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Impaired integrity of the brain parenchyma in non-geriatric patients with 

major depressive disorder revealed by diffusion tensor imaging 
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Abstract  

Diffusion tensor imaging (DTI) is considered to be able to non-invasively quantify 

white matter integrity. This study aimed to use DTI to evaluate white matter integrity in 

non-geriatric patients with major depressive disorder (MDD) who were free of 

antidepressant medication.  DTI was performed on 19 non-geriatric patients with MDD, 

free of antidepressant medication, and 19 age-matched healthy subjects. Voxel-based and 

histogram analyses were used to compare fractional anisotropy (FA) and mean diffusivity 

(MD) values between the two groups, using two-sample t tests. The abnormal DTI indices, 

if any, were tested for correlation with disease duration and severity, using Pearson 

product-moment correlation analysis. Voxel-based analysis showed clusters with FA 

decrease at the bilateral frontal white matter, anterior limbs of internal capsule, cerebellum, 

left putamen and right thalamus of the patients (uncorrected P <0.001). Histogram analysis 

revealed lower peak position of FA histograms in the patients (P =0.00097). FA values of 

the abnormal clusters and peak positions of FA histograms of the patients exhibited 

moderate correlation with disease duration and severity (P <0.05). These results suggest 

implication of frontal-subcortical circuits and cerebellum in MDD, and the potential utility 

of FA in evaluation of brain parenchymal integrity. 

 

 

 

 

 



3 
 

Keywords 

Fractional anisotropy 

Mean diffusivity 

Voxel-based analysis 

Histogram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

1. Introduction 

 Major depressive disorder (MDD) is a common disorder with a chronic pattern of 

recurrence and a lifetime prevalence of 16.2% (Kessler et al., 2003). It is the fourth most 

disabling medical condition worldwide based on disability-adjusted life years (Greenberg et 

al., 1993). The neurobiology of MDD is not completely understood. A number of previous 

studies involving morphometric analysis using optical dissector methodology, voxel-based 

morphometry using magnetic resonance imaging (MRI), single photon emission computed 

tomography (SPECT), and positron emission tomography (PET) have reported a reduction 

in cortical thickness and the density of cortical neurons, as well as alterations in cerebral 

blood flow or glucose metabolism of cerebral cortices in MDD. These results are 

suggestive of gray matter pathology (Graff-Guerrero et al., 2004; Uranova et al., 2004; 

Egger et al., 2008; Fujimoto et al., 2008). On the other hand, recent converging evidence 

based on the findings of diffusion tensor imaging (DTI) is suggestive of abnormalities of 

white matter or frontal-subcortical circuits (e.g. Tekin and Cummings., 2002; Bae et al., 

2006; Nobuhara et al., 2006; Shimony et al., 2009). 

 DTI is an MRI technique which can quantify white matter integrity noninvasively 

and in vivo (Moseley, 2002). This technique enables quantification of white matter integrity 

through its ability to detect motion of water molecules. Many studies suggest that DTI can 

uncover the microstructural white matter abnormalities that cannot be detected by other 

MRI techniques (e.g. Nagesh et al., 2008; Tha et al., 2010). It has also been reported that 

the abnormalities revealed by DTI correlate significantly with clinical severity in various 

white matter pathologies (e.g. Della Nave et al., 2007; Tha et al., 2010). Two major indices 



5 
 

– fractional anisotropy (FA) and mean diffusivity (MD), are usually used to quantify 

microstructural white matter integrity by DTI (Moseley, 2002). FA quantifies the degree of 

directional coherence, whereas MD quantifies the degree of magnitude of water diffusion.  

The major DTI indices are usually evaluated by either one or more of the following 

techniques: region-of-interest (ROI)-based analysis, tract (tractography)-based analysis, 

histogram analysis, and voxel-based analysis (Jones et al., 2005; Taoka et al., 2007). ROI-

based and tract (tractography)-based analyses are usually chosen if there is known targeted 

anatomical area or tract to be evaluated. The latter two techniques are better suited if the 

area of involvement is not known, or when an a priori spatial selection and hypothesis are 

not made. In addition, the latter two techniques do not involve placement of ROI  which 

requires an operator with expertise in neuroanatomy and involves some inherent 

subjectivity (Marquez de la Plata et al., 2011). Previous DTI studies on MDD have been 

performed using ROI-based analysis, voxel-based analysis, and/ or tract (tractography)-

based analysis (e.g. Taylor et al., 2004; Malykhin et al., 2008; Korgaonkar et al., 2011; Wu 

et al., 2011). Regarding selection of patients, the majority of these studies were performed 

on geriatric patients and the patients under antidepressant medication (e.g. Alexopoulos et 

al., 2002; Yang et al., 2007; Alexopoulos et al., 2008; Zou et al., 2008). The results of these 

studies revealed impaired white matter integrity in these patients. However, it is possible 

that the findings of these studies were confounded by age-related pathology and/ or the 

effect of antidepressant medication (Korgaonkar et al., 2011). With aging, the FA values of 

all white matter tracts decrease and their MD values increase (Sala et al., 2012). There have 

also been a few reports about the effect of antidepressant medication on white matter 
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integrity (Yoo et al., 2007; Sijens et al., 2008; Taylor et al., 2011). Normalization of FA 

and MD values of cerebral white matter after treatment with antidepressants such as 

citalopram, fluoxetine, and sertraline, as well as decrease in the FA values of the right 

posterior thalamic radiation following treatment with citalopram,  have been documented 

 suggestive of the modification of white matter integrity by antidepressant medication. 

The number of DTI studies performed on non-geriatric patients who were free of 

antidepressant medication is limited (Li et al., 2007; Ma et al., 2007; Korgaonkar et al., 

2011; Ouyang et al., 2011; Wu et al., 2011; Zhu et al., 2011). Although the results of these 

preliminary studies suggest impaired white matter integrity in MDD, the location of 

abnormalities is inconsistent among the studies and their results are not replicable 

(Korgaonkar et al., 2011; Wu et al., 2011)  calling for the need for further investigations.   

 This study was aimed to evaluate white matter integrity in non-geriatric (e.g., <65 

years) patients with MDD who were free of antidepressant medication for at least 6 months, 

by using voxel-based and histogram analyses of DTI. It was hypothesized that these 

patients would have impaired integrity of white matter that could be depicted by DTI. 

 

2. Methods 

2.1. Participants 

This prospective study was approved by the local institutional review board. Written 

informed consent was obtained from all participants.  

The patients were recruited during a 35-month period (August, 2007 to March’ 

2010), at the Department of Psychiatry, Hokkaido University Hospital. Inclusion criteria for 
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the patients were age between 20 and 64 years (Waxman et al., 1982; Korgaonkar et al., 

2011), diagnosis of MDD according to the Diagnostic and Statistical Manual, Fourth 

Edition, Text Revision (DSM-IV-TR), and being free of antidepressant medication for at 

least 6 months. Exclusion criteria were absolute contraindications for MRI, comorbid axis I 

or II disorders, history of electroconvulsive therapy, history of diseases that might affect 

white matter integrity (e.g. infarct, hemorrhage, migraine), and significant abnormality on 

conventional MRI sequences {i.e., T2-weighted imaging (T2WI) and fluid-attenuated 

inversion recovery (FLAIR) imaging sequences}. Of 25 patients who fit the inclusion 

criteria, 19 patients were eligible for the study.  No patients had any psychotic features. 

Eleven patients were never treated with antidepressants. The remaining eight patients had a 

previous history of medication with one or more antidepressant agents, but had been free of 

the medication for at least 6 months.  

To obtain normal control data, MRI was also performed on 19 age-matched normal 

subjects. Exclusion criteria were absolute contraindications for MRI, axis I or II disorders, 

history of diseases that might affect white matter integrity, and any obvious abnormality on 

the conventional MRI sequences. Psychiatric diseases were excluded through a short-

structured diagnostic interview (Mini-International Neuropsychiatric Interview; 

MINI)(Sheehan et al., 1998).  

The demographic characteristics of the patients and control subjects are summarized 

in Table 1.  

 

2.2. MRI 
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In all patients, MRI was performed on the day of first clinical consultation for the 

current episode or the day on which the diagnosis was made. There was no undue delay in 

the prescription of antidepressant medication for the purpose of this study.  

MRI was performed using a 1.5-T imager and a standard head coil. The participants 

were asked not to move their heads during the examination, and foam pads were used to 

minimize involuntary head motion. An axial single-shot spin-echo echo-planar imaging 

sequence was used for DTI. Parameters included the following: repetition time (TR)/echo 

time (TE), 5100/139 ms; b value (b), 1000 s mm-2; diffusion-encoding gradients, 12 

directions; number of signals acquired, two; field of view (FOV), 240 x 240 mm; matrix 

size, 128 x 128 (interpolated into 256 x 256); pixel size, 1.875 x 1.875 mm; intersection 

gap, 1.5 mm; section thickness, 5 mm; and section number, 23. Echo-planar images with no 

diffusion weighting (b = 0 s mm-2) were also obtained for use in spatial normalization and 

coregistration.  

In addition to DTI, axial fast spin-echo T2WI (TR/TE, 4540/96 ms; effective echo 

train length (ETLeff), 7; FOV, 180 x 240 mm; matrix size, 185 x 448; pixel size, 0.973 x 

0.536; intersection gap, 1.5 mm; section thickness, 5 mm; and section number, 23), axial 

fast FLAIR imaging (TR/TE, 9000/104 ms; inversion time (TI), 2500 ms; FOV, 180 x 240 

mm; matrix size, 192 x 256; pixel size, 0.938 x 0.938; intersection gap, 1.5 mm; section 

thickness, 5 mm; and section number, 23), and three-dimensional T1-weighted imaging 

with a magnetization-prepared rapid acquisition gradient-echo (MPRAGE) sequence 

(TR/TE, 1900/3.9 ms; TI, 1100 ms; flip angle, 15; FOV, 250 x 250 mm; matrix size, 256 x 
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256; pixel size, 0.978 x 0.978; gapless; section thickness, 1 mm; imaging plane, coronal; 

and section number, 240) were also acquired.  

 

2.3. Image processing and analysis 

2.3.1. Construction of FA and MD maps 

 FA and MD maps were constructed on a workstation from the diffusion tensor 

images, according to the methods of Basser and Pierpaoli (1996) (Dr.View/LINUX R2.5.0; 

AJS, Tokyo, Japan). To ensure computation only of tensors inside the brain rather than the 

surrounding air, a brain mask, computed based on the signal intensity of diffusion tensor 

images, was applied to the diffusion tensor images. 

 

2.3.2. Voxel-based analysis 

 The steps involved all closely followed those of a previous report (Tha et al., 2010). 

First, the customized FA and MD templates were built from the FA and MD maps of the 

control subjects. For this purpose, the echo-planar images with no diffusion weighting of 

each control subject were first warped to the standard echo-planar template of statistical 

parametric mapping software (SPM5, www.fil.ion.ucl.ac.uk), by using default parameters. 

This transformation information was then applied to the FA and MD maps of each subject. 

The warped FA and MD maps were averaged and smoothed with a 6-mm full-width half-

maximum (FWHM) Gaussian kernel, to form the customized FA and MD templates. Visual 

review of the output images was performed to ensure that no obvious registration error was 

encountered.   
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 Next, the native FA and MD maps of all patients and control subjects were warped 

to the customized FA and MD templates, respectively. The parameters applied were the 

same as those described previously. Visual review of all warped images was performed to 

ensure that no obvious registration error was encountered. Individual maps were then 

smoothed with a 6-mm FWHM Gaussian kernel.  

 Warped and smoothed FA and MD maps of the patients and control subjects were 

next compared voxel-by-voxel by using a two-sample t test. The analysis was restricted to 

the area covered by a mask (void of cortical gray matter and ventricles)  which was 

developed from the customized FA template by discarding voxels with an FA value of less 

than 0.2 (MRIcron, www.cabiatl.com/mricro/mricron). Uncorrected P value of less than 

0.001 and a cluster size of greater than 50 voxels were considered significant. The FA and 

MD values of the clusters in the patients which differed significantly from the control 

subjects, if any, were measured (MarsBaR, www.marsbar.sourceforge.net).   

 

2.3.3. Histogram analysis 

 The steps involved were the same as those of a previous report (Mori et al., 2008), 

except that white matter masks were used in this study instead of whole-brain binary masks.  

In brief, the axial sections of individual MPRAGE images of each participant were 

coregistered to the echo-planar images with no diffusion weighting (SPM5). Visual review 

of the output images was performed to ensure that no obvious registration error was 

encountered. From the axial sections of the MPRAGE images, white matter was 

automatically segmented by using the default parameters of SPM5. Each segmented image 
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was checked to ensure accuracy. The segmented white matter (the segmented area also 

included the thalami and part of basal ganglia.) was used to serve as individual white matter 

masks. Each white matter mask was applied to the FA and MD maps of the corresponding 

participant (MRIcron).  Histograms were then calculated for the masked FA and MD maps 

of each participant (ImageJ, www.rsb.info.nih.gov/ij). The bin width of the FA histograms 

was set as 0.01(between 0.0 and 1.0), and that of MD histograms was set as 5 x 10-5 

(between 0.0 and 0.0055). To correct skewness, the natural logarithmic transformation of 

FA and MD bins was used. To correct for individual differences in the brain volume, each 

histogram was normalized by the total number of voxels contributing to the histogram. 

From each histogram, the peak height and location were extracted. These histogram 

parameters were then compared between the two groups, by using two-sample t test. A P 

value of less than 0.05 was set to determine statistical significance.  

 

2.3.4. Correlation between the altered DTI indices and clinical variables 

 The absolute values of altered DTI indices of the patients (for voxel-based analysis, 

FA or MD values of the clusters which differed significantly from the control subjects; for 

histogram analysis, the peak height or position of FA or MD histograms which differed 

significantly from the control subjects), if any, were tested for correlation with total disease 

duration, duration of current disease episode, the scores that assess clinical severity {17-

item Hamilton depression rating scale (HDRS-17) (Williams., 1988), global assessment of 

functioning (GAF)(Hall., 1995), Montgomery-Ǻsberg depression rating scale (MADRS) 

(Montgomery and Åsberg., 1979), clinical global impression-severity (CGIS)(Guy., 1976)}, 
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and age, by using Pearson product-moment correlation analysis. The difference in the 

absolute values of altered DTI indices between the gender groups was evaluated by using 

two-sample t test. For all conditions, a P value of less than 0.05 was considered to indicate 

a significant difference. Correction for multiple comparisons was not performed.   

 

3. Results 

3.1. Voxel-based analysis 

 The results of voxel-by-voxel comparison of FA values between the two groups are 

shown in Fig. 1. Clusters with a significant decrease in FA values were observed at the 

bilateral frontal white matter, anterior limbs of the internal capsule, the left putamen, the 

mediodorsal nucleus of the right thalamus, and the anterior and superior aspect of bilateral 

cerebellar hemispheres of the patients. These clusters persisted even after controlling for 

age and gender. There were no significant clusters with an increase in the FA or altered MD 

values in the patients. 

  

3.2. Histogram analysis 

 The mean FA and MD histograms of the patients and control subjects are shown in 

Fig. 2 and Fig. 3, respectively. The peak position of the FA histograms of the patients was 

significantly lower than that of the control subjects (P=0.00097). The results revealed a 

tendency toward a higher peak height in the MD histograms of the patients, but this 

alteration was not statistically significant (P=0.11615).  The peak height of the FA 
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histograms and the peak position of the MD histograms did not vary significantly between 

the two groups (P=0.79527 and P =1, respectively). 

  

3.3. Correlation between the altered DTI indices and clinical variables 

 The results of the tests of correlation between the altered DTI indices of the patients 

and clinical variables are summarized in Table 2 and Fig. 4. Of clusters with a significant 

FA decrease, the FA value of the right frontal white matter (x = 12, y = 43, z = -18) 

revealed moderate negative correlation with duration of current disease episode. The right 

frontal white matter (x = 37, y = -19, z = 59) and the right anterior limb of internal capsule 

revealed moderate negative correlation with the GAF. The left anterior limb of the internal 

capsule exhibited a moderate positive correlation with total disease duration. The right 

cerebellar hemisphere exhibited a moderate positive correlation with the HDRS-17. The 

peak position of the FA histogram had a moderate positive correlation with total disease 

duration and the duration of the current disease episode. The FA value of the left cerebellar 

hemisphere revealed a moderate positive correlation with age. There was no significant 

difference in the regional FA values or the peak positions of FA histograms, between the 

gender groups (P > 0.220).  

 

4. Discussion  

 This study evaluated white matter integrity in non-geriatric patients with MDD by 

using DTI. Two semiautomated/ automated methods    voxel-based and histogram 

analyses, were used for the analysis. Both methods were able to identify abnormalities in 



14 
 

the patients. Voxel-based analysis showed clusters with a significant decrease in FA at the 

bilateral frontal white matter and the anterior limbs of internal capsule. In addition to 

cerebral white matter, clusters with a significant decrease in the FA were also observed in 

the subcortical gray matter (including the left putamen and the mediodorsal nucleus of the 

right thalamus) and bilateral cerebellar hemispheres. In histogram analysis, a lower peak 

position (i.e. “shift toward the left”) of the FA histograms of the patients was observed, 

indicative of inclusion in the patients with a greater number of voxels with low FA values 

compared to normal subjects.   

 Decrease in the FA is reflective of an impaired directional coherence of the brain 

microstructures (Moseley, 2002). The histological correlates of decrease in the FA, as 

revealed by the reports of autopsies and biopsies of various diseases of the brain and 

experimental models, include larger axonal spacing, a decrease in axon count, diameter and 

density, and myelin loss (Beaulieu, 2011). The autopsy reports of patients with MDD are 

scarce. Limited evidence has suggested myelin pallor in the white matter underlying 

prefrontal cortex (Regenold et al., 2007). Taken together with the knowledge that myelin 

pallor results from demyelination, incomplete myelination of axons, axonal loss, or axonal 

agenesis, our finding of FA decrease in the bilateral frontal white matter and anterior limbs 

of internal capsule may reflect axon and/ or myelin abnormality. Histological proof 

regarding the changes of the putamen, thalamus, and cerebellar hemispheres in MDD is 

lacking. The exact pathological process that occurs in these structures is thus not known. 

Nonetheless, from the findings of neuronal loss in some subcortical structures such as the 

nucleus basalis, substantia nigra, and raphe nucleus (Tsopelas et al., 2011), it is possible 
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that similar pathological changes are encountered. Axon and/ or myelin abnormality are 

also possible, as axon and myelin are the components of these structures.  

 Human behaviors (executive functions, social behavior, and motivational states) are 

mediated mainly by three parallel frontal-subcortical circuits (Tekin and Cummings, 2002). 

These circuits originate from the dorsolateral prefrontal region, lateral orbitofrontal region, 

and anterior cingulate portion of the frontal cortex; and form connections to the striatum, 

basal ganglia, and thalamus. From the thalamus, fibers of these circuits loop back to the 

cortex of origin. In addition to forming closed loops, these circuits form open connections 

with the other areas of the frontal lobe, parietal and temporal lobes, amygdala, 

hippocampus, substantia nigra, subthalamic nucleus, hypothalamus, and the brainstem. Our 

findings of decrease in the FA at the bilateral frontal white matter, anterior limbs of internal 

capsule, left putamen and right thalamus are suggestive of impaired integrity or 

dysfunctioning of these circuits. Although mediation of human behavior by these circuits is 

well-established, emerging evidence is suggestive of participation of the cerebellum in the 

regulation of mood and cognition as well (Diamond, 2000). The cerebellum forms 

anatomical and functional connections with the prefrontal cortex, subcortical limbic 

structures, and monoamine-producing brainstem nuclei (Konarski et al., 2005; Strick et al., 

2009). Altered cerebellar levels of glial fibrillary acidic proteins (GFAP) have been 

observed in the patients with MDD (Fatemi et al., 2004). PET and functional MRI studies 

have also uncovered distinct variations in cerebellar activity between the patients with 

MDD and normal subjects (e.g. Dolan et al., 1992; Beauregard et al., 1998; Videbech et al., 
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2001). Our finding of decrease in the FA in the bilateral cerebellar hemispheres is also 

supportive of implication of the cerebellum in the neuropathology of MDD.  

 Previous DTI studies on non-geriatric patients with MDD who were free of 

antidepressant medication have reported decreases in the FA in the white matter of the 

superior longitudinal fasiculus, cingulate, sagittal stratum, posterior thalamic radiation, 

anterior limb and retrolenticular part of the internal capsule, external capsule, splenium of 

the corpus callosum, stria terminalis, and the other subcortical and deep white matter of the 

frontal, parietal and temporal lobes  (Li et al., 2007; Ma et al., 2007; Korgaonkar et al., 

2011; Ouyang et al., 2011; Wu et al., 2011; Zhu et al., 2011). Added to these are our 

findings of the decrease in the FA in the left putamen, the mediodorsal nucleus of the right 

thalamus, and the bilateral cerebellar hemispheres. Taken together, these findings are 

suggestive of heterogeneity in the areas of the brain that are involved in MDD. It is possible 

that such heterogeneity arises from a variation in the circuits that are severed among the 

study population. From our finding of abnormalities in the frontal white matter and 

mediodorsal nucleus of the thalamus, it is thought that the dorsolateral prefrontal or 

orbitofrontal circuit is at least involved in our patients (Tekin and Cummings, 2002). 

Further stratification of analysis based on clinical symptoms may render more consistent 

results; however, variation in the exact anatomical location of the abnormalities along a 

single circuit (i.e. in terms of MNI or Tailairach coordinates) would remain unsolved 

(Blood et al., 2010).  

 In this study, histogram analysis of FA and MD was also performed, as a 

supplemental analysis to voxel-based analysis. To our knowledge, this is the first study that 
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has applied a histogram analysis of DTI in psychiatric diseases. This technique involves the 

creation of a frequency distribution showing the proportion of voxels in an image within a 

given range of signal intensity (Cercignani, 2011). Two major indices, peak height and 

location, are usually evaluated in histogram analysis. While the former reflects the change 

in a part of voxels which contribute to the maximum frequency, the latter is suggestive of 

rather a global change in voxels which contribute to the maximum frequency (Cercignani et 

al., 2001). This might suggest that there remained voxels with low FA values left 

undiscovered by the voxel-based analysis. Additional indices that can be evaluated include 

skewness (the magnitude of symmetry of the histograms) and kurtosis (peakness of 

histograms) (Mori et al., 2008). Histogram analysis of DTI has been successfully used in 

brain tumor classification (Wang et al., 2012), investigation of clinical correlates in 

leukoariosis (Della Nave et al., 2007) and multiple sclerosis (Cercignani et al., 2001), 

differentiation between ischemic and non-ischemic patients with moyamoya disease (Mori 

et al., 2008), evaluation of traumatic brain inury (Marquez de la Plata et al., 2011), and so 

on.  In this study, histogram analysis enabled a discrimination between the patients and 

normal subjects by its peak position, which is suggestive of its applicability in the 

evaluation of integrity of brain parenchyma in MDD. When the cut-off value for the peak 

position of an FA histogram is 0.2, the sensitivity and specificity in distinguishing the 

patients from normal subjects are 0.89 and 0.74, respectively, as derived from ROC 

analysis (www.statsdirect.com). The strengths of histogram analysis include its ability to 

test many thousands of voxels as well as its robust statistical power (Della Nave et al., 

2007). Its drawback is limited topographic information.  
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 Because this study is an exploratory study, tests of correlation were performed 

without correction for multiple comparisons. A number of significant correlations between 

the FA values and the clinical variables were observed. The finding of positive correlation 

between the FA values and the clinical variables, especially clinical severity, is unusual. It 

is possible that the results of tests of correlation are inflated by Type I error associated with 

multiple comparisons (Gordi and Khamis., 2004). If corrected for multiple comparisons, no 

pairs with significant correlation would persist. Added to this, the slope of the regression 

lines might have been modified, and the correlation coefficient values might have been 

artificially increased, by the outliers (Hatch and Prihoda., 1992).  On the other hand, if 

these correlations are considered as true correlations, the observation of difference in the 

pattern of correlation among the regions would suggest variation in the pattern of injury 

among the regions. Negative correlation between the duration of current disease episode 

and the FA value of the right frontal white matter (x = 12, y = 43, z = -18) would be 

indicative of impaired frontal white matter integrity with disease duration; and may reflect 

advancement of axon and/ or myelin injury with time. Positive correlation between disease 

duration and the regional FA values may be due to alteration in the local microenvironment 

by the long disease process or previous antidepressant medication. First, patients with long 

disease duration are exposed to chronic stress. Chronic stress has been demonstrated to 

contribute to frontostriatal regeneration and reductions in the length and branch numbers of 

apical dendrites, particularly in the anterior cingulate cortex (Radley et al., 2004). As 

dendrite formation and increased synaptic density are associated with decrease in the FA, 

the dendritic changes induced by chronic stress could in turn present with a relative 
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increase in the FA (Baloch et al., 2009; Taylor et al., 2011). However, owing to difference 

in histological composition between the two structures, the finding of anterior cingulate 

cortex may not plausibly explain the positive correlation between the FA value of the left 

anterior limb of the internal capsule and disease duration. Second, in this study, eight 

patients (those with long disease duration) had a previous history of antidepressant 

medication. Considering the half-lives of antidepressants, these patients were determined as 

being free of medication effects. However, the possibility that these patients’ tissue 

microenvironment was modified and/ or aggressively treated by previous medication 

cannot be completely excluded. The significant positive correlation between the regional 

FA values and clinical severity might be due to astrocytic hypertrophy. Although the 

evidence is still limited, a recent autopsy report that investigated the white matter 

underlying anterior cingulate cortex of depressed suicidal patients has revealed an increase 

in the volume of astrocytic processes (representative of astrocytic hypertrophy) in the white 

matter (Torres-Platas et al., 2011). If it is assumed that astrocytic hypertrophy also occurs 

in the other white matter regions involved in MDD and that the degree of hypertrophy is 

severe enough to induce an increase in the regional FA values, the finding of FA increase 

with disease severity would be explained.  

 A few limitations of this study need to be addressed. First, correction for eddy 

current-induced distortion was not performed. This resulted in an imperfect match between 

the white matter masks constructed from the anatomical images (MPRAGE) and the FA 

and MD maps. Estimation of the average displacement between the MPRAGE images and 

the FA maps revealed an average shift of 0.91, 2.18, and 0.30 mm along the x, y, and z 
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directions, respectively. Nevertheless, the magnitude of displacement did not vary 

significantly between the patients and control subjects, so as to maintain validity of the 

analytical method for evaluation of global brain parenchymal or white matter abnormalities. 

Second, the slice thickness used for DTI was 5 mm, and the interslice gap was 1.5 mm. 

These parameters were chosen so as to allow acquisition of all necessary sequences in 

clinically acceptable scan time. Ideally, thinner slices without interslice gap are desired. 

Third, DSM-IV-TR was used to diagnose MDD in the patients, whereas MINI was used to 

exclude psychiatric diseases in normal subjects. Hence, there might be a question about 

potential bias arising from the use of different diagnostic assessment methods between the 

two groups. However, the possibility is considered unlikely as MINI is well-designed to be 

used to rule out psychiatric diseases, and is compatible with DSM-IV-TR (Sheehan et al., 

1998).    

 In conclusion, this study evaluated the integrity of the brain parenchyma in non-

geriatric patients with MDD by using two different analytical methods of DTI.  The 

findings suggest an impaired integrity of the frontal-subcortical circuits and cerebro-

cerebellar connections, which are known or thought to mediate human behavior. 

Consistency in the distribution of abnormalities is lacking among the studies including the 

current report, which may suggest spatial heterogeneity of the abnormalities in MDD. The 

peak position of the FA histograms may be used as supplementary to voxel-based analysis, 

in evaluation of the brain parenchymal integrity in MDD.  
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Figures 

Fig. 1. The results of voxel-by-voxel comparison of FA values between the patients and 

control subjects, superimposed on a T1-weighted template. Clusters with significant 

decrease in FA values (uncorrected P <0.001, minimum cluster size = 50 voxels) are 

observed in the patients, in the right frontal white matter {(i) MNI coordinates: x = 12, y = 

43, z = -18, cluster size = 70 voxels, t = 4.34; (ii) MNI coordinates: x = 37, y = -19, z = 59, 

cluster size = 100 voxels, t = 4.43}, left frontal white matter (MNI coordinates: x = -24, y = 

-21, z = 34, cluster size = 135 voxels, t = 4.53), right anterior limb of internal capsule (MNI 

coordinates: x = 17, y = 18, z = -9, cluster size = 111 voxels, t = 4.63), left anterior limb of 

internal capsule (MNI coordinates: x = -14, y = 14, z = 9, cluster size = 135 voxels, t = 

4.62), left putamen (MNI coordinates: x = -24, y = -7, z = 7, cluster size =  74 voxels, t = 

4.12), the mediodorsal nucleus of right thalamus (MNI coordinates: x = 7, y = -14, z = 8, 

cluster size = 138 voxels, t = 4.98), right cerebellar hemisphere (MNI coordinates: x = 22, 

y = -48, z = -27, cluster size = 83 voxels, t = 4.14), and left cerebellar hemisphere (MNI 

coordinates: x = -3, y = -49, z =-25, cluster size = 50 voxels, t = 4.17). Look-up table 

represents the t values. L and R represent the left and right sides, respectively. 

 

Fig. 2. The mean FA histograms of the patients (solid line) and control subjects (dotted 

line). The average number of normalized voxels is plotted against the logarithm of the FA 

values. The peak position of FA histogram of the patients is significantly lower than that of 

normal subjects (P=0.00097). The peak height of FA histograms does not vary 

significantly. 
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Fig. 3. The mean MD histograms of the patients (solid line) and control subjects (dotted 

line). The average number of normalized voxels is plotted against the logarithm of the MD 

values. No significant difference in the peak position or height of MD histograms is 

observed.  

 

Fig. 4. Scatterplots showing correlation between the abnormal DTI indices and the clinical 

variables. Correlations between (A) the FA values of right frontal white matter (x = 12, y = 

43, z = -18) and the duration of current disease episode, (B) the FA values of the left 

anterior limb of internal capsule and total disease duration, (C) the peak positions of FA 

histograms and total disease duration, (D) the peak positions of FA histograms and the 

duration of current disease episode, (E) the FA values of the right frontal white matter (x = 

37, y = -19, z = 59) and the GAF, (F) the FA values of the right anterior limb of internal 

capsule and the GAF, and (G) the FA values of the right cerebellar hemisphere and the 

HDRS-17, are shown. White circles represent the medication-naïve patients. Black circles 

represent the patients who had a previous history of antidepressant medication. The solid 

lines represent the mean, and the dashed lines represent 95% confidence interval for the 

mean predicted value. Abbreviations: a.u. = arbitrary unit; FA = fractional anisotropy; GAF 

= global assessment of functioning; HDRS-17 = 17-item Hamilton depression rating scale.  
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Tables 

Table 1. The demographic characteristics of the patients and normal subjects 

  Patients (n=19) Control subjects (n=19) P-value 

Age  38.6 ± 13.5  years (20-61)* 36.5 ± 12.5 years (22-60)* 0.613# 

Gender (men/women) 12/7 13/6 0.729 

Previous history of antidepressant 

medication (Present/absent) 8/11 - - 

Previous episodes (Present/absent) 5/14 - - 

Total disease duration 18.37 ± 28.17 months (1-96)* - - 

Duration of current episode 5.89 ± 5.69 months (1-24)* - - 

HDRS-17 19.00 ± 4.00 (11-26)* - - 

GAF 43.79 ± 9.90 (28-58)* - - 

MADRS 26.21 ± 5.57 (20-39)* - - 

CGI-S 4.68 ± 0.89 (3-6) - - 
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*Data are presented in mean  standard deviation (range).  

The statistical significance was evaluated by using two-sample t test# or 2 test. 

Abbreviations: HDRS-17 =17-item Hamilton depression rating scale; GAF = global assessment of functioning; MADRS = Montgomery-

Ǻsberg depression rating scale; CGI-S = clinical global impression-severity. 
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Table 2. Tests of correlation between the abnormal DTI indices and the clinical variables.  

  Correlation coefficients 

(P value) 

  Total 
disease 
duration 

Duration 
of current 
episode 

HDRS-
17 

GAF MADRS CGIS Age 

Clusters with significant decrease in FA             

 Right frontal white matter - 0.296 - 0.482 0.084 -0.012 -0.117 -0.006 0.188 

 (x = 12, y = 43, z = -18) (0.219) (0.036)* (0.732) (0.960) (0.634) (0.980) (0.440)

 Right frontal white matter 0.080 0.318 0.135 -0.462 0.413 0.412 -0.392 

 (x = 37, y = -19, z = 59) (0.746) (0.184) (0.583) (0.046)* (0.079) (0.080) (0.097)

 Left frontal white matter 0.247 0.087 0.160 -0.367 0.351 0.377 0.109 

 (0.308) (0.723) (0.512) (0.122) (0.141) (0.112) (0.657)
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 Right anterior limb of internal capsule 0.335 0.163 - 0.117 -0.479 0.229 0.363 -0.070 

 (0.160) (0.506) (0.634) (0.038)* (0.345) (0.127) (0.775)

 Left anterior limb of internal capsule 0.483 - 0.011 0.078 -0.410 0.384 0.359 - 0.308

 (0.036)* (0.964) (0.750) (0.081) (0.105) (0.131) (0.200)

 Left putamen - 0.112 - 0.191 - 0.026 -0.276 0.120 0.327 - 0.397

(0.648) (0.433) (0.915) (0.252) (0.626) (0.171) (0.092)

 Mediodorsal nucleus of the right 
thalamus 

0.434 - 0.116 0.052 -0.248 0.152 0.326 - 0.424

(0.063) (0.635) (0.831) (0.307) (0.535) (0.173) (0.071)

 Right cerebellar hemisphere - 0.073 - 0.034 0.525 -0.383 0.272 0.345 0.258 

(0.767) (0.891) (0.021)* (0.106) (0.260) (0.148) (0.286)

 Left cerebellar hemisphere 0.168 0.214 0.434 -0.274 0.252 0.177 0.498 

(0.492) (0.380) (0.063) (0.257) (0.297) (0.470) (0.030)*

             

Peak position of FA histogram 0.576 0.550 - 0.020 -0.087 0.402 0.040 0.219 
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(0.010)* (0.015)* (0.936) (0.723) (0.088) (0.869) (0.368)

 

*indicates statistical significance (P <0.05).  

Abbreviations: HDRS-17 =17-item Hamilton depression rating scale; GAF = global assessment of functioning; MADRS = Montgomery-

Ǻsberg depression rating scale; CGI-S = clinical global impression-severity. 
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