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interleukin-8 levels and improved cognition
in major depressive patients with SSRIs
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Abstract

Background The effect of neuroinflammatory cytokines on cognitive deficits in patients with major depressive
disorder (MDD) can be altered by selective serotonin reuptake inhibitors (SSRIs). This study aimed to examine serum
interleukin-8 (IL-8) levels, cognitive function, and their associations in MDD patients with SSRIs.

Methods Thirty SSRI-treated MDD patients and 101 healthy controls were recruited for this study. We examined cog-
nitive performance using the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) and serum
IL-8 levels using the Human Inflammatory Cytokine Cytometric Bead Array in both cases and controls.

Results The RBANS test scores were significantly lower in MDD patients with SSRIs than in healthy controls after
controlling for covariates (all p<0.001). Serum levels of IL-8 were higher in MDD patients with SSRIs than in healthy
controls after adjusting for covariates (F=3.82, p =0.05). Serum IL-8 levels were positively correlated with sub-scores
of delayed memory (r=0.37, p=0.04) and visuospatial/constructional (r=0.43, p=0.02) in MDD patients with SSRIs
but not in in healthy controls (delayed memory score: r=-0.12, p=0.24; visuospatial/constructional score: r=10.02,
p=0.381).

Conclusions Our findings suggested that increased serum IL-8 level might not only be involved in the MDD psycho-
pathology or the use of SSRIs but also correspond to improving MDD delayed memory and visuospatial/construc-
tional function.
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Background
Cognitive deficits have been regarded as the core features
of major depressive disorder (MDD) [1-3]. Previous
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of cognitive deficits in patients with MDD is still not well
understood and requires further investigation.

Interleukin 8 (IL-8) is an inflammatory cytokine syn-
thesized and released by macrophages and brain micro-
glia and astrocytes [11, 12]. IL-8 may serve either pro- or
anti-inflammatory role mainly depending on the con-
centration [13]. An animal study has shown a higher
expression level of IL-8 gene in microglia and astrocytes
of the hippocampus compared to other brain regions
[14]. Selective serotonin reuptake inhibitors (SSRIs) have
been reported to modulate the ability of microglia and
astrocytes to produce inflammatory cytokines [15-20].
Altered activity of hippocampal microglia and astrocytes
may contribute to cognitive deficits and be associated
with the decline in cognitive performance in patients
with MDD [21]. Mounting evidence support that MDD
is considered to be a neuroinflammatory disorder that is
closely related to abnormal activation of microglia and
astrocytes [12, 22, 23]. Previous studies demonstrated the
immunomodulating effects of SSRI treatment on MDD,
further suggesting that SSRIs may possess anti-inflamma-
tory properties [24, 25]. Moreover, several studies have
found that serum IL-8 influenced cognitive function in
normal elderly subjects and patients with mild cogni-
tive impairment (MCI) or Alzheimer’s disease (AD) [5,
26-30]. Thus, the above findings suggest that serum IL-8
may be implicated in regulating cognitive performance in
MDD patients with the administration of SSRIs.

However, no studies have examined serum IL-8 levels
in relation to cognitive function in MDD patients with
SSRIs. Thus, the present cross-sectional study aimed to
examine serum IL-8 levels, cognitive function, and their
correlations in MDD patients with SSRIs.

Methods

Subjects

The present study was performed during the time period
from August 2017 to April 2021. Following a complete
description of the study protocol and procedure to
each subject by a research coordinator or a clinical psy-
chiatrist, the signed informed consent was obtained in
accordance with the study protocol that was approved
by the Institutional Review Board of Suzhou Guangji
Hospital, Medical College of Soochow University. MDD
Patients with SSRIs (#=30; male/female=11/19) and
Healthy controls (n=101; male/female=52/49) came
from the part of subjects of recent study of our research
group [31].

Cognition an IL-8 assessment

Cognitive performance was assessed using the Repeat-
able Battery for the Assessment of Neuropsychological
Status (RBANS) [32]. The RBANS assessment process
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was described in our previous studies [33, 34]. The Eng-
lish RBANS version has been translated into Chinese,
and its clinical effectiveness and reliability were estab-
lished in patients with schizophrenia and healthy con-
trols [35]. The handing process of blood sample and
serum IL-8 assessment method also have been descried
in our recent study [31].

Statistical analysis

The demographic and clinical variables were compared
between MDD patients with SSRIs and healthy controls
using an analysis of variance (ANOVA) for continuous
variables and a Chi-squared test for categorical vari-
ables. Serum IL-8 levels were not normally distributed
and were thus log-transformed. We compared RBANS
test scores and serum log,IL-8 levels between case and
control groups using an ANOVA. When significant dif-
ferences were observed, sex, age, education, smoking,
drinking, marriage and BMI were added as covariates.
The relationships between serum log;,IL-8 levels and
RBANS test scores in MDD patients with SSRIs as well as
in healthy controls were evaluated with Pearson’s product
moment correction coefficients, respectively. Continuous
data were presented as the mean and standard deviation
(mean=+SD), and all p values were 2-tailed at a signifi-
cance level of < 0.05.

Results

Demographic and clinical characteristics

There were no significant differences in sex, age, smok-
ing, drinking, marriage, and BMI between MDD patients
with SSRIs and healthy controls (Table 1). However,
education was significantly different between cases and
controls (F=21.87, P<0.001). The mean and SD of ill-
ness duration, age of onset, hospitalization number,
and HAMD score in MDD patients with SSRIs were
3.90+4.27 years, 36.59+14.80 years, 1.52+0.87, and
22.03 £ 6.49, respectively.

Comparisons of RBANS scores and log,,IL-8 levels

between two groups

The mean and SD of all RBANS test scores in 30 MDD
patients with SSRIs and 101 healthy controls were
shown in Table 2. There were significant differences in
all RBANS test scores between these two groups (all,
p<0.001). The difference remained significant after
controlling for sex, age, education, marriage, smoking,
drinking, and BMI (all, p<0.001). As shown in Fig. 1,
serum log,,IL-8 levels were significantly higher in MDD
patients with SSRIs than healthy controls (2.27 £0.57 vs.
2.03+0.53, F=4.79, p=0.03). When sex, age, education,
marriage, smoking, drinking, and BMI were included in
ANOVA as covariates, a nominally significant difference
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Table 1 Demographic and clinical data of MDD patients with SSRIs and healthy controls
Variables MDD Patients with SSRls Healthy Controls Fory? p

N =30, Mean (SD) N=101, Mean (SD)
Gender (male/female) 11/19 52/49 148 0.22
Age (years) 39.73 (15.66) 37.38(12.13) 0.76 039
Education (years) 10.07 (3.39) 13.00 (2.90) 21.87 <0.001
Marriage (unmarried/married/divorced) 8/21/1 31/68/2 0.11 0.95
BMI (kg/mz) 22.51(3.07) 2294 (3.03) 043 0.51
Smoking (smoker/nonsmoker) 27/3 76/25 1.96 0.16
Drinking (drinker/nondrinker) 26/4 92/9 0.13 0.72
Age of Onset (years) 36.59 (14.80) - - -
Hospitalization Number 1.52(0.87) - - -
Duration of lliness (years) 3.90 (4.27) - - -
HAMD Score 22.03 (6.49) - - -

Abbreviations: MDD Major depressive disorder, SD Standard deviation, SSRIs Selective serotonin reuptake inhibitors, BMI Body mass index, HAMD Hamilton Depression

Scale

Table 2 Comparisons of the RBANS test scores between MDD patients with SSRIs and healthy controls

Index MDD Patients Healthy Controls F p Adjusted F value ? Adjusted p value ®
with SSRls (n=101), Mean (SD)
(n=30), Mean
(SD)
Immediate Memory 63.03(16.70) 90.74(15.35) 72.36 <0.001 79.66 <0.001
Visuospatial/Constructional 65.67(9.40) 82.03(12.01) 47.03 <0.001 52.24 <0.001
Language 70.03(14.50) 96.30(13.49) 84.66 <0.001 98.25 <0.001
Attention 90.00(19.60) 110.71(13.73) 42.69 <0.001 59.68 <0.001
Delayed Memory 69.40(16.71) 93.30(7.38) 125.82 <0.001 133.71 <0.001
RBANS Total Score 65.20(12.33) 92.17(9.56) 160.14 <0.001 239.06 <0.001

Abbreviations: RBANS the repetitive battery for the assessment of neuropsychological status, # Adjusted p value indicated the F and p value after adjusting for age,
gender, education, marriage, BMI, smoking, and drinking
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Fig. 1 Comparison of serum log,(IL-8 levels between MDD patients with SSRIs and healthy controls. Serum log, (IL-8 levels in MDD patients
with SSRIs were nominally higher in comparison to healthy controls after adjusting for covariates (2.27 +0.57 vs 2.03+0.53, F=3.82, p=0.05).
Abbreviations: IL-8, interleukin-8; ANOVA, analysis of variance; ANCOVA, analysis of covariance; HCs, healthy controls
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between cases and controls was observed (F=3.82,
p=0.05).

Associations between RBANS scores and log,IL-8 levels

As shown in Figs. 2 and 3, serum log,;,IL-8 levels were
significantly correlated with delayed memory score
(r=0.37, p=0.04) and visuospatial/constructional score
(r=0.43, p=0.02) in MDD patients by Pearson correla-
tion analysis. However, significant correlations were not
observed in healthy controls (delayed memory score:
r=-0.12, p=0.24; visuospatial/constructional score:
r=0.02, p=0.81). In addition, there were no significant
correlations between serum log;,IL-8 levels and other
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RBANS test scores in MDD patients with SSRIs as well
as in healthy controls. The correlation analysis results are
presented in Supplemental Table S1.

Discussion

To our knowledge, this is the first cross-sectional study
that investigated serum IL-8 levels, cognitive function,
and their associations in MDD patients with SSRIs. This
study had three major findings: 1) cognitive function was
worse in MDD patients with SSRIs than in healthy con-
trols; 2) serum log;,IL-8 levels were nominally higher
in MDD patients with SSRIs than in healthy controls; 3)
serum log,(IL-8 levels were positively associated with
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Fig. 2 A positive correlation between serum log,IL-8 levels and delayed memory score was found in MDD patients with SSRIs (r=0.37, p=0.04),

but not in healthy controls (r=-0.12, p=0.24)
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Fig. 3 A positive correlation between serum log,IL-8 levels and visuospatial/constructional score was found in MDD patients with SSRIs (r=0.43,

p=0.02), but not in healthy controls (r=0.02, p=0.81)
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delayed memory and visuospatial/constructional sub-
scores in MDD patients with SSRIs.

Increasing evidence from previous studies has sup-
ported that cognitive impairment is a core feature of
MDD and it affects the treatment, rehabilitation, qual-
ity life, and even employment for MDD [1-3, 7]. Thus,
mitigating cognitive deficits should be the focus of MDD
treatment [8, 10]. Our data showed that all RBANS test
scores were significantly lower in patients with MDD
than in healthy controls, suggesting that MDD patients
still exhibited poorer cognitive abilities even though they
were treated with the SSRI antidepressants. This finding
was supported by a recent study that reported significant
differences in all RBANS test scores between 116 healthy
controls and 90 MDD patients treated with anti-depres-
sants (including 39 patients with SSRIs) [6]. Several pre-
vious studies also demonstrated that there was a marked
decline in the RBANS total score in MDD patients in
comparison to healthy controls [3, 36-39]. In addition,
several recent studies reported that the SSRIs could
improve cognitive function in patients with MDD [10,
40]. Although patients with MDD were administrated
oral single SSRI in the present cross-sectional study, our
data did not support that SSRIs could achieve cognitive
remission of MDD. Thus, a longitudinal and multicenter
follow-up SSRI intervention study should be performed
to validate the effect of SSRI treatment on cognitive per-
formance of MDD in the future.

IL-8 was an inflammatory cytokine that was produced
by macrophages and brain neuron cells such as micro-
glia and astrocytes [11, 12]. IL-8 may be implicated in the
pathogenesis of psychiatric disorders and their treatment
effect [41]. Our finding showed that serum log,,IL-8
levels were nominally elevated in MDD patients with
SSRIs than in healthy controls, which further suggest
that higher IL-8 levels might be involved in the psycho-
pathology of depression. Previous studies demonstrated
that increased serum IL-8 levels were implicated in the
underlying pathogenesis of MDD. For example, at the
protein level, cerebrospinal fluid (CSF)/serum/plasma
levels of IL-8 were significantly increased in patients
with MDD in comparison to healthy controls [42-46].
At the molecular level, a higher mRNA expression level
of the IL-8 gene (IL-8, located on chromosome 4q) was
reported in the prefrontal cortex of drug-free MDD
patients compared to healthy controls [47]. Moreover,
the rs4078 polymorphism in /L-8 was significantly asso-
ciated with the susceptibility to MDD [48, 49]. However,
the mRNA and protein levels of /L-8 were found signifi-
cantly declined in patients with MDD in comparison to
healthy controls [50, 51]. In addition, several studies have
reported that there were no significant differences in the
protein and mRNA levels of IL-8 between patients with
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MDD and healthy controls [52—55]. These discrepant
results may be due to the effects of a series of confound-
ing factors, such as sex, age, BMI, age of onset, illness
duration, antidepressant types and dosages, diet, sample
size, and ethnicities.

SSRI antidepressants have been reported to acti-
vate microglia and astrocytes to synthesize and release
inflammatory cytokines [15-20]. Dysfunctional micro-
glia and astrocytes in the hippocampus were implicated
in cognitive deficits in individuals with brain disorders
[21]. The above evidence hinted that there might be sig-
nificant associations among inflammation cytokines,
cognitive function, SSRIs, and microglia and astrocytes.
Intriguingly, our study found that serum log; IL-8 lev-
els were nominally elevated in MDD patients with SSRIs
than in healthy controls, further suggesting that elevated
IL-8 levels in patients with MDD might be modulated
by SSRIs which activated the microglia and astrocytes of
depression. Moreover, serum log,;,IL-8 levels were posi-
tively associated with the sub-scores of RBANS delayed
memory and visuospatial/constructional function in
MDD patients with SSRIs, hinting that a higher concen-
tration of serum IL-8 corresponds to improving MDD
delayed memory and visuospatial/constructional by
SSRIs modulating the activity of microglia and astrocytes
to synthesize and release IL-8. This finding also indicated
that elevated serum IL-8 levels might have neuropro-
tection to the brains of MDD [56, 57]. Previous studies
demonstrated that a decline in serum/plasma IL8 levels
was implicated in cognitive impairment disorders includ-
ing MCI and AD [27, 29]. However, the neurotoxic effect
of IL-8 on human brain function has also been reported.
Increased serum IL-8 levels were involved in poor perfor-
mance in memory, cognitive speed and motor function in
normal elderly subjects [26]. Thus, the effect of IL-8 on
cognitive function of brain disorders might be complex,
i.e., IL-8 has either neuroprotective or neurotoxic roles
[56, 58]. However, our finding has shown that elevated
IL-8 levels might improve cognitive function in MDD
patients following the administration of oral single SSRI.
Thus, further longitudinal studies should be designed to
explore the relationships among serum IL-8 levels, cog-
nition, and SSRIs in first-episode drug-free patients with
MDD.

Several limitations of the present study should be
interpreted as follows: 1) A relatively small sample size.
Our results should be considered a pilot study; 2) Com-
parison of IL-8 levels between patients with SSRIs and
Healthy controls. Thus, it is unclear whether serum IL-8
levels are higher due to depression or the use of SSRIs;
3) A cross-sectional design. It was unclear whether there
was a causative association between increased serum
log,(IL-8 levels and cognitive improvement in MDD
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patients with SSRIs. Thus, future longitudinal and pro-
spective follow-up studies are necessary to clarify the
relationships among serum log,;,IL-8 levels, cognition
and SSRIs in first-episode drug-free patients with MDD;
4) Confirmed MDD diagnosis. Although patients were
diagnosed as having unipolar depression rather than
bipolar depression during enrollment, a few unipolar
depressive patients may develop bipolar depression later;
and 5) Types and dosages of SSRIs. Future studies should
also examine the effect of different SSRI types and dos-
ages on serum IL-8 levels and cognitive function in MDD
patients.

Conclusions

Serum log; IL-8 levels were nominally higher and cogni-
tive impairment was more severe in MDD patients with
SSRIs in comparison to healthy controls. Serum log;,IL-8
levels were positively associated with the sub-scores of
RBANS delayed memory and visuospatial/constructional
function in MDD patients. Our data from the present
cross-sectional study further revealed that increased
serum IL-8 levels might be implicated in the MDD psy-
chopathology or the use of SSRIs, and elevated serum
IL-8 levels contributed to improving delayed memory
and visuospatial/constructional function of MDD, and
cognitive function in patients with SSRIs was impaired
in comparison to healthy controls. However, the present
findings were preliminary due to the relatively small sam-
ple size and the absence of a longitude follow-up. There-
fore, future studies are warranted to confirm the present
findings using a large, independent and SSRI invention
cohort of first-episode drug-free patients with MDD.
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