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ARTICLE INFO ABSTRACT

Objective:Patients with major depressive disorder (MDD) may experience a series of emotional and mental
problems accompanied by characteristic clinical symptoms. Depressive patients often have emotional recogni-
tion disorders, but the reasons remain unclear. Though a great many functional abnormalities have been ob-
served in the brains of depressed patients, such abnormalities are not often related to clinical symptoms.
Currently in Traditional Chinese Medicine (TCM), syndrome differentiation for the MDD mainly consists of
excess pattern (EP), and deficiency pattern (DP). EP and DP emphasize balance-regulation thought processes,
and are widely used in diagnosis of diseases including depression, anxiety, insomnia, and other emotional dis-
orders. We hope that syndrome differentiation in TCM can combine clinical symptoms and brain function more
effectively. The present study investigated altered patterns and different association of brain activation in MDD
patients with EP and DP during a facial emotion discrimination task with fMRI.

Methods:A total of 45 patients (20 with EP and 25 with DP) and 18 normal controls participated in this study.
Whole-brain functional scans were collected for each subject. Different patterns of brain activation and asso-
ciation during the facial emotion discrimination task were analyzed statistically.

Results:Comparing all the MDD patients with the normal controls, there were no significant differences for
sad vs. neutral condition or for happy vs. neutral condition (corrected p > 0.05). One-way ANCOVA showed
significant differences in the left inferior frontal gyrus, the left insula, and the left caudate for sad vs. neutral
condition across the DP, EP and NC groups (corrected p < 0.05). The whole brain activation comparison for sad
vs. neutral condition between the EP MDD subtype and the DP MDD subtype further verified these differences in
the left insula and left inferior frontal gyrus, discovering that these regions showed increased activation in EP
MDD subtype compared with the DP MDD subtype (corrected p < 0.05). There were no significant differences
in brain activation between each MDD subtype and the normal controls.

Conclusion:Disparities in sad face processing exist between MDD patients with different TCM syndrome types,
suggesting that TCM syndrome differentiation may provide a biological basis for negativity bias in depression,
and may determine both symptom formation and social dysfunction.
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processing network showed various abnormalities.® Patients displayed
hyperactivation to negative stimuli, and hypoactivation to positive
stimuli.” Researches suggest that the amygdala, insula, para-

1. Introduction

Major depressive disorder (MDD) is a mental disorder characterized

by a pervasive and persistent low mood that is accompanied by low self-
esteem and by a loss of interest or pleasure in normally enjoyable ac-
tivities.! Because depressive patients have emotional recognition dis-
order, studying the effects of MDD and its correlation with facial stimuli
within the field of neurobiology is particularly valuable.” When testing
patients with MDD, neural activation within the common face-

hippocampal gyrus, fusiform area and putamen, were the main areas
that exhibited mood-congruent processing bias.” However, abnormal
activation patterns were also detected in regions of the cingulate gyrus
and the orbitofrontal cortex.® What caused the inconsistency in the
activation of brain regions remains unclear within modern medicine.
Since phenotypic characteristics, genetic data, and other biological
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Table 1
General information of MDD patients with Excess/ Deficiency pattern and
normal participants.

Category NC EP DP

Cases 18 20 25
Male/female 4/14 5/15 2/23

Age, Mean years (SD) 45.4 £ 11.69 43.51 = 11.23 44.37 + 12.13
Typical Traditional N/A restlessness fatigue

Chinese Medicine
Syndromes

rib-side pain
hoarse breathing
dull tongue
yellow-greasy
coating

excess pulse

slow speech
shortness of
breath

pale tongue
white-greasy
coating
weak pulse

Note: NC, normal controls; EP, depressed patients with excess pattern; DP,
depressed patients with deficiency pattern; SD, standard deviation; NA, not
available. Values given are mean (standard deviation) of proportion.

markers are still not used as methods for the diagnostic classification of
MDD,’ this inconsistency may be related to the heterogeneity of po-
pulations with diverse symptom clusters.® The clinical symptoms of the
depressed patient need to be studied further, and new avenues and
methodology for research considered, such as Traditional Chinese
Medicine (TCM), which groups symptoms with greater complexity.

Generally, patients with MDD exhibit low moods and multiple
physical symptoms such as fatigue, insomnia, headaches, forgetfulness
or digestive problems.” The physical symptoms can be grouped by
Zheng (meaning “Syndrome” or “Pattern”) differentiation, which is one
of most important concepts in the practice of TCM that consists of a
series of diagnostic procedures.'® Syndrome differentiation is the
overall physiological or pathological pattern of the human body in re-
sponse to a given internal and external condition.'’ Currently, syn-
drome differentiation for the MDD in TCM mainly includes excess
pattern (EP), and deficiency pattern (DP). EP and DP are two key
conditions of the TCM syndrome that emphasize balance-regulation
thought processes,'” and are widely used in diagnosis of diseases in-
cluding depression, anxiety, stress, and other emotional disorders. The
typical syndromes of the two types for depression are listed in Table 1.

There is no laboratory test for MDD, although doctors generally
request examinations for physical conditions that may cause similar
symptoms.'® Recent advances in functional magnetic resonance ima-
ging (fMRI) have made it possible to measure the effects of MDD, by
investigating brain structures and functions in vivo.'* Depending on the
paramagnetic properties of oxygenated and deoxygenated hemoglobin,
fMRI can see images of changing blood flow in the brain associated with
neural activity. This permits images to be generated that show which
brain regions are activated during performance of different tasks or
during resting states, providing helpful feedback for further study and
diagnosis.'®

Previous studies have found that different symptomatic aspects of
depression (e.g. affective, somatic, and interpersonal symptoms) have
distinct associations with cognitive functioning, brain structure, and
clinical outcomes.'® However, the information obtained from syndrome
differentiation in TCM for major depression, (including symptoms such
as pulse rate and tongue appearance) are not often related to functional
abnormalities in the brain.'” Accurate method procedures for dis-
covering the biological basis for MDD through the process of TCM,
require further development. TCM is a differentiating classification
system from clinical diagnosis. For instance, our previous study con-
firmed that the disruption patterns of functional connectivity in resting-
state fMRI differed between depressed patient groups separated ac-
cording to TCM-defined syndromes.'® It is possible to integrate TCM
syndrome differentiation and biomedical diagnosis in modern clinical
practice. The identification of brain activation patterns in MDD could
enhance our understanding of cognitive dysfunctions in MDD, which
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are associated with functional brain activity in the default mode net-
work.

To our knowledge, there are few publications about brain activity
alterations in MDD patients under different TCM syndromes. We hy-
pothesized that depressive patients with EP and DP would exhibit al-
tered patterns of brain activation and show different association during
a facial emotion discrimination task with fMRI.

2. Materials and methods
2.1. Subjects

The patients in this study were recruited from the Beijing Friendship
Hospital and Beijing Anding Hospital. Normal controls (NC) were re-
cruited from the local community by advertisement. A total of 45 pa-
tients (20 with EP and 25 with DP) and 18 normal controls were in-
cluded in this study. The normal controls consisted of volunteers
without any emotional disorders. All patient-involved activities were
pre-approved by the Medical Research Ethics Committee of Beijing
Friendship Hospital Affiliated with Capital Medical University. Written
informed consent was obtained from each participant. All participants
were right handed and had normal or corrected-to-normal vision.

A psychiatric evaluation was conducted before patients were re-
cruited. The psychiatrists diagnosed participants under the criteria of
MDD according to the Structured Clinical Interview for the DSM-IV
(SCID).'°. Patients with a history of neurologic illness, substance or
alcohol abuse, electro convulsive therapy, or transcranial magnetic
stimulation within the last 2 years, were excluded from the current
study. The subjects were assessed using the Hamilton Rating Scale for
Depression (HAMD-21), and the additional criterion for normal controls
was a HAMD score < 8. Meanwhile, exclusion criteria for patients with
depression included severe learning disabilities, color blindness, head
trauma, psychotic symptoms, current panic disorder, and alcohol or
substance abuse within the past 6 months.

TCM syndrome differentiation was judged by two experienced chief
TCM physicians. The clinical characteristics of these patients were also
evaluated according to the “Criteria for diagnosis and therapeutic ef-
fects of diseases and syndromes in TCM”, published by the China State
Administration of TCM.?° Only patients diagnosed as EP or DP who
experienced typical manifestations of the pattern, were enrolled in this
study. The main clinical features of patients with EP and DP are shown
in Table 1.

2.2. Stimulus presentation

The images used were from a standardized series of Chinese faces.?'
Happy, sad and neutral faces were selected as the experimental faces.
All participants reported that they had never seen such faces before.
The set of stimuli presented to the subjects was weighted equally with
each affective condition, such that it included equal numbers of nega-
tive, neutral and positive pictures.

The picture presented to the participants consists of a pair of faces
from the same person or different persons. Subjects viewed each image
for 2s and determined whether the face was the same or different by
pressing a button (1 for the same face, and 2 for the different face). The
inter-stimulus interval lasted 0.5 s. The design makes sure that subjects
will see the image and are concerned about the emotional changes in
the images. There were in total 180 pairs of pictures with happy, sad
and neutral faces. Sixty paired pictures of each emotion with the same
or different person’s face were provided. The total duration of the study
lasted 480 s (8 min), including the instruction before the scan and the
fixation time of the fMRI (Fig. 1). Before scanning, the subjects were
instructed not to move and to fixate on the faces presented (i.e., passive
viewing).

Behavioral performance (number of correct responses or accuracy
and reaction time) of the subjects was determined separately by
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Fig. 1. Examples of facial stimuli used in fMRI procedure. The study used a block design. The procedure of the facial stimuli is H-N-S-N-S-H-S-N-H-N-H-S-H-S-N-S-H-
N which takes 45 s and repeated ten times. During the facial trials, subjects indicated whether the face was the same or different. H = happy faces; N = neutral faces;

S = sad faces.
calculating reaction time and errors.

2.3. MRI data acquisition

Images were acquired with a 3.0 T GE MRI scanner. Whole-brain
functional scans were collected in 34 axial slices using an echo-planar
imaging (EPI) sequence (repetition time = 2000 ms, echo time = 30
ms; matrix = 64 x 64; field of view = 220 x 220 mm? slice thick-
ness = 4mm; slice gap = 0.5mm). Stimuli were projected onto a
screen approximately 55 cm from the participants with a rear screen
projector. High-resolution T1-weighted magnetization prepared rapid
gradient echo (MP-RAGE) structural images were acquired (repetition
time: 1630 ms; echo time: 2.48 ms; flip angle = 20 °; slice thickness =
1 mm, no gap; 160 slices).

2.4. fMRI preprocessing and data analysis

Prior to preprocessing, the first 5 frames were discarded to allow for
signal stabilization. Data preprocessing and statistical analyses were
performed using SPM8 software (Well come Department of Imaging
Neuroscience, London, UK). All volumes acquired from each subject
were corrected for different slice acquisition times. The resultant
images were then realigned to correct for small movements occurring
between scans. This process generated an aligned set of images and a
mean image for each subject. Each participant’s T1-weighted structural
MRI was co-registered to the mean of the realigned EPI images and
segmented to separate out the gray matter, which was normalized to
the gray matter in a template image based on the Montreal Neurological
Institute (MNI) reference brain. Using the parameters from this nor-
malization process, the EPI images were also normalized to the MNI
template (re-sampled voxel size 3mm X 3mm X 3 mm) and smoothed
with an 8 mm full-width at half-maximum Gaussian kernel. Based on
their recorded motion correction estimates, subjects who had more than
3 mm maximum displacement in any of the x, y or z directions or more
than 3° of angular rotation about any axis were excluded from this
study.

During image processing, 9 subjects (5 DP, 3EP, and 1 NC) were
excluded due to excessive head movement. For each participant, data
analysis was first conducted in a voxel-wise way. All instances of a
particular event type at the time of the participants’ responses were
modeled through convolution with a canonical hemodynamic response
function. There were a total of three experimental conditions: sad,
happy, and neural condition. Additionally, six motion parameters ob-
tained by realignment were used as nuisance variables. The parameter
estimates (betas) for each condition were calculated for all brain voxels,
and the relevant contrasts of parameter estimates were computed. A
high-pass filter of 1/128 Hz was used to remove low-frequency noise,
and an AR (1) model was used to correct for temporal auto correlations.
Each task condition (sad and happy) was then contrasted against the
baseline condition (neutral).
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The contrast images for all participants were then entered into the
second-level analysis. At the second-level analysis (group analysis),
several group-comparisons were conducted. We first tested whether
there were significant differences between MDD patients by combining
EP and DP subgroups and normal controls using two-sample tests for
interested contrasts. Then one-way ANCOVA analyses were conducted
to test whether there were any group differences across the DP, EP and
NC group, while taking age, gender and education level as no interests
of covariates. Finally, the whole brain activation comparison between
each paired groups was conducted using two-sample tests in order to
determine group differences.

In order to reduce multiple comparisons, a grey matter mask gen-
erated by the segmented grey matter of each participant was used. The
statistical significance was determined by Monte Carlo simulations with
the Alphasim software to obtain a p-corrected < 0.05 after correcting
for multiple comparisons (with 5000 permutations). The corrected
threshold corresponds to a p-uncorrected < 0.005 with a minimum
cluster size that is dependent on the mask size (52,300 voxels) and the
FWHM estimated by the statistical map.

3. Results
3.1. Behavioral results

The demographic characteristics of the depressed groups and com-
parison group were similar (Table 2). There were no significant dif-
ferences between the groups in mean age, gender distribution, educa-
tion level and button-pressing accuracy (-0.05). In the depressed
groups, the mean total score on the HAMD was moderately severe. The
mean score on the HAMD in the EP group was 26.76 (SD = 7.23) and
the mean score for the DP group was 28.15 (SD = 7.81) and there were
no significant differences between them (p >0.05).

Table 2

Demographic characteristics and behavioral results.
Variables NC(n = 17) EP(n = 17) DP(n = 20) p value
Age (years) 45.24 + 12.69 42.71 * 10.63 44.65 = 11.20 0.67"
Gender (male/ 4/13 5/12 1/19 0.10°

female)

Education (years) 12.63 * 3.79 11.47 = 2.79 11.45 = 2.78 0.35"
HAMD score - 26.76 + 7.23 28.15 + 7.81 0.38°
Button-pressing 79.53 + 7.18 79.20 * 6.10 76.68 + 5.85 0.27%

accuracy (%)

Note: Data are presented as the (mean + SD). NC, normal controls; EP, de-
pressed patients with excess pattern; DP, depressed patients with deficiency
pattern; HAMD, 21-item Hamilton Depression Rating scale.

@ one-way analysis of variance (SNK-q test).
chi-square test.
¢ two-sample t-test.

b
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Table 3
Regions showing significant differences in evoked-activity by the sad faces
compared to the neutral faces across all three groups.

Region BA Cluster Size MNI peak F
(number of voxels) x,y, z)

left caudate 33 —9,15, 9 10.18

left insula 13 54 —-27,18,-3 9.54

left IFG 10/46 99 —48,21,36 9.03

Note: BA, Brodmann area; MNI, Montreal Neurological Institute coordinates;
IFG, inferior frontal gyrus.

Fig. 2. Brain regions showing the main effect of diagnosis for sad vs. neutral
condition. The figure shows brain activations in response to sad vs. neutral
condition across all three groups, including activations in left caudate, left in-
sula and left IFG.

3.2. fMRI results

Comparing all the MDD patients with the normal controls, there
were no significant differences for sad vs. neutral condition or for happy
vs. neutral condition (corrected p > 0.05). One-way ANCOVA showed
significant differences in the left inferior frontal gyrus (IFG), the left
insula, and the left caudate for sad vs. neutral condition when brain
activation was compared across the DP, EP and NC groups (corrected
p < 0.05; Table 3, Fig. 2). No significant differences for happy vs.
neutral condition were found across the three groups (corrected p <
0.05). As to sad vs. neutral condition, the whole brain activation
comparisons between groups were conducted to have a closer look on
the group differences. When comparing the EP MDD subtype with the
DP MDD subtype, we found that the brain activation in the left insula
and left inferior frontal gyrus were increased in the EP MDD subtype.
And we also found that the right insula, the bilateral superior temporal
gyri, the right medial frontal gyrus, and the left inferior parietal lobule
showed increased activation for sad vs. neural condition in EP MDD
subtype compared with the DP MDD subtype (corrected p < 0.05;
Table 4, Fig. 3). While comparing each MDD subtype with NC, no
significant differences in brain activation were found (corrected p <
0.05).

All of these results suggest that the EP MDD patients process sad
faces in a way different from the DP MDD patients.

4. Discussion

TCM is an important part of the healthcare system in some Asian
countries, and is considered a complementary or alternative medical
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system in most Western countries.?* Establishing a biological basis for
TCM, especially the core diagnostic and therapeutic concept of syn-
dromes, is a critical step in the modernization of TCM. In clinic, both
the biomedical diagnosis for the condition and TCM Syndrome differ-
entiation are combined in China, and measuring the correlation be-
tween the biomedical condition and TCM pattern is considered a key
approach to modern TCM diagnosis research.?® In TCM, EP or DP is a
reflection of the body’s imbalance. EP reflects the hyperfunction of the
body manifesting itself in an anxious, irritable or restlessness state.

The hyperactivation in EP from the aspect of TCM refers to a kind of
pathological change in which the pathogenic factors are prosperous
while the vital Qi is not yet fading. The excess of the pathogenic factors
is the main contradiction, under such contradiction the excess pulse,
yellow-greasy coating, and rib-side pain are just the manifestations of
TCM excess pattern from the patient’s different body parts which means
excessive cardiovascular activity, heat and thick tongue coating, ex-
aggerated flank pain respectively. To some extent, we can think of these
hyperactive somatic symptoms as physical manifestations of depres-
sion. DP reflects the hypofunction of the body, which involves fatigue,
slow speech, shortness of breath and weak pulse, etc. The current fMRI
results showed that EP or DP for depression not only manifested in TCM
symptoms, but also associated with activation in different brain regions.

Neuroimaging techniques such as fMRI can precisely localize and
measure sustained cognitive processing within networked neural
structure. In addition, facial affect processing is an important compo-
nent of interpersonal relationships and particularly relevant to models
of depression.**,?® Some studies have confirmed that there is significant
negativity bias in depression.*®

Our previous resting-state fMRI test demonstrated that TCM diag-
nosis of MDD syndrome in DP and EP groups correlated with differing
cerebral functional activity. Thus, functional connectivity changes dif-
fered between MDD patients with different TCM syndrome types.'®
Significant differences were detected in the left IFG, the left insula and
the left caudate in sad vs. neutral condition when brain activation was
compared across all three groups. The whole brain activation compar-
ison for sad vs. neutral condition between the EP MDD subtype and the
DP MDD subtype further verified these differences in the left insula and
left IFG, discovering that these regions showed increased activation in
EP MDD subtype compared with the DP MDD subtype. Under the happy
vs. neutral condition, the three groups did not differ significantly in the
above mentioned regional brain activation. All of these results suggest
discrepancies in sad face processing between MD subtypes.

A meta-analytic study of changes in depressed brain activation in-
dicated that the most consistently identified regions included areas of
the IFG, insula, anterior cingulate, dorsolateral, medial and superior
temporal gyrus, basal ganglia and cerebellum. The IFG is thought to
play a key role both in terms of basal activity and responses to affective
stimuli.?” Left IFG is critical for the cerebral cortical network to support
visual word recognition and reading.”® Patients with damage in the left
IFG and the insula were tested in a Go/NoGo response inhibition task.
Researchers found that the left IFG injury patients had higher error
rates than normal controls. In the current study, the left IFG and insula
showed increased brain activation in the EP group compared with the
DP group. These results are in accordance with the TCM syndrome
differentiation.

MDD is characterized by a stable negative bias toward emotional
stimuli, which is the result of a dysregulated fronto-limbic network.*’
The insula is a small region of the cerebral cortex folded deep within the
lateral sulcus.’® With its extensive connections to the fronto-limbic
network, the insula has been implicated in stimulus-independent
thought and believed to be a primary node in the default mode net-
work.?>" The hyperactivation of the fronto-limbic network leads to en-
hanced attention and processing of emotional information, with a bias
toward negative stimuli. We speculated that, hyperactivation in the
insular in the EP depressed patients compared with the DP group may
reflect an increased ntegration of emotional, autonomic, and
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Table 4

Regions activated in whole brain analyses between EP and DP for sad vs. neutral condition.
Region BA Cluster Size MNI peak T

(number of voxels) x,y,z)

right insula / inferior frontal gyrus 13/45 235 36 21 -6 4.60
left insula 13 120 —-2718-3 4.32
left middle / inferior frontal gyrus 9/46 376 —48 21 36 4.25
left inferior parietal lobule 40/7 96 —45-57 54 4.06
left superior temporal gyrus / supramarginal gyrus 22/40/41/42 174 —54-39 12 3.51
right superior temporal gyrus / supramarginal gyrus 22/40/41/42 285 60 -30 15 3.48
right medial prefrontal gyrus 9/32 84 6 45 36 3.45

Note: BA, Brodmann area; MNI, Montreal Neurological Institute coordinates.

</
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Fig. 3. Whole brain activation in ES patients compared with DS patients while
viewing sad and neutral facial expressions. Regions showing significant dif-
ferences between ES and DS patients for sad vs. neutral condition. Color bar
indicates t value.

interoceptive information by the insula.

In addition to these brain regions, the caudate nucleus has been
suggested to play a vital role in depression. The caudate is also part of
the reward system and it integrates data from many brain regions, in-
cluding the cerebral cortex. Researchers speculate that thoughts, feel-
ings and motivations associated with positive emotions may assemble
in the caudate. A 77-year-old man without any previous psychiatric
disorder developed a new onset of psychotic symptoms following left
caudate infarction, damage of the structure indicated change in normal
functioning, and a decrease in caudate activity.>” The activation like-
lihood estimation (ALE) analyses indicated the brain metabolism in
right caudate were significantly decreased in MDD patients.>® In our
study, significant differences were detected in the left caudate in sad vs.
neutral condition when brain activation was compared across all three
groups. However, we didn’t find any significant differences in the left
caudate for the whole brain activation comparison in sad vs. neutral
condition between MDD subtype and NC. In addition, researches in
fMRI showed that there were obvious gender differences in activation
of caudate nucleus for emotion memory enhancement effect in de-
pressed patients, which was related with function of caudate nucleus
head.>* In our study, the gender distribution of the participants was
unbalanced and we have more female participants in each group.
Further studies with balanced gender distribution are needed to in-
vestigate the role of caudate nucleus in MDD subgroups of EP and DP.

A voxel-by-voxel comparison for sad vs. neutral condition in our
study found that the right insula, the bilateral superior temporal gyri,
the right medial frontal gyrus, and the left inferior parietal lobule also
showed increased activation in EP MDD subtype compared with the DP
MDD subtype. However, we do not find significant differences in these
areas for happy vs. neutral condition. Further investigation is needed to
verify the result in the future. In addition, in our study, the sample size
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is small and the statistical significance was determined by Monte Carlo
simulations with the Alphasim software with a relative looser
threshold. Future studies with larger sample sizes and strict correction
method are needed to verify the current findings.

In summary, negativity bias in EP MDD group correlated with hy-
peractivity in the IFG and the left insula — areas associated with nega-
tive emotions and thoughts. The increased activation in these regions
suggests that negative perception prevails over positive perception of
sad facial expressions in individuals with EP depression and that per-
ception differs between the MDD subgroups of EP and DP. The differ-
ence in MDD subgroup brain activity based on TCM depression sub-
types may provide a basis for negativity bias in depression, and may
determine both symptom formation and social dysfunction. The current
finding that the EP MDD and DP MDD do not have the same fMRI ac-
tivation suggests that TCM syndrome differentiation may be an ap-
propriate tool for the future investigation of the pathogenesis of major
depression.
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