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Abstract 

Background: The inflammatory markers C-reactive protein (CRP), interleukin-1 receptor 

antagonist (IL1-Ra), and interleukin-6 (IL-6) have been associated with depression risk in 

observational studies.  The causal nature of these associations is unclear as conventional 

observational designs are susceptible to reverse causation and residual confounding. 

Bidirectional Mendelian randomization (MR) analysis uses genetic variants to proxy for risk 

factors to help elucidate the presence, magnitude, and direction of causal relationships between 

traits.  

Methods: We performed bidirectional two-sample MR to examine causal associations between 

circulating CRP, IL1-Ra, and IL-6 and major depressive disorder (MDD) in 135,458 cases and 

344,901 controls in the Psychiatric Genetics Consortium. Genetic instruments to proxy 

inflammatory markers and liability to MDD were constructed by obtaining single-nucleotide 

polymorphisms (SNPs) associated with these phenotypes in genome-wide association study 

meta-analyses. Wald ratios and inverse-variance weighted random-effects models were 

employed to generate causal effect estimates and various sensitivity analyses were performed to 

examine violations of MR assumptions. 

Results: There was evidence supporting a causal effect of circulating IL-6 on risk of MDD (per 

natural-log increase: OR 0.85, 95% CI: 0.75-0.96, P=0.007). Higher circulating levels of IL-6 as 

influenced by variants in the IL6R gene region represent lower cellular binding of IL-6 to its 

receptor and therefore the present results suggest that IL-6 increases the risk of MDD. We found 

limited evidence supporting a causal effect of CRP (1.06, 95% CI 0.93-1.22; P=0.36) or IL1-Ra 

(OR 0.95, 95% CI: 0.87-1.03, P=0.20) on risk of MDD. Reverse direction MR analyses suggested 

limited evidence for a causal effect of genetic liability to MDD on any of the inflammatory 

markers examined.  
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Conclusions:  These findings support a causal role of IL-6-related pathways in development of 

major depressive disorder and suggest the possible efficacy of interleukin-6 inhibition as a 

therapeutic target for depression.  
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INTRODUCTION 

Depression is a common mental disorder with an estimated lifetime prevalence of 13-18%1,2. 

Despite major advances in the field, current antidepressant treatment options are still 

suboptimal; around one third of patients appear to be resistant to treatment3, and virtually all 

antidepressant drugs have a  delayed onset of action4. This has a severe impact on the affected 

individuals’ quality of life and it imposes large societal costs5,6. Enhancing current 

understanding of the aetiopathogenic factors implicated in this complex condition is an 

important step towards offering new treatment options.  

One promising area of research into the aetiology of depression is the inflammatory response. In 

the 1990s it was first proposed that neuroinflammation may be a cause of depression7. Since 

then, additional evidence to suggest a link between the condition and inflammation has 

continued to emerge. Observational studies indicate an increased prevalence of depressive 

disorders in individuals with chronic inflammatory conditions8,9. Further, in a recent meta-

analysis of 82 case-control studies, elevated levels of serum circulating cytokines, among them: 

interleukin- 1 receptor antagonist (IL-1Ra) and interleukin- 6 (IL-6), were found in individuals 

diagnosed with depression as compared to healthy controls10. Additionally, a small number of 

prospective studies have reported associations between elevated serum CRP, IL-1Ra and IL-6 

and the later development of depression in both young adult and geriatric populations11–14. 

However, there are important challenges when appraising the potential causal role of 

inflammatory markers in depression from observational studies. This is because conventional 

epidemiological study designs, including case-control studies and prospective studies with 

insufficient follow-up time, may fail to distinguish whether the inflammatory response is a cause 

or consequence of depression (“reverse causation”)15,16. Further, such analyses are prone to 

residual confounding due to unmeasured or imprecisely measured confounders (i.e., common 

causes of inflammation and depression that are not on the causal pathway between these traits). 
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One method to overcome the limitations imposed on causal inference from conventional 

observational studies is Mendelian randomization (MR). MR is an instrumental variables (IV) 

approach which utilizes germline genetic variants as proxies for risk factors to assess the causal 

effects of these factors on disease outcomes17,18. On this basis, the method is effective in 

minimising confounding bias and is immune to reverse causation since genetic variants are 

randomly assorted at meiosis and are fixed at conception17,19.  

To date, MR studies investigating associations between circulating inflammatory markers and 

depression have been inconclusive. In a Danish general population sample there was limited 

evidence to suggest a causal effect of genetically proxied CRP on either hospitalisation with 

depression (N cases=1,145) or antidepressant medication use (N cases= 8,621)20. By contrast, in 

a subsample of the UK Biobank study participants presenting with probable moderate/severe 

lifetime depression, as defined by self-report (N cases= 14,701), there was strong evidence of a 

positive causal effect of both CRP and IL-6 on risk of depression21. However, deriving 

conclusions on the possible causal effects of inflammatory markers on risk of depression when 

synthesising these studies is challenging given: i. the limited to modest sample size of some of 

the studies, e.g.20,22, ii. variable outcome definitions employed (e.g. depressive episode, 

depressive disorder20, probable moderate or severe lifetime major depression21), and iii. 

differing methods of case ascertainment e.g. self-reports21 vs registry-based data20.  

In this context, we aimed to investigate the presence, magnitude, and direction of putative 

causal relationships between circulating inflammatory markers and depression through two- 

sample MR23 using the largest genotyped sample of cases diagnosed with major depressive 

disorder. We investigated the bidirectional causal effects of: circulating C- reactive protein 

(CRP), Interleukin-1 Receptor antagonist (IL-1Ra) and Interleukin-6 (IL-6) and risk of major 

depressive disorder in 135,458 cases and 344,901 controls in the Psychiatric Genetics 

Consortium24.  
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METHODS 

Two-sample Mendelian randomization 

MR can be used to generate unbiased causal estimates of the effects of exposures on disease 

outcomes under specific assumptions: the IV (here, one or more genetic variants) is: i) robustly 

associated with the exposure of interest; ii) not associated with any confounding factor(s) that 

would otherwise distort the association between the exposure and outcome; and iii) not 

associated with the outcome, independent of changes in the exposure (“exclusion restriction 

criterion”)25. Violation of one or more of these assumptions means that instruments are invalid 

and, consequently, that findings from such an analysis may yield a biased effect estimate.  

In order to overcome limitations of previous MR studies in the field, we applied two-sample MR. 

In two-sample MR, instrument-exposure and instrument-outcome effect sizes and standard 

errors are extracted from summary genetic data from two independent samples representative 

of the same underlying population. Such an approach allows statistical power and precision of 

causal estimates to be increased because it does not require measured exposure, outcome and 

genotyped data on all participants within a single sample19,26 and can therefore utilize summary 

effect estimates from previously-published large genome-wide association studies (GWAS). 

GWAS Summary Data: Inflammatory Markers 

For analyses examining the effect of inflammatory markers on MDD, summary genetic 

association data for inflammatory markers were extracted from published analyses as follows: 

serum CRP data were extracted from a GWAS meta-analysis of 88 studies including 204,402 

participants27; circulating IL-6 data were obtained from a GWAS meta-analysis of 40 studies 

including up to 133,449 individuals; and serum IL-1Ra data were obtained from a GWAS of 

6,135 individuals28. (1) All analyses were adjusted for age, sex, and population sub-structure. For 

reverse direction MR analyses (i.e., examining the effect of genetic liability to MDD on 
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inflammatory marker levels), complete summary genetic association data were not available for 

SNPs used to proxy MDD from all of these studies. Consequently, data for plasma CRP, IL-6, 

and IL-1Ra were obtained from a GWAS meta-analysis of 3,301 individuals of European descent, 

adjusted for age, sex, duration between blood draw and processing, and principal components of 

ancestry29. Extensive information regarding the GWAS analyses included can be found in the 

original publications. 

GWAS Summary Data: Major Depressive Disorder 

We obtained summary genetic association data from analyses in 135,458 major depressive 

disorder (MDD) cases and 344,901 controls of European ancestry in the Psychiatric Genetics 

Consortium (PGC)24. The PGC consisted of a combined meta-analysis of 29 individual cohorts 

forming the current PGC samples (PCG29 cohort: 6,823 MDD cases; 25,632 controls) and six 

independent cohorts (118,635 cases; 319,269 controls). Cases in the PCG29 cohort were defined 

using international consensus criteria (DSM-IV, ICD-9, or ICD-10) for a lifetime diagnosis of 

MDD using structured diagnostic instruments from assessments by trained interviewers, 

clinician-administered checklists, or medical record review and controls in 22/29  samples were 

screened for the absence of lifetime MDD and randomly selected from the population. In the 

remaining cohorts, controls were not screened for MDD. Cases in the additional six independent 

cohorts used a range of methods for defining MDD. Most studies included applied typical 

inclusion and exclusion criteria for both cases and controls, for example, the exclusion of 

individuals with other mental disorders such as bipolar disorder or schizophrenia. Further 

information on the GWAS can be found in the original publication.  

Genetic instrument construction: Inflammatory Markers 

As genetic instruments for inflammatory markers, we used one of two approaches:  
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i) we selected individual cis-acting variants (located within proximity to the protein-coding 

gene) robustly (P < 5 x 10-8) associated with the marker (IL-1Ra) or multiple weakly correlated 

(r2 ≤ 0.41) variants located within proximity to IL6R that were associated (P < 5 x 10-7) with the 

marker (IL-6),  

ii) we constructed multi-allelic instruments consisting of cis- and trans-acting independent (r2 < 

0.001) variants that were associated (P < 5 x 10-8) with the inflammatory marker (CRP).  

Characteristics of the genetic instruments used to proxy inflammatory markers are presented in 

Supplementary Table 1. 

Genetic instrument construction: Major Depressive Disorder 

To examine genetic liability to MDD, we selected 36 SNPs shown to robustly (P < 5 x 10-8) and 

independently (r2 <0.001) associate with MDD within the PGC GWAS meta-analysis. 

Statistical analysis 

IL-1Ra 

The risk factor had one SNP as an instrument. The Wald ratio was used to generate effect 

estimates and the delta method was used to approximate standard errors30. 

IL-6 

The risk factor had three weakly correlated SNPs combined into a multi-allelic instrument. 

Causal estimates were generated using a modified random-effects inverse-variance weighted 

(IVW) model that inflates standard errors to account for these correlations31. Correlation 

matrices were obtained from the 1000 Genomes Phase 3 (European) panel32.  

CRP 
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The risk factor had 30 independent SNPs as instruments. Causal estimates were generated using 

inverse-variance weighted (IVW) random-effects models33.   

Sensitivity Analyses 

For CRP and genetic liability to depression analyses, the following sensitivity analyses were 

performed to examine evidence of horizontal pleiotropy (a single locus influencing an outcome 

through one or more biological pathways independent to that of the presumed exposure); a 

violation of the “exclusion restriction criterion”): MR-Egger regression, weighted median, and 

weighted mode estimates33–35.  

MR Egger is similar to the IVW, performing a weighted generalised linear regression of the SNP-

outcome coefficients on the SNP-exposure coefficients, but unlike the IVW, has an 

unconstrained intercept term. This way, under the assumptions: i. the strength of the SNP-

exposure associations is independent of the degree of horizontal pleiotropy (InSIDE 

assumption), and ii. the measurement error in the instrument is negligible (NOME assumption), 

the intercept term of the MR Egger provides an estimate of the directional pleiotropic effects 

(unbalanced horizontally pleiotropic effects) of the SNPs on the outcome, with a non-zero 

intercept indicating directional pleiotropy. The beta coefficient of the MR Egger regression 

represents an estimate of the causal effect of an exposure on an outcome accounting for 

directional pleiotropic effects.  

The weighted median provides an estimate of the median of the weighted empirical distribution 

function of Wald ratio estimates and assumes that at least 50% of the information in a multi-

allelic instrument stems from SNPs that are valid instruments.  

The weighted mode assumes that the most common effect estimate of the instrumental variables 

stems from valid instruments and generates a causal effect estimate using the weighted mode 
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(weighted by the inverse variance of the SNP-outcome association) of a smoothed empirical 

density function of the individual instrumental variables.  

For CRP analyses, we additionally generated causal effect estimates using an instrument 

consisting of four weakly-correlated (r2 ≤ 0.20) cis-acting variants within CRP using a modified 

random-effects IVW model that accounts for correlations between SNPs.  

For IL-6 analyses, we also evaluated the causal effect of soluble IL-6 receptor (sIL-6R) on risk of 

MDD. A single SNP in IL-6R identified from a collaborative meta-analysis of 125,222 

participants was employed as instrument36. The Wald ratio was used to generate the causal 

effect estimate of sIL-6R on risk of MDD. Further details on the instrument can be found in 

Supplementary Table 1. 

For inflammatory markers showing evidence of association with MDD (P <0.05), we also tested 

whether the genetic instrument employed to proxy the inflammatory marker was associated 

with previously identified causal risk factors for depression: i. body mass index37, ii. 

neuroticism38, and iii. physical activity39. GWAS data on each risk factor were selected on the 

basis of previous MR studies identifying causal associations with MDD37–39. Further information 

on the specific GWAS studies utilized can be found in the Supplementary Material. When 

evidence for a causal effect was identified between an inflammatory marker and i. body mass 

index, ii. neuroticism, iii. physical activity, we additionally performed multivariable MR. The 

method is an extension of MR, in which multiple exposures are entered within the same model 

and their independent effects on the outcome can be estimated. Detailed information on the 

method can be found elsewhere40.  

Lastly, in cases that an exposure was showing evidence of a causal role (P <0.05), we performed 

iterative leave-one-out permutation analysis to examine whether any of the results were driven 

by any individual SNP. 
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All statistical analyses were performed using R version 3.3. 

 

RESULTS 

The causal effect of inflammatory markers on MDD 

In Mendelian randomization analyses examining the effect of circulating inflammatory markers 

on MDD, circulating interleukin-6 had a causal effect on risk of major depressive disorder (per 

natural-log increase in interleukin-6 (ng/mL): OR 0.85, 95% CI: 0.75-0.96, P=0.007). Results 

for interleukin-6 were consistent when performing iterative leave-one-out analyses 

(Supplementary Table 2). Higher circulating levels of IL-6 as proxied by genetic variants in/near 

IL6R represent lower cellular binding of IL-6 to its receptor and therefore these findings 

support a role of interleukin-6 in risk of MDD. In sensitivity analyses examining the effect of 

sIL-6R, there was likewise evidence for an effect of this marker on risk of MDD (per natural-log 

increase in sIL-6R: OR 1.06, 95%CI: 1.01- 1.12; P= 0.04).  

There was little evidence that C-reactive protein (per natural-log increase in CRP (mg/L): OR 

1.06, 95% CI: 0.93-1.22; P=0.36), or interleukin-1 receptor antagonist (per natural-log increase 

(pg/mL): OR 0.95, 95% CI: 0.87-1.03, P=0.20) had a causal effect on risk of major depressive 

disorder. Sensitivity analyses for CRP were consistent when employing MR-Egger regression, a 

weighted median estimator, a weighted mode estimator, and when using an instrument 

restricted to genetic variants located within CRP (OR: 0.99, 95% CI: 0.92-1.07; P=0.82) (Table 

1).  

The effect of IL-6 on causal risk factors for MDD 

There was little evidence to suggest a causal effect of IL-6 (ng/mL) on BMI (per natural-log 

increase: b= -0.027, 95% CI: -0.15-0.09; P=0.647) or physical activity as measured by mean 

acceleration (per natural-log increase: b= 0.46, 95% CI: -0.31-1.23; P=0.240). However, we 
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found evidence suggesting a causal effect of IL-6 on neuroticism (per natural-log increase: OR 

1.07, 95% CI: 1.02-1.12; P=0.011) (Supplementary table 3). The result was consistent when 

performing iterative leave-one-out analyses (Supplementary Table 4).  Multivariable MR 

suggested that the effect of IL-6 on risk of MDD was largely independent of neuroticism (per 

natural-log increase in IL-6: ORadj 0.74, 95%CI: 0.68- 0.80; P= 0.086) (Supplementary Table 5).  

The causal effect of genetic liability to MDD on inflammatory markers 

In reverse direction MR analyses, genetic liability to MDD was not associated with inflammatory 

markers (Standard deviation change [95% CI] per log odds higher liability to MDD: IL-6: -

0.001, 95%CI: -0.011 to 0.009; P=0.85; CRP: 0.003, 95%CI: -0.006 to 0.013; P=0.58; IL-1Ra: 

0.003, 95%CI: -0.006 to 0.013; P=0.51). These findings were consistent in sensitivity analyses 

examining horizontal pleiotropy (Table 2). 

 

DISCUSSION 

In the present study we conducted two-sample MR to assess the bidirectional associations 

between circulating inflammatory markers and depression in 135,458 cases of major depressive 

disorder and 344,901 controls. We found evidence for a causal effect of interleukin-6 on risk of 

MDD.  This effect was found to be independent of pleiotropic effects with neuroticism. In 

contrast to a previous MR analysis in UK Biobank21, we found little evidence for an association 

of C-reactive protein with risk of depression. Likewise, in contrast to some observational 

analyses, there was little evidence of association of  interleukin-1 receptor antagonist with risk of 

MDD10. Finally, we found little evidence for an association of genetic liability to MDD on 

inflammatory markers.  

 

Evidence suggests IL-6 may influence risk of MDD 
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Our findings suggesting a causal role of circulating interleukin-6 in the development of major 

depressive disorder are consistent with insights from randomised trials along with findings from 

previous observational, genetic, and MR studies. A recent meta-analysis of 45 clinical studies 

investigating levels of serum inflammatory markers in depressed patients before and after 

treatment with currently licenced antidepressants found that antidepressants resulted in 

significant reductions in the levels of IL-641. Additionally, IL-6 genetic polymorphisms have 

been found to be associated with the outcomes of antidepressant treatment, and specifically 

relapse, remission time and treatment resistant depression42. Further,  an emerging body of 

longitudinal studies have reported links between measured IL-6 levels and risk of depression 

across different populations14,16,43,44. Finally, a causal role of IL6 in depression is in agreement 

with a recent MR study investigating the associations between genetically proxied serum 

inflammatory markers and risk of depression in UK Biobank, suggesting a strong causal role of 

IL-6 in increasing the risk of probable lifetime major depression (moderate/severe) (OR per unit 

increase in log-transformed IL-6: 0.74, 95% CI: 0.62–0.89)21. It is important to note that there 

was some case overlap between our analysis and this previous UK Biobank analysis (there was 

approximately 10.5% case overlap in the UK Biobank)21. However, this degree of overlap is 

unlikely to have substantially contributed to the replication of this IL-6 finding. Furthermore, 

evidence from a previous MR study conducted in a birth cohort lends additional support for the 

importance of IL-6 in the aetiopathogenesis of depression22. 

Free serum IL-6 is inactive as it cannot bind to gp130 unless bound to the IL-6 receptor. The 

lower circulating levels of IL-6 as proxied by genetic variants in IL6R used as instruments 

represents greater cellular binding of IL-6 and, thus, greater biological effects of IL-645. Our 

findings implicating both circulating IL-6 and soluble IL-6 receptor thus suggest that the 

pharmacological targeting of IL-6 signalling through inhibition of the interleukin-6 receptor or 

interleukin-6 itself could be an effective therapeutic strategy for depression. Additionally, our 

findings suggest that intervening on upstream lifestyle or behavioural factors which influence 
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depression risk, in part, through modulation of IL-6 levels could be an alternative risk-reducing 

strategy. 

The exact mechanisms by which IL-6 may promote depression remains unclear, but several 

possibilities have been suggested. A meta-analysis of studies measuring serum cytokines in 

depression commented that all of the cytokines found to be elevated in depression (IL-1Ra, IL-6, 

TNFα and sIL2R) are modulated by the NFκβ pathway, which is one of the first pathways to 

respond to harmful cellular stimuli and activates many components of the anti-microbial 

response46. As described previously, IL-6 itself can activate two different signalling pathways, 

one of which appears to be anti- rather than pro-inflammatory47. The pro-inflammatory trans-

signalling pathway is the principal pathway activated by IL-6 in the central nervous system48. Of 

note, evidence suggests that acute stress causes an inflammatory response which could explain 

why several disorders where stress is a risk factor are associated with the same immune 

alterations 46,49. Another mechanism to explain the increased risk with IL-6 is linked to the 

hypothalamus-pituitary-adrenal (HPA) axis. Glucocorticoid resistance, caused by the failure of 

the negative feedback loop in the HPA axis, is seen in 40-60% of individuals with depression50. 

The glucocorticoid receptor is known to inhibit NFκβ, which may increase the risk of an 

overactive inflammatory response in those with raised glucocorticoids levels such as individuals 

with depression51. 

 

The causal effect of CRP and IL-1Ra on risk of MDD 

In the context of the present study, we found little evidence suggesting a causal effect of C-

reactive protein on risk of major depressive disorder. This is in contrast to a recent MR analyses 

in UK Biobank suggesting a causal association between CRP and probable lifetime major 

depression (moderate/severe) (OR per unit increase in log-transformed CRP: 1.18, 95% CI: 

1.07–1.29)21. However, an earlier Mendelian randomization analysis of 78,809 individuals from 
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the Danish general population reported little evidence of an association of genetically proxied 

CRP on various depression-related phenotypes (e.g., hospitalisation with depression, 

prescription anti-depression medication use)20.  Discrepancies among these findings could be 

attributed to differences in: i. sample size, ii. case definition and/or ascertainment, and iii. 

participant characteristics (e.g. age or severity of depression).  

Furthermore, although IL-1Ra has been previously linked to depression in observational studies, 

we found limited evidence for a causal role in the development of MDD46. This could suggest 

confounding or chance but is unlikely to reflect reverse causation as the bidirectional analyses 

conducted in the present study provide evidence against a role of genetic liability to MDD on 

levels of IL-1Ra. 

 

The causal effect of MDD on inflammatory markers 

In contrast to a number of observational studies suggesting bidirectional associations between 

inflammation markers and depression15,16, the present MR analysis found limited evidence to 

support a causal effect of genetic liability to MDD on inflammatory markers. These findings 

suggest that subclinical manifestations and/or pathophysiological mechanisms underpinning 

development of depression are unlikely to a large effect on levels of inflammatory markers 

examined.   

 

Strengths and Limitations 

Strengths of this analysis include the use of a bidirectional Mendelian randomization approach 

which allowed us to: 1) clarify causal roles of inflammatory markers in depression, 2) estimate 

the magnitude of effect size, and 3) establish the likely direction of previously reported 

observational associations. Second, the construction of genetic instruments using either i) cis-
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acting variants or ii) multiple genome-wide significant variants allowed us to minimise 

horizontal pleiotropy and perform various sensitivity analyses to detect and/or adjust analyses 

for this bias, respectively. Third, the use of a two-sample MR approach allowed us to exploit 

summary genetic association data from several large genome-wide association studies, including 

the largest published MDD GWAS to date, which allowed us to substantially increase the 

number of depression cases included compared to the largest previous analysis (135,458 vs. 

14,701 cases), in turn, increasing statistical power. Fourth, the restriction of inflammatory 

markers and MDD datasets to individuals of largely European ancestry reduced (but did not 

eliminate) confounding through population stratification in our analyses. The present findings 

are unlikely to be largely driven by residual confounding through population stratification.  

There are several limitations to these analyses. First, controls within the Psychiatric Genetics 

Consortium were not all screened for mental health disorders, including depression. Whilst the 

potential inclusion of participants with depression as controls could bias inflammatory marker-

depression analyses toward the null, advantages of using this approach include the ability to 

increase sample size which should mitigate such an attenuation. Second, although attempts 

were made to circumvent potential violations of MR assumptions in our analyses through the 

use of cis-acting variants as primary instruments and in sensitivity analyses, we cannot rule out 

the possibility of horizontal pleiotropy accounting for a causal role of IL-6 levels in development 

of depression. Likewise, we cannot rule out the possibility that false negative findings may have 

arisen through horizontally pleiotropic pathways biasing our findings toward the null. In 

addition, our analyses assumed linear associations between inflammatory markers and 

depression and assumed no interaction (e.g., gene-gene, gene-environment). Finally, the reverse 

direction analyses investigating the causal effects of genetic liability to MDD on circulating 

inflammatory markers had lower statistical power than analyses examining the role of 

inflammatory markers in depression.  
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CONCLUSION 

Within a two-sample MR framework we found evidence suggesting a causal role of IL-6 on risk 

of MDD in 135,458 cases and 344,901 controls in the Psychiatric Genetics Consortium. The 

identified causal effect was independent of pleiotropic effects with neuroticism. We were unable 

to replicate a previously reported association between genetically proxied CRP and depression. 

Further, there was little evidence to support a causal effect of CRP or IL-1Ra on MDD. In 

addition, there was little evidence to suggest bidirectional associations of reverse causation as an 

explanation for previously reported observational associations between CRP and IL-1Ra and 

depression. The present findings indicate the possible efficacy of interleukin-6 inhibition as a 

therapeutic target for depression and support the work currently ongoing in developing novel 

antidepressants targeting neuroinflammation, as well as trials repurposing already licensed 

anti-inflammatory agents e.g. celecoxib. Future research on the possible molecular and 

physiological pathways linking IL-6 and depression is expected to enhance current 

understanding on the underlying aetiopathogenic mechanisms of one of the leading causes of 

disability worldwide.   
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Table 1. Causal estimates of circulating inflammatory markers on risk of major depressive disorder 

in the Psychiatric Genetics Consortium 

Inflammatory 

marker  

IVW/Wald ratio 

OR (95% CI) 

P-value 

MR-Egger 

OR (95% CI) 

P-value 

Weighted median 

OR (95% CI) 

P-value 

Weighted mode 

OR (95% CI) 

P-value 

CRP (mg/L) 1.06 (0.93-1.22) 

0.36 

1.16 (0.73-1.83) 

0.54 

0.99 (0.83-1.17) 

0.88 

0.95 (0.72-1.26) 

0.72 

IL1-Ra (pg/mL) 0.95 (0.87-1.03) 

0.20 

- - - 

IL-6 (ng/mL) 0.85 (0.75-0.96) 

0.007 

- - - 

 

IVW = Inverse-variance weighted, OR = Odds Ratio, 95% CI = 95% Confidence Interval, CRP = C-reactive 

protein, IL1-Ra = Interleukin-1 Receptor antagonist, IL-6 = Interleukin-6. OR represents the exponential 

change in the odds of MDD per each unit increase in natural log-transformed inflammatory marker. 
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Table 2. Causal estimates of genetic liability to major depressive disorder on circulating 

inflammatory markers levels 

Inflammatory 

marker  

IVW 

Beta (SE) 

P-value 

MR-Egger 

Beta (SE) 

P-value 

Weighted median 

Beta (SE) 

P-value 

Weighted mode 

Beta (SE) 

P-value 

CRP  0.003 (0.005) 

0.58 

-0.004 (0.14) 

0.98 

0.004 (0.006) 

0.56 

0.013 (0.015) 

0.40 

IL1-Ra  0.003 (0.005) 

0.51 

-0.03 (0.14) 

0.85 

0.001 (0.006) 

0.83 

-0.003 (0.013) 

0.83 

IL-6  -0.001 (0.005) 

0.85 

-0.071 (0.140) 

0.61 

-0.001 (0.006) 

0.82 

-0.001 (0.014) 

0.96 

 

IVW = Inverse-variance weighted, SE= Standard error, CRP = C-reactive protein, IL1-Ra = Interleukin-1 

Receptor antagonist, IL-6 = Interleukin-6. Beta represents the change in standard deviation units in levels of 

circulating inflammatory marker per natural log odds higher liability to major depressive disorder.  
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