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Inflammation in Depression:
Relevant to All or Only Some?



RA = rheumatoid arthritis; MDD = major depressive disorder; CRP = C-reactive protein.
Raison CL, et al. Curr Psychiatry Rep. 2011;13(6):467-475.
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What Do We Mean by Increased Inflammation in 
Psychiatric Conditions?
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Does Inflammation Represent a Biologically 
Consistent MDD Subtype?

IL-6 = interleukin 6.
Kim YK, et al. Prog Neuropsychopharmacol Biol Psychiatry. 2007;31(5):1044-1053.
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Findings That Would Support Inflammation as a 
Generalized Etiological Agent in MDD

• Inflammatory pathways interact extensively with every other 
system in the brain and body believed to be involved in the 
pathophysiology of MDD

• As a result of response differences in these depression-relevant 
systems, people might vary widely in their sensitivity to the 
behavioral effects of inflammatory signaling

• Thus, some individuals’ overall physiology might protect them 
from developing depression in response to all but the highest 
levels of inflammatory stimulation; whereas the physiology of 
others might make them prone to developing depressive 
symptoms in response to even low levels of inflammatory 
stimulation

Raison CL, et al. Curr Psychiatry Rep. 2011;13(6):467-475.



Interferon-Alpha and Inflammatory Response 
Element Amplifiers?

TNF = tumor necrosis factor; TRYCATS = tryptophan catabolites; SWS = slow wave sleep.
Raison CL, et al. Mol Psychiatry. 2013;18(1):15-37.
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Findings That Would Support Inflammation as a 
Depressive Subtype

• Inflammatory activation should produce depressive symptoms in 
previously non-depressed individuals

• Increased concentrations of inflammatory biomarkers prior to 
treatment should predict improved antidepressant response to 
anti-inflammatory agents

• During any type of treatment with antidepressant properties, 
reductions in depressive symptoms should correlate with 
reductions in inflammatory biomarkers

Raison CL, et al. Curr Psychiatry Rep. 2011;13(6):467-475.



A “Definitive” Way to Answer Whether Inflammation 
is a Subtype or General Depression Cause

Raison CL, et al. Curr Psychiatry Rep. 2011;13(6):467-475.
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Cytokine Antagonism for the Treatment of MDD: I

TRD = treatment-resistant depression; HAM-D = Hamilton Rating Scale for Depression; CGI = Clinical Global Impression.
Raison CL, et al. JAMA Psychiatry. 2013;70(1):31-41.

60 patients with TRD were randomized on a 1-to-1 basis to receive either 3 infusions of the TNF 
antagonist infliximab vs a salt water placebo at baseline, Week 2, and Week 6. Depressive symptoms 

were assessed pre-treatment and at weeks 1, 2, 3, 4, 6, 8, 10, and 12.
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Cytokine Antagonism for the Treatment of MDD: II

Hs-CRP = high-sensitivity CRP.
Raison CL, et al. JAMA Psychiatry. 2013;70(1):31-41.
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Inflammatory Depression:
A Different Biology



Inflammation, Dopamine, and the Striatum and 
Striatal–Frontal Connectivity

DS = dorsal striatum; IFN = interferon; SMA = supplementary motor area; SN = substantia nigra; vmPFC = ventromedial prefrontal cortex; VS = ventral striatum; 
VTA = ventral tengmental area; 3-HAO = 3-hydroxyanthranilic acid oxygenase; AMPAR = 2-amino-3-(5-methyl-3-oxo-1,2-oxazol-4-yl) propanoic acid receptor; D1 
= dopamine 1 receptor 1; D2 = dopamine 2 receptor; DDC = dopamine decarboxylase; KMO = kynurenine 3-monooxygenase; NMDAR = N-methyl-D-aspartic acid 
receptor; NO = nitric oxide; NOS = nitric oxide synthase; PAH = phenylalanine hydroxylase; ROS = reactive oxygen species; TH = tyrosine hydroxylase.
Felger JC, et al. Neuropsychopharmacology. 2017;42(1):216-241.



Inflammatory Depression Associated with Increased 
Striatal Glutamate, Anhedonia, and Psychomotor Slowing

*P<.025. DSST = digit symbol substitution test; FTT = finger-tapping 
test; IDS-SR = inventory for depressive symptoms-self rated.

Haroon E, et al. Mol Psychiatry. 2016;21(10):1351-1357.

In 50 medication-free, depressed outpatients increased plasma 
CRP was significantly associated with increased left basal ganglia 
glutamate controlling for age, sex, race, body mass index, smoking 
status, and depression severity. In turn, left basal ganglia glutamate 
was associated with anhedonia and psychomotor slowing 
measured by the FTT, simple reaction time task, and DSST. Plasma 
CRP was not associated with dorsal anterior cingulate glutamate. 
Plasma and cerebrospinal fluid CRP were also associated with 
measures of basal ganglia glutamate and the glial marker 
myoinositol.



Association of Depression Duration and 
Microglial Activation

81 participants were included in the study 
(current major depressive episode n=51, 
healthy n=30). Duration of untreated MDD 
was a strong predictor of TSPO VT 
(P<.0001), as were total illness duration 
(P=.0021) and duration of antidepressant 
exposure (P=.037). The combination of 
these predictors accounted for about 50% of 
variance in TSPO VT in the prefrontal 
cortex, anterior cingulate cortex, and insula. 
In participants who had untreated MDD for ≥ 
10 years or longer, TSPO VT was 29% to 
33% greater in the prefrontal cortex, anterior 
cingulate cortex, and insula than in 
participants who were untreated for ≤ 9 
years. TSPO VT was also 31% to 39% 
greater in the 3 primary gray matter regions 
of participants with long duration of 
untreated MDD compared with healthy 
participants (P=.00047)

TSPO VT = translocator protein total distribution volume; HAB = TSPO high affinity binders; MAB = TSPO mixed affinity binders. 
Setiawan E, et al. Lancet Psychiatry. 2018;5(4):339-347.



Inflammatory Depression:
A Cause of Treatment-Resistance?



Recent Evidence that Treatment-Resistance is 
Associated with Increased Inflammation

(Above): 102 treatment-resistant MDD patients had higher levels of CRP than 
either treatment-responsive patients (n=48) or healthy control participants 
(n=54). Compared with healthy volunteers, BMI-corrected CRP was 
significantly elevated in the treatment-resistant group (P=.007; Cohen’s 
d=.47); but not significantly so in the treatment-responsive (d=.29) and 
untreated (d=.18) groups. Clinical phenotypes most strongly associated with 
CRP were vegetative depressive symptoms.
(Right): A significant relationship was found between number of failed 
treatment trials and TNF, sTNF-R2, and IL-6 (all P<.05 in multivariate 
analyses). Post hoc pairwise comparisons with correction for multiple testing 
revealed that patients with ≥ 3 failed trials in the current episode had 
significantly higher plasma TNF, sTNF-R2, and IL-6 compared to individuals 
with 0 or 1 trial (all P<.05). Hs-CRP was also associated with a greater 
number of treatment failures, but only in models with BMI excluded.

BMI = body mass index; sTNF-R2 = soluble TNF receptor 2.
Chamberlain SR, et al. Br J Psychiatry. 2018 May 16;[Epub ahead of print]. Haroon E, et al. Psychoneuroendocrinology. 2018;95:43-49.



Chronic Inflammation from Infection Increases MDD 
Risk and Reduces Antidepressant Responsiveness

RLGI(-) = repeated low-grade infections with low inflammation; RLGI(+) = RLGI with high inflammation; ETT = easy-to-treat; DTT = difficult-to-treat. 
Jeng JS, et al. J Clin Psychiatry. 2018 Jan/Feb;79(1). 

A nationwide, population-based cohort study was conducted in medically-healthy participants with and without a history of RLGI. 
The rates of MDD during an up to 8-year follow-up period were compared between the 2 groups in 2 independent cohorts. The 
responses to adequate antidepressant trials, including ETT and DTT responses, were also compared in the MDD patients. 
During the follow-up, the RLGI(+) (n=727) group had a significantly higher chance of developing MDD over time than the RLGI(-) 
(n=443) group: Cox proportional hazards regression models showed that the hazard ratio associated with a history of RLGI was 
1.369 to 1.911 (P<.001), after adjusting for confounding factors. The RLGI(+) group was consistently associated with a higher 
likelihood of DTT responses than was the RLGI(-) group (Cohort-2002: 11.5% vs 7.6%; Cohort-2004: 11.8% vs 4.3%; P<.05 by 
Wald χ² tests in both cohorts).

Depression Treatment Outcome Between the RLGI(+) and RLGI(-) Group in 2 Cohortsa

Cohort-2002 
(years 2003–2011)

Cohort-2004
(years 2005–2011)

MDD During the Follow-
Up

RLGI(-)
(n=328)

RLGI(+)
(n=489)

P
Valueb

P 
Valuec

RLGI(-)
(n=115)

RLGI(+)
(n=238)

P
Valueb

P
Valuec

Antidepressant 
responses

.029* .009* .004* .001*

Easy-to-treat 249 
(75.9)

330 
(67.5)

96 
(83.5)

160 
(67.2)

Intermediately
difficult-to-treat

54 (16.5) 103 
(21.1)

14 
(12.2)

50 (21.0)

Difficult-to-treat 25 (7.6) 56 (11.5) 5 (4.3) 28 (11.8)
aValues are n (%). bBy Pearson χ2 tests. cBy Wald χ2 tests. 
*P<.05



Inflammation Reduces Response to Psychotherapy, 
Consistent with Impairment of Placebo Response

(Left): Participants were randomized to 12 weeks (short-term phase) of diabetes-
specific group CBT or sertraline treatment and followed up for 15 months (long-term 
phase). In patients with type 1 diabetes (but not type 2) increased baseline hs-CRP 
was associated with reduced short-term (B = 3.43 [95% CI 0.51, 6.33], P=.022) and 
long-term improvement (3.60 [95% CI 0.56, 6.63], P=.021) in depression even after 
adjustment for confounders.
(Right): In 168 patients with MDD, CRP > 10 mg/L was associated with reduced 
response to either CBT or interpersonal psychotherapy.

CBT = cognitive-behavioral therapy; MADRS = Montgomery-Åsberg Depression Rating Scale. 
Zahn D, et al. Diabetes Care. 2016;39(10):e171-e173. Harley J, et al. J Psychopharmacol. 2010;24(4):625-626.



Inflammatory Depression:
Finally, Subtype with Predictive Power?



CRP Predicts Response and Nonresponse to 
Antidepressants: I

In a multicenter open-label randomized clinical trial. CRP was measured with a high-sensitivity method in serum 
samples from 241 adult men and women with MDD randomly allocated to 12-week treatment with escitalopram (n=115) 
or nortriptyline (n=126). CRP level at baseline differentially predicted treatment outcome with the 2 antidepressants 
(CRP-drug interaction: β = 3.27, 95% CI = 1.65, 4.89). For patients with low levels of CRP (< 1 mg/L), improvement on 
the MADRS score was 3 points higher with escitalopram than with nortriptyline. For patients with higher CRP levels, 
improvement on the MADRS score was 3 points higher with nortriptyline than with escitalopram. CRP and its interaction 
with medication explained more than 10% of individual-level variance in treatment outcome.

CO-MED = Combining Medications to Enhance Depression Outcomes; SSRI = selective serotonin reuptake inhibitor.
Uher R, et al. Am J Psychiatry. 2014;171(12):1278-1286. Jha MK, et al. Psychoneuroendocrinology. 2017;78:105-113. 



CRP Predicts Response and Nonresponse to 
Antidepressants: II

Participants were randomly assigned to either escitalopram plus placebo (SSRI monotherapy, n=51) or bupropion plus 
escitalopram combination (bupropion-SSRI combination, n=55). Hs-CRP was measured prior to treatment. Higher 
baseline CRP levels were associated with lower depression severity (correlation coefficient = -0.63) with bupropion-
SSRI combination but not with SSRI monotherapy (correlation coefficient = 0.40). The overall remission rate was 41.5%. 
The estimated remission rate with CRP threshold based assignment (SSRI monotherapy for < 1 mg/L and bupropion-
SSRI for ≥ 1 mg/L) was 53.1%, with a number needed to treat of 8.6. 

QIDS-SR = Quick Inventory of Depressive Symptomatology Self-Report.
Jha MK, et al. Psychoneuroendocrinology. 2017;78:105-113. 



IL-17 and BMI Differentially Predict 
Antidepressant Response

IL-17 and other T cell and non-T cell markers 
(Th1, Th2, and non-T cell markers) were 
measured in the CO-MED trial participants who 
provided baseline plasma and were treated 
with either bupropion plus escitalopram 
(bupropion-SSRI), escitalopram plus placebo 
(SSRI monotherapy), or venlafaxine plus 
mirtazapine (n=166). There was a significant 
treatment-arm-by-IL-17 interaction for 
depression severity (P=.037) but not for side 
effects (P=.28). Higher baseline IL-17 level was 
associated with greater reduction in depression 
severity (effect size = 0.78, P=.008) in the 
bupropion-SSRI but not the other 2 treatment 
arms. Other T and non-T cell markers were not 
associated with differential treatment 
outcomes. In the larger CO-MED study sample 
(N=662) under and normal weight participants 
responded better to escitalopram and 
venlafaxine/mirtazapine, with opposite finding 
in obese participants, consistent with the link 
between BMI and inflammation.

Jha MK, et al. Int J Neuropsychopharmacol. 2017;20(11):919-927. Jha MK, et al. Brain Behav Immun. 2017;66:103-110. Jha MK, et al. J 
Affect Disord. 2018;234:34-37. 



CRP and Response to L-Methylfolate

SAM = S-adenosylmethionine; SAH = S-adenosylhomocysteine; HNE = 4-hydroxy-2-nonenal.
Papakostas GI, et al. J Clin Psychiatry. 2014;75(8):855-863.
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Meta-Analysis of Minocycline as an Antidepressant

RCT = randomized controlled trial. 
Rosenblat JD, et al. J Affect Disord. 2018;227:219-225.

18 clinical studies (including published and unpublished RCTs, open-label studies, ongoing clinical trials and a case report) 
were identified for inclusion in the qualitative synthesis. Only 3 RCTs (n=158) met inclusion criteria for quantitative synthesis. 
The overall antidepressant effect size of minocycline compared to placebo was - 0.78 [95% CI - 0.4 to - 1.33 (P=.005)], 
indicative of a large and statistically significant antidepressant effect. Heterogeneity of the pooled sample was moderate (I2 = 
62%). There was no statistically significant difference in reported adverse effects or all-cause discontinuation in the 
minocycline group compared to placebo (P=.16).The small number of published RCTs, small sample sizes, heterogeneity of 
included studies, and potential publication bias were significant limitations.



Inflammation and Minocycline vs Aspirin 
for Bipolar Depression

99 patients with bipolar depression randomized to 
combinations of low dose aspirin and/or minocycline vs 
placebo. Results showed that aspirin but not minocycline 
produced higher response rates than placebo. Response 
to minocycline but not aspirin was predicted by increased 
IL-6 pre-treatment.

Left: #P<.05 (one-tailed test); *P<.05. Right: **P<.01 (two-tailed test); ◊=outlier, defined as a data point outside of 75% + 1.5*IQR or 25%–
1.5*IQR (two-tailed test). IQR = inter quartile range.
Savitz JB, et al. Transl Psychiatry. 2018;8(1):27.



Anti-Inflammatory Marker Predicts 
Response to Ketamine

In 108 patients with TRD 
receiving a single 
ketamine infusion, 
increased BMI predicted 
enhanced short-term 
antidepressant 
response. Increased 
BMI associated with 
increased inflammation. 

In 80 patients with TRD 
lower levels of the anti-
inflammatory adipokine 
adiponectin predicted 
improved antidepressant 
responses at 1-day post-
treatment.

Niciu MJ, et al. J Clin Psychiatry. 2014;75(5):e417-e423. Machado-Viera R, et al. Mol Psychiatry. 2017;22(1):127-133.



CRP Predicts Response to Lurasidone in 
Bipolar Depression

wr-CRP = wide-ranging CRP.
Raison CL, et al. Submitted.

Serum CRP concentration was 
measured prior to, and following, 6 
weeks of treatment in 485 outpatients 
with bipolar I depression. Patients were 
randomized to receive monotherapy 
with lurasidone 20–60 mg/day (n=161), 
lurasidone 80–120 mg/day (n=162), or 
placebo (n=162). Increasing pre-
treatment wr-CRP level predicted a 
larger overall antidepressant response 
to lurasidone, as well as an increased 
response for a number of individual 
depressive symptoms. These 
moderating effects of pre-treatment wr-
CRP remained significant after 
adjustment for potential confounds (eg, 
baseline BMI and weight change). 
Treatment with lurasidone did not affect 
serum concentrations of CRP compared 
to placebo. 



Depressed, But Low Inflammation;
Is the Immune System Relevant?



Now the Wrinkle: 
Beware an Anti-Inflammatory “One Size Fits All”

Raison CL, et al. JAMA Psychiatry. 2013;70(1):31-41.
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Omega-3 Fatty Acids, MDD, and 
Pre-Treatment Inflammation

EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid. 
Rapaport MH, et al. Mol Psychiatry. 2016;21(1):71-79.

155 participants with DSM-IV MDD, a baseline HAM-D-17 score ≥ 15 and baseline biomarker data IL-1ra, IL-6, hs-CRP, 
leptin, and adiponectin) were randomized to 8 weeks of double-blind treatment with EPA-enriched n-3 1060 mg day(-1), 
DHA-enriched n-3 900 mg day(-1), or placebo. Although overall treatment group differences were negligible (ES=-0.13 
to +0.04), participants with any “high” inflammation improved more on EPA than placebo (ES=-0.39) or DHA (ES=-0.60) 
and less on DHA than placebo (ES=+0.21); furthermore, EPA-placebo separation increased with increasing numbers of 
markers of high inflammation.



Whole Body Hyperthermia (WBH) as a Probe Into 
Inflammation and Depression

Janssen CW, et al. JAMA Psychiatry. 2016;73(8):789-795.

71% of sham-treated participants
believed they had received WBH



Antidepressant Effects of WBH

HDRS = Hamilton Rating Scale for Depression.
Janssen CW, et al. JAMA Psychiatry. 2016;73(8):789-795.
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Acute and Longer-Term IL-6 and TNF 
Responses to WBH vs Sham

Caruso MF, et al. In Preparation.
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Increased IL-6 May Be Associated with Reduced 
Depression Following WBH

Caruso MF, et al. In Preparation.
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Differential Immune Sensitivity and MDD Revisited
Men, Women, Motherhood, and Cytokines



Women Develop More Depression and Social 
Disconnection in Response to an Acute Immune Stimulus

Moieni M, et al. Neuropsychopharmacology. 2015;40(7):1709-1716.

115 healthy participants (69 female) completed this double-blind, placebo-controlled, RCT in which participants were 
randomly assigned to receive either a single infusion of low-dose endotoxin (0.8 ng/kg of body weight) or saline placebo. 
IL-6, TNF-α, depressed mood, and feelings of social disconnection were assessed hourly. Results showed 
that endotoxin (vs placebo) led to increases in proinflammatory cytokines (TNF-α, IL-6), depressed mood, and feelings of 
social disconnection. Females exposed to endotoxin showed greater increases in depressed mood and feelings of social 
disconnection. Furthermore, increases in TNF-α and IL-6 were correlated with increases in social disconnection for 
females but not for males. No differences in cytokine response to endotoxin were observed between males and females.



Repeated “Real World” Inflammation Predicts 
Development of Depression in Women, Not Men

Bell JA, et al. Transl Psychiatry. 2017;7(8):e1208.

The number of occasions with CRP ≥ 
3 mg l-1 over the same initial 
assessments was examined in relation 
to change in depressive symptoms 
between 2008/09 and 2012/13 and 
odds of developing depressive 
symptomology in 2012/13. In 
multivariable-adjusted regression 
models (n=2068), those inflamed on 2 
vs 0 occasions showed a 0.10 (95% CI 
= -0.07, 0.28) symptom increase and 
1.60 (95% CI = 1.00, 2.55) times higher 
odds of developing depression. In 
further analyses, 2 vs 0 occasions of 
inflammation were associated with 
increased odds of developing 
depressive symptoms among women 
(OR = 2.75, 95% CI = 1.53, 4.95), but 
not among men (OR = 0.70, 95% CI = 
0.29, 1.68); P-for-sex interaction=.035.



Across Evolutionary Time Women Paid a
Higher Reproductive Cost for Inflammation

• Inflammation reduces fertility, impairs lactation, and directs metabolic resources 
away from the multiple energetically-costly aspects of female biology that were 
required for successful reproduction in ancestral environments

• Females may be more likely to develop depression during the reproductive years 
because across evolutionary time depressive symptoms—having evolved out of 
sickness—promoted behaviors that decreased the risk of pathogen exposure 
(social withdrawal) and provided increased protection from pathogens for any 
given level of inflammatory activation once an infection had occurred (eg, by 
increasing energy available to immune processes by inducing conservation-
withdrawal behavior, maintaining elevated body temperature)

• Said differently, by inducing social and biological behaviors that promoted host 
defense against pathogens, depressive symptoms allowed females of 
reproductive age to “get by” with less inflammation and still avoid death from 
infection

Raison CL, et al. Neuropsychopharmacology. 2017;42(1):5-27.



Key Take-Away Points
• MDD is not an inflammatory disease, but inflammation can cause depression
• Increased inflammation is not a universal cause of depression 
• Patients with increased elevation appear to form a semi-distinct subgroup within 

MDD based on brain function and response to treatment
• Increased inflammation is associated with treatment resistance in clinical 

populations 
• Inflammatory biomarkers are showing promise for guiding antidepressant therapy
• It appears that increased inflammation predicts nonresponse to SSRIs and 

response to agents with dopaminergic activity
• Beware of widespread use of anti-inflammatory agents in MDD, patients with low 

levels of inflammation may be negatively impacted. Anti-inflammatory 
pharmacologic strategies are likely to only be of benefit in those with elevated 
inflammation

• An inflammatory perspective on MDD may help explain curious features of the 
disorder (eg, female preponderance of depression in women of childbearing years)
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