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Abstract

Background—Psychological distress is common among people with a substance abuse disorder 

in treatment. Identifying correlates of psychological distress may serve as points of intervention to 

improve substance abuse treatment outcomes. Immune function measured as cytokine levels have 

been associated with psychological distress, but this association remains unexplored among people 

with a substance abuse disorder in treatment. This study aimed to examine whether cytokine levels 

in patients treated for a substance use disorder were related to depression, anxiety, and overall 

psychological distress, and to observe these associations separately among people with a past year 

alcohol use disorder and those with a past year drug use disorder.

Methods—We collected cross-sectional data from 80 inpatients at five alcohol and substance 

abuse treatment centers in Norway. We determined alcohol and drug diagnoses, and assessed 

symptoms of depression, anxiety, and overall psychological distress. We tested blood samples for 

IL-1, IL-6, TNF-α, INF-γ, and IL-10. We used multivariate linear regressions to examine the 

associations between cytokine levels and psychological distress measures.

Results—All cytokines were significantly and positively associated with depression score. INF-γ 
was significantly and negatively associated with anxiety, and IL-6 was significantly and positively 

associated psychological distress. Among people with only an alcohol use disorder, IL-6 was 

positively associated with depression and psychological distress scores, and IL-10 was negatively 

associated with anxiety score. Among people with only a drug use disorder, TNF-α was positively 

associated with depression score.
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Conclusion—The relationship between immune function and psychological distress is robust in 

the context of substance abuse, and further research is warranted.

Graphical Abstract

Graphical abstract showing direction of changes in the level of each cytokine across the study 

groups.
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1. INTRODUCTION

Substance use disorders and psychological distress, encompassing symptoms of depression 

and anxiety, are among the most common and costly disorders challenging healthcare 

systems worldwide. Psychological distress is also highly prevalent among people struggling 

with alcohol and illicit drug use disorders. In a nationally representative study of adults 

residing in the U.S., the 12-month prevalence of major depression and any anxiety disorder 

among people with a current substance use disorder was 14.5% and 17.7%, respectively [1]. 

Among people with substance use disorders accessing treatment, comorbid symptoms of 

depression and anxiety are typically even higher. A multisite study among people admitted 

to substance abuse treatment facilities in the U.S. observed a past year prevalence of 51.4% 

for depressive symptoms and 41.6% for anxiety symptoms [2]. In a study of people with 

substance use disorders in treatment in Norway, 36% had past-year major depression and 

78% had any past-year anxiety disorder [3]. The impact of depression and anxiety on 

treatment outcomes for people with substance use disorders is also well established: those 

with such comorbidity have a reduced physical and mental health status [4], and are more 

likely to drop out of treatment and experience relapse [5, 6]. Thus, understanding 

contributors to psychological distress among people with substance use disorders accessing 

treatment may help identify targets for interventions to improve treatment outcomes.

Martinez et al. Page 2

J Neuroimmunol. Author manuscript; available in PMC 2019 May 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Immune function, as measured by circulating cytokine levels, has been associated with 

depression [7] and, at times, anxiety [8]. Cytokines are a heterogeneous group of signal-

transducing proteins secreted by immune cells to regulate immune activity and communicate 

with the nervous and endocrine systems. Higher circulating and brain inflammatory cytokine 

levels has been consistently reported in both animal models of depression as well as among 

depressed human subjects [9–11]. However, debate remains around whether the observed 

inflammatory augmentation is consequent to or a cause of the depressive state [12, 13], and 

over which cytokines are potential determinants of depression [9, 10, 14]. Nonetheless, there 

is biological plausibility suggesting inflammatory cytokines may be mediators of both 

environmental and genetic factors that may lead to the onset of depressive disorders [15]. In 

contrast to depression, there is scant and conflicting data on the correlation between immune 

function and anxiety disorders. One of the first large studies to investigate anxiety disorders 

and immune function identified elevated levels of C-reactive protein (CRP) in men with a 

current anxiety disorder, but not in women, and no association with cytokine levels [16]. 

This is inconsistent with findings from smaller, clinical samples that have identified 

associations between elevated inflammatory cytokine levels and anxiety disorders [17, 18]. 

Methodological differences between clinical and general population-based studies 

notwithstanding, further studies are clearly needed to clarify the relationships between 

immune function and depression and anxiety.

Changes in immune function are also associated with alcohol and illicit drug use. Alcohol 

and illicit drugs are well-known immune modulators, and heavy use of both results in 

increased inflammatory cytokine levels and vulnerability to infections [19–21]. Chronic 

heavy alcohol use has been shown to increase production of systemic and brain pro-

inflammatory cytokines, such as tumor necrosis factors-α (TNF-α), interleukin (IL)-6, and 

IL-1, and to reduce anti-inflammatory cytokines, such IL-10 [22]. Similar to alcohol abuse, 

abuse of illicit drugs such as opiates, cannabis, and cocaine is associated with the induction 

of pro-inflammatory cytokines. Unlike alcohol, however, illicit drugs are understood to exert 

their immunomodulatory effects via pathways mediated by receptors bound to immune cells 

[23], which may then result in the production of inflammatory cytokines. Given the 

associations between immune function and depression and anxiety, changes in immune 

function due to alcohol or illicit drug abuse may be a biological link between substance 

abuse and psychological distress, and might help explain the increased prevalence of 

psychological distress among people with a substance use disorder. Moreover, 

immunological mechanisms may pose new targets for substance use disorder treatment [24]. 

However, to warrant advanced investigations into the validity of this causal model and the 

biological mechanisms that may underlie such a causal pathway, we need to build 

associational evidence for the relationships between psychological distress and circulating 

cytokine levels in the context of substance abuse. For both alcohol and drug studies 

examining the effects of these substances on immune function, experimental animal models 

and observational human studies have focused on ex-vivo immune cell activity; far fewer 

studies have examined circulating cytokine profiles among people with alcohol and drug use 

disorders that would permit observation of associations between substance abuse and 

circulating cytokines levels.
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With the paucity of studies investigating circulating cytokine profiles among people with a 

substance use disorder, it remains unknown if circulating cytokine profiles could be 

correlates of psychological distress in this population. Given the associations between both 

psychological distress and alcohol/drugs with circulating cytokine levels, it is not clear that 

associations between cytokine levels and psychological distress would be observed among 

people in treatment for a substance use disorder. Our previous work among adults with 

alcohol use disorders accessing treatment in Nepal has shown elevated levels of the 

inflammatory cytokines IL-6, TNF-α, and INF-γ among those with comorbid depression 

compared to those without [25]. Other studies have shown associations between elevated 

levels of circulating inflammatory cytokines and depressive symptoms among people with 

alcohol use disorders [26]. However, these studies are limited in their applicability to people 

with a drug use disorder seeking treatment. Moreover, studies that have included alcohol 

measures when investigating the association between immune function and psychological 

distress typically examine the effect of alcohol only and exclude people with drug use and 

drug use disorders. Epidemiological studies consistently show that alcohol and drug use 

disorders frequently co-occur [27], particularly in treatment seeking populations [28]. 

Identifying an association between circulating cytokine profiles and psychological distress in 

a group comprised of people with an alcohol and/or drug use disorder in treatment would 

suggest the association between cytokine levels and psychological distress is robust in this 

context. Furthermore, given that there are different pathways for the immunomodulatory 

effects of alcohol and illicit drugs, it would be useful to have information about the 

association between cytokine levels and psychological distress by alcohol use disorder and 

drug use disorder separately to observe potential differences in the association across 

disorders. Therefore, our primary aim was to examine whether cytokine levels in patients 

treated for a substance use disorder were related to psychological distress, including 

symptoms of depression and anxiety. Our secondary aim was to observe and describe 

associations between cytokine levels and psychological distress separately among people 

with only an alcohol use disorder and those with only a drug use disorder. We hypothesized 

that higher circulating levels of pro-inflammatory cytokines and lower levels of anti-

inflammatory cytokines would be associated with greater symptoms of depression, anxiety, 

and overall psychological distress among people in treatment for a substance use disorder. 

We also hypothesize that the profile of cytokines associated with psychological measures 

would be different when examined separately among people with only an alcohol use 

disorder and those with only a drug use disorder due to the different pathways by which 

alcohol and drugs affect immune function.

2. MATERIAL AND METHODS

2.1 Material

We collected cross-sectional data from convenience samples of inpatients at five alcohol and 

substance abuse treatment centers that are part of the Innland Hospital Trust in Southeastern 

Norway. We chose these treatment centers based on geographic proximity to the University 

of Oslo, and facilities for blood draws and storage of biological specimens. We identified 

and approached these five sites and all agreed to participate. Three of the five sites 

specialized in the inpatient treatment of drug- and alcohol-dependent persons using a variety 
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of cognitive therapies. One site specialized in the inpatient assessment of co-morbid 

psychiatric disorders among drug-dependent persons (hereafter referred to as “the 

Assessment Unit”). The final study site specialized in the treatment of persons with 

depression. Data were collected from the Assessment Unit between 2003 and 2010. Data 

from all other sites were collected between 2010 and 2011. All patients are adults (aged 18 

or older) and referred to these sites by a medical doctor for the assessment or treatment of a 

diagnosed substance use disorder or depressive disorder. We approached 148 people, 85 

(57%) of whom agreed to participate and provided written informed consent. We were 

unable to collect blood samples from 5 people. The final analytic sample was thus 

comprised of 80 people. Thirty-eight participants were from the Assessment Unit and 42 

were from the other study sites. Patients of these centers were eligible to participate if they 

were new or returning patients of the recruitment site and provided informed consent. This 

study was approved by the Regional Committees for Medical and Health Research Ethics in 

Norway, and by the Institutional Review Board at the Public Health Institute in the U.S.

2.2 Methods

All study participants were approached by a study staff member who introduced the study, 

explained the study’s purpose and procedures, and inquired about willingness to participate. 

We collected data from the Assessment Site among consenting patients through a medical 

chart review. Data used in this study were collected by healthcare providers as part of the 

assessment protocol at this site. We collected data from the remaining sites via an 

interviewer-administered structured questionnaire. Participants were interviewed 

individually at the treatment center at a time of their choosing. All participants abstained 

from alcohol or drug use for at least two weeks prior to data and biological sample 

collection.

Non-fasting blood samples were collected in the morning by a trained nurse. Antecubital 

venous blood was collected using a 4ml VACUETTE® tube with serum clot activator. After 

30 minutes at room temperature, the sample was centrifuged at 2000g for 10 minutes. Serum 

was decanted into a cryotube in approximately 1–2ml aliquots and immediately stored at 

−80 C. The frozen samples were transferred on dry ice to the research laboratory at 

Nordland Hospital in Bodø, Norway, where testing occurred in 2013.

2.3 Measures

2.3.1 Alcohol and drug use disorder measures—All study participants completed 

the alcohol and drug abuse/dependence sections of the Composite Inventory Diagnostic 

Interview (CIDI) for current, past-year diagnoses during a face-to-face interview. At the 

Assessment Site, the interview was conducted by a clinician. At the other study sites, the 

interview was conducted by a study staff member trained in CIDI administration. The CIDI 

is a fully-structured interviewer-administered questionnaire and can generate diagnoses 

based on criteria from the International Classification of Diseases - 10th Edition (ICD-10) 

and on criteria from the Diagnostic and Statistical Manual for Mental Disorders - 4th Edition 

(DSM-IV)[29]. The illicit drugs of abuse assessed for in the CIDI were opioids, cannabis, 

sedatives, cocaine, stimulants, and hallucinogens. We constructed dichotomous (yes/no) 

variables for past year diagnosis of any alcohol use disorder and drug use disorder, including 
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both abuse and dependence. We also constructed dichotomous (yes/no) variables for past 

year diagnosis of only an alcohol use disorder and for past year diagnosis of only a drug use 

disorder. These variables were used to identify participants for inclusion in the analysis to 

observe associations between cytokine levels and depression, anxiety, and psychological 

distress among people with only one past-year diagnosed substance use disorder.

2.3.2 Depression, anxiety, and psychological distress symptom measures—
Participants also completed the Symptom Checklist-90 Revised version (SCL-90R)[30]. The 

SCL-90-R is a 90-item inventory with a 5-point Likert response scale ranging from “not at 

all” (0) to “extremely (4). The SCL-90-R assesses psychological distress over the previous 7 

days. This measure includes nine subscales, including subscales for depressive and anxiety 

symptoms with 13 and 10 items, respectively. The SCL-90-R also produces the Global 

Severity Index (GSI), which is the total sum score of all subscales and is a measure of 

overall psychological distress. We calculated raw scores for the depression and anxiety 

subscales, and for the overall GSI score. We converted these raw scores into standardized t-
scores developed to enable comparisons to a reference group. As our sample was comprised 

of people with a substance use disorder in treatment, we used the psychiatric inpatient norms 

presented in the SCL-90-R Administration, Scoring, and Procedures Manual [31]. Weused 

these t-scores as continuous measures of symptoms of psychological distress. We also 

calculated a dichotomous variable indicating “caseness” for overall psychological distress 

according to the recommended cut-off of a t-score>=63 using the GSI score[31].

2.3.3 Medical health measures and demographics—During the face-to-face 

interview, patients were queried about their medical health status (history and presence of 

any chronic or acute illnesses) and current use of over-the-counter and prescription 

medication, including immunosuppressive drugs and anti-depressants. We verified self-

reported prescription and disease status through medical chart review at all participating 

centers. Immune-compromising disorders (liver disease, autoimmune diseases) and chronic 

infections (HCV, HIV) and acute infections (bronchitis, flu) were also assessed. Finally, 

basic demographics were measured, including age, gender, marital status, and employment.

2.3.4 Cytokine measures—Cytokine levels were analyzed using a multi-plex enzyme-

linked immunosorbent assay (ELISA) kit for 27 cytokines (Human Bio-Plex; Bio-Rad 

Laboratories Inc., Hercules, CA, USA). We examined the pro-inflammatory cytokines IL-1, 

IL-6, TNF-α, and INF-γ, and the anti-inflammatory cytokine IL-10. The interassay and 

intrassay coefficients of variation were <10% for all analyses, and all values were within the 

standard curve except for one for TNF-α, which was excluded.

3. STATISTICAL ANALYSIS

All cytokine values were log transformed to obtain a normal data distribution prior to 

statistical analyses. Descriptive statistics are presented as frequencies (%) and means 

(Standard deviation; SD). To identify potential confounders, we used T-tests and Pearson’s 

correlations to assess associations between demographic factors and each t-score for 

depression, anxiety, and psychological distress. We also investigated study site as a potential 

confounder given the different sites included using ANOVA. We used linear regression to 
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observe associations between cytokine levels and symptoms of depression, anxiety, and 

psychological distress, and multivariate analysis to adjust for covariates identified as 

statistically significant in bivariate analysis, for each cytokine individually. In all regression 

models, scores for depression, anxiety, and psychological distress were the dependent 

variable. Statistical analyses were performed using STATA 14.0.

4. RESULTS

4.1 Patient characteristics and cytokine profiles

Demographic and mental health characteristics of participants are described in Table 1. 

Study participants had a mean age of 42 years and were predominantly male (71.3%). An 

alcohol use disorder was the most common past year substance-use diagnosis (n=30, 

37.5%). A past year drug abuse or dependence diagnosis was most common for stimulants 

(n=21, 26.3%), followed by sedatives (n=18, 22.5%) and cannabis (n=16, 20%). Twenty 

percent (n=16) of the total sample were case positive for psychological distress. Mean values 

for all cytokines did not differ significantly between those who were case negative and case 

positive for symptoms of psychological distress. Demographic and mental health 

characteristics of participants by study site are presented in Table 2. Levels for each cytokine 

varied significantly across study site, as did anxiety and psychological distress score.

No demographics or health characteristics were statistically significantly associated with 

depression score (data not shown). Age was associated with anxiety score (rho=−0.27, 

p=0.02), and anxiety scores were higher among those with a chronic illness compared to 

those without (46.5 vs. 50.1, p=0.02). Psychological distress scores were higher among 

those with less than weekly or daily over-the-counter medication use compared to those with 

weekly or daily use (55.8 vs. 49.1, p=0.007) (Table 3).

4.2 Associations between cytokine profiles and psychological distress measures

Bivariate and multivariate associations between level of each cytokine and symptoms of 

depression, anxiety, and psychological distress are presented in Table 4. Multivariate models 

for anxiety controlled for age, having a chronic illness, and study site; for psychological 

distress score, models controlled for weekly/daily over-the-counter medication use, and 

study site. As no covariates were associated with depression score, and scores did not vary 

by study site, none were included in the models for depression score. All cytokines were 

significantly and positively associated with depression score except for INF-γ which only 

approached statistical significance (p=0.07). Only INF-γ was significantly and negatively 

associated with anxiety in adjusted analysis. For psychological distress, IL-6 was 

significantly and positively associated in both unadjusted and adjusted models.

4.3 Associations between cytokine profiles and psychologic distress measures by 
substance use disorder

Mean values for all cytokines did not differ significantly between people with only a past 

year alcohol use disorder diagnosis compared to those with only a past year drug use 

disorder (data not shown). Among people with only a past year alcohol use disorder, IL-6 

was positively associated with depression score (β=0.15, p=0.04), and psychological distress 
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score (β=0.20, p=0.04). IL-10 was negatively associated with anxiety score (β=-0.20, 

p=0.002). Among people with only a past year drug use disorder, TNF-α was positively 

associated with depression score (β=0.18, p=0.03). No cytokines were statistically 

significantly associated with anxiety or psychological distress score in this group.

5. DISCUSSION

In our sample of people with alcohol and drug use disorders in treatment, we observed 

positive associations between the pro-inflammatory cytokines IL-6, TNF-α, INF-γ, and the 

anti-inflammatory cytokine IL-10 and symptoms of depression. For symptoms of anxiety, 

we observed a negative association with INF-γ, and for psychological distress we observed a 

positive association with IL-6. When we disaggregated the sample by past-year alcohol or 

drug use disorder, IL-6 was positively associated with both symptoms of depression and 

psychological distress, and IL-10 was negatively associated with symptoms of anxiety 

among people with only a past year alcohol use disorder. Among people with only a past 

year drug use disorder, TNF-α was positively associated with depressive symptoms.

Our observation of positive relationships between pro-inflammatory cytokines and measures 

of depression and psychological distress supports our hypothesis that pro-inflammatory 

cytokines would be associated with greater levels of depression and psychological distress. 

This observation is also consistent with previous work from both animal and human studies 

[32], and similar associations have also been observed among treatment-seeking alcohol 

dependent populations [25]. Further, the effect sizes of the cytokines we identified to be 

significantly associated with the psychological distress measures were consistent across the 

outcomes, such as the association between IL-6 and the depression and psychological 

distress scores, supporting a robust relationship. On the other hand, our observation of a 

positive association between the anti-inflammatory cytokine IL-10 and symptoms of 

depression and psychological distress does not our support our hypothesis that anti-

inflammatory cytokine IL-10 would be negatively associated with these mental health 

measures. This observation is in contrast with some previous studies and consistent with 

others. In a study among patients with cardiovascular risk factors, Meyer et al identified a 

positive association between IL-10 and symptoms of depression, controlling for several 

covariates including other cytokine levels [33]. Conversely, a meta-analysis of cytokines in 

major depression reported no significant differences in IL-10 levels between depressed and 

non-depressed people [9]. A potential explanation may be that the patients in our sample had 

not been using alcohol or illicit drugs in at least the past two weeks and were in a treatment 

setting, so that IL-10 levels were in the process of rebounding, and symptoms of depression 

and psychological distress had not yet completely subsided. Our finding of a negative 

association between INF-y and symptoms of anxiety also does not support our hypothesis of 

a positive association between pro-inflammatory cytokines and anxiety. Interestingly, some 

laboratory animal studies have reported an increase in symptoms of anxiety in mice deficient 

for the INF- γ gene [34, 35]. However, INF- γ is known to induce the metabolism of 

tryptophan to kynurenine, which has been associated with increased anxiety, and this would 

suggest a positive relationship between INF- γ and symptoms of anxiety [36]. Further work 

is needed examining the association between INF- γ and symptoms of anxiety in human 

subjects and among those with substance use disorders to better understand this relationship.
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In our disaggregated analysis, the differences in associations between cytokine level and 

measures of psychological distress between people with an alcohol use disorder only and 

people with a drug use disorder only is consistent with our hypothesis. In particular it is 

interesting that only TNF-α was associated with depression in the drug use disorder only 

group. This finding supports the idea that the different pathways of the immunomodulatory 

effects between alcohol and drugs may lead to different cytokine profiles between these two 

groups. The associations we observed between circulating cytokine levels and measures of 

psychological distress among people with an alcohol use disorder only were consistent with 

our observations in the entire sample. No identified association between circulating cytokine 

levels and symptoms of anxiety among people with an alcohol use disorder, or with 

symptoms of anxiety or psychological distress among people with a drug use disorder only, 

could reflect the smaller sample sizes of these groups. Overall, the fact that our finding 

diverged from the literature could reflect our unique study population, or differences in 

measures of symptoms of depression, anxiety, and psychological distress. Longitudinal 

studies with measurements with several time-points beginning at the initiation of treatment 

could help clarify these inconsistencies.

It is well-understood that psychological distress is more common among people with 

substance use disorders [37] and that this comorbidity reduces the likelihood of positive 

treatment outcomes [4–6, 38]. Explanations for this comorbidity include the “self-

medication” hypothesis [39], overlapping neurobiological pathways [40], and common 

genetic risk factors [41]. There is a substantial and growing body of evidence showing that 

inflammatory markers are associated with psychiatric disorders related to measures of 

psychological distress. Anxiety disorders such as Panic disorder and Post-traumatic Stress 

Disorder have been shown to be associated with a generalized inflammatory state [17, 18], 

although the direction of the relationship remains uncertain. A meta-analysis by Howren et 

al demonstrated that CRP, IL-1, and IL-6 are positively associated with depression in clinical 

and community samples, and that evidence supports multiple and bidirectional pathways 

between depression and inflammation [42]. It is important to note, nonetheless, that several 

studies have not observed associations between psychiatric disorders or their symptoms and 

cytokine levels. For example, a large population-based study in the Netherlands did not 

observe an association between any inflammatory marker and a current or remitted anxiety 

disorder among women[16]. Also, a meta-analysis by Dowlati et al [9] showed higher 

concentrations of IL-6 and TNF-α among depressed subjects compared to controls, but did 

not observe any differences for a host of other cytokines. Thus, the literature remains mixed 

on precisely which cytokines are of importance to psychiatric symptoms, and the direction 

of these relationships.

While little work has been done examining inflammation and psychological distress among 

people with a substance abuse disorder, one study among female crack cocaine users 

undergoing detoxification in Brazil observed an association between an inflammatory state 

and childhood maltreatment[43]. This analysis presents early evidence to suggest that the 

immunologic changes associated with the heavy use of alcohol and illicit drugs may serve to 

partially explain the greater prevalence of psychological distress observed among people 

with substance use disorders. Directionality, however, cannot be assessed in this study and 

requires future longitudinal investigations. Further, we stress the preliminary nature of this 
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study and make a call for future research to explore hypotheses related to whether immune 

function among people with alcohol and substance abuse disorders may be affected by 

symptoms of depression and psychological distress above and beyond the impact of the 

alcohol or drug use disorder. These immune function measures might be further explored in 

substance using populations as potential ways to identify individuals at high risk of having 

or developing symptoms of depression, anxiety and psychological distress.

There are important limitations of this work that warrant mention. First, our sample size 

overall and for comparing between alcohol and drug use disorders was small. This may limit 

our ability to detect associations between circulating cytokine levels and measures of 

psychological distress, and to identify associations between potential confounders and the 

outcomes. However, to avoid over-adjusting bias in our analyses, we only included variables 

in multivariate models with a statistically significant association in bivariate tests. One 

confounder of note that we did not include is socioeconomic status (SES). We did not 

observe any statistically significant differences in our measures of SES (full-time 

employment, 6-month employment status) and measures of psychological distress, and 

therefore did not include these measures as confounders. Indeed, studies from similar 

samples in Norway show similarly low levels of SES with minimal variation [38, 44]. 

However, there is evidence to suggest that SES is associated with measures of immune 

function [45] and psychological distress [46]. Thus, while SES did not appear to be a 

confounder in this sample, we acknowledge the importance of SES as a potential confounder 

that should be considered in future work on this topic. Second in regards to the limitations, 

the prevalence of “caseness” of psychological distress was low in our sample compared to 

other in-treatment samples of people with a substance use disorder, which limited our ability 

to identify associations between “cases” and circulating cytokine levels. Nonetheless, that 

associations were detected using continuous measures of psychological distress suggests 

they are robust. Third, we were unable to control for BMI, smoking tobacco, or recency or 

severity of alcohol and/or drug use. Smoking is known to have an impact on immune 

function [47], and is also common among people with substance use disorders in treatment 

and among people with symptoms of psychological distress [48]. BMI has been shown to be 

associated with several measures of inflammation [49], including C-reactive protein and 

IL-6 [50]. The recency and severity of alcohol [51] and/or drug use also impacts immune 

function [21, 52]. More relevantly, recency of alcohol use has been shown to moderate the 

association between cytokine levels and depressive symptoms among people with AUD in 

treatment [25]. Fourth, the cytokines investigated were limited, as other cytokines such as 

Interleukin-17 have been shown to be associated with anxiety [53]. Furthermore, the 

cytokine values estimated by our test method and equipment may differ from other non-bead 

based commonly available commercial assays[54]. Variations in sensitivity as well as 

quantification have been noted even between different immunoassays using the same 

technology such as those provided by Bio-Rad Laboratories, Linco Inc., and RnD Systems 

[55]. This issue, however, may be less relevant for between-group comparisions made in our 

cross-sectional study.

Thus, reported cytokine levels and associations with measures of psychological distress 

should be taken with these limitations in mind. Finally, we were unable to obtain 

information about those who refused participation in this study, thereby limiting our ability 
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to gauge how representative our sample is. Relatedly, while all our participants met the 

criteria for a lifetime SUD diagnosis, not all met the criteria for a past-year diagnosis, so that 

this was not a completely homogenous sample in terms of recency of severe alcohol and/or 

drug use. Given these limitations, we view and present this work as an initial exploration 

into the presence and magnitude of an association between cytokine profile and 

psychological distress among people with a substance abuse disorder in treatment. We also 

present our findings as preliminary evidence to encourage further research into this 

population that will take into account the important confounders, such as a variety of 

somatic diseases and other psychiatric co-morbidity, that we were unable to control for in 

this study.

Nonetheless, to the best of our knowledge, this is one of the first studies to examine the 

associations between immune function measured as circulating cytokine levels and measures 

of psychological distress among people with a substance use disorder in treatment. That our 

analysis identified an association between immune function and psychological distress in 

this group of patients supports efforts to further investigate these associations in larger 

samples with longitudinal designs and multiple measures of mental health status. 

Furthermore, our examination of the associations between cytokine levels and anxiety 

contributes to the limited literature on the relationship between immune function and 

anxiety, and extends it to an in-treatment population of people with substance use disorders. 

The observation of associations between cytokine levels and measures of psychological 

distress among a group of people in treatment for a variety of substance use disorders 

suggests the relationship between immune function and psychological distress may be robust 

even given the relationship between immune function and alcohol and drug abuse. Further 

work conducted among larger samples controlling for more potential confounders should be 

undertaken to better understand the potential for immune function to serve as points of 

intervention for depression and anxiety to improve treatment outcomes among people with 

substance use disorders.
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Highlights

• Serum cytokine levels in patients treated for a substance use disorder were 

examined in relation to depression, anxiety and psychological distress

• All tested cytokines (IL-1, IL-6, TNF-α, INF-γ, and IL-10) were associated 

with depression score.

• INF-γ was associated with anxiety and IL-6 with psychological distress.

• IL-6 and IL-10 were related to depression in alcohol abuse and TNF-α in 

drug abuse
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Table 1

Demographic, health, and substance use disorder characteristics and cytokine levels of patients (n=80) in 5 

Norwegian alcohol & drug treatment centers

Psychological distress case negative Psychological distress case positive

n=64 n=16

Characteristics n (%) n (%) p-value

Demographics

Age (mean, SD) 40.7 (12.8) 47.0 (8.6) 0.069

Male 47 (73.4) 10 (62.5) 0.387

Single/never married 44 (68.8) 8 (50.0) 0.26

Full-time employment past 6 months 7 (11.1) 2 (12.5) 0.415

Health

Chronic disease present 25 (39.1) 4 (25.0) 0.295

Weekly/daily over the counter medication use 31 (48.4) 1 (6.3) 0.002

Substance use disorders

Past year AUD only 30 (37.5) 8 (26.7) 0.248

Past year DUD only 24 (30.0) 2 (12.5) 0.088

Past year comorbid AUD and DUD 14 (17.5) 3 (18.8) 0.883

Cytokines

 IL-6 (mean, SD) 2.3 (0.42) 2.4 (0.12) 0.231

 TNF-a (mean, SD) 3.9 (0.30) 3.9 (0.47) 0.784

 INF-g (mean, SD) 4.8 (0.46) 4.9 (0.46) 0.279

 IL-10 (mean, SD) 2.6 (0.50) 2.6 (0.61) 0.833

Note: AUD = Alcohol Use Disorder; DUD = Drug Use Disorder; SCL-90-R=Symptom Checklist 90-Revised; all cytokine values were log 
transformed.
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Table 3

Associations between demographic, health variables, and measures of psychological distress

Depression score Anxiety score Psychological distress score

mean (SD) mean (SD) mean (SD)

Age, rho (p-value) 0.02 (0.87) −0.27 (0.02) −0.04 (0.71)

Gender, mean

 Male 49.1 48.2 52.7

 Female 48.4 46.7 54.0

Marital Status

 Single/never married 49.0 48.4 52.5

 Divorced/widowed 49.7 46.9 55.7

 Married 47.2 46.3 51.3

Employment

 None 50.2 47.5 53.4

 Part-time 46.7 48.8 52.7

 Full-time 46.7 47.2 52.4

Chronic illness

 No 48.3 46.5* 53.5

 Yes 50.1 50.1 52.4

Weekly/daily over the counter medication use

 No 49.3 47.6 55.8*

 Yes 48.4 48.8 49.1

*
p-value<0.05
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