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Abstract 

Epidemiological evidence for the inflammatory hypothesis of depression is largely cross-

sectional; people with depression have elevated levels of circulating pro-inflammatory 

markers compared to people without depression. The limitation of cross sectional research is 

the potential for extraneous factors to influence observed effects. The purpose of this meta-

analysis of cross-sectional studies of interleukin(IL)-6 and IL-10 in people with and without 

depression is to provide a targeted analysis of potential moderator factors relating to the 

diagnosis of depression and to physical and psychiatric comorbidity. Electronic searches of 

Embase and Medline databases were conducted using subject headings “interleukin-6” or 

“interleukin-10” and those relating to depression. Studies were included if they measured 

circulating marker levels in serum or plasma in a group of people with and without 

depressive symptoms (99 studies for IL-6, 19 studies for IL-10). IL-6 was elevated in 

depressed compared to non-depressed groups (d = 0.46, 99% CI 0.34 to 0.58, I2 = 85.9%). 

This effect was larger in subgroups where depressive disorders were diagnosed compared to 

those with only depressive symptoms via standardized inventory, and those who were 

recruited from inpatient or outpatient settings compared to the general community. The effect 

was also larger in those who were not selected for a particular comorbidity compared to those 

selected for cardiovascular disease. IL-10 effect size was not significant (d = -0.31, 99% CI -

0.95 to 0.32, I2 = 94.1%) which was not accounted for in subgroup analyses or meta-

regression, indicating there is not a global elevation in cytokines. These data highlight that 

comorbidity and behavioral aspects of depression need to be measured and controlled in 

future prospective and experimental research testing the inflammatory hypothesis of 

depression.  
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Introduction 

Depressive disorders are common and contribute substantially to disease burden 

(Kessler et al., 2003; Üstün et al., 2004). The key to understanding their origins may be 

inflammation. The theory that inflammation causes depression relies on the idea that 

cytokines exert central and peripheral effects which cause the psychological and 

physiological experience of depression (Miller et al., 2009). Inflammation is thought to cause 

clinical depressive disorders by inducing sickness behaviours which are akin to 

neurovegetative symptoms of depression (e.g., lethargy, changed appetite, changed sleep), 

activating the hypothalamic-pituitary-adrenal axis and sympathetic nervous system, altering 

serotonin and dopamine synthesis and reuptake and causing neurodegenerative processes 

which lead to the phenomenology of depression (for reviews, see Dantzer et al., 2008; Irwin 

and Miller, 2007; Maes et al., 2009; Miller et al., 2009). Likely sources of depression-

inducing cytokines include internal stressors (e.g., organic disease, adipose tissue) and 

external stressors (e.g., psychological distress, diet).  

Animal models and some experimental human studies support the causal nature of 

this theory, where administration of cytokines or immune stimulants cause depression-like 

behaviour and symptoms, and also evidence that medical illness and inflammation-based 

treatments (i.e., interleukin[IL]-2 or interferon alpha treatments for hepatitis C and cancer) 

are linked to incidence of depressed mood or depressive disorders (Capuron et al., 2009; 

Dantzer et al., 2008). However, the bulk of human literature is cross sectional; people with 

depression or depressive symptoms have elevated levels of circulating inflammatory markers 

compared to those without (Dowlati et al., 2010; Howren et al., 2009). It is impossible to 

infer causality in this context, but these studies do permit examination of the strength of 

association between inflammatory markers and depressive symptoms/disorder.  
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Several recent meta-analyses have verified that people with depression show elevated 

levels of the cytokine IL-6 compared to people without depression in circulating serum or 

plasma (Dowlati et al., 2010; Howren et al., 2009; Liu et al., in press). IL-6 is a pleiotropic 

cytokine associated with inflammation, both acute and chronic, and also produced by adipose 

cells. Elevations in IL-6 have been associated with increases in several “trait” factors such as 

advancing age, high body mass index (BMI), smoking and physical comorbidity as well as 

“state” factors such as fat consumption, acute physical activity, and psychological stress (see 

O'Connor et al., 2009 for review). As people with depressive disorders frequently exhibit 

these lifestyle factors, there is a possibility that one or more of these is driving the observed 

elevations in circulating levels of inflammatory markers. This is supported in prospective 

studies which show that once BMI, smoking and physical activity are controlled for, the 

relationship between depression and IL-6 is no longer significant (Duivis et al., 2011). It is 

important to assess the contribution of lifestyle factors to the observed associations between 

depression and IL-6 to more accurately define the role of peripheral, circulating inflammatory 

markers as markers of an inflammatory depressive state. A second interleukin of potential 

interest is IL-10, a cytokine with anti-inflammatory effects which is in part stimulated by IL-

6 among other factors. IL-10 is also elevated in response to acute immune challenge (Henry 

et al., 2009) and may be implicated in depression (Mesquita et al., 2008; Roque et al., 2009). 

The current meta-analysis compares IL-6 and IL-10 in people with and without 

depression and is the most extensive to date. It includes a broad range of studies with 

different degrees of “depression” (diagnosed disorder vs. depressive symptoms), different 

recruitment sources and instances where depressed and control groups are matched for 

particular physical disease. The aim was to pool the evidence of a cross sectional association 

between depression and IL-6 and IL-10 in light of moderating factors to investigate whether 
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the elevations in inflammatory markers are attributable to the physical and psychiatric 

comorbidities of depressive disorders.  

Methods 

Inclusion and exclusion criteria  

Studies were included if they met the following criteria: (1) primary study comparing 

adult participants with non-perinatal depression (either diagnosed with major 

depression/dysthymia or endorsing high depressive symptoms on a standardized inventory) 

and a control group of people without depressive symptoms; (2) reported mean or median 

circulating plasma or serum IL-6 or IL-10 for both groups; (3) publication in English in a 

peer reviewed journal since 1990; (4) provided sufficient information to calculate an effect 

size, namely the means or medians of the interleukin for the depressed and non-depressed 

groups, sample size for each, either the standard deviations or range of interleukin levels for 

each group or at least an exact p value. Studies which measured inflammatory markers via ex 

vivo stimulation were excluded from this meta-analysis to minimize measurement error. 

Studies which sampled from people with a particular physical or psychiatric comorbidity 

(e.g., heart disease, post-traumatic stress disorder) were eligible for inclusion in this meta-

analysis providing the comorbidity was present in both the depressed and non-depressed 

groups. 

Search strategies  

A computerized search of Embase and Medline databases was completed in January 

2011 using the key words mapped to subject headings for depression (depression, depressive 

disorder, major depressive disorder, dysthymic disorder) and “interleukin-6” or “interleukin-

10”, limited to human and English language literature. The abstract of each article identified 

in the search was screened for relevance. Full text articles were extracted and assessed for 

eligibility when the abstracts described measurement of inflammatory markers or when 
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abstracts lacked detail or were ambiguous in methods (Figure 1 shows the article extraction 

process; Online Supplement 1 contains references the 102 included studies).  

Coding procedures  

Eligible studies were coded for the outcome variable of mean or median circulating 

IL-6 or IL-10 and the reported dispersion measure (standard deviation, standard error, range), 

number of participants and, if appropriate, p value. Interleukin measures reported graphically 

were converted to numerical values using Data Thief III, version 1.6 (Tummers et al., 2008). 

Potential moderator variables were also coded including participant characteristics (diagnosis, 

depressive symptom ratings, age, gender ratio, inpatient or outpatient status, BMI, smoking 

status, presence of physical and psychiatric comorbidities, antidepressant use, whether the 

participants were matched) and assay procedure characteristics (assay brand, mood 

assessment and blood collection on the same day, blood samples frozen and thawed once, 

time of day of blood sampling, intra- and inter-assay variation). Data were extracted and re-

checked by a single author (SH). 

Statistical methods  

Statistical analyses were completed using Comprehensive Meta-Analysis II (Biostat, 

Inc., USA) for study effect size calculations and Stata/SE 11.1 (StataCorp LP, USA) for 

meta-analysis and meta-regression. Study effect sizes were calculated as Cohen’s d 

standardized mean difference of IL-6 or IL-10 between depressed and non-depressed groups. 

A positive effect size indicates the depressed group reported elevated interleukin compared to 

the non-depressed group. If required, the mean was estimated using the median when sample 

sizes were large (n > 25), or estimated using the median and range when sample sizes were 

small (Pudar Hozo et al., 2005). If required, standard deviation was estimated using range 

(Pudar Hozo et al., 2005), and if a study did not report standard deviation or range but 
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otherwise met selection criteria, the study effect size was estimated using the difference in 

means, sample size and p value.  

Most studies only contributed one effect size to the meta-analysis. In studies where 

participants were followed up or underwent experimental procedure (e.g., stress test, exercise 

test, antidepressant treatment), the baseline measurement for that study was coded for 

analysis. In studies where levels of inflammatory markers were reported separately for groups 

with Major Depressive Disorder (MDD), elevated depressive symptoms and non-depressed 

controls, only the comparison between MDD and non-depressed controls was coded. For 

studies which reported inflammatory markers for subgroups of participants with depression, 

whole sample effect sizes were imputed by collapsing subgroup means. The three studies 

which contributed two effect sizes to the meta-analysis reported effect sizes for a depressed 

and non-depressed group with a particular comorbid condition and without that condition.  

Individual study effect sizes were synthesized to generate an overall effect size using 

a random effects model, weighted by the inverse of variance. We also completed a sensitivity 

analysis to identify potential outliers by removing each study one by one to examine the 

individual influence of each study on the overall effect size. To assess publication bias, we 

computed a funnel plot of effect size versus study standard error and the Egger test of funnel 

plot asymmetry (Egger et al., 1997) and the fail-safe N (Rosenthal, 1979). 

Heterogeneity was assessed using Cochrane’s Q and I2, which calculates the 

proportion of variation attributed to heterogeneity (Higgins et al., 2003). To explore sources 

of heterogeneity, moderator analysis was undertaken via subgroup analysis and residual 

maximum likelihood meta-regression. Subgroup analysis was completed for categorical 

variables, comparing pooled random effect size with separate estimates of tau for each 

subgroup using Z test (Borenstein et al., 2009). Meta-regression included the average 

magnitude and standardized mean differences of continuous variables between depressed and 
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non-depressed groups. To control for family-wise error, criterion for significance was set to α 

= .01 in all analyses.   

Results 

Interleukin-6  

There were 99 comparisons of IL-6 in depressed and non-depressed groups from 96 

publications. The majority of these studies used a diagnostic interview to diagnose depressive 

disorders, typically a current Major Depressive Episode (n = 67). Recruitment source of 

patients was mixed (inpatient n = 28; outpatient n = 39; inpatients or outpatients n = 4; 

community sources including cohort studies n = 19). In addition to depression, in 35 studies 

participants were selected for general medical or psychiatric comorbidity including 

cardiovascular disease (n = 15), other DSM-IV Axis I and II disorders (n = 7) and renal 

disease (n = 6).  

Overall, IL-6 was significantly elevated in the depressed group compared to the non-

depressed group, recording a moderate effect size, d = 0.46 (99% CI 0.34, 0.58), Figure 2. 

There was evidence of publication bias using Egger’s test with a slight positive bias, b = 2.19, 

SE = 0.399, t (97) = 5.49, p < .001, although the fail safe-N was 9145. No outliers were 

found. There was significantly high heterogeneity, Q(98) = 693.51, p < .001, I2 = 85.9%. 

We completed meta-analysis on more homogenous subgroups to explore sources of 

heterogeneity (Tables 1-3). Many subgroups provided significant effect sizes which differed 

in magnitude to the overall effect size and differed from other subgroups within their 

category, although the only subgroups to substantially decrease heterogeneity according to I2 

values (<50%) were subgroups of participants where both depressed and non-depressed 

groups had cardiovascular disease or cancer.  

Effect of depressive disorder  
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First, we looked at subgroups relating to the measurement of “depression”, 

specifically the extent to which the “depressed” group represented depressive disorder rather 

than depressive symptoms and the severity of the depressive condition (Table 1). When 

participants in the depression group were diagnosed with a depressive disorder via a 

diagnostic interview, the effect size was significantly larger than when participants only 

endorsed high depressive symptoms on a standardized inventory. In terms of specific 

diagnoses, there were no significant differences in effect size between samples diagnosed 

with MDD only and samples which included people with a diagnosis of lifetime MDD, 

people with bipolar disorder in a current depressive phase and other depressive disorders 

(e.g., minor depression, dysthymia). Furthermore, there was no significant difference in effect 

sizes between participants recruited from inpatient versus outpatient sources, although a 

significantly smaller effect size was recorded from those recruited from community samples 

(e.g., cohort studies) compared with inpatient settings, indicative of some degree of variation 

in effect size according to severity of illness. There was also a significantly larger effect size 

in studies where the depressed group did not include antidepressant users compared with 

those that included antidepressant users, consistent with evidence that antidepressants may 

reduce pro-inflammatory markers (Hiles et al., in press). Finally, there was a significantly 

smaller effect size when the control group included participants who used antidepressants, 

indicating the potential presence of people in the control group with a depressive disorder 

without current depressive symptoms who may be diluting the difference in inflammatory 

markers between depressed and “non-depressed” groups. Meta-regressions on the minority of 

studies that reported depressive symptom inventory scores were not significant between IL-6 

effect size and Hamilton Depression Rating Scale (Hamilton, 1960) score in the depressed 

group (36 studies) or the standardized difference in depression inventory score between 

depressed and non-depressed groups (32 studies). 
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Effect of lifestyle factors   

Second, we examined subgroups related to comorbidity (Table 2). The only 

significant differences were smaller effect sizes in studies where all participants had 

cardiovascular disease or “other” comorbidity (e.g., Parkinson’s disease, fibromyalgia), 

compared to those with participants not selected for a particular comorbidity. Studies that did 

not select for a particular comorbidity were not significantly different in effect size to those 

that selected for renal disease, psychiatric comorbidity (e.g., post-traumatic stress disorder, 

borderline personality disorder) or cancer. Effect size did not significantly differ depending 

on whether participants were normal weight or overweight/obese, or studies included or 

excluded smokers, and meta-regression of these as continuous variables were also not 

significant. However, in a restricted sample of studies where participants were not selected 

for particular comorbidities, there was a trend association between BMI and IL-6, where 

higher BMI in the depressed than the non-depressed group was associated with larger 

differences in IL-6 between groups, b = 0.23, SE = 0.11, a = 0.35, t(19) = 2.12, p = .048, R2 = 

18.36%. In the entire sample, meta-regression between IL-6 effect size and the variables 

percentage males or average age across groups were not significant. However, there was a 

significant positive relationship between IL-6 effect size and the standardized difference of 

ages, where IL-6 effect size increased as the age in the depressed group became larger than 

the age in the control group; b = 0.39, SE = 0.16, a = 0.42, t(80) = 2.47, p = .016, R2 = 

10.82%. 

Sensitivity analyses  

Finally, we examined the sensitivity of our analyses (Table 3). Compared with the 

overall analysis with broad inclusion criteria, the effect size was significantly larger for 

studies where participants were diagnosed with MDD and not selected for comorbid 

conditions (similar sample to previous meta-analyses; Dowlati et al., 2010; Liu et al., in 
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press). There was a significantly smaller effect size in those studies which did not match for 

any variables compared with those that matched for age and gender and studies where effect 

size was estimated from the median compared to the mean. There were no significant 

differences in several other factors related to the sensitivity of measurement, including 

whether the study collected mood and blood measures on the same day, reported freezing and 

thawing blood samples once, or sampling blood in the morning. There was also no significant 

difference in effect size between two common assay suppliers. No meta-regression related to 

IL-6 measurement sensitivity was significant.  

Interleukin-10 

19 studies of IL-10 were available. As with IL-6, most of these studies diagnosed 

depressive disorder via diagnostic interview (n = 13), although these studies tended to recruit 

patients from outpatient sources (n = 14; inpatient n = 3; mixed inpatients and outpatients n = 

1; community n = 1). Few studies selected for comorbidities (cardiovascular n = 2; renal n = 

2; other n = 2). Blood was sampled in the morning. The effect size between depressed and 

non-depressed groups was non-significant, d = -0.31 (99% CI -0.95, 0.32), Figure 3. 

However, there was no evidence of publication bias via Egger’s test, t(18) = 0.23, p = .82. 

There was significant heterogeneity, Q(18) = 306.02, p < .001, I2 = 94.1%. In the subgroup 

analyses, there were some subgroups with no statistical heterogeneity according to I2, 

although these had only 2-3 studies; these included studies which reported whether they 

included or excluded people with anxiety disorders and those studies where we used the 

median to estimate the effect size (subgroup data not shown). The only significant subgroup 

at α = .01 level was the overweight/obese subgroup where this effect was negative (d = -2.15 

[99% CI -4.17, -0.14]), and significantly different to the positive effect size for the normal 

weight subgroup (normal weight subgroup d = 1.07 [99% CI -0.80, 2.94]; effect size 

difference = 3.22 [99% CI 0.47, 5.97]). No meta-regression was significant.  



13 

 

Discussion 

In this updated literature search we found a moderate and significant effect size with 

IL-6 elevated in depressed compared to non-depressed groups, consistent with the magnitude 

and direction of IL-6 effect size in previous meta-analyses (Dowlati et al., 2010; Howren et 

al., 2009; Liu et al., in press). However, there was high heterogeneity, such that interpretation 

of the overall effect size is done with caution, and this heterogeneity was only partly 

explained by subgroup analyses. Effect size was larger in the subgroup of studies with 

diagnosed MDD and no known comorbid conditions (similar to criteria of Dowlati et al., 

2010; Liu et al., in press) than for the broader inclusion criteria. We expanded on subgroup 

analyses reported previously (Howren et al., 2009), demonstrating that aspects related to the 

operational definition of depression and comorbid conditions affected the magnitude of the 

effect size. The findings of the subgroup analyses not only help explain past discrepancies 

between individual study results but also have implications for the design and interpretation 

of future studies into depression and inflammation. 

First, differences in IL-6 between depressed and non-depressed groups appear to be 

magnified when studies more closely approximate the complexity of the DSM-IV criteria for 

depression through a diagnostic interview (i.e., verification that behavioral and cognitive 

criteria are met, differential diagnoses examined) or more severe experiences of depression 

obtained through inpatient or outpatient rather than community recruitment settings. This is 

not unlike studies which show that patients with melancholic features (emphasis on somatic 

symptoms, often regarded as a more severe form of depression) have different immune 

profiles to those with non-melancholic features (Maes et al., 2012; Rothermundt et al., 2001). 

However, these relationships are not always apparent (Marques-Deak et al., 2007). 

Furthermore, modest relationships have been observed between acute psychological stress or 

negative mood induction (possibly mediated via neuroendocrine stress and sympathetic 
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nervous system activity) and increased pro-inflammatory markers, and between acute 

immune challenge and temporary depressive mood (Reichenberg et al., 2001; Steptoe et al., 

2007). Subgroup analysis also showed that effect size is smaller when there is evidence that 

the “non-depressed” control groups contains participants who may have recent/current 

experience of a depressive disorder, but are currently not reporting depressive symptoms due 

to antidepressant treatment. Furthermore, effect size is smaller when the depressed group 

contains antidepressant users, who may be subject to the anti-inflammatory properties of 

antidepressants or have fewer emotional and behavioral aspects of depression which would 

otherwise be contributing to their pro-inflammatory state (Hiles et al., in press; Tynan et al., 

2012). These findings are consistent with the expectation that “loose” definitions of case and 

control would tend to bias towards the null, indicating the need to get “tight” case and control 

definitions in order to best identify any differences. Consistent reporting of depressive 

symptom inventory scores and perhaps separate reporting of neurovegetative and cognitive-

emotional may lead to a clearer relationship between symptom severity and effect size 

particularly in a more homogenous sample of studies. 

Second, depression is substantially comorbid with physical and psychiatric conditions 

(Evans et al., 2005; Rush et al., 2005; Van der Kooy et al., 2007), most of which also have 

pro-inflammatory associations. For instance, adiposity is thought to considerably contribute 

to levels of circulating IL-6, vascular inflammation is thought to cause atherosclerosis, and 

anxiety is associated with increased levels of pro-inflammatory markers most likely via 

neuroendocrine and nervous system stress activation (O'Donovan et al., 2010; Pitsavos et al., 

2006; Rocha and Libby, 2009; Shelton and Miller, 2010). Compared to studies that did not 

select for a particular comorbidity, presence of cardiovascular disease, renal disease, cancer 

and other psychiatric conditions reduced the effect size between depressed and non-depressed 

groups, significantly so for cardiovascular disease. These results suggest that inflammatory 
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cytokines are influenced by many disease processes and these obscure the association of 

cytokines with depression.  Studies that match for age and gender had a significantly and 

substantially larger effect size than those that did not. Age matching is important, as 

highlighted through the meta-regression where IL-6 effect size increases as the difference in 

age between the depressed group and control group increases. This is again consistent with 

the expectation that removing confounding influences on cytokine levels from other factors, 

such as age, allows the association with depression to be more clearly detected.  However, 

there is also some preliminary evidence that as BMI becomes higher in the depressed group 

compared to the non-depressed group, IL-6 effect size increases; this raises the possibility 

that there may be some synergy or interaction between depression and other disease 

processes in raising cytokine levels.  

One final issue examined in our subgroup analyses was sensitivity of IL-6 

measurement. As expected, we observed a smaller effect size when effect size was estimated 

from the median, rather than the mean, but importantly, each effect size was positive and 

significant. No significant differences in effect size were observed in any other sensitivity 

analyses or meta-regression (regarding mood assessed the same day as blood collection, 

samples frozen and thawed once, time of blood collection, assay supplier, intra- and inter-

assay variation). These may reflect genuine indifferences of effect size to these measurement 

issues, or perhaps that they require routine description in this literature to more accurately 

identify their role and ensure that effect sizes are more likely to represent genuine between-

group differences.   

Despite clear evidence that the pro-inflammatory marker IL-6 is elevated across most 

studies, to date, IL-10 has given conflicting signals in people with and without depression. 

There was no significant effect size for IL-10 which could not be accounted for in subgroup 

analyses or meta-regression. At this stage, the reason for disparity across human studies is 
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unclear. Generally, IL-10 and IL-6 have some association, with IL-6 alone or with other 

cytokines increasing production of IL-10 (for instance, via STAT3 in Th17 cells which are 

pathogenic in several autoimmune disorders) and IL-10 regulating and inhibiting pro-

inflammatory responses in various cells (Dantzer et al., 2008; Ouyang et al., 2011; Saraiva 

and O'Garra, 2010). Animal research indicates there may be a relationship between IL-10 and 

depressive behavior such as helplessness and changes in sleep patterns (Mesquita et al., 2008; 

Toth and Opp, 2001) and research in human populations has indicated that in MDD there 

may be a deregulation of the association between IL-6 and IL-10 as shown via lack of 

correlation between these cytokines in depressed but not non-depressed samples (Dhabhar et 

al., 2009). Absolute levels of cytokines may therefore be less important than relative levels 

(Dantzer et al., 2008). Perhaps a greater number of homogenous studies are required for a 

clear pattern to emerge or relative levels, or ratios of cytokines might be more relevant in 

future meta-analyses.  

Heterogeneity was not substantially reduced or explained in any of our subgroup 

analyses or meta-regression, including those related to measurement considerations. While 

this high heterogeneity caused by the non-restrictive inclusion criteria means the size of the 

effect size estimates may be unreliable, the criteria has helped satisfy our aim of developing a 

set of exploratory subgroup analyses and meta-regression to explore the circumstances under 

which effects are strongest and weakest. It is possible that combinations of factors or other 

untested factors may explain the high heterogeneity.  

There are other behavioral aspects of depression that we could not capture in this 

meta-analysis, but are important to consider for the primary researcher. One feature of DSM-

IV-TR criteria for Major Depressive Episode missed in this meta-analysis is sleep. Pro-

inflammatory cytokines generally help regulate the sleep-wake cycle, although in high levels 

can promote somnolence as would occur during acute inflammation and deprivation of sleep 
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can also increase some pro-inflammatory markers (Kapsimalis et al., 2008). A relationship 

between difficulty initiating sleep and elevated IL-6 in people with MDD has been observed 

(Motivala et al., 2005). Pro-inflammatory cytokines have been independently associated with 

other behaviors related to DSM-IV-TR criteria such as fatigue (Raison et al., 2009), suicidal 

behavior (Janelidze et al., 2011; Kim et al., 2008), transient guilt (Dickerson et al., 2004), and 

cognitive problems and psychomotor slowing (Brydon et al., 2008; Reichenberg et al., 2001). 

Understanding the role of each is important for developing a comprehensive inflammation-

based theory of depression.  

The pooled effect seen in this meta-analysis of cross-sectional studies does not shed 

light on the directionality of causation between depression and inflammation. It is consistent 

with the idea that cytokines influence a variety of behavioral aspects including appetite, sleep 

and fatigue let alone mood symptoms and concentration difficulties; therefore a larger pro-

inflammatory cytokine response would provide a broader depressive symptom profile. It is 

also consistent with the idea that the behavioral aspects of depression occur prior to (or 

simultaneously with) and cause the observed elevated pro-inflammatory markers. This is 

impossible to verify in the cross sectional context, but it highlights that the pattern of 

depressive symptoms is important. Prospective research has focused on depressive symptoms 

as the operational definition of depression, demonstrating that elevations in pro-inflammatory 

markers both precede and follow depressive symptoms (Hamer et al., 2009; Matthews et al., 

2010). The few which have been completed using diagnosis have shown that levels of 

inflammatory markers can predict de novo depressive disorder (Pasco et al., 2010). 

Additionally, often in the context of general medical illness, randomized controlled trials 

have indicated that psychological or antidepressant treatment for depression may reduce pro-

inflammatory markers and improve immune functioning, administration of antidepressants 

can reduce depression induced by treatment with pro-inflammatory cytokines such as 
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interferon, and administration of anti-inflammatory medications such as etanercept and 

celecoxib can reduce depressive symptoms (Andersen et al., 2004; Kraus et al., 2008; Muller 

et al., 2006; Pizzi et al., 2009; Tyring et al., 2006). This meta-analysis informs the design of 

future necessary prospective and human experimental literature in how to operationally 

define depression, recruit patients and control for comorbidity, in the context of 

methodological and measurement rigor.  
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Figure 1. Summary of article extraction process and reasons for exclusion for the IL-6 and 
IL-10 meta-analyses. “Inappropriate samples” includes participants without depression or a 
control group, participants who are pregnant or undergoing cytokine treatment, and 
adolescents.   
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Figure 2. Forest plot of standardized mean difference IL-6 between depressed and non-

depressed groups for each study (Cohen’s d, 99% CI). A positive effect size indicates that IL-

6 is elevated in the depressed compared with the non-depressed group. The pooled effect size 

is provided as the black diamond at the bottom of the figure.   
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Table 1. Subgroup analyses for IL-6 related to depression, including the N number of studies included in each subgroup, subgroup effect sizes 

(ES; Cohen’s d) and the difference in ES between subgroups relative to a reference category (denoted with “Ref”).   

***<.001, **<.01, *<.05; Note: Other depression includes minor depression, dysthymia, depression not otherwise specified.

Subgroups Subgroup effect sizes Difference between subgroups 

 N  ES (d) 99% CI I2 (%) ESdiff 99% CI 

Diagnostic interview  Yes 67 0.68*** 0.46 0.91 87.9 Ref    

No 32 0.20*** 0.09 0.30 71.8 0.48*** 0.23 0.73 

Diagnosis MDD 40 0.60*** 0.36 0.84 80.1 Ref   

 No diagnosis 32 0.20*** 0.09 0.30 71.8 0.40*** 0.14 0.66 

 MDD or lifetime MDD 5 0.38 -0.41 1.17 86.7 0.22 -0.61 1.05 

 Other depression  12 0.49** 0.08 0.90 82.5 0.11 -0.37 0.59 

 Includes people with bipolar 

depressive phase 

10 1.53** 0.12 2.94 95.7 -0.93 -2.36 0.50 

Patient source Inpatient 28 0.65*** 0.29 1.01 89.9 Ref   

 Outpatient 39 0.43*** 0.24 0.63 78.3 0.22 -0.19 0.63 

 Community 19 0.17*** 0.05 0.28 67.1 0.48*** 0.10 0.86 

 Mixed in- & outpatients 4 0.13 -1.04 1.30 83.7 0.52 -0.70 1.74 

Depressed group has 

antidepressant users 

Yes 31 0.26*** 0.09 0.43 81.8 Ref   

No 41 0.80*** 0.49 1.10 86.8 -0.54*** -0.89 -0.19 

Control group has 

antidepressant users  

Yes 16 0.08 -0.05 0.21 67.1 Ref   

No 45 0.66*** 0.40 0.93 84.0 -0.58*** -0.87 -0.29 
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Table 2. Subgroup analyses for IL-6 related to comorbidity.  

***<.001, **<.01,*<.05 

Subgroups Subgroup effect sizes Difference between 

subgroups 

  N  ES (d) 99% CI I2 (%) ESdiff 99% CI 

Comorbidity  None 64 0.66*** 0.49 0.83 89.0 Ref   

 Cardiovascular 15 0.10* -0.01 0.20 18.3 0.56*** 0.36 0.76 

 Renal 6 0.43*** 0.01 0.75 67.1 0.23 -0.22 0.68 

 Psychiatric 7 0.08 -0.83 0.99 85.0 0.58 -0.35 1.51 

 Cancer 3 0.50*** 0.13 0.87 0 0.16 -0.25 0.57 

 Other 4 0.002 -0.54 0.54 54.7 0.66** 0.09 1.23 

People with 

anxiety in 

depressed group 

Excluded 19 0.51*** 0.16 0.87 76.6 Ref    

Included 9 0.65** 0.01 1.29 88.5  -0.14 -0.87 0.59 

BMI  Normal weight 11 0.16 -0.14 0.44 65.3 Ref   

 Overweight/obese 30 0.26*** 0.10 0.43 83.8 -0.10 -0.44 0.24 

Smokers Yes 38 0.29*** 0.15 0.42 84.2 Ref   

 No 5 0.33 -0.31 0.98 78.6 -0.04 -0.70 0.62 
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Table 3. Subgroup analyses for IL-6 related to measurement sensitivity.  

***<.001, **<.01,*<.05; Note: other matching includes age, gender, ethnicity, BMI, other 

demographics. 

Subgroup   Subgroup effect sizes Difference between 

subgroups 

  N  ES (d) 99% CI I2 (%) ESdiff 99%CI  

Definition sensitivity Overall  99 0.46*** 0.34 0.58 85.9 Ref   

MDD diagnosis 

& no comorbidity 

31 0.74*** 0.44 1.04 80.3 -0.28* -0.60 0.04 

Matched Age, gender 15 0.91*** 0.35 1.46 91.3 Ref   

 Age, gender, BMI 7 1.10** 0.08 2.11 85.7 -0.19 -1.35 0.97 

 Other matching  7 0.99** 0.13 1.85 87.9 -0.08 -1.11 0.95 

 No matching 70 0.31*** 0.19 0.43 81.8 0.60** 0.03 1.17 

ES estimated from 

median 

Yes 27 0.23***      0.10  0.36 74.3 Ref   

No 72 0.58***     0.39 0.76 87.6 -0.35*** -0.58 -0.12 

Mood assessed/blood 

collected same day 

Yes 13 0.30 -0.12 0.73 83.4 Ref   

No 9 0.41 -0.23 1.05 86.4 -0.11 -0.88 0.66 

Samples frozen and 

thawed once  

Yes 21 0.63 0.23 1.02 91.5 Ref   

Unknown 78 0.43 0.30 0.55 83.1 0.20 -0.22 0.62 

Morning sampling Yes 58 0.59 0.38 0.80 87.4 Ref   

No 3 0.38 -0.53 1.29 65.8 0.21 -0.72 1.14 

Assay suppliers  R&D Quantikine 

ELISA, MN 

36 0.29*** 0.14 0.43 82.0 Ref   

 Sandwich ELISA, 

Eurogenetics 

12 0.78 0.04 1.52 90.5 -0.49 -1.25 0.27 
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NOTE: Weights are from random effects analysis

Overall  (I-squared = 94.1%, p = 0.000)
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Figure 3. Forest plot of standardized mean difference IL-10 between depressed and non-depressed 

groups for each study (Cohen’s d, 99% CI). A positive effect size indicates that IL-10 is elevated in 

the depressed compared with the non-depressed group. 


