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SUMMARY

Aims: As major depression (MD) is often comorbid with alcohol-use disorders (AUD) and

alcohol itself modulates the immune system, we examined serum levels of interleukin

(IL)-6, IL-10, tumor necrosis factor (TNF), and interferon (IFN)-c in AUD patients with and

without MD. Putative interactions between alcohol variables and MD on cytokine levels

were also assessed.Methods: A consecutive sample of inpatients with AUD (N = 176) from

eight alcohol treatment centers in Kathmandu, Nepal, was assessed for alcohol use and

depression by administering fully structured psychiatric interviews. Serum cytokine levels

were determined using multiplex technology. Results: Alcohol-use disorders patients with

a positive history of MD had higher levels of the inflammatory cytokines IL-6 (P = 0.019),

TNF (P = 0.020), and IFN-c (P = 0.001), but not of IL-10 (P = 0.853). AUD patients with

MD had higher concentrations of cytokines compared with those without, regardless of the

severity of the alcohol problem, but the difference was greater among those drinking in

lower frequency and intensity. Conclusion: These findings provide evidence for altered

functioning of the immune system in AUD patients with comorbid MD. However, frequent

and intense drinking may attenuate the difference in the cytokine profiles between AUD

patients with and without MD.

Introduction

Major depression (MD) is a highly prevalent and potentially debil-

itating psychiatric illness characterized by sustained depression of

mood, anhedonia, significant changes in weight, psychomotor

disturbance, fatigue, inability to concentrate, inappropriate guilt,

as well as recurrent thoughts of death [1,2]. Recent advances in

psychoneuroimmunology have demonstrated that about a third

of depressed individuals exhibit activated inflammatory responses

as measured by increased circulating levels of inflammatory

cytokines such as interleukin-6 (IL-6), tumor necrosis factor

(TNF), and interferon gamma (IFN-c) [3–5]. It has been postulated

that the activation of these inflammatory mediators directly con-

tributes to the development of depressive disorders [6]. Evidence

shows enhanced inflammation can provoke a depressive episode

[7], cause depressive symptoms as happens with IFN-a-based
immunotherapy [8], drive an ongoing depressive state or modu-

late the severity of depressive symptoms [9], and persist after clini-

cal recovery [10].

Approximately 30% of patients with MD will satisfy a DSM-

IV-TR diagnosis of alcohol-use disorder (AUD: alcohol abuse or

alcohol dependence) in their lifetime [11]. Even higher preva-

lence of MD is reported among patients with AUD in different

populations [12–14]. For example, 45% of Nepalese inpatients
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with AUD would satisfy a lifetime diagnosis of major depressive

episode [15].

Alcohol modulation of the immune function has been evi-

denced by altered levels of various cytokines in plasma, liver,

lungs, and brain samples in patients with AUD [16,17]. While

acute and moderate use of alcohol has been associated with

down-regulated inflammatory responses characterized by inhib-

ited TNF and IL-6 and augmented IL-10 production, chronic

heavy alcohol use results in increased inflammatory responses

[18]. Although reports in the literature vary according to the cyto-

kine studied, the severity of alcohol problems, and hepatic dam-

age, it is clear that alcohol-use disorders result in dysregulated

cytokine balance [19].

Given the individual effect of alcohol use and depression on

immune function and the frequent comorbidity between AUD

and MD, the effect of comorbidity on immune function as a

common underlying biological mechanism requires further

investigation. Relatively few studies have examined immune

activation among alcohol-dependent individuals; even fewer

have made direct comparisons between AUD patients with and

without depression. Furthermore, the few studies that have

made such comparisons lacked measurements of circulating

cytokines and had small sample sizes (<100). Using ex vivo mea-

sures of immune cell function, Schleifer et al. [20] observed that

enumerative and functional immune changes associated with

depression among patients with AUD were consistent with those

seen in depression alone. The authors also identified associations

between attributes such as smoking and recency of alcohol

intake with immune changes in alcohol use and, more mod-

estly, in depression. Relatedly, other studies have identified eth-

nic and socio-demographic differences in the circulating

cytokine profile of people with depression and alcohol misuse in

both clinical and community samples [21,22]. Thus, it is impor-

tant to include relevant behavioral attributes and to examine

populations from diverse settings in studies of the theoretical

underpinnings of the relationship between AUD, depression,

and inflammation.

We hypothesized that MD comorbid with AUD would result in

further increases of the inflammatory cytokines and that alcohol

severity would relate directly to their levels. To study this hypoth-

esis, we measured serum levels of four cytokines that have been

related to immunodysregulation in these disorders (i.e., IL-6,

IL-10, TNF, and IFN-c), in a Nepalese sample of AUD inpatients

with and without MD.

Materials and methods

Recruitment Procedure and Data Collection

This article is based on cross-sectional data of Nepalese patients in

eight alcohol treatment centers in Kathmandu, Nepal. All institu-

tions but one used a 12-step-based rehabilitation program for

recovery. The study’s general methodology has been described

previously [15]. Participants were free from alcohol for at least

4 days before the collection of blood samples, and psychiatric

interviews were held at least 10 days after enrollment into treat-

ment. The study protocol was approved by the relevant Norwe-

gian and Nepalese ethics committees prior to data collection.

We approached 221 consecutively admitted clients, explained

the study procedure and invited them to participate. After screen-

ing for inclusion, 204 eligible participants provided written

informed consent (thumb print with witness’s signature from illit-

erate clients) together with a separate consent for collection of a

blood sample. There were 188 patients who satisfied the DSM-

IV-TR criteria for an alcohol-use disorder (24 alcohol abuse and

164 alcohol dependence); 11 participants refused to offer blood

samples. The study comprised of the remaining 176 patients with

AUD.

A general physical examination was carried out, and about

8 mL of antecubital venous blood was collected on a BD vacutain-

er� gel tube in the late afternoon. Within 2.5 h of sampling, the

serum was separated on a swing-out centrifuge (1300 9 g) at

room temperature and transferred into a polypropylene tube,

which was then stored at �70°C. Using solidified carbon dioxide,

the frozen samples were transported to the research laboratory at

Nordland Hospital in Bodø, Norway, where the cytokine assays

were performed.

Questionnaires

Psychometric evaluation was performed using the World Health

Organization’s second version of the Composite Interview Diag-

nostic Interview (CIDI; WHO, 1994) administered in the local lan-

guage. The DSM-IV-TR diagnoses of alcohol-use disorders (305.00

alcohol abuse or 303.90 alcohol dependence) and major depres-

sive episodes (MD) were obtained from the CIDI. Patients were

asked to denote the time at which the cardinal symptoms of MD

appeared and lasted for at least 2 weeks, excluding recent com-

plaints. A modified version of the demographic module of the

CIDI was used to record the variables gender (female/male), place

of residence (rural/urban), educational level (illiterate or primary/

higher), marital status (married/other), caste category (high/low),

employment (regular income source/other), and social support

(inadequate/adequate). Alcohol-use parameters were measured

using the Alcohol Use Disorder Identification Test (AUDIT) [23].

We also administered the Hopkins Symptoms Checklist- 25

(HSCL-25) [24] to evaluate psychological distress in the last

15 days that would capture transient mood alterations in the

recently detoxified AUD sample. Recent distress was defined as

average HSCL-25 score of 1.75 or higher in both genders. The

instruments have shown acceptable reliability and were locally or

regionally validated, and their translated Nepali versions have

been used previously [25–27].

Determination of Cytokine Levels

Serum levels of the three inflammatory cytokines IL-6, TNF, and

IFN-c, and an anti-inflammatory cytokine IL-10 were assayed by

a multiplex cytokine assay (Human Bio-Plex; Bio-Rad Laborato-

ries Inc., Hercules, CA, USA) according to instructions from the

manufacturer. The interassay and intraassay coefficients of varia-

tion were <10% for all analyses. All values were within the stan-

dard curve, except for two extreme outliers for TNF, which were

excluded. Additionally, serum levels of gamma-glutamyl transfer-

ase (c-GT), a general marker for liver injury, and carbohydrate

deficient transferrin (CDT), a useful marker for recent alcohol
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consumption, were determined using standard photometry and

capillary electrophoresis, respectively.

Statistical Analysis

SPSS version 20 for Windows (SPSS Inc., Chicago, IL, USA)

was used for the statistical analysis of the data. Descriptive

statistics are presented as percentages, means, and standard

deviations. The association between demographics and MD

diagnosis was observed by Pearson’s chi square-test. The spread

of the cytokine values were rather skewed and therefore

reported by categories of alcohol variables as medians and 25/

75 percentiles. Their distributions across no-MD and MD groups

are shown in boxplots.

The nonparametric Mann–Whitney U-test was used to observe

differences in cytokine concentrations according to demographic

and alcohol-use parameters. For ease of presentation, weekly fre-

quency of alcohol use, ethanol consumed per drinking day, and

abstinence duration were dichotomized at 4 days, 10 standard

units, and 10 days, respectively. Spearman’s correlation was used

for estimating correlations between cytokines and other continu-

ous variables. Finally, the role of alcohol variables in the relation-

ship between MD and cytokines is depicted as bar diagrams. All

tests were two-tailed with the statistical significance set at 5%

level.

Results

Patient Characteristics and Cytokine Profile

The study sample had a mean age of 35.5 (�10.2) years with a

history of habitual drinking of alcohol for 16.9 (�10.0) years

and abstinence from alcohol for 33.8 (�22.5) days prior to

interview. As many as 78% of the current sample had a total

AUDIT score of above 20 (mean 27.9 [SD 8.7]), which accord-

ing to WHO indicates high likelihood for meeting alcohol

dependence diagnosis. It consisted predominantly of males

(89%) and urban residents (69%). Table 1 lists the socio-demo-

graphic and clinical characteristics of the sample by depression

history. Compared with the group that reported no history of

MD, MD patients (n = 80, 45% including 36% who had MD in

the 12-months preceding assessment) were less likely to be co-

habitating or to have a regular source of income. The two

groups did not vary by the duration, frequency and extent of

alcohol use, abstention duration in current treatment, or recent

medication (Table 1).

There were no significant differences in cytokine levels across

socio-demographic variables, such as, gender, age group, marital

status, education, income level, place of residence, and social

support or the month of sampling (data not shown).

Serum Cytokine Levels in Depression

We first compared cytokine levels in AUD patients with and with-

out a history of MD. The MD group had increased levels of the

inflammatory cytokines IL-6 (P = 0.019), TNF (P = 0.020), and

IFN-c (P = 0.001), but not of IL-10 (P = 0.853) compared with

the no-MD group (Figure 1). Satisfying an MD diagnosis in the

preceding 12-month period showed results similar to lifetime MD,

but recent distress was not related to higher cytokine levels. In

fact, MD patients without recent psychological distress had signifi-

cantly higher levels of TNF (P = 0.012) and IFN-c (P = 0.001)

compared with non-MD patients without psychological distress.

This difference was not seen in recent distress.

Alcohol-related Measures

Some alcohol-use variables were related to cytokine levels

(Table 2). High-frequency drinking (≥4 days per week) was

related to higher serum IFN-c (P = 0.026) and IL-10 (P = 0.005)

levels compared with the group who drank less frequently. Simi-

larly, drinking 10 or more standard units of alcohol on a typical

day was related to higher IL-10 (P = 0.024) levels compared with

drinking moderately. The cytokines did not differ across categories

of AUD (alcohol abuse and alcohol dependence) and abstinence

duration (below 10 days and above; Table 2). None of the studied

cytokines correlated significantly with c-GT and CDT levels. Abus-

ing an illicit substance in the preceding year did not influence

cytokine levels (P > 0.05 for all cytokines). However, current

smoking was associated with lower IL-6 level, particularly in the

MD group (P = 0.010).

Interaction between Alcohol and Depression
Measures

The interaction between alcohol and depression measures is

shown in Figure 2. Generally, AUD patients with a positive his-

tory of MD tended to have higher concentrations of cytokines

Table 1 Demographic and medical characteristics of alcohol-use

disorder inpatients (N = 176) in Nepalese alcohol treatment centers by

their lifetime history of major depression (MD)

Characteristic

No MD

(n = 96)

MD

(n = 80)

P-value*n % n %

Gender: Male 87 91 69 86 0.475

Residence: Urban 33 34 22 28 0.414

Education: illiterate or primary

level (vs. higher)

31 32 21 26 0.411

Marital status: married 69 72 40 50 0.003

Hindu caste: high 53 55 43 54 0.880

Employment: regular source

of income

65 68 39 49 0.009

Social support: adequate 70 73 55 69 0.617

Institution: rehabilitation

center (vs. hospital)

82 85 70 88 0.826

Medication: any use in the past week 31 32 33 41 0.271

Drinking frequency: ≥4 days weekly 69 73 61 77 0.600

Daily drinking units: average ≥10 units 63 76 56 74 0.850

No MD and MD cases for some variables may not sum to 176 due to

missing data. *P-value for the difference between never depressed and

ever depressed group, by chi square-test. Significant values are shown

in bold.
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compared with those without MD, regardless of the severity of

alcohol problems. Compared with patients without a history of

major depression, MD patients who used alcohol 3 days or fewer

per week in quantities below 10 standard units had significantly

higher IL-6, TNF, IFN-c, and IL-10 levels. However, this associa-

tion was attenuated in the groups who drank with higher fre-

quency and intensity. Abstinence duration dichotomized at

10 days did not show a clear trend. Nonetheless, levels of IL-6 and

IFN-c were higher among MD patients with more than 10 days of

abstinence.

Discussion

This cross-sectional study from Nepal investigated the relationship

between MD and cytokines specifically in alcohol-use disorder

(AUD) patients. Patients with comorbid MD showed increased

levels of the inflammatory cytokines IL-6, TNF, and IFN-c relative

to the AUD patients without MD comorbidity, replicating earlier

findings from non-AUD populations [3,4]. The impact of MD on

immune responses was strong in AUD patients with less heavy

alcohol use (i.e., drinking with lower frequency and amounts, and

satisfying fewer symptoms of AUD), and these patients also

showed increased IL-10 levels. Patients with more heavy alcohol

use; however, had a nonsignificant difference in cytokine levels

between MD and non-MD groups. This indicates that heavy alco-

hol use may attenuate the difference in cytokine profiles between

AUD patients with and without MD. Thus, our findings lend sup-

port to the hypothesis that AUD and MD interact in a complex

manner and that immune mechanism may be a connecting piece

of the puzzle [28].

Patients with MD as a comorbidity have been found to have

raised plasma and serum levels of inflammatory markers as

compared with patients without this comorbidity in a multitude

of medical conditions, including cardiovascular disease [29],

multiple sclerosis [30], cancer [31], and fibromyalgia [32].

Patients with addiction problems are important groups to con-

sider in this context because of the high rates of comorbidity

with MD with potential impact on immunity. Patients with

AUD are of particular interest as alcohol itself acts as a modula-

tor of the immune system, and its chronic use has been reliably

demonstrated to activate both innate and adaptive immunity

[17,18]. However; unlike in depression disorders, immune

alterations in alcohol use have been less clear and often linked

to associated medical morbidities, liver damage, and smoking

status [33]. The cytokine response in AUD could potentially

reflect liver damage, but in this study, we found no association

between cytokine levels and c-GT, a general marker of alcohol-

induced liver disease. Neither was the marker for recent alcohol

use (CDT) related to the cytokine levels. Smoking history,

nonetheless, was associated with cytokine alterations. Patients

with MD as a comorbidity had increased serum levels of IL-6,

TNF, and IFN-c, but not IL-10 as compared to those without

MD, suggesting an enhanced inflammatory phenotype in

patients with the co-existence of AUD and MD. We also found

that the association between inflammatory cytokines and

depression among people with AUD was less obscure when life-

time prevalence was considered as opposed to past-year major

depressive episodes or recent distress. This may reflect that the

inflammatory subset of depression in AUD is also pervasive as

a trait ingredient of the comorbidity and in a lesser degree, a

time-dependent association in relation to recent depressive epi-

sodes. Indeed, some evidence supports the lingering nature of

immune activation in depressive disorders [10,34]. These issues

as well as whether the increased inflammatory markers predict

future episodes of depression in AUD should be explored with

prospective studies. If cytokine profiles or changes in profiles

are consistently observed in longitudinal studies to influence

the onset or remission of depression in AUD, interventions tar-

geting immune function may be effective and should be devel-

oped and tested.

Figure 1 Boxplot showing median (central

lines), 25% and 75% quartile ranges around the

median (box width), and upper and lower limits

(whiskers) of serum levels of interleukin-6 (IL-6),

tumor necrosis factor (TNF), interferon gamma

(IFN-c), and IL-10 in alcohol-use disorder

patients reporting no history of lifetime major

depression (no MD, n = 96) or reporting a

lifetime history of major depression (MD,

n = 80). P-values were calculated by Mann–

Whitney U-test.
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In AUD patients with heavy alcohol use, the impact of MD on

cytokine levels was attenuated. Moreover, patients with a higher

frequency of alcohol intake (≥4 days per week) had higher IFN-c
levels than the other individuals with AUD. The bulk of the litera-

ture on alcohol-induced immune activation is based on experi-

ments in animal models and in vitro studies. Based on such

studies, it has been suggested that regulation of inflammatory

cytokine production by monocyte and macrophage seems to be

depending on the length of alcohol treatment [17]. Our findings

in this study suggest that proxy measures of AUD severity, such as

ethanol intake with high frequency and intensity, may influence

the cytokine levels in serum. In heavy drinkers, this may be the

dominant factor in relation to inflammation even in patients with

accompanying MD. In those drinking with lower frequency and

amounts, further increased levels of inflammatory cytokines in

MD (compared with the more heavy drinkers) may be the result

of reduced tryptophan and increased kynurenine levels, as evi-

denced in short-term alcohol exposure in humans [35]. This issue

and how alcohol abuse in terms of frequency, quantity, and type

of beverage impacts on the cytokine and T-cell homeostasis merit

further investigation.

The anti-inflammatory cytokine IL-10 did not vary significantly

between groups with and without MD. In contrast, high levels of

alcohol-use were significantly related to circulatory IL-10 levels.

Thus, drinking ≥10 units of pure alcohol on a typical day and

drinking ≥4 days per week were both associated with high IL-10

level. It may be that IL-10-mediated anti-inflammatory responses

in conjunction with increased IL-6 levels reflect activation of the

Th2 T-cell subset in these patients [36]. Hence, although

decreased IL-10 responses have been associated with alcohol-

induced liver disease, our findings suggest that severe alcohol

abuse may be associated with increased IL-10, at least in the con-

text of accompanying MD. This could potentially promote immu-

nosuppression in these individuals.

We acknowledge some limitations to our study. Because of

the cross-sectional nature of the study, without a control sample,

we are unable to draw a conclusion about whether the increase

in the levels of cytokines was actually associated with the disor-

ders considered and not featured artifacts of other inflammatory

processes in these patients. We did not observe any variation in

our findings of cytokine difference across MD and alcohol char-

acteristics according to gender or type of treatment being

received. However, it is important to control for antidepressant

and anti-inflammatory medications, as these can clearly con-

found the results [37]. Moreover, serum levels may not neces-

sarily reflect the levels within the microenvironment such as the

brain. In spite of these limitations, this study provides important

immunological insights into the complex interactions between

the frequently comorbid conditions of alcohol and depression

disorders.

In conclusion, the results from this study suggest that a treat-

ment sample of alcohol-use disorder patients with positive history

of major depression has increased levels of circulatory IL-6, TNF,

and IFN-c, but not of IL-10. However, these differences seem to

attenuate in heavy alcohol use. Prospective, controlled studies are

needed to confirm the role of alcohol in the relationship between

depression and immunity, vis-�a-vis the potential role of cytokines

in the alcohol–depression comorbidity.T
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