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Abstract

Introduction—Previous investigations have demonstrated that major depression is associated 

with particular patterns of cytokine signalling. The primary aim of this study was to examine 

peripheral pro-inflammatory and anti-inflammatory cytokines and immune balance in generalised 

anxiety disorder (GAD).

Methods—A case-controlled cross-sectional study design was employed: 54 patients with GAD 

and 64 healthy controls were recruited. Participants completed self-report measures of anxiety and 

depression. Two pro-inflammatory and two anti-inflammatory cytokines were measured using 

multiplex technology.

Results—Case-control logistic regression analyses revealed significant differences in serum 

levels of IL-10, TNF-α, and IFN-γ between GAD and control groups after adjusting for age, 

gender, body mass index, smoking and alcohol consumption: these group differences were 

independent of the presence or degree of depression. Comparison of pro-inflammatory to anti-

inflammatory cytokine ratios indicated that there were significantly higher ratios of TNF-α /IL10, 

TNF-α /IL4, IFN-γ /IL10, and IFN-γ /IL4 in the GAD group compared to the control group.

Conclusions—This study is the first to investigate both pro- and anti-inflammatory cytokines 

and their balance in patients with GAD in comparison to healthy controls. The findings indicate a 

relatively increased pro-inflammatory response and decreased anti-inflammatory response and 
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provide the first demonstration of an altered cytokine balance in GAD. Serum cytokine levels in 

GAD were independent of the presence of depression.

Keywords

Generalised Anxiety Disorder; inflammation; pro-inflammatory cytokine; anti-inflammatory 
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1 Introduction

Research into psychoneuroimmunology (PNI) has led to substantial advances in 

understanding of the reciprocal interactions between the central nervous system and the 

immune system in neuropsychiatric disorders (1–5). Evidence from experimental and 

clinical research shows the pivotal roles of cytokine signalling to the brain to produce 

neurochemical, neuroendocrine, neuroimmune, and behavioural changes (6–11). The 

presence of inflammatory responses, and in particular, the role of cytokines in major 

depression has been addressed in numerous studies. However, neuroinflammatory markers 

in anxiety disorders have been studied less extensively. There is a need for better 

understanding of both the heterogeneous role of specific cytokines and immune balance in 

anxious states and in different anxiety disorders (12).

Cytokines are soluble bioactive mediators released by various cell types both at the 

periphery (such as monocytes and macrophages) and in the brain (such as microglia, 

astrocytes, and endothelial cells), which operate within a complex network and can act 

synergistically or antagonistically. Based on the functional profile of an immune response, 

cytokine production is broadly orchestrated by T helper 1 cells (Th1) which generally 

mediate a pro-inflammatory cellular immune response, and T helper 2 cells (Th2) which 

enhance anti-inflammatory and humoral immune reactions. The pro-inflammatory 
cytokines, tumour necrosis factor-alpha (TNF-α) and interferon-γ (IFN-γ), prime a Th1 

response, and enhance the elimination of intracellular pathogens, while the anti-
inflammatory cytokines, interleukin (IL)-4 and IL-10, enhance a Th2 response, enabling 

phagocytosis of extracellular pathogens, tissue repair and dampening the synthesis of pro-

inflammatory cytokines (13). The balance between Th1 and Th2 cytokines is an important 

determinant in regulating the inflammatory response, and a delicate balance of pro- and anti-

inflammatory cytokines is required for normal neuropsychological functioning (8,10).

Since signs of immune disturbances in depression were first reported in early 1990s (14–17) 

the presence of inflammatory responses and the role of cytokines in major depression have 

been extensively studied. The high comorbidity of anxiety disorders and major depression 

and similar effects of antidepressants suggest common neurobiological substrates. In 

addition, the pronounced response of central and peripheral cytokines to stress has prompted 

further interest in the role of cytokines in the pathogenesis of anxiety disorders.

Generalized anxiety disorder (GAD), the most common impairing anxiety disorder, is a 

common and frequently chronic condition characterized by excessive, uncontrollable and 

often irrational worry about everyday things. GAD affects approximately 1.9-5.1% of the 

general population, and 8% of patients in primary care (28). Impairments of GAD are 

Hou et al. Page 2

Brain Behav Immun. Author manuscript; available in PMC 2017 November 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



similar in magnitude to those of major depression (29). Camacho (30) proposed that 

anxious-depression should be considered as a chronic inflammatory phenomenon but the 

only longitudinal study found the association between GAD and increased C-reactive 

protein (CRP) level to be attributable to body mass index (BMI) and medication use (31). A 

large cohort study examined the association between anxiety disorders (including GAD, 

social phobia, PD, and agoraphobia) and inflammation (32), and the authors reported 

elevated CRP levels in male patients with current anxiety disorders and immune 

dysregulation in patients with a late-onset anxiety disorder. In addition, an integrated 

specificity model emphasizes specific patterns of biological responses to specific 

psychological states (33,34) and an anxiety-specific effect on inflammatory activity in 

clinically anxious individuals has been reported (35). It is uncertain whether anxiety is 

associated with inflammatory activity in GAD either through a specific anxiety pathway or 

through a more general negative affective pathway.

The primary aims of our study, therefore, were to (1) examine pro- and anti- inflammatory 

cytokine levels and ratios in patients with GAD in comparison to healthy controls; and (2) 

determine whether peripheral inflammatory cytokine levels in GAD are independent of 

depression. The main predictions were as follows: Hypothesis 1: There will be differences of 

serum cytokine levels as well as pro-inflammatory to anti-inflammatory cytokine ratios 

between the GAD group and the control group; Hypothesis 2: The effect of GAD on 

cytokine levels will be independent of depression.

2 Methods

2.1 Participants

A total of 54 patients (aged between 18-65 years with BMI between 18.5-29.9) with a 

primary diagnosis of GAD were recruited from community mental health team outpatient 

clinics and general practice surgeries. All patients met DSM-IV and ICD-10 diagnostic 

criteria for GAD. All patients completed a pre-test screening interview comprising a 

structured diagnostic Mini International Neuropsychiatric Interview - MINI (47) and the 7-

item Generalised Anxiety Disorder Questionnaire (GAD-7) with a threshold score of 10 

points (48). Due to high comorbidity of anxiety and depression in GAD, and in order to 

explore the influence of depression, patients with coexisting depressive symptoms were not 

excluded. 64 healthy controls were recruited from the community by advertising on posters 

and internet during the same period. All participants were able to understand both spoken 

and written English. Participants were excluded if they reported intake of any medication 

with known immune-modulating effects (such as glucocorticoids), had acute or chronic 

organic illnesses, or met criteria for additional mental disorders. Participants who had 

experienced any inflammatory event within the 2 weeks before the assessment were 

excluded. Patients taking anxiolytic drugs were not excluded.

The study was approved by the National Research Ethics Service Committee Health 

Research Authority South Central - Portsmouth (Reference Number 11/SC/0484).
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2.2 Self-reported questionnaire measures

The following self-reported questionnaire measures were used:

1) The Hospital Anxiety Depression Scale (HADS), a well-validated measure of 

depression and anxiety, which consists of two 7-item subscales (49).

2) The Perceived Stress Scale (PSS), a well-validated and widely used measure of 

subjective stress (50). Participants rated the degree to which they perceived their 

lives to be unpredictable, uncontrollable, and overwhelming. Total scores range 

from 0 to 40, with higher scores indicating greater stress.

3) The Anxiety Sensitivity Index (ASI), a self-report measure of fears of arousal-

reactive bodily symptoms (51), which is extensively used in clinical and health 

psychology research and has acceptable psychometric properties.

A structured general information questionnaire determining the socio-demographic and 

clinical features of participants was also employed.

2.3 Measure of peripheral inflammatory cytokines

A sample of 10ml venous blood was taken from all participants at the same time of day 

(9:00-10:00AM) and centrifuged for 15 min at 2500rpm. The cell free-serum was collected 

and aliquoted in freezer vials and stored at -80° C until further analysis. Serum levels of two 

pro-inflammatory cytokines (TNF-α and IFN-γ) and two anti-inflammatory cytokines (IL-4 

and IL-10) were measured using a multiplex ultra-sensitive immunoassay - Meso Scale 

Discovery (MSD, USA). Calibrators were run in duplicate to generate a stand curve which 

was modelled using least squares fitting algorithms so that signals from samples with known 

levels of the analyte can be used to calculate the concentration of analyte in the sample. The 

sensitivity was indicated by the lower limit of detection (LLOD) of these cytokines (IL-4: 

0.31 pg/ml, IL-10: 0.36 pg/ml, TNF-α: 0.48 pg/ml and IFN-γ: 0.39 pg/ml). Processing of 

blood samples was based on a protocol provided for human multiplex assays and 

recommendations for clinical trials (52).

2.4 Study design and procedure

A case-controlled cross-sectional cohort design was employed. All potential participants 

were given detailed information sheets regarding the study and all participants provided 

written informed consent before taking part in the study. Participants who attended the 

laboratory were asked to rest for 5 minutes before the assessment. After blood samples were 

taken, they completed a questionnaire booklet. All data were analysed with Statistical 

Package for the Social Sciences (SPSS version 21).

2.5 Data analysis

All variables were tested for normality, and transformation to symmetry using normal scores 

was undertaken when necessary. Group differences in sociodemographic characteristics 

between the GAD and healthy control groups were assessed by independent t-tests for 

continuous measures, and by Chi-square tests for categorical variables. Regression analysis 

was used to test group differences across the following primary outcome measures: anxiety 

depression, two pro-inflammatory cytokines including TNF-α and IFN-γ, two anti-
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inflammatory cytokines including IL-4 and IL-10, and pro-inflammatory to anti-

inflammatory cytokine ratios after controlling for age, gender, BMI, smoking, and alcohol 

consumption. The strength of associations between state anxiety and cytokine levels were 

examined using multiple linear regression analysis with anxiety score as the dependent 

variable. To test hypothesis 2 we constructed a set of multiple logistic regression analyses in 

which GAD (the outcome) was modelled with predictor variables age, sex, BMI and 

depression score and with each cytokine included in turn.

3 Results

3.1 Comparison of demographic and clinical characteristics of study groups

Demographic and clinical characteristics of the GAD and healthy control groups are shown 

in Table 1. There were more males in the GAD group than the healthy control group 

(X2=8.771, p=0.03). They were also older (t=4.264, p<0.05) and had higher BMIs (t=2.817, 

p<0.05). We therefore controlled for gender, age and BMI when comparing variables 

between groups using logistic regression analysis (see Table 2). There were no significant 

differences between groups in terms of smoking, alcohol consumption, hours of sleep and 

exercise per day (p>0.05 in all cases). The GAD group had significantly higher stress, 

anxiety and depression (P<0.001, in all cases) than the control group, consistent with clinical 

features of patients with GAD. Within the GAD group, there were 36 who were on 

anxiolytic medication and 18 who were medication free.

3.2 Comparison of serum inflammatory cytokines between the GAD and control groups

Serum cytokine levels in the GAD and healthy control groups are shown in Table 3. After 

controlling for age, gender, and BMI, the GAD group had lower levels of IL-10 but higher 

levels of IFN-γ and TNF-α (p<0.001 in all cases). These differences remained significant 

after adjustment for co-morbid depression (see Table 3).

We assessed whether there was any medication effect on cytokines levels within the GAD 

group between the 36 GAD patients who were taking anxiolytic medication and the 18 who 

were not (Table 4). As shown in Table 4, there were no differences between subgroups based 

on whether they were on anxiolytic medication or not.

3.3 Comparison of pro- to anti-inflammatory cytokine ratios between groups

We further analysed pro- to anti-inflammatory cytokine ratios controlling for age, gender, 

BMI, smoking, and alcohol consumption. In comparison to the control group, the GAD 

group had significantly higher ratios of TNF-α/IL10, TNF-α /IL4, IFN-γ/IL10, and IFN-

γ/IL4 (see Figure 1). These differences remained significant after adjustment for co-morbid 

depression (p<0.05 in all cases). Further multiple linear regression analyses with total 

anxiety score as the dependent variable were conducted within the GAD group to examine 

the associations between pro-and anti-inflammatory cytokine ratios and state anxiety. State 

anxiety was significantly correlated with IFN-γ /IL4 ratio (B=1.44, p=0.02), but not with 

TNF-α /IL10 (B=0.72, p=0.25), TNF-α /IL4 (B=0.83, p=0.20), or IFN-γ /IL10 (B=0.63, 

p=0.34).
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4 Discussion

To our knowledge this is the first case-controlled investigation of pro- and anti-inflammatory 

cytokines and their balance in patients with GAD. Our data suggest a more pronounced pro-

inflammatory response in association with a reduced anti-inflammatory compensation in 

GAD. Group differences in serum levels of IL-10, TNF-α, and IFN-γ, were independent of 

depression suggesting a specific inflammatory response in GAD. Ratios of TNF-α /IL10, 

TNF-α /IL4, IFN-γ /IL10, and IFN-γ /IL4 in the GAD group were significantly higher than 

the control group. State anxiety of GAD patients was significantly correlated with the IFN-

γ/IL4 ratio. Combining analysis of both serum cytokine levels and cytokine ratios, the 

findings from this study revealed an increased pro-inflammatory response, a decreased anti-

inflammatory response, and an altered cytokine balance in patients with GAD.

Due to a reliance on the measure of single cytokines, small sample sizes, the lack of 

standardized laboratory measurements, high co-morbidity with depression and other 

confounding factors, findings from research into anxiety disorders are not consistently 

observed. A recent systematic review of 20 studies revealed that post-traumatic stress 

disorder (PTSD) is associated with increased IL-6, IL-1β, TNF- α, and IFN-γ (18), whereas 

mixed findings have been reported in panic disorder (PD) (19–22). Hoge et al. (22) 

examined a broad spectrum of peripheral cytokines in 20 PTSD and 20 PD and found 

elevated median cytokine levels for 18 of 20 different cytokines compared to healthy 

controls. A recent Swiss population-based study found evidence of chronic low-grade 

systemic inflammation in individuals with agoraphobia (23). Lipopolysaccharide (LPS) - 

stimulated cytokine profile has been examined in patients with obsessive compulsive 

disorder (OCD) and generalized social anxiety disorder (GSAD) (24). Leukocytes of OCD 

patients produced less IL-6 compared with matched controls, whereas no cytokine 

differences were found between GSAD patients and matched controls. Studies in OCD have 

reported either increased or decreased TNF-α level (24–26). Meta-analysis of six studies 

involving 150 OCD subjects and 196 controls found no overall difference in TNF-α and 

IL-6 levels (27).

Previous studies of inflammation and anxiety were either limited to non-clinical samples 

(53,54), confined to specific anxiety disorders in small clinical samples (55,56,22), or in 

populations with heart disease (57). We found patients with GAD showed higher levels of 

pro-inflammatory cytokines and lower levels of anti-inflammatory cytokines than healthy 

controls. This extends evidence of general low grade pro-inflammatory serum profile in 

acute stress (58) and of a chronic, low-grade inflammatory response and activation of the 

compensatory anti-inflammatory reflex system in depression (59–61). Maes et al. (62) were 

the first to report that inflammatory responses were significantly correlated with stress-

induced anxiety, and, in particular, subjects with anxiety showed significantly higher levels 

of IFN-γ and lower IL-10 than those without anxiety. Our results are in line with these 

findings - group differences were largest for IFN-γ suggesting a pro-inflammatory response 

in GAD. This pro-inflammatory cytokine is mainly produced by NK cells and CD4+ T cells, 

but macrophages have also been reported to secrete IFN-γ; the cellular source of this 

cytokine in our study remains to be elucidated. The finding of lower levels of serum anti-

inflammatory cytokines IL-4 and IL-10 in GAD is similar to findings in patients with 
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chronic pain where low IL-4 and IL-10 were found to be associated with increased pain 

perception (63), which may indicate a possible mechanism underlying the high association 

between pain and anxiety (64,65).

Anxiety and depression are highly comorbid and characterised by negative affect, 

consequently the observed associations between anxiety and inflammation could be due to 

general negative emotionality. Therefore, we conducted a further analysis to control for the 

presence and degree of depression, the significant differences of cytokine levels between 

groups remained, which indicates that the inflammatory phenotype in GAD is independent 

of depression. This finding supports anxiety-specific effects on inflammatory responses and 

is consistent with the integrated specificity model (34) and evidence of anxiety-specific 

inflammatory response pathway (35).

Tryptophan metabolism can alter immune activation by modulating Th1/Th2 balance (36, 

37). Current evidence suggests a Th1 predominant immunophenotype in major depressive 

disorder, which shifts kynurenine catabolism towards microglial quinolinic acid; and a Th2 

predominant immunophenotype in schizophrenia (38, 39, 40, 41), which shifts kynurenine 

catabolism towards astroglial kynurenic acid. One hypothesis is that the pro-inflammatory 

signature observed in our study is related to altered enzyme activity in tryptophan 

metabolism leading to serotonin degradation in GAD, through similar mechanisms to those 

in major depressive disorder. Vieira et al (46) revealed Th1 and Th2 cytokine deficiencies 

following T-cell activation in 20 GAD patients in comparison to 20 healthy controls, but 

ratios of Th1 to Th2 cytokines were not examined. Findings from our study revealed larger 

increase of all studied pro- to anti-inflammatory cytokine ratios in GAD in comparison to 

healthy controls. This provides what we believe to be the first demonstration of peripheral 

cytokine imbalance which appears to conform to the hypothesis that might incorporate an 

imbalance of Th1 and Th2 in GAD, although further studies are required to identify the 

cellular source of the pro-inflammatory cytokines and the underlying mechanisms that drive 

these changes. Significant increases in IFN-γ/IL10, IFN-γ/IL4, TNF-α/IL4 and TNF-α/

IL10 ratios, reflect a distinct cytokine imbalance with a predominant pro-inflammatory 

response in GAD which is different from any acute or chronic stress response, during which 

a shift in balance in favour of an anti-inflammatory response (66–68). IFN-γ and IL-4 play 

major roles in the generation and regulation of immune responses and central in this respect 

is their mutually antagonistic functions. IFN-γ/IL-4 ratio is the most established ratio used 

to reflect Th1/Th2 patterns and balance in cytokine production (42–45). In the current study, 

the IFN-γ/IL-4 ratio showed the largest increase in GAD comparing to other ratios. The 

higher ratio of IFN-γ/IL-4 suggests a pro-inflammatory immune signature, possibly due to 

an imbalance of Th1/Th2 balance, which is further emphasized by increased TNF-a and 

decreased IL-10, but further studies are required to dissect the underlying mechanisms, 

including functional assays on immune effector cells. If replicated in subsequent studies pro- 

and anti-inflammatory cytokine ratios could be examined as potential trait markers for GAD, 

with IFN-γ/IL4 as a state marker for anxiety in GAD, as well as potential biomarkers for 

treatment response. Kubera et al. (69) reported that the anti-inflammatory effects of 

antidepressants may be related to altered immune balance through suppression of the IFN-γ/

IL10 ratio.
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The strengths of the current study include the measurement of multiple pro- and anti-

inflammatory cytokines and consideration of a number of potential confounding factors in 

the study design, such as age, gender, BMI, smoking, alcohol consumption, medication, 

sleep, exercise, and standard culture procedure. In addition, any systemic influence of 

culture or variation of technical procedures can be adjusted for by using cytokine ratios. 

However, the findings of the study must be interpreted in light of several limitations. First, 

the cross-sectional design of the current study does not allow for definite conclusions on 

causal directions in the observed associations. Second, serum cytokine levels are unstable 

and can be affected by biological circadian rhythms, although we tried to control for this by 

taking blood between 8am and 10am. Third, our study was limited to a panel of 4 cytokines 

and does not exclude the possibility that other cytokines or chemokines may be important. 

Fourth, we were unable to adequately record disease severity and stages of GAD which may 

be associated with different inflammatory responses. As we investigated patients with 

established GAD, it is possible that we overlooked significant etiopathogenetic alterations of 

inflammatory markers. Finally, there are a number of cellular sources for the cytokines we 

measured e.g. natural killer cells, mast cells, monocytes and macrophages in addition to Th1 

and Th2 cells. Thus, further studies are required to identify the cellular source of 

inflammatory cytokines and the underlying mechanisms that drive these changes. There is a 

persistent need to develop new treatment approaches for anxiety disorders due to sub-

optimal short-term and long-term effectiveness and significant acceptability concerns. 

Enhanced understanding of altered cytokine balance, in particular, how cytokines mediate 

interactions between the central nervous system and the immune system could reveal 

biomarkers for treatment resistance and predictors for treatment response, identify new 

targets for the development of novel anxiolytic agents, and help improve clinical outcomes 

in anxiety disorders. Cytokine patterns have shown promise in predicting treatment response 

in depression, which could provide the key to treatment resistance (70, 71). Anti-

inflammatory drugs demonstrate anti-depressant effects and can enhance responsiveness to 

antidepressants in a subgroup who show evidence of increased inflammation (72–75). With 

supporting data accumulating in depression (76), more evidence is needed to investigate 

whether dysregulated immune systems may contribute to treatment resistance in anxiety 

disorders, and can provide new treatment targets, in particular, for anxiety patients with 

increased systemic inflammation.

5 Conclusion

We demonstrate a distinct cytokine anxiety phenotype independent of the presence and 

degree of depression as well as an altered cytokine balance in patients with GAD. Growing 

understanding of cytokines in GAD may elucidate a unique inflammatory signature for 

diagnosis and treatment response, and guide our search for new drugs that selectively target 

and modulate specific immune phenotypes. Future work will benefit from applying the 

spectrum of immune phenotypes characterized in the periphery to the diversity of the 

immune process in the brain and making distinctions between different types of 

inflammatory states, as proposed by Brothers and Wilcock (77), as this may offer the best 

opportunity to individual treatment approaches.
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Figure 1. Comparison of pro-and anti-inflammatory cytokine ratios between groups
Four box- and- whisker plots were used to depict the distribution of pro-to anti-

inflammatory cytokine ratios between the healthy control group and the patients group with 

generalised anxiety disorder. In comparison to the heathy control group, the patients group 

had significantly increased pro- to anti-inflammatory cytokine ratios, which suggests a 

distinct cytokine imbalance. HC, healthy control; GAD, generalised anxiety disorder.
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Table 1
Demographic and clinical characteristics of GAD and healthy control groups

GAD (n=54) Control (n=64)

Mean ± SD Mean ± SD

Age (years) 35.06 ± 14.45 25.75 ± 8.87

BMI (kg/m2) 24.84 ±5.70 22.45 ± 3.27

Sleep (hrs) 7.22 ±1.48 7.44 ±0.84

Median (LQ, UQ) Median (LQ, UQ)

HADS - Anxiety 14 (11, 16) 5 (3, 8)

HADS - Depression 8.5 (6, 11) 1 (0, 4)

Perceived Stress Scale 10 (7.25, 11) 4 (2, 6)

Anxiety Sensitivity Index 35 (27.5, 42) 16 (11, 21.75)

Exercise (hrs) 1 (0.88, 2) 1 (0.5, 1)

n (%) n (%)

Gender - male 41 (76%) 32 (50%)

Smoking

Smoker 12 (22%) 22 (34%)

Non-smoker 42 (78%) 42 (66%)

Alcohol consumption

Frequent user (more than 3 times/week) 13 (24%) 14 (22%)

Non-frequent users ( less than 2 times/week) 41(76%) 50 (78%)

Use of anxiolytic medication

            Yes 36 (67%) ¯

           No 18 (33%) ¯

Demographic and clinical characteristics of the GAD group and the healthy control group were presented in Table 1. GAD, generalised anxiety 
disorder; BMI, body mass index; SD, standard deviation; LQ, lower quartile; UQ, upper quartile; n, number of participants.
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Table 2
Comparison of anxiety and depression between GAD and healthy control groups

Predictor score
Outcome = GAD (1=yes, 0=no)

OR† 95%CI P

HADS - Anxiety 1.60 1.35-1.89 <0.001

HADS - Depression 1.55 1.31-1.83 <0.001

Perceived Stress Scale 1.73 1.41-2.11 <0.001

Anxiety Sensitivity Index 1.19 1.12-1.27 <0.001

There were significant group differences in terms of HADS-anxiety, HADS-depression, perceived stress, and anxiety sensitivity index (p<0.001 in 
all cases). †Odds ratios adjusted for gender, age and BMI. GAD, generalised anxiety disorder; HADS, the Hospital Anxiety Depression Scale.
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Table 3
Comparison of cytokine profile between GAD and healthy control groups

Cytokines
(pg/ml)

GAD
Median (LQ, UQ)

Control
Median (LQ, UQ)

Controlling for age, gender, BMI, smoking, and alcohol consumption
                              + controlling for depression

OR†
Per SD

95%CI P OR†
Per SD

95%CI P

IL-4 0.04 (0.02, 0.06) 0.04 (0.00, 0.14) 0.96 0.60, 1.54 0.866 1.24 0.69, 2.23 0.481

IL-10 0.22 (0.16, 0.31) 0.80 (0.46, 1.25) 0.27 0.14, 0.51 <0.001 0.35 0.17, 0.70 0.003

TNF-α 1.71 (1.30, 1.99) 1.11 (0.72, 1.69) 0.17 0.09, 0.32 <0.001 0.22 0.19, 0.47 <0.001

IFN-γ 3.02 (2.07, 5.16) 1.07 (0.69, 1.63) 6.83 2.94, 15.90 <0.001 7.46 2.50, 22.22 <0.001

After controlling for age, gender, BMI, smoking and alcohol consumption, the GAD group had lower levels of IL-10 but higher levels of IFN-γ and 
TNF-α (p<0.001 in all cases). These differences remained significant after adjustment for co-morbid depression. GAD, generalised anxiety 
disorder. † Odds ratios adjusted for gender, age, BMI, smoking, and alcohol consumption. LQ, lower quartile; UQ, upper quartile; OR, odds ratio; 
CI, confidence interval.
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Table 4
Associations between cytokine levels and GAD according to use of medication

Cytokine
(pg/ml)

Whether on medication OR 95%CI P P for difference

IL4 Yes 0.92 0.56, 1.53 0.76 0.88

No 1.07 0.59, 1.93 0.83

IL10 Yes 0.34 0.18, 0.64 0.001 0.59

No 0.25 0.11, 0.57 0.001

TNF-α Yes 0.19 0.08, 0.43 <0.001 0.64

No 0.20 0.08, 0.52 0.001

IFN-γ Yes 6.58 2.65, 16.33 <0.001 0.30

No 6.14 2.34, 16.13 <0.001

There were no differences between subgroups based on whether they were on anxiolytic medication or not.
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