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Background: Patients with alcohol use disorder (AUD) have an increased risk of suicide. Neuroimmunological measures, such as
cytokines, are shown to deviate in people with attempted suicide. Few studies have investigated this among AUD patients.
Patients and Methods: One-hundred and fourteen patients undergoing residential treatment for AUD were interviewed on lifetime
suicide attempts (SA) along with several other background variables and clinical characteristics. Serum blood samples were drawn for
analysis of cytokines.

Results: Thirty-one patients (27%) reported at least one SA. These patients had more symptoms of current affective disorders and
more severe dependence. In bivariate analysis only IL-6 and IL-10 appeared to be associated with lifetime SA but without reaching
statistical significance. In multivariate linear regression, adjusting for sex, nicotine use, somatic illness, and the use of anti-
inflammatory drugs, IL-6 was associated to SA (p = 0.033).

Conclusion: The cytokine IL-6 has repeatedly been found to be associated with suicidality. The present study concurs with this role
of IL-6 in a naturalistic observational study of AUD patients.
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Introduction

Alcohol use disorder (AUD) is a leading risk factor for suicide,'* only surpassed by schizophrenia and major depression
(MD).*>* As many as 30-40% of people with AUD report at least one lifetime suicide attempt (SA),>® which is among
the strongest predictors of death by suicide.” Moreover, people who re-attempt suicide are more likely to have AUD,® and
the increased risk of suicide after an SA may last for more than two decades.” The causes of SA is complex and not fully
understood, but neuroimmunological factors have been suggested to play a role in SA.'® Establishing biomarkers for SA
in people with AUD could be of clinical relevance both for suicide prevention and for understanding the underlying
pathophysiology.

High and prolonged alcohol use is known to activate the immune system and increase inflammatory responses,
possibly through increased gut permeability and immune system activation via Toll-like receptors.'''*> Cytokine
concentrations are augmented in people with AUDin particular, during drinking and withdrawal.'*> This is true for
tumour necrosis factor (TNF)-a, interferon (IFN)-y, interleukin (IL)-1p, IL-6, and others.'® IL-1Ra, IL-8, monocyte
chemoattractant protein (MCP)-1 and TNF-a seem to be mostly related to acute alcohol intake.'>'® IL-15 and IL-7 show
the highest correlation with number of drinks, followed by IL-5, IL-6, IL, 8, IL-10 and TNF-0,'? and cytokines IL-1f and
IL-10 show the highest relationship to craving.'? In people with AUD, IL-6, IL-8 and IL-10 have been investigated the
most,'? and higher levels of IL-6 in particular have been demonstrated in patients with high alcohol consumption.
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There is a close relationship between MD and levels of peripheral circulating cytokines.'” This relationship is
probably bidirectional, and most findings are associations rather than causal studies. For instance, a meta-analysis
revealed increased levels of cytokines like IL-6, TNF, IL-10, IL-1RA, and soluble TNF receptor in 79 patients with
MD compared to healthy control, whereas the level of IFN-y was reduced.'® MD is a major risk factor for suicide and
SA,'2% and neuroimmunological alterations are also related to suicidal behaviour, with alterations in circulating
cytokines having been detected in people with previous SA.*' The most persistent findings are relations between
suicidal behaviour and increased levels of IL-1p, IL-6, IL-8, TNF-a, IFN-y, and others that have been detected at
lower levels.'*?'2* The robustness of associations with IL-1p and IL-6 has led IL-1p and IL-6 to be proposed as
clinical biomarkers for suicidal behaviour, however with caution against their clinical applicability, due to the
practicalities of cytokine analysis and difficulties in establishing the predictive values of IL-6 on the individual
level.?

Given the immune activation in both AUD patients and among those with depression and the high co-morbidity
between the two, it is of special interest to investigate cytokine levels in AUD patients with or without SA. To date, there
is little, if any, such research. In the current study, we aimed to investigate the relationship between the cytokines IFN-y,
IL-1B, IL-6, IL-8, IL-10, and TNF-a and lifetime SA in a sample of people in treatment for AUD.

Materials and Methods
Study Participants

Data were collected in three residential rehabilitation clinics in the Eastern region of Norway from January 2018 to
August 2019. The material from a larger study has been described in a previous publication.*® The clinics offer long-term
residential treatment stays (>30 days) for people with substance use disorders (SUD), where the majority have
a diagnosis of AUD. Admission to the clinics was after detoxification, most patients being abstinent for 2 weeks or
more. People were considered for inclusion in the study unless they were in an unsuitable condition to participate in the
study, as assessed by the clinical staff, due to severe somatic illness, psychosis, cognitive impairment, or inability to
speak a Scandinavian language. Of the 366 patients who were admitted to treatment in the clinics during our inclusion
period, 224 (61%) were considered eligible for participation in this study. Only patients who had current AUD as
diagnosed according to the International Classification of Diseases 10th Revision (ICD-10) were eligible participants. Of
these, 114 (51%) signed informed written consent and were enrolled. At baseline data collection, the patients had been in
treatment for a median of 7 days (1st, 3rd quartile: Interquartile range (IQR): 5-12 days) and reported abstinence from
alcohol during the last 19 (IQR 12-30) days.

Measures

Baseline data collection consisted of an interview, clinical examination, and administration of psychometric
questionnaires. Selected modules of the Mini International Neuropsychiatric Interview (M.L.N.I.) version 6.0 were
conducted by trained staff, while all other information, including Beck Depression Inventory version 2 (BDI-II) and
Severity of Dependence Scale (SDS), was collected using self-report forms. The interview and self-report forms
were administered at the clinics where the participants were treated. For the current study, we included data on sex,
age, and the use of nicotine products, including both smoking and smokeless tobacco, the latter being relatively
common in Norway.?’ Participants’ BMI was calculated by dividing weight in kg (measured on site) by the square of
the height in meters (self-report). Participants were asked about any current somatic illness, which was categorized
into absent or very mild (given value 0), moderate (given value 1; eg common cold) or severe (given value 2; eg skin
infection). Participants were also asked about the use of anti-inflammatory drugs in the past week (including
NSAIDs and glucocorticoids) resulting in a binary variable. Both latter measures are detailed in an earlier

publication.?®
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Mental Health Measures

AUD diagnosis was verified utilizing M.I.N.I. Patients were asked if they had ever attempted suicide and their responses could be
either yes or no. No formal instrument was used. The level of depressive symptoms was measured using the Beck Depression
Inventory 2 (BDI-II).***° This self-report questionnaire consists of 21 questions asking the respondents how they have been
feeling in the preceding two weeks, with responses given on a 4-point scale. Reponses are added up into a total score ranging from
0 to 63, where a higher score indicates a higher level of depressive symptoms. Other psychiatric comorbidities were examined
using the M.LN.I (current panic disorder and post-traumatic stress disorder (PTSD), coded as yes/no).

AUD-Related Measures

Severity of alcohol dependence was examined using the Severity of Dependence Scale (SDS). The SDS was originally
constructed to measure dependency on illicit drugs,®' but has later been shown to be a reliable and valid measure of AUD
as well.> It consists of five items that target subjective aspects of dependence during the preceding year, such as “Did
you think your alcohol use was out of control?” and “Did you wish you could stop drinking?”. The response alternatives
range from 0) “Never” to 3) “Always” for each question. The responses are summed up into a total score ranging from 0
to 15, where a higher score indicates more severe dependence.

Cytokines Measured
Based on the available literature about inflammatory effects of chronic alcohol use and our sample, the following
cytokines were included in the current study: IFN-y, IL-1f, IL-6, IL-8, IL-10, and TNF-a.

Blood Collection and Serum Preparation
Venous blood samples were collected using 6 mL ethylenediaminetetraacetic acid (EDTA) Vacutainer blood collection
tubes. The tubes were then turned upside down 10 times and centrifuged at 1500 g. The plasma was then transferred with
a pipette into Eppendorf microtubes and stored for a short time on site at —20°C before storage at —80°C until use.
After thawing 25 pL human plasma was diluted (1:5) and then analyzed. Cytokines were measured on a MESO®™ QuickPlex
SQ 120 Multiplex Imager using the custom U-PLEX Biomarker Group 1 Multiplex assay from MSD, Rockville, Maryland, USA.
A 9-plex assay was used returning values (lower limit of detection (LLOD) in parenthesis) on IFN-y (1.99 pg/mL), IL-1 (0.03 pg/
mL), IL-1ra (0.89 pg/mL), IL-6 (0.10 pg/mL), IL-8 (0.07 pg/mL), IL-10 (0.04 pg/mL), IL-17 (0.70 pg/mL), MCP-1 (0.18 pg/mL)
and TNF-a (0.23 pg/mL). Analyses were performed at Vitas Analytical Laboratory AS, Oslo, Norway.

Missing Data

For analyses of some variables (age, sex, smoking status, BMI, current somatic illness, current anti-inflammatory medication,
lifetime suicide attempt and PTSD), there were no missing data. For some variables, the persons with missing data were excluded.
These include nicotine status (missing N = 2), current BDI-II score (missing N = 29), panic disorder lifetime (missing N=1), SDS
(missing N = 27), and data on some immunological measures. For BDI-II, person-mean imputation was done if 17 or more of the
21 questions were answered (final N = 85). Blood samples were missing in 2 cases and were excluded. For data on most cytokines,
no values were below LLOD, except for 1 sample for TNF-o and 34 samples for IL-1p that were excluded. Sample size of each
variable included in the analysis are presented in Table 1.

Statistical Analyses

Bivariate analyses were used to assess the relationship between AUD patients with and without lifetime suicide attempt. Chi-
square tests or Fisher’s exact tests were used to compare categorical variables, while Mann—Whitney U-tests were used to compare
continuous variables because the data were non-normally distributed. Cytokines showing the greatest difference between those
with or without a lifetime suicide attempt were investigated further (p-values below 0.15 in the Mann—Whitney U-test). Linear
regression was used to identify the relationship of these cytokines and the background variables. Logistic regression was used to
assess the association between the cytokines of interest and lifetime suicide attempt. These associations were adjusted for
background variables identified as relevant in bivariate analysis, but excluding those theoretically too related to the outcome (like
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Table | Difference Between Alcohol Use Disorder Patients with and without Lifetime Suicide Attempts (n = 114)
Lifetime Suicide Attempt p-values
Absent n = 83 (73%) Present n = 31 (27%)
n n
Patient characteristics
Age (years) Median (IQR) 83 53.3 (45.2, 58.2) 31 53.9 (44.2, 57.8) 0.916*
Sex (female) n (%) 82 21 (25.3) 32 Il (35.5) 0.282°
Smoking status (smokers) n (%) 83 63 (75.9) 31 27 (87.1) 0.192°
Nicotine status (smokers and snus users) n (%) 8l 72 (88.9) 31 30 (96.8) 0.279¢
Somatic health-related measures
BMI Median (IQR) 83 26.2 (232, 28.7) 31 28.6 (24.2,29.4) 0.178%
Current somatic illness n (%) 83 37 (44.6) 31 15 (48.4) 0.71¢°
Current anti-inflammatory medication n (%) 83 45 (54.2) 31 21 (67.7) 0.193°
Mental health-related measures
Current depressive (BDI-Il score) Median (IQR) 6l 14.0 (8.0, 22.0) 24 25.0 (12.0, 30.8) 0.016*
Panic disorder lifetime n (%) 82 32 (39.0) 31 21 (67.7) 0.006"
Having post-traumatic stress disorder n (%) 83 10 (12.0) 31 10 (32.3) 0.012°
AUD-related factors
Severity of dependence scale Median (IQR) 63 10.0 (7.0, 11.0) 24 11.0 (9.3, 13.0) 0.007*
Circulating cytokines
IFN-y Median (IQR) 8l 9.64 (7.02, 12.12) 31 8.21 (6.33, 14.17) 0.651*
IL-1B Median (IQR) 57 0.10 (0.06, 0.17) 21 0.80 (0.05, 0.15) 0.367%
IL-6 Median (IQR) 8l 0.85 (0.63, 1.26) 31 1.0l (0.74, 2.01) 0.143*
IL-8 Median (IQR) 8l 2.77 (1.81, 4.02) 31 2.65 (2.01, 3.10) 0.328%
IL-10 Median (IQR) 8l 0.22 (0.17, 0.36) 31 0.26 (0.20, 0.40) 0.146*
TNF-a Median (IQR) 8l 1.37 (1.14, 1.75) 30 1.28 (1.08, 1.92) 0.770°

Notes: Bold p-values indicate significant values (p < 0.05). *Mann Whitney's U-test, °Chi square test, “Fisher’s exact test.
Abbreviations: BDI, Beck Depression Inventory; AUD, Alcohol Use Disorder; IQR, Interquartile range.

anxiety and depression). Exact p-values were given, but p-values below 0.050 were considered significant. SPSS version 23.0 for

Windows was used to perform the statistical analyses.

Results

Of the 114 AUD patients, 31 (27%) reported having attempted suicide during their lifetime. Table 1 shows that these
patients reported a higher current BDI-II score (p = 0.016), more often reported lifetime panic disorder (p = 0.006), more
often reported PTSD (p = 0.012) and had a slightly higher SDS score (p = 0.007). The patients who had attempted suicide
did not have a higher score on current somatic illness. For the cytokines, there were no significant differences in
circulating levels between the patients who had SA and others, but IL-6 and IL-10 showed the greatest group difference
(both p-values <0.150). When dividing the material according to differences in severity of dependence, the difference of
IL-6 between those with or without a lifetime suicide attempt was most pronounced among those with the higher
dependence (p = 0.022, Supplementary Table S1).

Table 2 shows the bilateral relationships between the background variables that were determined important (based on
Table 1 and a theoretical evaluation) and their relationship to IL-6 and IL-10. Levels of IL-6 correlated positively with
BMI (p = 0.003) and higher levels of IL-6 were found among those with a current somatic illness (p = 0.004). For the
level of IL-10, a similar positive correlation was found with BMI (p = 0.005) and nicotine users (smoking and/or snus)
had lower levels of IL-10 (p = 0.001).

Table 3 shows unadjusted and adjusted relationships between reporting a lifetime suicide attempt and the two
investigated cytokines. Neither IL-6 nor IL-10 were significantly associated with SA, but after adjusting for the factors
determined important from the bivariate analysis IL-6 showed a significant relationship with SA. Adjusting for sex seems

to be the most important step, revealing a significant relationship between SA and circulating levels of IL-6, with higher
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Table 2 The Bilateral Relationship Between IL-6 and IL-10 and Different Background Variables That are Related to Suicide Attempts in

Patients Treated for AUD. Values are from a Linear Regression and Given as Beta-Value with 95% Confidence Interval (ClI). (N = 112)
Reference IL-6 IL-10
Category
N Beta (95% CI) p-value N Beta (95% CI) p-value

Sex Female 112 —0.37 (-0.98, 0.24) 0.235 112 0.02 (—0.05, 0.09) 0.593
BMI Continuous 112 0.08 (0.03, 0.14) 0.003 112 0.01 (0.00, 0.01) 0.005
Nicotine use No use 112 —0.41 (-1.36, 0.54) 0.395 112 —0.17 (-0.27, —0.07) 0.001
Somatic illness No illness 112 0.77 (0.25, 1.30) 0.004 112 0.05 (-0.01, 0.11) 0.093
Anti-inflammatory drug use No use 112 0.16 (—0.40, 0.71) 0.575 112 0.02 (—0.04, 0.08) 0.544
Current depressive (BDI-Il score) Continuous 84 0.02 (-0.01, 0.05) 0.167 84 —0.001 (—0.004, 0.003) 0.743
Panic disorder lifetime No disorder 11 0.19 (-0.35, 0.74) 0.486 11 0.03 (—0.03, 0.09) 0.298
Having post-traumatic stress disorder | No disorder 112 —0.07 (-0.78, 0.64) 0.852 112 —2.174E-5 (-0.08, 0.08) 1.000
Severity of dependence scale Continuous 86 0.08 (—0.03, 0.20) 0.146 86 0.003 (—0.01, 0.02) 0.629

Note: Bold p-values indicate significant values (p < 0.05).
Abbreviations: B, beta-coefficient; Cl, Confidence Interval; BMI, Body Mass Index; BDI, Beck Depression Inventory.

Table 3 Logistic Regression Models for Suicide Attempt Among Patients with AUD. Values are from a Linear Regression and Given as
Beta-Value with 95% Confidence Interval (Cl). (n = 112)

Model IL-6 IL-10
OR (95% CI) p-value OR (95% CI) p-value

Baseline Unadjusted associations with history of suicide attempt 1.36 (0.99, 1.86) 0.052 3.25 (0.27, 39.66) 0.357
A Adjusted for sex 1.41 (1.02, 1.94) 0.035 3.05 (0.25, 37.90) 0.386
B Adjusted for sex and BMI 1.39 (0.99, 1.94) 0.052 2.34 (0.17, 32.79) 0.527
C Adjusted for sex, BMI, and nicotine use 1.44 (1.01, 2.05) 0.047 6.02 (0.33, 109.72) 0.225
D Adjusted for sex, nicotine use, somatic illness, anti-inflammatory drug use 1.53 (1.04, 2.24) 0.033 7.48 (0.42, 132.14) 0.170
E Adjusted for sex, BMI, nicotine use, somatic illness, anti-inflammatory drug use 1.48 (0.99, 2.20) 0.056 5.13 (0.26, 103.09) 0.286

Note: Bold p-values indicate significant values (p < 0.05).
Abbreviation: BMI, Body Mass Index.

levels of IL-6 in the SA patients. There was a complex relationship between the different co-variates tipping the different
regression models in and out of statistical significance, even if they did not change the effect estimate dramatically.
Model D, adjusting for sex, nicotine use, somatic illness, and the use of anti-inflammatory drugs showed the greatest
difference between patients with and without lifetime SA. None of the models were significant for IL-10, even with the
same pattern of adjustments. Supplementary Table S2 shows all the different models.

Discussion

In this study of AUD patients in treatment, we found that cytokine IL-6 was elevated in patients who reported lifetime
suicide attempt. This was statistically significant when adjusting for sex, nicotine use, somatic illness, and the use of anti-
inflammatory drugs.

IL-6 has been found in many studies to be associated with both MD?? and attempted suicide.* The close relationship
between MD and attempted suicide makes it a challenge to separate the two, but higher IL-6 levels have been measured
in the cerebrospinal fluid of patients that have attempted suicide,*> more so in violent,*® and impulsive®’ suicide attempts.
In blood samples of patients with SA, increased levels of IL-6 have been identified, both compared to patients without
SA and to healthy controls,
findings, however, can isolate the IL-6 finding to suicidal behaviour, rather than MD. Furthermore, elevated IL-6 is also
found among patients with AUD.'* If increased levels of IL-6 are involved in both MD and AUD, it could lead to
difficulties in identifying differences in IL-6 levels between non-depressed and depressed AUD patients.*® Indeed, earlier

making IL-6 levels a well-established marker of suicide behaviour.?* None of these

findings by our group indicate that the higher the severity of the AUD, the less difference there is in cytokine levels
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related to MD.*® Thus, finding a difference in IL-6 levels between people who attempted suicide and others in the present
study indicates that IL-6 is a marker of value.

The difference in IL-6 levels was only found to be significant after adjusting for some of the covariates. Sex is known
to influence the level of IL-6, as women show higher IL-6 reactivity to an acute mental stressor.*”** Nicotine use is
usually related to elevated levels of IL-6,*' but not in AUD patients. Another study by our group suggests that the
increased levels of IL-6 in AUD patients can be downregulated by the use of nicotine products.?® This might explain the
negative relationship between IL-6 and nicotine use in the current study. The influence on IL-6 levels of somatic illness
and the use of anti-inflammatory drugs is more self-evident, as somatic illness will trigger immune reactions and the
indications for anti-inflammatory drugs are such illnesses. We chose not to include depressive score in the current
analysis, because of its close relationship to SA, not wanting to “over adjust” in the multivariate analyses.

We found no differences in cytokine levels between the patients who had attempted suicide and the others for the
cytokines IFN-y, IL-1p, IL-8, IL-10 and TNF-a, despite that these have been shown to be related to suicide attempts in
several studies,'®'*?"*? however less consistently than for IL-6.***> Again, the lack of findings could be partially
explained by the general elevation of cytokines in AUD patients, possibly masking factors that would otherwise be
visible.*® It could also reflect the high comorbidity suffered by AUD patients in treatment, and further differing effect
sizes associated with different cytokines. The unclear shared and unique pathophysiology between AUD, MD and
somatic illness will necessarily hamper interpretations of results.

This study was performed in a relatively small group of AUD patients, with some selection. It is, however, difficult to
predict the impact of a possible selection bias. The limited sample size may have left the study underpowered to find
important differences in the risk factors for suicide attempt and limited the number of variables introduced to the
multivariate analysis. We could, eg, have included more measures on alcohol use, but the sample size did not allow for
too many variables to be included. Furthermore, the outcome measure “suicide attempt” was measured as a dichotomous
self-report variable and did not differentiate between time elapsed since the last attempt, the method (violent or not/
impulsive or not), or the number of attempts. Also, being a naturalistic study, which included patients with a variety of
characteristics and multi-morbidities, results will need to be confirmed before clear-cut conclusions can be drawn.

The robustness of findings of IL-6 being elevated among people who have attempted suicide has made some authors
speculate that it could be a biomarker of suicidality, potentially of clinical use.>’ Despite caution being warranted
regarding the predictive value on an individual level, the repeated findings of elevated IL-6 levels across many clinical
samples of suicide attempters give valuable information on the biological correlates of suicide, which could contribute to
understand the pathophysiology. The current cross-sectional study concurs with the findings of IL-6 being associated
with suicidal behaviour, with differences being detectable even in a sample of people with AUD, which is found to be
associated with IL-6. Despite its limitations, the current study contributes to the validity of IL-6 as a marker of suicidality

across different groups of patients.
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