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Abstract

"H-magnetic resonance spectroscopy imaging and diffusion tensor imaging were performed in 19
patients with mild depression and in 13 controls. The mean age of the patients was 31 years. The
mean Hamilton depression score of the patients was 22.5 + 13.2. N-acetylaspartate, choline and
creatine concentrations and the average diffusion coefficient and fractional anisotropy values were
measured in the bilateral hippocampus, striatum, thalamus and prefrontal deep white matter.
Compared with the control group, the mild depressed patients had: (1) a higher choline/creatine ra-
tio and a negative correlation between the choline/creatine ratio and the average diffusion coeffi-
cient in the hippocampus; (2) a lower choline/creatine ratio and a higher fractional anisotropy in the
striatum; (3) a lower fractional anisotropy and a positive correlation between the fractional aniso-
tropy and the choline/creatine ratio in the prefrontal deep white matter; and (4) a higher average
diffusion coefficient and a positive correlation between the choline/creatine ratio and the
N-acetylaspartate/creatine ratio in the thalamus, as well as positive correlation between the cho-
line/creatine ratio and Hamilton depression scores. These data suggest evidence of abnormal
connectivity in neurofibrotic microstructures and abnormal metabolic alterations in the lim-
bic-cortical-striatal-pallidal-thalamic neural circuit in patients with mild depression.
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Research Highlights

Abnormal connectivity in neurofibrotic microstructures of the prefrontal deep white matter, striatum
and thalamus, and abnormal metabolic alterations in the hippocampus and striatum, exist in the
limbic-cortical-striatal-pallidal-thalamic neural circuit in patients with mild depression as identified by
'H-magnetic resonance spectroscopy and diffusion tensor imaging.

Abbreviations

NAA, N-acetylaspartate; Cho, choline; Cr, creatine

INTRODUCTION

Depression is a major type of emotional
disorder, and is dominated by an obvious
and persistent depressed mood. It is
generally believed that patients with
depression exhibit organic alterations in the

brain, and that these alterations are
localized to various structures of the brain
within a specific neuroanatomical circuit.
This circuit, originally described by Nauta
(1972), is termed the limbic-cortical-striatal-
pallidal-thalamic circuit, and comprises an
extensively interconnected brain network
involving multiple structures™. The
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hippocampus, striatum, thalamus and prefrontal deep
white matter are critical components of this neural circuit,
and play an important role in modulating and transmitting
emotion®?. There is strong evidence from conventional
MRI and blood oxygen level dependent functional MRI
studies that alterations in the limbic-cortical-striatal-
pallidal-thalamic circuit are involved in depression®”.,
Nevertheless, these studies have poor sensitivity and
specificity, and other approaches are required for more
detailed analyses.

In recent years, numerous studies have examined the
underlying biology of depression using diffusion tensor
imaging or *H-magnetic resonance spectroscopy
imaging®™. However, the results remain controversial,
as it is difficult to explain a systemic disease by studying
the anatomic structures separately. Moreover, the
majority of these studies have examined patients with
major depression. Thus, approaches that examine the
whole neural circuit in mild depressive patients may
provide more relevant data. Furthermore, by combining
diffusion tensor imaging and magnetic resonance
spectroscopy, information on both the metabolism of
compounds and the diffusion process of the water
molecules can be obtained.

In the present study, we combined diffusion tensor and
'H-magnetic resonance spectroscopy imaging to
examine the microstructural and metabolic abnormalities
of the limbic-cortical-striatal-pallidal-thalamic neural
circuit in patients with mild depression. We hypothesized
that abnormal microstructural and metabolic changes
within the limbic-cortical-striatal-pallidal-thalamic circuit
are important factors in the functional pathophysiological
process of depression disorders. The aims of this study
were: (1) to explore whether the microstructural and
metabolic changes occur consistently in specific brain
regions within the neural circuit in patients with mild
depression; and (2) to examine for correlations between
detected microstructural changes, metabolic changes,
and the Hamilton depression score.

RESULTS

Quantitative analysis of subjects

A total of 19 cases of mild depression and 13 controls
were recruited into the study. All subjects were included
in the result analysis.

Baseline data

All subjects of the study were right-handed. The baseline
data are shown in Table 1. A two-independent samples
correcting t-test was used to compare ages between the
case and control groups. Results showed that there were
significant differences in age between the case and
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control groups (P < 0.05). A two independent samples
rank sum test was performed to compare the height and
weight of the subjects. Results showed that there were
no significant differences in height, weight or body mass
index between case and control groups (P > 0.05).

Table 1 Baseline data of the subjects

Case group Control group

2
Item (n=19) (n=13) t/x P
Gender (male/ female, n) 7112 5/8 - 1
Age (year) 31.4+7.6 25.9+1.4 t'=3.0350.007
Height (cm) 163.7#6.9 162.1+7.1 t=193.0 0.408
Weight (kg) 55.8+14.9 54.5+11.4 t=210.5 0.878
Body mass index (kg/m?)  22.1+5.1 20.2+4.7 t=1.089 0.285
Education (n) 0.000
Primary school 3 0
Middle school 4 0
High school 1 0
Undergraduate 11 0
Graduate student 1 13
HAMD score 22.5+13.2 <8 0.000

Hamilton depression (HAMD) (24-item): score < 8, no depression;
18 to 24, mild depression; 25 to 35, moderate depression; > 35,
severe depression. Measurement data are expressed as mean *
SD.

Microstructural and metabolic changes within the
limbic-cortical-striatal-pallidal-thalamic circuit in the
mild depression patients

There were no significant differences in
N-acetylaspartate (NAA), choline (Cho), creatine (Cr),
fractional anisotropy and average diffusion coefficient
from the regions of interest in the left and right
hemispheres in all subjects (P > 0.05). Thus, the mean
bilateral measurements were used for further analyses.
Compared with the control group, the depression
patients had a higher Cho/Cr ratio (t = 2.518, P = 0.021)
in the hippocampus, a lower Cho/Cr ratio (2.478, P =
0.021) and a higher fractional anisotropy (t = 4.364, P =
0.000) in the striatum, a lower fractional anisotropy (t =
3.515, P = 0.001) in the prefrontal deep white matter and
a higher average diffusion coefficient value (t = 2.152,

P = 0.043) in the thalamus (Table 2).

Correlation between detected microstructural
changes and metabolic changes within the
limbic-cortical-striatal-pallidal-thalamic circuit in
mild depression patients

Simple correlation analysis showed that the average
diffusion coefficient was negatively correlated (r = -0.515,
P = 0.041) with the Cho/Cr ratio in the hippocampus.
The fractional anisotropy was positively correlated (r =
0.629, P = 0.004) with the Cho/Cr ratio in the prefrontal
deep white matter. The Cho/Cr ratio was positively
correlated (r = 0.729, P = 0.002) with the NAA/Cr ratio
in the thalamus in mild depression patients (Table 3).
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Table 2 Differences in average diffusion coefficient (ADC)
(x10™° mm?s), fractional anisotropy (FA), choline/creatine
(Cho/Cr) and N-acetylaspartate/creatine (NAA/Cr) ratio of

the brain structures between patients and controls

Group ADC value  FAvalue Cho/Cr ratio Nf;:l(::r
Patient
Hippocampus 9.30+0.60  0.15+0.04  1.17+0.17% 1.35+0.23
PDWM 7.45:0.33  0.33£0.06" 1.45+0.25 2.08+0.27
Striatum 7.37+0.21  0.27£0.07° 1.06+0.23* 1.48+0.35
Thalamus 7.43+0.18% 0.47+0.11  1.16+0.25 2.03+0.35
Control
Hippocampus 9.09+0.58  0.16+0.44  0.96+0.16 1.35+0.21
PDWM 7.29+0.27 0.39£0.03  1.52+0.29 2.26+0.25
Striatum 7.33+0.21 0.16+£0.05 1.29+0.19 1.60+0.23
Thalamus 7.28+0.09 0.52+0.06  1.23+0.24 2.19+0.26

Data are expressed as mean * SD; there are 19 patients and 13
healthy controls. P < 0.05, °P < 0.01, vs. control group (two in-
dependent-sample t test). PDWM: Prefrontal deep white matter.

Table 3 Correlation among average diffusion coefficient
(ADC) (x10*° mm?s), fractional anisotropy (FA), cho-
line/creatine (Cho/Cr) and N-acetylaspartate/creatine
(NAA/Cr) ratio of the brain structures in patients using
simple correlation analysis

ADC and FA ADC and Cho/Cr
Position
r P r P
Hippocampus  -0.783 0.000 -0.515 0.041
PDWM -0.146 0.550 -0.028 0.909
Striatum 0.024 0.928 0.135 0.605
Thalamus -0.523 0.046 -0.267 0.335
ADC and NAA/Cr FA and Cho/Cr
Position
r P r P
Hippocampus -0.111 0.682 0.433 0.094
PDWM -0.210 0.388 0.629 0.004
Striatum 0.274 0.511 0.114 0.662
Thalamus 0.190 0.497 0.330 0.907
FA and NAA/Cr Cho/Cr and NAA/Cr
Position
r P r P
Hippocampus 0.232 0.386 0.027 0.920
PDWM 0.353 0.138 0.354  0.137
Striatum 0.318 0.214 0.293  0.255
Thalamus -0.334 0.518 0.729  0.002

PDWM: Prefrontal deep white matter.

Correlations between detected microstructural
changes, metabolic changes and Hamilton
depression scores within the limbic-cortical-
striatal-pallidal-thalamic circuit in mild depression
patients

Spearman rank correlation analysis showed that only the
thalamus was positively correlated with depression
severity (r = 0.654, P = 0.008; Table 4).

Table 4 Correlation between average diffusion coefficient
(ADC), fractional anisotropy (FA), choline/creatine
(Cho/Cr), N-acetylaspartate/creatine (NAA/Cr) ratio and
Hamilton depression (HAMD) scores in patients using
Spearman rank correlation analysis

ADC and HAMD FA and HAMD
Position
r P r P
Hippocampus 0.132 0.625 0.349 0.185
PDWM 0.162 0.509 0.157 0.522
Striatum 0.185 0.477 0.117 0.654
Thalamus 0.243 0.383 0.066 0.815
Cho/Cr and HAMD NAA/Cr and HAMD
Position
r P r P
Hippocampus 0.130 0.632 0.252 0.347
PDWM 0.262 0.279 0.104 0.672
Striatum 0.361 0.154 0.284 0.268
Thalamus 0.654 0.008 0.339 0.216

PDWM: Prefrontal deep white matter.

DISCUSSION

Assessment of metabolic and microstructural
changes based on combination of *H-magnetic
resonance spectroscopy imaging and diffusion
tensor imaging

'H-magnetic resonance spectroscopy results in the
present study showed that the Cho/Cr ratio of the
hippocampus in depression patients was higher than that
in controls, while there was no change in the NAA/Cr
ratio of the hippocampus. Increased choline level is a
'H-magnetic resonance spectroscopy imaging biomarker
that reflects increased membrane turnover and abnormal
phospholipid metabolism in glial cells. Our results are
consistent with prior studies in major depressive disorder
patients, which also reported higher choline levels in the
hippocampus™®**. The NAA level is a relatively
quantitative marker of neuron metabolism. Thus, the
normal NAA/Cr ratio in our patients may reflect a lack of
neuronal involvement. The normal fractional anisotropy
and average diffusion coefficient values provide further
support of intact neuronal structure. When combined with
diffusion tensor imaging and magnetic resonance
spectroscopy data, the hippocampus damage observed
in our youth depressive patients with a shorter disease
course may be predominantly functional rather than
structural. Milne et al ! also found no significant
differences in NAA between major depressive disorder
patients with different courses of illness and controls.

In the thalamus, we found an elevated average diffusion
coefficient in depressed patients compared with control
subjects, but no significant differences in the Cho/Cr ratio,
the NAA/Cr ratio and fractional anisotropy. These data
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support that the increased average diffusion coefficient in
the thalamus may reflect a predominantly
metabolic-functional change, which accelerates the
diffusion of water molecules in brain tissue without
significantly damaging the microstructure of neurons and
fibers in early disease course.

In the striatum, we found an elevated fractional
anisotropy in depressed patients compared with control
subjects. The neurofibrotic network between different
brain regions is connected via multiple neurofibrotic fiber
bundles®*®. Thus, the increased fractional anisotropy in
the striatum may reflect a relative reduction of fibers
perpendicular to the primary fiber direction or a relative
increase of fibers in the primary fiber direction.
Alternatively, the connectivity of fibers may be altered in
the striatum of depressed patients. The Cho/Cr ratio of
the striatum in our data was lower in depressed patients
than in controls, which contrasts with the significantly
higher Cho/Cr ratio previously reported in the striatum of
depression patients'*”?°!, Nevertheless, a significantly
lower Cho/Cr level was reported in one study in patients
with depression®!.

Most major depressive disorder patients typically exhibit
a significant increase in choline levels in the
limbic-cortical-striatal-pallidal-thalamic circuit on
'H-magnetic resonance spectroscopy imaging. An
increased choline level is considered a reflection of
increased cell membrane turnover, abnormal
phospholipid metabolism and abnormal signal
transduction. However, the peak choline level is
correlated with disease course and depression severity,
and this abnormal change in the
limbic-cortical-striatal-pallidal-thalamic circuit is an
adaptive impairment that reflects glial cell loss with
neuronal shrinkage rather than neuronal loss; these
changes are only transient, however. Treatment with
antidepressants may also result in a significant decrease
in the Cho/Cr level in the basal ganglia in depressed
patients™*®. Compared with previous studies in major
depressive disorder patients™™ ", patients in our group
had a shorter disease course (one week to three years)
and lower depression scores (79% of case < 35).
Furthermore, some patients were on antidepressant
medications. Thus, we suggest that patients with lower
depression severity, and possibly some patients in
antidepressant therapy, may show a lower choline level
due to reduced cellular damage and enhanced repair of
metabolic abnormalities in the disease course.

In the prefrontal lobe, our diffusion tensor imaging data
showed a reduction in fractional anisotropy in depressed
patients compared with control subjects, which is
consistent with other studies®?4, The decreased
fractional anisotropy indicates an abnormal change in
nerve fibers, including a reduction in connectivity,
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structural integrity, fiber numbers and volume in regions
of the limbic-cortical-striatal-pallidal-thalamic circuit.
Histopathological analysis™ has confirmed a reduction of
glial cells (predominantly oligodendrocytes) in the
prefrontal cortex in major depressive disorder patients
and bipolar depressive patients, which might be
secondary to an effect on the myelin sheath, resulting in
demyelination, abnormal oligodendrocyte development
and diminution or atrophy of myelinated axons. There is
supporting evidence for a significant reduction in the
concentration of myelin-basic protein in the frontal polar
cortex in major depressive disorder subjects, and a
simultaneous decrease in staining for myelin sheaths in
the frontal deep white matter in major depressive
disorder and bipolar depressive subjects. The decreased
fractional anisotropy on diffusion tensor imaging in the
prefrontal white matter might also indicate a decrease in
the projecting fibers (which are predominantly
dopaminergic) from the prefrontal cortex, resulting in
decreased inhibition of the amygdala and striatum, and a
simultaneous increase in projecting fibers from the
disinhibited striatum as indicated by the increase in
striatal fractional anisotropy.

Correlation analysis showed both positive and negative
correlations between various diffusion tensor imaging
and 'H-magnetic resonance spectroscopy imaging
parameters; these parameters reflect the microstructural
or metabolic changes in brain areas within the neural
circuit. For example, there was a positive correlation
between the Cho/Cr ratio and the NAA/Cr ratio in the
thalamus and a positive correlation between fractional
anisotropy and the Cho/Cr ratio in the prefrontal white
matter, as well as a negative correlation between the
average diffusion coefficient and the Cho/Cr value in the
hippocampus. These correlation analyses suggest that
the detected microstructural abnormalities and metabolic
abnormalities in our patients may be dependent on the
activity or degree of such alterations over the course of
the disease. We considered that the positive correlation
between the Cho/Cr ratio in the thalamus and depression
severity (Hamilton depression score) of depressive
patients was functional rather than structural in our
patients. A normal Cho/Cr level on *H-magnetic
resonance spectroscopy imaging does not necessarily
suggest no mild metabolic and biochemical changes of
nerve fibers and the myelin sheath™*°!. Our correlation
analysis was also based on a relatively small sample
number, which may increase the possibility of statistical
errors. Future studies in a larger patient sample are
required to validate these results.

In summary, we found evidence of abnormal connectivity
in neurofibrotic microstructures and abnormal metabolic
alterations in the limbic-cortical-striatal-pallidal-thalamic
neural circuit in depression patients, although these
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abnormalities were not consistently observed on
diffusion tensor imaging and *H-magnetic resonance
spectroscopy imaging in every component of the circuit.
The micro-structural changes mainly manifested in the
prefrontal lobe white matter (lower fractional anisotropy),
striatum (higher fractional anisotropy) and thalamus
(higher average diffusion coefficient), while the metabolic
changes mainly manifested in the hippocampus (higher
Cho/Cr) and striatum (lower Cho/Cr). Of note, it is
possible that the functional and metabolic changes in our
patients with lower depression severity may differ from
those in major depressive disorder or refractory
depressive patients.

Role of abnormal metabolic and microstructural
alterations in limbic-cortical-striatal-pallidal-thalamic
circuit in the pathogenesis of depression

There are multiple hypotheses concerning the
pathogenesis of depressive disorders. In a study
examining the molecular mechanisms of brain plasticity
based on neurophysiology and neuroimaging, Kulak

et al ® found that neural circuits and connectivity of
nerve fibers underwent a process of reconstruction and
repair in depression patients. This process of adaptive
changes related to brain function generated by internal
and/or external stimulus was termed neural plasticity. By
contrast, there is also evidence that disorders in neural
plasticity may result in mood disorders, including
depression®®. This hypothesis may explain the magnetic
resonance spectroscopy and diffusion tensor imaging
findings in our study.

In a large study of human functional and structural
imaging data, as well as clinical and histological analyses,
Yamada et al *® reported that the
limbic-cortical-striatal-pallidal-thalamic circuit was
centrally involved in mood disorders. It has also been
suggested that a complex neural network exists between
specific structures in this loop, with extensive
overlapping and interconnection. Thus, a specific
hypothesis on the pathophysiology of depression has
been proposed, as follows™: In depression patients, the
lower activity of dopamine in the prefrontal cortex leads
to disinhibition of the limbic system-striatum (disinhibition
of the amygdala and striatum), which results in
over-inhibition of the ventral pallidum. Simultaneously,
the connection with the mediodorsal thalamus is
decreased, which ultimately results in disinhibition of the
excitatory circuit joining of the mediodorsal thalamus,
prefrontal cortex and the amygdala.

The hippocampus exhibits an extensive connection with
other structures of the limbic system, and plays a role in
modulating and maintaining the interaction between the
amygdala and the prefrontal cortex. Our results showed
that the Cho/Cr ratio of the hippocampus was higher in

depressive patients than the controls, suggesting an
abnormal membrane phospholipid metabolism and
abnormal signal transduction system in the hippocampus.
The lower fractional anisotropy in the prefrontal deep
white matter suggests that the effective output from the
prefrontal cortex may be reduced, while the higher
fractional anisotropy in the striatum suggests that
projections may be enhanced in a preferential fiber
direction. These fractional anisotropy changes are
consistent with the aforementioned hypothesis. Moreover,
the positive correlation between the Cho/Cr ratio in the
thalamus and depression severity in our patients
suggests a role for altered thalamic metabolism in the
process of depression.

There are a number of potential limitations of this study.
The experimental methods should be further optimized,
and the analysis of depression onset age, duration of
depression, medication history, gender and education
level of the subjects should be considered if a large
sample is available. Furthermore, some anatomic
structures that are close to the cranial base, including the
hippocampus, can affect the baseline stability of the
spectral line by partial volume effects.

In summary, the abnormal fractional anisotropy in the
striatum and the prefrontal deep white matter may
indicate abnormal connectivity in the
limbic-cortical-striatal-pallidal-thalamic neural circuit in
patients with mild depression. Furthermore, the abnormal
alterations of Cho/Cr and NAA/Cr ratios in the
corresponding areas suggest functional and metabolic
abnormalities in this circuit. These functional and
metabolic changes in patients with mild depression may
differ from those in major depressive disorder patients.

SUBJECTS AND METHODS

Design
Case control study with neuroimaging.

Time and setting
The study was conducted in December 2010 at the Third
Affiliated Hospital of Sun Yat-sen University in China.

Subjects

From July 2006 to December 2010, 19 adults in the Third
Affiliated Hospital of Sun Yat-sen University, with
clinically confirmed depression, were recruited in the
study. The patients were selected according to the
International Classification of Diseases®” and the
Chinese Classification of Mental Disorders Version 3
criteria®®. The age of first onset ranged from 14 to 41
years of age. The course lasted from one week to three
years. All subjects were right-handed. The main clinical
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symptoms in depressed subjects included passive
contact, depressed emotion, negative action and activity
decrease. Control subjects were recruited from the
volunteers of the Third Affiliated Hospital of Sun Yat-sen
University. All subjects were right-handed. Exclusion
criteria for participation in this study included a history of
neurological illness, serious medical illness and
substance abuse.

There were no structural or signal intensity abnormalities
observed on routine MRI in all subjects. All subjects gave
written informed consent for participation in this study,
which was in accordance with the ethical approval of
Declaration of Helsinki.

Methods

MRI examination

All images were produced from a 1.5 T MRI scanner
(Signa Excite Il; GE Healthcare, Bethesda, MD, USA)
with a signal-channel phased-array head coil. Diffusion
tensor imaging and *H-magnetic resonance
spectroscopy imaging studies were performed on all
subjects. Point resolved spectroscopy and chemical shift
selective pulses were applied in *H-magnetic resonance
spectroscopy imaging. Single-voxel *H-magnetic
resonance spectroscopy was conducted using a short
echo point resolved spectroscopy sequence (echo time =
30 ms, repetition time = 1 500 ms, field of view = 24 cm x
24 cm, voxel = 20 x 20 x 20 mm3, FMNH < 4 Hz, number
of excitations = 8). The voxel was placed on the
hippocampus. A two-dimensional multi-voxel technique

was used on the striatum, thalamus and prefrontal deep
white matter. Scanning parameters were: repetition
time/echo time = 1 000 ms/144 ms, field of view =

24 cm x 24 cm, phase matrix = 18 x 18, slice thickness
10 mm, FMNH < 10 Hz, and number of excitations = 1.
The local magnetic field homogeneity was optimized with
the three-plane auto-shim procedure, and the flip angle
of the third water suppression pulse was adjusted for
chemical shift selected prior to point resolved
spectroscopy acquisition.

Regions of interest were carefully selected to avoid
partial volume averaging from the cerebral spinal fluid
and bone (Figure 1). Multi-voxel spectroscopy data were
transferred to the GE AW4.1 workstation for
post-processing with Functool 1l software. NAA, Cho and
Cr concentrations, and the NAA/Cr and Cho/Cr ratios,
were measured.

A single-shot diffusion weighted echo-planar imaging
sequence was performed on diffusion tensor imaging.
Scanning parameters were: repetition time/echo time =
8 000.0 ms/84.7 ms, field of view = 24 cmx 24 cm, and
matrix = 128 x 128. Transverse sections of 3 mm thickness
were acquired parallel to the anterior commissure-
posterior commissure line. Scan sections covered the
entire hemisphere and brainstem without gaps. Diffusion
weighting encoded along 25 independent orientations,

b = 1 000 s/m®. The acquisition time per dataset was
approximately 9 minutes. The diffusion tensor imaging
datasets were transferred to the workstation and
processed by using Functool software (GE Healthcare).

Figure 1 T2-weighted fluid attenuated
inversion recovery image (A) and
"H-magnetic resonance spectroscopy
imaging with a two-dimensional multi-voxel
technique (B); average diffusion coefficient
(C) and fractional anisotropy (D) images.

Regions of interest for measurements of
average diffusion coefficient, fractional
anisotropy, choline/creatine and
N-acetylaspartate/creatine ratio in the right
striatum (circle or pane). R: Right.
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Using the same size and location of region of interest
used in the previous "H-magnetic resonance
spectroscopy imaging scanning, fractional anisotropy
and average diffusion coefficient values were measured
on the hippocampus, prefrontal deep white matter,
striatum and thalamus.

Statistical analysis

The average diffusion coefficient, fractional anisotropy,
NAA/Cr ratio and Cho/Cr ratio of the hippocampus,
prefrontal deep white matter, striatum and thalamus in
the depressed and control subjects were analyzed with
SPSS 16.0 (SPSS, Chicago, IL, USA). First, an
independent-sample t test was used to analyze
difference in the average diffusion coefficient, fractional
anisotropy, NAA/Cr ratio and Cho/Cr ratio between both
hemispheres in all patients, and between control and
patient groups. Second, a simple correlation analysis
was performed for the average diffusion coefficient,
fractional anisotropy, NAA/Cr ratio and Cho/Cr ratio of
the region of interest in the depressed group. Finally, a
Spearman rank correlation analysis was performed for
the average diffusion coefficient, the fractional anisotropy,
the NAA/Cr ratio, the Cho/Cr ratio and the Hamilton
depression score. A value of P < 0.05 was considered
statistically significant. Fisher’s exact test was used to
analyze the difference of the gender between the
patients and controls.
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