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Objective: We objectively evaluated the presence or absence of atrophy of the subgenual 

anterior cingulate cortex (sgACC) and the subcallosal anterior cingulate cortex (scACC), using 

new voxel-based morphometry (VBM) software employing Statistical Parametric Mapping 

software v8 and diffeomorphic anatomic registration through an exponentiated lie algebra. We 

prepared a database covering young-mature adulthood and investigated the clinical usefulness 

of the evaluation.

Subjects and methods: One hundred seven patients with major depressive disorder (MDD), 

74 patients with bipolar disorder (BD), and 240 healthy control subjects underwent 1.5T magnetic 

resonance imaging scanning. Using new VBM software and databases covering young-mature 

adults and the elderly, target volumes of interest were set in the sgACC and scACC, four indicators 

(severity, extent, ratio, and whole-brain extent) were determined, and the presence or absence 

of atrophy of the sgACC and scACC was evaluated on the basis of the indicators. In addition, 

the relationships between the presence or absence of atrophy of the sgACC and scACC and 

performance of diagnosing MDD and BD and therapeutic drugs were investigated.

Results: It was clarified that the disease is likely to be MDD when atrophy is detected in the 

sgACC, and likely to be BD when no atrophy is detected in the sgACC but is detected in the 

scACC. Regarding the relationship with therapeutic drugs, it was clarified that, when atrophy 

is detected in both the sgACC and the scACC, concomitant administration of mood stabilizers 

and atypical antipsychotics acting as dopamine-system stabilizers is necessary in many cases.

Conclusion: VBM on magnetic resonance imaging enabled automatic analysis of atrophy in 

the sgACC and scACC, and findings obtained by this procedure are useful not only for differ-

entiation of MDD and BD patients but also for selection of prescriptions.

Keywords: major depressive disorder, bipolar disorder, MRI, subgenual anterior cingulate 

cortex, subcallosal anterior cingulate cortex, voxel-based morphometry

Introduction
Major depressive disorder (MDD) is a common, socially problematic mental illness. 

No useful biomarkers are available, and it is diagnosed by interview and observation 

of psychological symptoms. However, depressive symptoms similar to those of MDD 

develop in other mental diseases, such as the depressive phase of bipolar disorder 

(BD) and the early stage of cognitive disorder, and inappropriate treatment due to 
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an inaccurate diagnosis has aggravated symptoms in some 

patients.1,2 Studies on the brain structure using magnetic 

resonance imaging (MRI)3–13 and functional studies using 

functional MRI and positron emission tomography14–18 have 

recently been actively performed, and MDD-related local 

cerebral regions are getting clarified.19,20 However, these are 

not actively applied clinically, and no useful auxiliary diag-

nostic method for MDD has been established. We previously 

reported that evaluation of the presence or absence of atrophy 

of the subgenual anterior cingulate cortex (sgACC; part of 

Brodmann’s areas 24 and 33) in the elderly using voxel-based 

morphometry (VBM) on MRI is useful to diagnose MDD.21,22 

However, the results may vary among examiners because 

it involves visual evaluation, leaving a problem regarding 

objectivity. Moreover, young-mature adult subjects were not 

evaluated because the database was limited to the elderly 

from 54–84 years old.

In this study, we set a target volume of interest (VOI) in 

local cerebral regions using published Statistical Parametric 

Mapping software v8 (SPM8; Wellcome Department of 

Imaging Neuroscience, London, UK). We objectively evalu-

ated the presence or absence of atrophy of the sgACC by 

setting the target VOI in the sgACC using a method auto-

matically determining values of four indicators of atrophy 

evaluation in the region.23 At the same time, the target VOI 

in the subcallosal anterior cingulate cortex (scACC; part of 

Brodmann’s area 25) was set to observe its association with 

MDD and BD, because it is the target region of deep-brain 

stimulation for intractable depression adjacent to the rostral 

side of the sgACC,24 volume reduction of this region in BD 

has been reported,25,26 and atrophy was frequently observed 

in our BD patients. It was clarified that this region is related 

to both MDD and BD. Then, a database covering young-

mature adulthood was prepared for each generation, and 

evaluation using this method was applied to young-mature 

adult subjects.

Finally, we investigated the usefulness of this method 

to diagnose MDD and BD in patients followed for 1 year 

or  longer. It was clarified that analysis of the presence or 

absence of atrophy of the sgACC and scACC is useful to 

diagnose these diseases. Since therapeutic drugs administered 

to MDD and BD patients were not standardized, and effective 

drugs varied among patients, we investigated the relation-

ship between cerebral local atrophy and therapeutic drugs. 

Responses of each disease could be divided into two groups 

on the basis of the relationship between the therapeutic effects 

of serotonin stabilizers related to depression, dopamine 

stabilizers related to intractable depression and BD,2 and 

mood stabilizers and the presence or absence of atrophy of 

the sgACC and scACC detected by this method.

Therefore, this method is expected to be a useful objective 

auxiliary diagnostic tool to diagnose depression in a broad 

age group, which was previously difficult.

Subjects and methods
This study was performed after approval by the Ethics 

Committee of Nanbu Hospital, Okinawa, Japan. Informed 

consent was obtained from all subjects.

The subjects were 181 patients who visited psychosomatic 

clinics for depressive symptoms characterized by continuous 

and overwhelming emotions of guilt, sadness, anhedonia, 

worthlessness, and despair and who underwent MRI exami-

nation between January 2010 and July 2013. There were 

107 MDD patients (12 males and 95 females aged 20–90 years 

[mean: 60.2±14.7 years]) and 74 BD patients (19 males and 

55 females aged 17–89 years [mean: 48.0±15.2 years]). MDD 

and BD were definitively diagnosed after course observation 

for 1 year or longer by psychiatrists, on the basis of structured 

clinical interviews following the Diagnostic and Statistical 

Manual of Mental Disorders (4th edition) criteria.27 Patients 

with a serious somatic disease, cardiovascular and neurological 

disorders, or alcohol- or drug-induced disorders were excluded. 

The grade of depression was evaluated using the Hamilton 

Depression Rating Scale comprising 17 items.28 In the MDD 

patients, $50% improvement on this scale was achieved by 

treatment. Patients diagnosed with BD were evaluated using the 

Young Mania Rating Scale.29 As healthy controls, 240 healthy 

volunteers (76 males and 164 females aged 19–77 years [mean: 

44.4±15.8 years]) were recruited for comparison of the target 

VOI setting, preparation of a database covering young-mature 

adulthood, and comparison with MDD and BD patients. They 

had no psychoneurological disease, serious somatic disease, or 

alcohol- or drug-induced disorders.

We performed MRIs of the brain with a 1.5T magnetic 

resonance imager (Achieva Nova; Koninklijke Philips 

Electronics NV, Amsterdam, the Netherlands) using an 

eight-channel sensitivity-encoding head coil. The structural 

data were provided in three-dimensional T1-weighted fast 

field echo sequence (repetition time/echo time/flip angle: 

9.3 msec/4.3 msec/10°). Images were acquired with a 

256×256 matrix with a 240×240 mm field of view. The 

reconstruction voxel size was 0.94×0.94×0.94 mm. A total 

of 160 sagittal sections of 2 mm slice thickness with 1 mm 

slices superimposed were acquired. Two measurements 

were obtained and averaged. The total acquisition time was 

3 minutes 35 seconds.
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First, to define the target VOI of the sgACC for diagnosis of 

MDD, we per formed group comparisons between 30 patients 

(two men and 28 women; mean age, 66.0±6.8 years) ran-

domly chosen in the present MDD group and 30 healthy 

controls (six men and 24 women; mean age, 64.5±4.4 years) 

randomly chosen in the present healthy volunteer group. 

Next, to define the target VOI of the scACC for diagnosis of 

BD, we per formed group comparisons between 31 patients 

(seven men and 24 women; mean age, 67.9±8.8 years) ran-

domly chosen in the present BD group and the previously 

mentioned 30 healthy controls. Using SPM8, we segmented 

MRIs into gray matter, white matter, and cerebrospinal fluid 

images by a unified tissue-segmentation pro cedure after 

image-intensity nonuniformity correction. These seg mented 

gray matter images were then spatially normalized to the 

customized template in the standardized anatomic space 

by using diffeomorphic anatomic registration through an 

exponentiated lie algebra (DARTEL, Wellcome Department 

of Imaging Neuroscience).30 The customized template for 

DARTEL was created from the 25 healthy young subjects. To 

preserve gray matter volume within each voxel, we modulated 

the images by the Jacobean deter minants derived from the 

spatial normalization by DARTEL and then smoothed them 

by using an 8 mm full width at half maximum Gaussian 

kernel. Group comparisons by SPM8 were assessed by using 

the familywise error at a threshold of P,0.05, corrected for 

multiple comparisons.

A standalone software program running on Windows for 

VBM analysis by SPM8 plus DARTEL was developed to dis-

criminate pa tients with MDD and BD from healthy controls. 

First, MRIs were spatially nor malized with only a 12-parameter 

affine transformation to the SPM8 template so as to correct dif-

ferences in brain size. These linearly transformed images were 

nonlinearly transformed and then modu lated to the customized 

template for DARTEL, followed by smooth ing by using an 8 

mm full width at half maximum kernel. Each processed gray 

matter image of 82 patients with MDD, 25 patients with BD, 

and 43 healthy controls in the elderly was compared with 

the mean and SD of gray matter images of the 80 healthy 

volunteers chosen in the group comparison, using voxel -by-

voxel z-score analysis: z score = ([control mean] - [individual 

value])/(control SD). These z-score maps were displayed by 

overlay on tomographic sections and surface rendering of the 

standardized brain. This program registered the target VOI 

defined by the aforementioned group comparison.

We determined four indicators for characterizing atrophy in 

a target VOI and in the whole brain: first, “severity,” the severity 

of atrophy obtained from the averaged positive z score in the 

target VOI; second, “extent,” the extent of a region showing 

significant atrophy in the target VOI – that is, the percentage 

rate of the coordinates with a z score exceeding the threshold 

value of 2 in the target VOI; third, “whole-brain extent,” the 

extent of a region showing significant atrophy in the whole 

brain – that is, the percent age rate of the coordinates with a 

z score exceeding the threshold value of 2 in the whole brain; 

and fourth, “ratio,” the ratio of the extent of a region showing 

significant atrophy in the target VOI to the extent of a region 

showing significant atrophy in the whole brain.23

Using the values of the four indicators as the thresholds, 

we determined receiver operating characteristic (ROC) 

curves for discrimination of pa tients with MDD and patients 

with BD from healthy volunteers. The program calculates 

the area under the ROC curve (AUC), sensitivity, specificity, 

and accuracy. The sensitivity, specificity, and accuracy were 

compared on the basis of these values and visual evaluation 

of overlay regions displayed when atrophy was present in 

the target VOI in tomographic sections.

To prepare databases as comparison references for 

young-mature adult generations, 42 healthy volunteers 

aged 20–29 years (15 males and 27 females, mean age: 

25.7±1.7 years), 44 healthy volunteers aged 30–39 years 

(15 males and 29 females, mean age: 34.1±2.3 years), 

and 43 healthy volunteers aged 40–53 years (17 males 

and 26 females, mean age: 45.5±3.4 years) were recruited 

(note that the elderly database comprises data on those 

aged $54 years). Processed images of the gray matter of 

25 MDD patients aged #53 years (two males and 23 females, 

mean age: 38.5±8.9 years) were compared with the mean 

and SD of images of the gray matter of 38 healthy volun-

teers of each generation (12 males and 26 females, mean 

age 36.1±9.3 years) selected for z-score analysis. Similar 

comparison was performed with 49 BD patients (12 males 

and 37 females, mean age: 39.2±9.0 years).

Using the values of the four indicators described above as 

the thresholds, an ROC curve was prepared to differentiate 

MDD and BD patients from healthy volunteers. The AUC, 

sensitivity, specificity, and accuracy were calculated and 

compared with those of visual observation of overlay regions 

in the target VOI in tomographic sections.

In the 181 young-mature adult and elderly patients who 

could be followed for 1 year or longer and definitively diag-

nosed, the association between the disease name and effec-

tive drugs was investigated in patients with sgACC atrophy, 

patients with scACC atrophy, patients with both sgACC and 

scACC atrophy, and patients without atrophy based on the 

four indicators described above.
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Results
Target VOI
Using SPM8 and DARTEL, we noted a significant reduction 

of the gray matter volume of the sgACC (Talairach coor-

dinates 0,25,-3, x,y,z; z=infinite) in elderly MDD patients 

aged $54 years compared with the healthy controls, and it 

was possible to draw a contour as a target VOI that may be 

useful to diagnose depression (Figures 1 and 2). A significant 

reduction in the gray matter volume of the scACC (Talairach 

coordinates 0,9,-10, x,y,z; z=5.89) in BD patients was also 

confirmed, and it was possible to draw a contour as a target 

VOI that may be useful to diagnose BD.

Four indicators characterizing sgaCC  
and scaCC atrophy in the elderly
Three indicators (severity, extent, and ratio) in the sgACC and 

scACC were significantly higher in the elderly MDD patients 

than in the healthy controls (P,0.001), and the whole-brain 

extent was also significantly higher (P,0.001) (Table 1). 

In BD patients, the three indicators (severity, extent, and 

ratio) in the scACC were significantly higher than those in the 

healthy controls (P,0.001). In addition, the three indicators 

in the sgACC were significantly higher in the MDD patients 

than in the BD patients (P,0.001). These findings indicated 

that the disease is likely to be MDD when the three indicators 

are high in the sgACC, and likely to be BD when the three 

indicators are high in scACC but not in the sgACC.

Performance of diagnosing  
MDD in the elderly
On ROC analysis to distinguish MDD patients from healthy 

controls, of the four indicators, the accuracy based on  severity, 

extent, and ratio in the sgACC was 93.6%, 91.2%, and 88.0%, 

respectively, whereas that of diagnosis made by visual evalua-

tion was 96.8% (Table 2). Since sgACC atrophy was frequently 

noted in MDD, the cutoff value for MDD, 1.1, was used. 

Regarding conditions with the severity exceeding the cutoff 

value for MDD with the extent exceeding 0 as atrophy, that is, 

regarding cases with visually observable atrophy as atrophy, 

the accuracy was 96.8%. In the scACC, the accuracy based 

on severity, extent, and ratio was 76.8%, 60.0%, and 56.0%, 

respectively, whereas accuracy by visual evaluation was 69.6%. 

Since the scACC plays the major role in differentiating BD, the 

cutoff value for BD, 0.9, was used. Regarding conditions with 

the severity exceeding the cutoff value for BD with the extent 

exceeding 0 as atrophy, that is, regarding cases with visually 

observable atrophy as atrophy, the accuracy was 69.6%.

Performance of diagnosing  
BD in the elderly
On ROC analysis to distinguish BD patients from healthy 

controls, the accuracy based on severity, extent, and ratio in 

the sgACC was 63.2%, 58.8%, and 58.8%, respectively, and 

accuracy by visual evaluation was 57.4% (Table 2). When 

conditions with the severity exceeding the cut-off value for 

MDD, 1.1, with the extent exceeding 0 as atrophy, that is, 

regarding cases with visually observable atrophy as atrophy, 

the accuracy was 57.4%. In the scACC, the accuracy based 

on the three indicators was 76.5%, 76.5%, and 73.5%, 

respectively, and accuracy by visual evaluation was 80.9%. 

Regarding conditions with the severity exceeding the cutoff 

value for BD, 0.9, with the extent exceeding 0 as atrophy, 

that is, regarding cases with visually observable atrophy as 

atrophy, the accuracy was 80.1%.

A CSubgenual anterior cingulate cortex

P A L

L

R

R
L

R

B Subcallosal anterior cingulate cortex

P A L R

Figure 1 Target VOIs in typical cases.
Notes: (A) Group comparison of gray matter volume in the sgaCCs by SPM8 plus DarTEl between 30 patients with MDD and 30 healthy age-matched volunteers. The 
SPM8 plus DARTEL analysis demonstrates significant decline of gray matter volume in the sgACCs in patients with MDD. (B) Group comparison of gray matter volume in 
the scaCCs by SPM8 plus DarTEl between 31 patients with BD and 30 healthy age-matched volunteers. The SPM8 plus DARTEL analysis demonstrates significant decline 
in gray matter volume in the scaCCs in patients with BD. (C) The SPM8 analysis indicates that two target VOIs of the sgaCC (yellow area) and scaCC (red area) did not 
overlap each other.
Abbreviations: a, anterior; BD, bipolar disorder; DarTEl, diffeomorphic anatomic registration through an exponentiated lie algebra; l, left; MDD, major depressive 
disorder; P, posterior; r, right; scaCC, subcallosal anterior cingulate cortex; sgaCC, subgenual anterior cingulate cortex; SPM8, Statistical Parametric Mapping software v8; 
VOI, volume of interest.
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Four indicators characterizing sgaCC and 
scaCC atrophy in young-mature adults
Using the young-mature adulthood database covering sub-

jects aged 20–53 years, three indicators (severity, extent, 

and ratio) in sgACC and scACC were significantly higher in 

young-mature adult MDD patients than in the young healthy 

controls (P,0.001) (Table 3). In young-mature adult BD 

patients, the three indicators in scACC were significantly 

higher than those in the young healthy controls (P,0.001). 

In addition, the three indicators in sgACC were significantly 

higher in young-mature adult MDD patients than in young-

mature adult BD patients (P,0.001). These findings indi-

cate the usefulness of this method for young-mature adults 

similarly to that for the elderly.

Performance of diagnosing  
MDD in young-mature adults
On ROC analysis to distinguish young-mature adult MDD 

patients from young healthy controls, the accuracy based on 

the severity, extent, and ratio in the sgACC was 92.1, 81.0, 

A

B

Subgenual anterior
cingulate cortex

Coronal Coronal

Left medial Right medial

Posterior

Right lateral Left lateral

Inferior Superior

Anterior

Sagittal

Axial

2 6

Z-score

Axial

Sagittal

R L R L

R L R L

R L R L

Subcallosal anterior
cingulate cortex

Figure 2 Cross-sectional VBM study of a 62-year-old woman with MDD.
Notes: SPM8 plus DARTEL analysis reveals a significant decrease of gray matter volume in the sgACC and the scACC. Colored areas with z-scores .2 are overlaid as 
significantly atrophied regions on tomographic sections (A) and cortical surface (B) of the standardized MrI templates. a target VOI in the sgaCC and the scaCC is 
demarcated with purple lines on tomographic sections (A).
Abbreviations: DarTEl, diffeomorphic anatomic registration through an exponentiated lie algebra; l, left; MDD, major depressive disorder; r, right; scaCC, subcallosal anterior 
cingulate cortex; sgaCC, subgenual anterior cingulate cortex; SPM8, Statistical Parametric Mapping software v8; VBM, voxel-based morphometry; VOI, volume of interest.

Table 1 Four indicators characterizing sgaCC and scaCC atrophy in the elderly (54–90 years of age)

Group Whole-brain 
extent, %

Subgenual anterior cingulate cortex Subcallosal anterior cingulate cortex

Target VOI Target VOI

Severity Extent, % Ratio Severity Extent, % Ratio

HC (n=43) 2.00±0.86 0.69±0.40 0.48±1.69 0.38±1.60 0.56±0.31 0.10±0.54 0.03±0.20
MDD (n=82) 2.79±1.20a 1.84±0.42a,b 26.54±21.05a″,b″ 10.85±9.80a″,b″ 1.14±0.56a′ 12.46±23.05a″ 5.03±9.96a″

BD (n=25) 2.51±1.07 0.86±0.40 1.00±6.32 0.23±1.45 0.90±0.48c 5.67±11.03c″ 2.30±4.26c″

Notes: aMDD versus HC, P,0.001; bMDD versus BD, P,0.001; cBD versus HC, P,0.001 (Student’s t-test); a′MDD versus HC, P,0.001 (Welch’s t-test); a″MDD versus HC, 
P,0.001; b″MDD versus BD, P,0.001; c″BD versus HC, P,0.001 (Mann–Whitney U test).
Abbreviations: BD, bipolar disorder; HC, healthy controls; MDD, major depressive disorder; sgaCC, subcallosal anterior cingulate cortex; sgaCC, subgenual anterior 
cingulate cortex; VOI, volume of interest.
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and 82.5%, respectively, and that by visual evaluation was 

88.9% (Table 4). Regarding conditions with the severity 

exceeding the cutoff value for MDD, 0.8, with the extent 

exceeding 0 as atrophy, that is, regarding cases with visually 

observable atrophy as atrophy, the accuracy was 88.9%. In 

the scACC, the accuracy based on the three indicators were 

82.5%, 79.4%, and 82.5%, respectively, and that by visual 

evaluation was 82.5%. Regarding conditions with the severity 

exceeding the cutoff value for BD, 0.5, with extent exceeding 

0 as atrophy, the accuracy was 82.5%.

Performance of diagnosing  
BD in young-mature adults
On ROC analysis to distinguish young-mature adult BD 

patients and young healthy controls, the accuracy based on the 

three indicators in the sgACC was 62.1%, 43.7%, and 43.7%, 

respectively, and accuracy by visual evaluation was 43.7% 

(Table 4). Regarding conditions with the severity exceeding 

the cutoff value for MDD, 0.8, with the extent exceeding 0 as 

atrophy, the accuracy was 43.7%. In the scACC, the accuracy 

based on the three indicators was 75.9% 65.5%, and 64.4%, 

respectively, and accuracy by visual evaluation was 70.1%. 

Regarding conditions with the severity exceeding the cutoff 

value for BD, 0.5, with the extent exceeding 0 as atrophy, 

the accuracy was 70.1%.

relationship between cerebral local 
atrophy and diagnoses of MDD and BD
On the basis of ROC analysis, for the elderly, a condition 

with the severity exceeding 1.1 with the extent exceeding 

0% in the sgACC was defined as atrophy. In the scACC, 

to identify BD, a condition with the severity exceeding 0.9 

with the extent exceeding 0% was defined as atrophy. For 

young-mature adults, a condition with the severity exceeding 

0.8 with the extent exceeding 0% in the sgACC was defined 

as atrophy. To identify BD, a condition with the severity 

exceeding 0.5 with the extent exceeding 0% in the scACC 

was defined as atrophy.

Regarding the association between the presence or 

absence of atrophy in each region and diagnosis in the 

181 patients, 46 patients with MDD were judged as having 

atrophy only in sgACC (Table 5). Fifty four patients with 

MDD were judged as having atrophy in both the sgACC 

and the scACC. Thirty-seven patients with BD were judged 

as having atrophy only in the scACC. No atrophy was noted 

in either the sgACC or the scACC in 44 patients, and the 

diagnosis was MDD in seven and BD in 37. These findings 

indicate that the disease is likely to be MDD when atrophy T
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is detected in the sgACC, and likely to be BD when atrophy 

is detected in the scACC without atrophy in the sgACC.

Case presentation
Typical cases are shown in Figure 3. The first case is MDD 

in a 55-year-old female. Atrophy represented by the colored 

region was noted only in the target VOI in the sgACC in the 

median sagittal image. No colored region was noted in the tar-

get VOI in the scACC. The patient was diagnosed with MDD 

and treated with antidepressants, and symptoms improved. 

The patient now has favorable living activities under antide-

pressant treatment at a low maintenance dose (Figure 3A). 

The second case is MDD in a 32-year-old female. A col-

ored region was noted in the target VOI in both the sgACC 

and scACC in the median sagittal image. Antidepressant 

treatment for MDD induced manic/hypomanic switch, but 

symptoms were improved by reduction of the antidepressant 

dose and concomitant administration of mood stabilizers 

and atypical antipsychotics (Figure 3B). The third case is 

BD in a 62-year-old female. A colored region was noted 

in the target VOI only in the scACC in the median sagittal 

image. No colored region was noted in the target VOI in the 

sgACC. The patient was diagnosed with BD and received 

atypical antipsychotic treatment, and symptoms improved 

(Figure 3C). The fourth case is a 68-year-old healthy male 

subject. No colored region was noted in the target VOI in 

either the sgACC or scACC in the median sagittal image 

(Figure 3D).

relationship between cerebral local 
atrophy and treatment of MDD  
and BD patients
Regarding the association between the presence or absence 

of atrophy in each region and therapeutic drugs, antide-

pressants were mainly prescribed for 45 of the 46 patients 

only with the sgACC atrophy, and the drugs were effective. 

Antidepressants improved symptoms, but maintenance 

administration at a low dose was necessary in 39 of 

the 45 patients (Table 6). Mood stabilizers and atypical 

 antipsychotics were  concomitantly administered with anti-

depressants in six patients. Tranquilizer was administered 

to one of the 46 patients, and symptoms improved.

Of the 54 patients with atrophy in both the sgACC and 

scACC, antidepressants were mainly prescribed and effective 

in 53. Symptoms improved, but maintenance administration 

at a low dose was necessary in 25 of the 53 patients. Mood 

stabilizers and atypical antipsychotics were concomitantly 

administered with antidepressants in 28 patients. Herbal 

medicine was administered to the remaining patient, and 

symptoms improved. It should be noted that antidepressant-

associated manic/hypomanic switch occurred in eight 

patients.

In the 37 patients with atrophy only in the scACC, 

antidepressants were prescribed to some extent in ten, and 

antidepressant was administered to eight patients for a short 

time. Antidepressants, mood stabilizers, and atypical antipsy-

chotics were concomitantly administered to two patients. Of the 

37 patients, mood stabilizers and atypical antipsychotics were 

prescribed and effective in 22, and anti-anxiety and hypnotics, 

and herbal medicine were administered to five patients.

Of the 44 patients with no atrophy in either the sgACC 

or scACC, antidepressants were prescribed and effective in 

seven. In two of them, antidepressants improved symptoms 

and the drugs are now administered at a low maintenance 

dose. In the remaining five patients, antidepressants were 

administered for a short time. Of the 44 patients with no 

atrophy, mood stabilizers and atypical antipsychotics were 

prescribed and effective in 34. In the remaining three patients, 

antianxiety and hypnotics, and herbal medicine improved 

symptoms.

Discussion
Development of the new software enabled VBM analysis 

using SPM8 and DARTEL and automatic determination 

of the severity and extent of sgACC atrophy. When the 

usefulness of these values as indicators was investigated, 

Table 3 Four indicators characterizing sgaCC and scaCC atrophy in young-mature adults (17–53 years of age)

Group Whole-brain 
extent, %

Subgenual anterior cingulate cortex Subcallosal anterior cingulate cortex

Target VOI Target VOI

Severity Extent, % Ratio Severity Extent, % Ratio

HC (n=38) 1.70±0.75 0.33±0.36 0±0 0±0 0.35±0.36 0±0 0±0
MDD (n=25) 1.95±0.94 1.39±0.45a,b 11.64±17.08a,b 5.66±8.60a,b 1.25±0.82a 21.76±31.23a 11.13±15.13a

BD (n=49) 1.90±0.78 0.48±0.40 0±0 0±0 1.04±0.61c 10.38±18.61c 5.28±10.73c

Notes: aMDD versus HC, P,0.001; bMDD versus BD, P,0.001; cBD versus HC, P,0.001 (Mann–Whitney U test).
Abbreviations: BD, bipolar disorder; HC, healthy controls; MDD, major depressive disorder; scaCC, subcallosal anterior cingulate cortex; sgaCC, subgenual anterior 
cingulate cortex; VOI, volume of interest.
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Subgenual anterior cingulate cortex Subcallosal anterior cingulate cortexA

B

C

D

62
Z-score

A P A P

A P A P

A P A P

A P A P

Figure 3 Median sagittal images from typical cases.
Notes: (A) Median sagittal image of a 55-year-old female with MDD. a colored 
region was present in the target VOI in the sgaCC. no colored region was noted 
in the target VOI in the scaCC. antidepressant treatment for MDD improved 
symptoms. The patient now has favorable living activities under antidepressant 
treatment at a low maintenance dose. (B) Median sagittal image of a 32-year-old 
female with MDD. a colored region was noted in the target VOI in both the sgaCC 
and scaCC. antidepressant treatment for MDD induced manic/hypomanic switch, but 
symptoms were improved by reduction of the antidepressant dose and concomitant 
administration of mood stabilizers and atypical antipsychotics. (C) Median sagittal 
image of a 62-year-old female with BD. a colored region was noted in the target VOI 
in the scaCC. no colored region was noted in the target VOI in the sgaCC. The 
patient was diagnosed with BD and received atypical antipsychotic treatment, and 
symptoms improved. (D) Median sagittal image of a 68-year-old healthy male. no 
colored region was noted in the target VOI in either the sgaCC or scaCC.
Abbreviations: a, anterior; BD, bipolar disorder; MDD, major depressive disorder; 
P, posterior; scaCC, subcallosal anterior cingulate cortex; sgaCC, subgenual 
anterior cingulate cortex; VOI, volume of interest.T
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Table 5 relationship between cerebral local atrophy and diagnoses 
of MDD and BD (17–90 years of age)

Diagnosis Sites of atrophic region

Subgenual 
ACC 
n=46

Subgenual ACC 
and subcallosal 
ACC 
n=54

Subcallosal 
ACC 
n=37

No 
atrophy 
n=44

MDD 46 54 0 7
BD 0 0 37 37

Abbreviations: aCC, anterior cingulate cortex; BD, bipolar disorder; MDD, major 
depressive disorder.
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their usefulness was similar to that of visual evaluation of 

overlay regions on tomographic sections with regard to their 

differentiation of the elderly MDD and BD patients from the 

healthy control subjects.

When the severity and extent of the scACC, newly 

paid attention to, was used as an indicator, the sensitivity, 

 specificity, and accuracy were similar to those of visual 

 evaluation, for differentiation between the elderly BD 

patients and healthy controls.

Using the newly developed database covering young-

mature adulthood for VBM analysis employing SPM8 and 

DARTEL, when the severity and extent of the sgACC and 

scACC were used as indicators, the sensitivity, specificity, 

and accuracy were similar to those of elderly patients for dif-

ferentiation between the young-mature adult MDD patients 

and healthy controls.

By using two indicators, ie, severity and extent, and the 

database covering young-mature adulthood, objective evalu-

ation of atrophy in the sgACC and scACC with an accuracy 

similar to that of visual evaluation became possible. This 

can facilitate sharing and comparison of information on 

local cerebral atrophy among multiple facilities, which had 

previously been difficult,21,22 further increasing the clinical 

usefulness of this method.

Summarizing the relationship between the presence or 

absence of atrophy of the sgACC and scACC and diagnoses 

of MDD and BD, sgACC atrophy was noted in most of the 

MDD patients. In contrast, no sgACC atrophy was detected 

in BD patients, while scACC atrophy was noted in half of 

them. On the basis of these findings, the sgACC is strongly 

associated with MDD. scACC atrophy was noted in both 

MDD and BD in some cases. Thus, differentiation of the 

diseases based on atrophy alone is not possible, but it may 

be useful to differentiate BD patients from healthy subjects 

to some extent.

Summarizing the relationship between the presence or 

absence of atrophy of the sgACC and scACC and effective 

therapeutic drugs, the 46 patients with sgACC atrophy alone 

were mainly treated with antidepressants, but many patients, 

particularly elderly patients, required low-dose maintenance 

administration after the remission of symptoms.

The 54 MDD patients with both sgACC and scACC 

 atrophy were treated with antidepressants similarly to 

the patients with sgACC atrophy alone, but combination 

with atypical antipsychotics acting as dopamine-system 

stabilizers31 was effective for many patients. It should be 

mentioned that manic/hypomanic switch was induced by 

antidepressants in eight patients in this group.

For many of the 37 BD patients with scACC atrophy 

alone, mood stabilizers and atypical antipsychotics acting 

as dopamine-system stabilizers were prescribed.

The characteristics of BD with scACC atrophy alone 

were as follows. 1) Manic/hypomanic switch was induced 

by treatment with antidepressants alone, indicating that the 

symptoms were due to manic depressive psychosis, but the 

depressive phase accounted for the majority. For treatment, 

symptoms were improved by concomitant administration of 

dopamine-related drugs at a low dose, such as olanzapine, 

aripiprazole, quetiapine, and pramipexole. Mood stabilizers 

acting on dopamine through the glutamate system, such as 

lamotrigine, were also effective.32–36 2) Complications by 

somatic diseases, such as asthma, rheumatism, collagen dis-

ease, allergic rhinitis, and complex regional pain syndrome, 

were frequently noted (many complications required steroid 

treatment). 3) Detailed adjustment of prescription was neces-

sary due to drug sensitivity in many patients, and the disease 

was intractable in many of them.

It has recently been clarified that latent bipolar disorder is 

the main cause of intractable MDD, and involvement of the 

dopaminergic system in the pathology and treatment of both 

Table 6 relationship between cerebral local atrophy and treatment of MDD and BD patients (17–90 years of age)

Medication Progress of the medication Sites of atrophic region

Subgenual 
ACC 
n=46

Subgenual ACC and 
subcallosal ACC 
n=54

Subcallosal 
ACC 
n=37

No atrophy 
n=44

antidepressant a little maintenance dosage of the antidepressant 39 25 0 2
The dosage ended after the antidepressant  
short-term dosage

0 0 8 5

The combination of mood stabilizer, atypical  
antipsychotic

6 28 2 0

Mood stabilizer,  
atypical antipsychotic

no dosage of the antidepressant 0 0 22 34

Other agents no dosage of the antidepressant 1 1 5 3

Abbreviations: aCC, anterior cingulate cortex; BD, bipolar disorder; MDD, major depressive disorder.
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intractable MDD and BD was suggested.2 In our study, drugs 

acting on the dopaminergic system were effective for patients 

with the scACC atrophy, clarifying the association between 

the scACC and dopamine. On the basis of the above findings, 

we consider that, when only scACC atrophy is detected, the 

patient should be treated for BD, not for intractable MDD 

for which antidepressants are ineffective, and drugs acting on 

the dopaminergic system should be prescribed without anti-

depressants, as a rule. Concomitant antidepressants may be 

necessary depending on the case. Anatomically, the scACC 

is interrelated with the amygdala, thalamus, hypothalamus, 

orbitofrontal cortex, and insula, and close association with 

the pathologies of MDD and BD has been suggested, being 

an interesting region related to the oxytocin and glutamate 

pathways.

In the group without atrophy in either the sgACC or 

scACC, short-term antidepressant administration improved 

symptoms in patients with MDD. For BD, mood stabilizers 

and atypical antipsychotics mainly were prescribed and 

improved symptoms.

Regarding the relationship between the presence or 

absence of atrophy in each region and effective therapeutic 

drugs, serotonergic antidepressants were effective for many 

patients with the sgACC atrophy, and atypical antipsychot-

ics acting as dopamine-system stabilizers were effective for 

many patients with the scACC atrophy. This suggests that the 

sgACC is related to serotonin regulation, and the scACC is 

related to dopamine regulation. Neural circuits including the 

anterior cingulate gyrus have been assumed for MDD and 

BD, but further studies are awaited with regard to the roles 

of the sgACC and scACC.37–39

The results of the pharmacological effects were sum-

marized by region as follows. 1) Antidepressants were very 

effective for patients complaining of depressive symptoms 

with atrophy only in the sgACC, but once the condition 

became a depressive state, continuation of administration at a 

low dose was necessary for most patients. 2) For patients with 

atrophy in both the sgACC and scACC, antidepressants are 

basic treatment, but drug-induced manic/hypomanic switch 

may occur, and concomitant mood stabilizers and atypical 

antipsychotics acting as dopamine-system stabilizers may 

be necessary in some cases. 3) For patients in a depressive 

state with atrophy noted only in the scACC, antidepressants 

are administered for a short time as a rule because manic/

hypomanic switch is induced, and concomitant administra-

tion of mood stabilizers and atypical antipsychotics acting as 

dopamine-system stabilizers are necessary. However, there 

are many intractable cases. 4) When no atrophy is noted 

in either sgACC or scACC, improvement of symptoms by 

antidepressants is observed within a short time in many 

cases. When symptoms are not improved within a short time, 

investigation of BD and other diseases is necessary.

It was suggested that distinguishing MDD treatment 

strategies between cases with sgACC atrophy alone and 

sgACC and scACC atrophy is useful. It was also suggested 

that distinguishing BD treatment strategies between cases 

with and without scACC atrophy is useful.

It was confirmed that analysis of the sgACC and scACC 

using this simple VBM in routine medical practice can not 

only be utilized for auxiliary diagnoses of MDD and BD, but 

also provide useful information for deciding on a treatment 

strategy, suggesting the effectiveness of this differentiation 

method as an auxiliary diagnostic method.

There remain several problems, however. Firstly, the 

possibility of including subjects with latent MDD before 

onset and those vulnerable to BD development in the data-

base of normal cases, particularly the database of normal 

young-mature adults, cannot be ruled out. Atrophies of the 

sgACC and scACC are not diseases of MDD and BD, and 

these are considered to represent vulnerability to disease 

development.40 The mental conditions of patients before 

onset are the same as those of normal individuals, and dif-

ferentiation is impossible. Actually, the cutoff values of the 

indicators of sgACC and scACC atrophies differed between 

the elderly and young-mature adults and tended to be lower 

in the latter group. The MDD and BD diagnosis rates were 

also slightly lower. These may have been evidence of a mix-

ture of subjects vulnerable to MDD and BD development in 

whom the score should be essentially higher than in healthy 

individuals. It may be necessary to verify the difference by 

measuring the local cerebral volumes.

Secondly, although three different generations in young-

mature adulthood should have been individually evaluated, 

evaluation by generation was difficult because of the small 

number of young-mature adult patients. Calculation was 

performed using the individual databases of the three age 

groups, but the results were evaluated as a single group 

representing young-mature adults. Accordingly, the results 

may have been slightly different from those compared in each 

age group, and this may have had an influence on the differ-

ences in the findings between the young-mature adults and 

the elderly. It is necessary to verify the results by increasing 

the number of young-mature adult patients and evaluating 

each generation.

Last but not least, this method is just an auxiliary diag-

nostic method, and it cannot be used while  overlooking 
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interviews about mental symptoms and observation of 

patients. A depressive state occurs in menopause with rapid 

changes in hormones, even though there is no atrophy, and 

antidepressants were effective for some patients. It should 

be emphasized that, in terms of the pharmacological effects 

of drugs, it cannot be simply considered that the absence of 

sgACC atrophy equals ineffectiveness of antidepressants.

In summary, using VBM on MRI, automatic analysis of 

atrophy in the sgACC and scACC became possible, which not 

only facilitated accurately diagnosing patients with depres-

sive symptoms, but was also useful to decide on prescriptions. 

In addition, objective indicators were established, which 

enabled analysis at multiple facilities. The accumulation of 

more cases is expected, along with the establishment of this 

method as a highly accurate auxiliary diagnostic method.

Conclusion
In this study, we developed a method for the automatic analy-

sis of atrophy of sgACC and scACC in young-mature adults 

and the elderly. We have shown that the findings obtained 

by using this method are useful not only to differentiate 

patients with depressive symptoms but also to decide on 

prescriptions.

On the basis of the analytical findings, the following 

conclusions were drawn. 1) Antidepressants are effective for 

patients complaining of depressive symptoms with atrophy 

detected only in the sgACC, but maintenance administra-

tion is necessary. 2) Antidepressants are a basic treatment 

when atrophy is detected in both the sgACC and scACC, but 

drug-induced manic/hypomanic switch is likely to occur, and 

concomitant administration of mood stabilizers and atypi-

cal antipsychotics acting as dopamine-system stabilizers is 

necessary. 3) When atrophy is detected only in the scACC, 

antidepressants should be used only for a short term as a rule 

because these drugs frequently induce manic/hypomanic 

switch, and it is necessary concomitantly to administer 

mainly mood stabilizers and atypical antipsychotics acting 

as dopamine-system stabilizers. However, there are many 

intractable cases. 4) When no atrophy is observed in either 

the sgACC or the scACC, improvement of symptoms by anti-

depressants is observed within a short time. When symptoms 

are not improved by short-term medication, it is necessary to 

investigate the possibility of BD and other diseases.

Furthermore, objective indicators were established, 

and information on local cerebral atrophy can be readily 

shared and compared among multiple facilities, which is 

expected to be utilized as an accurate auxiliary diagnostic 

tool for patients with depressive symptoms.
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