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structural atrophy in major
depressive disorder patients
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Background: Anhedonia, as the core endophenotype of major depressive
disorder (MDD), is closely related to poor prognosis, but the mechanism of
this feature remains to be understood. The aim of this study was to investigate
the inflammatory factors and brain structural alterations in MDD patients with
anhedonia and evaluate the relationship between these factors.

Methods: We assessed the plasma levels of interleukin-1 beta (IL-1p),
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) in MDD patients
with anhedonia (n = 22), MDD patients without anhedonia (n = 20), and
age- and sex-matched healthy controls (HCs, n = 20) by enzyme-linked
immunosorbent assay kits. All participants underwent high-resolution brain
magnetic resonance imaging (MRI) scans, and voxel-based morphometry
(VBM) was used to evaluate their gray matter volume (GMV). We compared
inflammatory factors and GMV among the three groups and explored their
relationships in MDD patients with anhedonia.

Results: Compared with those of HCs, plasma levels of IL-18 were increased
in patients with MDD independent of anhedonia features, while plasma levels
of IL-6 were elevated in MDD patients with anhedonia only. Meanwhile,
MDD patients with anhedonia exhibited reduced GMV in the left striatal
structures compared to MDD patients without anhedonia and HCs. Moreover,
a significant association was observed between increased plasma levels of IL-6
and decreased GMYV of the left putamen in MDD patients with anhedonia.

Conclusions: The present research outcomes suggest that anhedonia is
associated with increased plasma levels of IL-6 and decreased GMV in the left
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striatal structures. In addition, this study demonstrates that GMV loss in the left
putamen is related to increased plasma levels of IL-6 in MDD with anhedonia,
which provides further insights into the possible mechanisms of anhedonia.

major depressive disorder, anhedonia, interleukin-6, gray matter volume, striatum

Introduction

Major depressive disorder (MDD) is a highly prevalent and
debilitating mental condition that causes a significant disease
burden to families and world society (1). According to a recent
national epidemiological survey of mental disorders conducted
in China, the lifetime prevalence of MDD is approximately
3.4% (2). To date, clinical depression is still critical for the
diagnosis of MDD (3) as the potential pathogenesis and
etiology underlying depression remain unclear (4). In the
past few decades, numerous studies have been developed
that reveal the pathophysiology of depression. MDD patients,
specifically, have been demonstrated to exhibit disturbances
of the inflammatory system (5) and volumetric alterations in
certain brain structures (6). However, the current findings are
inconsistent and controversial because of the different clinical
manifestations implicated in MDD (7). In this context, studies
to identify clusters of depressive symptoms and corresponding
biomarkers have been conducted, which may be beneficial
for characterizing depression phenotypes and individualized
diagnosis and treatment.

Anhedonia, defined as a loss of interest and/or the capacity
to experience pleasure in previously enjoyed activities, is a core
feature of MDD. It has been revealed that anhedonia is a strong
predictor for poor response to antidepressant treatment (8),
increased suicidal behavior (9), and distinct impairments of
overall functioning (10) in depressed patients. Recent works
have revealed that MDD with anhedonia may be treated as
a functional subtype of depression with a unique clinical
prognosis and biological alterations (11, 12). Furthermore,
convergent lines of research also suggest that anhedonia acts as
an endophenotypic marker and as a risk factor for MDD (13, 14).
Therefore, clarifying the neural mechanism of anhedonia is both
necessary and important in understanding the pathophysiology
of MDD.

Previous studies revealed that anhedonia was associated with
overactivation of the inflammatory response system and altered
levels of inflammatory cytokines. Early animal studies found
that acute systemic administration of proinflammatory factors
could induce anhedonic-like behaviors in mice (15). A recent
study in a rat model of spared nerve injury demonstrated that
inflammatory cytokines, including interleukin-1 beta (IL-1B),
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a),
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would promote anhedonia susceptibility (16). Meanwhile, the
effects of interleukin-6 neutralizing antibodies have manifested
symptoms of depressed mood and anhedonia in patients with
rheumatoid arthritis and multicentric Castleman’s disease (17).
Anhedonia was reported to be associated with inflammatory
gene expression in MDD as well as in cocaine use disorder
(18, 19). Tang et al. (20) investigated the association between
inflammatory characteristics and anhedonia in drug-naive
major depressive disorder and found that MDD patients with
anhedonia showed increased levels of IL-6 and complement
Factor H compared to patients without anhedonia. This
evidence suggests the important role of inflammatory factors
in anhedonia.

Meanwhile, anhedonia has been demonstrated to be
associated with impairments of the brain reward circuits,
including structural abnormalities in reward-related brain
regions such as the ventral striatum, nucleus accumbens (NAcc),
prefrontal cortex, amygdala, and posterior cingulate. In fact,
abnormalities in these brain structures have been shown to
reduce the sensitivity of subjective pleasure (21). A recent
study with a large population-based sample of 19,592 people
reported that reduced total gray matter volume (GMV) in
multiple brain structures, including reward-related circuits, were
associated with the phenotype of anhedonia and its genetic
risk (22). Furthermore, anhedonia has also been found to
be associated with reduced caudate (23) and NAcc volumes
(24, 25) in nonclinical samples. In MDD, the severity of
anhedonic symptoms was associated with reduced bilateral
caudate volume (26).

Taken together, these findings suggest that both aberrant
inflammation and altered brain structure may be involved in
the pathophysiology of anhedonia. Previous animal and clinical
studies revealed that brain structure would change after acute
and chronic stimulated peripheral infection, and these changes
were associated with proinflammatory cytokine levels (27, 28).
In addition, increased proinflammatory cytokines were reported
to be associated with brain GMV reductions in neuropsychiatric
disorders, such as schizophrenia (29), MDD (30), and bipolar
disorder (31). Evidence from postmortem human brains of
patients with schizophrenia indicated that overexpression of
IL-6 and IL-1p mRNA levels were significantly associated
with brain volume reduction (32). Tsai et al. (33) reported
that persistent inflammation was associated with reduction of
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hippocampal and GMV:s in older patients with bipolar disorder.
As mentioned above, although MDD patients with anhedonia
were more likely to present increased inflammatory activity,
the relationship between inflammation and brain structural
alterations in MDD patients with anhedonia was less revealed.
In this context, we examined the concentrations of plasma IL-
1B, IL-6 and TNF-a, analyzed GMVs using whole-brain voxel-
based analyses in outpatients with MDD, and finally explored
the interrelationships between these biological determinants in
MDD patients with anhedonia. Based on previous evidence,
we hypothesized that there could be a link between elevated
inflammatory factors and brain structural atrophy in MDD
patients with anhedonia.

Methods

Participants

A total of forty-two MDD patients from Department of
Psychiatry, The First Affiliated Hospital, Zhejiang University
School of Medicine were enrolled. All subjects satisfied the
Diagnostic and Statistical Manual of Mental Disorders, IV
Edition (DSM-IV) criteria for MDD, as screened with Structured
Clinical Interview for DSM-IV (SCID) and met the following
criteria: (1) aged 18-45 years; (2) drug-naive patients with
first-episode depression or recurrent depression with continued
withdrawal of >3 months; and (3) a total score of 17-item
Hamilton Depression Scale (HAMD-17) > 17. In this study,
patients with MDD were divided into two groups, MDD with
anhedonia and MDD without anhedonia. For assignment to
the MDD with anhedonia group, MDD patients must have
been experiencing anhedonia according to the Item 2 (loss of
interest or pleasure) of the symptom criteria (A) for MDD in
the DSM-IV and the threshold of transformed score of Snaith-
Hamilton Pleasure Scale (SHAPS). Meanwhile, a total of 20
sex- and age-matched healthy controls (HCs) were recruited
from local residents, hospital staffs and students. All HCs were
thoroughly interviewed and were free from any current or
lifetime history of psychiatric disorders according to the DSM
IV criteria. The general exclusion criteria for all subjects were
as follows:(1) existence of any major medical disease including
cardiovascular, respiratory, endocrine and neurological diseases
(e.g., epilepsy, brain trauma and stroke); (2) current use of any
medication that might affect the central nervous system, (3)
drug or alcohol dependence or abuse; (4) female with pregnancy;
(5) with histories of psychotherapy and physical therapy, (6)
contraindications to MRI scan, including retractors or braces,
metallic implants, and claustrophobia.

This study was approved by the local Medical Ethics
Committee of The First Affiliated Hospital, Zhejiang University
School of Medicine. Prior to commencement of the study, all
participants provided written informed consent.
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Clinical assessment

Clinical assessments were carried out by two experienced
and well-trained psychiatrists from Department of Psychiatry,
The First Affiliated Hospital, Zhejiang University School of
Medicine. The demographic and clinical data was collected by
using a self-designed questionnaire from all the participants.
Depression severity was evaluated using the 17-item Hamilton
Depression Scale (HAMD-17), which is the most common
clinician-rated scale for assessing the severity of depression. The
symptoms of anhedonia were assessed by the Snaith-Hamilton
Pleasure Scale (SHAPS), which is a self-report questionnaire
(34). The Chinese version has been validated (35). A total
of 14 items are included in this scale, and the scale covers
four categories of pleasurable activities, namely, interests and
pastimes, sensory experiences, social interactions, and diet. The
responses to each item are rated as either a 0 or a 1, or 0 for
“Agree” or “Strongly Agree” and 1 for “Disagree” or “Strongly
Disagree”. The total SHAPS score indicates the severity of
anhedonia status, and a sum of transformed scores > 5 indicates
the presence of severe anhedonia, which is a method that has
been used as the anhedonic or nonanhedonic grouping criteria
in previous studies (12, 36).

Plasma inflammatory factor
measurement

Fasting venous blood was collected from each subject in the
morning, and whole blood samples were centrifuged at 3,000
rpm for 20 min. Plasma was separated and stored at —80 °C
for simultaneous analysis. The concentrations of IL-18, IL-6
and TNF-a in plasma were measured by Duoset human ELISA
Kits (IL-1p: HSLBOOD, R&D Systems, Minneapolis, MN, USA;
IL-6: HS60DC, R&D Systems, Minneapolis, MN, USA; TNF-a:
HSTAOOE, R&D Systems, Minneapolis, MN, USA) according to
the manufacturers’ instructions. The final results are presented
in pg/ml.

MRI acquisition

Imaging data were acquired on a 3.0-T scanner (Signa,
HDxt, GE healthcare, USA) with a standard birdcage head coil in
the Magnetic Resonance Center at The First Affiliated Hospital,
Zhejiang University School of Medicine. All participants were
instructed to lie still with their eyes closed and to avoid falling
asleep. The protocol in the present study involved 3D TI-
weighted structural images, which were acquired by a brain
volume (BRAVO) sequence with the following parameters: TR
= minimum (7.3 ms), TE = minimum (3.0 ms), TT = 1,100 ms,
flip angle = 7, FOV = 256 * 256 mm?, matrix = 256 * 256,
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slice thickness = 1 mm, bandwidth = 31.25 KHz, NEX = 1, slices
=192.

Voxel-based morphometry (VBM)
analysis

To analyze the structural data, we used the voxel-based
morphometry (VBM) approach provided in the SPM12 software
(http://filion.uclac.uk/spm/) of CAT12 software (http://dbm.
neuro.uni-jena.de/vbm/) in the MATLAB environment. For
each individual, a 3D T1-weighted image was corrected for bias-
field differences and segmented into gray matter, white matter,
and CSF (37) before applying DARTEL spatial normalization
(38). In addition, segmentation was extended to account for
partial volume effects (39) through the use of adaptive maximum
a posteriori estimation (40). All scans passed standard quality
checks according to an automated protocol after preprocessing,
and we assessed sample homogeneity using a box plot and
correlation matrix to identify outliers. Artifacts or preprocessing
errors were inspected, and poor-quality scans were excluded. In
the end, the images were smoothed with an 8-mm full-width
Gaussian kernel at half-maximum (FWHM), and an absolute
gray-matter threshold of 0.1 was applied to the entire gray/white
matter margin to remove artifacts created by, for example,
incorrect voxel classification.

Statistical analysis

The analyses of demographic, clinical, and biochemical
data were performed with the Statistical Package for the Social
Sciences (SPSS) (version 16.0, SPSS Inc., Chicago, IL, USA).
Categorical variables are expressed as percentages (m/n), and
the differences among the three groups were analyzed using
Chi-square tests (xz). The continuous variables included in this
study appeared to be distributed normally based on the normal
distribution test and are represented as the mean (standard
deviation), and the differences among the three groups were
analyzed by one-way analysis of variance (ANOVA). Benjamini-
Hochberg method (BH) was used for false discovery rate
(FDR) correction to adjust the p-values in multi-comparison.
Moreover, the effect size of ANOVA was expressed as npz.
Pearson correlation analysis was used to analyze the associations
between the clinical data and those of biochemical factors.
In our analysis, a two-sided p < 0.05 significance level was
considered significant.

GMVs on the individual imaging maps were analyzed with
one-way ANOVA and post hoc analyses in a voxel-by-voxel
manner for the intergroup differences. In addition, potential
confounders, such as, age, sex, education years, and total internal
volume (TIV) were included as covariates. The significance
level was set at p < 0.05 and corrected according to Gaussian
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random field (GRF) theory (voxel significance: p < 0.001,
cluster significance: p < 0.05) for multiple comparisons with
REST software. Finally, to evaluate any correlations between
inflammation data and gray matter structural changes in
MDD patients with anhedonia, whole brain multiple regression
analyses integrated in SPM basic models were performed at p <
0.05 (GREF corrected).

Results

Demographic and clinical characteristics

The demographic and clinical features of all subjects are
summarized in Table 1. No significant differences were observed
with respect to age, sex, and education years among three groups
(p > 0.05). The two groups of MDD patients did not differ
on means of illness duration and HAMD-17 scores (p > 0.05).
As we would expect, MDD patients with anhedonia exhibited
increased SHAPS scores relative to those without anhedonia
(p < 0.05).

Plasma levels of inflammatory factors
among the three groups

Table 2 presents the plasma levels of inflammatory factors
for three groups. Significant differences on plasma levels of IL-
1B and IL-6 among three groups were identified (p < 0.05).
Compared with HCs, both groups of MDD patients showed
higher plasma levels of IL-1B (p < 0.05), regardless of anhedonia,
however, there was no significant difference between two groups
of MDD patients (p > 0.05). MDD patients with anhedonia
showed higher plasma levels of IL-6 than HCs (p < 0.05),
while no significant difference was found between MDD patients
without anhedonia and HCs, either the two groups of MDD
patients. No significant differences were found on plasma levels
of TNF-a among three groups (p > 0.05).

Alterations in GMVs

Based on one-way ANOVA, significant GMV difference
in the left lateral globus pallidus (LGP) was observed among
three groups (Table 3, Figure 1). Post hoc pairwise comparisons
revealed that MDD patients with anhedonia exhibited decreased
GMV in the left putamen when comparing to HCs (Table 4,
Figure 2). Meanwhile, MDD with anhedonia also showed
reduced GMV in the left LGP when compared with MDD
without anhedonia (Table 4, Figure 3). However, no significant
difference was found between MDD patients without anhedonia
and HCs.
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TABLE 1 Demographic and clinical characteristics for all subjects (n = 62).
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MDD with MDD without HCs,n =20 Analysis F/ )(2 p-values
anhedonia, n =22  anhedonia, n =20 means (SD)
means (SD) means (SD)
Age (years) 28.6 (7.73) 29.1 (7.70) 27.7 (5.07) 0.223 0.801
Gender (Male/Female) 5/17 10/10 10/10 4.387 0.112
Education years 14.4 (2.02) 14.4 (3.05) 15.3 (1.21) 0.985 0.379
Illness duration (months) 23.4 (27.5) 19.9 (22.9) 0.194 0.662
SHAPS score 37.7 (7.09) 26.7 (3.76) 38.14 0.000
HAMD score 25.2 (3.89) 23.7 (2.79) 2.097 0.155
HAMD, Hamilton Depression Scale; HCs, Healthy Controls; MDD, Major Depressive Disorder; SD, Standard Deviation; SHAPS, Snaith-Hamilton Pleasure Scale.
TABLE 2 Comparisons of plasma levels of inflammatory factors among three groups (n = 62).
MDD with MDD without HCs, n =20 Analysis F p- Adjusted n p2
anhedonia, n =22  anhedonia, n =20 means (SD) values p-values
means (SD) means (SD)
IL-1B (pg/ml) 767.0 (345.7)% 708.4 (473.1)% 402.5 (186.7) 6.240 0.003 0.009 0.175
IL-6 (pg/ml) 948.4 (387.4)% 708.2 (379.4) 594.7 (482.8) 3.947 0.025 0.037 0.118
TNF-a (pg/ml) 499.1 (225.2) 437.2 (221.4) 328.7 (260.6) 2.776 0.070 0.070 0.086

MDD, Major Depressive Disorder; HCs, Healthy Controls; SD, Standard Deviation; IL, Interleukin; TNFE, Tumor Necrosis Factor.

2Compared with HCs, p < 0.01.

Correlation analyses

Voxel-based whole-brain correlation analysis showed that
GMV in the left putamen was negatively associated with
plasma levels of IL-6 in MDD patients with anhedonia (Table 5,
Figure 4), while this association was not significant in other two
groups. In addition, a positive correlation was observed between
plasma levels of IL-6 and total scores of SHAPS (r = 0.421,
p = 0.005) in patients with MDD. Nevertheless, there was no
significant association of plasma levels of IL-18 or TNF-a with
total scores of SHAPS in MDD patients.

Discussion

The the
inflammatory factor levels and GMV between MDD patients

present study investigated difference in
with and without anhedonia and explored the association
between inflammatory factor concentrations and morphometric
alterations in MDD patients with anhedonia. To our knowledge,
this is the first study to investigate interrelationships between
GMV changes and plasma levels of inflammatory factors
in MDD patients with anhedonic symptoms. Our results
demonstrated that plasma levels of IL-6 in MDD patients with
anhedonia, but not in MDD patients without anhedonia, were
higher than those in HCs, which were also positively correlated

with SHAPS scores in MDD patients. More importantly, VBM
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analyses revealed that MDD patients with anhedonia exhibited
reduced GMYV in the left putamen and LGP and showed a
significantly negative association between IL-6 levels and the left
LGP GMV. Our results emphasize the importance of focusing
on the influence of inflammatory cytokine concentrations and
morphometric alterations in MDD patients with anhedonia,
which may provide a new perspective for the pathophysiology
of anhedonia and depression.

In the present study, significant differences on plasma levels
of IL-1f and IL-6 were found among the two groups of MDD
patients and HCs, specifically, patients with MDD showed
higher plasma levels of IL-1p and IL-6 than HCs, which was
consistent with many studies assessing the association between
depression and inflammatory markers. More interestingly, we
found that the plasma levels of IL-6 were significantly elevated
in MDD patients with anhedonia (but not in MDD patients
without anhedonia) compared to HCs, and the correlation
analysis showed a significantly positive correlation between
the IL-6 levels and the severity of anhedonia. Despite the
relatively few clinical reports in this area of interest, some
previous studies were consistent with and supported our
findings. A large-scale cohort study from the UK Biobank
and Netherlands Study of Depression and Anxiety revealed
an association between IL-6 and anhedonia (41). Similarly,
IL-6 was proven to be positively associated with SHAPS
scores with an exploratory sensitivity analysis in depressed
adolescents (42). Tang et al. (20) also reported that patients
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TABLE 3 Brain region showing significant structural difference among three groups (p < 0.05, GRF corrected).

Brain region Hemisphere Cluster size

LGP L 63

LGP, Lateral Globus Pallidus; MNI, Montreal Neurological Institute.

F value MNI coordinate
x y z
14.73 ~15 3 -3

FIGURE 1

of ANOVA.

Brain region showing significant structural difference among three groups (p < 0.05, GRF corrected). The color scale represents F values

with anhedonia showed higher levels of IL-6 than those without
anhedonia in drug-naive major depressive disorder, although
they failed to find altered levels of IL-6 between depressive
patients and healthy subjects. Meanwhile, some animal studies
demonstrated that IL-6 promotes anhedonia susceptibility in
spared nerve injury (16) and that IL-6 receptor antagonists
attenuate postpartum anhedonia in female rats (43). IL-6 levels
play a crucial role in the pathogenesis of depression (44) and
have been linked to depression prognosis (45, 46) and treatment
outcomes (47, 48). Some scholars supported the idea that the
symptoms and subtypes of depression influence IL-6 levels and
suggested that using other depression-related cytokines or their
receptors as biomarkers may help to classify MDD biological
subtypes (49, 50). Rudolf et al. (51) found that peripheral IL-
6 levels were elevated in atypical MDD patients but not in
typical MDD patients when compared with controls. Hence, we
speculated that the altered IL-6 levels may be associated with
anhedonic features in MDD. Thus, more investigation is needed
in the future.

With respect to neuroimaging findings in the present
study, the main influence of anhedonia was discovered in the
striatum, with reduced GMV in the left putamen and LGP. The
striatum, which is composed of the putamen, globus pallidus
and caudate nucleus, is the primary input structure of the
basal ganglia and plays a key role in reward-related activities.
Similar to emphasizing the prominent role of anhedonia in
MDD clinical symptoms, robust gray matter reduction in
the striatum was reported in MDD (52). A meta-analysis of
a magnetic resonance imaging study revealed that patients
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with MDD showed reduced GMVs in the putamen relative
to healthy individuals (53). Auerbach et al. (24) found that
the smaller volume in striatal regions prospectively predicted
anhedonia severity in adolescents with MDD. Meanwhile,
the hypofunction in the ventral striatal and orbitofrontal
regions during unexpected reward receipt was proven to be
associated with anhedonia in MDD and schizophrenia, which
suggested that abnormal frontostriatal activity may underlie
anhedonic symptoms in depression and schizophrenia (54).
In addition, some associations between striatum and suicidal
risk and poor treatment results in MDD patients were found.
A study reported that reduced bilateral putamen and left
caudate GMV significantly predicted scores of the death version
of the Implicit Association Test (IAT) in adolescents, which
suggested that higher suicide risk was associated with limited
GMV in the striatum (55). Downar et al. reported that MDD
patients with no response to dorsomedial prefrontal repetitive
transcranial magnetic stimulation showed aberrant connectivity
of the striatum (56), and the effect of electroconvulsive therapy
on striatal morphometry was discovered in MDD (57). As
anhedonia is regarded as a strong predictor for increased suicidal
behavior and poor response to antidepressant treatment, these
overlapping findings support the possible role of reduced striatal
volume in the pathogenesis of anhedonia in MDD.

Moreover, the present study showed a significant negative
relationship between plasma IL-6 levels and GMV in the LGP
in MDD patients with anhedonia using whole-brain voxel-
based correlation analysis. Previous works demonstrated that
acute systemic inflammation could induce decreased striatal

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.1016735
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Lu et al.

10.3389/fpsyt.2022.1016735

TABLE 4 Brain region showing inter-group differences based on the results of ANOVA (p < 0.05, GRF corrected).

Brain region Hemisphere
MDD with anhedonia < HCs

Putamen L

MDD with < without anhedonia

LGP L

Cluster size t value MNI coordinate
x y z
48 —5.150 12 3 -9
50 —5.582 —15 3 -3

HCs, Healthy Controls; LGP, Lateral Globus Pallidus; MDD, Major Depressive Disorder; MNI, Montreal Neurological Institute.

FIGURE 2

represents t values.

Brain region showing significant structural difference between MDD with anhedonia and HCs (p < 0.05, GRF corrected). The color scale

FIGURE 3

represents t values.

Brain region showing significant structural difference between MDD with and without anhedonia (p < 0.05, GRF corrected). The color scale

reactivity and disturb neural processes involving motivation
and loss of interest (58). The potential mechanisms involve
the effect of inflammation on dopamine synthesis, release, and
reuptake, increased synaptic and additional synaptic glutamate,
and activation of kynurenine pathway metabolites’, which
may influence the reward related neural circuitry and induce
the symptom of anhedonia (59-61). Eisenberger et al. (58)
reported that low-dose endotoxin was associated with increased
depressive mood and reduced ventral striatal response to
reward cues in healthy participants. Burrows et al. (62) found
that the lower activation of striatal activity was negatively
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correlated with serum CRP levels in MDD patients in the
monetary incentive delay task. Meanwhile, the serum ratio of
kynurenine/tryptophan, which presents an enzyme activated
by proinflammatory cytokines and is involved in the synthesis
of kynurenine from tryptophan, was reported to be negatively
correlated with striatal volume (63). These previous findings
supported our results and confirmed the complex relationship
between the inflammatory state and structural alterations of
the brain, and we suspected that IL-6 may be a key biological
marker associated with the striatal volume for anhedonia
in MDD.
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TABLE 5 Region of decreased gray matter volume in MDD with anhedonia correlated to plasma level of IL-6 (pg/ml), p < 0.05, GRF corrected.

Brain region Hemisphere Cluster size

Putamen L 15

MDD, Major Depressive Disorder; MNI, Montreal Neurological Institute.

t value MNI coordinate
x y z
—5.159 12 6 -9

FIGURE 4

corrected). The color scale represents t values.

Brain region showing decreased gray matter volume associated with plasma level of IL-6 (pg/ml) in MDD with anhedonia (p < 0.05, GRF

Limitation

The present study had certain limitations. First, the sample
size in this study was relatively small, which restricted the
statistical power and generalization of the findings. Second,
this study was a cross-sectional design and was unable to
explore dynamic changes in inflammatory factors and brain
structure, precluding causal inferences. Third, although the
distinctions of different aspects of anhedonia on brain structure
and inflammation have been revealed (64, 65), the present
study did not investigate the effects of different aspects of
anhedonia due to the modest sample size. Finally, only three
inflammatory cytokines, including IL-1B, IL-6, and TNF-q,
were measured in this study, consequently, the findings of
inflammatory characteristics in MDD patients with anhedonia
were quite limited. In this context, future longitudinal studies
containing the abovementioned aspects may be helpful to
elucidate the detailed pathway underlying inflammation-
related brain alterations in MDD patients with anhedonia.
Additionally, animal studies should further explore whether
inflammatory factors are causally related to neural changes and
subsequently anhedonia.

Conclusion

In summary, the present research outcomes suggest that
anhedonia is associated with increased plasma levels of IL-6 and
decreased GMYV in the left striatal structures. In addition, this
study demonstrates that GMV loss in the left putamen is related
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to increased plasma levels of IL-6 in MDD with anhedonia,
which provides further insights into the possible mechanisms
of anhedonia.
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