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Background: Studies on differences in brain function activity between the first
depressive episode (FDE) and recurrent depressive episodes (RDE) are scarce. In
this study, we used regional homogeneity (ReHo) and amplitude of low-frequency
fluctuations (ALFF) as indices of abnormal brain function activity. We aimed to determine
the differences in these indices between patients with FDE and those with RDE, and
to investigate the correlation between areas of abnormal brain function and clinical
symptoms.

Methods: A total of 29 patients with RDE, 28 patients with FDE, and 29 healthy
controls (HCs) who underwent resting-state functional magnetic resonance imaging
were included in this study. The ReHo and ALFF measurements were used for image
analysis and further analysis of the correlation between different brain regions and
clinical symptoms.

Results: Analysis of variance showed significant differences among the three groups in
ReHo and ALFF in the frontal, parietal, temporal, and occipital lobes. ReHo was higher
in the right inferior frontal triangular gyrus and lower in the left inferior temporal gyrus
in the RDE group than in the FDE group. Meanwhile, ALFF was higher in the right
inferior frontal triangular gyrus, left anterior cingulate gyrus, orbital part of the left middle
frontal gyrus, orbital part of the left superior frontal gyrus, and right angular gyrus, but
was lower in the right lingual gyrus in the RDE group than in the FDE group. ReHo
and ALFF were lower in the left angular gyrus in the RDE and FDE groups than in
the HC group. Pearson correlation analysis showed a positive correlation between the
ReHo and ALFF values in these abnormal areas in the frontal lobe and the severity of
depressive symptoms (P < 0.05). Abnormal areas in the temporal and occipital lobes
were negatively correlated with the severity of depressive symptoms (P < 0.05).
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Conclusion: The RDE and FDE groups had abnormal neural function activity in some of
the same brain regions. ReHo and ALFF were more widely distributed in different brain
regions and had more complex neuropathological mechanisms in the RDE group than
in the FDE group, especially in the right inferior frontal triangular gyrus of the frontal lobe.

Keywords: first depressive episode, recurrent depressive episodes, magnetic resonance imaging, regional
homogeneity, amplitude of low-frequency fluctuation

INTRODUCTION

Major depressive disorder (MDD) is a common clinical
psychiatric disorder characterized by affective, cognitive, and
somatic symptoms. Most of its clinical manifestations are
common symptoms such as depressed mood, diminished
interest, slowed thinking, loss of appetite, and insomnia (Wolfers
et al,, 2015). The World Health Organization reports that an
estimated 350 million people worldwide have depression and that
depression is the leading cause of suicide, with approximately
800,000 people dying by suicide each year (Zhang et al., 2018).
By 2030, depression is expected to become the disease with
the largest burden worldwide (Friedrich, 2017). Currently, the
diagnosis of MDD relies on clinical scale assessment of the patient
and the experience of the psychiatrist; however, knowledge about
precise neurobiological biomarkers is lacking.

According to the classification criteria of the 10th revision
of the International Statistical Classification of Diseases and
Related Health Problems, MDD is classified into the first
depressive episode (FDE) and recurrent depressive episodes
(RDE) (Yuksel et al., 2018). Previous studies have demonstrated
differences in depressive and somatic symptoms (Roca et al,
2011), cognitive functioning (Roca et al., 2015; Zu et al., 2021;
Varghese et al., 2022), and quality of life (Zu et al, 2021)
between patients with RDE and those with FDE. Epidemiological
surveys have shown that depression has a high recurrence
rate and that, once the first episode has occurred, it relapses
within 5 years. In addition, approximately 80% of patients
with depression have a history of two recurrences (Burcusa
and Iacono, 2007). Moreover, the severity of MDD increases
with the number of relapses (Harlev et al., 2021), and it is
increasingly being recognized that the challenge in patients
with depression is preventing relapse rather than promoting
recovery (Fava et al, 2017). Therefore, the differences in
pathogenesis between RDE and FDE need to be elucidated from
a neuropathological perspective.

In recent years, with rapid developments in neuroimaging
technology, resting-state functional magnetic resonance imaging
(rs-fMRI) has gradually been applied to the study of insomnia
(Marques et al., 2018), schizophrenia (Sheffield and Barch, 2016),
autism (Bathelt and Geurts, 2021), and other psychiatric systemic
disorders. It has also been applied to the study of MDD subtypes
(Brown et al., 2019; Yue et al., 2020). rs-fMRI indirectly reflects
neuronal spontaneous activity by measuring the blood oxygen
level-dependent (BOLD) signal, which enables the investigation
of brain function abnormalities in the early disease stage and has
advantages of simplicity, non-invasiveness, and reproducibility
(Lee et al., 2013). Regional homogeneity (ReHo) and amplitude

of low-frequency fluctuations (ALFF) are two of the commonly
used metrics in rs-fMRI analysis. ReHo mainly assesses the
synchronous reflection of the sequence between a given voxel and
its neighboring voxels, reflecting the temporal homogeneity of
signals related to regional blood oxygen levels (Zang et al., 2004).
ALFF is the sum of the spectral amplitude of each voxel signal
in the low-frequency range (usually 0.01-0.08 Hz), reflecting the
amplitude of low-frequency fluctuations caused by spontaneous
neuronal activity (Zang et al,, 2007). Combining the ReHo
and ALFF methods can contribute to a better understanding
of the abnormalities of brain function in patients with MDD
(Ni et al., 2016).

However, the combination of ALFF and ReHo has been
mainly applied in studies on mild cognitive impairment (Ni
et al., 2016), schizophrenia (Zhao et al., 2018), and anxiety
disorders (Shen et al., 2020), whereas the differences between
FDE and RDE have not been investigated. A study in patients
with FDE and remitting MDD (rMDD) showed differences in
ALFF and ReHo in the temporal lobes, although patients with
rMDD had been cured with antidepressant medication (Yang
et al., 2018). Another study observed alterations in bilateral
frontal BOLD signals in patients with FDE or RDE; however,
the study used a task-state observation approach (Yuksel et al.,
2018). The frontal lobe is an important brain region in the
pathogenesis of MDD, and previous studies have also found
differences in frontal lobe function between FDE and RDE
(Talarowska et al., 2015).

In this study, we aimed to determine the differences in
brain function activity among patients with FDE, patients with
RDE, and healthy controls (HCs) by using the ReHo and ALFF
methods based on rs-fMRI techniques. Further, we also aimed
to analyze the correlation between different brain areas and
clinical characteristics. We hypothesized that differences would
be observed in the brain neural circuits of patients with FDE
and those with RDE, especially in areas closely related to the
frontal lobe. This study will provide a neuroimaging basis for the
differences in neuropathological mechanisms between FDE and
RDE and some insights for clinical research.

MATERIALS AND METHODS

Participants

A total of 59 outpatients with MDD from Guanganmen
Hospital, Chinese Academy of Traditional Chinese Medicine,
Beijing First Hospital of Integrative Medicine, were recruited
for this study. All patients met the Diagnostic and Statistical
Manual of Mental Disorders Fifth Edition criteria for MDD.
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We used the 17-item Hamilton Rating Scale for Depression
(HAMD-17) (Hamilton, 1960) to assess the severity of depression
in all patients and classified these patients into those with
RDE [n = 31; mean frequency of recurrence, 2.27 (standard
deviation = 0.79)] and those with FDE (n = 28, 0 recurrence).
The inclusion criteria were (1) age 18-55 years; (2) HAMD-
17 score > 17; and (3) The FDE group all had their FDE
prior to enrollment and were not receiving any antidepressant
medication. The RDE group had a previous history of depression,
cured by antidepressant medication, now recurring and a
history of antidepressant withdrawal for at least 4 weeks
prior to enrollment. We also included 29 sex- and age-
matched HCs (21 women and 8 men) who (1) were aged
18-55 years, (2) had a HAMD-17 score of < 7, (3) had right-
handedness, and (4) had no history of any mental illness in
first-degree relatives.

The exclusion criteria for patients and HCs were as follows: (1)
serious mental illness and other diseases such as cardiovascular
and cerebrovascular disorders; (2) history of drug and alcohol
abuse; (3) any contraindications to MRI, such as presence of a
heart pacemaker, metal fixed false teeth, or severe claustrophobia;
(4) pregnant or lactating status; and (5) bipolar disorder or
suicidal ideation.

All patients were required to sign an informed consent
form before enrollment. This study was approved by the ethics
committee of Guang'anmen Hospital, Chinese Academy of
Traditional Chinese Medicine.

Scan Acquisition

All patients in this study underwent MRI using a Magnetom
Skyra 3.0-T scanner (Siemens, Erlangen, Germany). Before the
scanning procedure, the patients were instructed to remain awake
and avoid active thinking. During the scanning process, the
patients were required to wear earplugs and noise-canceling
headphones, to use a hood to immobilize the head, and to lie
flat on the examination bed. The scanning procedure involved
a localizer scan, high-resolution three-dimensional T1-weighted
imaging, and BOLD-fMRI.

The scanning parameters were as follows: for three-
dimensional ~T1-weighted imaging, time repetition/time
echo = 2,500/2.98 ms, flip angle = 7°, matrix = 64 x 64, field
of view = 256 mm x 256 mm, slice thickness = 1 mm, slice
number = 48, slices = 192, scanning time = 6 min 3 s; for BOLD-
fMRI, time repetition/time echo = 2,000/30 ms, flip angle = 90°,
matrix = 64 x 64, field of view = 240 mm x 240 mm, slice
number = 43, slice thickness/spacing = 3.0/1.0 mm, number of
obtained volumes = 200, and scanning time = 6 min 40 s.

Image Processing

Functional Magnetic Resonance Imaging Data
Preprocessing

The rs-fMRI data were preprocessed using DPARSF (Data
Processing Assistant for rs-fMRI) software (DPABI5.0)' (Yan
and Zang, 2010) in MATLAB (Mathworks Inc., Natick, MA,
United States), according to the following process: (1) conversion

Uhttp://www.rfmri.org/DPARSF

of DICOM raw data to NIFTI format; (2) removal of the first 10
time points to place the data in a stable state; (3) slice timing;
(4) realignment of head motion (removal of patients with head
movements > 2 mm in any direction and motor rotation > 2°);
(5) regression of covariates, including brain white matter signal,
cerebrospinal fluid signal, and head movement parameters; (6)
spatial normalization (the functional images of all patients were
converted to Montreal Neurological Institute standard space
using the DARTEL method); and (7) linear detrending and
filtering (0.01-0.08 Hz).

Regional Homogeneity Analysis

The DPARSF (Data Processing Assistant for Resting-State
fMRI Advanced Edition_V5.1_201001, see text footnote 1)
software was used to analyze the ReHo and ALFF of the
pre-processed data. The similarity of the time series of each
voxel to its neighboring voxels (26 neighboring voxels) was
assessed using the Kendall’s coefficient of concordance (KCC)
(Kendall, 1990), i.e., ReHo values. The whole-brain ReHo
images of the subjects were obtained by calculating the KCC
values of the whole-brain voxels. To improve the signal-
to-noise ratio, the Re Ho images were spatially smoothed
using a 6 mm x 6 mm x 6 mm full-width half-height
Gaussian kernel.

Amplitude of Low-Frequency Fluctuations Analysis
Data were spatially normalized and smoothed, and a fast
Fourier transform was performed to switch the time series
to the frequency domain to obtain the power spectrum.
The square root of the power spectrum at each frequency
was calculated to obtain the average square root of the
ALFF measurement for each voxel in the range of 0.01-
0.08 Hz. Finally, time bandpass filtering (0.01-0.08 Hz) was
performed. To reduce the inter-individual variability, ALFF was
transformed to zALFF using Fishers z transformation before
statistical analysis.

Statistical Analyses

Clinical Data Analysis

Clinical data were analyzed using the SPSS 23.0 statistical
software (IBM Corporation, Somers, NY, United States). One-
way analysis of variance was used to compare age and
educational level among the three groups, and the chi-square
test was used to compare sex differences. A two-sample ¢-test
was used to compare the duration of disease, HAMD-17
scores, and frequency of recurrence between the two patient
groups, with a threshold of P < 0.05 (two-tailed) set as
statistically significant.

Functional Magnetic Resonance Imaging Data
Analysis

Imaging data were analyzed using the DPARSF toolbox, and
a voxel-based one-way analysis of variance was performed to
compare the whole-brain ReHo/ALFF map among the three
groups. Sex, age, educational level, and framewise displacement (a
metric derived from Jenkinson’s formula) were used as covariates,
and brain areas with ReHo/ALFF differences among the three
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groups were corrected for Gaussian random fields. The corrected
cluster level was set at P < 0.05 (two-tailed), and threshold voxel
levels of P < 0.005 were defined as statistically different. We
performed post-hoc t-test analysis using DPARSF 5.1 software
for two-by-two comparisons between groups, and Bonferroni
correction was applied to the results, setting a threshold of
P < 0.016 (0.05/3) for statistical significance. The threshold was
set to clusters > 10 voxels.

To verify the relationship between ReHo/ALFF values
and clinical symptoms, we extracted the mean ReHo/ALFF
values of three different brain regions and performed Pearson
correlation analysis of the clinical scale scores of each group.

Significance was set at a statistical threshold of P < 0.05
(two-tailed).

RESULTS

Characteristics of Research Samples

Two patients with RDE were excluded because of excessive head
movement displacement. Therefore, a total of 29 patients with
RDE, 28 patients with FDE, and 29 HCs met the inclusion criteria.
No statistical differences among the three groups were found in
terms of sex, age, and years of education. The HAMD-17 scores

TABLE 1 | Demographic and clinical characteristics of the study participants.

Variable RDE (n = 29) FDE (n = 28) HCs (n = 29) t(F)/x? P -value
Sex (M/F) 8/21 8/20 8/21 0.043 0.9582
Age (years) 33.62 + 10.28 32.85 +9.77 33.24 +9.42 0.018 0.982°
Education (years) 14.96 £+ 2.44 14.28 +2.80 14.93 £+ 3.05 0.538 0.586°
Duration of illness (months) 22,96 + 11.49 2.28 +£0.93 NA 9.487 <0.001¢*
HAMD-17 score 23.31 + 3.26 23.10 + 3.16 NA 0.238 0.812°
Frequency of recurrence 2.34 £0.76 0 NA 16.133 <0.001¢*

RDE, recurrent depressive episode; FDE, first depressive episode; HCs, healthy controls; HAMD-17, 17-item Hamilton Rating Scale for Depression; NA, not applicable.
4The P-values of sex distribution among the three groups were obtained using the chi-square test.

bp-value from one-way analysis of variance tests.
¢P-value from a two-sample t-test.
*Significant difference.

TABLE 2 | ReHo differences in RDE, FDE, and HCs.

Clusters Brain regions MNI peak Cluster size F/T-value (peak)
X Y V4
Differences among three groups
1 Right inferior frontal triangular gyrus 33 30 30 27 17.9342
2 Left anterior cingulate cortex —-12 51 3 25 12.5612
3 Left middle temporal gyrus -39 —b54 18 34 15.5052
Left angular gyrus
Left superior temporal gyrus —45 —-30 15 29 13.6982
5 Left inferior temporal gyrus -39 —57 —6 53 12.6012
Left inferior occipital gyrus
6 Right Rolandic operculum gyrus 42 —18 24 34 11.9382
RDE vs. FDE
1 Right inferior frontal triangular gyrus 33 30 30 19 4.344P
2 Left inferior temporal gyrus —42 —57 —6 35 —4.270°
RDE vs. HCs
1 Right inferior frontal triangular gyrus 33 30 27 23 4.745°
2 Left anterior cingulate cortex —12 51 3 25 42720
3 Left superior temporal gyrus —45 —-30 15 29 4.543P
4 Left angular gyrus -39 —63 27 17 —2.881P
FDE vs. HCs
1 Left inferior temporal gyrus —44 —63 -9 25 2.905°
2 Left middle temporal gyrus -39 —51 15 23 —2.816°

Left angular gyrus

MNI peak, coordinates of primary peak locations in the Montreal Neurological Institute space.
aF-value of the peak voxel showing gray matter volume differences among the three groups.
bT.value of the peak voxel showing gray matter volume differences among the three groups (post hoc two-group comparisons).
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TABLE 3 | ALFF differences in RDE, FDE, and HCs.

Clusters Brain regions MNI Peak Cluster size F/T-value (peak)
X Y V4
Differences among three groups
1 Right inferior frontal triangular gyrus 33 30 30 22 12.2852
2 Left anterior cingulate cortex —-12 42 —-18 109 11.4402
Orbital part of the left middle frontal gyrus
3 Left angular gyrus -39 —57 24 45 15.7042
Left middle temporal gyrus
4 Right angular gyrus 39 —63 36 36 14.5562
5 Left inferior temporal gyrus —60 —63 -15 31 12.3802
Left inferior occipital gyrus
6 Right lingual gyrus 21 —54 —6 70 13.548?2
7 Vermis_3 6 —45 —21 51 12.2532
RDE vs. FDE
1 Right inferior frontal triangular gyrus 34 18 25 14 42220
2 Left anterior cingulate cortex -6 36 6 14 3.376°
3 Orbital part of the left middle frontal gyrus —12 48 -3 17 3.942°
4 Orbital part of the left superior frontal gyrus —-12 42 18 42 4.445P
5 Right angular gyrus 39 —63 33 15 4.167°
6 Right lingual gyrus 15 —51 -9 65 —2.909°
RDE vs. HCs
1 Left anterior cingulate cortex —15 48 -3 24 3.641°
2 Left angular gyrus -39 —60 21 18 —3.094°
3 Right angular gyrus 42 —63 36 26 4.097°
FDE vs. HCs
1 Left middle temporal gyrus —42 —51 12 36 —3.015°
Left angular gyrus
2 Left inferior temporal gyrus —60 —63 -15 26 4.055°
3 Vermis_3 6 —45 21 15 3.830°

MNI peak, coordinates of primary peak locations in the Montreal Neurological Institute space.
aF-value of the peak voxel showing gray matter volume differences among the three groups.
bT-value of the peak voxel showing gray matter volume differences among the three groups (post hoc two-group comparisons).

were not statistically different between the RDE and FDE groups,
whereas a statistical difference was observed in the duration of
illness and frequency of recurrence (Table 1).

Differences in Regional
Homogeneity/Amplitude of
Low-Frequency Fluctuations Between
the Recurrent Depressive Episodes, First
Depressive Episode, and Healthy

Controls

One-way analysis of variance showed significant differences
in ReHo and ALFF among the three groups in the right
inferior frontal triangular gyrus, left anterior cingulate cortex,
left middle temporal gyrus/left angular gyrus, and left inferior
temporal gyrus/left inferior occipital gyrus. Meanwhile, ReHo
was significantly different in the left superior temporal gyrus
and right Rolandic operculum gyrus. ALFF was also significantly
different in the right angular gyrus, right lingual gyrus, and
Vermis_3 (Tables 2, 3 and Figures 1, 2).

Compared with the FDE group, the RDE group had elevated
ReHo in the right inferior frontal triangular gyrus and decreased
ReHo in the left inferior temporal gyrus. Meanwhile, the RDE
group had elevated ALFF in the right inferior frontal triangular
gyrus, left anterior cingulate gyrus, orbital part of the left middle
frontal gyrus, orbital part of the left superior frontal gyrus, and
right angular gyrus, but had decreased ALFF in the right lingual
gyrus (Tables 2, 3 and Figure 3).

Compared with the HC group, the RDE group had elevated
ReHo in the right inferior frontal triangular gyrus, left anterior
cingulate gyrus, and left superior temporal gyrus, but had reduced
ReHo in the left angular gyrus. Meanwhile, the RDE group had
elevated ALFF in the left anterior cingulate gyrus and right
angular gyrus, but had decreased ALFF in the left angular gyrus
(Tables 2, 3 and Figure 4).

Compared with the HC group, the FDE group had elevated
ReHo in the left inferior temporal gyrus and decreased ReHo
in the left middle temporal gyrus/left angular gyrus. Meanwhile,
the FDE group had elevated ALFF in the left inferior temporal
gyrus and Vermis_3, but had decreased ALFF in the left middle
temporal gyrus/left angular gyrus (Tables 2, 3 and Figure 5).
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cluster 3

cluster 2

cluster 1

cluster 4

cluster 5 cluster 6

cluster 1 cluster 2 cluster 3 cluster 4

FIGURE 2 | Brain regions with abnormal ALFF among the three groups based on one-way analysis of variance. The color bars indicate the F-value.

cluster 5 cluster 6 cluster 7

Significant Correlation Between
Functional Image and Clinical Feature

To test the correlation between areas of abnormal brain activity
and the severity of clinical depressive symptoms, we further
performed Pearson correlation analysis. We found a positive
correlation between the ReHo/ALFF values of the right inferior
frontal triangular gyrus and the HAMD-17 scores in the RDE
group (r = 0.436, P = 0.018; r = 0.394, P = 0.034). Meanwhile,
we observed a positive correlation between the ReHo values in
the left anterior cingulate cortex/orbital part of the left middle
frontal gyrus and the HAMD-17 scores in the FDE group
(r = 0.488, P = 0.008). Furthermore, we found a negative

correlation between the ReHo values in the left inferior temporal
gyrus/left inferior occipital gyrus and right lingual gyrus and the
HAMD-17 scores in the FDE group (r = —0.412, P = 0.029;
r = —0.408, P = 0.030) (Table 4 and Figure 6).

DISCUSSION

To our knowledge, this is the first study to investigate the changes
in local brain function activity in patients with RDE or FDE using
the ReHo and ALFF methods. The results of this study showed
that the RDE and FDE groups had abnormal neural function
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ReHo

cluster 1 cluster 2 cluster 1 cluster 2

indicate the T-value.

FIGURE 3 | Brain regions with abnormal ReHo (left) and ALFF (right) between the RDE group and the FDE group based on a post hoc t-test. The color bars

ALFF

cluster 4 cluster §

cluster 3

cluster 6

ReHo

cluster 1 cluster 2 cluster 3 cluster 4

the T-value.

FIGURE 4 | Brain regions with abnormal ReHo (left) and ALFF (right) between the RDE group and the HC group based on a post hoc t-test. The color bars indicate

ALFF

cluster 1 cluster 2 cluster 3

—

activity in some of the same brain regions. ReHo and ALFF
were more widely distributed in different brain regions and had
more complex neuropathological mechanisms in the RDE group
than in the FDE group. This study provides a reference for the
differences in brain function activity between RDE and FDE.

We found increased ReHo and ALFF in the right inferior
frontal triangular gyrus in the RDE group compared with
the FDE group. The right inferior frontal triangular gyrus
is located in the dorsolateral prefrontal cortex (DLPFC), an
important component of executive function that is closely related

to working memory, thought activity, and cognitive control
(Wang et al., 2020; Brosch et al, 2021; Nejati et al, 2022).
Previous studies have also shown that depressed mood and
cognitive behavioral impairment in patients with depression are
associated with abnormalities in executive function (Sun et al.,
2018). Patients with mild impairment in the DLPFC often show
symptoms of depression, such as loss of interest, poor memory,
slow thinking, lack of motivation, and insomnia (Elliott, 2003;
Li et al, 2021). Previous studies have found that the right
inferior frontal triangle gyrus plays an important role in the
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ReHo

cluster 1 cluster 2

the T-value.

cluster 1

FIGURE 5 | Brain regions with abnormal ReHo (left) and ALFF (right) between the FDE group and the HC group based on a post hoc t-test. The color bars indicate

ALFF

cluster 2

cluster 3

early pathogenesis of MDD (Zhang et al., 2021) and that the
gray matter volume of the DLPFC is reduced in patients with
RDE after 6 weeks of antidepressant therapy (Li et al., 2010).
Another study showed that stimulation of the right and left
DLPFC with transcranial direct current stimulation was effective
in reducing the risk of recurrence in patients with depression
(Aparicio et al., 2019). The BOLD signals in the DLPFC have
also been found to differ between RDE and FDE (Yuksel et al.,
2018). This suggests that patients with RDE and those with FDE
have differences in executive function. The correlation analysis

TABLE 4 | Correlation of abnormal brain areas with clinical symptoms.

Variables group Brain regions HAMD-17 score
Coefficient P-value
ReHo RDE Right inferior frontal 0.436 0.018%#
triangular gyrus
FDE Left inferior temporal gyrus —-0.412 0.0292-#
Left inferior occipital gyrus
ALFF RDE Right inferior frontal 0.394 0.0342#
triangular gyrus
FDE Left anterior cingulate 0.488 0.0082-#
cortex
Orbital part of the left
middle frontal gyrus
FDE Right lingual gyrus —0.408 0.0302-#

aP-value from Pearson correlation (not corrected).
# Statistical significance.

in this study showed that the ReHo and ALFF values in the
right inferior frontal triangular gyrus were positively correlated
with the HAMD-17 scores in the RDE group, whereas no such
correlation was found in the FDE group. These results suggest
that the right inferior frontal triangular gyrus is an important
neurobiological imaging marker for RDE and an important brain
region for differentiating RDE from FDE.

We also found differences in ALFF in the left anterior
cingulate gyrus and left orbitofrontal gyrus between the RDE
and FDE groups. The anterior cingulate gyrus is an important
component of the limbic system. It has extensive fibrous
connections to many cortical and subcortical structures; is
involved in the regulation of a wide range of functions, such
as emotion, cognition, and motivation; and is closely associated
with the onset of depression (Xiao and Zhang, 2018; Zheng et al.,
2018; Rolls, 2019). Previous studies have found higher ALFF in
the right ventral anterior cingulate gyrus in patients with anxious
depression than in patients with rMDD and in HCs. In addition,
abnormal activation of the anterior cingulate gyrus at rest in
patients with MDD may be related to the failure of emotional
control, which is a central factor in negative rumination and
persistent self-focus in these patients (Amodio and Frith, 2006;
Liu et al., 2015). Therefore, the results of this study suggest that
patients with RDE show abnormal activation of the left side of the
anterior cingulate gyrus. The orbitofrontal cortex is an important
part of the reward network and is closely associated with
emotional information and sensory stimuli (O'Doherty, 2004; Liu
etal., 2017). A previous study found that patients with refractory
depression, which is characterized by persistence and recurrence,
had significantly higher ALFF in the orbitofrontal cortex than

Frontiers in Neuroscience | www.frontiersin.org

April 2022 | Volume 16 | Article 876121


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

Sun et al.

MRI MDD ALFF ReHo

A Frontal_Inf Tri R

r=0.436
P=0.018

1 ] ] 1
15 20 25 30

HAMD-17

C Frontal_Inf Tri_R D

3 009 y=0.488

r=0.394
P=0.034 . 0.2 P=0.008

& 5
o -~
1 1

-
LFF(Z-values)

ALFF(Z-values)
I
-

A
S
P
1

Cingulum_Ant_L/Frontal_Med_Orb_L E

B Temporal_Inf_L/Occipital_Inf L
0.5+

s
°
1

.

ReHo(Z-values)
s
5.
1
.
.
.

HAMD-17

Lingual R

ALFF(Z-values)

S
-
o
n
N
N
5 -
@
=]
-
o
-
o
n
=]

HAMD-17

HAMD-17, 17-item Hamilton Rating Scale for Depression.

FIGURE 6 | Positive correlation between the ReHo/ALFF values of abnormal brain regions and the HAMD-17 scores. (A) ReHo values in the recurrent depressive
episode (RDE) group. (C) ALFF values in the RDE group. (D) ALFF values in the first depressive episode (FDE) group. Negative correlation between the ReHo/ALFF
values of abnormal brain regions and the HAMD-17 scores. (B) ReHo values in the FDE group. (E) ALFF values in the FDE group. Frontal_Inf_Tri_R, right inferior
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HCs (Liu et al., 2014). This suggests that abnormal activation
of the orbitofrontal cortex is a cause of the complexity of RDE.
Another study also showed that patients with FDE had reduced
ALFF in the left and right orbitofrontal cortex compared with
HCs, suggesting that patients with FDE have reduced regulation
of the reward network (Zhang et al., 2014). Although these results
were from different studies, they all support the involvement of
the anterior cingulate gyrus and orbitofrontal cortex in regulating
the pathophysiology of MDD. The correlation analysis in the
current study showed that the ALFF values in the left anterior
cingulate cortex/orbital part of the left middle frontal gyrus were
positively correlated with the HAMD-17 scores in the FDE group,
thus identifying an important brain region for differentiating
between RDE and FDE.

In addition, we found that the RDE group had higher ALFF
values in the right lingual gyrus than the FDE group. The lingual
gyrus is part of the occipital lobe, and previous studies have
shown that the lingual gyrus is also involved in activities related
to visual memory processing and is closely associated with the
development of MDD (Jung et al., 2014; Le et al., 2017; Palejwala
et al., 2021). One study found that patients with rMDD had
lower ALFF values in the right lingual gyrus than HCs, suggesting
that reduced ALFF in the right lingual gyrus is a marker for the
remission of depression (Yang et al., 2018). Another study also
showed that patients with FDE had lower ALFF values in the
right lingual gyrus than HCs (Wang et al., 2012). Our correlation
analysis showed that the ALFF values in the right lingual gyrus

were negatively correlated with the HAMD-17 scores in the FDE
group. This suggests that the right lingual gyrus can be used as a
status marker for FDE.

Meanwhile, we found that the ALFF in the right angular
gyrus was higher in the RDE group than in the FDE group.
A previous study reported that the right angular gyrus is
associated with the self-localization function in humans and is
potentially associated with psychiatric disorders, and that an
abnormality in this function affects both sensory and perceptual
functions, with a causal relationship between them (de Boer
et al., 2020). This may also be informative in elucidating the
differences in neuropathological mechanisms between RDE and
FDE. The inferior temporal gyrus is involved in functions such as
social cognition, emotional stimulus processing, self-referential
processing, and semantic processing and is closely associated with
MDD development (Chao et al., 1999; Cabeza and Nyberg, 2000;
Herath et al., 2001; Hu et al., 2017; Kocsis et al., 2021). Previous
studies have found that ReHo is significantly higher in the left
middle temporal gyrus in patients with FDE than in those with
rMDD, suggesting that enhanced metabolism in the left middle
temporal gyrus may be one of the pathogenic mechanisms of FDE
(Yang et al., 2018). Therefore, we suggest that differences exist
between RDE and FDE in terms of abnormalities in the frontal,
temporal, parietal, and occipital lobes, particularly in the right
inferior frontal triangular gyrus of the frontal lobe.

Interestingly, we also found that the RDE and FDE groups
had lower ReHo and ALFF in the left angular gyrus than the
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HC group. The angular gyrus is located in the posterior part
of the inferior parietal lobe and is mainly involved in human
semantic and numerical processing, memory retrieval, spatial
cognition, word reading and comprehension, reasoning, and
social cognition, with the left angular gyrus playing a more
important role in situational simulation and memory (Seghier,
2013; Thakral et al., 2017; Ramanan and Bellana, 2019). The
angular gyrus is also an important part of the default mode
network (Raichle et al., 2001; Raichle, 2015). Previous studies
have found differences in BOLD signals in the angular gyrus
between patients with RDE or FDE and HCs, consistent with
the present study (Yuksel et al., 2018). Other studies have also
reported that the ReHo and ALFF values in the left angular
gyrus were lower in patients with MDD than in HCs (Wang
et al., 2012; Liu et al., 2021). Abnormalities in angular gyrus
function can lead to cognitive impairment, a common clinical
manifestation of MDD (Lee et al., 2012). Therefore, this suggests
that (1) both RDE and FDE are characterized by default mode
network dysfunction and (2) ReHo and ALFF abnormalities in
the left angular gyrus are important markers for differentiating
patients with MDD from HCs.

Some limitations of this study should be considered. First,
the patients with RDE enrolled in this study might have still
been affected by an underlying antidepressant action despite
having stopped medication for 4 weeks. Second, the number
of recurrences in the RDE group was inconsistent, and a first-
recurrence study of patients with RDE seem to have greater
research value. Third, this study focused on only one scale
(HAMD-17). To enhance the scientific value of this study,
more scales need to be used in the future to focus on the
detailed correlation of cognitive, somatic, anxiety, and insomnia
symptoms with RDE and FDE. Finally, this study did not find
a difference between RDE and FDE in depressive symptoms,
which may be related to the specificity and small size of the study
population. Further studies with a larger sample size are needed
to confirm or refute the findings of this study.

CONCLUSION

This study used ReHo and ALFE which are indices based on
the rs-fMRI technique, to preliminarily analyze the differences
between RDE and FDE in terms of neural activity in different
brain regions. The RDE and FDE groups showed abnormal
changes in neural function activity in some of the same brain
regions, with ReHo and ALFF being more widely distributed in
different brain regions and the neuropathological mechanisms
being more complex in the RDE group than in the FDE group,
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