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1. Introduction
Convergent evidence suggests dysfunction of neural circuitry implicated in major depressive
disorder (MDD) (Lockwood et al., 2002; Tekin and Cummings, 2002). Several brain
regions, such as the frontal cortex, cingulate cortex, hippocampus, amygdala and parietal
lobe have demonstrated involvement in this disorder by both morphometric (Andreescu et
al., 2008; Egger et al., 2008; Koolschijn et al., 2009; Tang et al., 2007; Vasic et al., 2008)
and functional (Dichter et al., 2009; Matthews et al., 2009; Wagner et al., 2008; Wang et al.,
2008a; Wang et al., 2008b; Yang et al., 2009) magnetic resonance imaging (MRI) studies.
Additional evidence from postmortem studies further supports the involvement of white
matter which providessubstantial connections within those regions in the pathophysiology of
MDD. For example, altered deep white matter myeline staining and hyperintensities were
observed in the prefrontal cortex in MDD subjects (Regenold et al., 2007; Thomas et al.,
2002). Taken together with the findings on oligodendroglial density in the prefrontal cortex
in MDD (Uranova et al., 2004), abnormalities of white matter within those circuitries may
be directly relevant to the pathophysiology of MDD.

Diffusion tensor imaging (DTI), an MRI technique, can provide information about white
matter microstructure integrity in vivo by measuring the magnitude and direction of water
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diffusion and has been used successfully to investigate white matter abnormalities in several
psychiatric disorders (White et al., 2008). Two DTI measurements (Le Bihan, et al., 2001),
fractional anisotropy (FA) measuring the principle directionality of water diffusion and
apparent diffusion coefficient (ADC) providing the overall evaluation of the water diffusion,
have been widely used in recent studies. Increasing DTI studies have suggested that white
matter abnormalities play a key role in MDD pathphysiology (Alexopoulos et al., 2002;
Alexopoulos et al., 2008; Bae et al., 2006; Li et al., 2007; Ma et al., 2007; Nobuhara et al.,
2004; Nobuhara et al., 2006; Taylor et al., 2008; Taylor et al., 2007; Taylor et al., 2004;
Yang et al., 2007; Zou et al., 2008). However, results are inconsistent in these studies,
probably due to differences in sample age, sex distribution, medication exposures, age of
illness onset, illness duration and number of acute episodes. Additionally, different DTI
methodologies, such as region of interest (Bae et al., 2006; Li et al., 2007; Taylor et al.,
2008), fiber tracking (Malykhin et al., 2008), tract-based spatial statistics (Kieseppa et al.,
2010) and voxel base DTI (Ma et al., 2007; Zou et al., 2008) were applied in these studies,
possibly contributing to differences in results as well. In order to minimize chronicity-
related confounds and treatment variables, we performed a voxel-based DTI study to
examine whole brain white matter abnormalities in single-episode, medication-naive MDD
participants with duration of illness less than 3 months in the present study.

2. Methods
2.1. Participants

We recruited 23 patients with diagnosed MDD from outpatients at the Department of
Psychiatry, First Affiliated Hospital of China Medical University. All MDD participants
were diagnosed by two trained psychiatrists individually using the Structured Clinical
Interview for DSM-IV and met the following inclusion criteria: fulfilling DSM-IV criteria
for major depressive disorder, single depressive episode; duration of illness less than 3
months; aged 18 to 45; no comorbid Axis I or II diagnosis; having a score of at least 17 on
the 17-item Hamilton Depression Rating Scale (HDRS-17) (Hamilton, 1960); as well as, no
history of psychotropic medication, electroconvulsive therapy or psychotherapy.

We also recruited 21 healthy controls (HC) matched for sex, age and education by
advertisements. The Structured Clinical Interview for DSM-IV confirmed the absence of
DSM-IV Axis I or II disorders. Subjects with a history of mood disorders in their first-
degree family members were excluded. Table 1 presents detailed demographic and clinical
data of participants.

Exclusion criteria for all participants included: any MRI contraindications; history of head
injury or neurological disorder; any concomitant medical disorder. All participants were
right-handed and were scanned within 48 hours of initial contact. The participants provided
written informed consent after detailed description of the study. The study was approved by
the Institutional Review Board of the China Medical University.

2.2. MRI acquisition and image processing
All MRI scans were performed on a GE Signa 1.5 T MR scanner (General Electric,
Milwaukee, USA) at the First Affiliated Hospital of China Medical University, Shenyang,
China. Head motion was minimized with restraining foam pads. A standard head coil was
used for radiofrequency transmission and reception of the nuclear magnetic resonance
signal. Diffusion tensor images were acquired using spin-echo planar imaging sequence,
parallel to the anterior-posterior (AC-PC) plane. The diffusion sensitizing gradients were
applied along thirteen non-collinear directions (b=1000 s/mm2), together with an axial
acquisition without diffusion weighting (b=0). Scan parameters were repetition time (TR) =
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12000 ms; echo time (TE) = 95 ms; image matrix = 256×256; FOV = 24×24 cm2; NEX = 5;
37 contiguous slices of 4 mm and no gap resulting in voxels of 0.94×0.94×4 mm3; scan time
14 min.

Diffusion tensor matrices, FA and ADC were calculated with DTI-Studio software (version
2.40, Johns Hopkins University, Baltimore, MD). The b=0 image was normalized to the
standard Montreal Neurological Institute (MNI) space using nonlinear registration with
Statistical Parametric Mapping 5 (SPM5) (http://www.fil.ion.ucl.ac.uk/spm), then the
transformation matrix was applied to the FA and ADC maps. All images were resampled
with a final voxel size of 2×2×2 mm3 and spatially smoothed by a 6-mm full width half
maximum Gaussian kernel.

2.3. Statistical Analysis
Independent-sample t tests and x2 tests were used to compare demographic data, HDRS
scores between the MDD and HC group with SPSS 13.0 software (SPSS Inc, Chicago,
Illinois). Two-sample t tests were performed in a voxel-by-voxel manner with SPM. The
findings were considered statistically significant at a height threshold of p < 0.001 (two-
tailed, uncorrected) and an extension threshold of 30 voxels.

3. Results
We included 23 MDD patients (10 men, 13 women) with a mean age of 31.4 (standard
deviation [SD] 8.8, range 18–45) years and 21 healthy controls (9 men, 12 women) with a
mean age of 30.4 (standard deviation [SD] 8.2, range 18–45) years. The mean number (and
SD) of education years was 12.3 (3.2) years for patients and 12.7 (3.4) years for controls.
Among patients, the mean duration of illness was 2.17 (SD 0.78) months and the mean
HDRS score was 21.8 (SD 3.8). There were no significant differences in sex, age, education
between the MDD group and the HC group. The MDD group had significantly higher
HDRS scores than the HC group (Table 1).

Compared with the HC group, the MDD group had lower FA values in the right superior
longitudinal fasciculus within the frontal lobe (MNI coordinates: x=42, y=24, z=20, 71
voxels, t =4.37, df=42, p<0.001, uncorrected), right middle frontal white matter (MNI
coordinates: x=28, y=52, z=10, 42 voxels, t =4.05, df=42, p<0.001, uncorrected) and left
inferior parietal lobe (MNI coordinates: x=−42, y=−33, z=41, 39 voxels, t =4.45, df=42,
p<0.001, uncorrected) (Figure 1). Analogously, the MDD group had higher ADC values in
above three regions: the right superior longitudinal fasciculus within the frontal lobe (MNI
coordinates: x=42, y=22, z=22, 142 voxels, t =5.77, df=42, p<0.001, uncorrected), right
middle frontal white matter (MNI coordinates: x=28, y=50, z=12, 65 voxels, t =4.96, df=42,
p<0.001, uncorrected) and left inferior parietal lobe (MNI coordinates: x=−44, y=−34, z=44,
61 voxels, t =4.66, df=42, p<0.001, uncorrected). There was no region showing significantly
increased FA values or decreased ADC values in the MDD group, compared to the HC
group.

4. Discussion
In this study, we found lower FA and higher ADC values in the right SLF within the frontal
lobe, right middle frontal, and left inferior parietal white matter in single-episode,
medication-naive MDD participants with duration of illness less than 3 months, compared to
HC subjects. To our knowledge, this study provides the first evidence of white matter
abnormalities in the MDD sample with minimized influences by chronicity-related
confounds and treatment variables; notably, these deficits emerge in the early stages of
illness (the illness duration less than 3 months). Interestingly, a previous DTI study with
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medication-naive MDD participants with longer duration of illness (3–24 months) showed
similar findings of reduced FA values in frontal white matter(Ma et al., 2007). While our
study found the differences between the groups both in FA values and in ADC values,
suggesting that MDD patients may exhibit not only abnormalities in orientation or
organization of the fiber tracts but also in the overall diffusion (Le Bihan et al., 2001). Taken
together, these findings suggest frontal and parietal white matter abnormalities identified by
DTI may play an important role in the development of MDD pathophysiology.

The SLF is a major intrahemispheric fiber tract. The major bundle originates from the dorsal
lateral prefrontal cortex (DLPFC) and terminates in the parietal lobe, which comprises the
DLPFC-parietal circuitry (Schmahmann et al., 2007). The SLF also provides connection
between the frontal cortex and the occipital and temporal lobes (Makris et al., 2005).
Convergent evidence suggests that dysfunctions of the DLPFC and its relative circuitries can
lead to abnormal cognition and emotional regulation in MDD (Tekin and Cummings, 2002).
Recent fMRI studies further support this hypothesis (Aizenstein et al., 2009; Fales et al.,
2008; Halari et al., 2009; Hooley et al., 2009; Schlosser et al., 2008; Vasic et al., 2009). The
current findings of lower FA values in the SLF, middle frontal and parietal lobes provide
further evidence that dysfunction of the DLPFC-parietal circuitry may play an important
role in MDD pathophysiology. Since our sample consists of medication-naive patients at
first episode, our findings suggest that white matter abnormalities may be present in the
early stages of MDD and are not the result of medication exposure.

Previous DTI studies in geriatric MDD mainly found frontal and temporal white matter
abnormalities (Bae et al., 2006; Nobuhara et al., 2006; Taylor et al., 2004; Yang et al.,
2007). However, findings differ in MDD studies of younger samples, which reported white
matter abnormalities in more wide-spread regions. For example, the middle frontal, the
lateral occipitotemporal and the parietal white matter abnormalities were identified in our
current study (23 medication-naive MDD participants aged 18–45, with single depressive
episode, duration of illness less than 3 months), as well as Ma’s study (14 medication-naive
MDD participants aged 20–41, with comparatively longer duration of illness, 3–24 months)
(Ma et al., 2007). Zuo et al found abnormalities in the internal capsule and the inferior
parietal portion of SLF in forty-five MDD participants aged 18–55 (Zou et al., 2008). This
may suggest different pathophysiology in younger adults with MDD compared to geriatric
MDD.

This study was not without limitations. Firstly, the right SLF, middle frontal, and left
inferior parietal white matter survived an uncorrected threshold of p<0.001, and similarly,
this threshold was applied in previous study (Ma et al., 2007). However, if the analyses were
performed with false discovery rate whole brain corrected, no significant difference was
detected between the two groups. Therefore, these findings are preliminary and further
investigation with larger sample size is required. Secondly, only voxel-based DTI analyses
were performed in the study to explore whole brain white matter abnormalities in MDD
participants; however, there are some potential problems with this technique. For example,
for the traditional voxel-base DTI analyses, there is no satisfactory solution to aligning FA
images from multiple subjects (Smith et al., 2006). Additionally, Jones et al. demonstrated
that the applications of different spatial smoothing extent can give rise to varying results
(Jones, et al. 2005). Further investigation with complementary DTI techniques, such as
combining tract-based spatial statistics, would be important.

In summary, our results demonstrate abnormalities in SLF, middle frontal and parietal white
matter in the early stage of MDD and suggest that these abnormalities may play a key role in
the pathophysiology of MDD.
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Figure 1.
The images display the regions where fractional anisotropy values were lower (p<0.001) in
the major depressive disorder group, compared to the healthy control group, in the right
superior longitudinal fasciculus (A) (71 voxels), right middle frontal white matter (B) (42
voxels) and the left inferior parietal white matter (C) (39 voxels).
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Table 1

Demographic and Clinical Data of Subjects

MDD patients
(n=23)

Healthy control subjects
(n=21)

Age (years, mean±S.D.) 31.4±8.8 30.4±8.2 t=0.39 df=42 p=0.70

Sex (male/female) 10/13 9/12   x2=0.002 df=1 p=0.97

Education (years, mean±S.D.) 12.3±3.2 12.7±3.4 t=0.37 df=42 p=0.71

HDRS score (mean±S.D.) 21.8±3.8 0.9±0.8 t=24.8 df=42 p=0.000

Duration of illness (months, mean±S.D.) 2.17±0.78

S.D.: standard deviation

MDD: major depressive disorder

HDRS: Hamilton Depression Rating Scale
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