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Major Depressive Disorder (MDD) with childhood trauma is one of the functional subtypes

of depression. Frequency-dependent changes in the amplitude of low-frequency

fluctuations (ALFF) have been reported in MDD patients. However, there are few

studies on ALFF about MDD with childhood trauma. Resting-state functional magnetic

resonance imaging was used to measure the ALFF in 69 MDD patients with childhood

trauma (28.7 ± 9.6 years) and 30 healthy subjects (28.12 ± 4.41 years). Two frequency

bands (slow-5: 0.010–0.027Hz; slow-4: 0.027–0.073Hz) were analyzed. Compared

with controls, the MDD with childhood trauma had decreased ALFF in left S1 (Primary

somatosensory cortex), and increased ALFF in left insula. More importantly, significant

group × frequency interactions were found in right dorsal anterior cingulate cortex

(dACC). Our finding may provide insights into the pathophysiology of MDD with

childhood trauma.

Keywords: major depressive disorder, childhood trauma, low-frequency fluctuation, resting state, MRI, insula,

primary somatosensory cortex, dorsal anterior cingulate cortex

INTRODUCTION

Major depressive disorder (MDD) is described as long sadness and interest loss in generally pleasant
activities, following with inability to perform daily activities, over a period of at least 2 weeks (1).
At present, depending on its characteristics, MDD can be divided into different subtypes (2).

Childhood trauma is considered as a key factor affecting the occurrence of depression (3, 4).
Some scholars believe that MDD with childhood trauma may be one of the functional subtypes of
depression (5). To gain an insight of MDD and its heterogeneity, latest studies have been focusing
on its clinically relevant depression hypotypes (6). Previous studies have found that nearly half of
depression patients have experienced childhood trauma (7, 8), and their clinical characteristics are
different from those of ordinary depression patients (9). For instance, symptoms of MDD are often
more serious. The symptoms of MDD include higher suicide risk, serious cognitive impairment,
and decreased response to antidepressants (10). In addition, there are some specific changes in
brain imaging of depression patients with childhood trauma. Brain network studies reported that
there are constant disruptions of resting-state networks (RSNs) in patients with MDD, including
increased connection between the DMN and FPN, hyperconnectivity in the default mode network
(DMN), and hyporconnectivity in the frontoparietal network (FPN) (11). Saleh et al. reported that
in depressive subjects, greater early life stress exposure was linked to slower processing speeds
and smaller orbitofrontal cortex volumes; however, in non-depressive subjects, it was associated
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with faster speeds and larger volumes (12). Some studies
have found that, compared with the healthy control subjects,
amplitude of low-frequency fluctuations (ALFF) in bilateral
amygdala and left orbit/cerebellum is increased, while fALFF
in the left inferior temporal gyrus and right middle frontal
gyrus is decreased in children with MDD after trauma.
On MDD, early life stress was positively correlated with
regional activity in the left cerebellum and the right posterior
central/infratemporal/superior frontal cingulate gyrus and
inferior frontal gyrus (13).

Since typical task-based functional magnetic resonance
imaging (fMRI) scans can filter out low-frequency physiological
noise and keep the high-frequency component of the signal
it may lead to confusion about performance differences or
activity patterns of specific tasks between healthy subjects and
patients. Resting-state fMRI (rs-FMRI), which is applied to
evaluate interactions between brain regions when a subject is
not performing a specific task (14), has been widely applied
to identify the neural correlation to psychiatric disorders. Low
frequency fluctuation amplitude analysis (ALFF)measures voxel-
by-voxel fluctuations in the amplitude of a blood oxygen level
related (BOLD) signal at very low frequencies (typically 0.010–
0.080Hz) (15), which are pointed out to reflect autonomous
brain activity (16). Signals in different frequency bands may
lead to distinguish brain oscillations with physiological functions
and specific characteristics (17). Entire low-frequency spectrum
is usually subdivided into four bands (slow-2, 0.198–0.250Hz;
slow-3, 0.073–0.198Hz; slow-4, 0.027–0.073Hz; slow-5, 0.010–
0.027Hz) (18). The slow-4 and slow-5 bands are the most
associated to gray matter (GM) signals, which are helpful for
identifying associations between the functional processing and
disease (19). More recent studies have examined ALFF at slow-4
(0.027–0.073Hz) and slow-5 (0.010–0.027 Hz).

Although ALFF analyses are widely used to study depression,
few ALFF studies on MDD have specifically examined MDD
with childhood trauma. Therefore, more research is needed
to examine the pathophysiology and etiology of MDD with
childhood trauma, to help with the early diagnosis and treatment
of this subtype of depression, and further to enhance patients’
quality of life. The search for biological markers of disease
mechanism, treatment choices, diagnosis, or prognosis has
become one of the principal goals of depression’ neuroimaging
(11). Our research aims to identify potential biomarkers to
differentiate individuals with MDD with childhood trauma from
individuals with ordinary depression.

Abbreviations: ALFF, amplitude of low-frequency fluctuations; BOLD, blood

oxygenation level dependent; DMN, Default-mode network; CTQ-SF, Childhood

Truama Questinnaire; dACC, dorsal anterior cingulate cortex; FC, functional

connectivity; FWE, family-wise error; FFT, fast Fourier transforms; fMRI,

functional magnetic resonance imaging; fALFF, fractional amplitude of low

frequency fluctuations; GM, gray matter; HC, healthy controls; HAMD,

Hamilton Depressive Rating Scale; LFO, low-frequency oscillations; MDD,

Major Depressive Disorder; MRI, magnetic resonance imaging; MPFC, medial

prefrontal cortex; MNI, Montreal Neurological Institute; MTG, middle temporal

gyrus; S1, primary somatosensory cortex; SCID, structured clinical interview;

STD, subthreshold depression; SDS, Zung’s Self-Rating Depression Scale; TRD,

treatment-resistant depression.

MATERIALS AND METHODS

Subjects
Ninety-nine subjects were recruited for this study. Among them,
69 were unmedicated MDD patients with childhood trauma
and 30 were non-depressed comparison subjects (HC). Sixty-
nine unmedicated subjects with MDD ranging from 18 to 45
were recruited from the outpatient and inpatient units The
Affiliated Brain Hospital of Guangzhou Medical University. The
absence or presence of MDD was evaluated by the structured
clinical interview (SCID) for DSM-V diagnostic criteria. Patients
with other neurological disorders, psychiatric axis-I or axis-
II disorders, electroconvulsive therapy, medication used in the
past 6 months, clinically relevant abnormalities in laboratory
examinations or their medical history, and contraindication for
magnetic resonance imaging (MRI) were excluded. Depression
severity were evaluated by Zung’s Self-Rating Depression Scale
(SDS) and The 17-item Hamilton Depressive Rating Scale
(HAMD) (20). The Childhood Truama Questinnaire (CTQ-SF)
was used to measure childhood adversity. The CTQ-SF consist of
five subscales: sexual abuse (SA), emotional abuse (EA), physical
abuse (PA), emotional neglect (EN) and physical neglect (PN)
(21). The cut off points for subscales are: SA grade ≥ 8, EA grade
≥ 13, PA grade ≥ 10, PN grade ≥ 10, and EN grade ≥ 15 (8, 22).
In addition, 30 gender- age-, and education-matched healthy
subjects were recruited from the community near the hospital.
Before enrollment, all participants were fully gave notice of the
information of the research, and written informed consent was
formal obtained. Researches were executed under the Declaration
of Helsinki and ratified by The Affiliated Brain Hospital of
Guangzhou Medical University Ethics Committee.

MRI Data Acquisition
Philips 3TMR systems (Philips, Best, TheNetherlands) were used
to acquire imaging data. Subjects were asked to wear earplugs and
positioned in the coil for support. Participants were requested
to lie still with their eyes closed but to remain awake, and
all participants reported that they did not fall asleep during
the whole experiment. A total of 180 volumes of echo planar
images were obtained axially (repetition time, 3,000ms; echo
time, 30ms; slices, 36; thickness, 4mm, no slice gap; field of view,
240× 240 mm2; resolution, 64× 64; flip angle, 90◦).

Image Pre-processing
The first 10 volumes of each functional time series for the
instability of the initial MRI signal and the adaptation of
participants to the circumstance were discarded. The fMRI
images were sliced acquisition corrected, head-motion corrected,
normalized to the standard SPM5 Montreal Neurological
Institute (MNI) template, and then re-sampled to 3-mm cubic
voxels. Data were filtered using typical temporal bandpass
(0.010–0.080Hz), slow-4 bandpass (0.027–0.073Hz), and slow-
5 bandpass (0.010–0.027Hz) separately after linear detrending.
REST software was used to calculate ALFF (by Dr. Yong
He, http://resting-fmri.sourceforge.net). The filtered time series
was transformed into a frequency domain with a fast Fourier
transform (FFT) (parameters: taper percent = 0, FFT length
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TABLE 1 | Demographics and clinical characteristics.

HC

(n = 30)

MDD with childhood

trauma

(n = 69)

T/P-value

Mean SD Mean SD

Age(y) 28.12 4.41 28.70 9.6 0.23

Gender (male/female) (n) 19/11 39/30 0.42

Education (years) 14.12 3.24 13.27 3.32 0.32

Illness duration (m) n.a. n.a. 21.32 12.08 n.a.

HAMD n.a. n.a. 28.39 9.42 n.a.

SDS n.a. n.a. 52.81 9.26 n.a.

HC, healthy controls; SD, standard deviation; MDD, major depression disorder; HAMD,

Hamilton Depressive Rating Scale; SDS, Self-Rating Depression scale.

= shortest), and the power spectrum was then obtained. Since
the power of a given frequency is proportional to the square
of the amplitude of this frequency component of the original
time series in the time domain, the square root was calculated at
each frequency of the power spectrum and the averaged square
root was obtained across 0.010–0.080Hz at each voxel. This
averaged square root was taken as the ALFF. For standardization
purposes, the ALFF of each voxel was divided by the global mean
ALFF value.

A corrected threshold of family-wise error (FWE) of p <

0.05 at cluster level was set. Coordinates were reported in MNI
coordinates, as used by SPM.

Statistical Analysis
SPSS 17.0 software was used to analysis the general data. Mean
± SD was used to describe the continuous data that conformed
the normal distribution. Between the data analysis of MDD with
childhood trauma group and health control group, independent
sample t-test was performed. When calculating the group
differences within the ALFF measurement and the correlation
between the clinical measurements and ALFF, age, gender, and
education level were included as covariates. In depressed subjects,
relationship between depression severity and ALFF values were
analyzed by Pearson’s correlations. Respectively, post-hoc test
and simple effect analyses were conducted with the mALFF
values averaged in order to further investigate the differences in
frequency bands and groups. The above results are statistically
significant with P < 0.05.

RESULTS

Demographics
Clinical data and demographic of healthy and depressed subjects
are showed in Table 1. The mean age of the 69 patients is 28.7 ±
9.6 years, and the average year of education is 13.27± 3.32 years.
The illness duration is 21.32± 12.08 months. Thirty controls are
recruited, of which the average age is 28.12 ± 4.41 years, and the
mean years of education is 14.12 ± 3.24. There is no significant
difference in gender, education state, age between two groups.

TABLE 2 | Brain regions showing statistically significant correlation between ALFF

and depression severity in terms of HAMD scores in subjects with MDD with CT.

Brain

regions

Brodmann

areas

Cluster

size

MNI coordinates R-values

x y z

Anterior Insula 13 87 −39 9 0 +0.54

S1 3a, 3b, 1, and 2 44 9 −42 75 −0.66

dACC 32 155 12 −6 39 −0.73

BA, Brodmann area; MNI, Montreal Neurologic Institute; MDD, major depressive disorder;

S1, primary somatosensory cortex; dACC, dorsal Anterior Cingulate Cortex.

Correlations Between Clinical Data and the
ALFF
In insula, a highly positive correlation betweenHAMD total score
and the ALFF (p < 0.01) was found. On the contrary, a strong
negative correlation between depressive symptom severity and
ALFF was detected in the S1 and dACC (p < 0.01) (Table 2).

ALFF Frequency Main Effect
Main effects from the two-way repeated measure ANOVA are
shown in Figure 1. In midbrain, basal ganglia, cingulate cortex
and fusiform gyrus, ALFF of slow 4 is obviously larger than that
of slow 5, while ALFF of slow 5 is larger in lingual gyrus, middle
temporal gyrus, inferior frontal gyrus and medial frontal ventral
gyrus (see Figure 1).

ALFF Group Main Effect
Differences between groups are demonstrated in Table 3 and
Figure 2. Compared to controls, patients exhibited decreased
ALFF in a cluster in the postcentral gyrus (sensorimotor cortex),
[x = 9, −42, 75], Z = 5.72, voxels = 154, PFWE < 0.05, see
Figure 2A. Patients had higher ALFF in the left anterior insula,
[−39, 9, 0], Z = 3.29, voxels= 22, PFWE < 0.05 (Figure 2B).

Group X Frequency Interaction
We found the significant group by frequency interaction in
dACC, [12, −6, 39], Z = 5.20, voxels = 56, PFWE < 0.05,
corrected at cluster-level see Figure 3A. The interaction is plotted
in Figure 3.

DISCUSSION

Functional MRI has been broadly used to explore the brain
systems’s dysfunction in patients with psychiatric disorders. Our
study found that the frequency-dependent changes in the ALFF
occur in MDD patients with childhood trauma. ALFF analysis is
applied to examine the amplitude of low-frequency oscillations
(LFOs) in MDD with childhood trauma in different frequency
bands, namely slow-5 and slow-4.

Our study is the first systematic investigation to explore
frequency-dependent changes in LFO amplitudes (as indexed
by the ALFF) from resting-state fMRI signals in MDD patients
with childhood trauma. In different brain regions, the main
frequency-dependent effects varies according to the different
frequency bands: slow-4 oscillations were greater than slow-5
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FIGURE 1 | The main effect for frequency band on ALFF. Most of the brain showed marked differences in ALFF between the two frequency bands (slow-4 vs. slow-5).

Warm color represents greater ALFF in the slow-5 band than in the slow-4 band, while cool color represents lower ALFF. A two-way repeated measures ANOVA

obtained the results.

TABLE 3 | The brain region showing marked group main effect and interaction effect of group and frequency (slow−4 and slow−5) on ALFF.

Anatomical Left/ Size Peak level P MNI(mm) Voxel

region right (voxels) (FWE-corrected) x y z Z-value

Depression-control Anterior insula L 22 0.042 −39 9 0 3.29

Control-depression S1 L 154 0.021 9 −42 75 5.72

Group × Frequency interaction dACC R 56 0.017 12 −6 39 5.20

dACC, dorsal Anterior Cingulate Cortex; S1, primary somatosensory cortex.

oscillations primarily in subcortical regions, such as midbrain,
basal ganglia, cingulate cortex, and fusiform gyrus; and slow-
5 oscillations were greater than slow-4 oscillations in several
cortical areas, such as the inferior frontal gyrus, ventromedial
frontal gyrus and middle temporal gyrus. Compared with
controls, major depressive patients with childhood trauma
indicated decreased ALFF values in S1 and increased ALFF values
in insula. Moreover, a remarkable interaction was identified
between frequency bands and groups in dACC, which suggests
that the observed dynamic changes in low-frequency fluctuations
may be related to frequency-dependent. Due to this reason, we
decided to analyze group differences in the ALFF across the
slow-5 and slow-4 ranges.

Group Differences in ALFF Between
Frequency Bands
Previous studies of the ALFF have also detected the differences
between brain areas in the slow-4 and slow-5 bands (18, 23,

24). Although, from different frequency bands, the significance
and source of signals are not clear, it has been suggested that
the different low-frequency bands relate to different neural
processes and physiological functions (17, 25). Lower frequency

oscillations have been linked with long-range connections and

the integration of large neuronal systems, while signals from
higher frequency bands have been linked to more local neuronal

assemblies and short-range connections (25). Therefore, regions

of the cerebral cortex such as the inferior frontal gyrus,

ventromedial frontal gyrusand, and middle temporal gyrus, may
facilitate long-distance connectivity in many large networks.

Conversely, subcortical regions such as fusiform gyrus, cingulate
cortex, and basal ganglia may mainly contribute to fast local
events, which are regulated by extensive slow oscillations (25, 26).
Additionally, compared with the slow-4 band, we found higher
ALFF values in the slow-5 band inmost of the main subregions of
the default mode network (DMN) (27), including inferior frontal
gyrus, middle temporal gyrus and ventromedial frontal gyrus.
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FIGURE 2 | Brain regions showing marked group main effect (A,B) on ALFF. (A) Warm colors represent reduced ALFF in the MDD with CT when compared with HC;

(B) cool colors represent the decreased ALFF in the young depression group when compared with HC.

FIGURE 3 | Brain regions showing significant group and frequency (slow-4

and slow-5) interaction (A,B) effects on ALFF. (A) The interaction between

frequency band and group on ALFF. A two-way repeated-measure ANOVA

and post-hoc test obtained the results. The beta values for dACC were plotted

(B) to show the directions of the interaction.

Our results are in accord with the previous studies on MDD
patients which suggested that the slow-5 band shows stronger
LFOs and higher functional activity in the majority of DMN
subregions (18, 28, 29). It seems that differences in ALFF between

frequency bands in MDD with childhood trauma are similar to
MDD patients. Interestingly, in the cingulate cortex, lower ALFF
were found in the slow-5 band, which differ from the results of
ALFF studies into other diseases (28, 29). The cingulate cortex,
a key DMN region shows a strong connectivity in primates with
the parahippocampal gyrus and entorhinal cortex, and thus with
the hippocampal memory system (30). It has also been reported
that the functional connectivity of the cingulate cortex is related
to rumination in depression (31). We assume that MDD patients
with childhood trauma suffer mainly from a dysfunction of the
cingulate cortex.

Increased ALFF Activity in Insular in MDD
With CT Patients
The insula is regarded as a hub for external and internal
information exchange (32). Accumulating evidence are based
on studying changes in insula function in MDD patients,
abnormalities in the insula caused by MDD, and dysregulation
of the interaction between the insula and other important
functional brain networks (such as DMN and central executive
network) show can be explored (33–35). The insula plays
an important role in generating and processing emotional
information, including feelings of anxiety and disgust (36, 37).
In short, previous findings demonstrate that the insula plays
an important role in the pathogenesis of MDD patients with
childhood trauma. Previous neuroimaging studies have found
that the abnormal function of the insula is tightly related to
the symptoms of depression, including reports that resting-
state brain functional connectivity in insula can more accurately
distinguish healthy controls from patients with depression (38).
Numerous studies have shown a close relationship between
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changes in insula function and depression, but the results of these
studies are inconsistent. Su et al. found that the ALFF decreases in
the insula of depressive patients (39, 40), but some scholars found
that the ALFF was increased in the insula of depressive patients
(41). Whether MDD patients experience childhood trauma may
be one of the reasons leading to the inconsistent. In our study,
we found that the ALFF in the insula of the depressive group
is observably higher than that in the HC group, indicating the
dysfunction of insular in MDD patients with childhood trauma.
This dysfunction may be the key factor that severely impairs the
ability of MDD patients with childhood trauma to regulate their
emotions. Our results show that compared to HC, MDD patients
have an increased ALFF in the insula, which indicates abnormal
insula activities, and it may further lead to a declined in the ability
of regulating the negative emotions.

Decreased ALFF Activity in S1 in MDD With
CT Patients
S1, parallel to the central sulcus, is located in the postcentral gyrus
(42). S1 is responsible for integrating pain-related information. In
animal models, researchers have made a solid conclusion that S1
is involved in sensory-discriminative pain processing; that is, it
encodes the location and intensity of pain stimulation (43–45).
A number of studies have found that empathizing with others’
pain can also activate S1 (46). Moreover, research has shown that
the cognitive processing of pain usually begins with activation
in prefrontal brain regions, which then further regulates activity
in pain-related regions of S1 (47–49). It indicates that the
painful somatic symptoms of MDD may relate to functional
changes in S1. Several studies have found that when subjects
experience different emotions, the activity in S1 also changes
and it is highly activated when the subjects focus on their
own emotions (50). The result has indicated that S1 takes part
in the processing of emotional experience, primarily in the
generation of somatosensory emotions. More and more research
is supporting the conclusion that S1 is involved in modulating
and controlling associatively learned behaviors (51, 52). Schaefer
et al. even suggested that S1 functions as an “embodied mind,”
which supports the existence of the unconscious self in concert
with the embodied aspect of the self (53). In short, these findings
suggest that S1 is likely to be an important structure closely
related to cognitive function. MDD patients with childhood
trauma typically have many symptoms related to cognitive
impairment, which may be associated with S1 dysfunction.
Previous studies have found an increased GM volume in right
S1 in patients with comorbid anxiety and MDD (54), while the
total area of the somatosensory cortex is reduced in adolescent
patients withMDD and in patients with bipolar disorder (55, 56).
Kang et al. reported MDD patient’s abnormalities in S1–thalamic
functional connectivity related to the typical clinical symptoms
of MDD, which indicates that such changes are neurobiological
characteristics and potential biomarkers of MDD with childhood
trauma (57). However, there has still been no research to report
the relationship between changes in functional signals in S1 and
the development of MDD. In our study, we found that compared
to the healthy controls, MDDwith CT patients had a lower ALFF

in S1, indicating a lower level of spontaneous neural activity. This
implies that the dysfunction in left S1 seems to be related to the
development of MDD and lead to a possible decline or loss of
sensation. We assume that a lower ALFF in S1 may be a specific
signal of MDD with the subtype of childhood trauma.

Group × Frequency Interaction in dACC
In this study, a significant group × frequency interaction effect
on the ALFF value in dACC is observed. This result indicates
that the difference in resting brain function may result from
an interaction between frequency bands and disease states.
Moreover, it suggests that pathological conditions may increase
the influence of some particular frequency bands in the brain,
especially in dACC, and that each frequency band may have a
specific pathological significance. The dACC is connected with
areas of the central executive network and the salience network,
which are involved in target maintenance and the integration
of sensorimotor and visuomotor inputs, and therefore, guides
the output of corresponding behaviors (58). Many studies have
shown that functional changes in dACC are involved in the
pathophysiological process of MDD (59, 60). In addition, some
studies have shown that the components of emotional experience
related to pain are processed by the anterior insula and dACC
(61), and dACC mainly encodes the psychological aspect of pain
sensation (62). These conclusions demonstrate that dACC plays
a key role in dealing with social pain and functions as a negative
information processing system. A number of animal studies have
showed that the dACC was activated when infant mammals
were separated from their mothers; however, after the damage to
dACC, animal infants reduced their whining during separation.
This result has indicated that the brain activities that take part in
processing pain-related emotional components are closely related
to the degree of painful feelings caused by negative social events.

Researchers also investigated whether different forms of
negative social events will have the same effect on activating
the brain areas that involved in processing painful components
of emotion. In conclusion, in the tasks of social evaluation and
social loss, brain areas involved in processing painful emotional
components were activated (63). The tasks of negative emotional
experiences (such as fear, anxiety, anger, disgust, and sadness)
and physiological pain both can lead to the increased activity in
insula and dACC. Based on that, a conclusion made is that the
damage to the function of dACC may lead to an imbalance in
negative information processing inMDDwith childhood trauma,
activating brain areas related to painful emotional components
and producing various negative emotions.

We assume that the disease state and spontaneous brain
activity may inhibit individuals’ functions to each other, thus
causing dysfunction in dACC. The remarkable correlation
observed betweenALFF in the right dACCwithin slow-5 suggests
that the LFO amplitude in the region may be applied to monitor
the disease progress of MDD with childhood trauma.

Limitations
Our study used a cross-sectional design with a relatively small
sample. Other confounding differences between the two groups,
such as social economic status and mood, may also explain
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our findings. Future studies may further investigate how ALFF
changes as the depression progresses. Importantly, it would be
interesting to directly compare MDD with childhood trauma
with MDD without such trauma to isolate the effect of childhood
trauma on brain networks in MDD. The exact origins and
mechanisms underlying ALFF remain elusive. More studies are
needed to comprehend the functional significance of ALFF
changes in MDD.

CONCLUSIONS

In conclusion, our results show that changes in the ALFF occur in
various brain regions in patients suffering MDD with CT, which
indicates that the subtypes of MDD involve the dysfunction of
multiple areas of the brain. The CT results of MDD patients
demonstrate abnormal LFO amplitudes in many brain regions,
consist of subcortical regions, cortical areas, insula, and S1, which
highlight abnormalities in LFO amplitudes in MDD with CT
and provide insights into understanding the pathophysiology of
major depressive disorder.
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