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Depression treatment response to ketamine:
sex-specific role of interleukin-8, but not other
inflammatory markers
Jennifer L. Kruse 1,2, Megha M. Vasavada3, Richard Olmstead1,2, Gerhard Hellemann 2, Benjamin Wade3,
Elizabeth C. Breen1,2, John O. Brooks2, Eliza Congdon2, Randall Espinoza 2, Katherine L. Narr2,3 and Michael R. Irwin 1,2

Abstract
Inflammation plays a role in depression pathophysiology and treatment response, with effects varying by sex and
therapeutic modality. Lower levels of interleukin(IL)-8 predict depression response to antidepressant medication and
to electroconvulsive therapy (ECT), although ECT effects are specific to females. Whether IL-8 predicts depression
response to ketamine and in a sex-specific manner is not known. Here, depressed patients (n= 46; female, n= 17)
received open label infusion of ketamine (0.5 mg/kg over 40 min; NCT02165449). Plasma levels of IL-8 were evaluated
at baseline and post-treatment. Baseline levels of IL-8 had a trending association with response to ketamine,
depending upon sex (responder status × sex interaction: p= 0.096), in which lower baseline levels of IL-8 in females (p
= 0.095) but not males (p= 0.96) trended with treatment response. Change in levels of IL-8 from baseline to post-
treatment differed significantly by responder status (defined as ≥50% reduction in Hamilton Depression Rating Scale
[HAM-D] Score), depending upon sex (responder status × sex × time interaction: F(1,42)=6.68, p= 0.01). In addition,
change in IL-8 interacted with sex to predict change in HAM-D score (β= -0.63, p= 0.003); increasing IL-8 was
associated with decreasing HAM-D score in females (p= 0.08) whereas the inverse was found in males (p= 0.02).
Other inflammatory markers (IL-6, IL-10, tumor necrosis factor-α, C-reactive protein) were explored with no significant
relationships identified. Given these preliminary findings, further evaluation of sex differences in the relationship
between IL-8 and treatment response is warranted to elucidate mechanisms of response and aid in the development
of personalized approaches to depression treatment.

Introduction
Depression is the leading worldwide cause of disability1,

and females are impacted by depression at twice the rate
of males2. Depression can be difficult to treat, with one
third of patients failing to remit following multiple
interventions3; this group is classified as suffering from
treatment resistant depression (TRD). Unfortunately,
there are no reliable clinical strategies for selecting an

antidepressant treatment strategy more likely to lead to
response. Elucidation of individual characteristics that
predict and correlate with response to specific interven-
tions is needed, directing clinicians toward treatments
most likely to lead to response, while also providing
information regarding potential underlying mechanisms.
Inflammation is implicated in both the pathophysiology

and treatment responsiveness of depression4–12, and
females appear to have differential behavioral and neural
responses to inflammation13,14. Higher inflammation is
associated with poorer response to most antidepressant
strategies15–19, and thus may be of particular relevance in
the study of TRD. Interestingly, while higher inflamma-
tion has been associated with poorer outcome to many
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pharmacologic treatments for depression, the inverse
relationship has been found for treatment responsiveness
to electroconvulsive therapy (ECT)20,21, an intervention
used primarily for TRD or other severe mood disorders
(e.g. catatonia, psychotic depression).
Ketamine is a rapidly acting treatment now extensively

studied for TRD, though relatively little is known about
the relation between inflammation and ketamine
response. Based on pharmacologic properties and animal
studies22, it is hypothesized that depressed patients with
higher levels of inflammation may be more responsive to
ketamine treatment23, as supported by some24,25 but not
all treatment studies26,27. Though an animal study has
demonstrated the benefits of ketamine for behavioral
symptoms elicited by an inflammatory challenge22, the
contribution of baseline inflammation or change of
inflammatory markers to ketamine treatment response in
depressed patients remains unclear.
A differential relationship on the basis of sex exists

between inflammation, depressive symptom expression,
and possibly depression treatment response28,29. There is
evidence that inflammatory profiles differ between
depressed females and males30,31, females are more
affectively and neurally sensitive to the effects of inflam-
mation compared to males13,14, and inflammation is more
robustly related with depression symptom profiles in
females than males in cross-sectional studies32,33. How-
ever, relatively little research has examined sex-specific
differences in the association between inflammation and
depression treatment response. One recent study found
that elevated baseline C-reactive protein (CRP) was pre-
dictive of poorer antidepressant treatment outcomes in
females, but not males28.
IL-8 is a pro-inflammatory cytokine and chemokine that

is also secreted in culture in response to estradiol34, and
may have neuroprotective properties35–38. A recent meta-
analysis of a large number of antidepressant treatment
studies examining links between inflammation and
treatment response, found that lower baseline levels of IL-
8, but not other biomarkers (i.e., IL-1β, IL-2, IL-4, IL-5,
IL-6, IL-10, IL-12, TNF-α, IFN-γ, GM-CSF, MIP-1α,
Eotaxin-1, and CRP) were associated with depression
treatment response39, although sex differences were not
systematically evaluated. Recently, we examined the
association between IL-8 and response to ECT in a sample
of TRD patients, and found that lower baseline levels of
IL-8, as well as increases of IL-8 over ECT, were asso-
ciated with treatment response in females, but not
males29.
This study extends our prior work to a disparate

treatment modality and evaluates whether IL-8 is asso-
ciated with treatment response in a different sample of
TRD patients undergoing open label ketamine infusion,
with evaluation of sex differences (n= 46; 17 females).

Based on our findings in ECT patients, we hypothesized
that lower IL-8 at baseline as well as subsequent increases
in IL-8 following ketamine treatment would relate to a
favorable treatment response in females but not males.
Additionally, given interest in other potential markers of
inflammation in relation to depression treatment
response, we also explored relationships between several
other inflammatory markers including CRP, IL-6, IL-10,
TNF-α, and ketamine treatment outcome.

Patients and methods
Participants
Subjects were depressed patients (N= 46; 17 females, 29

males) who were enrolled in an open label clinical trial of
ketamine at the University of California, Los Angeles
(UCLA; NCT02165449). Partway through the initial study
offering single session ketamine infusion, the clinical trial
was amended to include serial treatment for a second
study recruiting the same TRD population. Only time
points available in both the original and amended proto-
col (baseline and 24 h following one ketamine infusion)
were investigated in this analysis.
This study reports on a subsample of those reported on

previously for imaging analyses40–42, and includes parti-
cipants who received an infusion of ketamine and for
whom inflammatory marker data were available. This
sample does not overlap with the previously evaluated
TRD sample that received ECT. All procedures were
approved by the UCLA Institutional Review Board.
Written informed consent was obtained from all partici-
pants. Data were collected between May 2013 and
March 2018.
Inclusion criteria were recurrent major depressive epi-

sode, and failure to achieve therapeutic response to at
least two trials of antidepressant medication of sufficient
dose used for at least 4–6 weeks each, during the current
episode, as determined by the Antidepressant Treatment
History Form. Recurrent major depressive disorder was
diagnosed using a structured clinical interview and
Diagnostic and Statistical Manual of Mental Disorders
criteria. Exclusion criteria were as follows: history of
alcohol or substance abuse within the past 6 months and/
or dependence within the past 12 months, intellectual
disability, primary psychotic disorder, metal implants (i.e.
pacemakers, defibrillators, aneurysm clips, etc), neurolo-
gic illness, and serious medical illness. Specifically,
patients were asked at screening if they had type 1 dia-
betes, were insulin dependent, or had “any other serious
medical illness.” If “yes” to any of those questions, the
potential participant was excluded at screening. Condi-
tions not identified by the patient at screening as “serious”
but identified during the subsequent consultation were
excluded as “unstable medical conditions” if requiring
active management as indicated by ongoing medication or
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applicable treatment adjustments to achieve control of the
condition in question or which, in the opinion of the
Principal Investigator, could pose a risk from ketamine
exposure to the patient. For example, patients were
excluded if baseline blood pressure was >140/90 and not
normalized with intervention if indicated. Laboratory
studies were reviewed, including liver function tests and
basic metabolic panel, and patients were excluded if
laboratory tests suggested organ dysfunction. Stable
regimens of psychotropic medications were continued.
Benzodiazepines, if prescribed, were withheld the night
before ketamine treatment.

Procedures
Participants received an open label infusion of ketamine

(0.5 mg/kg infused intravenously over 40 min), with for-
mal clinical assessments and blood sampling at baseline
and post-treatment (approximately 24 h following keta-
mine infusion). Clinical assessment of depressive symp-
tom severity and blood sampling for inflammatory
markers were obtained at both time points. For partici-
pants with BMI ≥ 30 kg/m2, ketamine was dosed using
adjusted body weight.

Clinical assessment of depressive symptom severity
The 17-item Hamilton Depression Rating Scale

(HAM-D)43 was collected at baseline and post-treatment
(approximately 24 h following ketamine infusion).
Though the post-treatment assessment was completed
24 h following ketamine infusion for all participants,
baseline HAM-D assessment was completed a mean of
6.7 days (SD 4.3 days) in advance of the post-treatment
assessment, as participants completed a lengthy day of
baseline assessments and imaging studies in advance of
their scheduled ketamine infusion date. For short time
frames between HAM-D assessments (<1 week), assessors
asked participants to assess symptoms since the last
assessment instead of over the last week.
Response was defined as ≥50% reduction in HAM-D

score from baseline to post-treatment44. Percent change
in HAM-D score from baseline to end-of-treatment was
also used as the continuous outcome measure.

Assessment of inflammation
Whole blood samples were collected 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-6, IL-8, and TNF-α, and the anti-inflammatory cyto-
kine IL-10, 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, this multiplex assay has excellent
intra-assay (<8% coefficient of variation [CV]) and inter-
assay (11–16% CV) reproducibility45. Multiplex assays
were performed on samples diluted 2-fold according to
the manufacturer’s protocol. Plasma concentrations of
CRP were determined utilizing the Human CRP Quanti-
kine ELISA (R&D Systems) according to the manu-
facturer’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/L, taking sample dilution into account. Mean
intra-assay CV was <9%, inter-assay CV was ≤15%. All
cytokine assays were performed in duplicate, with all
samples from a single individual tested on the same assay
plate. The mean of the duplicate sample was used in all
analyses.
Levels of IL-8, IL-10, and TNF-α were detectable in

100% of samples. For the small proportion (9%) of sam-
ples with IL-6 concentrations below the lower limit of
detection (0.1 pg/mL), a value equal to one-half the lower
limit (0.05 pg/mL) was assigned. For the small proportion
(3%) 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. No samples had CRP
concentrations above the upper limit of the standard
curve (>25 mg/L).

Statistical analyses
All statistical analyses were conducted using the IBM

SPSS (Version 26, IBM Corp, Armonk, New York). As
cytokine and CRP data were not normally distributed, we
performed a base-10 logarithmic transformation on the
data prior to statistical analyses.
The sample size was determined given prior findings for

ECT treatment response in depressed patients29 which
observed a large effect (modified d-effect size= 0.97) for
the three-way interaction between responder status, sex,
and baseline to post-treatment changes in IL-8; this is the
primary analysis in the present study. The anticipated
effect was adjusted downward to a more standard d= 0.80
level with a total sample size target of 42 for 80% power
(alpha= 0.05) assuming distributions of sex and respon-
der status no more extreme than 2:1.
A linear regression model was used to evaluate the joint

effects of responder status (i.e., responder, non-respon-
der) and sex (i.e., females, males), on baseline con-
centration of IL-8. A mixed linear effects model was used
to evaluate the joint effects of responder status (i.e.,
responder, non-responder), sex (i.e., females, males), and
time (baseline, post-treatment) on IL-8 change. Clustering
of repeated measurements from the same participant was
modeled with a random effect of the individual. Analyses
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included only participants who had completed an infusion
of ketamine, and had pre- and post-treatment HAM-D
scores and inflammatory data available for analysis. All
analyses included age and BMI as covariates, which were
not missing for any subject. Exploratory analyses were
completed for other inflammatory markers including IL-6,
IL-10, TNF- α, and CRP, and are included as supple-
mentary results.
Where there was evidence of a three-way interaction

between responder status, sex, and time, linear regression
analyses examined the relationships between change in
the inflammatory marker (post-treatment minus base-
line) and the continuous outcome measure, percentage
change in HAM-D scores: [(post-treatment minus
baseline)/baseline] × 100.
Sensitivity analyses were completed utilizing modified

HAM-D scores which excluded the three sleep items,
given the challenge of assessing change in sleep over short
time frames. These analyses are included as supplemen-
tary results.
Significance was evaluated at an alpha level of α=0.05,

two-tailed.

Results
Table 1 summarizes patient demographic and treatment

information. Thirty-seven percent of participants were
females (n= 17). Fifty percent (n= 23) of participants met

criteria for treatment response after a single ketamine
infusion. No statistically significant differences in demo-
graphic variables or clinical severity variables were identified
between females and males, nor between responders and
non-responders.

Baseline interleukin-8 and depression treatment response
Linear regression models were used to evaluate whether

baseline level of IL-8 was associated with responder sta-
tus, depending upon sex (Table 2). Lower baseline IL-8
was associated with more favorable antidepressant
response to ketamine depending upon sex, although the
interaction did not reach statistical significance (respon-
der status × sex interaction: β = -0.36, p= 0.096), with
evidence of an association in females (β = −0.41, p=
0.095, effect size (sr2) = 0.16), but not males (β= −0.01,
p= 0.96, effect size (sr2) <0.01) (Fig. 1). There were no
main effects of responder status (β = −0.18, p= 0.21) or
sex (β = 0.03, p= 0.83) on baseline levels of IL-8. No
other inflammatory markers at baseline related to
responder status, or the interaction between responder
status and sex (Supplementary Table 1).

Change in interleukin-8 in relation to depression treatment
response
A mixed linear effects model was used to evaluate

whether change in IL-8 from baseline to post-treatment

Table 1 Baseline characteristics and treatment information for the study sample (n= 46).

Sex differences (males vs females) Group differences (responders vs non-responders)

Overall Male Female Sex

differencea
Responders

(n= 23)

Non-responders

(n= 23)

Responder

differencea

Demographic information

Sex, M/F, n 29/17 63% 37% 15/8 14/9 0.99

Age, mean (SD), y 42.3 (11.6) 40.0 (11.9) 43.5 (11.1) 0.32 42.9 (9.4) 39.7 (13.5) 0.35

BMI, mean (SD), kg/m2 26.2 (6.4) 26.7 (5.7) 25.4 (7.6) 0.51 26.0 (6.8) 26.5 (6.1) 0.80

Education, mean (SD), ISCED

levelb
5.6 (1.4) 5.4 (1.3) 5.9 (1.4) 0.26 5.6 (1.5) 5.5 (1.2) 0.91

Clinical information

Age at depression diagnosis,

mean (SD), y

21.2 (8.0) 21.1 (9.5) 21.2 (4.6) 0.99 22.2 (7.3) 20.1 (8.7) 0.40

Current episode duration,

median (IQR), y

4.0 (9.0) 5.0 (14.0) 2.8 (6.5) 0.39 3.5 (6.0) 4.0 (14.0) 0.36

Lifetime illness duration,

mean (SD), y

21.4 (11.0) 20.8 (11.6) 22.4 (10.1) 0.64 21.7 (9.4) 21.1 (12.6) 0.87

Unipolar/bipolar depression, n 41/5 25/4 16/1 0.64 18/5 23/0 0.05

ap value shown for differences evaluated with t-test, Mann–Whitney U-test, or Fisher’s exact test.
bInternational Standard Classification of Education, UNESCO Institute for Statistics: Levels range from 0 (less than primary education) to 8 (doctoral level or equivalent);
level 3 is equivalent to a high school diploma49.
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Table 2 Interleukin-8 and HAM-D at baseline and post-treatment, in relation to responder status and sex.

Interleukin-8 concentration

[median (Q1-Q3)] and HAM-D

Scores [mean (SD)]

Linear regression and linear mixed models evaluating effects of responder

status and sex on IL-8 concentration

Baseline Post-treatment (24 h) Model Standardized β coefficient or F value p value

IL-8, pg/mLa (n= 46) 5.1 (3.7–6.9) 5.2 (3.0–7.1) Linear regression model for baseline IL-8b:

Non-responders (n= 23) 5.6 (3.8–7.1) 5.3 (3.4–8.0) Responder status × Sex β=−0.36 0.096

Male (n= 14) 4.5 (3.6–6.4) 5.6 (4.3–10.1) Linear mixed effects model for IL-8 change from baseline to post-treatmentc:

Female (n= 9) 6.1 (4.2–9.3) 4.8 (3.4–6.4) Time F(1,42) < 0.01 0.99

Responders (n= 23) 5.0 (2.7–6.7) 4.6 (2.7–6.9) Responder Status × Time F(1,42)= 0.44 0.51

Male (n= 15) 6.4 (4.1–6.7) 4.6 (2.7–6.5) Sex × Time F(1,42)= 0.03 0.87

Female (n= 8) 4.6 (1.9–7.2) 5.6 (2.6–8.6) Responder Status × Sex × Time F(1,42)= 6.68 0.01

HAM-D Score (n= 46) 20.4 (5.1) 10.0 (6.3)

Non-responders (n= 23) 19.5 (5.2) 15.2 (3.8)

Male (n= 14) 18.4 (4.9) 15.3 (4.3)

Female (n= 9) 21.9 (5.3) 15.7 (3.5)

Responders (n= 23) 21.3 (5.1) 5.1 (3.6)

Male (n= 15) 20.7 (4.6) 4.7 (3.8)

Female (n= 8) 22.4 (6.1) 5.9 (3.3)

aValues were transformed by base 10 logarithm before statistical analyses, but original scale medians and quartiles (Q1−Q3) are presented.
bLinear regression models evaluated the joint effect of responder status and sex on baseline IL-8. Analyses included BMI and age as covariates.
cLinear mixed effects models evaluated the joint effect of responder status, sex, and time, on change in IL-8 concentration. Analyses included BMI and age as
covariates.
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Post-Infusion BaselineBaseline

In
te

rle
uk

in
-8

 (p
g/

m
L)

In
te

rle
uk

in
-8

 (p
g/

m
L)

15

10

5

00

B. MalesA. Females Responders
Non-Responders

Group

15

10

5

Post-Treatment Post-Treatment

Responder Status

Fig. 1 Interleukin-8 at baseline and post-treatment in responders versus non-responders, stratified by sex. Levels of IL-8 at baseline and
post-treatment (approximately 24 h following ketamine infusion) are shown in female (A, n= 17) and male (B, n= 29) subjects, stratified by non-
responders (blue boxes) and responders (red boxes). Baseline levels of IL-8 varied in relation to responder status and sex (responder status × sex
interaction: β = −0.36, p= 0.096). Females, but not males, showed a statistical trend between lower baseline IL-8 levels and depression response to
ketamine (females: p= 0.095, effect size (sr2) = 0.16; males: p= 0.96, effect size (sr2) <0.01). Change in levels of IL-8 from baseline to post-treatment
varied in relation to responder status and sex (responder status × sex × time interaction): F(1,42)=6.68, p= 0.01.
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was associated with responder status, depending upon
sex. Levels of IL-8 changed differentially from baseline to
post-treatment in relation to responder status and sex
(responder status × sex × time interaction: F(1,42)=6.68,
p= 0.01) (Table 2, Fig. 1). There were no significant main
effects of time [F(1,42)<0.01, p= 0.99], sex [F(1,40)<0.01,
p= 0.99], or responder status [F(1,40)=1.8, p= 0.19], for
IL-8. In exploratory analyses, there was no evidence that
other inflammatory markers changed differentially in
relation to responder status and sex. Specifically, there
were no main effects of time, responder status, sex, nor
any significant interaction terms for levels of IL-6, IL-10,
TNF- α, or CRP (Supplementary Table 1).

Change in interleukin-8 in relation to changes in
depressive symptom severity
To further examine change in IL-8 and depression

response to ketamine, percentage change in HAM-D
score was calculated from baseline to post-treatment, as a
continuous measurement of depression response, given
the limited statistical power of the categorical outcome
(i.e., responder status). Linear regression analysis identi-
fied associations between change in IL-8 from baseline to
post-treatment and percentage change in HAM-D,
depending upon sex (IL-8 change × sex interaction: β=
−0.63, p= 0.003). Analyses stratified by sex showed that
increasing IL-8 was associated with decreasing HAM-D
score in females (β=−0.45, p= 0.08, effect size (sr2)

=0.20), while the inverse was found in males (β= 0.43,
p= 0.02, effect size (sr2)=0.18) (Fig. 2).

Discussion
Here we report that an increase in IL-8 from baseline to

post-treatment (24 h following ketamine infusion) was
associated with a favorable depression treatment response
to ketamine infusion in females, whereas increase in IL-8
was associated with an unfavorable treatment response in
males. Further, lower baseline IL-8 tended to associate
with greater likelihood of depression treatment response
to ketamine among females, but not males. Exploratory
analyses of IL-6, IL-10, TNF-α, and CRP, did not identify
relationships between levels of these other inflammatory
markers and ketamine treatment outcome.
It is unknown why the relationship between changing IL-

8 and depression scores in response to ketamine might
move in opposite directions between females versus males.
However, estradiol has been found to increase secretion of
IL-8 by immature dendritic cells in culture34; thus, there
may be a relationship between sex hormones and IL-8. Of
interest, pre-clinical studies have shown that females are
more responsive to the behavioral effects of ketamine, and
that this greater sensitivity is dependent upon female sex
hormones46–48. It is unknown whether the inflammatory
milieu may play any role in this relationship.
We have previously identified relationships between IL-

8 and depression outcome in patients treated with ECT
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interpretation. Change in IL-8 interacted with sex to predict change in HAM-D score (β=−0.63, p= 0.003). All analyses included age and BMI as
covariates.
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that are similar to the current findings. That is, lower
baseline IL-8, as well as subsequent increase in IL-8 over a
course of ECT were associated with a more favorable
depression treatment response in females, but not
males29. The association between IL-8 and treatment
response to ketamine, along with treatment response to
ECT, depending on sex, suggest that possible sex-specific
mechanisms underlie the neural and/or behavioral effects
of IL-8, although interrogation of these mechanisms will
require larger samples, along with evaluation of affective
response mechanisms such as reward processes.
Interestingly, in a meta-analysis of depressed patients

treated with antidepressant medication, the only identi-
fied baseline inflammatory predictor of subsequent
treatment response was IL-839. Similar to findings among
females in our prior ECT and present ketamine studies,
responders to antidepressant treatment (without sex-
specific evaluation) had lower baseline IL-839. However,
IL-8 change did not emerge as a correlate of treatment
response in the antidepressant meta-analysis39. In the
current study of TRD subjects treated with ketamine, and
in our prior study of TRD subjects treated with ECT, no
relationship between IL-8 change and depressive symp-
tom change would have emerged had we analyzed the
data without regard to sex. It thus remains plausible that
similar sex-specific inverse relationships between IL-8
change and depressive change may exist in response to
antidepressants, but this issue has not been systematically
evaluated.
We did not find evidence of significant relationships

between ketamine treatment outcome and IL-6, IL-10,
TNF-α, and CRP levels, including when evaluated
according to sex. While some studies have suggested the
possibility that higher inflammation at baseline may pre-
dict better treatment response to ketamine24,25, we did
not find evidence of this relationship in the current study,
nor have two additional studies of inflammatory markers
and ketamine treatment outcome26,27. Furthermore, it
does not appear that a single ketamine infusion alters
levels of these other inflammatory markers in relation to
responder status or sex. It is possible that larger studies
are needed to detect such relationships or that other
measures of inflammation (e.g. upstream measures of
transcription factor activation or central nervous system
measures of inflammation) may be more sensitive.
There are several study limitations. Stable doses of

psychotropic medications were continued, and it is
unknown whether certain psychotropic medications may
impact inflammatory markers or treatment response to
ketamine. Additionally, detailed data regarding non-
psychiatric medication use were not available; though
serious medical conditions were excluded (including
those that would require systemic corticosteroids or tra-
ditional immune modulating agents, etc), the lack of data

regarding the use of medications that may impact the
immune system, e.g. non-steroidal anti-inflammatory
drugs, is a limitation of the current study. Also, as a
naturalistic treatment study evaluating biomarkers of
response to ketamine, there was no randomized arm with
which to compare inflammatory or depressive changes.
Further, we did not assay for sex hormones, and we do not
have central or upstream (e.g. transcriptional) measures of
inflammation, both of which would be a strength of future
work in this area. Also, females represented only 37% of
the sample evaluated in this study and power may have
been too low to provide a complete picture. Despite the
fact that depression is more prevalent in females, a greater
number of males responded to targeted advertisements
and/or were eligible for the current study. Replication in
larger samples with a greater representation of females is
highly recommended; at this point, current findings
should be interpreted as preliminary, with a need for
follow-up in larger samples with greater balance in the
number of males and females.
This report provides novel evidence that lower baseline

IL-8 and subsequent IL-8 increase may be uniquely rela-
ted to depression improvement in females treated with
ketamine, and further, that IL-8 decrease may associate
with depression improvement in males. Together with
previous work demonstrating similar findings among
patients treated with ECT, this sex-specific finding for IL-
8 across two disparate treatment modalities suggests a
need for further sex-specific investigation of the role of
IL-8 in depression pathophysiology and treatment
responsiveness, with attention to potential behavioral
and/or neural mechanisms that may underlie these
relationships.
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