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Background: Major depressive disorder (MDD) is a highly prevalent mental

disease. Using magnetic resonance imaging (MRI), although numerous studies

have revealed the alterations in structure and function of grey matter (GM),

few studies focused on the synchronization of white matter (WM) structure

and function in MDD. The aim of this study was to investigate whether

functional and structural abnormalities of WM play an essential role in the

neurobiological mechanisms of MDD.

Methods: Gradient-echo imaging sequences at 3.0T were used to gather

resting state functional MRI (rsfMRI) data, which were performed on 33 drug-

naive first-episode MDD patients and 34 healthy controls (HCs). After data

preprocessed, amplitude of low frequency fluctuation (ALFF) of WM was

calculated. ALFF values in different frequency bands were analyzed, including

typical (0.01–0.15 Hz) band, slow-4 (0.027–0.073 Hz) and slow-5 (0.01–

0.027 Hz) bands. In addition, the fractional anisotropy (FA) values in WM in 23

patients and 26 HCs were examined using tract-based spatial statistics (TBSS)

and tractography based on diffusion tensor imaging (DTI). Pearson correlation

analysis was applied to analyze the relationships between ALFF values and

Hamilton Depression Scale (HAMD) and Hamilton Anxiety Scale (HAMA).

Results: Compared with the HCs, MDD patients showed decreased ALFF

values in posterior thalamic radiation (PTR) and superior longitudinal

fasciculus (SLF) in slow-5 frequency band, no significant differences of

ALFF values were found in typical and slow-4 frequency bands. In addition,

there were no significant differences in FA values with TBSS analysis as

well as the number of fibers in PTR and SLF with tractography analysis

between two groups. Further correlation analysis showed that the ALFF

value in SLF was negatively correlated with HAMA-2 score (r = −0.548,

pFDR = 0.037) in patients.

Conclusion: Our results indicated that WM dysfunction may be associated

with the pathophysiological mechanism of depression. Our study also
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suggested that the functional damage of the WM may precedes the structural

damage in first-episode MDD patients. Furthermore, for mental disorders,

slow-5 frequency band may be a more sensitive functional indicator for early

detection of abnormal spontaneous brain activity in WM.

KEYWORDS

major depressive disorder, white matter, resting-state functional magnetic resonance
imaging, amplitude of low frequency fluctuation, diffusion tensor imaging, tract-
based spatial statistics, tractography

1. Introduction

Major depressive disorder (MDD) is highly prevalent
worldwide with core symptoms of persistent sadness,
worthlessness and guilt, often accompanied by other psychiatric
symptoms such as cognitive deficits and anxiety, as well as some
somatic symptoms including anorexia, bloating and muscle pain
(1–3). However, our understanding of the pathophysiological
basis of the disorder remains ambiguous. Using resting
state functional MRI (rsfMRI), many studies focused on the
functional alterations in brain to detect abnormal brain activities
in different functional networks or neural pathways, which may
imply the pathophysiological process of the MDD. But most
studies mainly focused on the gray matter (GM), while ignoring
the white matter (WM), which consists of myelinated axons
that connect neurons in different regions of GM. According to
a recent study, blood-oxygen-level-dependent (BOLD) signals
in the WM represent brain activity and are detectable with
traditional fMRI (4). It shows similar spectral and temporal
characteristics in both GM and WM (5). These findings lend
credence to the idea that changes in WM BOLD signals are
bound up with tract-specific neural responses, which is inherent
to WM or is a relay effect of GM.

A growing number of studies have proven that the
structural and functional disruption of WM fibers may underlie
the pathophysiology of MDD. Structurally, widespread WM
abnormalities in MDD were revealed in a large number of
diffusion tensor imaging (DTI) studies. Alterations in superior
longitudinal fasciculus (SLF) (6, 7), corpus callosum (8),
anterior limb of the internal capsule (9, 10), cingulum and
anterior thalamic radiation (6) as well as posterior thalamic
radiation (PTR) (11, 12) were found in some studies of the
drug-naive first-episode MDD patients, which are associated
with deficits in cognitive control, attentional processes and
emotional awareness, consistent with the clinical manifestations
such as grief, hopelessness and worthlessness, sluggish and
inefficient. However, the results were variable and inconsistent
in these studies.

In terms of WM function, few analyses have been focused on
MDD. In recent studies reported that MDD patients exhibited

reduced functional connectivity (FC) within WM, particularly
in networks associated with cognitive and emotional functions
(13, 14). For example, visual network and sensorimotor
network, internal capsule, cingulum, and corpus callosum
network showed reduced FC in drug-naive MDD patients
compared with HCs. This illustrates that the networks involving
in perception-motor system were severely damaged in MDD.
Among psychiatric disorders other than depression, Yang et al.
(15) found amplitude of low frequency fluctuation (ALFF)
was lower in the splenium of corpus callosum in untreated
schizophrenia patients compared with treated patients and
controls. Right anterior corona radiata and cingulum were also
observed reduced ALFF in schizophrenia patients who have not
completely excluded medication (16). These abnormal tracts
are associated with working memory, cognitive or perceptual
dysfunction. In addition, there were the studies about abnormal
spontaneous brain activity of WM in epilepsy, Parkinson’s and
Alzheimer’s disease by ALFF (17–19). These studies suggest
that ALFF is a sensitive indicator for studying brain WM
spontaneous activity in neuropsychiatric disorders.

In 2007, Zang et al. (20) proposed for the first time an
ALFF index defined by fluctuations of the BOLD signal at
low frequency bands. The fMRI-based data-driven analysis
technique can directly measure the ALFF of BOLD signals in
each brain region, to reflect the intrinsic neuronal activity.
In order to examine the relationship between neural activity
and cognitive performance in various neurological disorders,
researchers have recently begun to subdivide the frequency
range of spontaneous brain activity (21, 22). Abnormal
spontaneous neuronal activity can be obtained in many
neuropsychiatric disorders by different specific frequency bands
within the range of ALFF, including slow-4 (0.027–0.073 Hz)
and slow-5 (0.01–0.027 Hz) bands. For example, in the sub-band
study of autism spectrum disorders (23), predominant under
connections between and within intrinsic connectivity networks
in slow-5 frequency band; in postherpetic neuralgia, their
intrinsic abnormal brain activity is associated with frequency,
specifically bidirectional alterations of ALFF in slow-4 and
slow-5 bands (24); as well as in amyotrophic lateral sclerosis,
alterations in the strength of intrinsic functional connectivity
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were observed in some regions of the slow-4 and slow-5 bands
(25). This implies that the dynamic changes in low-frequency
fluctuations observed in neuropsychiatric disorders may be
frequency dependent.

Tract-based spatial statistics (TBSS) is a relatively popular
method for performing voxel-by-voxel DTI analysis, which sets
a precedent by circumventing partial volume effects (PVE) by
projecting volumetric data onto the WM skeleton (26). This
method not only eliminates the need for data smoothing, but
also alleviates the concerns of the voxel-based morphometry
(VBM) framework previously used in many DTI studies (27).
In addition, to assess the integrity of WM microstructure, the
fractional anisotropy (FA) based on TBSS is a common and
sensitive method for diffusion measurement (28). Because of the
ability of FA (which indirectly reflects membrane integrity and
myelin thickness), its reduction can indicate impairment and
degeneration of WM fiber tracts (29). Tractography, as another
focused technique, allows researchers to identify specific tracts
by identifying seed ROIs (regions of interest) and estimating the
number of tracts extending out from these ROIs. The benefit
of the method is that WM indices along specific tracts can be
examined rather than discrete parts of the brain as assessed using
the ROIs and TBSS methods (30).

Therefore, using ALFF, TBSS, and tractography analyses, the
purpose of this study is to reveal the changes in spontaneous
brain activity and microstructure in WM in drug-naive first-
episode MDD patients. We hypothesized that there were
functional and structural alterations in WM which were related
to the underlaying pathophysiological mechanisms in MDD,
meanwhile, there were difference in sensitivity to detect the
abnormal spontaneous neuronal activity in WM in different
frequency bands when using ALFF as an indicator.

2. Materials and methods

2.1. Recruitment and qualification
criteria of subjects

A total of 33 drug-naive first-episode MDD patients were
recruited from the Psychiatry Department, First Affiliated
Hospital, Zhejiang University School of Medicine. A consistent
diagnosis was determined by two qualified psychiatrists. The
criteria included were as follows: (1) satisfied the diagnostic
criteria for depression in both the International Classification
of Disease (ICD-10) and the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5); (2) this was the first episode
and had not been treated with medication; (3) right-handed;
(4) (17-item) Hamilton Depression Rating Scale (HAMD) score
≥17 points.

Thirty-four age- and gender -matched healthy controls
(HCs) were recruited from hospital staff and surrounding
community members at the First Affiliated Hospital of Zhejiang

University School of Medicine. The non-patient version of the
DSM-5 Structured Clinical Interview was used to exclude the
HCs for any history of mental or neurological disorders.

The following excluded criteria applied to all subjects:
(1) a background of severe organic brain illness and mental
retardation; (2) alcohol, drug, and other abuse; (3) pregnant
and menstruating women; (4) head motion >1.5 mm or 1.5◦;
(5) contraindications for magnetic resonance imaging (MRI),
including claustrophobia and metallic implants.

2.2. Image acquisition

Magnetic resonance imaging images were captured with
the same 3.0T GE Discovery MRI scanner (General Electric
Medical Systems, Waukesha, WI, USA). All subjects were told
to relax with eyes closed, but without falling asleep or having
systematic thought during the scan. The head’s ability to move
was limited by a foam pad.

The T1-weighted images were acquired on the Bravo
sequence. The main scanning parameters were as follows:
repetition time (TR) = 8.208 msec, echo time (TE) = 3.2 msec,
field of view (FOV) = 256 mm × 256 mm2, flip angle = 8◦,
matrix = 256 × 256, slice thickness/spacing = 1 mm/0 mm,
scanning time = 292 s.

The resting-state functional images were acquired by
using gradient-echo imaging sequence. The main scanning
parameters were as follows: 43 slices, TR = 2,000 msec,
TE = 30 msec, FOV = 220 mm × 220 mm2, flip angle = 90◦,
matrix = 64 × 64, slice thickness/spacing = 3.2 mm/0.4 mm,
scanning time = 400 s.

Diffusion tensor imaging images were acquired by using
single-shot imaging sequence: TR = 8,600 msec, TE = 30 msec,
FOV = 200 × 200 mm2, slice thickness = 2.4 mm (no slice gap),
matrix = 128 × 128. Diffusion-sensitized gradients along 30
non-collinear directions were applied with the reference image.

2.3. Data preprocessing

2.3.1. rsfMRI data preprocessing
Data Processing & Analysis for Brain Imaging (DPABI) v4.01

(31) based on SPM12,2 on Matlab2017b,3 was used to preprocess
rsfMRI data. The preprocessing includes the following steps:
(1) remove the first 10 time points; (2) slice timing correction
and realignment; (3) registration of T1-weighted image to the
mean function image; (4) GM, WM, cerebrospinal fluid (CSF),
skull, soft tissue, and extracerebral were segmented from the
T1 images; (5) linear trend removed to correct for signal drift;

1 http://rfmri.org/dpabi

2 www.fil.ion.ucl.ac.uk/spm

3 ww2.mathworks.cn/products/matlab.html
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(6) the 24 motion parameters (32), mean CSF signals and
scrubbing regressors were regressed, to remove the influence
of head motion and physiological noise; (7) spatially smooth
GM and WM with a 4 mm full width half maximum isotropic
Gaussian kernel; (8) normalized to the standard MNI template
and resampled using the DARTEL algorithm to 3 × 3 × 3 mm3

voxels; (9) at the group level, create the WM mask for each
subject based on the T1 images for statistical analysis.

2.3.2. DTI data preprocessing
Diffusion tensor imaging preprocessing was performed

using the FMRIB Software Library (FSL) version 6.0 (Oxford
Centre for Functional MRI of the Brain, UK4). First, using the
FSL brain extraction tool, the corrected images were subjected
to skull stripping to eliminate non-brain tissue. The FSL Eddy
Correction Tool was then used to fix the original diffusion-
weighted pictures’ eddy current distortions and motion artifacts.
Correct DTI data to create FA maps from feature values using
tensor model. At last, these preprocessed data were subjected to
TBSS and tractography analyses.

2.4. Analysis of ALFF, TBSS, and
tractography

2.4.1. Analysis of ALFF
Amplitude of low frequency fluctuation was calculated

based on Fast Fourier transform and changed the time series
into frequency domain at each voxel. First, get the square root
of each power spectrum frequency, including the typical band
(0.01–0.15 Hz), the slow-4 band (0.027–0.073 Hz), and the
slow-5 band (0.01–0.027 Hz). The ALFF maps were calculated
and normalized to Z scores for each subject. Second, two-
sample t-test was carried out within the mask of group level
WM for zALFF values in each frequency for subjects in both
groups, respectively, MDD group with HCs group, two-tailed,
with gender, age, and education levels as regression covariates.
Finally, the t-test plots were corrected for multiple comparisons
with multiple comparison correction for GRF, voxel p < 0.05,
cluster p < 0.05.

2.4.2. Analysis of TBSS
Fractional anisotropy images were non-linearly aligned to

Montreal Neurological Institute-152 (MNI152) space using the
FSL registration tool FMRIB58_FA_1mm. The mean FA image
was obtained and refined to create the mean FA skeleton, which
represents the center of all regions common to all objects. The
FA threshold was set to be FA = 0.20. Project each individual
FA map onto the skeleton. Statistical analysis was performed
between two groups using gender, age, and education level as

4 http://www.fmrib.ox.ac.uk/fsl

covariates in the regression. The significance threshold for TBSS
was set to p < 0.05 and was corrected for multiple comparisons
across voxels using the no-threshold clustering enhancement
option, and results were inflated to output clusters.

2.4.3. Analysis of tractography
(1) Diffusion tensor was calculated, eigenvector and

eigenvalue maps as well as FA maps were constructed; (2)
Fiber tacks were determined using the fiber assignment by
continuous tracking method, with termination angle of 45◦ and
FA greater than 0.2; (3) Reconstructed tracts were smoothed;
(4) FA maps were registered to the FMRIB58-FA template
corresponding to the MNI152 standard space using FSL’s
linear image registration tool (FLIRT); (5) We focused on the
white matter regions, the left PTR and SLF that were known
significant difference in ALFF analysis, which were already
in MNI152 standard space. The number of fibers obtained
from the mask for the ROIs; (6) The number of fibers in
PTR and SLF were analyzed by covariance between groups,
group and gender were set as fixed variables, age and education
level as covariates.

2.5. Correlation analysis

Data analysis was performed using Statistical Package
for the Social Sciences (SPSS) 25.0 software. Student’s
t-tests and Pearson Chi-square (χ2) tests were employed
to assess differences in demographic and clinical characteristics
between MDD and HCs. Two-sample t-tests were employed
to identify differences in ALFF values between the MDD
and HCs. Pearson correlation analysis was applied to
analyze relationships between ALFF values and clinical
characteristics including Hamilton Depression Scale (HAMD),
Hamilton Anxiety Scale (HAMA) in MDD. The p-values
were adjusted by using False Discovery Rated (FDR)
correction. The above results were statistically significant
at the p < 0.05 level.

3. Results

3.1. Subjects’ clinical and demographic
characteristics

There were no significant differences in age (p = 0.071) and
gender (p = 0.614), except for educational levels (p = 0.000),
between MDD and HCs (Table 1). Compared with HCs, MDD
group exhibited lower education levels. Given that learning and
other life experiences are critical in shaping the functional and
structural organization of the brain, and WM in the human
brain undergoes a long period of maturation continues into
adulthood (33, 34), age, and education levels were included
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TABLE 1 Demographic data of the Subjects.

Variables MDD group HC group t/x2 value P-value

Count 33 34

Age (years) 25.61 ± 6.442 28.85 ± 7.974 −1.836 0.071a

Gender (f/m) 26/7 25/9 0.255 0.614b

Education years 13.00 ± 2.915 16.85 ± 2.721 −4.138 0.000a

First
episode/recurrent

33/0

On
medication/not

0/33

Illness duration
(months)

16.76 ± 17.586

HAMD 23.27 ± 3.867

HAMA 17.42 ± 5.414

HAMD, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale.
aStudent’s t-test.
bPearson chi-square t-test.

TABLE 2 Results of two-sample t-test from amplitude of low
frequency fluctuation (ALFF) analysis comparing major depressive
disorder (MDD) and healthy controls (HCs).

Tract Cluster
size

(voxels)

MNI coordinates T-value

x y z

Typical band
(0.01–0.15 Hz)
-

Slow-5 band
(0.01–0.027 Hz)
Posterior_thalamic_
radiation_L

70 −12 −72 15 −3.8159

Superior_longitudinal_
fasciculus_L

67 −39 −24 39 −3.9671

Slow-4 band
(0.027–0.073 Hz)
-

The statistical threshold was set at voxel with p < 0.05 and cluster with p < 0.05 for GRF
(Gaussian random field) corrected.

as covariates in the regression. In addition, gender was also
included as a covariate in order to eliminate its effect.

3.2. Functional alterations of WM in
ALFF

Compared with the HCs, MDD patients showed
significantly decreased ALFF values of PTR and SLF in slow-5
band, while no significant differences were found in the typical
and slow-4 bands (Table 2 and Figure 1). Correlation analysis
showed that the ALFF value of SLF was negatively correlated
with HAMA-2 score (r = −0.548, pFDR = 0.037) (Figure 2). No

significant statistical results were found (p > 0.05) between the
ALFF value of PTR and HAMD/HAMA scores.

3.3. Structural alterations of WM in
TBSS and tractography

There were no significant differences in FA values with TBSS
analysis as well as the number of fibers in PTR and SLF with
tractography analysis between MDD and HCs (Figure 3).

4. Discussion

It is well known that WM, which is enriched in myelinated
axons, has an important position in the central nervous system,
and therefore and therefore WM development is an extremely
complex process regulated by a variety of intrinsic and extrinsic
signals (35, 36). To rule out multiple episodes or potential
confounding effects of medication, WM activity in drug-naive
first-episode MDD patients was investigated. The patients
showed decreased ALFF values in PTR and SLF in the slow-5
band, which mainly located in the subcortical WM regions. It
has been proposed that the “disconnection syndrome” between
cortical and subcortical regions in MDD is caused by the WM
alterations of cortical-subcortical networks (37), which was
consistent with our results. However, no significant differences
were found in typical and slow-4 frequency bands as well as
TBSS analysis between two groups. Our results indicated that
the functional changes in WM may predate structural damage
in the early stage of depression, in addition, slow-5 band may
be a sensitive indicator to detect abnormal spontaneous activity
in WM, which is similar to the dominance of slow-5 band in
the study of intrinsic connectivity network in autism spectrum
disorders (23).

The PTR is the WM fiber that connects the thalamus
which is involved in processing and integrating sensory
information enters the brain (38) to posterior visual cortex
in the occipital lobe, including the optic radiation from the
lateral geniculate body. The thalamus as a complex sensory
information node (39) is a component of the emotion salience
and regulation network and the cognitive/executive network
(40). The abnormal function of the thalamus as one of the
serotonergic nerve terminals may be related to the serotonergic
mechanism of depression (41). Therefore, structural and
functional abnormalities of the thalamus may be related to the
pathological process of MDD, which can be considered as a
potential marker. Several recent studies have shown that MDD
patients have reduced thalamic volume (39, 42) and exhibit
abnormal thalamic activation during emotional processing tasks
(43). Additionally, abnormalities in the occipital lobe, which
is another GM connected to the PTR, may also be associated
with MDD. Because of its responsibility for visual perception
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FIGURE 1

The amplitude of low frequency fluctuation (ALFF) analysis identified significantly decreased ALFF values of posterior thalamic radiation (PTR)
and superior longitudinal fasciculus (SLF) in slow-5 band in major depressive disorder (MDD) compared to healthy controls (HCs).

FIGURE 2

The amplitude of low frequency fluctuation (ALFF) value of
superior longitudinal fasciculus (SLF) was negatively correlated
with the HAMA-2 score.

and processing, reduced attention in MDD patients may be
associated with attenuated occipital lobe function and patients
with affective disorders were more likely to have atrophy of
the occipital cortex (44). There were other studies of MDD
showing reduced homogeneity of occipital lobe in rsfMRI (45)
and reduced gray matter volume of occipital lobe in voxel-based
morphometry analysis (46). The occipital cortex can also process
non-visual information, such as tactile and auditory inputs,

as well as some complex cognitive and speech related inputs
(47–49). It has been shown that PTR is associated with deficits in
visual construction, delayed memory capacity, cognitive control,
attentional processes, and emotional awareness (50, 51). In our
study, the decreased ALFF value of PTR indicated reduced
spontaneous brain activity in the WM tract connecting the
thalamus and occipital cortex, which may be due to impaired
transmission in the PTR itself or secondary to structural damage
or hypofunction in the thalamus and occipital lobes. Our results
were in favor to the latter. Conversely, abnormalities in the
WM may also lead to structural and functional changes in the
associated GM, to trace up the source further studies are needed.

In this study, no significant statistical results were found
between the ALFF value of PTR and HAMD/HAMA scores.
Structural abnormalities in the PTR of MDD patients have been
reported in previous studies (11, 12, 52), but not shown in our
study. These inconsistent results may be due to different patient
conditions. Compared with their studies, the patients were mild
depressive symptoms, shorter course of disease and all were
the drug-naive first-episode in our study. Our results suggested
that the structure of the WM is not yet altered in the early
stages of the MDD.

The SLF is considered to be the largest associative fiber
bundle system in the brain (53), which lays connections
between the frontal and parietal lobe (54). It is considered as
a higher-order multisensory associative system, which has been
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FIGURE 3

There were no significant differences in the number of fibers in posterior thalamic radiation (PTR) (A) and superior longitudinal fasciculus (SLF)
(B) in tractography between major depressive disorder (MDD) and healthy controls (HCs).

commonly reported to be associated with somatic discomfort
(55), working memory performance (56, 57), attention (58,
59), executive function, and emotion (60). The fiber bundle
is composed of three distinct bundles including SLF-I (dorsal
pathway), SLF-II (middle pathway), and SLF-III (ventral
pathway) (61). The SLF-I travels within the cingulate or
paracingulate gyrus, connecting the anterior cingulate cortex,
the superior frontal gyrus, the precentral gyrus, the central
paracentral lobule, and the precuneus (62, 63). The reduced
ALFF region in SLF in our study was located near the
pre/postcentral gyrus at SLF-I. Correlation analysis showed that
the ALFF value of SLF was negatively correlated with HAMA-
2 (tension) score, suggesting that impaired function in SLF-I
was severe with the increase of patients’ tension. Previous study
suggested that SLF may be more severely impaired in patients
with anxious depression than in non-anxious patients, which
may lead to impaired cognitive and emotional functioning
and correspondingly more severe symptoms (64). In addition,
the study also showed that a considerable number of MDD
patients have somatic symptoms such as exhaustion and
gastrointestinal discomfort, these can result from abnormalities
in the pre/postcentral gyrus, which are located in the brain’s
somatomotor and somatosensory regions and are responsible
for integrating and processing bodily information (55). The
regional homogeneity and ALFF values significantly decreased
in the bilateral precentral gyrus, bilateral postcentral gyrus,
and left paracentral gyrus were found in the somatic MDD
group compared to the pure depression group (65). Similarly,
our uncorrected correlation analysis result showed a negative
correlation trend (r = −0.387, p = 0.034) between the ALFF
values of SLF-I and the HAMD-17 anxiety/somatization factor
items in patients, which may suggested more severe dysfunction
in SLF-I with the increase of patients’ somatic symptoms.

Therefore, in this study, we speculate that decreased ALFF
values in SLF-I are likely to be secondary to structural or
functional impairment of the pre/postcentral gyrus.

In drug-naive MDD patients, recent studies found that the
decreased FA in the SLF by TBSS analysis was significantly
correlated with decreased fractional amplitude of low-frequency
fluctuation in left pre/postcentral gyrus, this simultaneous
disruption of structure and function may be associated with
impaired cognitive and emotional functioning in MDD patients
(7). However, the difference of FA in SLF was not found in
our TBSS analysis between two groups. We speculate that it
may be due to the higher HAMD scores, the longer duration
of illness and the mixed recurrent patients of MDD in Zeng’s
study. Previous study has concluded that lower FA values in the
SLF were related with more hospitalizations and that SLF fiber
integrity may reflect the cumulative disease burden in MDD
(66). It also suggested that the damage in WM structures did not
occur in the early stage of the disease, but emerged as the disease
progresses further. Therefore, our results suggested that the
BOLD signal changes of SLF were likely related to the inherent
tract-specific neural response of WM or the relay effect of the
corresponding GM. Of course, abnormalities in the WM may
also lead to structural and functional changes in the associated
GM, to trace up the source more in-depth research is needed.

Although, the significance and origin of the signals from
different frequency bands are unclear, it has been proposed
that large neuronal systems’ integration and long-distance
connections have been linked to low-frequency oscillations (67)
and different lower frequency bands are associated with different
neural processes and physiological functions (21, 67). Slow-5
band maybe a more sensitive frequency to the activity of cortical
neurons, and the oscillations of basal ganglia are stronger in
slow-4 band (17, 22, 67). Previous rsfMRI study (17) also showed
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that the local separation characteristics of the slow-5 band are
always greater than those of the slow-4 band, the slow-4 band
component in the typical band may mask the characteristics
of the slow-5 band component, thus reducing the sensitivity of
the classical band. Our study also illustrates that slow-5 band
may be a more sensitive functional indicator for revealing the
spontaneous brain activity in WM than the typical and slow
4-bands in the early stage of the disorder.

At last, our study still has several limitations that need to
be considered. First, the sample size was relatively small, further
studies with larger samples are needed. Second, as a result of
using a cross-sectional design, the present study was unable to
determine whether progressive pathological changes occurred in
the WM of MDD patients, further longitudinal studies would be
helpful. Last, our analysis was limited to the WM, to trace up
the source of abnormal WM function in further studies could be
extended to assess potential GM alterations.

5. Conclusion

Our results indicated that abnormal WM spontaneous
activity may be one of the pathophysiological mechanisms
in MDD, which is associated with cognitive and emotional
dysfunction and somatic discomfort in patients. Our study also
suggested, in the early stage of disorders, that functional damage
to WM may precede structural damage. Furthermore, slow-5
frequency band may be a more sensitive functional indicator for
early detection of abnormal spontaneous brain activity in WM.
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