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Background: Melancholic major depressive disorder (MDD) is a network-based brain
disorder. However, whether or not network-based changes can be applied to differentiate
melancholic (MEL) from non-melancholic (NMEL) MDD remains unclear.

Methods: Thirty-one MEL patients, 28 NMEL patients, and 32 matched healthy
controls (HCs) were scanned using resting-state functional magnetic resonance imaging.
Patients were assessed by the Chinese version of Snaith—-Hamilton Pleasure Scale
(SHAPS-C) and Temporal Experience of Pleasure Scale (TEPS). Fractional amplitude
of low-frequency fluctuations (fALFF) and correlation analysis were used to analyze
the data.

Results: Compared with HCs, the MEL group had significantly higher fALFF values
in the bilateral inferior frontal gyrus and right supplementary motor area (SMA) and
significantly lower fALFF values in the right inferior occipital gyrus (IOG), right middle
temporal gyrus (MTG)/left IOG, and bilateral superior occipital gyrus (SOG)/MTG. On the
other hand, the NMEL group showed significantly higher fALFF values in the bilateral SMA
and significantly lower fALFF values in the bilateral posterior cingulate cortex/precuneus
relative to HCs. Compared with the NMEL group, the MEL group showed significantly
lower fALFF values in the left anterior cingulate cortex (ACC). A correlation was found
between the fALFF values of the right SMA and the SHAPS-C in the MEL group. In
addition, correlations were observed between the fALFF values of the left ACC and the
TEPS contextual consummatory and total scores in all patients.

Conclusion: Our study uncovered that MDD exhibited altered brain activity in extensive
brain networks, including the default-mode network, frontal-striatal network, reward
system, and frontal-limbic network. Decreased fALFF in the left ACC might be applied to
differentiate the two subtypes of MDD.

Keywords: melancholic depression, non-melancholic depression, major depression disorder, fractional amplitude
of low-frequency fluctuations, resting-state fMRI
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INTRODUCTION

Major depressive disorder (MDD), a common mental disorder,
is marked by a persistent negative mood, anhedonia (1),
cognitive impairments (2), and additional symptoms, such as
psychomotor changes, appetite dropping, sleep disturbance,
fatigue, inattention, and sense of valuelessness (3). As the
most important precursor of suicide (4), MDD was ranked as
the first global disease burden in middle- and high-income
countries in 2008 (5). On the basis of DSM-IV criteria and
recent studies, melancholic (MEL) MDD is a severe subtype
of MDD, also known as primary, typical, or endogenous
depression (3, 6-10). Distinct from non-melancholic (NMEL)
MDD, MEL MDD is characterized by MEL features of anhedonia
(refers to impaired mood reactivity, reward dysfunction, and
diminished interest), psychomotor disturbance, and cognitive
impairment (including attention shift, visual learning, implicit
learning, and executive functions) (3, 6, 9-19). Psychomotor
retardation is the chief characteristic of MEL MDD (10, 13,
20). However, the pathophysiology underlying MEL MDD
remains unclear.

Different brain regions are responsible for certain specific
functions and typical clinical symptoms, and some studies
gradually focus on brain regions related to MEL features.
Psychomotor retardation is an important MEL feature, and
it involves the primary motor, premotor and supplementary
motor area (SMA), posterior parietal lobe (21), and cerebellum
(22). Recent resting-state fMRI studies have reported that
the SMA functions in cognitive and emotional domains (23—
26) and has abnormal spontaneous activity in patients with
MDD (27). Reductive SMA volume contributes to implicit
learning deficits in MEL patients (20). Anhedonia, a core
MEL feature, is related to the anterior cingulate cortex
(ACQ), ventral striatum (VS), and frontal gyrus. Recent studies
have found that the hypoactivation of the VS could reflect
anhedonia severity (19, 28, 29), and functional connectivity
(FC) of the subgenual ACC is significantly associated with
depressive episode duration (30, 31). Cognitive function, another
important MEL feature (16), is related to the frontal gyrus,
superior temporal gyrus (STG) (16), posterior cingulate cortex
(PCC) (32), middle occipital gyrus (MOG), and other brain
regions (33).

MDD is a complex network-based disorder rather than a
dysfunction in specific brain regions (29). The default mode
network (DMN) (18), frontal-limbic network (34, 35), reward
system (17, 36, 37), and frontal-striatal network (6, 38) are
related to MEL features. Previous studies indicated that MEL
patients express a decreased spontaneous activity in the DMN
(6) and have a correlation between alterations of the DMN
and anhedonia severity (18). Aside from being related to the
SMA, implicit learning is supported by the frontal-striatal
network (39, 40), and functional abnormalities of the frontal-
striatal network have been observed in patients with MDD
(41). Although this network is closely linked to MEL MDD
(20, 42, 43), few studies exactly verified the hypothesis (20). As
for the other networks, multiple studies focused on MDD, but
few focused on MEL MDD. The frontal-limbic network was

related to symptomatic mood disorder (44), vegetative features,
and cognitive dysfunction (35), and recent studies have observed
opposite trends of limbic and frontal areas in patients with
MDD (29, 35, 45). Current MRI studies also found alterations of
reward-related areas in MDD (41, 46), and reward dysfunction
might contribute to the mood reactivity deficits and other
MEL features (17, 19). However, a consistent result has yet to
be reached.

In recent decades, neuroimaging has gradually become a
crucial way to explore the etiology and pathogenesis of mental
diseases (47). Some studies have focused on the pathogenesis of
MDD (48). Given the prevalence and persistence of depressive
symptoms, multiple functional magnetic resonance imaging
(fMRI) has been developed to explore brain alterations in resting
state (49, 50). Blood oxygenation level-dependent (BOLD) fMRI
has been used to estimate oxygen consumption and blood
inflow (47). Amplitude of low-frequency fluctuation (ALFF) and
fractional ALFF (fALFF) use BOLD-based signals to identify
the low-frequency oscillation (LFO) amplitude in resting state
(42, 51), reflecting the absolute intensity of spontaneous intrinsic
brain activity to the area. With the development of fALFF, non-
specific area artifacts can be suppressed (52), making it effective
in normal and pathological brains (53, 54).

Several studies used the ALFF/fALFF method to analyze the
brain spontaneous activity of MDD, but none were able to
distinguish MEL patients from NMEL patients. Altered fALFF
values have been discovered in extensive brain regions of patients
with MDD, such as the left frontal gyrus (22, 32, 50, 55, 56),
right middle frontal gyrus (22, 32, 35, 56, 57), right superior
temporal gyrus (22), left middle and inferior temporal gyrus
(22, 49, 50, 55, 58), right superior parietal postcentral lobe
(55, 56), right middle occipital gyrus (49, 56), fusiform gyrus
(49, 59), right striatum (22), limbic system [including ACC (21)
and PCC/PCu] (57, 60, 61), bilateral parahippocampal gyrus
(42, 50, 59, 61), left thalamus (32), and bilateral cerebellum lobe
(22, 49, 59). However, the results are sometimes inconsistent
because of various reasons, such as a small sample size and
heterogeneity of subjects (21). Furthermore, studies have found
a correlation between altered fALFF values in certain brain
regions (e.g., the right rostral ACC, right PCu, left thalamus,
and left somatosensory cortex) and depressive severity (32, 42),
suggesting the possibility of using fALFF as an indicator.

Combining all the above mentioned studies, the present
study aimed to (1) utilize the fALFF method to obtain
the different values across three groups [MEL, NMEL, and
matched healthy controls (HCs)] and compare brain function
between groups and to (2) investigate the correlations between
significantly abnormal fALFF values and anhedonia severity
as indicated by two neuropsychological scales, the Temporal
Experience of Pleasure Scale (TEPS) and Snaith-Hamilton
Pleasure Scale (SHAPS) to identify whether or not a correlation
exists between altered brain functions and clinical symptoms.
We hypothesized that (1) all patients exhibited altered brain
fALFF values in extensive brain networks and that (2)
an association might exist between altered fALFF values
and anhedonia severity, reflected by the scores of TEPS
and SHAPS.
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MATERIALS AND METHODS

Participants

A total of 31 MEL outpatients and 33 NMEL outpatients with
age ranging from 18 to 45 participated in this study. The patients
were all recruited from the Second Xiangya Hospital, Central
South University, Changsha, China. This study lasted from May
4, 2014 to December 30, 2016. The diagnosis was authoritatively
confirmed by two psychiatrists in accordance with the DSM-IV
criteria. Thirty-two HCs were recruited from the general public
through advertisement.

All patients met the following inclusion criteria: (1) first
episode of MDD with the score of Hamilton Rating Scale for
Depression (HRSD-17) more than 17; (2) illness duration no
more than 12 months; and (3) having no history of psychotic
medication or electroconvulsive therapy. The diagnostic criteria
of MEL MDD in the DSM-IV criteria were required as follows:
(1) more than or equal to one of the following symptoms occurs
in the most severe period of the current episode: loss of pleasure
in almost all activities (also known as pervasive anhedonia) and
lack of mood reactivity to usually pleasurable stimuli (does not
feel a little better even something good happens or non-reactive
mood); (2) at least three of the following symptoms: distinct
quality of depressed mood (i.e., depressive mood experienced
is qualitatively different from the feeling experienced when the
loved one dies); showing extreme despondency, despair, and/or
morose mood or alleged empty mood); often more severe in the
morning; early morning awakening (i.e., at least 2h earlier than
usual awakening) (HRSD item 6 > 1); characterized psychomotor
agitation or marked retardation (HRSD items 8 or 9 > 2); salient
weight loss or anorexia (HRSD items 12 or 16 = 2); and excessive
or improper guilt (HRSD item 2 > 2). Patients who fell short of
these criteria were assigned to the NMEL group.

Age and sex of patients were matched with those of
HCs. Potential HCs with any neurological diseases, psychiatric
symptoms, or substance abuse were excluded. Potential HCs
whose first-degree relatives had a history of mental illness were
also excluded. Exclusion criteria were as follows: (1) other
mental disorders involved in the DSM-IV criteria; (2) ever
suffered from neurological disorders, grievous somatic illnesses,
or substance abuse; (3) pregnancy; (4) abnormal brain structure
as original MRI scan finding; and (5) contraindications for
MRI scan.

All participants were right-handed and Han Chinese with
at least 9 years of education. The severity of depression was
determined by the HRSD-17; the anxiety state was evaluated
using the Beck anxiety inventory (BAI); the anhedonia state was
assessed by using the SHAPS-C—the higher the score, the more
severe the anhedonia (62)—for all patients. The Chinese version
of TEPS was applied to capture the level of anticipatory and
consummatory facets of pleasure in all patients—the lower the
score, the greater the anhedonia.

This study passed the assessment of the Medical Research
Ethics Committee of the Second Xiangya Hospital, Central
South University, Changsha, China. The study was conducted in
accordance with the Helsinki Declaration. All participants signed
a written informed consent.

Image Acquisition

Resting-state MRI data were acquired with a 3.0 T Siemens
scanner (Germany). Resting-state fMRI images were acquired by
a spoiled gradient recall sequence, and the parameters of the echo
planar imaging (EPI) sequence were set as follows: repetition
time/echo time (TR/TE) as 2,500/25 ms; 39 slices; matrix as 64 x
64; flip angle as 90°; field of view as 240 x 240 mm; slice thickness
as 3.5 mm; no gap; and volumes as 200. The scan lasted for 500 .
All participants were instructed to remain still, supine, remain
their eyes closed, and stay awake. During scanning, soft earplugs
and quadrature birdcage coil with foam padding were used to
minimize noise and head movement.

Data Preprocessing

The DPABI software was used to conduct the data preprocessing
and statistical analysis of functional images (63). In view of
the influence of the initial MRI signal’s instability and patients’
adaptation period, the first 10 images were discarded to minimize
the impact, and the remaining 190 volumes were corrected of
slice acquisition delays and subject head motion. Participants
were included only when any displacement in the x, y, or z axis
was <2mm and angular rotation was <2° (61). The corrected
images were normalized to the standard Montreal Neurological
Institute (MNI) space as 3 x 3 x 3 mm. Then, spatial smoothing
was executed to the normalized images with an 8-mm full-width
at half maximum Gaussian kernel (61). Finally, linear trend and
temporal filtering (0.01-0.08 Hz) were conducted on the time
series of each voxel to reduce the effect of low-frequency drifts
and physiological high-frequency respiratory and cardiac noise
for further fALFF analysis.

fALFF

In accordance with a previous study (52), the fALFF analysis
using an in-house software REST (http://www.resting-fmri.
sourceforge.net) was performed as follows. First, fast Fourier
transform was used to convert the time course of each voxel
to the frequency domain without band-pass filter, obtaining the
power spectrum. Second, the square root at each frequency of the
power spectrum was calculated, given that a certain frequency
power was proportional to the square of its amplitude, and the
averaged square root was obtained across 0.01-0.08 Hz at each
voxel. Third, for the purpose of standardization, the sum of
amplitudes across 0.01-0.08 Hz was divided by that across the
complete frequency range. On the basis of a brain mask (49), the
fALFF in each voxel would be divided by the global mean fALFF
value. The average fALFF values were extracted using REST.

Neuropsychological Scales: TEPS and
SHAPS-C

The TEPS is a measure assessing the sense of anhedonia and
evaluating one’s long-term experience of pleasure simultaneously.
The original English version contains 18-item, six-point Likert
format, having good internal consistency and test-retest
reliability. Considering the cultural differences and referring
to two doctorate degree experts’ opinions, the current study
used a 20-item Chinese version (62, 64). Compared with the
original English version, two items were excluded (Item 5 “I
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love it when people play with my hair” and Item 11 “When
I'm on my way to an amusement park, I can hardly wait
to ride the roller coasters”), and two items (one anticipatory
item and one consummatory item) were added in the final
Chinese version of TEPS (64). Thus, far, many studies have been
carried out to prove the reliability of the Chinese version of
TEPS (62, 64, 65).

SHAPS (66) is a 14-item checklist used to assess the anhedonia
and positive valence for the current study (1). This scale
measures the patients’ state during the last 2 weeks. It was a
four-point Likert scale, which ranges from absolute agree to
absolute disagree rather than the original dichotomy (agree and
disagree scores 0 and 1) proposed by Snaith et al. (66). In the
Chinese version of SHAPS (SHAPS-C), the total score ranges
from 14 and 56. This method helps improve the dispersion
of the data for internal consistency, structure validity, and
strengthen the convergent correlations between SHAPS and
other scales (62).

Statistical Analysis

ANOVA was performed using SPSS20.0 to access the differences
in age and education years across the three groups. Two-sample t-
tests were performed to compare group differences in the course
of disease, SHAPS-C scores, and TEPS scores between the MEL
and NMEL groups. A Chi-square test was used to access the
gender distribution.

Micro-movement based on the framewise displacement
(FD) measurement was calculated (67). Analysis of covariance
(ANCOVA), followed by post-hoc t-tests, was conducted to
compare fALFF differences across groups. Age, gender, education
years, and FD values were used as covariates for reducing the
possible impact of these factors. Gaussian random field theory
was utilized for correction by setting the significance threshold
to P < 0.05 (voxel significance as P < 0.001 and clustering
significance as P < 0.05).

Linear correlation analyses were performed to identify
whether the fALFF values in certain regions that were
significantly different between groups related to the anhedonia-
related neuropsychological assessment, TEPS, and SHAPS.
Bonferroni correction was applied to correct multiple correction
and improve the inspection level.

RESULTS

Participants

Data from five NMEL patients were excluded because of excessive
head movement. As indicated in Table1, a total of 31 MEL
patients, 28 NMEL patients, and 32 HCs finally completed the
whole study. The three groups did not significantly differ in
age (p = 0.107), gender (p = 0.461), and handedness, and no
significant differences in illness duration (p = 0.500) were found
between the two patient groups. The three groups expressed
significant differences in terms of the year of education, HRSD-
17, BAI, and SHAPS-C scores. The education level (p = 0.003)
of the NMEL group was significantly lower than that of the
MEL and HC groups. The HRSD-17 (p < 0.001), BAI (p <
0.001), and SHAPS-C scores (p < 0.001) of the MEL and
NMEL groups were significantly higher than those of the
HC group. Significant differences in TEPS total scores, TEPS
abstract anticipatory scores, and TEPS contextual anticipatory
scores were observed between the patient groups. The TEPS
total scores (p = 0.002), TEPS abstract anticipatory scores
(p = 0.001), and TEPS contextual anticipatory scores (p =
0.001) were significantly higher in the NMEL group than
in the MEL group. Meanwhile, no significant differences in
TEPS abstract consummatory scores (p = 0.117) and TEPS
contextual consummatory scores (p = 0.074) were observed
between two patient groups. Additional details are exhibited in
Table 1.

TABLE 1 | Demographic and clinical characteristics of the participants.

Melancholic (n = 31)

Non-melancholic (n = 28)

Healthy controls (n =32) F,tor y’value P-value (two-tailed)

Age (years) 28.65 + 5.30 32.04 +8.18
Gender (male/female) 10/21 10/18
Handedness (right/left) 31/0 28/0
Education (years) 15.16 + 3.20 12.54 + 3.00
llness duration (months) 6.75 + 4.26 5.96 + 4.64
HRSD-17 scores 21.77 £3.79 21.00 £ 3.14
BAl scores 44.00 £11.51 38.77 £ 9.84
SHAPS-C scores 37.23 £ 6.04 31.89+£5.24
TEPS total scores 58.30 + 14.19 69.46 +£ 11.16
TEPS abstract anticipatory 1317 £ 4.79 17.04 + 3.85
TEPS contextual anticipatory 13.13 + 3.96 16.68 + 3.64
TEPS abstract consummatory 20.20 £ 5.21 22.39 £5.28
TEPS contextual consummatory 11.80 + 3.23 138.36 + 3.27

29.59 + 5.00 2.291 0.1072
15/17 1.55 0.461°
32/0

14,50 4 2.82 6.143 0.003?

—0.68 0.500°

0.94 +0.95 527.891 <0.0012

22,63 +2.28 50.895 <0.0012

21.59 + 5.36 64.191 <0.0012

—3.315 0.002°
—3.373 0.001°
—3.540 0.001°
—1.592 0.117°
—1.824 0.074°

HRSD-17, 17-item Hamilton Rating Scale for Depression; BAI, Beck anxiety inventory; SHAPS-C, Chinese version of Snaith-Hamilton Pleasure Scale.

ap-values were obtained by analyses of variance.
bp-value was obtained by a chi-square test.
Cp-values were obtained by two-sample t-tests.
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TABLE 2 | Significant fALFF differences across groups.

Cluster location Peak (MNI) Number T-value
of

x y z voxels
Melancholic vs. Healthy controls
Right inferior occipital gyrus 36 —69 —-12 74 —4.3247
Left middle temporal —36 —75 3 116 —5.3940
gyrus/inferior occipital gyrus
Bilateral superior occipital -18 -84 15 482 —4.9707
gyrus/middle temporal gyrus
Right inferior frontal gyrus 42 36 0 43 4.9948
Left inferior frontal gyrus —45 27 15 24 4.2466
Right SMA 9 18 69 32 4.6609
Non-melancholic vs. Healthy controls
Bilateral PCC/precuneus 9 —51 9 27 —4.1203
Bilateral SMA 0 21 66 34 4.1208
Melancholic vs. Non-melancholic
Left anterior cingulate cortex —6 33 18 20 —4.2649

fALFF, fractional amplitude of low-frequency fluctuations; MNI, Montreal Neurological
Institute; PCC, posterior cingulate cortex; SMA, supplementary motor area; the p-values
are the peak voxel significance.

Differences in fALFF Values of Global Brain
Regions Across Patients With Melancholic
MDD, Non-melancholic MDD, and Healthy

Controls

Group differences are shown in Table 2, Figures 1-4. Analysis
of ANCOVA exhibited significant differences of fALFF mainly
in the bilateral inferior frontal gyrus (IFG), bilateral SMA, right
middle temporal gyrus (MTG)/left inferior occipital gyrus (1I0G),
right IOG, bilateral superior occipital gyrus (SOG)/MTG, left
ACC, and bilateral PCC/precuneus (see Figure 1).

Compared with the HC group, the MEL group exhibited
significantly lower fALFF values in the right IOG, right MTG/left
IOG, and bilateral SOG/MTG and significantly higher fALFF
values in the bilateral IFG and right SMA (see Figure 2, Table 2).

Meanwhile, the NMEL group showed significantly lower
fALFF values in the bilateral PCC/precuneus and significantly
higher fALFF values in the bilateral SMA relative to the HC group
(see Figure 3, Table 2).

In addition, the MEL group showed significantly lower fALFF
values in the left ACC than the NMEL group (see Figure 4,
Table 2).

Correlations Between fALFF and the
Scales Scores (TEPS and SHAPS-C)

Linear correlation analyses indicated significant association
between fALFF values in the right SMA (r = 0.523, p = 0.003)
and SHAPS-C scores (see Figure 5) in the MEL group but not
in the NMEL and HC groups. In all patients, linear correlation
analyses indicated significant associations between fALFF values
in the left ACC and TEPS contextual consummatory scores (r =
0.270, p = 0.041) and TEPS total scores (r = 0.295, p = 0.025)
(see Figure 6).

DISCUSSION

In the present study, all patients exhibited altered brain
activity in extensive brain networks, including the default-mode
network, frontal-striatal network, reward system, and frontal-
limbic network. A correlation was found between the fALFF
values of the right SMA and the SHAPS-C in the MEL group. In
addition, correlations were observed between the fALFF values of
the left ACC and the TEPS contextual consummatory and total
scores in all patients.

Network models express the interactions among brain
regions (68), which are crucial to learn the pathophysiology
of complex disease phenotypes (12, 69, 70). MDD is a
network-based disorder (70-73), and high-traffic network
hubs are vulnerable to pathological hyperstimulation (18,
74, 75), leading to a decline in brain function in related
areas (33). MEL MDD is regarded as a severe subtype
of MDD, tending to display characteristics as anhedonia
(including reduced emotional reactivity, reward dysfunction,
and decreased interest), psychomotor retardation, and greater
cognitive deficits (especially speed of processing and executive
functions), and psychomotor retardation has been regarded
as a major feature (3, 6, 9-20, 76, 77). Four networks
were proposed closely related to MEL features (refer to the
DMN, frontal-limbic network, reward network, and frontal-
striatal network).

Several brain regions, such as the frontal gyrus and ACC
play considerable roles in MEL features. The frontal gyrus,
as a hub of executive control functions, plays a crucial role
in all these networks and influences the visual memory and
problem solving in MEL MDD (16). As a critical part of the
motor area in the frontal gyrus (78), the SMA is characterized
by unique motor function [refers to self-initiated (20) and
helplessness-related motor behavior (79)] and special non-motor
functions of cognitive control (majoring in the working memory)
(23), sensorimotor integration (78), and task-switching (80, 81).
Given that psychomotor retardation is a distinct characteristic
in MEL MDD, alterations in motor areas, especially the SMA,
increasingly became the focus of recent studies. A number
of studies reported the importance of the SMA in motor
learning (78), emphasizing the correlation between SMA and
implicit learning in MEL patients. Implicit learning deficits
are closely related to altered SMA, and recent studies have
suggested that implicit learning is mainly supported by the
frontal-striatal network, including the SMA, premotor area, and
ACC, additionally majored in learning skill, purposive behavior,
and adaptability (39, 40). This network is highly closely linked
to MEL MDD (20, 42, 43), but no verified conclusion has been
reached (20). Schmaal et al. (82) observed delayed mature SMA
in adolescent patients. Yang et al. (83) found altered fALFF
values in the left motor cortex. A consistent result was obtained
that both MEL and NMEL patients express reduction in the
SMA, whereas the right SMA area of MEL patients is most
pronounced (20, 34, 81). The right motor cortex was suggested
connected with global brain regions (81), such as the middle
frontal lobe, the STG, and the basal ganglia (78). In our study,
both MEL and NMEL groups showed increased fALFF in the
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FIGURE 1 | ANCOVA results (age, years of education, and framewise displacement as covariates) showing group differences of fALFF values across three groups in
brain regions. Color bar indicates F-values of ANCOVA. fALFF, fractional amplitude of low-frequency fluctuations; ANCOVA, analysis of covariance.

right SMA, whereas the fALFF in the left SMA only significantly
increased in the NMEL group. Thus, SMA could play a special
role in patients with MDD, and altered fALFF in this area
might correlate to the function deficits in patients with MDD,
such as autonomous behavior, implicit learning, cognition, and
adaptability to changed conditions. Our findings provided a
possibility that the significantly changed fALFF in the right SMA
might be a breakthrough point to investigate the characteristics
of MEL patients.

The orbitofrontal cortex (OFC), containing in the IFG,
is a crucial region for emotional and cognitive control. The
OFC is involved in the reward system, linking reward to
happy experience (36), which contains the VS, ACC, ventral
tegmental area (VTA), nucleus accumbens, and dorsolateral
prefrontal cortex (36, 37), contributing to impaired mood
reactivity and MEL features (17, 19). Schneider et al. (84)
found size reduction in the left IFG; Guo et al. (35) observed

decreased brain activity in the OFC of patients with MDD;
and Bracht et al. (36) detected decreased connectivity between
the right VTA and the OFC in MEL patients. These results
are unexpectedly different from our findings that regional
activity increased in the bilateral IFG of MEL patients. The
discrepancies of results might be due to the small sample size,
subject heterogeneity, and different research methods in these
studies (21), which suggested the importance of homogenous
subgroups in further investigations. Furthermore, the right IFG
has emphasized the importance in function of transmitting
mood/behavior information and connecting with brain regions.
Roberts et al. (85), Rolls et al. (86), and Heather et al. (87)
revealed its associations to other frontal regions, including the
insula, putamen, precuneus, and supracallosal ACC (known
as punishment area). Cui et al. found its decreased effective
connectivity to the insula in MEL patients (6). Consistent
with our result, altered fALFF of the IFG in MEL patients
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FIGURE 2 | Fractional amplitude of low-frequency fluctuation (FALFF) differences between melancholic major depressive disorder (MDD) and healthy controls (HCs).
Red and blue represent increased and decreased regional spontaneous activity in the patients, respectively.

might suggest abnormal cognitive and emotional functions in
the patients.

Anhedonia is a core symptom of melancholia, contributed
by various dysfunctions in networks, especially the frontal-
striatal network (6, 38), reward network (36, 37), DMN, and
emotional behavior modulation circuits (18). Brain regions in
the reward system are mostly included in the frontal-striatal
network (36, 37), and striatum and ACC are shared by the
frontal-striatal network, reward network, and ventral emotional
circuitry (18, 19, 88). Current studies revealed a hypoactivation
that the VS could reflect anhedonia severity (19), and the ventral
emotional circuitry shows an elevated connectivity in NMEL
patients, whereas a reduced connectivity is observed in MEL
patients (18).

The DMN, which contains the MPFC, ACC, PCC/PCu,
parietal cortex, lateral temporal cortex, and angular gyrus (6,
18, 42, 89), mainly functions on emotional processing and

self-referential activities (90-93), with reduced reactivity to
stimuli, also indicating anhedonia severity (18) and aberration
in numerous MDD studies (6, 42, 94). In our study, we found
lower fALFF values in the left ACC of the MEL group compared
with the NMEL group and in the bilateral PCC/precuneus of the
NMEL group compared with the HC group.

As mentioned above, previous studies have uncovered that
the ACC is significantly related to anhedonia (95), suggesting
the core role of ACC in MEL MDD (36, 96, 97). The ACC has
additional functions, such as voluntary action (80), cognitive
control, and mood regulation (95). Moreover, as a key part of
the limbic system, the ACC plays a crucial role in the frontal-
limbic network (containing the ACC, lateral and MPFC, OFC,
VS, hippocampus, and anterior thalamus) (34, 35, 98) and is
correlated with symptomatic mood disorder (44), vegetative and
somatic features, and cognitive function (35). Guo et al. (35)
observed hypofunction in the frontal gyrus and hyperfunction in
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FIGURE 3 | Fractional amplitude of low-frequency fluctuation (fALFF) differences between non-melancholic major depressive disorder (MDD) and healthy controls
(HCs). Red and blue represent increased and decreased regional spontaneous activity in the patients, respectively.

FIGURE 4 | Fractional amplitude of low-frequency fluctuation (fALFF) differences between melancholic major depressive disorder (MDD) and non-melancholic major
depressive disorder (MDD). Blue represents decreased regional spontaneous activity in the melancholic patients.

the limbic system in patients with MDD. Many studies focused on
ACC alterations in patients with MDD. Schmaal et al. (82) found
cortical structural abnormality; Yao et al. (79) found decreased
fractional anisotropy (FA); Tadayonnejad et al. (32) revealed that
a relation exists between altered fALFF and depressive severity;
and Zhao et al. (99) suggested that the synaptic transmission
in ACC catalyzes suicide concept and behavior. Moreover, the
ACC is connected to extensive brain regions, such as the bilateral
MTG, VS, dorsal lateral PFC, and paralimbic regions (95), and
Rolls (100) indicated that the connectivity from the OFC to the
pregenual ACC could transmit reward/punishment information.
Our result, when combined with previous results, suggests that

abnormal fALFF in the ACC is tightly associated with anhedonia,
which helps estimate the severity of anhedonia in patients with
MDD. NMEL patients prefer to express anxiety, and the ACC is
considered an anxiety-related region in patients with MDD (101).
This report is in line with our result that the correlations between
ACC and anhedonia severity show no significant differences
between the MEL and NMEL groups.

As parts of DMN, the PCC/precuneus are effective in self-
memory, prospection, situation retrieval, and psychological scene
construction (102). In their studies on patients with MDD, Shi
et al. (81) and Schneider et al. (84) found reduced functional
networks; Abdallah et al. (103) found increased reveal global
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brain correlation; and Sun et al. (104) observed significantly
abnormal regional homogeneity. Schmaal et al. (82) found that
precuneus deficits are closely related to anxiety, and previous
findings indicated that NMEL patients are more likely to suffer
from anxiety (18, 105, 106). In line with abovementioned
studies, our result that significantly decreased fALFF in the
bilateral PCC/PCu in the NMEL group compared with the HC
group supported the hypothesis that dysfunctions in PCC/PCu
contribute to the anxiety clinical features in NMEL patients and
help differentiate MEL from NMEL patients.

Furthermore, using the fALFF approach, we found decreased
brain activity in the bilateral SOG, IOG, and MTG in patients
with MEL compared with HCs. The SOG and the IOG are
involved in the visual area, mainly controlling visual processes

r=0.523, p=0.003
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FIGURE 5 | A correlation between fALFF values of the right supplementary
motor area (SMA) and SHAPS-C scores (r = 0.523, p = 0.003) in the

melancholic patients.

(107). Current studies have emphasized the functional roles of
the visual system in patients with MDD. The SOG is a key
region related to visual recognition (108). Chen et al. (109) and
Garrett et al. (110) found a high autonomic activation of the
SOG. Bonte et al. (111) found perfusion deficits in the SOG,
and occipital asymmetry was uncovered by previous studies
(107, 109). In addition, nerve pathways are decreased in the
visual area of MDD (79), such as the left SOG to the dorsal
attention network (109) and the right MOG to the amygdala
(112), which are closely correlated with cognitive dysfunction.
The abovementioned studies suggest that abnormal fALFF in
the occipital gyrus is relevant to impaired visual learning, visual
memory, and cognitive function in patients with MDD (16, 61).

The temporal gyrus is involved in the neural circuitry
of emotion, cognition, and memory processing (6, 113, 114)
and is correlated with suicide contempt (95). The temporal
regions of patients with MDD show various structural and
functional abnormalities, including gray matter volumetric
reduction [related to depression severity (115)], lower regional
activities, and altered FC (116-118). In MEL patients, current
studies highlighted a rightward advantage of the temporal gyrus
(119). Cui et al. (6) found decreased spontaneous activity in the
right MTG/TP, and Glosser et al. (120) found an association
between the right TP and emotion. Uniting these findings,
altered temporal fALFF in our study indicated the depressive
state of MDD, reflecting the severity of depression. Given
that MEL is a severe state of MDD, this might possibly be
a meaningful indicator of MEL, and the suicide risk of these
patients is increased.

Moreover, when compared with the HCs, MEL patients
expressed relation between altered fALFF values of the right SMA
and the SHAPS-C scores, whereas both MDD groups showed
associations between fALFF values of the left ACC and the TEPS

r=0.270, p = 0.041
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FIGURE 6 | Correlations between fALFF values of the left anterior cingulate cortex (ACC) and TEPS contextual consummatory scores (- = 0.270, p = 0.041) and
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contextual consummatory and total scores. Given that anhedonia
was surmised a fundamental feature that helps differentiate MDD
subtypes, as indicated by the SHAPS-C and TEPS scores in the
present study, altered fALFF values in the ACC and SMA may be
a potential marker to recognize MDD patients from HCs.

Inevitably, our study has the following limitations. First,
the MEL and NMEL subtypes expressed different depressive
degrees. Although under partial correlation calculation,
identifying whether or not the alteration driven by MEL
symptoms nor depressive severity is still confusing (10, 16, 36).
Second, the sample size of each group is relatively small
to classify NMEL patients into different subtypes. Third,
recent studies have identified that respiratory and cardiac
fluctuations and high ALFF in cisternal areas (52, 121) could
cause physiological noises that influence the outcomes. Thus,
we need to develop a strict approach to correct these noises in
future studies.

CONCLUSION

Our study showed that MDD exhibited altered brain activity in
extensive brain networks, including the DMN, the frontal-striatal
network, the reward system, and the frontal-limbic network.
Decreased fALFF in the left ACC might be applied to differentiate
the two subtypes of MDD.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Nakonezny PA, Morris DW, Greer TL, Byerly MJ, Carmody TJ, Grannemann
BD, et al. Evaluation of anhedonia with the Snaith-Hamilton Pleasure Scale
(SHAPS) in adult outpatients with major depressive disorder. J Psychiatr Res.
(2015) 65:124-30. doi: 10.1016/j.jpsychires.2015.03.010

2. Lu S, Peng H, Wang L, Vasish S, Zhang Y, Gao W, et al. Elevated
specific peripheral cytokines found in major depressive disorder patients
with childhood trauma exposure: a cytokine antibody array analysis. Compr
Psychiatry. (2013) 54:953-61. doi: 10.1016/j.comppsych.2013.03.026

3. Do LLTN. American Psychiatric Association Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV). In: Goldstein S, Naglieri JA, editors.
Encyclopedia of Child Behavior and Development. Boston, MA: Springer US
(2011). p. 84-5.

4. Montgomery SA.  Why do
antidepressants?  Int  Clin  Psychopharmacol.
1):S1-10. doi: 10.1097/01.yic.0000199455.39552.1¢

5. WHO. The Global Burden of Disease: 2004 Update. Geneva: World Health
Organization (2008).

6. Cui X, Guo W, Wang Y, Yang TX, Yang XH, Wang Y, et al
Aberrant default mode network homogeneity in patients with first-episode
treatment-naive melancholic depression. Int ] Psychophysiol. (2017) 112:46—
51. doi: 10.1016/j.ijpsycho.2016.12.005

7. Valerio MP, Martino DJ. Differential response to lithium between
melancholic and non-melancholic unipolar depression. Psychiatry Res.
(2018) 269:183-4. doi: 10.1016/j.psychres.2018.08.077

8. Kendler KS. The diagnostic validity of melancholic major depression in
a population-based sample of female twins. Arch Gen Psychiatry. (1997)
54:299-304. doi: 10.1001/archpsyc.1997.01830160013002

better
21(Suppl.

we need new and

(2006)

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation
and institutional requirements. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

WG and GX designed the study. XC, YZ, and YO collected
the original imaging data. FL, HL, JC, and JZ managed and
analyzed the imaging data. YZ and XC wrote the first draft of
the manuscript. All the authors contributed to and approved the
final manuscript.

FUNDING

This study was supported by grants from the National Natural
Science Foundation of China (Grant Nos. 81771447 and
82171508), Natural Science Foundation of Hunan (Grant
No. 2020]J4784), Science and Technology Program of
Hunan Province (Grant No. 2020SK53413), Key-Area
Research and Development Program of Guangdong Province
(2018B030334001), and Natural Science Foundation of Tianjin
(Grant No. 18JCQNJC10900).

ACKNOWLEDGMENTS

We thank all participants who served as research participants.

9. Caldieraro MA, Baeza FL, Pinheiro DO, Ribeiro MR, Parker G, Fleck MP.
Clinical differences between melancholic and nonmelancholic depression
as defined by the CORE system. Compr Psychiatry. (2013) 54:11-
5. doi: 10.1016/j.comppsych.2012.05.012

. Tondo L, Vazquez GH, Baldessarini RJ. Melancholic
nonmelancholic major depression compared. ] Affect Disord. (2020)
266:760-5. doi: 10.1016/.jad.2020.01.139

. van Diermen L, Schrijvers D, Cools O, Birkenhager TK, Fransen E, Sabbe
BGC. Distinguishing subgroups based on psychomotor functioning among
patients with major depressive disorder. Neuropsychobiology. (2017) 76:199-
208. doi: 10.1159/000490072

. Hyett MP, Parker GB, Guo CC, Zalesky A, Nguyen VT, Yuen T, et al. Scene
unseen: disrupted neuronal adaptation in melancholia during emotional
film viewing. Neuroimage Clin. (2015) 9:660-7. doi: 10.1016/j.nicl.2015.
10.011

. Martino DJ, Szmulewicz AG, Valerio MP, Parker G. Melancholia: an attempt
at definition based on a review of empirical data. ] Nerv Ment Dis. (2019)
207:792-8. doi: 10.1097/NMD.0000000000001090

. Michopoulos I, Zervas IM, Pantelis C, Tsaltas E, Papakosta VM,
Boufidou E et al. Neuropsychological and hypothalamic-pituitary-

function in female patients with melancholic and non-
melancholic depression. Eur Arch Psychiatry Clin Neurosci. (2008)
258:217-25. doi: 10.1007/s00406-007-0781-8

. Austin  MP, Mitchell P, Wilhelm K, Parker G, Hickie I, Brodaty
H, et al. Cognitive function in depression: a distinct pattern
of frontal impairment in melancholia? Psychol Med. (1999)
29:73-85. doi: 10.1017/50033291798007788

. Zaninotto L, Solmi M, Veronese N, Guglielmo R, Ioime L, Camardese
G, et al. A meta-analysis of cognitive performance in melancholic versus

versus

axis

Frontiers in Psychiatry | www.frontiersin.org

10

February 2022 | Volume 12 | Article 763770


https://doi.org/10.1016/j.jpsychires.2015.03.010
https://doi.org/10.1016/j.comppsych.2013.03.026
https://doi.org/10.1097/01.yic.0000199455.39552.1c
https://doi.org/10.1016/j.ijpsycho.2016.12.005
https://doi.org/10.1016/j.psychres.2018.08.077
https://doi.org/10.1001/archpsyc.1997.01830160013002
https://doi.org/10.1016/j.comppsych.2012.05.012
https://doi.org/10.1016/j.jad.2020.01.139
https://doi.org/10.1159/000490072
https://doi.org/10.1016/j.nicl.2015.10.011
https://doi.org/10.1097/NMD.0000000000001090
https://doi.org/10.1007/s00406-007-0781-8
https://doi.org/10.1017/S0033291798007788
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

fALFF Distinguishing Melancholic and Non-melancholic

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

non-melancholic unipolar depression. ] Affect Disord. (2016) 201:15-
24. doi: 10.1016/j.jad.2016.04.039

Liu H, Sarapas C, Shankman SA. Anticipatory reward deficits in melancholia.
J Abnorm Psychol. (2016) 125:631-40. doi: 10.1037/abn0000172

Guo CC, Hyett MP, Nguyen VT, Parker GB, Breakspear M]J. Distinct
neurobiological signatures of brain connectivity in depression subtypes
during natural viewing of emotionally salient films. Psychol Med. (2016)
46:1535-45. doi: 10.1017/50033291716000179

Foti D, Carlson JM, Sauder CL, Proudfit GH. Reward dysfunction
in  major  depression:  multimodal = neuroimaging  evidence
for refining the melancholic phenotype. Neuroimage. (2014)
101:50-8. doi: 10.1016/j.neuroimage.2014.06.058

C, Lange C, Irle E. Impaired implicit learning
reduced pre-supplementary motor cortex size in early-onset major
depression with melancholic features. ] Affect Disord. (2009)
119:156-62. doi: 10.1016/j.jad.2009.03.015

Zhou M, Hu X, Lu L, Zhang L, Chen L, Gong Q, et al. Intrinsic
cerebral activity at resting state in adults with major depressive disorder: a
meta-analysis. Prog Neuropsychopharmacol Biol Psychiatry. (2017) 75:157-
64. doi: 10.1016/j.pnpbp.2017.02.001

Zhou HX, Chen X, Shen YQ Li L, Chen NX, Zhu ZC, et al
Rumination and the default mode network: meta-analysis of brain
imaging studies and implications for depression. Neuroimage. (2020)
206:116287. doi: 10.1016/j.neuroimage.2019.116287

Cona G, Semenza C. Supplementary motor area as key structure for domain-
general sequence processing: a unified account. Neurosci Biobehav Rev.
(2017) 72:28-42. doi: 10.1016/j.neubiorev.2016.10.033

Alalade E, Denny K, Potter G, Steffens D, Wang L. Altered cerebellar-
cerebral functional connectivity in geriatric depression. PLoS ONE. (2011)
6:¢20035. doi: 10.1371/journal.pone.0020035

Krienen FM, Buckner RL. Segregated fronto-cerebellar circuits revealed
by intrinsic functional connectivity. Cereb Cortex. (2009) 19:2485-
97. doi: 10.1093/cercor/bhp135

Li W, Chen Z, Wu M, Zhu H, Gu L, Zhao Y, et al. Characterization of
brain blood flow and the amplitude of low-frequency fluctuations in major
depressive disorder: a multimodal meta-analysis. J Affect Disord. (2017)
210:303-11. doi: 10.1016/j.jad.2016.12.032

Duan X, Liao W, Liang D, Qiu L, Gao Q, Liu C, et al. Large-
scale brain networks in board game experts: insights from a
domain-related task and task-free resting state. PLoS ONE. (2012)
7:€32532. doi: 10.1371/journal.pone.0032532

Gradin VB, Kumar P, Waiter G, Ahearn T, Stickle C, Milders M, et al.
Expected value and prediction error abnormalities in depression and
schizophrenia. Brain. (2011) 134(Pt 6):1751-64. doi: 10.1093/brain/awr059
Hoflich A, Michenthaler P, Kasper S, Lanzenberger R. Circuit mechanisms
of reward, anhedonia, and depression. Int | Neuropsychopharmacol. (2019)
22:105-18. doi: 10.1093/ijnp/pyy081

Greicius MD, Flores BH, Menon V, Glover GH, Solvason HB, Kenna H,
et al. Resting-state functional connectivity in major depression: abnormally
increased contributions from subgenual cingulate cortex and thalamus. Biol
Psychiatry. (2007) 62:429-37. doi: 10.1016/j.biopsych.2006.09.020
Whitfield-Gabrieli S, Ford JM. Default mode network activity and
connectivity in psychopathology. Annu Rev Clin Psychol. (2012) 8:49-
76. doi: 10.1146/annurev-clinpsy-032511-143049

Tadayonnejad R, Yang S, Kumar A, Ajilore O. Clinical, cognitive, and
functional connectivity correlations of resting-state intrinsic brain activity
alterations in unmedicated depression. J Affect Disord. (2015) 172:241-
50. doi: 10.1016/j.jad.2014.10.017

Gray JP, Muller VI, Eickhoff SB, Fox PT. Multimodal abnormalities
of brain structure and function in major depressive disorder: a meta-
analysis of neuroimaging studies. Am ] Psychiatry. (2020) 177:422-
34. doi: 10.1176/appi.ajp.2019.19050560

Via E, Cardoner N, Pujol J, Martinez-Zalacain I, Hernandez-Ribas R,
Urretavizacaya M, et al. Cerebrospinal fluid space alterations in melancholic
depression. PLoS ONE. (2012) 7:€38299. doi: 10.1371/journal.pone.00
38299

Guo W, Liu E Yu M, Zhang ], Zhang Z, Liu J, et al. Decreased regional
activity and network homogeneity of the fronto-limbic network at rest

Exner and

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

in drug-naive major depressive disorder. Aust N Z ] Psychiatry. (2015)
49:550-6. doi: 10.1177/0004867415577978

Bracht T, Horn H, Strik W, Federspiel A, Schnell S, Hofle O,
et al. White matter microstructure alterations of the medial forebrain
bundle in melancholic depression. ] Affect Disord. (2014) 155:186—
93. doi: 10.1016/j.jad.2013.10.048

Hyett MP, Perry A, Breakspear M, Wen W, Parker GB. White
matter the capsule and psychomotor
impairment in  melancholic ~ depression. =~ PLoS  Ome.  (2018)
13:0195672. doi: 10.1371/journal.pone.0195672

Zhang B, Lin P, Shi H, Ongur D, Auerbach RP, Wang X, et al
Mapping  anhedonia-specific ~ dysfunction in a transdiagnostic
approach: an ALE meta-analysis. Brain Imaging Behav. (2016)
10:920-39. doi: 10.1007/s11682-015-9457-6

Gursel DA, Avram M, Sorg C, Brandl E Koch K. Frontoparietal
areas link impairments of large-scale intrinsic brain networks with
aberrant fronto-striatal interactions in OCD: a meta-analysis of resting-
state functional connectivity. Neurosci Biobehav Rev. (2018) 87:151-
60. doi: 10.1016/j.neubiorev.2018.01.016

Voloh B, Oemisch M, Womelsdorf T. Phase of firing coding of learning
variables across the fronto-striatal network during feature-based learning.
Nat Commun. (2020) 11:4669. doi: 10.1038/s41467-020-18435-3

Remijnse PL, Nielen MM, van Balkom AJ, Hendriks GJ, Hoogendijk W],
Uylings HB, et al. Differential frontal-striatal and paralimbic activity during
reversal learning in major depressive disorder and obsessive-compulsive
disorder. Psychol Med. (2009) 39:1503-18. doi: 10.1017/S0033291708005072
Guo W, Liu E Zhang ], Zhang Z, Yu L, Liu ], et al. Dissociation
of regional activity in the default mode network in first-episode, drug-
naive major depressive disorder at rest. ] Affect Disord. (2013) 151:1097-
101. doi: 10.1016/j.jad.2013.09.003

Reiss JP, Campbell DW, Leslie WD, Paulus MP, Stroman PW,
Polimeni JO, et al. The role of the striatum in implicit learning:
a functional magnetic resonance imaging study. Neuroreport. (2005)
16:1291-5. doi: 10.1097/01.wnr.0000175615.93312.1a

Wang L, Hermens DE, Hickie IB, Lagopoulos J, A. systematic review of
resting-state functional-MRI studies in major depression. J Affect Disord.
(2012) 142:6-12. doi: 10.1016/j.jad.2012.04.013

Zhang WN, Chang SH, Guo LY, Zhang KL, Wang ]. The neural correlates
of reward-related processing in major depressive disorder: a meta-analysis
of functional magnetic resonance imaging studies. J Affect Disord. (2013)
151:531-9. doi: 10.1016/j.jad.2013.06.039

Rupprechter S, Stankevicius A, Huys QJM, Series P, Steele JD.
Abnormal valuation  and connectivity  in
unmedicated major depressive  disorder. Med. (2021)
51:795-803. doi: 10.1017/50033291719003799

Zhuo C, Li G, Lin X, Jiang D, Xu Y, Tian H, et al. The rise and fall
of MRI studies in major depressive disorder. Transl Psychiatry. (2019)
9:335. doi: 10.1038/541398-019-0680-6

Scott ML, Golden CJ, Ruedrich SL,
enlargement  in  major  depression.
8:91-3. doi: 10.1016/0165-1781(83)90095-1
Wang L, Dai W, Su Y, Wang G, Tan Y, Jin Z, et al. Amplitude of low-
frequency oscillations in first-episode, treatment-naive patients with major
depressive disorder: a resting-state functional MRI study. PLoS ONE. (2012)
7:¢48658. doi: 10.1371/journal.pone.0048658

Huang M, Lu S, Yu L, Li L, Zhang P, Hu J, et al. Altered fractional amplitude
of low frequency fluctuation associated with cognitive dysfunction in first-
episode drug-naive major depressive disorder patients. BMC Psychiatry.
(2017) 17:11. doi: 10.1186/512888-016-1190-1

Biswal B, Yetkin FZ, Haughton VM, Hyde JS. Functional connectivity in the
motor cortex of resting human brain using echo-planar MRI. Magn Reson
Med. (1995) 34:537-41. doi: 10.1002/mrm.1910340409

Zou QH, Zhu CZ, Yang Y, Zuo XN, Long XY, Cao QJ, et al. An improved
approach to detection of amplitude of low-frequency fluctuation (ALFF) for
resting-state fMRI: fractional ALFF. J Neurosci Methods. (2008) 172:137-
41. doi: 10.1016/j.jneumeth.2008.04.012

Han Y, Wang J, Zhao Z, Min B, Lu J, Li K, et al. Frequency-dependent
changes in the amplitude of low-frequency fluctuations in amnestic mild

alterations  in internal

event-related
Psychol

reward

Ventricular
Res.  (1983)

Bishop RJ.
Psychiatry

Frontiers in Psychiatry | www.frontiersin.org

11

February 2022 | Volume 12 | Article 763770


https://doi.org/10.1016/j.jad.2016.04.039
https://doi.org/10.1037/abn0000172
https://doi.org/10.1017/S0033291716000179
https://doi.org/10.1016/j.neuroimage.2014.06.058
https://doi.org/10.1016/j.jad.2009.03.015
https://doi.org/10.1016/j.pnpbp.2017.02.001
https://doi.org/10.1016/j.neuroimage.2019.116287
https://doi.org/10.1016/j.neubiorev.2016.10.033
https://doi.org/10.1371/journal.pone.0020035
https://doi.org/10.1093/cercor/bhp135
https://doi.org/10.1016/j.jad.2016.12.032
https://doi.org/10.1371/journal.pone.0032532
https://doi.org/10.1093/brain/awr059
https://doi.org/10.1093/ijnp/pyy081
https://doi.org/10.1016/j.biopsych.2006.09.020
https://doi.org/10.1146/annurev-clinpsy-032511-143049
https://doi.org/10.1016/j.jad.2014.10.017
https://doi.org/10.1176/appi.ajp.2019.19050560
https://doi.org/10.1371/journal.pone.0038299
https://doi.org/10.1177/0004867415577978
https://doi.org/10.1016/j.jad.2013.10.048
https://doi.org/10.1371/journal.pone.0195672
https://doi.org/10.1007/s11682-015-9457-6
https://doi.org/10.1016/j.neubiorev.2018.01.016
https://doi.org/10.1038/s41467-020-18435-3
https://doi.org/10.1017/S0033291708005072
https://doi.org/10.1016/j.jad.2013.09.003
https://doi.org/10.1097/01.wnr.0000175615.93312.1a
https://doi.org/10.1016/j.jad.2012.04.013
https://doi.org/10.1016/j.jad.2013.06.039
https://doi.org/10.1017/S0033291719003799
https://doi.org/10.1038/s41398-019-0680-6
https://doi.org/10.1016/0165-1781(83)90095-1
https://doi.org/10.1371/journal.pone.0048658
https://doi.org/10.1186/s12888-016-1190-1
https://doi.org/10.1002/mrm.1910340409
https://doi.org/10.1016/j.jneumeth.2008.04.012
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

fALFF Distinguishing Melancholic and Non-melancholic

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

cognitive impairment: a resting-state fMRI study. Neuroimage. (2011)
55:287-95. doi: 10.1016/j.neuroimage.2010.11.059

Wang Z, Yan C, Zhao C, Qi Z, Zhou W, Lu J, et al. Spatial patterns
of intrinsic brain activity in mild cognitive impairment and Alzheimer’s
disease: a resting-state functional MRI study. Hum Brain Mapp. (2011)
32:1720-40. doi: 10.1002/hbm.21140

Lai CH, Wu YT. The patterns of fractional amplitude of low-frequency
fluctuations in depression patients: the dissociation between temporal
regions and fronto-parietal regions. | Affect Disord. (2015) 175:441-
5. doi: 10.1016/j.jad.2015.01.054

Yu HL, Liu WB, Wang T, Huang PY, Jie LY, Sun JZ, et al. Difference
in resting-state fractional amplitude of low-frequency fluctuation between
bipolar depression and unipolar depression patients. Eur Rev Med Pharmacol
Sci. (2017) 21:1541-50.

Jing B, Liu CH, Ma X, Yan HG, Zhuo ZZ, Zhang Y, et al. Difference in
amplitude of low-frequency fluctuation between currently depressed and
remitted females with major depressive disorder. Brain Res. (2013) 1540:74~
83. doi: 10.1016/j.brainres.2013.09.039

Qiu M, Zhang H, Mellor D, Shi J, Wu C, Huang Y, et al. Aberrant neural
activity in patients with bipolar depressive disorder distinguishing to the
unipolar depressive disorder: a resting-state functional magnetic resonance
imaging study. Front Psychiatry. (2018) 9:238. doi: 10.3389/fpsyt.2018.00238
Qiu H, Li X, Luo Q, Li Y, Zhou X, Cao H, et al. Alterations in patients
with major depressive disorder before and after electroconvulsive
therapy measured by fractional amplitude of low-frequency fluctuations
(fALFF). ] Affect Disord. (2019) 244:92-9. doi: 10.1016/j.jad.2018.
10.099

Wang L, Kong Q, Li K, Su Y, Zeng Y, Zhang Q, et al. Frequency-
dependent changes in amplitude of low-frequency
in depression: a resting-state fMRI study. Neurosci Lett.
614:105-11. doi: 10.1016/j.neulet.2016.01.012

Liu E Guo W, Liu L, Long Z, Ma C, Xue Z, et al. Abnormal amplitude
low-frequency oscillations in medication-naive, first-episode patients with
major depressive disorder: a resting-state fMRI study. ] Affect Disord. (2013)
146:401-6. doi: 10.1016/j.jad.2012.10.001

Liu WH, Wang LZ, Zhu YH Li MH, Chan RC. Clinical utility of the Snaith-
hamilton-pleasure scale in the chinese settings. BMC Psychiatry. (2012)
12:184. doi: 10.1186/1471-244X-12-184

Chao-Gan Y, Yu-Feng Z, DPARSF. A MATLAB Toolbox for “Pipeline”
Data Analysis of Resting-State fMRI. Front Syst Neurosci. (2010)
4:13. doi: 10.3389/fnsys.2010.00013

Chan RC, Shi YE, Lai MK, Wang YN, Wang Y, Kring AM. The Temporal
Experience of Pleasure Scale (TEPS): exploration and confirmation
of factor structure in a healthy Chinese sample. PLoS ONE. (2012)
7:€35352. doi: 10.1371/journal.pone.0035352

Chan RC, Wang Y, Yan C, Zhao Q, McGrath J, Hsi X, et al. A study
of trait anhedonia in non-clinical Chinese samples: evidence from the
Chapman Scales for Physical and Social Anhedonia. PLoS ONE. (2012)
7:€34275. doi: 10.1371/journal.pone.0034275

Snaith RP, Hamilton M, Morley S, Humayan A, Hargreaves D, Trigwell P,
et al. scale for the assessment of hedonic tone the Snaith-Hamilton Pleasure
Scale. Br ] Psychiatry. (1995) 167:99-103. doi: 10.1192/bjp.167.1.99

Power JD, Barnes KA, Snyder AZ, Schlaggar BL, Petersen SE.
Spurious but systematic correlations in connectivity
MRI networks arise from subject motion. Neuroimage. (2012)
59:2142-54. doi: 10.1016/j.neuroimage.2011.10.018

Fox MD, Snyder AZ, Vincent JL, Corbetta M, Van Essen DC, Raichle ME.
The human brain is intrinsically organized into dynamic, anticorrelated
functional networks. Proc Natl Acad Sci U S A. (2005) 102:9673—
8. doi: 10.1073/pnas.0504136102

Fornito A, Zalesky A, Breakspear M. The connectomics of brain disorders.
Nat Rev Neurosci. (2015) 16:159-72. doi: 10.1038/nrn3901

Menon V. Large-scale and  psychopathology:
a unifying triple network model. Trends Cogn Sci. (2011)
15:483-506. doi: 10.1016/j.tics.2011.08.003

Ye M, Yang T, Qing P, Lei X, Qiu J, Liu G. Changes of
functional brain networks in major depressive disorder: a graph

oscillations
(2016)

functional

brain  networks

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

theoretical analysis of resting-state fMRI. PLoS ONE. (2015)
10:¢0133775. doi: 10.1371/journal.pone.0133775

Palazidou E. The neurobiology of depression. Br Med Bull. (2012) 101:127-
45. doi: 10.1093/bmb/1ds004

Li BJ, Friston K, Mody M, Wang HN, Lu HB, Hu DW, et al. brain network
model for depression: from symptom understanding to disease intervention.
CNS Neurosci Ther. (2018) 24:1004-19. doi: 10.1111/cns.12998

Crossley NA, Mechelli A, Scott ], Carletti F, Fox PT, McGuire P, et al. The
hubs of the human connectome are generally implicated in the anatomy of
brain disorders. Brain. (2014) 137(Pt 8):2382-95. doi: 10.1093/brain/awu132
Seeley WW, Crawford RK, Zhou J, Miller BL, Greicius MD.
Neurodegenerative diseases target large-scale human brain networks.
Neuron. (2009) 62:42-52. doi: 10.1016/j.neuron.2009.03.024

Valerio MP, Szmulewicz AG, Lomastro ], Martino DJ. Neurocognitive
performance in melancholic and non-melancholic major depressive
disorder: a meta-analysis of comparative studies. Psychiatry Res. (2021)
303:114078. doi: 10.1016/j.psychres.2021.114078

Fletcher K, Parker G, Paterson A, Fava M, Iosifescu D, Pizzagalli DA.
Anhedonia in melancholic and non-melancholic depressive disorders. ]
Affect Disord. (2015) 184:81-8. doi: 10.1016/j.jad.2015.05.028

Narayana S, Laird AR, Tandon N, Franklin C, Lancaster JL,
Fox PT. Electrophysiological and functional connectivity —of
the human supplementary motor area. Neuroimage. (2012)

62:250-65. doi: 10.1016/j.neuroimage.2012.04.060

Yao Z, Zou Y, Zheng W, Zhang Z, Li Y, Yu Y, et al. Structural alterations
of the brain preceded functional alterations in major depressive disorder
patients: evidence from multimodal connectivity. J Affect Disord. (2019)
253:107-17. doi: 10.1016/j.jad.2019.04.064

Nachev P, Kennard C, Husain M. Functional role of the supplementary
and pre-supplementary motor areas. Nat Rev Neurosci. (2008) 9:856—
69. doi: 10.1038/nrn2478

Shi Y, Li J, Feng Z, Xie H, Duan J, Chen E et al. Abnormal functional
connectivity strength in first-episode, drug-naive adult patients with major
depressive disorder. Prog Neuropsychopharmacol Biol Psychiatry. (2020)
97:109759. doi: 10.1016/j.pnpbp.2019.109759

Schmaal L, Hibar DP, Samann PG, Hall GB, Baune BT, Jahanshad N, et al.
Cortical abnormalities in adults and adolescents with major depression
based on brain scans from 20 cohorts worldwide in the ENIGMA Major
Depressive Disorder Working Group. Mol Psychiatry. (2017) 22:900-
9. doi: 10.1038/mp.2016.60

Yang Y, Liu S, Jiang X, Yu H, Ding S, Lu Y, et al. Common
and specific functional schizophrenia,
depressive disorder, and bipolar disorder. Front Psychiatry. (2019)
10:52. doi: 10.3389/fpsyt.2019.00052

Schneider I, Schmitgen MM, Bach C, Listunova L, Kienzle ], Sambataro
E et al. Cognitive remediation therapy modulates intrinsic neural
activity in patients with major depression. Psychol Med. (2020) 50:2335-
45. doi: 10.1017/S003329171900240X

Roberts G, Lord A, Frankland A, Wright A, Lau P, Levy E et al
Functional dysconnection of the inferior frontal gyrus in young people with
bipolar disorder or at genetic high risk. Biol Psychiatry. (2017) 81:718-
27. doi: 10.1016/j.biopsych.2016.08.018

Rolls ET, Cheng W, Du J, Wei D, Qiu J, Dai D, et al. Functional connectivity
of the right inferior frontal gyrus and orbitofrontal cortex in depression. Soc
Cogn Affect Neurosci. (2020) 15:75-86. doi: 10.1093/scan/nsaa014

Heather Hsu CC, Rolls ET, Huang CC, Chong ST, Zac Lo CY, Feng J, et al.
Connections of the human orbitofrontal cortex and inferior frontal gyrus.
Cereb Cortex. (2020) 30:5830-43. doi: 10.1093/cercor/bhaal60

Liu X, Hairston ], Schrier M, Fan ]J. Common and distinct networks
underlying reward valence and processing stages: a meta-analysis of
functional neuroimaging studies. Neurosci Biobehav Rev. (2011) 35:1219-
36. doi: 10.1016/j.neubiorev.2010.12.012

Raichle ME, MacLeod AM, Snyder AZ, Powers W], Gusnard DA, Shulman
GL, et al. default mode of brain function. Proc Natl Acad Sci U S A. (2001)
98:676-82. doi: 10.1073/pnas.98.2.676

Lemogne C, Mayberg H, Bergouignan L, Volle E, Delaveau P, Lehericy
S, et al. Self-referential processing and the prefrontal cortex over the

activity features in major

Frontiers in Psychiatry | www.frontiersin.org

12

February 2022 | Volume 12 | Article 763770


https://doi.org/10.1016/j.neuroimage.2010.11.059
https://doi.org/10.1002/hbm.21140
https://doi.org/10.1016/j.jad.2015.01.054
https://doi.org/10.1016/j.brainres.2013.09.039
https://doi.org/10.3389/fpsyt.2018.00238
https://doi.org/10.1016/j.jad.2018.10.099
https://doi.org/10.1016/j.neulet.2016.01.012
https://doi.org/10.1016/j.jad.2012.10.001
https://doi.org/10.1186/1471-244X-12-184
https://doi.org/10.3389/fnsys.2010.00013
https://doi.org/10.1371/journal.pone.0035352
https://doi.org/10.1371/journal.pone.0034275
https://doi.org/10.1192/bjp.167.1.99
https://doi.org/10.1016/j.neuroimage.2011.10.018
https://doi.org/10.1073/pnas.0504136102
https://doi.org/10.1038/nrn3901
https://doi.org/10.1016/j.tics.2011.08.003
https://doi.org/10.1371/journal.pone.0133775
https://doi.org/10.1093/bmb/lds004
https://doi.org/10.1111/cns.12998
https://doi.org/10.1093/brain/awu132
https://doi.org/10.1016/j.neuron.2009.03.024
https://doi.org/10.1016/j.psychres.2021.114078
https://doi.org/10.1016/j.jad.2015.05.028
https://doi.org/10.1016/j.neuroimage.2012.04.060
https://doi.org/10.1016/j.jad.2019.04.064
https://doi.org/10.1038/nrn2478
https://doi.org/10.1016/j.pnpbp.2019.109759
https://doi.org/10.1038/mp.2016.60
https://doi.org/10.3389/fpsyt.2019.00052
https://doi.org/10.1017/S003329171900240X
https://doi.org/10.1016/j.biopsych.2016.08.018
https://doi.org/10.1093/scan/nsaa014
https://doi.org/10.1093/cercor/bhaa160
https://doi.org/10.1016/j.neubiorev.2010.12.012
https://doi.org/10.1073/pnas.98.2.676
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

fALFF Distinguishing Melancholic and Non-melancholic

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

course of depression: a pilot study. J Affect Disord. (2010) 124:196-
201. doi: 10.1016/j.jad.2009.11.003

Price JL, Drevets WC. Neurocircuitry of mood disorders.
Neuropsychopharmacology. (2010) 35:192-216. doi: 10.1038/npp.2009.104
Drevets WC, Price JL, ML. Brain structural and
functional —abnormalities in mood disorders: implications for
neurocircuitry models of depression. Brain Struct Funct. (2008)
213:93-118. doi: 10.1007/s00429-008-0189-x

Gong Q, He Y. Depression, neuroimaging
a  selective  overview. Biol  Psychiatry.
35. doi: 10.1016/j.biopsych.2014.08.009

Grimm S, Ernst J, Boesiger P, Schuepbach D, Hell D, Boeker H, et al.
Increased self-focus in major depressive disorder is related to neural
abnormalities in subcortical-cortical midline structures. Hum Brain Mapp.
(2009) 30:2617-27. doi: 10.1002/hbm.20693

Zhang FE, Peng W, Sweeney JA, Jia ZY, Gong QY. Brain structure alterations
in depression: psychoradiological evidence. CNS Neurosci Ther. (2018)
24:994-1003. doi: 10.1111/cns.12835

Korgaonkar MS, Grieve SM, Koslow SH, Gabrieli JD, Gordon E, Williams
LM. Loss of white matter integrity in major depressive disorder: evidence
using tract-based spatial statistical analysis of diffusion tensor imaging. Hum
Brain Mapp. (2011) 32:2161-71. doi: 10.1002/hbm.21178

Pizzagalli DA, Oakes TR, Fox AS, Chung MK, Larson CL, Abercrombie HC,
et al. Functional but not structural subgenual prefrontal cortex abnormalities
in melancholia. Mol Psychiatry. (2004) 9:93-405. doi: 10.1038/sj.mp.4001501

Furey

and connectomics:
(2015) 77:223-

Seminowicz DA, Mayberg HS, McIntosh AR, Goldapple K,
Kennedy S, Segal Z, et al. Limbic-frontal circuitry in major
depression: a path modeling metanalysis. Neuroimage. (2004)

22:409-18. doi: 10.1016/j.neuroimage.2004.01.015

Zhao ], Verwer RWH, Gao SF Qi XR, Lucassen PJ, Kessels HW, et al.
Prefrontal alterations in GABAergic and glutamatergic gene expression
in relation to depression and suicide. J Psychiatr Res. (2018) 102:261-
74. doi: 10.1016/j.jpsychires.2018.04.020

Rolls ET. The cingulate cortex and limbic systems for emotion,

action, and memory. Brain Struct Funct. (2019) 224:3001-
18. doi: 10.1007/s00429-019-01945-2

Felger JC. Imaging the role of inflammation in mood and
anxiety-related  disorders. Curr Neuropharmacol. (2018) 16:533—

58. doi: 10.2174/1570159X15666171123201142

Costigan AG, Umla-Runge K, Evans CJ, Hodgetts C], Lawrence AD, Graham
KS. Neurochemical correlates of scene processing in the precuneus/posterior
cingulate cortex: a multimodal fMRI and (1) H-MRS study. Hum Brain
Mapp. (2019) 40:2884-98. doi: 10.1002/hbm.24566

Abdallah CG, Averill LA, Collins KA, Geha P, Schwartz J, Averill C, et al.
Ketamine treatment and global brain connectivity in major depression.
Neuropsychopharmacology. (2017) 42:1210-9. doi: 10.1038/npp.2016.186
Sun H, Luo L, Yuan X, Zhang L, He Y, Yao S, et al. Regional homogeneity
and functional connectivity patterns in major depressive disorder, cognitive
vulnerability to depression and healthy subjects. J Affect Disord. (2018)
235:229-35. doi: 10.1016/j.jad.2018.04.061

Day CV, Williams LM. Finding a biosignature for melancholic depression.
Expert Rev Neurother. (2012) 12:835-47. doi: 10.1586/ern.12.72

Parker G, Hadzi-Pavlovic D, Wilhelm K, Hickie I, Brodaty H, Boyce P,
et al. Defining melancholia: properties of a refined sign-based measure. Br
J Psychiatry. (1994) 164:316-26. doi: 10.1192/bjp.164.3.316

Falkai P, Schneider T, Greve B, Klieser E, Bogerts B. Reduced frontal and
occipital lobe asymmetry on the CT-scans of schizophrenic patients. Its
specificity and clinical significance. ] Neural Transm Gen Sect. (1995) 99:63—
77. doi: 10.1007/BF01271470

Tao H, Guo S, Ge T, Kendrick KM, Xue Z, Liu Z,
Depression uncouples brain hate Mol  Psychiatry.
18:101-11. doi: 10.1038/mp.2011.127

Chen H, Liu K, Zhang B, Zhang J, Xue X, Lin Y, et al. More
optimal but less regulated dorsal and ventral visual networks in

et al

circuit. (2013)

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

patients with major depressive disorder. J Psychiatr Res. (2019) 110:172—
8. doi: 10.1016/j.jpsychires.2019.01.005

Garrett A, Kelly R, Gomez R, Keller J, Schatzberg AE Reiss
AL.  Aberrant brain activation during a working memory
task in psychotic major depression. Am | Psychiatry. (2011)

168:173-82. doi: 10.1176/appi.ajp.2010.09121718

Bonte FJ, Trivedi MH, Devous MD. Sr., Harris TS, Payne JK, Weinberg WA,
et al. Occipital brain perfusion deficits in children with major depressive
disorder. ] Nucl Med. (2001) 42:1059-61.

Yue Y, Yuan Y, Hou Z, Jiang W, Bai E Zhang Z. Abnormal
connectivity of amygdala in depression
was associated with  cognitive  deficits. ONE. (2013)
8:¢75058. doi: 10.1371/journal.pone.0075058

Beauregard M, Paquette V, Levesque J. Dysfunction in the neural circuitry of
emotional self-regulation in major depressive disorder. Neuroreport. (2006)
17:843-6. doi: 10.1097/01.wnr.0000220132.32091.9f

Gallagher HL, Frith CD. Functional imaging of ’theory of mind.
Trends Cogn Sci. (2003) 7:77-83. doi: 10.1016/S1364-6613(02)0
0025-6

Zorzon M, Zivadinov R, Nasuelli D, Ukmar M, Bratina A, Tommasi MA,
et al. Depressive symptoms and MRI changes in multiple sclerosis. Eur |
Neurol. (2002) 9:491-6. doi: 10.1046/j.1468-1331.2002.00442.x

Bora E, Fornito A, Pantelis C, Yucel M. Gray matter abnormalities in Major
Depressive Disorder: a meta-analysis of voxel based morphometry studies. ]
Affect Disord. (2012) 138:9-18. doi: 10.1016/j.jad.2011.03.049

Peng J, Liu J, Nie B, Li Y, Shan B, Wang G, et al. Cerebral and cerebellar
gray matter reduction in first-episode patients with major depressive
disorder: a voxel-based morphometry study. Eur | Radiol. (2011) 80:395-
9. doi: 10.1016/j.ejrad.2010.04.006

late-onset
PLoS

functional

Guo WB, Liu E Xue ZM, Xu XJ, Wu RR, Ma CQ, et al
Alterations of the amplitude of low-frequency fluctuations in
treatment-resistant and treatment-response depression: a resting-

state fMRI study. Prog Neuropsychopharmacol Biol Psychiatry. (2012)
37:153-60. doi: 10.1016/j.pnpbp.2012.01.011

Jiang X, Shen Y, Yao J, Zhang L, Xu L, Feng R, et al. Connectome analysis
of functional and structural hemispheric brain networks in major depressive
disorder. Transl Psychiatry. (2019) 9:136. doi: 10.1038/s41398-019-0467-9
G, Zwil AS, Glosser DS, O’Connor M]J, Sperling MR.
Psychiatric aspects of temporal lobe epilepsy before and after
anterior temporal lobectomy. ] Neurol Neurosurg Psychiatry. (2000)
68:53-8. doi: 10.1136/jnnp.68.1.53

Zang YE He Y, Zhu CZ, Cao QJ, Sui MQ, Liang M, et al. Altered
baseline brain activity in children with ADHD revealed by resting-state
functional MRI Brain Deyv. (2007) 29:83-91. doi: 10.1016/j.braindev.2006.
07.002

Glosser

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang, Cui, Ou, Liu, Li, Chen, Zhao, Xie and Guo. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychiatry | www.frontiersin.org

13

February 2022 | Volume 12 | Article 763770


https://doi.org/10.1016/j.jad.2009.11.003
https://doi.org/10.1038/npp.2009.104
https://doi.org/10.1007/s00429-008-0189-x
https://doi.org/10.1016/j.biopsych.2014.08.009
https://doi.org/10.1002/hbm.20693
https://doi.org/10.1111/cns.12835
https://doi.org/10.1002/hbm.21178
https://doi.org/10.1038/sj.mp.4001501
https://doi.org/10.1016/j.neuroimage.2004.01.015
https://doi.org/10.1016/j.jpsychires.2018.04.020
https://doi.org/10.1007/s00429-019-01945-2
https://doi.org/10.2174/1570159X15666171123201142
https://doi.org/10.1002/hbm.24566
https://doi.org/10.1038/npp.2016.186
https://doi.org/10.1016/j.jad.2018.04.061
https://doi.org/10.1586/ern.12.72
https://doi.org/10.1192/bjp.164.3.316
https://doi.org/10.1007/BF01271470
https://doi.org/10.1038/mp.2011.127
https://doi.org/10.1016/j.jpsychires.2019.01.005
https://doi.org/10.1176/appi.ajp.2010.09121718
https://doi.org/10.1371/journal.pone.0075058
https://doi.org/10.1097/01.wnr.0000220132.32091.9f
https://doi.org/10.1016/S1364-6613(02)00025-6
https://doi.org/10.1046/j.1468-1331.2002.00442.x
https://doi.org/10.1016/j.jad.2011.03.049
https://doi.org/10.1016/j.ejrad.2010.04.006
https://doi.org/10.1016/j.pnpbp.2012.01.011
https://doi.org/10.1038/s41398-019-0467-9
https://doi.org/10.1136/jnnp.68.1.53
https://doi.org/10.1016/j.braindev.2006.07.002~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Differentiating Melancholic and Non-melancholic Major Depressive Disorder Using Fractional Amplitude of Low-Frequency Fluctuations
	Introduction
	Materials and Methods
	Participants
	Image Acquisition
	Data Preprocessing
	fALFF
	Neuropsychological Scales: TEPS and SHAPS-C
	Statistical Analysis

	Results
	Participants
	Differences in fALFF Values of Global Brain Regions Across Patients With Melancholic MDD, Non-melancholic MDD, and Healthy Controls
	Correlations Between fALFF and the Scales Scores (TEPS and SHAPS-C)

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


