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Optical topography is a non-invasive device with high resolution for imaging
hemodynamic changes to assess brain function, using near-infrared spectroscopy
(NIRS). In Japan, the cost of this technique can be covered by healthcare insurance
for differentiating depressive symptoms. Although atypical depression is often seen
in psychosomatic clinics and known to have a relationship with other physiological
disorders, such as metabolic syndrome and other physical conditions, NIRS findings are
limited to understanding the neurophysiological aspects of atypical depression. In this
brief paper, we address the possible role of NIRS diagnostic accuracy for depression and
show cases of NIRS diagnosis in atypical depression that relate to the body and mind, in
contrast to melancholic types of depression and bipolar disorders. This article could help
psychosomatic medicine practitioners when debating the similarities and differences
between depressions in psychosomatic illness.
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Introduction
Near-infrared spectroscopy (NIRS) is a non-invasive technique
using relatively small and portable equipment, with high temporal
resolution for imaging hemodynamic changes to assess brain
function [1-4]. This device was first introduced by Jöbsis in 1977,
which allowed measurement of tissue components [5]. NIRS can
detect brain function by evaluating changes in the concentration
of oxygenated hemoglobin, deoxygenated hemoglobin, totalhemoglobin or cytochrome-c-oxidase [6] using near-infrared light.
In addition, it has been used to resolve changes in the combination
of hemoglobin and cytochrome-c-oxidase, which has led to many
clinical applications for measurements in the human brain [6].
NIRS has a high resolution, it can be used to detect a similar cortical
activation pattern to functional magnetic resonance imaging
(fMRI) [7], positron emission tomography (PET) [8], and single
photon emission computed tomography (SPECT) [9]. NIRS was
largely unknown to clinicians in mental health in Japan; however,
since 2009 it has been approved by the Ministry of Health, Labor
and Welfare as an advanced medical technology to differentiate
psychiatric diagnosis [10].

The cost of this technique has been covered by healthcare
insurance to differentiate major depressive disorder and bipolar
disorder since 2014. Therefore, many Japanese psychiatric
hospitals and university affiliated hospitals have introduced NIRS
for diagnostic accuracy in depression both for clinical and research
purposes. Major depressive disorder was ranked as the third leading
contributor to the global burden of disease in 2004 and is expected
to move to first place by 2030 [11]. Depression is associated with
physiological disorders, such as metabolic syndrome and other
physical conditions. Of the various specifiers created for major
depressive disorder to help clinicians for its treatment, atypical
depression is thought to have the strongest relationship to lifestyle
diseases [12,13]. More specifically, according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM5), atypical depression is defined as a condition presenting with
mood reactivity plus at least two of the following four symptoms:
hyperphagia, hypersomnia, laden paralysis, and interpersonal
rejection sensitivity [14].
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Of these, hyperphagia and hypersomnia are directly related
to lifestyle. Psychosomatic physicians treat mental disorder and
somatic symptoms; therefore, NIRS finding for atypical depression
will assist with their diagnosis and treatment. Further, psychiatric
diagnosis is based on the subjective report of symptoms and
observed behavior. Therefore, NIRS, as a technique for the
diagnosis of depression, can facilitate the clinical process. Recently,
we reported increases in the diagnostic accuracy for depression
using the Beck depression inventory II (self-report inventory) with
NIRS (which was written in Japanese, no reference). These findings
may be helpful for both internists and psychiatrists. Furthermore,
differential diagnosis for subtypes of depressive disorders (such
as melancholic and atypical) and bipolar disorder is difficult for
mental professionals [15]; therefore, treatment decisions for each
disorder are different.
In addition, some studies have addressed the overlap between
atypical depression and bipolar disorder, especially type II, with
conflicting findings [16-18]. Atypical depression can meet the
criteria for bipolar disorder type II [16,18]; therefore, the difference
between atypical depression and bipolar disorder is vague and, to
the best of our knowledge, few studies have assessed NIRS images in
atypical depression. Therefore, recognizing the difference between
melancholic depression, atypical depression, and bipolar disorder
would be useful in clinical medicine. In this report, we addressed
the possible role of NIRS in the diagnostic accuracy of depression.
In addition, we describe three cases of NIRS diagnosis in atypical
depression that are related to body and mind symptoms, in contrast
to melancholic types of depression and bipolar disorders.

Methods

Participants and Diagnosis of Depression
We extracted the data of 57 participants who were diagnosed
with major depressive disorder or bipolar disorder, who were
admitted to Toho University Hospital from June 2015 to June
2017. Patients were diagnosed by a clinician (specializing in
psychosomatic psychiatry) and evaluated using the Beck Depression
Inventory (BDI)-II and NIRS. Sixteen people were excluded because
of a lack of data. Therefore, we used data from 41 people for this
study (mean age = 43.4 years old, SD = 14.1 years, 24 males and
17 females). The diagnoses of all extracted data were rechecked
by two physicians who specialize in psychiatry and psychosomatic
medicine according to DSM-5 criteria [14]. Assessors were blinded
to the NIRS data at the point of diagnosis.

Statistical Analyses and Ethical Consideration

After the characteristics of the study population were
descriptively evaluated according to the BDI-II low and high scores,
we calculated the cut off value for depression using the Yoden index
of the depression questionnaire, based on our previous study [19].
We compared the accuracy of the depression diagnosis using the
centroid value. We evaluated diagnostic accuracy using area under
the curve (AUC) analysis. All analyses were performed using the EZR
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Ver 1.32 [20] statistical package. Data are expressed as means and
SD. P <0.05 (two-tailed), were considered statistically significant.
Two-tailed t-tests were used to compare continuous values, and
Fisher’s exact or proportion tests were used to compare categorical
values between the two groups.

We extracted three clinical cases from these data for case
presentation. All three clinical cases underwent a structured
clinical interview using questions from the major depressive
disorder and bipolar disorder section of the of the Mini
International Neuropsychiatric Interview [21]. Two physicians
who specialize in both psychiatry and psychosomatic medicine
diagnosed melancholic depression, atypical depression, or bipolar
disorder according to DSM-5 criteria [14]. The two physicians who
diagnosed the cases were blinded to the NIRS data at the point of
diagnosis. This clinical study was carried out in accordance with
the latest version of the Declaration of Helsinki and was approved
by the ethics committee of the Toho University Faculty of Medicine
(registration number M17141 and M17246). Informed consent was
obtained from all patients, following an explanation of the NIRS
procedure.

NIRS Device in the Study and Depression Diagnosis
Assisted by NIRS

A fifty-two channel NIRS (ETG-one 4000; Hitachi Medical,
Tokyo, Japan) was used to derive values for oxygenated hemoglobin
and deoxygenated hemoglobin using two wavelengths (695 and 830
nm). We placed 18 channels on the frontal cortex and 36 channels
over the right and left temporal cortex. We used the device settings
reported in previous studies [22,23]. Participants sat comfortably
in a quiet room. The task procedures were explained by a clinical
technician, who subsequently monitored head movement during the
procedure. During the verbal fluency task (VFT) [24], participants
were instructed to look at a device monitor from external speakers.
The VFT was conducted according to previous studies [22,25].
Briefly, the procedure consisted of a pre-task (30 seconds), VFT
(60 seconds), and post-task (70 seconds) stage. During the preand post-task periods, participants were instructed to speak five
Japanese vowels (a, i, u, e, o). The subtraction method (task minus
pre- and post-task) was used to minimize any vocalization effects
during the VFT. Participants were instructed to speak as many
Japanese words as possible from the beginning with a designated
syllable [22].
To avoid artifact effects, noise, and head movement data (bad
channels) were deleted by three clinicians who are independent
to the study. Based on a previous study [25,26], the evaluation of
depression was performed by two simple visual indices, such as
“integral value” and “centroid value”. The integral value describes
the size of the hemodynamic response, whereas the centroid
value serves as an index of time-course changes throughout the
task [26]. The threshold value to differentiate major depressive
disorder to non-major depressive disorder was 54 s lower than the
centroid value in frontal lobe. Using this threshold, 74.6 % of the
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patients with major depressive disorder were classified correctly
[26]. The integral value represents patients with depression who
had significantly lower prefrontal activation when compared with
healthy people [27-29]. This was calculated by differences in clinical
symptoms (such as the Global Assessment of Functioning, GAF,
score) between major depressive disorder and bipolar disorder
with depressive symptoms.

Results

NIRS Diagnostic Accuracy with Subjective Depressed
Mood Severity
The mean Beck Depression Inventory (BDI)-II score, NIRS
centroid value and NIRS integral value in the 41 participants were
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29.8 (standard deviations, S.D., 12.6), 52.8 (S.D. 11.3), and 67.3 (S.D.
62.2), respectively. The subjects were classified into high (n = 24)
and low (n = 17) scores at 26 points of BDI-II. The demographics
of the low and high groups for BDI-II are shown in Table 1. The
diagnostic accuracy between BDI-II alone and BDI-II with NIRS
is shown in Table 2. The specificity, AUC, and positive likelihood
ratio of NIRS depression diagnosis are higher than the BDI-II
depression diagnosis. In contrast, sensitivity was higher in the
BDI-II diagnosis. When comparing the BDI-II low and high scores
with NIRS, sensitivity, specificity, AUC, and positive likelihood ratios
were higher in the low score group when compared with the higher
group. The demographics between depressive disordes and biplar
disorder II are shown in Table 3.

Table 1: Characteristics between BDI-II low and high group (n = 41).
low score(n = 17)
Gender

high score(n = 24)

p value
0.21

Male

12

12

Age

42.7±12.8

44.8±15.2

0.78

Depressive Disorders

15

15

0.08

Female

5

Disease duration (months)

12

41.2±52.5

Bipolar and Related Disorders

17.5±29.3

2

0.07

9

BDI-II. Beck depression inventory II. Two-tailed t-tests were used to compare the mean differences. For categorical variables, Fisher’s
exact tests or proportion tests were used.
Table 2: Comparison of diagnostic accuracy between BDI-II and BDI-II with NIRS.

BDI-II (n = 41)

Cutoff value
(Youden index)

Sensitivity

Specificity

Area under the
ROC curve

Positive
likelihood ratio

Negative
likelihood ratio

26

81.8

50

0.59

1.63

0.61

NIRS centroid
value (n = 41)

55.1

NIRS centroid
values in BDI-II
high score (n = 24)

55.1

100

73.3

0.83

3.74

0

53.8

66.7

66.7

0.63

2

0.5

NIRS centroid
values in BDI-II
low score (n = 17)

72.7

70

0.69

Table 3: Characteristics between depression and bipolar disorder (n = 41).
Major depressive disorders (n = 30)
Gender

2.42

bipolar disorder II (n = 11)

Male

19

5

Age

45.1±14.0

38.7±14.0

BDI-II

28.9±12.6

32.3±12.8

Female
Disease duration(month)

11

6

33.9±45.9

9.5±18.6

0.41

p value
0.47
0.2

0.09
0.44

BDI-II. Beck depression inventory II. Three-tailed t-tests were used to compare the mean differences. For categorical variables,
Fisher’s exact tests or proportion tests were used. Participants with major depression includes melancholic depression and atypical
depression used for case presentation.

Case 1: NIRS Image for Melancholic Depression
A 54-year-old male presented at our out-patient service with
fatigue as a main symptom. The first onset of fatigue symptoms

appeared before he went to work when he was 48 years old. His
symptoms deteriorated and fluctuated depending on his workload.
He could tackle his symptoms by himself; however, combined with
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the depressive mood, he sought help from the local doctor and
was referred to our university hospital. He presented with sleep
apnea syndrome as a coexisting illness. He reported no family
history, except paternal acute myocardial infarction. Delusion
and hallucinations were not observed. He had been prescribed 5
mg olanzapine (chlorpromazine equivalent dose, 200 mg). The
GAF score was 55. Other diseases that because depressive moods
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were ruled out by blood test including thyroidal, adrenal and
iron function. He was diagnosed with major depressive disorder,
moderate, melancholic type, according to the DSM-5. The mean
centroid value was 50.4 s in the frontal lobes; therefore, this was
classified as major depressive disorder. The mean integral value of
57.8 indicated that the clinical symptom of depression (GAF) was
mild to moderate (Figure 1).

Figure 1: For melancholic depression. Upper part represents 52 channel row data of melancholic depression (51 years old man),
upper left: right temporal lobes, center: frontal lobes, upper right: left temporal lobes. Lower left: mean value of 11 frontal lobes
data (Integral value 57.8, Centroid value 50.4s). Lower right: mean value of selected 10 temporal lobes data without artifact
(Integral value 46.0, Centroid value 60.1s). Integral analysis used the last 10 s of the pre-task, 60 s task, and first 55 s of the posttask = 125 s in total. Red line: oxyhemoglobin concentration, Blue line: deoxyhemoglobin concentration.

Case 2: NIRS Image for Atypical Depression
A 24-year-old female presented at our out-patient service
with irritability as a main symptom. The first onset of irritability
appeared when she conducted her junior schoolwork as a teacher
when she was 22 years old. With the help of a school counselor,
she took rest and reduced her workload; however, her fatigue
symptoms remained. She did not have a coexisting illness, past
medical history or any family history of specific diseases. Delusions
or hallucinations were not observed. She had been prescribed 20 mg

escitalopram oxalate, 20 lithium carbonate, and 6 mg bromazepam.
Her GAF score was 65. Other diseases that cause a depressive
mood were ruled out by blood test including thyroidal, adrenal and
iron function. She was diagnosed with major depressive disorder,
moderate, atypical type according to the DSM-5. Her mean centroid
value was 37.7 s in the frontal lobes, which was classified as major
depressive disorder. The mean integral value of 5.6 indicated that
the clinical symptom of depression was moderate to severe (Figure
2).
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Figure 2: For atypical depression. Upper part represents 52 channel row data of atypical depression (25 years old woman),
upper left: right temporal lobes, center: frontal lobes, upper right: left temporal lobes. Lower left: mean value of 11 frontal lobes
data (Integral value 5.6, Centroid value 37.7s). Lower right: mean value of selected 14 temporal lobes data without artifact
(Integral value 30.4, Centroid value 41.3s). Integral analysis used the last 10 s of the pre-task, 60 s task, and first 55 s of the posttask = 125 s in total. Red line: oxyhemoglobin concentration, Blue line: deoxyhemoglobin concentration.

Case 3: NIRS Image for Bipolar Disorder II

Figure 3: For bipolar disorder II. Upper part represents 52 channel row data of bipolar disorder type II (26 years old woman),
upper left: right temporal lobes, center: frontal lobes, upper right: left temporal lobes. Lower left: mean value of 10 selected
frontal lobes data without artifact (Integral value 93.2, Centroid value 56.2s). Lower right: mean value of selected 17 temporal
lobes data without artifact (Integral value 130.6, centroid value 62.7s). Integral analysis used the last 10 s of the pre-task, 60 s
task, and first 55 s of the post-task = 125 s in total. These data were collected when she was in a calm, not manic, mood. Red
line: oxyhemoglobin concentration, Blue line: deoxyhemoglobin concentration.
Copyright@ Takeaki Takeuchi | Biomed J Sci & Tech Res| BJSTR. MS.ID.003303.
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A 27-year-old female presented at our out-patient service with
binge eating as a main symptom. The first onset of binge eating
appeared when she was a high school student. Her mood fluctuated
between depressive to irritable (slight manic). She managed to
address her binge eating with the help of a counselor; however,
eating conduct was not controlled, so she was referred to our
university hospital. She had bulimia nervosa as a coexisting illness.
There was no reported family history of any specific diseases.
Delusions or hallucinations were not observed, and no medication
had been prescribed. The GAF score was 50. Other diseases that
can cause mood change were ruled out by blood test including
thyroidal, adrenal and iron function. First she was diagnosed with
an eating disorder. Next, after a more detailed interview, she was
diagnosed with bipolar disorder, type II, according to DSM-5. The
mean centroid value of 93.2 in the frontal lobes indicated that this
was non-major depressive disorder (Figure 3).

Discussion

In this clinical study, we evaluated the diagnostic accuracy
between results from the subjective symptom (BDI-II) questionnaire
and the BDI-II questionnaire with NIRS. There is a possibility of
slight improvement in depression diagnosis accuracy when using
NIRS compared with subjective symptoms alone, especially in the
BDI-II low group. Using both the BDI-II and NIRS can evaluate
patients subjectively and objectively. Further, both diagnoses are
non-invasive. If diagnostic accuracy increases by the combining the
questionnaire and NIRS, using NIRS in clinical practice will be useful.
A previous study has reported a relationship between Hamilton’s
rating score for depression and NIRS [23]. Although diagnosis
based on experienced experts is preferable, administration of these
tests is complex for non-experts, and the diagnosis per se is not
robust in terms of reproducibility. The use of objective tools, such
as NIRS, could increase both diagnostic accuracy and objectivity.
The diagnostic accuracy was higher in lower BDI-II score group
when compared with the higher group. This may indicate that the
use of NIRS for the diagnosis of depression would be more effective
in primary care.

In addition, we compared with NIRS results of atypical
depression with melancholic depression and bipolar disorder.
Previous studies [19,21,26] have argued that atypical depression
may be included in bipolar disorder II or mild bipolar disorder. The
NIRS image of atypical depression was similar to major depressive
disorder when compared with bipolar disorder according to low
centroid value. Therefore, we consider atypical depression is a
subtype of major depressive disorder by the classification of DSM5 [17]. NIRS analysis of the temporal lobes is not common for the
diagnosis of depression; however, a previous study reported that
NIRS differentiated melancholic depression and non-melancholic
depression in temporal lobes [30]. This indicates that NIRS imaging
in the temporal lobes should be considered for future research.
Previous studies [31-33] have reported that individuals diagnosed
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with bipolar disorder, who have a family history of this disease,
tend to have more severe symptoms, such as early onset, and a high
prevalence of suicide and psychosis.
One previous study has suggested that these patients have
different brain structures when compared with patients with no
family history of disease [34]. The individual diagnosed with bipolar
disorder in this study does not have a family history; therefore, the
results are not comparable. However, variations in family history
may affect differences in NIRS images between bipolar disorders.
Atypical depression is associated with metabolic diseases, such as
diabetes and metabolic syndrome [14,16,35]. Therefore, atypical
depression has both body and mind symptoms, and clinicians
have to judge patients psychosomatically. This article will help
psychosomatic medicine practitioners when debating similarities
and differences between depression and psychosomatic illness,
such as atypical depression. There are several limitations of this
study. First, we performed a secondary analysis on our previous
study data and compared the NIRS results from cases of atypical
depression, melancholic depression, and bipolar disorder. The
generalizability of these cases is not robust. Therefore, additional
data and quantifiable analysis are necessary to consider impacts
of confounding factors, such as medication use, as carefully as
possible.

Nonetheless, to the best of our knowledge, this is the first
study to compare the NIRS images of atypical and other types of
depression. Second, we used the BDI-II for questionnaire in the
study: however, there is a more appropriate questionnaire for
evaluating major depressive disorder based on the DSM-5, such as
the Patient Health Questionnaire (PHQ). To confirm our results, a
more robust study using the PHQ is required. Third, we presented
NIRS data for three cases of melancholic depression, atypical
depression, and bipolar disorder respectively; however only three
cases cannot confirm real differences, and a larger study is required.
Nonetheless, this study is the first step to understanding NIRS data
comparing subtypes of depression. Finally, BDI data for each case
were not recorded on the NIRS measurement day. In the bipolar
case, depression severity data would strengthen robustness of the
results. Major depressive disorder will be ranked as the leading
contributor to the global burden of disease in the near future [13].
All clinicians have to deal with depressive patients. A non-invasive
objective assessment for depression may be necessary for every
clinician [3,36,37]. To date, NIRS is too expensive and complex to
manage; however, we believe that there is a possibility for a more
reasonable tool. Our findings support the widespread clinical use
of NIRS as an objective diagnostic tool for depression in the future.

Conclusion

In this paper, we addressed the possible role of NIRS as a
diagnostic tool for depression and reported cases of NIRS diagnosis
in atypical depression that related to the body and mind, in contrast
to melancholic types of depression and bipolar disorders.
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