each domain of cognitive function
(Table 3)

Alcohol use (CAGE=3) was not associated with all cogni-
tive functions in the unadjusted model, but only with decreased
attention in the adjusted model. IL-6 was associated with de-
creased executive function and attention. But after controlling
for confounder variables, only IL-6 was associated with de-
creased attention. CRP was associated with a reduction in psy-
chomotor speed and motor speed only in the adjusted model.
TNEF-0 was associated with a reduction in psychomotor speed
and processing speed only in the adjusted model. The 2-bio-
marker composite, IL-6 and CRP (comp2), was associated with
a decrease in psychomotor speed and executive function; how-
ever, in the adjusted model, they were only associated with a
decrease in attention. The 3-biomarker composite (comp3),
which is comp2 plus TNF-a, was associated with reduced at-
tention only in the adjusted model.

Moderation analyses using interaction term of
alcohol and inflammatory marker (Table 4)

In the first step of sequential multiple regression for each
cognitive domain, all confounder variables were included. In
the second step, alcohol and inflammatory markers were add-
ed to these variables. The main effects of each inflammatory
marker were identified using five regression analyses on IL-6,
CRP, TNF-q, 2-biomarker composite (IL-6, CRP), and 3-bio-
marker composite (IL-6, CRP, TNF-a). In the final step, the
interaction term for the association between each inflamma-
tory marker and alcohol was entered to confirm the interac-
tion effect.

In all cognitive domains, except attention, the interaction ef-
fect was not significant. In terms of attentional function, the
interaction effect of all inflammatory markers except TNF-a
with alcohol was significant. Below is a detailed explanation of
the interaction analysis for attention.

CRPxalcohol

In the first step, triglyceride (B=-0.008, SE=0.008, p=0.035)
and smoking (B=0.492, SE=0.248, p=0.048) were associated
with attention. In the second step, there was a significant main
effect of alcohol on attention (B=-0.885, SE=0.322, p=0.007)
while CRP had no main effect on attention (B=-0.618, SE=
0.322, p=0.057). In the final step, the interaction between al-
cohol and CRP was significantly associated with attention
(B=-3.920, SE=0.922, p<0.001). The final model accounts for
22.7% of the variance.



Table 3. Regression analyses for each cognitive domain

Unadjusted, B (SE)

Processing Executive Simple Motor
speed function attention speed

Cognitive
flexibility

Complex
attention

Reaction
time

Psychomotor
speed

Verbal Visual
memory memory

Dependent
variable

Independent variable

2,068 (2.441)
-0.969 (0.991)
-1.045 (0.736)

-0.411 (0.261)
0291 (0.11%¥)
-0.082 (0.083)
-0.267 (0.146)
-0.267 (0.146)
-0.232 (0.165)

0.455 (1.724)

2132 (1.827)
-0.713 (0.725)

0.856 (1.802)

-0.15 (0.818)
0.591 (0.342)
0.068 (0.247)
-0.756 (1.126)

4271 (13.457)
1.053 (5.183)
2.277 (4.07)
-7.339 (17.967)

-0.129 (3.529)

-1.779 (1.407)
-1.001 (1.064)

-0.709 (0.729)
-0.393 (0.29)
-0.045 (0.22)
-0.445 (0.973)
-0.323 (0.382)
-0.543 (0.432)

-1.143 (0.861)
-0.322 (0.353)
-0.047 (0.262)

CAGE=3
IL-6
CRP

-1.529 (0.709%)
-0.148 (0.521)

-1.42 (0.743)
-0.056 (0.544)

0.084 (0.553)
4.533 (2.416)
-1.225 (0.954)
-0.958 (1.08)

4.628 (3.327)
2281 (1.301)
1207 (1.477)

3.078 (2.342)

3.612 (2.446)

9.025 (4.734)
-3.639 (1.848*)

0.341 (1.17)
-0.006 (0.465)

TNF-o

22,012 (0.934*%)
-1.175 (1.062)

0731 (0451)  -1.86(0.979)
10929 (1.112)

7.477 (6.818)
6.686 (7.715)

Comp2
Comp3

0.52 (0.511)
Adjusted, B (SE)

2.3 (2.098)

0.083 (0.526)

Independent variable

2.096 (3.329)
-1.751 (1.134)

-0.868 (0.324*¥)

056 (2.22)
-1.032 (0.771)
0.187 (0.652)
2712 (2.823)

0.341 (1.883)
-0.032 (0.646)

-0.42 (2.303)
-0.813 (0.802)

1.073 (1.015)
0.502 (0.357)
0.033 (0.301)
-0.876 (1.303)

2378 (4.141)  -15.29 (16.858)

-0.528 (0.98)

0511 (0.337)
-0.024 (0.288)
-0.422 (1.249)
-0.356 (0.467)
-0.488 (0.549)

2077 (1.248)
-0.263 (0.437)

CAGE=3
IL-6
CRP

-0.431 (0.124%*)
-0.123 (0.106)
0.142 (0.462)

4.467 (5.815)
2264 (4.962)
-0.858 (21.528)

-1.91 (1.42)
23102 (1.199%)
10.823 (5.230%)
2914 (1.955)
-0.499 (2.314)

243 (0.965%)

5.407 (4.233)
2227 (1.565)
-0.574 (1.85)

-0.58 (0.552)
5.905 (2.364%)
-0.536 (0.89)

0.304 (0.676)

0.119 (0.371)
0.468 (1.607)
-0.081 (0.603)

3.185 (2.926)
-0.107 (1.108)

TNF-a

-0.405 (0.174*)

-0.4 (1.068)
0.68 (1.255)

0.356 (0.494)

6.272 (8.015)
4.465 (9.439)

Comp?2
Comp3

0.273 (1.048) -0.413 (0.206*)

1.113 (1.301)

0.03 (0.582)

0.225 (0.71)

Individual analysis by each independent variable was performed for one cognitive domain. Age, smoking, BMI, total cholesterol, triglyceride, LDL-cholesterol, presence of diagnosed hyper-

tension, diabetes, unspecified musculoskeletal problems, depressive and fatigue symptom were included in the adjusted model. *p<0.05, **p<0.01, ***p<0.001

JAYun et al.

IL-6%alcohol

In the first step, there were no factors associate with atten-
tion. In the second step, there was significant main effect of
alcohol (B=-0.988, SE=0.343, p=0.004) and IL-6 (B=-1.015,
SE=0.394, p=0.011) on attention, respectively. In the final step,
the interaction between alcohol dependence and IL-6 was
significantly associated with attention (B=-2.792, SE=1.145,
p=0.016). The final model accounts for 21.6% of the variance.

TNF-aXalcohol

In the first step, triglyceride (B=-0.003, SE=0.001, p=0.035)
and smoking (B=0.492, SE=0.248, p=0.048) were associated
with attention. In the second step, there was a significant main
effect of alcohol on attention (B=-0.878, SE=0.325, p=0.007)
while TNF-o did not have main effect on attention (B=-0.474,
SE=0.859, p=0.581). In the final step, the interaction between
alcohol and TNF-o, was not associated with attention (B=-6.419,
SE=3.642, p=0.080). The final model accounts for 15.7% of the

variance.

Biomarker compositexalcohol

In the second analysis, the composite biomarker measure of
IL-6, CRP, and TNF-a was associated with attention, and the
composite biomarker measure of IL-6, CRP except TNF-a, was
also related to attention. Alcohol was also associated with at-
tention in both analyses. In the final step, the interaction be-
tween alcohol and both 2- and 3-biomarker composite was as-
sociated with attention respectively (2-biomarker composite
B=-1.675, SE=0.430, p<0.001; 3-biomarker composite B=
-2.018, SE=0.520, p<0.001). Each final model accounts for
25.9% and 25.5% of the variance. Figure 1 was used to visu-
ally illustrate this interaction.

DISCUSSION

The purpose of the present study was to investigate the po-
tential moderating role of inflammatory processes, in terms
of systemic levels of pro-inflammatory markers, in cognitive
function, while adjusting for important confounders, in Ko-
rean male firefighters.

There was no significant difference in the average score of
each cognitive domain in the CAGE=3 group and CAGE<3
groups. Regression analysis also showed no significant rela-
tionship between alcohol (CAGE=3) and the respective cog-
nitive domains. Considering various confounder variables,
alcohol use (CAGE>3) was associated with lower attention.

The same analysis was performed for the subjects who se-
lected the eye-opener item, the 4th item of CAGE that suggests
severe withdrawal symptom™ out of CAGE=3 group, but the
results were the same as the previous analysis. In contrast, half
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Table 4. Sequential multivariate regression analyses for identifying interaction effects result in the factors related to attention in Korean

male firefighters

Main effect analysis Interaction effect analysis

B SE t B SE t
CAGE=3 -0.99 0.34 -2.88** -1.07 0.34 -3.14%*
IL-6 -1.02 0.39 -2.57* -0.64 0.42 -1.52
CAGE=3XIL-6 -2.79 1.14 -2.44*
R squared 0.191 0.216
CAGE=3 -0.88 0.32 -2.75%* -1.88 0.39 -4.85%**
CRP -0.62 0.32 -1.92 -0.18 0.33 -0.54
CAGE=3xCRP -3.92 0.92 -4.25%**
R squared 0.158 0.227
CAGE=3 -0.88 0.32 -2.70** -1.94 0.68 -2.84%*
TNF-a -0.47 0.86 -0.55 -0.10 0.88 -0.11
CAGE=3XTNF-a -6.42 3.64 -1.76
R squared 0.143 0.157
CAGE=3 -1.03 0.34 -3.03** -1.17 0.33 -3.54**
Comp2 (IL-6, CRP) -0.44 0.15 -2.86%* -0.22 0.16 -1.41
CAGE=3xComp2 -1.68 0.43 -3.90%**
R squared 0.197 0.259
CAGE=3 -1.07 0.34 -3.13** -1.31 0.34 -3.90%**
Comp3 (IL-6, CRP, TNF-a) -0.49 0.18 -2.69** -0.25 0.19 -1.35
CAGE=3xComp3 -2.02 0.52 -3.88%*
R squared 0.193 0.255

Age, smoking, BMI, total cholesterol, triglyceride, LDL-cholesterol, presence of diagnosed hypertension, diabetes, unspecified musculoskele-
tal problems, depressive and fatigue symptom were included in all the steps of analyses. *p<0.05, **p<0.01, ***p<0.001. Comp2: 2-biomarker
composite (IL-6, CRP), Comp3: 3-biomarker composite (IL-6, CRP, TNF-a)

39.50 -
39.00
38.50
38.00
37.50
37.00 -
36.50
36.00 -
35.50
35.00
34.50
34.00

Attention

—O0— CAGE=3
—o— CAGE<3

3-biomarker composite (IL-6, CRP, TMF-a)

Figure 1. The interaction between alcohol use and 3-inflammato-
ry biomarker composite (IL-6, CRP, TNF-a) on attention.

of the participants who chose the eye-opener item of CAGE
did not belong to the CAGE=3 group (22 of 46 eye-openers).
This may suggest a case that our sample consists of shift work-
ers and uses alcohol as a self-aid for sleep in the morning, even
if it is not evaluated as alcohol dependence by the sum of CAGE
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scores.’*”” Additionally, in our sample, depression was not as-
sociated with CAGE=>3, but fatigue was. In the case of shift
workers like our sample, it is necessary to evaluate not only the
average level of alcohol but also the patterns of alcohol use.”

Meanwhile, in our study, except for attention, CAGE=>3 was
no significant association with the decrease of other cognitive
domains. Existing studies have reported various degrees of
cognitive decline in alcohol-dependent patients. A hypothesis
that has attracted increasing attention suggests that alcohol-
ism is a ‘disinhibitory disorder’ This would account for poor
performance in a variety of cognitive tasks assessing dominant
response inhibition in abstinent alcoholics.*®

However, this does not show consistent results in all stud-
ies,** which suggests the ceiling effect of the test due to very
few errors made by participants in both groups. Since the al-
cohol-dependent group screened in our study is also a group
of working firefighters, this possibility of ceiling effect cannot
be ruled out; thus, the difference of cognitive function between
the two groups classified by CAGE may not have been evident.
Nevertheless, in CPT, the difference of result is clear, meaning
that disinhibition is more sensitively detected. In addition, since



CPT in the battery conducted in our study was performed for
5 minutes shorter than the existing test time, the significant de-
creasing of CPT scores in CAGE=3 group within the short test
time suggests a noticeable decrease in attention compared to
other cognitive functions of these groups.

Regression analysis of the relationship between each inflam-
matory marker and cognitive function showed associations for
some cognitive domains including attention. In particular, the
adjusted model that controlled the confounder variables showed
more associations between inflammatory marker and cogni-
tive function. Uniquely; in addition to attention, the cognitive
functions related to some inflammatory markers were limited
to the psychomotor speed, processing speed and motor speed.
Attention was measured by CPT, and the remaining three cog-
nitive domains related to speed were measured by the finger
tapping test (FT'T) and symbol digit coding (SDC). Thus, it can
be suggested that the decrease in the three test scores of CPT,
FT'T, and SDC is associated with each inflammatory marker.

Unlike other inflammatory markers, TNF-a showed a pro-
tective effect on psychomotor speed and processing speed in
the adjusted model. This finding may support a neuroprotec-
tive role of TNF-o under immunologically unchallenged con-
ditions, as has been suggested in some previous studies.”™*' In
one previous study; a significant association between the TNEF-
0-308G > A polymorphism and processing speed was observed,
similar with our results in terms of association between TNF-o
and processing speed, as well as psychomotor speed.* In addi-
tion, the correlation between inflammatory markers and cog-
nitive functions in CAGE=3 group showed significant results
only on attention, and only TNF-a showed no correlation with
attention contrary to IL-6 and CRP. This is the same result from
previous studies.” More research is needed on the role of TNF-a.
in the process of influence of alcohol on cognitive function.

In previous studies of alcohol and inflammation, the sub-
jects were usually alcohol-dependent patients in acute with-
drawal period.'***** Their CRP level in the withdrawal state
was shown to be much higher than the ones in this study. Our
study excluded those with a CRP of 10 or higher, and differ-
ences within the normal range of the CRP had a moderating
effect on the relationship between alcohol and attention. CRP
is a general marker for inflammation and infection. Although
CRP is not a very specific prognostic indicator, it was known
to be used as a very rough proxy for, for example, heart disease
risk. Arterial damage which resulted from white blood cell
invasion and inflammation within the wall cause increasing
CRP within subnormal level, which was regarded as a marker
for risk of heart disease.*** Likewise, with regard to our re-
sults, the association of attention with an increase in the sub-
normal level of inflammatory markers would suggest the pos-
sibility of neurotoxic effect through low grade inflammatory
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processes.”!

Unlike previous studies, this study analyzes the alcohol, cog-
nitive function, and inflammatory marker simultaneously with
a relatively large sample of firefighters. As a result, we found
that the interaction between alcohol use and inflammation was
related to decline their attentional function, after controlling for
confounder variables that may affect inflammation and cog-
nitive function. Moreover, interaction effect was greater than
the main effect of alcohol on attention. In other cognitive do-
mains, however, these interactions were not shown.

We suggest two possibilities for the lack of associations with
other cognitive domains, except attention. First, the results of
this study should be interpreted differently from the study of
alcohol-dependent patients who visited the hospital, because
the participants of our study continued their occupational func-
tion, even though they were screened as having alcohol depen-
dence. Participants screened as having alcohol dependence in
this study may not yet have significant cognitive impairment,
which could be confirmed by the test (total neurocognition
index below average in our study; n=17). Also, as mentioned
earlier, the ceiling effect cannot be excluded because the av-
erage age of participants screened as having alcohol depen-
dence is 41 years, and they are firefighters who have intact oc-
cupational function.

Second, unlike memory or executive function representing
the function of some particular brain region, attention is an
indicator of overall brain function. The various models of at-
tention consistently suggest the interaction of cortical (frontal,
prefrontal, parietal) with subcortical [limbic system, reticular
activating system (RAS), and basal ganglia] structures as well
as the pathways/projections between the basal ganglia, thala-
mus, and frontal lobes to form a complex functional system.*
The effect of alcohol and inflammation was only limited to re-
duced attention and might reflect an intermediate phenotype
of cognitive impairment, which means cognitive change is not
yet evident. Based on our findings, attentional functioning
seems to be the cognitive domain that is the most sensitive to
low grade inflammation, in terms of systemic levels of IL-6,
CRP. It is suggested that inflammatory responses are an im-
portant factor in the influence of alcohol on a wide range of
brain areas related to attention.

The present study has several limitations. First, the cross-
sectional design limits its ability to establish causal relation-
ships. Therefore, the results should be interpreted cautiously,
and future longitudinal and experimental research is required.
Second, decreased cognitive function and increased inflam-
matory markers can be affected by alcohol use as well as co-
morbid psychiatric disorders.”** In our analysis, depressive
symptoms and fatigue were included in the adjusted model as
confounder variables, but other factors such as burnout®* and
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PTSD™ need to be considered. Furthermore, this study relied
solely on self-reported questionnaires for assessing the alco-
hol dependence and other psychiatric covariates. Although all
the scales used in this study are well validated, future studies
using standardized interviews or observational methods could
provide more accurate and detailed information on the com-
plex mechanisms underlying the relationship between cogni-
tive functions, inflammatory process and other psychiatric
symptoms. Third, the use of antibiotics or non-steroidal anti-
inflammatory drugs, either during the course of the study or
within the month prior to enrollment, was not considered in
the analyses. Although we investigated the self-reported sev-
eral diagnosed diseases, we could not consider all the physio-
logical diseases such as rheumatic arthritis, liver cirrhosis, or
other inflammatory diseases. Additionally, alcohol dependence
is associated with several other lifestyle and clinical character-
istics. The present study did not analyze such changes in life-
style and quality of life, including financial problems or any
recent stressful events that could have influenced cytokine pro-
duction. Therefore, while the analysis considered many poten-
tial confounders, a residual confounding effect cannot be com-
pletely excluded. Fourth, all of the participants were male, and
caution must therefore be applied when extrapolating to pop-
ulations including both sexes. Comparative future studies on
female firefighters should, therefore, be conducted.

Even with these limitations, the present study contributes
new empirical data and knowledge. There has been a lack of
studies investigating systemic inflammatory markers and al-
cohol use among people who are relatively healthy and work-
ing, and this study included a broad range of cognitive func-
tions via multiple neurocognitive function tests to contribute
to the field. In addition, it has been repeatedly confirmed that
refraining from consuming alcohol may be an important fac-
tor in preventing a decrease in cognitive function, in particu-
lar, lowering concentration or attention, among firefighters.

We examined the moderating effect of inflammatory mark-
er between alcohol use and cognitive decline in Korean male
firefighters. As a result, the interaction between alcohol and
inflammation (CRP, IL-6) was associated with decreased atten-
tional function. In particular, the degree of this association was
much greater than main effect of alcohol alone. However, no
association was found in other cognitive domains. This study
identified the moderating effects of inflammation between al-
cohol and attention in subnormal levels in a relatively healthy
sample. In addition, it has been repeatedly confirmed that
refraining from using alcohol may be an important factor in
preventing a decrease in the cognitive function of firefighters,
in particular, the lowering of concentration or diminishing
attention.
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