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Abstract

Objective—Electroconvulsive therapy (ECT) is the most robust acute treatment for severe major 

depressive disorder, yet clinical response is variable. Inflammation is associated with depression, 

especially in women, and levels of C-reactive protein (CRP) and interleukin-6 (IL-6) predict 

response to antidepressant medications. This study evaluated whether markers of inflammation 

predicted response to electroconvulsive therapy (ECT) in patients with treatment resistant 

depression, and to what extent this association differed between men and women.

Methods—In patients (n=29) with a current major depressive episode diagnosed using DSM-IV-

TR criteria, undergoing ECT at an academic referral center, levels of CRP, IL-6, IL-8, tumor 

necrosis factor (TNF)-α, and severity of depressive symptoms (Montgomery-Asberg Depression 

Rating Scale, MADRS) were prospectively evaluated before ECT treatment, after the second ECT 

session, and again at the completion of the index treatment series. Data were collected between 

12/2011 and 12/2014. The primary outcome was end-of-treatment MADRS score.

Results—In multivariate analyses, higher levels of IL-6 at baseline, but not other inflammatory 

markers or clinical variables, were associated with lower end-of-treatment MADRS score 

(p=0.01). When stratified by sex, IL-6 remained a significant predictor of end-of-treatment 

MADRS for women (p=0.02) but not men (p=0.1), and CRP emerged as a significant predictor for 

women (p=0.04) but not men (p=0.66). CRP and IL-6 increased from baseline to the second ECT 

session (p’s<0.01) and returned to baseline levels at end of treatment; these changes did not relate 

to MADRS score over the course of ECT.

Conclusions—Levels of IL-6 prior to ECT treatment may be useful in identifying those 

depressed patients most likely to benefit from ECT treatment. In contrast, acute changes in IL-6 
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and CRP may reflect spikes in inflammatory response related to the initiation of seizure therapy, 

but not mood. Assessment of pre-treatment inflammatory biomarkers, especially in women, might 

be useful in guiding treatment decision-making in treatment resistant depression.
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INTRODUCTION

Substantial evidence has shown that electroconvulsive therapy (ECT) is a highly effective 

treatment for major depressive disorder.1 Given considerable costs and potential side effects 

associated with ECT, and the fact that nearly one third of patients fail to respond,2 there is a 

need to identify those depressed patients who are most likely to benefit from ECT. 

Unfortunately, clinical variables have been found to be of limited value in predicting 

response to ECT. Indeed, a meta-analysis evaluating clinical predictors of ECT response 

found that only longer duration of current depressive episode and medication failure during 

the current episode were associated with a lower likelihood of response to ECT. 2 There 

were weak and non-significant associations suggesting that older age and psychotic features 

might identify those more likely to respond.2 Baseline symptom severity—traditionally 

conceptualized as a predictor of better response to ECT— might associate with treatment 

response, but this meta-analytic result was inconclusive due to heterogeneity across studies.2 

No prior studies have examined whether inflammatory markers at baseline might be useful 

in predicting clinical improvement in response to ECT.

Inflammation is associated with depression,3,4 especially in women,5,6 and is implicated as a 

causal factor in some types of depression, including interferon-α induced depression, and 

depressive symptoms elicited by experimental administration of endotoxin.5–12 Patients with 

an “inflammatory subtype” of depression may also differ in response to treatment. Studies 

demonstrate that depressed patients with elevated inflammation may respond less robustly to 

antidepressant medications.13–17

No study has evaluated whether levels of inflammation at baseline might predict clinical 

improvement in response to ECT. However, ECT has been found to alter cytokine levels.
18–24 After a single session of ECT, elevated concentrations of interleukin (IL)-1β, IL-6 and 

tumor necrosis factor (TNF)-α have been observed, without persistent elevation after 

repeated treatments20,21. Over a course of ECT, one small study demonstrated that elevated 

pre-treatment TNF-α levels in depressed patients normalized, so that post-treatment levels of 

TNF-α were comparable to control subjects24. A recent study found that clinical remission 

was associated with a decrease in interleukin (IL)-6 over a course of treatment.25 Thus, 

though there are a few studies evaluating the trajectory of inflammatory change over the 

course of ECT, the assessment of inflammatory markers as predictors of ECT treatment 

outcome is conspicuously absent. Moreover, there are no data to our knowledge that have 

examined sex differences in the association between inflammation and response to 

treatment. Women are more affectively sensitive to the effects of inflammatory challenge 
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than men,6 and a recent study demonstrated an association of CRP concentrations with 

depression severity and specific depressive symptoms in women only.26

This study hypothesized that levels of circulating inflammatory markers would be associated 

with severity of depressive symptoms following ECT. In patients with major depressive 

disorder, levels of inflammatory markers and severity of depressive symptoms were 

evaluated before ECT treatment, after the second ECT session, and again at the completion 

of the index treatment series. We focused on pro-inflammatory cytokines interleukin-6 

(IL-6) and TNF-α, and the acute phase protein C-reactive protein (CRP), because these 

makers are consistently elevated in association with major depression.3,4 We also included 

assessment of IL-8 and IL-1β, because both of these cytokines have been found in some 

studies to be associated with depression.27 The primary purpose of this study was to 

investigate whether baseline levels of inflammation, or changes in markers of inflammation 

during treatment, might predict severity of depressive symptoms after ECT treatment in 

depressed patients, taking into account demographic and clinical characteristics previously 

associated with ECT response.2 Further, we explored whether there were sex differences in 

these relationships.

SUBJECTS AND METHODS

Participants

Subjects were depressed patients (N=29, 14 males, 15 females) who were scheduled to 

undergo ECT treatment at the University of California, Los Angeles (UCLA) Resnick 

Neuropsychiatric Hospital; this study reports on a subsample of those reported on previously 

for MRI analysis.28 All procedures were approved by the UCLA Institutional Review Board. 

Written informed consent was obtained from all participants. Data were collected between 

December 2011 and December 2014.

Inclusion criteria were current major depressive episode, at least two prior major depressive 

episodes, and failure to respond to at least two prior antidepressant medications. DSM-IV-

TR diagnosis of major depressive episode was confirmed by a board certified psychiatrist 

and by using the Mini-International Neuropsychiatric Interview (M.I.N.I.). 29 This interview 

provided information about clinical characteristics including duration of current episode. 

Exclusion criteria were history of alcohol or substance abuse within the past 6 months and/or 

dependence within the past 12 months, primary psychotic disorder, dementia, serious 

medical illness, onset of first episode of depression after age 50, prior ECT, and/or other 

neuromodulation treatment such as vagal nerve stimulation or repetitive transcranial 

magnetic stimulation within 6 months of the current ECT index treatment series. Prior to 

receiving ECT, patients were tapered off psychotropic medications including antidepressants 

and benzodiazepines (48 – 72 hours).

Procedures

Participants completed an index series of ECT treatments with formal clinical assessments 

and blood sampling at three time points. The three time points were: prior to, but within 24 

hours of the first ECT treatment (T1); at follow-up after the 2nd ECT but preceding the 3rd 
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ECT treatment (T2); and within a week of completing the ECT treatment series (T3, 

approximately 4–6 weeks after 1st treatment). Clinical assessment of depressive symptom 

severity and blood sampling for pro-inflammatory cytokines and CRP were obtained at each 

time point.

ECT Treatment

Adhering to the seizure threshold (ST) titration method of ECT treatment administration, 

after obtaining the ST, ECT treatments were administered at 5x ST for right unilateral (RUL) 

d’Elia lead placement, using an ultrabrief pulse-width (0.3msec), and at 1.5x ST for bilateral 

placement, using a brief pulse-width (0.5msec). Out of the 29 patients, twenty received 

exclusively right unilateral leads, one received both right and left unilateral leads, and 8 

received at least one bilateral lead placement. The 8 patients who progressed to bilateral lead 

placement were less likely to respond (25%) and remit (12.5%). Those with unilateral lead 

placements responded (76%) and remitted (43%) at higher rates. See Table 1 for overall 

response and remission rates. For the index series, ECT (5000Q MECTA Corp.) was 

administered three times a week, for a mean total of 11.5 sessions per subject (range 6–22 

sessions), using a standard protocol for anesthesia (methohexital at 1mg/kg dosage) and 

paralysis (succinylcholine at 1mg/kg dosage).

Clinical assessment of depressive symptom severity

The Montgomery-Asberg Depression Rating Scale (MADRS)30 was collected at each time 

point. MADRS score at end-of-treatment was used as the continuous outcome measure for 

assessing relationships with inflammatory biomarkers, as the primary outcome of interest 

was degree of clinical severity following ECT. Percent change in MADRS score from 

baseline to end-of-treatment was also assessed as a secondary outcome.

Assessment of inflammation

At three time points before, during, and after ECT, blood samples were obtained. Because of 

diurnal variations in circulating cytokine levels that confound interpretation, whole blood 

samples were collected in the morning between 8 a.m. and 11 a.m. in EDTA tubes, chilled 

on wet ice, and then centrifuged at 4°C. Plasma was harvested into multiple aliquots, and 

then stored in a −80°C freezer until assay.

Plasma concentrations of pro-inflammatory cytokines IL-1β, IL-6, IL-8, and TNF-α, were 

measured utilizing a Bio-Plex 200 (Luminex) instrument and a high-sensitivity multiplex 

immunoassay (Performance High Sensitivity Human Cytokine, R& D Systems, 

Minneapolis, MN). Data acquisition and analyses were performed with Bio-Plex software 

v4.1, and a 5-parameter logistic curve fit. As previously described,31 this multiplex assay has 

excellent intra-assay (<8% coefficient of variation [CV]) and inter-assay (11–16% CV) 

reproducibility. Multiplex assays were performed on samples diluted 2-fold according to the 

manufacturer’s protocol. Plasma concentrations of C-reactive protein (CRP) were 

determined utilizing the Human CRP Quantikine ELISA (R&D Systems) according to the 

manufacturer’s protocol with the following modifications: samples were diluted 500-fold, 

and the standard curve was extended to 0.4 ng/mL to obtain a lower limit of detection of 0.2 

mg/mL, taking sample dilution into account. Mean intra-assay CV was <3%, inter-assay CV 
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was <7%. All biomarker assays were performed in duplicate, with all samples from a single 

individual tested on the same assay plate.

Statistical Analyses

Greater than 45% of samples had IL-1β concentrations below the limit of detection of the 

multiplex assay (0.1–0.4 pg/mL, depending on the specific assay plate), so this cytokine was 

not included in statistical analyses. All other cytokines were detectable in 100% of samples. 

For the small proportion (4%) of samples with CRP concentrations below the limit of 

detection (0.2 mg/L), a value equal to one-half the lower limit (0.1 mg/L) was assigned. For 

samples with CRP concentrations above the upper limit of the standard curve (>25 mg/L, 

5.6%), the estimated extrapolated CRP concentration was utilized. Multiplex assays for pro-

inflammatory cytokines were performed in 2 batches with different kit lots (n=15 subjects 

batch 1, n=14 subjects batch 2). Therefore, cytokine values were first adjusted using 

regression to remove the modest variability across the two sets of assays (analyses using the 

unadjusted values generated identical effects). CRP assays were completed in a single batch. 

As cytokine and CRP data were not normally distributed, we performed a base 10 

logarithmic transformation on the data prior to statistical analyses.

Analyses first evaluated whether circulating levels of pro-inflammatory markers changed 

during treatment, using repeated measures ANOVA. Univariate regression analyses were 

then used to evaluate baseline biomarker levels and biomarker change (when significant 

change was identified via repeated measures ANOVA) as predictors of clinical outcome, 

defined continuously as MADRS score at T3 (end-of-treatment). These analyses were also 

stratified by sex. Variables with p <0.15 from univariate analyses were further evaluated in a 

multiple regression model incorporating clinical variables (i.e., duration of current episode, 

age, symptom severity at baseline) which have been previously suggested to be related to 

ECT response, to evaluate whether inflammatory markers predicted MADRS scores when 

adjusting for these clinical variables. One clinical variable previously associated with 

response to ECT, medication failure during the current episode,2 was an inclusion criterion 

for this study and thus was not evaluated as a predictor.

We also evaluated mean cytokine differences in responders compared to non-responders and 

remitters compared to non-remitters, with independent sample t-tests.

All statistical analyses were conducted using the IBM SPSS (Version 23).

RESULTS

Table 1 summarizes patient demographic information, baseline clinical characteristics, and 

ECT treatment information.

Depressive symptoms and inflammatory markers over the course of ECT

MADRS scores decreased from baseline to the end of treatment (p<0.001). Levels of CRP 

(p<0.001) and IL-6 (p<0.01) changed over time, both increasing significantly from T1 to T2, 

and then decreasing significantly by T3, with no significant change from T1 to T3 (paired t-
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tests: IL-6 T1 to T3, p=0.80; CRP T1 to T3, p= 0.10). See Table 2 for MADRS scores and 

concentrations of inflammatory markers across treatment.

Higher baseline IL-6 predicts lower end-of-treatment (T3) MADRS score

Univariate linear regression analyses showed that higher levels of IL-6 at baseline predicted 

lower end-of-treatment MADRS scores following ECT (standardized β coefficient = −0.48, 

p=0.01). Other baseline inflammatory markers, including CRP, were not associated with 

MADRS score. Of the two inflammatory markers that changed over time, neither change in 

IL-6 nor CRP was associated with end-of-treatment MADRS scores (Table 3). Results were 

similar when the secondary outcome, MADRS percent change from baseline to end-of-

treatment, was evaluated.

A multiple regression model evaluated whether baseline IL-6 was associated with MADRS 

scores after ECT, taking into account clinical variables previously suggested to be associated 

with ECT response (i.e., age, duration of current depressive episode, and symptom severity 

at baseline). IL-6 remained a significant predictor of end-of-treatment MADRS score 

(p=0.01), whereas none of the clinical variables were significantly associated with MADRS 

score (Figure 1; Table 3).

Mean values of cytokines were evaluated in remitters compared to non-remitters and 

responders compared to non-responders. Remitters had significantly higher baseline mean 

values of IL-6 (p=0.046), with a trend in this direction for CRP (p=0.08). Responders also 

trended toward higher baseline mean values of IL-6 (p=0.14), with no trend observed for 

CRP.

Relationships between inflammation and final MADRS score were stronger in women

To explore possible sex differences in the relationship between markers of inflammation and 

MADRS score, further analyses were conducted in which sex was stratified (Table 3). 

Baseline IL-6 was a significant overall predictor of final MADRS score in women (p=0.02), 

but only approached a trend in men (p=0.10). Furthermore, whereas baseline CRP was not a 

significant predictor of end-of treatment MADRS in the total sample (p=0.28), nor for men 

(p=0.66), CRP was indeed a significant predictor of end-of-treatment MADRS for women 

(p=0.04). Baseline levels of inflammatory markers did not differ between sexes.

DISCUSSION

This study showed that higher levels of IL-6 prior to treatment with ECT was associated 

with a more favorable response to treatment, as indexed by lower scores on end-of-treatment 

MADRS. Importantly, the association between baseline IL-6 and clinical outcome was 

independent of other clinical variables such as age, baseline severity of depressive 

symptoms, and duration of current depressive episode. Moreover, this relationship between 

IL-6 and treatment outcome was stronger in women than in men. Other baseline markers of 

inflammation were not associated with outcome in the overall sample, but higher baseline 

CRP was a significant predictor of lower MADRS scores in women, but not men.
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IL-6 and CRP both increased from baseline to time point 2, and returned to baseline levels 

by the end of treatment. These changes were not associated with treatment outcome, and 

may represent acute stress induced inflammation in response to the initiation of ECT 

(induction of seizure activity), independent of ECT antidepressant effects. The acute 

increase of IL-6 following initiation of ECT has been demonstrated in previous studies.20,21 

However, two previous studies demonstrated no change in CRP during ECT 23,32, which is 

surprising given the robust change observed in the current study, and the fact that IL-6 

induces transcription of CRP.33

To our knowledge this is the first study to show that baseline IL-6 predicts depressive 

symptom response to ECT. Our data indicate that depressed patients with higher levels of 

IL-6 at baseline appear to have lower levels of depressive symptoms in response to ECT. 

This is similar to findings with ketamine treatment, in which higher levels of IL-6 at baseline 

were found to predict a more favorable response to ketamine,34 though this was not 

replicated in a subsequent study.35 In contrast, elevated markers of inflammation are 

associated with an attenuated response to antidepressant medications.13,14,16,17 Together, 

these data suggest the possibility that certain treatment interventions for depression may in 

part be mechanistically dependent on inflammation, or that different subtypes of depression 

(i.e., inflammatory vs. non-inflammatory) may respond to one treatment approach but not 

another. Indeed, in studies of deep brain stimulation, an invasive form of neurostimulation, 

inflammation appears to facilitate early antidepressant effects, as response to treatment was 

attenuated when non-steroidal anti-inflammatory drugs were given.36

Some have hypothesized that certain basal levels of inflammation are required for 

antidepressant treatment response,37 and administration of the anti-inflammatory agent 

infliximab, a TNF-α inhibitor, in treatment resistant depression was only effective in 

patients with higher levels of CRP (>5 mg/dl); among those with low inflammation, patients 

showed a worsening of depressive symptoms following administration of infliximab relative 

to placebo.38

Additional research is necessary to examine the relationships between inflammation and 

neuroplasticity in the setting of depression. IL-6 concentrations have been positively 

associated with brain-derived neurotrophic factor (BDNF) concentrations in the setting of 

MDD with melancholic features,39 and IL-6 has also been shown to enhance secretion of 

BDNF from monocytes.40 BDNF concentrations may impact neuroplasticity and recovery 

from depression.41 Given these data, it is possible that elevated levels of IL-6 might identify 

greater capacity for neuroplasticity through enhanced secretion of BDNF. In the current 

study, similar to prior studies,20,23 IL-6 increased acutely and transiently in response to ECT. 

Higher baseline IL-6 and subsequent transient increase in IL-6 concentrations in response to 

ECT may set the stage for neuroplastic change. Previous findings from our group identified 

an association between increases in hippocampal volumes and clinical improvement in 

response to ECT.28 A mechanistic link between inflammation and neuroplasticity might 

inform understanding of the relationship between this finding and the findings of the current 

study.
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There are several study limitations. Antidepressants and benzodiazepines were discontinued 

within 48–72 hours of ECT initiation, as per policy at our institution, and it is unknown 

whether this taper may impact inflammatory markers or ECT treatment outcome. Given the 

sample size, the study lacks statistical power to examine whether there is a threshold level of 

IL-6 that might predict clinical response status (i.e., depression remission). Moreover, 

additional research is necessary to determine whether changes in inflammatory markers 

might be associated with clinical outcome; a recent study of a similar sample size 

demonstrated that remitters (in contrast to non-remitters) had a decrease in IL-6 over a 

course of ECT.25 Finally, biological variability due to sex differences in the association 

between inflammation and response to ECT needs to be systematically examined to confirm 

our exploratory findings.

This report provides novel and innovative evidence that higher baseline levels of 

inflammation as indexed by IL-6 are associated with better clinical outcome following ECT. 

If this finding is replicated, evaluation of levels of IL-6 might be useful in identifying those 

depressed patients who might be prioritized for advancement to ECT.
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CLINICAL POINTS

• Depression is associated with inflammation, and higher inflammation is 

associated with poorer response to antidepressant medications.

• However, we have found that patients with higher blood markers of 

inflammation (as indexed by IL-6) had greater improvement in depression in 

response to ECT.
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Figure 1. 
Higher baseline IL-6 (log) predicts lower end-of-treatment MADRS score, controlling for 

other variables (age, duration of current episode, baseline depression score; see Table 3). 

Dotted lines are standard error of prediction.
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Table 1

Baseline Characteristics and Treatment Information

Variable Participants (n=29)

Demographic Information

 Age, mean years (SD) 42.6 (14.2)

 Gender (M/F) 14/15

 BMI, mean (SD) 26.7 (4.5)

 Education, mean years (SD) 15.3 (2.6)

Clinical Information

 Age at depression diagnosis, mean years (SD) 28.2 (13.1)

 Current episode duration, mean years (SD) 2.0 (2.8)

 Lifetime illness, mean years (SD) 17.3 (11.4)

ECT Treatment Information

 Unilateral/bilateral lead placement 21/8

 # of ECT Index sessions, mean (SD) 11.5 (3.1)

 # of ECT Index sessions, range 6 – 22

 Unipolar/bipolar depression 22/7

 Responders a, n (%) 18 (62%)

 Remitters b, n (%) 10 (34%)

a
Response was defined as a 50% or larger reduction in MADRS score from baseline to end-of-treatment.

b
Remission was defined as a final MADRS score ≤ 10.

Abbreviations: BMI = body mass index. ECT = electroconvulsive therapy. F = female. M = male. SD = standard deviation.
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Table 2

Depressive Symptoms and Markers of Inflammation Across Time

Time point 1a
Mdn; M (SD)

Time point 2a
Mdn; M (SD)

Time point 3a
Mdn; M (SD) ANOVA p-value

MADRS b 38.0; 40.1 (7.4) 32; 31.2 (10.2) 13.0; 17.5 (12.6) <0.001

IL-6, pg/mL c 1.0; 1.2 (1.4) 1.7; 3.4 (7.4) 1.0; 1.3 (1.8) <0.01

IL-8, pg/mL c 3.0; 3.5 (1.9) 2.9; 3.3 (1.6) 3.1; 3.3 (1.5) 0.69

TNF-α, pg/mL c 6.0; 6.5 (2.8) 6.0; 6.7 (2.8) 6.6; 7.8 (7.6) 0.58

CRP, mg/L c 0.9; 2.7 (3.7) 7.7; 15.0 (20.5) 1.3; 2.9 (4.1) <0.001

a
Time point 1 = Patient baseline; Time point 2 = After the 2nd ECT; Time point 3 = After completion of the ECT index series.

b
MADRS scoring: 0–6 no depression; 7–19 mild; 20–34 moderate; >34 severe.

c
Values were transformed by base-10 logarithm before ANOVA, but original scale medians, means and standard deviation are presented.

Abbreviations: CRP = C-reactive protein. IL = interleukin. MADRS = Montgomery-Åsberg Depression Rating Scale. M = mean. Mdn = Median. 
SD = standard deviation. TNF-α = tumor necrosis factor-α.
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