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Discrepancy between Neuroimaging-Guided Diagnosis Using 
Near-Infrared Spectroscopy and Clinical Diagnosis in Major 

Psychiatric Disorders
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ABSTRACT
Objective: A serious problem in psychiatric practice is the lack of specific, objective biomarker-based assessments to guide 

diagnosis and treatment. The aim of this study is to investigate the relationship between Near-infrared spectroscopy (NIRS) 
diagnostic classification and clinical diagnosis to consider whether NIRS is a useful biomarker for psychiatric diagnosis.

Subjects and Methods: Retrospective study was recruited from 294 psychiatric patients who performed NIRS examination in 
order to make a differential diagnosis of psychiatric disease. Using a 22-channel optical topography system, changes in the con-
centration of oxygenated hemoglobin in prefrontal cortices were measured during a verbal fluency test. Their NIRS waveform 
patterns and clinical diagnosis were compared within three major psychiatric disorders: 88 with major depressive disorder, 79 
with bipolar disorder, and 59 schizophrenia/schizoaffective disorder.

Results: Matching rates of clinical diagnosis to NIRS waveform pattern were 34.1%, 51.9%, and 59.3% for major depressive 
disorder, bipolar disorder, and schizophrenia/schizoaffective disorder, respectively.

Conclusion: Although NIRS was approved for health insurance as a promising laboratory test for the differential diagnosis 
of psychiatric disorders who manifested depressive symptoms, it may not be appropriate to put more value on this neuroimag-
ing-guided method than clinical assessment. 
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INTRODUCTION

The search for objective biomarkers of psychiatric disorders has a 
long history. Despite this, no universally accepted instruments or meth-
ods to detect biomarkers have been developed. Near-infrared spectros-
copy (NIRS) is a noninvasive functional brain imaging technique that 
utilizes the absorbance of light in the near-infrared spectrum by hemo-
globin (Hb) to determine blood volumes in an anatomical region of 
interest1). NIRS has been gaining attention recently because of its rela-
tively high temporal resolution and the compactness of the measurement 
devices, despite several disadvantages (e.g., relatively low spatial reso-
lution and the possibility of shallow coverage in the depth of brain 
regions)2,3). NIRS may be a suitable instrument for clinical use in psychi-
atry, as it can measure brain activity in naturalistic position easily and 
non-invasively compared with other functional neuroimaging tech-
niques such as functional magnetic resonance imaging (fMRI) and posi-
tron emission tomography (PET)4). 

Many studies have confirmed the suitability of NIRS for various 
types of different neuropsychiatric disorders. Frontal-temporal brain 
activity as measured by NIRS has been suggested to be decreased or 
disturbed in many psychiatric disorders (i.e., major depressive disorder, 
bipolar disorder, schizophrenia, panic disorder, eating disorder, attention 
deficit hyperactivity disorder, Alzheimer's dementia, and alcoholism)5-10). 
In view of such findings, NIRS, theoretical basis of optical topography, 
has been approved as an insurance-covered auxiliary laboratory test for 
differential diagnosis of depressive state by the Ministry of Health, 

Labor and Welfare in Japan since 201411). While many would concur 
that NIRS does hold potential in the area of assisted diagnosis, there are 
still many areas of considerations such as the need for more targeted 
activation paradigms to delineate the disease specific hemodynamic 
changes, need for validated markers with increased diagnostic specifici-
ty, and the technical and methodical difficulties involved in interpreting 
the data and medicolegal implications12).

The aim of this study is to investigate the relationship between 
Near-infrared spectroscopy (NIRS) wave form patterns and clinical 
diagnosis to consider whether NIRS is a useful marker for psychiatric 
diagnosis in a  'real-world' setting.

SUBJECTS  AND  METHODS

Subjects

Subjects were recruited from in- and out-patients who received 
treatment for any type of psychotic disorders and performed NIRS 
examination from September 2015 to August 2016 at Kusatsu Hospital 
in Hiroshima, Japan. Clinical diagnosis of psychiatric disorders was 
made according to the International Statistical Classification of Disease 
and Related Health Problems 10th Revision (ICD-10). The exclusion 
criteria included an alternation of antipsychotic treatment within two 
weeks and a diagnosis of senile dementia. Under our research criteria, a 
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total of 294 patients were enrolled consecutively.

NIRS apparatus

We measured changes in oxygenated hemoglobin concentration 
([oxy-Hb]) and deoxygenated hemoglobin ([deoxy-Hb]) during the use 
of the phonemic version of the verbal fluency test13). The NIRS measure-
ments were performed using a 22-channel ETG-4000 Optical 
Topography System (Hitachi Medical Corporation, Tokyo, Japan), with 
near-infrared light of two wavelengths (695 and 830 nm), and with a 
temporal resolution of 10Hz to measure relative changes of absorbed 
near-infrared light. These changes were transformed into the concentra-
tion changes of [oxy-Hb] and [deoxy-Hb] as indicators for brain activity 
by means of a modified Beer-Lambert law14). In this continuous-wave 
NIRS system, these [Hb] values include a differential path length factor; 
therefore, the unit of this form of NIRS measurement is mM・mm. The 
inter-probe distance was set at 3.0 cm, which enabled the measurement 
of [Hb] at a depth of 2-3 cm from the scarp, that is, approximately at the 
surface of cerebral cortex15). We used a probe set (plastic panel) of 
optodes. The set consisted of eight light emitters and seven detectors 
resulting in 22 channels with an area of 12 x 6 cm on the scalp. The 3 x 
5 probes were attached to the subject's medial frontal area, whose long 
axis was arranged orthogonally to the line connecting inion to nasion. 
The probes were symmetrically positioned centering on Fz, in accor-
dance with the international 10/20 system for electroencephalogram 
electrode placement. The rate of data sampling was 0.1 s.

Verbal fluency task

The verbal fluency task, in which participants are required to recall 
as many words as possible from a given semantic or phonemic category 
in a given time, is the most frequently applied paradigm within the field 
of NIRS research. A verbal fluency test, a letter version, was selected 
for frontal lobe activation in the present study. The activation consisted 
of a 30-second pre-task baseline, a 60-second verbal fluency task and a 
60-second post-task baseline. In the verbal fluency task, the subjects 
were instructed to generate as many nouns in Japanese words as possi-
ble with an initial syllable of either /a/, /ka/ or /sa/. The three initial syl-
lables changed in turn every 20 seconds during the 60-second task to 
reduce the time during which the subjects were silent. The number of 
words generated during the word fluency task was determined as a mea-
sure of task performance. The subjects were instructed to repeat the syl-
lable of either /a/, /i/, /u/, /e/ and /o/ during the pre-talk and post-talk 
baseline periods.

NIRS measurement

The obtained data were automatically proceeded using a command 
defined by HITACHI NIRS machine, and the results measured by the 11 
channels (channel 10~13, 15~17, 19~22) as frontal and the 2 channels 
(channel 14, 18) as temporal cortex region were selected for the analy-
sis. According to the algorism recommended by the Joint Project for 
Psychiatric Application of Near-Infrared Spectroscopy (JPSY-NIRS), 
the observed patterns of oxy-Hb changes were then classified into five 
groups. The unipolar depression group was characterized by a smaller 
oxy-Hb increase (D type), the bipolar depression group by a comparable 
but delayed oxy-Hb increase (B type), the schizophrenic group by a 
reduced oxy-Hb increase during the task period followed by an oxy-Hb 
re-increase during the post-task period (S type), a robust oxy-Hb 
increase group (N type), and the unclassifiable group not corresponding 
to any above group (U type). 

Statistical analysis

All subjects were classified by clinical diagnosis (major depressive 

disorder, bipolar disorder, schizophrenia/schizoaffective disorder, and 
other psychotic disorder) and by NIRS pattern (D, B, S, N, and U type), 
independently. Among those subjects clinically diagnosed as major 
depressive disorder, bipolar disorder, and schizophrenia/schizoaffective 
disorder, comparison were made between their NIRS waveform patterns 
and clinical diagnosis within each subgroup.

Ethical approval

The ethics committee of Kusatsu Hospital approved this study, and 
informed consent to analyze the stacked data was obtained from all sub-
jects. The personally identifiable information could not be specified 
throughout a research investigation.

RESULTS

Sample Characteristics 

Study subjects consisted of 125 male (including 38 with depression, 
35 with bipolar disorder, 25 with schizophrenia/schizoaffective disor-
der) with a mean age of 42.8 years and 169 female (including 50 with 
depression, 44 with bipolar disorder, 34 with schizophrenia/schizoaffec-
tive disorder) with a mean age of 47.3 years, according to the ICD-10 
by a clinical interview. 

NIRS classifications in three psychiatric disorders

In three psychiatric disorders, the matching rate against NIRS clas-
sification was 34.1%, 51.9%, and 59.3% for major depressive disorder, 
bipolar disorder, and schizophrenia/schizoaffective disorder, respective-
ly, and their comparison outline is presented in Table 1.

DISCUSSION

The results of the present study could be summarized as follows; 
more than half of subjects clinically diagnosed as bipolar disorder or 
schizophrenia matched with each NIRS waveform, and two thirds of 
major depressive disorder subjects were not classified into typical uni-
polar depression NIRS pattern. Regrettably, NIRS is not particularly 
sensitive for the detection of psychiatric disorders in this study. 

A meta-analysis of NIRS study supports previous findings that com-
pared to healthy subjects, patients with major depressive disorder had 
significantly lower prefrontal activation during cognitive tasks16). In 
addition, a multi-site study with large samples found that frontal hemo-
dynamic patterns detected by the NIRS method accurately distinguished 
between patients with major depressive disorder (74.6%) and those with 
the two other disorders (85.5%; bipolar disorder or schizophrenia) that 
presented with depressive symptoms10). These studies suggest that neu-
roimaging-guided differential diagnosis of major psychiatric disorders 
using NIRS may be a promising biomarker for personalizing care in 
clinical settings. 

To some extent, there may be a mismatching rate between clinical 
diagnosis and NIRS waveform pattern as showed in our study. Topical 
report indicated that the rate of concordant diagnosis in patients diag-
nosed as having bipolar disorder according to NIRS was significantly 
lower than that in controls, suggesting the possibility of over-diagnosis 
of bipolar disorder due to NIRS17). One possible reason for this discrep-
ancy is that the NIRS measures only the activity occurring within the 
surface of the middle frontal and temporal cerebral region by using 

Table 1. Comparison between NIRS waveform pattern and Clinical diagnosis
  D type B type S type N type U type (total)

 major depressive disorder 30 16 19 9 14 88

 bipolar disorder 11 41 11 2 14 79

 schizophrenia/schizoaffective disorder 8 8 35 1 7 59

 (total) 49 65 65 12 35 226

Abbreviations: D type = unipolar depression pattern, B type = bipolar disorder pattern, S type = schizophrenia pattern, N type = normal pattern, and U type 

= unclassifiable pattern, in NIRS waveform
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averaged brain signals estimated in the front-polar cortex. It only covers 
a restricted aspect of executive functioning, which would be inadequate 
in delineating and differentiating complex psychiatric disorders12). 
Another reason is that many clinical symptoms are also common to var-
ious psychiatric disorders, such as depressive symptoms in unipolar 
depression, bipolar disorder, schizoaffective disorder, etc., thus making 
it challenging to diagnose complex cases accurately within a limited 
time frame18). Moreover, NIRS examination in clinical psychiatric set-
ting could not consider non-illness factors such as age, sex, and head 
size, in addition to factors related to illness, including differences in 
sub-type diagnosis, severity of symptoms, and the effect of treatment 
medications. Rather than a diagnostic tool, NIRS may be a useful appli-
cation to reflect neurovascular coupling in psychiatric subjects19). 

 Although NIRS was approved for health insurance as an auxiliary 
laboratory test for the differential diagnosis of depressive state, it may 
not appropriate to put more value on NIRS than clinical assessment. 
Future studies aimed at exploring NIRS differences in various clinical 
stages, longitudinal changes, drug effects, and variations during differ-
ent task paradigms will be needed to develop more accurate biomarkers 
that can be used to aid differential diagnosis, the comprehension of the 
present condition, the prediction of outcome, and the decision regarding 
treatment options in psychiatry. 
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