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Introduction: Major depressive disorder (MDD) is a global psychiatric disorder with no
established biomarker. There is growing evidence that functional near-infrared
spectroscopy (fNIRS) has the ability to aid in the diagnosis and prediction of the
treatment response of MDD. The aim of this review was to systematically review, and
gather the evidence from existing studies that used fNIRS signals in the diagnosis of MDD,
correlations with depression symptomatology, and the monitoring of treatment response.

Methods: PubMed, EMBASE, ScienceDirect, and Cochrane Library databases were
searched for published English articles from 1980 to June 2019 that focused on the
application of fNIRS for (i) differentiating depressed versus nondepressed individuals, (ii)
correlating with depression symptomatology, and in turn (iii) monitoring treatment
responses in depression. Studies were included if they utilized fNIRS to evaluate
cerebral hemodynamic variations in patients with MDD of any age group. The quality of
the evidence was assessed using the Newcastle–Ottawa quality assessment scale.

Results: A total of 64 studies were included in this review, with 12 studies being
longitudinal, while the rest were cross-sectional. More than two-thirds of the studies
(n = 49) had acceptable quality. fNIRS consistently demonstrated attenuated cerebral
hemodynamic changes in depressed compared to healthy individuals. fNIRS signals have
also shown promise in correlating with individual symptoms of depression and monitoring
various treatment responses.

Conclusions: This review provides comprehensive updated evidence of the diagnostic
and predictive applications of fNIRS in patients with MDD. Future studies involving larger
g May 2020 | Volume 11 | Article 3781
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sample sizes, standardized methodology, examination of more brain regions in an integrative
approach, and longitudinal follow-ups are needed.
Keywords: diagnostic, prediction, functional near-infrared spectroscopy, major depressive disorder, systematic review
INTRODUCTION

Major depressive disorder (MDD) is a global mental illness
which is increasingly prevalent in modern societies. As per the
World Health Organization, MDD affected approximately 322
million people of all ages globally. The total number of people
likely to have depression increased by 18.4% between 2005 and
2015, and this number is expected to increase exponentially over
time (1). Symptoms of depression include low mood, decreased
energy, poor attention, memory problems, disturbed appetite
and sleep, anhedonia, feelings of guilt, and worthlessness (2). In
severe cases, depression may present with psychotic symptoms,
suicidal thoughts and increase the possibility of unnatural death
(3). MDD can also cause significant disability. Depression is one
of the leading cause of world disability in the year 2020, and in 10
years' time, it is anticipated to be the biggest cause of global
disease burden overtaking cardiovascular diseases (1). Despite its
gaining prevalence, MDD is still considerably undertreated and
under diagnosed, especially in primary care settings (4).

Depressive disorders have been correlated with problems in
the limbic, thalamic and cortical areas (5). MDD has also been
correlated with neuropsychological deficiencies in numerous
cognitive areas, involving attention, language, memory, and
executive function (6). To diagnose patients with MDD,
clinicians conventionally refer to the International Statistical
Classification of Diseases and Related Health Problems—10th

revision (ICD-10) or the Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-5) classifications as guides
to confirm the diagnosis. However, the accuracy of reaching a
diagnosis of MDD relying on history taking remains debated.
Diagnosis is often based on the subjective assessment and clinical
experience of the clinicians. Some patients may also not be
forthcoming about their symptoms, especially suicidal ideation.
Furthermore, many of the psychiatric symptoms are
polymorphous and may overlap in various psychiatric
disorders, thereby making diagnosis all the more challenging.

MDD is a multifaceted and varied illness in which up to two
thirds of patients could experience treatment resistance that
protracts and worsens the episodes (7). Only approximately
33% of patients with MDD attain remission, despite being
treated with optimal medications based on measurement-based
care and consensus guideline. Furthermore, the probability of
treatment response seems to decrease with each new treatment
option (8). Treatment-resistant depression (TRD) is related to
increased morbidity and mortality, with recurring and chronic
periods in the long run (9). Hence, it would be useful if there are
ways to ascertain improvements in treatment at any stage of the
illness, as it would offer wider benefits for global management
of depression.
sin.org 2
Biomarkers offer a conceivable target for assisting in the
diagnosis and identifying predictors of response to various
interventions (10). Biomarkers may come in various forms,
such as inflammatory markers, endogenously produced
hormones and brain imaging. In recent years, brain-imaging
techniques such as electroencephalography (EEG), functional
magnetic resonance imaging (fMRI), positron emission
tomography (PET), and magnetoencephalography (MEG)
existed to be used as adjuncts to help clinicians diagnose
MDD. According to some neuroimaging findings using PET
and fMRI to investigate brain function in patients with
depression (11–13), they found blood flow reduction in the
prefrontal cortex to be associated with a decline in activity
within the cingulate cortex. There had been reports using
neuroimaging techniques recording hemodynamic response
relating to brain activity during cognitive stimulation on
depressed patients. One such study using fMRI performed by
Okada et al. revealed decreased left prefrontal activation and
reduced task performance in depressed patients utilizing the
verbal fluency task (VFT) (11). However, these tests are
expensive to conduct. Additionally, the patients were required
to place themselves in an awkward posture, i.e., lying supine in a
narrow space with the head fixed during the investigation (14).

In 2009, functional near-infrared spectroscopy (fNIRS) was
sanctioned in Japan. It was classified to be an advanced medical
technology for differentiation of psychiatric illness (15).
Additionally, in 2013, fNIRS obtained medical insurance
coverage for being an adjunct diagnostic tool. fNIRS
examinations have since been utilized for psychophysiological
assessment of cognitive function.

fNIRS is a form of spectroscopy that utilizes light sources
between a spectral window of 650 to 1000 nm which penetrates
organic tissues. Oxygenated hemoglobin (oxy-Hb) variations are
then computed using the variance in absorbance using the
modified Beer–Lambert law. This is a noninvasive technique
that can detect cortical oxygenation levels of hemoglobin (16),
and low cortical oxygenation levels have been correlated with
depressive illness. The advantages of using fNIRS are that it is a
relatively inexpensive procedure, portable, and easy to set up,
and it does not involve nonionizing radiation. Hence, it may be
repeated multiple times on an as-needed and when-needed basis
for patients. In fact, fNIRS has been applied in many other areas
of the medical field, such as cognition and preoperative
functional assessment (17). With regard to psychiatric illness,
in addition to MDD, there are studies pertaining to its use for
patients with schizophrenia and bipolar disorder among other
disorders (18) (Table 1). Many fNIRS studies involve tasks that
help activate brain activity in the subject, such as VFT or
passively viewing photographs to trigger an emotional response.
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To date, most of the studies on the diagnostic and predictive
applications of fNIRS for MDD have been conducted in Japan.
Furthermore, most studies have been conducted with a relatively
small number of participants. To date, there is only one meta-
analysis, published in 2015, looking at fNIRS for differentiating
patients with depression from healthy subjects (23). Since then,
more studies have been conducted on the matter as the use of
fNIRS on depressed individuals to help in diagnosis and
monitoring treatment response has gained acceptance over the
last few years. Through a meta-analysis, Zhang et al. found that
MDD patients had considerably decreased prefrontal cortex
activation when undertaking cognitive tasks relative to
controls. Patients with MDD, as opposed to controls, were
associated with reduced rise in oxy-Hb in prefrontal regions
during cognitive stimulation. This distinctive pattern of blood
oxygen variations in the prefrontal cortex in MDD patients may
be used as an objective diagnostic instrument for MDD.
However, with such a low quantity of studies in the first meta-
analysis, we decided to evaluate the use of fNIRS as a diagnostic
biomarker for the diagnosis of MDD and its distinction between
different stages of the illness, and to discuss its usefulness as a
monitoring biomarker for treatment response in MDD patients,
as based on a systematic review of the latest available literature.
This paper aims to cover (i) the use of fNIRS to differentiate
depressed from healthy individuals, (ii) correlation of fNIRS
signals with depression symptomatology, and (iii) how it can
be applied to monitor treatment response.
METHODS

Data Sources and Search Strategy
This study was conducted on the basis of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA). A
systematic review was completed with published English-
language literature from 1980 to June 2019, focusing on the
Frontiers in Psychiatry | www.frontiersin.org 3
utility of fNIRS for (i) differentiating depressed versus
nondepressed individuals, (ii) correlating with depression
symptomatology, and (iii) monitoring treatment responses in
depression. The four electronic databases searched were
PubMed, EMBASE, ScienceDirect, and Cochrane Library. The
search terms used were “Spectroscopy” or “Near-infrared” or
“near-infrared spectroscopy” or “fNIRS” or “optical topography”
and “Depression” or “depressed” or “depressive disorder” or
“mood disorder” or “affective disorder.” Terms were searched as
both text words and subject headings. The team scanned for
related publications, conference proceedings and bibliographies
of papers gathered manually. This systematic review was funded
by the National University of Singapore iHeathtech Other
Operating Expenses (R-722-000-004-731).

Eligibility Criteria and Data Collection
Studies were short-listed if the authors utilized fNIRS to measure
cerebral hemodynamic variations in patients with MDD of any
age group. All titles and abstracts retrieved from the databases
were independently reviewed by two reviewers (LL and NC).
Where appropriate, full-text papers were extracted for further
inspection. Studies which were selected by either reviewer and
fulfilled the inclusion criteria proceeded on to full-text review,
whereby the study characteristics and results were extracted. Any
discrepancies in the study selection were brought to the attention
of the third reviewer (CH) and resolved by discussion. Studies
were divided into the three categories that were most appropriate
for the three questions set out in the review. The data review
form consisted of the subsequent data: authors and publication
year, country, sample characteristics, diagnostic criteria used,
type of NIRS device, paradigm used, and main findings of the
study. As much data as possible were obtained from the articles,
and efforts were made to contact the authors if supplementary
data were needed.

Quality Assessment of the Articles
The articles included in the full-text review were evaluated by
utilizing the Newcastle–Ottawa quality assessment scale (NOS)
(24), with the subsequent generation of a table with star scores
for each study. There is no overall score that determines whether
a study is “good” or “bad,” but a star is awarded for meeting each
criterion involving selection and outcome, with the exception of
compatibility where two stars can be awarded. Two reviewers (LL
and NC) independently assessed the papers, and discrepancies
were brought to the third reviewer (CH) to resolve by discussion.
RESULTS

Study Selection
A total of 4868 citations were identified from our database
search, with 342 from PubMed, 1798 from EMBASE, 1625
from ScienceDirect, and 1103 from Cochrane Library. After
reviewing the titles, abstracts, and removing duplicated
publications, 128 articles were selected. Of these, 64 studies
met the inclusion criteria and were encompassed in this
TABLE 1 | Studies using fNIRS to assess different psychiatric disorders.

Study Psychiatric
disorder

Key finding

Noda T.
et al. (19)

Schizophrenia Prefrontal and temporal region oxy-Hb uptake during
the post-verbal fluency task (VFT) period was
associated with working memory deficits in patients
with schizophrenia.

Hirose T.
et al. (20)

Bipolar
disorder

Suicide risk in patients with bipolar disorder was
correlated with delayed activation timing of NIRS
signal during the VFT in the prefrontal region.

Katzorke
A. et al.
(21)

Dementia/
cognitive
impairment

Patients with mild cognitive impairment had
decreased hemodynamic response in the inferior
frontotemporal cortex as compared to healthy
controls using VFT.

Ueda S.
et al. (22)

Attention-
deficit
hyperactivity
disorder
(ADHD)

Adult ADHD patients had reduced prefrontal
hemodynamic response during the Stroop Color–
Word Task compared to healthy controls, and this
response was similar to pediatric studies.
Oxy-Hb, oxygenated hemoglobin; fNIRS, functional near-infrared spectroscopy.
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analysis. The selection process is displayed in Figure 1,
constructed according to the PRISMA statement. Forty-seven
studies were from Japan, eight studies from China, six studies
from Germany, one study from the UK, one study from the USA,
and one study from Uzbekistan. These studies were further
divided into categories based on which of the three questions
they addressed: (i) differentiation of depressed from healthy
Frontiers in Psychiatry | www.frontiersin.org 4
individuals, (ii) correlation with depression symptomatology,
and (iii) assessment of treatment response. Fifty-one studies
addressed the first question, 31 studies addressed the second
question, and 16 studies addressed the third question. Twelve
studies were longitudinal, while the rest were cross-sectional
studies. Seven studies were extracted from conference
proceedings, while the remaining were full-text articles.
FIGURE 1 | Flow diagram illustrating the literature search.
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Use of fNIRS to Differentiate Depressed
From Healthy Individuals
We identified 51 papers that used fNIRS to distinguish depressed
patients from healthy controls (HCs) (Table 2). The bulk of the
studies were conducted in Japan (n = 38), followed by China (n =
7), Germany (n = 4), and the United Kingdom (n = 1). The
pooled sample across the studies comprised a total of 2094
unipolar depressed patients and 2457 HCs. All the depressed
patients in the respective studies fulfilled the ICD-10 or DSM-IV
diagnostic criteria for MDD, with the exception of two studies
that used the DSM-5 and one study that used the DSM-III as the
diagnostic criteria instrument. The psychopathology measure
used for the studies was mostly the Hamilton Depression Rating
Scale (HAMD). With the exception of six studies that did not
include an indication of the medications that were consumed by
the depressed patients, three studies that included medication-
naive patients and two studies that included antidepressant-
naive patients, the depressed patients generally received
antidepressants of different types and dosages with or without
other types of medication. The majority of studies utilized the
VFT as the active paradigm, while others adopted the verbal
repetition task, hyperventilation and paper-bag breathing,
visuospatial task, Stroop task, Sternberg's task, Tower of Hanoi,
CO2 inhalation task, working memory (WM) task, word
generation tasks (WGT), emotional Stroop task, facial emotion
recognition task, image-recall task, mirror drawing task (MDT),
trail-making test (TMT), or a combination of tasks [e.g., word
fluency task (WFT) with right-finger-tapping task]. The fNIRS
instruments that were used and the number of channels utilized,
with a large proportion using the 52-channel ETG-4000, varied
across studies. Most of the studies measured the concentration of
oxy-Hb and deoxygenated hemoglobin (deoxy-Hb) during
various tasks for distinguishing the depressed from the healthy.
The probe is normally positioned at the frontal (usually
prefrontal) and/or temporal areas, with the exception of two
papers that measured the parietal area as well and one paper that
measured only the left and right hemispheres in general. For the
papers that included the assessment of the parietal brain areas,
one of them included subjects suffering from Alzheimer's disease,
and the parietal dysfunctions were linked to the initial phase of
dementia (30). Other studies such as Rosenbaum et al. (72)
examined the frontoparietal networks of patients with early- and
late-life depression (LLD), which is associated with cognitive
control. The study discovered that the frontoparietal networks
appeared to be essential in LLD as patients suffering from LLD
and memory impairment are shown to be at elevated risk for
having dementia (75).

The overall results showed that the depressed patients showed
a smaller oxy-Hb increase than the controls, with a smaller
increase in the frontal (especially the prefrontal) and temporal
activation (appreciably lower activation in the depressed
compared to HCs) while performing the WM task, VFT,
WGT, and TMT. Kito et al. (30) measured both the frontal
and parietal brain areas, and the results showed decreased
cortical activation throughout the VFT in patients with
depression and the HCs. With the same brain areas being
Frontiers in Psychiatry | www.frontiersin.org 5
measured, the depressed patients and HCs showed noteworthy
dissimilarities in functional connectivity (FC) both in the resting
state and during TMT performance, with depressed patients
showing a decrease, and HCs showing a surge, in FC from the
resting state to TMT performance (72). When subjects were
asked to hyperventilate, there was a significant decrease in oxy-
Hb levels, and deoxy-Hb was considerably elevated in the
depressed and HCs, with the depressed patients showing a
lesser reduction in oxy-Hb than healthy individuals (26, 31).
During paper-bag breathing, Matsuo et al. (31) revealed that oxy-
Hb significantly increased in both groups, whereas deoxy-Hb
significantly decreased in the depressed juxtaposed to the
healthy. Matsuo et al. (26) established no noteworthy
alterations in oxy-Hb and deoxy-Hb in depressed patients or
in HCs. Using the emotional Stroop task, Matsubara et al. found
that the HCs compared to the depressed patients showed notably
increased oxy-Hb during the happy-word trials, but the
decreases in oxy-Hb during the threat-word trials were
comparable in both depressed patients and HCs (32).
However, Matsubara et al. and Nishizawa et al. concluded
that the depressed when comparing with HCs showed notable
increased in oxy-Hb within the left middle frontal region while
performing the threat task, whereas depressed patients compared
to HCs showed no noteworthy variation in oxy-Hb while
performing the happy task (42, 60). For the CO2 inhalation
task, the vasomotor reactivity was significantly decreased in the
depressed patients than controls (35). When subjects were
performing right-finger-tapping tasks, the increase in oxy-Hb
was higher in the depressed patients when comparing with HCs
(18). In the image-recall task, the change in oxy-Hb in the HCs
was considerably more than in the depressed while experiencing
unpleasant conditions (53).

Almost all of the studies did not indicate the specificity and
sensitivity of differentiating between depressed patients and HCs,
with the exception of one that indicated an 80% sensitivity but
with its specificity being unspecified (29). One study had
indicated a sensitivity of 71.5% and a specificity of 70% for
differentiating depressed patients from those with Alzheimer's
disease (30), and another study mentioned a sensitivity of 0.71
and a specificity of 0.46 to distinguish between the euthymic,
unipolar and bipolar depressive patients (37). Last, there was one
study that indicated different sensitivities and specificities, which
were dependent on the integral values of the two regions of
interest (region 1 consisted of frontopolar and dorsolateral
prefrontal cortical regions, while region 2 consisted of the
middle and superior temporal cortical regions and the
ventrolateral prefrontal cortex) (39).

Correlation of fNIRS Signals With
Depression Symptomatology
We identified 31 eligible papers reporting on fNIRS studies in
which cerebral hemodynamic changes were correlated with
depression symptomatology in a total of 1424 patients
(Table 3). These studies were generally in those with MDD,
but some were inclusive of patients with other mental health
illness, for example: bipolar disorder, affective disorder, and
May 2020 | Volume 11 | Article 378
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TABLE 2 | Summary of fNIRS studies differentiating depressed patients from healthy controls.

Brain
area

Main findings

h
c

PF
T

– MDD group had ↓ response sensitivity and
accuracy than HC.

,

F – VFT: Oxy-Hb ↑ and deoxy-Hb ↓ in HC
group but no noteworthy changes in
depressed group.
– Hyperventilation: oxy-Hb ↓ while deoxy-Hb
↑

PF – Oxy-Hb ↑ in HC.
– MDD had significantly ↓ activation.

n PF – Oxy-Hb variations in MDD were appreciably
lesser than HC in all word tasks.

F – Results did not fit well with the diagnostic
criteria (DSM or ICD).

F, P – Cortical activation in the VFT in MDD ↓
compared to HC.

F – VFT: ↑ in oxy-Hb was lower in MDD
compared to HC.
– Hyperventilation: MDD demonstrated an
appreciably smaller reduction in oxy-Hb than
HC.
– Paper-bag breathing: oxy-Hb ↑ in both
groups while deoxy-Hb ↓ in MDD.

T – HC showed ↑ in oxy-Hb in the fronto-
temporal regions as opposed to MDD.

PF – The intensity of signals was smaller in MDD.
– The duration of time taken to complete the
task was later in MDD.

F – Task performances of the VFT and TOH
were ↓ in MDD than in HC.

PF – During cognitive task, there was ↓ activation
of PF cortex in MDD.
– Negative association between ↓ PF
activation while performing the cognitive task
and degree of hyperintensity in the
periventricular region or left F cortex in MDD.
– CO2 inhalation causing vasomotor reactivity
was ↓ in MDD than HC.

F – Improvement of oxy-Hb values in the
bilateral F cortices,
– MDD showed attenuated ↑ in oxy-Hb while
doing WFT in the bilateral F regions.
– Hypofrontality in MDD is most notable in the
left medial inferior F lobe.
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H
o
et

al.
FunctionalN

ear-Infrared
S
pectroscopy

for
M
D
D

Frontiers
in

P
sychiatry

|
w
w
w
.frontiersin.org

M
ay

2020
|
Volum

e
11

|
A
rticle

378
6

Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

(instrument)

Psychopathology
measure

Medication NIRS device Paradigm

Pu et al., (25) Japan MDD: 24 (12/
12)
HC: 26 (8/18)

MDD: 47.9 ± 13.9
HC: 42.4 ± 9.3

DSM-IV-TR
(MINI)

BDI
HAMD

All on
antidepressants

52-Channel NIRS
(ETG-4000)

2-Back task wi
blocked period
baseline,
activation

Matsuo et al.
(26)

Japan UNI: 8 (1/7)
BP: 1 (1/0)
HC: 10 (0/10)

UNI+BP:
65.6 ± 6.4
HC: 59.5 ± 5.9

DSM-IV
(unspecified)

HAMD All on
medication

HEO-200 Verbal repetitio
task, VFT,
Hyperventilation
Paper-bag
breathing

Herrmann
et al. (27)

Germany MDD: 9 (5/4)
HC: 9 (5/4)

MDD: 37.3 ± 13.8
HC: 35.1 ± 5.5

ICD-10 BDI All on
medication

2-Channel NIRO-
300 monitor

VFT

Shoji et al.
(28)

Japan MDD: 26
HC: 32

NA ICD-10 HAMD NA 44-channel ETG-
4000 (Hitachi)

Word generatio
tasks

Kinoshita
et al. (29)

Japan MDD: 17 44.2 ± 12.2 DSM-IV
(SCID)

HAMD Majority on
antidepressants

22-Channel ETG-
4000 (Hitachi)

DEX/CRH test
VFT

Kito et al.
(30)

Japan MDD: 30 (9/21)
HC: 33 (11/22)

MDD: 71.1 ± 6.8
HC: 69.6 ± 5.5

DSM-IV HAMD All on
medication

FOIRE-3000
(Shimadzu)

VFT

Matsuo et al.
(31)

Japan MDD: 14 (4/10)
HC: 21 (3/18)

MDD: 56.1 ± 17.3
HC: 50.3 ± 12.6

DSM-IV HAMD All on
medication

Single channel
HEO-200 (Omron)

VFT
Hyperventilation
Paper-bag
breathing

Matsubara
et al. (32)

Japan MDD: 10
HC: 10

NA NA NA NA 52-Channel ETG-
4000 (Hitachi)

Emotional
Stroop task

Koike et al.
(33)

Japan MDD: 405
HC: 369

NA NA NA NA fNIRS VFT

Azechi et al.
(34)

Japan MDD: 30
HC: 30

NA NA NA NA 2-Channel NIRS VFT, TOH, SBT
Stroop Task

Matsuo et al.
(35)

Japan MDD: 10 (5/5)
HC: 10 (6/4)

MDD: 62.2 ± 4.8
HC: 58.7 ± 5.8

DSM-IV
(MINI)

HAMD Only 4 patients
had medication

24-Channel ETG-
100 (Hitachi)

VFT
WRT
CO2 inhalation

Ohta et al.
(36)

Japan MDD: 17 (5/12)
HC: 24 (12/12)

MDD: 42.8 ± 18.2
HC: 36.2 ± 16.5

DSM-IV
(MINI)

HAMD All on
medication

52-Channel ETG-
4000 (Hitachi)

WFT
t
i

n
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TABLE 2 | Continued

Brain
area

Main findings

– Enhancement of oxy-Hb was not as notable
on the right-sided channels in MDD.

F, T – During first half of task period, MDD had ↓
oxy-Hb increase than HC. ↑were seen in the
anterior lower T and lower F channels.
– Finger tapping tasks in MDD patients
caused ↑ in oxy-Hb compared to HC.

PF – Both UNI and BP showed ↓ area under
curves (AUCs) than HC.
– MDD showed significantly ↓ weighted
center (WC) than BP or HC.

PF – MD and MDD both showed ↓ oxy-Hb
activation in bilateral DLPFC than HC, but
involving different channels.
– Atypical hemodynamics of the left DLPFC
can discriminate HC from MDD using NIRS.

PF, T – NIRS can differentiate HC from patients,
and differentiate UNI from BP.

P – In HC, a noteworthy contrast in the NIRS
signal resulting from the left P brain regions
but this was weaker in MDD.

PF, T – Compared to HCs, UNI and BP ↓ activation
of oxy-Hb in the inferior PF region during
WMT.
– Distinct prefrontal activation patterns in the
Broca's area and left frontopolar region,
underline BD and UD.

PF -While doing the threat task, depressed
patients revealed ↑ oxy-Hb in the left middle
frontal region.
– When performing happy task, depressed
patients, did not display any meaningful
changes in oxy-Hb.

F, T – In the FT regions, upsurge in mean oxy-Hb
were ↓ in MDD than in HC.

PF – Hemodynamic variations between the
bilateral PF cortex and left PF cortex may
provide dependable predictors for diagnosing
depression

(Continued)

H
o
et

al.
FunctionalN

ear-Infrared
S
pectroscopy

for
M
D
D

Frontiers
in

P
sychiatry

|
w
w
w
.frontiersin.org

M
ay

2020
|
Volum

e
11

|
A
rticle

378
7

Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

(instrument)

Psychopathology
measure

Medication NIRS device Paradigm

Suto et al.
(18)

Japan MDD: 10
(9/1)
HC: 16
(12/4)

MDD: 47.9 ± 12.8
HC: 42.9 ± 4.6

DSM-IV HAMD All on
medication

24-Channel ETG-
100 (Hitachi)

WFT
Right-finger-
tapping task

Shimodera
et al. (37)

Japan UNI: 39 (19/20)
BP: 14 (7/7)
HC: 24 (13/11)

UNI: 56.9 ± 12.6
BP: 51.4 ± 14.0
HC: 40.9 ± 10.6

DSM-IV-TR HAMD All on
medication

52-Channel OMM-
3000/16
(Shimadzu)

VFT

Ma et al. (38) China Menopausal
MD: 30 (0/30)
MDD: 30 (0/30)
HC: 30 (0/30)

MD: 51.17 ± 6.06
MDD: 37.50 ± 10.60
HC: 34.83 ± 8.77

DSM-IV HAMD Only 20 patients
took medication

45-Channel FOIRE-
3000 (Shimadzu)

VFT

Takizawa
et al. (39)

Japan UNI: 153 (76/
77)
BP: 134 (65/69)
HC: 590 (276/
314)

UNI: 43.8 ± 12.7
BP: 44.0 ± 14.9
HC: 43.9 ± 15.7

DSM-IV
SCID

HAMD 10 drug-free
patients with
UNI

52-Channel ETG-
4000 (Hitachi)

VFT

Liske et al.
(40)

Germany MDD: 41
HC: 46

NA NA SIMS NA NA Motor task–
pressing button

Zhu et al.
(41)

China UNI: 35 (11/24)
BP: 39 (19/20)
HC: 36 (18/18)

UNI: 35.9 ± 13.2
BP: 37.0 ± 12.9
HC: 33.6 ± 10.3

DSM-IV-TR
(MINI)

HAMD All on
medication

52-Channel ETG-
4000 (Hitachi)

1-Back version
of the n-back
WMT

Matsubara
et al. (42)

Japan UNI: 16 (8/8)
BP: 16 (8/8)
HC: 20 (10/10)

UNI: 45.4 ± 12.2
BP: 44.1 ± 17.5
HC: 41.4 ± 8.5

DSM-IV-TR
(MINI)

HAMD All on
medication

52-Channel ETG-
4000 (Hitachi)

Emotional
Stroop task

Akashi et al.
(43)

Japan MDD: 52 (32/
20)
Subdivided into
with/without
discrepancy
HC: 48 (21/27)

MDD: 41.8 ± 12.7
HC: 38.9 ± 9.5

DSM-IV
(MINI)

Structured
interview guide for
HAMD (SIGH-D)

Most of the
patients taking
medications

52-Channel ETG-
4000 (Hitachi)

VFT

Gao et al.
(44)

China MDD: 27 (7/20)
HC: 24 (11/13)

MDD: 40.78 ± 13.42
HC: 43.13 ± 11.28

DSM-IV HAMD All were
medication free
for at least 4
weeks

CW-NIRS Facial emotion
recognition
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TABLE 2 | Continued

radig Brain
area

Main findings

PF, F Results discovered unspecific deficits that
inhibited discrimination between bipolar and
unipolar depression in domains of working
memory.

PF, T – MDD showed ↓ oxy-Hb values when
comparing to with HC in the bilateral F and T
cortices at baseline.
– Hypofrontality response to VFT may
represent a potential trait marker for
depression

PF, T – UNI and BP showed ↓ activation than HCs
in the bilateral ventrolateral PF cortex and the
anterior part of the T cortex.

PF, T – In FT region, hemodynamic responses were
↓ in patients with response and nonresponse
than in HC prior to treatment.
– In the medial F region, hemodynamic
responses were ↑ in patients with response
to prior treatment.

PF – After the music treatment, average active
oxy-Hb values of some channels were ↑ in
both HC and MDD.
– After music therapy, patients with MDD
demonstrated substantial activation in the
OFC, DLPFC, and VMPFC.

PF, T – MDD exhibited ↓ oxy-Hb values in the
bilateral F cortex while doing VFT than HC.

-bac
g me

PF – MDD had ↓ bilateral PF cortex oxy-Hb
responses to VFT unlike HC, and this was
additionally ↓ after 4 ECT sessions.
– On WM task, MDD showed PF cortex
inhibition at baseline and a different time
course of oxy– and deoxy-Hb following 4
ECT.

restin
, VAS
tion
se s

P – MDD as compared to HC, showed ↓
functional connectivity in parts of the DMN.
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

(instrument)

Psychopathology
measure

Medication NIRS device Pa

Schecklmann
et al. (45)

Germany UNI: 16 (9/7)
BP: 14 (3/11)
HC: 15 (7/8)

UNI: 43.4 ± 9.8
BP: 40.8 ± 10.2
HC: 40.9 ± 8.0

ICD-10 BDI-II All on
medication

52-Channel ETG-
4000 (Hitachi)

WMT

Tomioka
et al. 3,4 (46)

Japan MDD: 25 (3/22)
HC: 62 (14/48)

MDD: 51.9 ± 16.6
HC: 51.7 ± 17.2

DSM-IV HAMD Medication-
naive

52-Channel ETG-
4000 (Hitachi)

VFT

Ohtani et al.
3,4 (47)

Japan UNI: 10 (4/6)
BP: 18 (9/9)
HC: 14 (7/7)

UNI: 39.2 ± 12.1
BP: 39.7 ± 9
HC: 33.6 ± 8.3

DSM-IV-TR HAMD All on
medication

52-Channel ETG-
4000 (Hitachi)

VFT

Masuda
et al. 3,4 (48)

Japan MDD: 47
Response
group to SSRIs:
28 (15/13)
Nonresponse
group: 19 (6/
13)
HC: 63 (35/28)

Response group:
48.9 ± 2.9)
Nonresponse
group: 43.2 ± 3.3
HC: 41.7 ± 1.4

DSM-IV-TR HAMD Medication-
naive

47-Channel ETG-
7100 (Hitachi)

VFT

Feng et al. 4

(49)
China MDD: 15 (7/8)

HC: 15 (6/9)
MDD: 30.93 ± 13.47
HC: 30.87 ± 10.11

DSM-5
SCI

HAMD NA 45-Channel FOIRE-
3000 (Shimadzu)

VFT

Hirano et al.
3,4 (50)

Japan MDD: 30 (11/
19)
HC: 108 (45/
63)

MDD: 59.4 ± 14.2
HC: 58.9 ± 13

ICD-10 MADRS
QIDS-SR

All on
medication

52-Channel ETG-
4000 (Hitachi)

VFT

Downey
et al. 4 (51)

UK MDD: 18
HC: 51

NA NA NA NA MiniNTS 4
detectors/24
sources (UCL)

VFT, N
workin
tasks

Rosenbaum
et al. 3 (52)

Germany MDD: 60
HC: 24

MDD: 40 ± 14.79
HC: 33 ± 11.45

DSM-IV
(SCI)

PHQ-9
MADRS

32% of patients
treated with
antidepressant
medication

52-Channel ETG-
4000
(Hitachi)

7-min
phase
rumin
respo
a
n
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TABLE 2 | Continued

ig Brain
area

Main findings

a F, T – The oxy-Hb in HC was ↑ compared to MDD
in bilateral F region.
– The severity of depression was related to ↓
in oxy-Hb in left F lobe.

ta
e

F – Relative to HC, AD demonstrated ↓ in
intraregional and symmetrical
interhemispheric connectivity in the PFC,
revealed ↓ locally functional connectivity in the
right IFG, and ↓ long-distance connectivity
concerning the bilateral IFG.

LT,
RT
brain

– Nearly half of patients revealed a
“nondominant hemisphere response pattern”
– The supposedly “nondominant” hemisphere
may convert to being dominant during the
depression

ing
T

sio

PF – Oxy-Hb activation when performing the
TMT-B was ↓ in MDD in both the right and
left PF cortex.
– ↓ PF activation in the elderly with depressive
symptomology may cause deterioration in
executive function.

PF – MDD revealed ↓ oxy-Hb activation during
the task.

F, T – HC demonstrated ↑ in oxy-Hb vs. surges in
oxy-Hb being minimally ↓ in EOD and
extremely ↓ in LOD, bilaterally throughout the
F cortices and T areas.
– Attenuated activation in the left lateral PF
and T areas may help to differentiate LOD
and EOD.

F. T – Oxy-Hb increases while performing task
was meaningfully ↓ in MDD.
– ↓ Right F-T activation on NIRS during VFT
is related to the MDD severity.

l
sk

F, T – Hyperactivated oxy-Hb was witnessed in
the left F cortex on contact to unfavorable
stimuli, but no noteworthy dissimilarity was
established between MDD and HC on
exposure to favorable stimuli.
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test,
-B;
n)
Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

(instrument)

Psychopathology
measure

Medication NIRS device Para

Kondo et al.
3 (53)

Japan MDD: 25 (17/8)
HC: 25 (18/7)

MDD: 36 ± 8.91
HC: 34.1 ± 10.1

DSM-IV-TR
SCI

HAMD All medicated
with
antidepressants

44-Channel ETG-
4000 (Hitachi)

Image-re

Zhu et al. 3

(54)
China Affective

disorder (AD):
28 (8/20)
HC: 30 (21/9)

AD: 23.32 ± 5.01
HC: 23.60 ± 2.03

DSM-IV SDS 13 patients
were
medicated.
15 free of any
medicine

42-Channel
FOIRE-3000
(Shimadzu)

Resting s
measure

Okada et al.
3 (55)

Japan MDD: 36 (24/12)
HC: 36 (21/12)

MDD
(male): 23.3 ± 2.5
MDD (female): 21.3
± 1.1
HC (male): 23.9 ±
2.4
HC (female): 23.6 ±
2.1

DSM-III-R HAMD 13 patients
received
antidepressant
medication.
23 were
medication free
for a minimum
of 3 months

Multichannel near-
IR
spectrophotometry
(NIRS)

MDT

Uemura
et al. 3 (56)

Japan MDD: 13 (6/7)
HC: 67 (28/39)

MDD: 74.5 ± 5.8
HC: 73.8 ± 5.3

NA GDS All subjects
were
medicated.

8-Channel FOIRE–
3000; (Shimadzu)

Trail-mak
part B (T
tablet ve

Kinou et al.3

(57)
Japan MDD: 32 (15/

17)
HC: 32 (15/17)

MDD: 44.8 ± 9.8
HC: 45.7 ± 13.5

DSM-IV H All, except 3
patients

52-Channel ETG-
4000 (Hitachi)

VFT

Yamagata
et al.3 (58)

Japan Early-onset
depression
(EOD): 11 (2/9)
Late-onset
(LOD): 12 (3/9)
HC: 13 (8/5)

EOD: 68.4 ± 5.6
LOD: 70.2 ± 1.9
HC: 70.3 ± 4.4

DSM-IV HAMD All patients were
taking one
prescribed
antidepressant.

52-Channel ETG-
4000
(Hitachi)

WFT

Noda et al.3

(59)
Japan MDD: 30 (14/

16)
HC: 30 (14/16)

MDD: 36.7 ± 11.6
HC: 35.1 ± 9.4

DSM-IV
(SCI)

GRID-HAMD All patients
medicated with
antidepressants.

52-Channels ETG-
4000
(Hitachi)

VFT

Nishizawa
et al. (60)

Japan MDD: 14 (7/7)
HC: 20 (13/7)

MDD: 38.2 ± 12.9
HC: 29.0 ± 5.7

DSM-IV-TR
(SCID)

HAMD All taking
antidepressants
except for four
patients.

22-Channel ETG-
4000 (Hitachi)

Emotiona
Stroop ta
d

c

m

M
r
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TABLE 2 | Continued

Brain
area

Main findings

PF, T – Significant hypoactivation in bilateral F-T
regions was observed in MDD compared with
HC.

PF – UNI and BP groups had ↓ PF activity than
HC.
– Patients with and without family history had
↓ PF activity than HC subjects.
– Demonstrate connection of more serious
PF dysfunction with higher genetic loading for
disease.

F, T – Both UNI and BP showed ↓ of continuous
activation in the left DLPFC and left FPC, and
decreased rapid change in bilateral FPC
activation.
– F activation while conversing ↓ in equally in
UNI and BP.
– Pathophysiological character of UNI and BP
are reflected in continuous activation and
rapid change
change Impaired adaptive ability in UNI may
be related to ↓ amount of rapid change in
right FPC.

PF, T – LOD had ↓ activation in both PF and
superior T cortices than HC.
– ↓ frontopolar cortical activation was linked
with social functioning impairment in LOD.

F, T – MDD had significantly ↓ activation in the
bilateral FT regions compared to HCs.
– SAs demonstrated ↓ hemodynamic
response in the left precentral gyrus than HCs
and NAs.
– Aggression and hopelessness were
negatively associated with hemodynamic
responses in the right middle F gyrus in SAs
but not in HCs and NAs.

PF, T – LOD was correlated with ↓ PF and T
activation when comparing with HC.
– Hemodynamic response in PF and T
regions when performing WM task could
correlate with social functioning in LOD.

F, T – Both MDD groups demonstrated ↓
hemodynamic responses in the F-T regions.
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standard devia-

tion)

Diagnostic
criteria

(instrument)

Psychopathology
measure

Medication NIRS device Paradig

Akiyama
et al. 3 (61)

Japan MDD: 177 (73/
104)
HC: 50 (40/10)

MDD: 47.2 ± 15.1
HC: 32.7 ± 7.5

DSM-IV-TR HAMD All patients were
on
antidepressants

52-Channel ETG-
4000 (Hitachi)

VFT

Ohi et al.3

(62)
Japan UNI: 26 (17/9)

BP: 22 (13/9)
HC: 51 (33/18)

UNI: 41.1 ± 12.7
BP: 39.9 ± 12.5
HC: 35.7 ± 11.9

DSM-V HAMD Chlorpromazine
equivalents of
total
antipsychotics

52-Channel
ETG-4000 (Hitachi)

VFT

Takei et al.3

(63)
Japan UNI: 29 (14/15)

BP: 31 (14/17)
HC: 31 (11/20)

UNI: 34.5 ± 9.0
BP: 34.9 ± 6.6
HC: 33.6 ± 10.0

DSM-IV HAMD Nearly all
patients
were on
medication.

52-Channel
ETG-4000 (Hitachi)

Conversatio
task and co
task

Pu et al.3

(64)
Japan Late-onset

depression
(LOD): 24 (6/18)
HC: 30 (14/16)

LOD: 72.3 ± 5.5
HC: 72.0 ± 4.7

DSM-IV
(MINI)

BDI
HAMD

Antidepressant-
naive

52-Channel
ETG-4000 (Hitachi)

VFT

Tsujii et al.3

(65)
Japan MDD:

Suicide
attempters
(SAs): 30 (8/22)
Nonattempters
(NAs): 38 (16/
22)
HC: 40 (15/25)

MDD (SAs):
37.6 ± 10.0
MDD (NAs):
38.8 ± 9.7
HC: 38.2 ± 10.5

DSM-IV
(MINI)

HAMD All on
medication.

52-Channel ETG-
4000 (Hitachi)

VFT

Pu et al.3

(66)
Japan Late-onset

depression
(LOD): 36 (9/27)
HC: 35 (11/24)

LOD: 71.8 ± 5.1
HC: 70.9 ± 4.3

DSM-IV
(MINI)

BDI
HAMD

Antidepressant-
naive

52-Channel ETG-
4000
(Hitachi)

Working me
(WM) task

Tsujii et al.3

(67)
Japan MDD with

melancholia
(MDD-MF): 30
(15/15)

MDD-MF:
42.2 ± 11.8
MDD-NMF: 40.6 ±

DSM-IV
(MINI)

HAMD All on
medication

52-Channel ETG-
4000
(Hitachi)

VFT
m

n
n
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TABLE 2 | Continued

igm Brain
area

Main findings

PF – ↓ Activation in lateral and lower PFC in
MDD.
– Antero-medial PFC and bilateral PFC were
correlated with the degree of depressive
symptoms.
– MDD patients with obsession–compulsion
symptoms and anxiety exhibited a PFC ↓
activation state in NIRS.

F, T – In comparison with HC and fMDD, chronic
MDD had significantly ↓ brain activation over
right PF and superior T cortices.
– Variation in activations in bilateral F and T
regions. HC: more channels in left than right
hemisphere; fMDD: more channels in right
than left hemisphere; recurrent MDD: only
channels in left hemisphere.

F, T – Noteworthy disparities were witnessed in
mean oxy-Hb fluctuations of MDD-MF in 25
channels and in those with MDD-NMF in 12
channels compared to HC.

PF, T – MDD revealed a ↓ oxy-Hb activation than
HC, predominantly in ventrolateral PF and T
cortex regions.

trail-
st
MT
C)

F, P – Depressed and nondepressed revealed
substantial differences in functional
connectivity (FC) while doing the task
performance and at rest.
– During task performance, depressed
patients exhibited ↓ FC in a left frontopolar
cortical network, and ↑ FC in a left
frontoparietal cortical network at the resting
state and altered FC and network
organization during different mental states.
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

(instrument)

Psychopathology
measure

Medication NIRS device Para

MDD without
-melancholia
(MDD-NMF): 52
(18/34)
HC: 68 (32/36)

11.7
HC: 40.5 ± 10.6

Liu et al.3

(68)
China MDD: 30 (12/

18)
HC: 30 (16/14)

MDD: 38.38 ± 12.8
HC: 33.2 ± 10.5

DSM-IV-TR HAMD Free of
medication

52-Channel FOIRE-
3000
(Shimadzu)

VFT

Wang et al.3

(69)
China First-episode

MDD (fMDD):
36 (15/21)
Recurrent
MDD: 34 (11/
23)
HC: 37 (22/15)

fMDD:
38.75 ± 13.86
Recurrent MDD:
43.26 ± 13.85
HC: 35.70 ± 11.39

DSM-IV HAMD All were on
antidepressants

52-Channel ETG-
4000 (Hitachi)

VFT

Tsujii et al.3

(70)
Japan MDD with

melancholia
(MDD-MF):
32 (16/16)
MDD without
melancholia
(MDD-NMF):
28 (15/13)
HC: 24 (11/13)

MDD-MF:
40.8 ± 15.3
MDD-NMF:
38.9 ± 11.8
HC: 38.6 ± 9.2

DSM-IV
(MINI)

SIGH-D
BDI-II

All on
medication

52-Channel ETG-
4000
(Hitachi)

VFT

Nishida
et al.3 (71)

Japan MDD: 14 (7/7)
HC: 15 (8/7)

MDD: 46.2 ± 11.9
HC: 45.5 ± 10.9

DSM-IV-TR
(MINI)

HAMD All on
medication

52-Channel ETG-
4000 (Hitachi)

VFT

Rosenbaum
et al.3 (72)

Germany Depressed: 49
Nondepressed:
51
2 participants
diagnosed with
bipolar disorder
and eating
disorder.

Depressed:
64.08 ± 7.06
Nondepressed:
64.16 ± 6.14

NA BDI
GDS

54% took
medication.

38-Channel
ETG-4000 (Hitachi)

Adapted
making t
(TMT-A,
and TMT
d

e
T
-
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TABLE 2 | Continued

opathology
easure

Medication NIRS device Paradigm Brain
area

Main findings

All on
antidepressants

52-Channel ETG-
4000 (Hitachi)

VFT PF, T – Regional hemodynamic changes were
considerably ↓ in MDD than in HCs in PF and
T regions.

All on
antidepressants

52-Channel ETG-
4000
(Hitachi)

VFT PF, T – Regional hemodynamic changes were
appreciably ↓ in MDD than in HC in PF and T
regions, and was correlated positively with
task-oriented coping (adaptive coping) in the
bilateral ventrolateral and dorsolateral
prefrontal cortex, and the midline frontopolar
and bilateral orbitofrontal cortex regions.

milton depression rating scale; UNI, unipolar depression; BP, bipolar disorder; VFT, verbal fluency task; PF, prefrontal; T, temporal, F, frontal;
NI, Mini-international neuropsychiatric interview; DSM, Diagnostic and Statistical Manual; ICD, International Classification of Disease; SCID,
gy; WMT, working memory task; IFG, inferior frontal gyrus; MDT, mirror drawing task; DLPFC, dorsolateral prefrontal cortex; PFC, prefrontal
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

(instrument)

Psych
m

Pu et al.3

(73)
Japan MDD: 67 (29/

38)
MDD with
suicidal
ideation: 31
(11/20)
MDD without
suicidal
ideation: 36
(18/18)
HC: 67 (29/38)

MDD: 58.1 ± 16.0
MDD with suicidal
ideation: 57.3 ± 15.7
MDD without suicidal
ideation: 58.7 ± 16.5
HC: 58.1 ± 17.8

DSM-IV
(MINI)

HAMD

Pu et al.3

(74)
Japan MDD: 26 (11/

15)
HC: 30 (12/18)

MDD: 47.9 ± 19.2
HC: 50.5 ± 19.7

DSM-IV-TR
(MINI)

BDI
HAMD

3This article can also be found in the summary in Table 3.
4This article can also be found in the summary in Table 4.
MDD, major depressive disorder; HC, healthy control; BDI, Beck depression inventory; HAMD, H
NA, not available; TOH, Tower of Hanoi; SBT, Sternberg's task; WRT, word repetition task; M
structured clinical interview for DSM-IV; SIMS, structured inventory of malingered symptomatolo
cortex; SIGH-D, structured interview guide for the Hamilton depression rating scale.
a
I
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TABLE 3 | Summary of fNIRS studies correlating cerebral hemodynamic changes with depression symptomatology.

Brain area Main finding

F, T – The integral value of blood flow in frontal
lobe was negatively correlated with the
degree of depression

PF – Negative correlation between ratio of
HAMD and oxy-Hb was observed.

PF, T – After ECT, the reduction of degree of
depression was associated with increase in
oxy-Hb values in the right ventrolateral PF
cortex.
– Changes in oxy-Hb is significantly
interrelated with MADRS score ↓ but not
significantly correlated with ↓ in total QIDS-
SR total scores.

PF, T – Hemodynamic responses in medial F
region were significantly greater before
treatment in patients with a response to
SSRIs than those with no response.

F, T – A noteworthy negative correlation
between oxy-Hb and HAMD score was
seen in left F region during the unpleasant
condition.
– ↓ in oxy-Hb in left F lobe was associated
to degree of depression.

PF, T – Activation in right superior temporal gyrus
was associated to deviation to negative of
the proportion of negative and positive
thought.

F – Degree of self-reported symptoms of
depression was negatively associated with
strength of intraregional and symmetrically
interhemispheric connectivity in the PFC.

PF – Both oxy-Hb activation in left and right
hemisphere were significantly negatively
associated with GDS.

F, T – Average increase in oxy-Hb during the
task revealed a significant negative
association with the HAMD total scores.

(Continued)
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

instrument

Psychopathology
measure for

symptomatology

Specific symp-
tomatology

NIRS device/no.
of channels

Paradigm

Kawano
et al. (76)

Japan N: 25
*included other
disorders

44.1 ± 9.3 DSM-IV HAMD Depressive
symptoms

22-Channel ETG-
4000 (Hitachi)

VFT

Onishi et al.4

(77)
Japan N: 10 (5/5) 71.0 ± 6.0 DSM-IV HAMD

MMSE
Depressive
symptoms
Cognitive
functioning

48-Channel ETG-
4000 (Hitachi)

Rock, paper
scissors
(RPS)

Hirano
et al.2,4 (50)

Japan N: 30 (11/19)
*inclusive of
bipolar
patients

59.4 ± 14.2 ICD-10 MADRS
QIDS-SR
MMSE

Depressive
symptoms
Cognitive
functioning

52-Channel ETG-
4000 (Hitachi)

VFT

Masuda
et al.2,4 (48)

Japan N: 47
Response
group to
SSRIs: 28 (15/
13)
Nonresponse
group: 19 (6/
13)

Response group:
48.9 ± 2.9
Nonresponse
group: 43.2 ± 3.3

DSM-IV POMS
STAI
DACS

Anxiety symptoms
Depressive
symptoms

47-Channel ETG-
7100
(Hitachi)

VFT

Kondo et al.2

(53)
Japan N: 25 (17/8) 36 ± 8.91 DSM-IV HAMD Depressive

symptoms
44-Channel ETG-
4000 (Hitachi)

Image-recall
task

Koseki et al.
(78)

Japan MDD: 75 (39/
36)

39.23 ± 12.49 DSM-IV HAMD
ATQ-R
NART
STAI

Depressive
symptoms
Automatic
thoughts
State/trait anxiety

52-Channel ETG-
4000 (Hitachi)

VFT

Zhu et al.2

(54)
China Affective

disorder (AD):
28 (8/20)

23.32 ± 5.01 DSM-IV SDS Depressive
symptoms

42-Channel
FOIRE-3000
(Shimadzu)

Resting stat

Uemura
et al.2 (56)

Japan N: 13 (6/7) 74.5 ± 5.8 NA GDS
MMSE

Depressive
symptoms

8-Channel FOIRE-
3000 (Shimadzu)

TMT-B

Noda et al.2

(59)
Japan N: 30 (14/16) 36.7 ± 11.6 DSM-IV

(SCID-I)
GRID-HAMD Depressive

symptoms
52-Channels ETG-
4000
(Hitachi)

VFT
,

e
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TABLE 3 | Continued

Brain area Main finding

PF, T – Left lateral F-T activation was significantly
↓ in the group with depressed mood or
anhedonia.

PF, T -Patients with MDD who revealed ↑
baseline oxy-Hb activation while performing
VFT in the inferior F and middle T regions
showed more improvements in depressive
symptoms after being treated.

F, P – Depressed patients revealed ↓ FC in a
left frontopolar cortical network while doing
task performance ↑ FC in a left
frontoparietal cortical network at the resting
state.

F, T – HAMD score exhibited negative
correlations with oxy-Hb for two channels.

F – MDD showed the variations of brain
dysfunctions correlated in the inhibitory
controls.

PF, T – Brain activation in the bilateral MFG and
right IFG as calculated by NIRS may
differentially denote clinical severity and
trait-related anomalies in MDD.

PF, T – Longitudinal changes in SASS scores
were positively related with magnitude of
change in the right VLPFC/aTC activation
in MDD group.

PF, T – Average oxy-Hb changes in LOD patients
had a significantly positive association with
SASS scores.

PF, T – Reduced activation in PF and T regions
was significantly
associated to ↓ scores on the SASS in
patient group and might act as a biological
marker of social functioning in LOD
patients.

PF, T – Regional hemodynamic changes were ↓
in MDD group compared to the control
group in PF and T areas, and positively
interrelated with task-oriented coping
(adaptive coping) in the various PF regions.

(Continued)
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

instrument

Psychopathology
measure for

symptomatology

Specific symp-
tomatology

NIRS device/no.
of channels

Paradigm

Akiyama
et al.2 (61)

Japan N: 177 (73/
104)

47.2 ± 15.1 DSM-IV-TR HAMD
PHQ-9

Depressive
symptoms

52-Channel ETG-
4000 (Hitachi)

VFT

Tomioka
et al.2,4 (46)

Japan N: 25 (3/22) 51.9 ± 16.6 DSM-IV HAMD Depressive
symptoms

52-Channel ETG-
4000 (Hitachi)

VFT

Rosenbaum
et al.2 (72)

Germany N: 49
*inclusive of
other disorders

64.08 ± 7.06 NA BDI
GDS

Depressive
symptoms
Cognitive
functioning

38-Channel
ETG-4000 (Hitachi)

TMT-A TMT-
B TMT-C

Yamagata
et al.2 (58)

Japan Early-onset
depression
(EOD): 11 (2/9)
Late-onset
depression
(LOD): 12 (3/9)

EOD: 68.4 ± 5.6
LOD: 70.2 ± 1.9

DSM-IV HAMD
MMSE

Depressive
symptoms

52-Channel ETG-
4000,
NIRS system
(Hitachi)

WFT

Akashi et al.
(79)

Japan n = 48 NA NA NA Inhibitory deficit 47-Channel NIRS Stop-signal
task

Satomura
et al. (80)

Japan Initial (T0)–N:
65
After 1.5 years
(T1.5)–N: 45

39.8 ± 11.8 DSM-IV
(SCID-I)

HAMD
GAF

Depressive
symptoms
Global functioning

52-Channel ETG-
4000
(Hitachi)

VFT

Ohtani
et al.2,4 (47)

Japan N: 10 (4/6) 39.2 ± 12.1 DSM-IV SASS
HAMD

Social adaptation
Depressive
symptoms

52-Channel ETG-
4000 (Hitachi)

VFT

Pu et al.2

(64)
Japan Late-onset

MDD (LOD):
N: 24 (6/18)

72.3 ± 5.5 DSM-IV
(MINI)

BDI
HAMD
SASS
MMSE

Depressive
symptoms
Social functioning

52-Channel
ETG-4000 (Hitachi)

VFT

Pu et al.2

(66)
Japan Late-onset

depression
(LOD): 36 (9/
27)

71.8 ± 5.1 DSM-IV
(MINI)

BDI
HAMD
SASS
MMSE

Depressive
symptoms
Social functioning

52-Channel
ETG-4000 (Hitachi)

Working
memory
(WM) task

Pu et al.2

(74)
Japan N: 26 (11/15) 47.9 ± 19.2 DSM-IV-TR

(MINI)
HAMD
BDI
CISS

Depressive
symptoms
Coping styles

52-Channel
ETG-4000 (Hitachi)

VFT
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TABLE 3 | Continued

in area Main finding

T – Hemodynamic variations correlated
negatively with the degree of suicidal
thinking in OFC, FPC, and DLPFC.

T – Significant negative correlations between
average oxy-Hb variations during VFT and
PSQI scores.
– Mean oxy-Hb changes showed no
significant correlations with ESS scores.
– No significant association between
average oxy-Hb variations during the task
and sleep variables.
– No meaningful associations between
average oxy-Hb changes and GAF/HAMD/
BDI-II total scores.
– Psychomotor retardation on HAMD
indicated noteworthy positive correlation
with average oxy-Hb changes in right T
areas in MDD-MF but revealed significant
negative association with average oxy-Hb
changes in the middle to left T region in
MDD-NMF.
MDD-M patients reveal qualitatively
dissimilar prefrontal dysfunction patterns
correlated with emotional role functioning
as compared to MDD-NM patients.

-rMDD group had ↓ increases
in oxy-H comparing to the fMDD group.

– Average oxy-Hb changes revealed
significant positive correlation with HAMD
scores.
-No statistical relationship was witnessed
on the degree of obsessive–compulsive
symptoms.
– Subjects who are depressed revealed ↓
functional connectivity in parts of the DMN
compared to HCs.
– mind-wandering revealed positive

(Continued)
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

instrument

Psychopathology
measure for

symptomatology

Specific symp-
tomatology

NIRS device/no.
of channels

Paradigm Br

Pu et al.2

(81)
Japan N: 67, 31 with

suicidal
ideation and
36 without

58.1 ± 16.0 DSM-IV
(MINI)

HAMD Suicidal ideation 52-Channel
ETG-4000 (Hitachi)

VFT PF

Nishida
et al.2 (71)

Japan N: 14 (7/7) 46.2 ± 11.9 DSM-IV-TR
(MINI)

HAMD
PSQI
ESS

Depressive
symptoms
Sleep quality

52-Channel
ETG-4000 (Hitachi)

VFT PF

Tsujii et al.2

(70)
Japan MDD with

melancholia
(MDD-M): 32
(16/16)
MDD without
melancholia
(MDD-NM):
28 (15/13)

MDD-MF:
40.8 ± 15.3
MDD-NMF:
38.9 ± 11.8

DSM-IV
(MINI)

BDI-II
SIGH-D
GAF

Depressive
symptoms
Psychomotor
retardation

52-Channel
ETG-4000 (Hitachi)

VFT F, T

Tsujii et al.2

(67)
Japan MDD with

melancholia
(MDD-M): 30
(15/15)
MDD without
melancholia
(MDD-NM): 52
(18/34)

MDD-M:
42.2 ± 11.8
MDD-NM:
40.6 ± 11.7

DSM-IV
(MINI)

HAMD
SF-36

Depressive
symptoms
Quality of life

52-Channel
ETG-4000 (Hitachi)

VFT F, T

Wang et al.2

(69)
China First-episode

MDD (fMDD):
36 (15/21)
Recurrent
MDD (rMDD):
34 (11/23)

fMDD:
38.75 ± 13.86
rMDD:
43.26 ± 13.85

DSM-IV HAMD Depressive
symptoms

52-Channel
ETG-4000 (Hitachi)

VFT F, T

Liu et al.2

(68)
China N: 30 (12/18) 38.38 ± 12.8 DSM-IV-TR HAMD

HAMA
Y-BOCS

Depressive,
anxiety,
obsessive–
compulsive
symptoms

52-Channel
FOIRE-3000
(Shimadzu)

VFT PF

Rosenbaum
et al.2 (52)

Germany N: 60 40 ± 14.79 DSM-IV
(SCI)

PHQ-9
MADRS

Depressive
symptom
State and trait

52-Channel
ETG-4000 (Hitachi)

RRS
VAS
Self-report on

P

a

,

,
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TABLE 3 | Continued

ice/no.
nels

Paradigm Brain area Main finding

inner
experience

associations, whereas rumination was
negatively associated with FC in the
cortical parts of the DMN

el near-

otometry

Mirror
drawing task
(MDT)

Left and
right
hemispheres

– Nearly half of the patients revealed a
“nondominant hemisphere response
pattern,” which was not witnessed in
normal subjects during the MDT.
– During the course of depression, the
supposedly “nondominant” hemisphere
may become dominant.

l
(Hitachi)

VFT PF – Lower Global Functioning scores were
correlated with ↓ hemodynamic responses.

l
(Hitachi)

Conversation
task and
control task

F, T -Prompt change in activation was positively
associated with GAF scores in the MDD
patients.

l
(Hitachi)

VFT PF – Illustration of the association of
significantly more severe PF dysfunction
with higher genetic loading in major mental
illnesses.

l
(Hitachi)

VFT F, T – SAs revealed smaller hemodynamic
response in the left precentral gyrus than
NAs and HCs.
– Hemodynamic responses in the right
middle F gyrus were negatively correlated
with aggression and hopelessness in SAs.

poral, F, frontal; NA, not available; MINI, Mini-international neuropsychiatric interview; DSM,
rvey; POMS, profile of mood states; STAI, state-trait anxiety inventory; MADRS, Montgomery–
AMA, Hamilton anxiety rating scale; GDS, geriatric depression scale; PHQ, patient health
G, medial frontal gyrus; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; FPC,
pression rating scale; Y-BOCS, Yale–Brown obsessive–compulsive scale; RRS, rumination
, Automatic thoughts questionnaire-revised.
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Source Country Sample size
(male/female)

Age (mean ±
standard devia-

tion)

Diagnostic
criteria

instrument

Psychopathology
measure for

symptomatology

Specific symp-
tomatology

NIRS de
of cha

aspect of
rumination

Okada et al.2

(55)
Japan N: 36 (24/12) Male: 23.3 ± 2.5

Female: 21.3 ± 1.1
DSM-III-R HAMD Depressive

symptoms
Multichan
IR
spectroph

Kinou et al.2

(57)
Japan N: 32 (15/17)

*included HC,
MDD,
schizophrenia

44.8 ± 9.8 DSM-IV HAMD
Global assessment
of functioning

Depressive
symptoms

52-Chann
ETG-4000

Takei et al.2

(63)
Japan N: 29 (14/15) 34.5 ± 9.0 DSM-IV HAMD

GAF
Depressive
symptoms
Cognitive
functioning

52-Chann
ETG-4000

Ohi et al.2

(62)
Japan N: 26 (17/9) 41.1 ± 12.7 DSM-5 HAMD

Clinical interview for
family history

Depressive
symptoms
Family history/
familial loadings

52-Chann
ETG-4000

Tsujii et al.2

(65)
Japan MDD:

suicide
attempters
(SAs): 30 (8/
22)
nonattempters
(NAs): 38 (16/
22)

MDD (SAs):
37.6 ± 10.0
MDD (NAs):
38.8 ± 9.7

DSM-IV
(MINI)

HAMD
Barratt
impulsiveness scale
Buss– Perry
aggression
questionnaire
Beck hopelessness
scale

Depressive
symptoms
Impulsivity
Aggression
Hopelessness

52-Chann
ETG-4000

2This article can also be found in the summary in Table 2.
4This article can also be found in the summary in Table 4.
MDD, major depressive disorder; HC, healthy control; HAMD, Hamilton depression rating scale; VFT, verbal fluency task; PF, prefrontal; T, tem
Diagnostic and Statistical Manual; ICD, International Classification of Disease; MMSE, Mini-Mental State Examination; SASS, school and staffing su
Asberg depression rating scale; QIDS-SR, quick inventory of depressive symptomatology-self report; DSRS, dementia severity rating scale;
questionnaire; BDI, Beck depression inventory; TMT, trail-making test; SCID, structured clinical interview for DSM-IV; IFG, inferior frontal gyrus; MF
frontopolar cortex; PSQI, Pittsburgh sleep quality index; ESS, Epworth sleepiness scale; SIGH-D, structured interview guide for the Hamilton d
response scale; VAS, visual analog scale; DMN, default mode network; MDT, mirror drawing task; GAF, global assessment of functioning; ATQ
v
n

n

e

e

e
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TABLE 4 | Summary of fNIRS studies assessing antidepressant/treatment response.

n/no.
w-up

Paradigm Brain
area

Main finding

s VFT PF, T – NIRS signals before
initiation of treatment
could foretell patients'
clinical response upon
being treated

ups (1
wing
ment in
ive
s after
t, and
day >4
ter)

Rock,
paper,
scissors
(RPS)

PF – The more left PF
cortical activity tended
to ↑, symptoms of
depression ↓

s VFT PF, T – Longitudinal variations
in SASS results were
correlated positively
with degree of change
in the right ventrolateral
PF cortex and the
anterior part of the T
cortex activation in
MDD.

s, 3
ps
, 8,

VFT PF, T – NIRS may be a
biological marker in
MDD patients for
predicting clinical
response to Sertraline.

s,
r

p

VFT PF, T Response to SSRI in
MDD is predicted by
different hemodynamic
activities in the
frontotempral cortex.

, one
(60
ay

VFT, PF Music therapy could
activate frontal cortex
areas to improve mood
and cognitive abilities

and
design

VFT PF AAT helps to stimulate
prefrontal activity in
MDD and the effects of
AAT can be evaluated
by NIRS

eek, till

e

VFT PF, T Acute therapeutic
effects of ECT on MDD
patients is correlated to

(Continued)
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Source. Country Sample size
(male/female)

Age (mean ±
standard
deviation)

Diagnostic
criteria

instrument

Psychopathology
measure for
treatment
response

Treatment
outcome

Medication (mg)/
treatment

NIRS
device/no.
of channels

Durat
of foll

Tomioka
et al.2,3 (46)

Japan MDD: 25 (3/22) 51.9 ± 16.6 DSM-IV HAMD Depressive
symptoms

Imipramine (118.7 ±
67.3)

52-Channel
ETG-4000
(Hitachi)

12 wee

Onishi et al.3

(77).
Japan MDD: 10 (5/5) 71.0 ± 6.0 DSM-IV HAMD

MMSE
Depressive
symptoms
Cognitive
functioning

Mianserin (2),
Sodium valproate
(2), Paroxetine (2),
Lithium (2),
Amoxapine (1),
Olanzapine (3),
Milnacipran (5),
Maprotiline (1)

48-Channel
ETG-4000
(Hitachi)

2 follow
day follo
improve
depress
sympto
treatme
another
weeks

Ohtani
et al.2,3 (47)

Japan MDD: 10 (4/6) 39.2 ± 12.1 DSM-IV HAMD
SASS

Social
functioning

Chlorpromazine (1),
Imipramine (3),
Diazepam (4)

52-Channel
ETG-4000
(Hitachi)

6 mont

Yamagata
et al. (82)

Japan MDD: 11 (5/6) 36.3 ± 11.2 DSM-IV HAMD Depressive
symptoms

Sertraline; week 4:
(29.5 ± 10.1), week
8: (61.4 ± 20.4),
week 12: (65.9 ±
23.1)

52-Channel
ETG-4000
(Hitachi)

12 wee
follow-u
(weeks
12)

Masuda
et al.2,3 (48)

Japan MDD: 47 Response
group to SSRIs: 28
(15/13)
Nonresponse
group: 19 (6/13)

Response
(48.9 ± 2.9)
Nonresponse
(43.2 ± 3.3)

DSM-IV POMS
STAI
DACS

Overall
functioning
for
response
Group

Escitalopram (33),
Paroxetine (7),
Sertraline (5),
Fluvoxamine (2)

47-Channel
ETG-7100
(Hitachi)

12 wee
weekly
biweekl
follow-u

Feng et al.2

(49)
China MDD: 15 (7/8) 30.9 ± 13.5 DSM-V HAMD Depressive

symptoms
Music therapy,
either “creative”
(composing music)
or “receptive”
(listening to music)

45-Channel
FOIRE-3000
(Shimadzu)

10 days
session
min) a d

Aoki et al.
(83)

Japan MDD: 2 (1/1) 24.0 ± 2.0 ICD-10 NA NA Animal-assisted
therapy (AAT) with
medication

42-Channel
FOIRE-3000
(Shimadzu)

Pretest
posttes

Hirano
et al.2,3 (50)

Japan MDD = 30 (11/19) 59.4 ± 14.2 ICD-10 MADRS
QIDS-SR
MMSE

Reduction
in MADRS
and QIDS-

Electroconvulsive
therapy (ECT)

52-Channel
ETG-4000
(Hitachi)

3x per w
stable
respons
io
o

k

-

m
n

la
h

k
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k
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TABLE 4 | Continued

n/no.
w-up

Paradigm Brain
area

Main finding

recovery from abnormal
functional responses to
cognitive tasks in frontal
brain regions.

ctional VFT PF, T The dose-dependent
influence of
antidepressants on
NIRS signals should be
considered while
deciphering NIRS data.

, 5
a

NA PF Maintenance of frontal
activation [measured by
frontal hemoglobin
concentration (fHbC)]
during TMS stimulation
is related to
effectiveness of treating
MDD patients.

VFT PF Concentration of oxy-
Hb could be utilized as
a state marker for
changes in depressed
children.

nd
design

Mental
arithmetic
task

PF Computerized cognitive
exercises may help in
improve cognition of
MDD patients and NIRS
can be used to monitor
cognitive functions.

VFT PF, T Social functioning
improvements were
superior in late-onset
depression with initial
↓NIRS activation in the
right ventrolateral PF
area.

VFT PF PF cortical responses
appear to be ↓in the
severely depressed and
additionally suppressed
by ECT treatment

, 2
s
, 4)

Lateral
visual field
stimulation

PF NIR-PBM may have
uses for depression
treatment

(Continued)
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Source. Country Sample size
(male/female)

Age (mean ±
standard
deviation)

Diagnostic
criteria

instrument

Psychopathology
measure for
treatment
response

Treatment
outcome

Medication (mg)/
treatment

NIRS
device/no.
of channels

Durati
of follo

SR scores
(improved
functioning)

Takamiya
et al. (84)

Japan MDD: 33 (17/16) 46.4 ± 11.7 DSM-IV HAMD Differences
between
low-dose/
high-dose
groups in
HAMD
scores

High-dose group (>
1 defined daily
dose, N =10), low-
dose group (< 1
defined daily dose,
N = 23)

52-Channel
ETG-4000
(Hitachi)

Cross-s
study

Shinba et al.
(85)

Japan MDD: 15 (11/4) 45.4 ± 10.8 DSM-IV MADRS Improved
functioning

Transcranial
magnetic stimulation
(TMS), Fluvoxamine
(89.6 ± 85.8)

NIRO-3000
(Hamamatsu)

6 weeks
session
week

Usami et al.
(86)

Japan MDD: 10 (1/9) 12.9 ± 0.9 DSM-IV DSRS Depressive
symptoms
Global
functioning

NA 2-Channel
Spectratech

6 weeks

Payzieva &
Maxmudova
(87)

Uzbekistan MDD: 5 NA NA NA NA NA OxyPrem
(BORL,
Switzerland)

Pretest
posttest

Pu et al. (81) Japan MDD: 29 (7/22) 72.4 ± 5.7 DSM-IV HAMD
SASS

Depression
symptoms
Social
functioning

Paroxetine (10–40
mg, N = 15),
Milnacipran (50–150
mg, N = 14)

52-Channel
ETG-4000
(Hitachi)

8 weeks

Downey
et al.2 (51)

UK MDD: 18 NA NA NA NA Ketamine 4 detectors
and 24
sources
MiniNTS
(UCL)

NA

Schiffer et al.
(88)

US MDD: 10 (5/5) 35.1 ± 7.1 DSM-IV HAMD
HAMA

Depression
and anxiety
symptoms

4-min near-infrared
(NIR) light
photobiomodulation

INVOS
system
(Somanetics)

4 weeks
follow-u
(weeks
o

e

s

a

p
2
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schizophrenia. The majority of the studies adopted the VFT,
except for 12 studies that utilized paradigms such as WFT, RPS
task, image-recall task, resting state measurements, TMT, stop-
signal task, WM task, MDT, conversation task, emotional Stroop
task, and the use of self-report measures such as the rumination
response scale (RRS) and visual analog scales (VAS). The NIRS
instruments utilized markedly differed from study to study.

According to our assessment of the authors' conclusions,
almost every study discovered that oxy-Hb concentration
values were negatively correlated with the degree of total
depressive symptoms [HAMD, geriatric depression scale
(GDS), Montgomery–Asberg depression rating scale
(MADRS), quick inventory of depressive symptomatology-self
rated (QIDS-SR), etc.] and Uemura et al. even demonstrated that
such a significant negative correlation was still present after
correcting for confounding factors such as gender, age, and
educational history (56). Such a negative correlation was
further supported by Wang et al. who illustrated that the
recurrent MDD group had notably diminished increases in
oxy-Hb compared to first-episode MDD patients (69).
Additionally, Nishizawa et al. utilized the emotional Stroop
task to evaluate brain regions associated with the severity of
depression. They found that hyperactivated oxy-Hb was seen in
the left frontal cortex upon contact to adverse stimuli, but no
meaningful differences were established between the depressed
compared with the healthy upon exposure to favorable stimuli
(60). Additionally, the degree of depression was contrariwise
associated with an evoked wave in the left upper frontal cortex
following exposure to favorable stimuli. Akiyama et al. also
found that there was significant decrease in left lateral
frontotemporal activation in active depressed patients as
compared to those who still had residual depressive symptoms
despite MDD remission (61), further suggesting the possibility of
NIRS's ability to differentiate depression of varying severity.

While such a noteworthy negative correlation was established
in many papers, there were some studies that observed no
significant correlations (70) and even a significant positive
association (68) between HAMD scores and oxy-Hb
concentrations. Such results could have been due to
methodological limitations that were faced by these studies.
For example, in the study by Tsujii et al. (70), the sample size
was small. Thus, such slight difference in the hemodynamic
response in the left temporal region among the two groups was
not statistically different. A type II error might be a possibility if
the size of the sample was enlarged, and the dissimilarity between
the healthy and depressed in the left channels might be
meaningful. Additionally, Liu et al. (68) argued that such
inconsistency in results could have been due to the dynamic
process of psychiatric disease development; therefore, there are
some findings that may be momentary markers and not
persistent markers.

Apart from the general negative association between the oxy-
Hb concentration values and the degree of total depressive
symptoms, many of the studies looked into a variety of
individual depressive symptoms, such as suicidal thoughts,
sleep quality, psychomotor retardation, obsessive–compulsive
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symptoms, cognitive functioning [assessed by the Mini-Mental
State Examination (MMSE), Consortium to Establish a Registry
for Alzheimer's Disease (CERAD) test battery, etc.], and
many others.

Suicidality is often observed in MDD patients. Suicidal
ideation usually precedes a suicide attempt. Pu et al.
investigated individuals prior to any attempt (73), while Tsujii
et al. explored responses after an attempt (65). Pu et al. (73)
found that the hemodynamic variations in the OFC, FPC, and
DLPFC negatively correlated to the degree of suicidal thinking in
depressed individuals; Tsujii et al. (65) revealed that the suicide
attempters (SAs) revealed a reduced hemodynamic response in
the left precentral gyrus compared to the nonattempters (NAs)
and HCs, and the hemodynamic responses in the right middle
frontal gyrus were negatively correlated with aggression and
hopelessness in the SAs but not in the HCs and NAs.

Nishida et al. examined the relationship between sleep quality
and oxy-Hb concentrations (71). They detected a negative
relationship between average oxy-Hb concentration variations
while performing the task and Pittsburgh sleep quality index
(PSQI) scores. This illustrated that self-rated sleep disturbances
were related to a reduced left prefrontal reactivity when
performing VFT in MDD patients, thus indicating that the
reactivity of the prefrontal region was vulnerable to
sleep disorders.

Psychomotor retardation is another classic symptom of
MDD. In Tsujii et al., psychomotor retardation on the HAMD
showed noteworthy affirmative association with average oxy-Hb
changes in the right temporal region in the MDD patients with
melancholic features (MDD-MF) but displayed a suggestive
negative association with average oxy-Hb changes in the
middle to left temporal region in the MDD patients with non-
melancholic features (MDD-NMF) (70). These findings were
consistent with earlier functional neuroimaging studies that
determined that MDD with psychomotor retardation is related
to reduced blood flow in patients with MDD-NMF, unlike those
suffering from MDD-MF. Thus, this suggested that the
pathophysiology of non-melancholic MDD is distinctive from
melancholia. Specifically, the pathophysiology of melancholia
could be linked to the right temporal region. MDD patients often
showed impaired inhibitory control. In the study by Akashi et al.
fluctuations in oxy-Hb concentrations in MDD patients in the
superior frontal probes were associated with impairments in
performance in inhibitory controls (79).

With regard to patients' functioning, while no statistical
significance was established with the degree of obsessive–
compulsive symptoms (68), average oxy-Hb concentrations
were significantly positively interrelated with the global
assessment of functioning (GAF) scores (57, 63) and SASS
scores (47, 64, 66). For SASS in particular, observational
changes in bilateral ventrolateral prefrontal cortex activity and
the anterior portion of the temporal cortex (VLPFC/aTC) were
associated with gains in social adaptability in MDD patients,
although the MDD groups revealed less activation than the HCs
in the VLPFC/aTC. Additionally, when Tsujii et al. assessed
quality of life (QOL) using the Medical Outcomes Study 36-item
Frontiers in Psychiatry | www.frontiersin.org 20
short-form health survey (SF-36), hemodynamic responses in the
prefrontal region were positively associated with the role
emotional domain scores for the MDD-MF patients.
Comparatively, MDD-NMF patients showed no noteworthy
correlations (67). This indicated that while lower functioning
was associated with lower oxy-Hb concentrations, patients with
MDD-MF had qualitatively distinctive prefrontal impairment
features associated with emotional role functioning unlike
patients with MDD-NMF.

Pu et al. assessed coping styles with the coping inventory for
stressful situations (CISS) and discovered that MDD patients
were more possibly using an emotion-oriented coping style as
compared to using task-orientated and avoidance-orientated
coping. Emotion-oriented coping style was also positively
associated with subjective assessments of the degree of
depression (74). Task-orientated coping was positive correlated
with regional hemodynamic changes in various prefrontal
regions. The findings suggested that the hemodynamic
responses in the various prefrontal regions when performing
VFT imply patients who suffer fromMDD utilize task-orientated
coping when depressed.

Apart from the use of oxy-Hb concentration measures, three
papers also assessed FC (52, 54, 72). First, in patients with affective
disorders, Zhu et al. (54) showed altered patterns of FC,
representing far greater disorganized patterns of correlation maps,
by outlining and examining four FC types: the intraregional
connectivity (SC-I), the intrahemispheric connectivity (SC-II), the
symmetrically interhemispheric connectivity (LC-I), and the
asymmetrical interhemispheric connectivity (LC-II). This showed
that patients suffering from affective disorders indicated
considerably weaker intraregional connectivity and symmetrical
interhemispheric connectivity in the IFG as compared to HCs
and that such disruptions in the right IFG are correlated with
problems in emotional reactions and reducing negative thinking in
affective disorder patients. Second, similar to previous results found
by many others, Rosenbaum et al. (72) also found that the subjects
who were depressed revealed increased FC in a left frontoparietal
cortical network at the resting state and decreased FC in a left
frontopolar cortical network while doing a performance task.
However, when these relations were calculated on behalf of the
separate diagnostic groups, these correlations were congruent only
in the non-depressed group and varied in the depressed group, thus
implying that these results might be more related to depression
status than to the degree of symptoms per se. In comparison to
controls, the depressed individuals indicated an exceedingly
connected network with a left hemispheric focus during the
resting-state condition, and this result was inferred to be related
to rumination. This relationship was further examined by
Rosenbaum et al. (52). Though ruminative thoughts were
negatively associated with FC in the cortical areas of the default
mode network (DMN), mind-wandering displayed positive
correlations with FC.

Moreover, Okada et al. illustrated hemodynamic changes
using brain response patterns (55). The response patterns were
cerebral responses to the MDT. During the MDT, the overall
response areas were analyzed by using a planimeter as the areas
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demarcated by the total Hb response curves and the baseline. The
area deviation ratio was calculated by dividing the difference
between the blood volume response areas of the right and left
hemispheres by the hemisphere blood volume response area
showing a lower response. When the ratios were higher (range 4–
44), response patterns were classified as dominant hemispheric
response patterns in normal subjects or non-dominant
hemispheric response patterns in MDD patients. They
demonstrated that about 50% of patients (12 out of 24 males
and 4 out of 12 females) showed a “non-dominant hemisphere
response pattern,” which was not seen in healthy subjects, and
this “non-dominant” hemisphere could become dominant
during depression. Furthermore, significant negative
associations were found between the oxy-Hb and the age of
onset in six channels but there were no noteworthy associations
between age and oxy-Hb at the period of assessment.

Use of fNIRS to Monitor Treatment
Response
All 16 studies included in Table 4 were case–control studies.
Eleven studies were performed in Japan, one study in China, one
study in Uzbekistan, one study in United Kingdom, one study in
the United States, and one study in Germany. The combined
sample throughout the 16 studies comprised of 282 MDD
patients. Every patient met the MDD criteria of DSM-IV,
DSM-5 or ICD-10. The majority of the studies examined the
correlation of cerebral hemodynamic changes with
improvements in the depressive symptoms of patients, while
five studies (47, 48, 50, 77, 81) looked at either social and/or
cognitive functioning of the patients as the treatment outcome.

Almost all patients responded favorably to treatment, as the
articles reported significant improvement in social functioning
or a decrease in depressive symptoms. However, the patients in
the study by Takamiya et al. showed no meaningful differences in
depressive scores following treatment in both the high- and low-
dose groups (84). In group comparisons, there were significant
outcomes on NIRS signals for high doses of antidepressants
compared with low doses. This highlighted that the dose-
dependent influence of antidepressants on the NIRS signal
ought to be considered while understanding NIRS data. The
most commonly used paradigm to stimulate cognitive activity
was the VFT. One study (77) used a rock, paper, scissors (RPS)
task. Two studies (87, 89) used mental arithmetic tasks, and
another study (88) utilized a lateral visual field simulation. The
prefrontal brain regions were examined in all of these studies.

Measuring NIRS signals before starting treatment has been
shown to predict treatment progress in medication-naive patients
suffering fromMDD (46). In the paper by Tomioka et al. (46), the
average oxy-Hb concentration values in the prefrontal and
temporal regions during the VFT were significantly correlated
with improvements in HAMD scores after treatment with
antidepressants. The group comparisons revealed that the mean
oxy-Hb concentration variations in the temporal and prefrontal
cortices while performing VFT were considerably reduced in the
depression group compared to HC group. This result concurred
among other studies (18) that explored the uses of NIRS for the
treatment of MDD.
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Similar to the study by Tomioka et al. (46), Yamagata et al.
also conducted a study on the application of NIRS in medication-
naive participants with MDD (82). The latter study highlighted
the noninvasive nature of NIRS as they conducted repeated
measurements at short intervals (three follow-ups at 4-week
intervals). According to their findings, they found a substantial
adverse association between mean oxy-Hb concentration values
in the significant cluster (at week 4) and differences in HAMD
scores from weeks 4 to 8 (r = −.73) and from weeks 8 to 12 (r =
−.63). As such, they also concluded that NIRS could be used in
predicting MDD patients' response to antidepressant treatment.

Ohtani et al. looked at social adaptation in their study, and in
their 6-month follow-up, they found that NIRS signals could be a
predictor for the longitudinal assessment of social adaptation
(47). Longitudinal increases in temporal and prefrontal regions
were shown to be correlated with improvements in social
adaptation for patients, although there was no significant
change in the severity of their clinical symptoms.

On the other hand, Pu et al. investigated patients' social
functioning in their study (81). The pretreatment NIRS
activation in the prefrontal region was found to be positively
associated with pretreatment social adaptation self-evaluation
scale (SASS) scores and negatively correlated with increase in
SASS scores after 8 weeks. Their discoveries suggested that NIRS
signals would be useful in evaluating social functioning in
patients afflicted by late-onset depression (prior to treatment)
and predicting the improvement in their social functioning after
treatment. Furthermore, fNIRS can be used to predict the
treatment response of not only antidepressants but also other
novel treatments, such as neurostimulation (50, 85, 89), music
therapy (49), and animal-assisted therapy (83).

Quality Assessment of the Included
Studies
The NOS was used to assess the risk of bias in the included
studies, and the results are shown in Table 5. No study had a
complete score of eight stars. More than two-thirds of the studies
had acceptable quality, of which 49 studies were awarded four or
more stars, with 11 studies given seven stars, 14 studies given six
stars, 19 studies given five stars, and 5 studies given four stars.
Fifteen studies fared more poorly in quality with less than four
stars, of which 3 studies were given three stars, 11 studies were
given two stars, and 1 study was given one star.
DISCUSSION

Currently, there is no specific test or biomarker for diagnosing
and monitoring the progression of depression. MRI studies have
shown reduced size in the medial and lateral prefrontal cortex,
amygdala, hippocampus, and striatum; increased functional
activity in the medial prefrontal cortex, amygdala, and
hippocampus; and decreased activity in the lateral prefrontal
cortex and striatum in depressed subjects compared with HCs
(90). Nevertheless, the applicability and utility of MRI in clinical
practice is limited due to the high cost, need to stay immobile,
presence of noise while scanning, long scanning duration, and
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TABLE 5 | Risks of bias within studies.

Selection Comparability Exposure

Study
sources

Is the case
definition
adequate?

Representative
of cases

Selection
of controls

Definition
of controls

Determination
of exposure

Same method for
determining cases and

controls

Nonresponse
rates

Suto et al.
(18)

★ ★ ★ ★ ★

Usami et al.
(86)

★ ★

Takei et al.
(63)

★ ★ ★ ★★ ★ ★

Shimodera
et al. (37)

★ ★ ★ ★ ★

Ma et al. (38) ★ ★ ★ ★★ ★ ★
Takizawa
et al. (39)

★ ★ ★ ★★ ★ ★

Zhu et al. (54) ★ ★ ★ ★★ ★ ★
Matsubara
et al. (42)

★ ★ ★ ★★ ★ ★

Pu et al. (81) ★ ★ ★ ★
Akashi et al.
(43)

★ ★ ★ ★ ★

Downey et al.
(51)

★ ★ ★ ★

Gao et al. (44) ★ ★ ★ ★ ★ ★
Pu et al. (64) ★ ★ ★ ★★ ★ ★
Tsujii et al.
(65)

★ ★ ★ ★★ ★ ★

Pu et al. (74) ★ ★ ★ ★ ★ ★
Schecklmann
et al. (45)

★ ★ ★ ★ ★

Tsujii et al.
(67)

★ ★ ★ ★ ★

Liu et al. (68) ★ ★ ★ ★★ ★ ★
Wang et al.
(69)

★ ★ ★ ★ ★

Tsujii et al.
(70)

★ ★ ★ ★ ★ ★

Satomura
et al. (80)

★ ★ ★ ★

Nishida et al.
(71)

★ ★ ★ ★ ★

Rosenbaum
et al. (72)

★ ★ ★ ★ ★ ★

Pu et al. (73) ★ ★ ★ ★ ★ ★
Koseiki et al.
(78)

★ ★

Pu et al. (74) ★ ★ ★ ★ ★ ★
Schiffer et al.
(88)

★ ★ ★

Eschweiler
et al. (89)

★ ★ ★ ★ ★ ★

Tomioka et al.
(46)

★ ★ ★ ★

Pu et al. (25) ★ ★ ★ ★★ ★ ★
Matsuo et al.
(26)

★ ★ ★★ ★ ★ ★

Onishi et al.
(77)

★ ★

Rosenbaum
et al. (52)

★ ★ ★ ★ ★ ★

Ohtani et al.
(47)

★ ★ ★★ ★ ★ ★

(Continued)
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TABLE 5 | Continued

Selection Comparability Exposure

Study
sources

Is the case
definition
adequate?

Representative
of cases

Selection
of controls

Definition
of controls

Determination
of exposure

Same method for
determining cases and

controls

Nonresponse
rates

Herrmann
et al. (27)

★ ★ ★ ★ ★ ★

Yamagata
et al. (82)

★ ★

Kondo et al.
(53)

★ ★ ★ ★ ★ ★

Shoji et al.
(28)

★ ★ ★ ★ ★

Kinoshita
et al. (29)

★ ★

Kito et al. (30) ★ ★ ★ ★ ★
Kawano et al.
(76)

★ ★ ★

Matsuo et al.
(31)

★ ★ ★

Zhu et al. (54) ★ ★ ★ ★ ★ ★
Okada et al.
(55)

★ ★ ★ ★ ★

Uemura et al.
(56)

★ ★

Matsubara
et al. (32)

★ ★ ★ ★ ★

Masuda et al.
(48)

★ ★

Kinou et al.
(57)

★ ★ ★ ★ ★

Yamagata
et al. (58)

★ ★ ★ ★ ★

Koike et al.
(33)

★ ★

Feng et al.
(49)

★ ★ ★ ★ ★ ★

Aoki et al.
(83)

★ ★

Noda et al.
(59)

★ ★ ★ ★ ★

Hirano et al.
(50)

★ ★ ★ ★ ★

Azechi et al.
(34)

★ ★ ★ ★ ★

Nishizawa
et al. (60)

★ ★ ★ ★ ★

Takamiya
et al. (84)

★ ★

Matsuo et al.
(35)

★ ★ ★★ ★ ★

Ohta et al.
(36)

★ ★ ★ ★ ★

Akiyama et al.
(61)

★ ★ ★ ★ ★ ★

Ohi et al. (62) ★ ★ ★ ★ ★
Shinba et al.
(85)

★ ★

Akashi et al.
(79)

★

Liske et al.
(40)

★ ★ ★ ★ ★
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risk of inducing claustrophobia. These considerations may be
especially relevant for depressed patients who may be
emotionally sensitive and thus find it harder to tolerate being
confined to a tight space with recurrent noise for a prolonged
period. Compared to fMRI, fNIRS is less expensive, fast to
operate, quiet, and more portable and, thus, able to perform
the scan in the clinic or ward directly and allows body movement
in a naturalistic environment (91). However, some of its inherent
limitations may influence the accuracy and eventual applicability
in clinical practice. For instance, its spatial resolution and
penetration depth are limited, which reduces access to the
subcortical regions that have a pertinent role in psychiatric
disorders. As fNIRS is established on the principles of
neurovascular coupling, it is affected by blood pressure,
hemoglobin level, blood circulation, vasculature, and carbon
dioxide concentration (92, 93). Nevertheless, a meticulous
study design, enhanced fNIRS techniques, and statistical
processing could potentially mitigate these shortfalls.

This is the first systematic review on the application of fNIRS
to depression that intended to provide an overview of the up-to-
date information of 3 pertinent clinical questions: (i) the
usefulness of fNIRS in differentiating depressed from healthy
individuals, (ii) the correlation of fNIRS signals with depression
symptomatology, and in turn (iii) monitoring treatment
response. Answers to these questions are essential in
ascertaining the applicability and utility of fNIRS as a tool to
assist the diagnosing of depression, predicting clinical symptoms
of patients, monitoring the treatment response and disease
progression, and for prognosticating the disease. Based on the
combined findings of the reviewed papers, most of the studies
were conducted in Japan, although there has been an increasing
trend for studies being conducted in China, Germany and other
countries. The number of fNIRS studies has also exponentially
increased year on year, suggesting an increased recognition of
this technology in mainstream science. The most commonly
used active paradigm is the VFT. This is not surprising as the
VFT is quite a common bedside neuropsychological test that has
been extensively utilized to ascertain executive function and
language content (94) and is easy to perform within a short
period, though it is imperative to realize that the performance on
the VFT can be influenced by culture. Participants are obliged to
state as many unique words that begin with a particular letter or
are from a semantic category in a restricted time (up to a minute
usually). Cognitive dysfunction occurs in patients who are
depressed, of which impairments in executive ability is one of
the core domains, in addition to learning/memory, attention/
concentration, and processing speed (95). As a validated test to
ascertain executive function, the VFT is able to elicit distinct
differences in performance and neuroimaging responses between
depressed and healthy people (23).

Based on the findings of this systematic review, the fNIRS
signals show promise as an ideal biomarker in addressing our
review's three fundamental questions: do fNIRS signals
differentiate depressed from nondepressed individuals,
correlate with specific depressive symptomatology, and in turn
aid the monitoring of treatment responses (regardless of whether
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the treatment is a medication or another treatment modality)?
The findings of our systematic review demonstrated a consistent
pattern of attenuated pre-frontal stimulation in patients with
depression while conducting cognitive tasks using the NIRS
method, and cerebro-hemodynamic changes are associated
with particular symptoms encountered by patients and
treatment responses. However, most studies did not include
sensitivity and specificity data that compared depressed
patients from HCs, which would be important to elucidate the
validity of fNIRS as a diagnostic tool. Thus, future studies may
need to consider standardizing their analysis such that
comparisons across studies can be made. The correlation of
brain signals with clinical symptoms such as suicidal ideation,
sleep quality, and psychomotor retardation may facilitate more
in-depth personalized profiling of the individual's depression
andmay be able to better identify risk issues inmanagement (e.g.,
self-harm, suicide, neglect). Symptom identification can be
especially helpful when patients are not forthcoming about
their symptoms, which makes it difficult to ascertain their
risks. However, the majority of the selected studies had small
sample populations, thereby reducing the power of the study,
and there were variations in study methodologies, including the
device and paradigm used, which limited the ability to effectively
combine or compare results. One important aspect of fNIRS as a
biomarkerwould be its potential to prognosticate the disease, i.e.,
whether the patient will improve or worsen with time.
Nevertheless, the existing studies were either cross-sectional or
had short longitudinal follow-ups, which made it difficult to
address this issue. Longer longitudinal studies of at least 6
months to a year would be beneficial, considering that most
depressive episodes last for at least a few months. Furthermore,
longitudinal studies can help to elucidate whether the
hemodynamic responses recorded by NIRS are a state- or trait-
dependent marker of depression, as the current evidence is
conflicting and confounded by several reasons.

Most studies scanned their subjects 2 weeks to 1 month after
starting antidepressants, and then scans were performed
monthly. Having more frequent fNIRS measurements in
longitudinal studies (e.g., weekly) can provide us with a better
understanding of brain dynamics and minimize the influence of
confounding factors. The majority of studies to date have
examined only the temporal and frontal regions. It may thus
be worthwhile to expand the assessment to other brain regions,
such as the occipital and parietal regions, especially because these
two regions have also been implicated in depression (96, 97).
Furthermore, most studies examined hemodynamic changes in
discrete brain regions, with only a few studies investigating FC
aberrations and even fewer ascertaining effective connectivity
across brain regions (97). Connectivity studies allow a more
holistic approach to how various brain areas interactively
function and may represent another means of examining the
disease state. Most of the studies involved patients on
medication, and those with medication-naive patients had
small sample sizes. Thus, we are unable to exclude the
possibility that antidepressants interfered with the signal
results. Studies have highlighted that antidepressants can affect
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the NIRS signals (84). Therefore, it may be worthwhile to have
more studies involving scans of medication-naive patients,
though this can be practically challenging at the ground level.

An encouraging application is combining different
neuroimaging modalities to allow a more accurate and
comprehensive surveillance of the neurophysiological changes.
This can include combining fNIRS with EEG, fMRI, PET, or
diffusion tensor imaging (DTI) to complement fNIRS. This can
in turn improve the spatial and temporal resolution and thereby
increase sensitivity and specificity. Nevertheless, the applicability
of combining modalities such as fMRI and PET is limited due to
the immobile and bulky apparatus, and although EEG is
portable, use of EEG increases the setup time, and the
increased noise-signal ratio with artifacts may reduce its
accuracy. On the other hand, integrative approaches that
combine various modalities of biomarkers such as genetic,
neuroimaging, and neuropsychological data that are analyzed
using high-dimensional multivariate statistical methods are
gaining prominence and may more comprehensively facilitate
disease diagnostics and prediction (98).

Our review has a number of limitations. First, we selected
observational studies that had small sample sizes, thereby
increasing the risk of selective and confounding biases and
reduced power due to small effect sizes. However, based on our
search, there were no randomized controlled trials of patients
with depression using fNIRS. Second, we only included studies in
English and searched in four databases. We recognize that there
are an increasing number of fNIRS studies conducted in China
and other countries that may not be published in English and
indexed in these four databases. Thus, this potentially led to
Frontiers in Psychiatry | www.frontiersin.org 25
publication bias. Third, we also included conference proceedings,
and several details of these datasets were unavailable from the
source. However, it was essential to include them to reflect the
spectrum of studies being performed in the current fNIRS
research landscape. Regardless, this review has strengths in
being the first to combine three pertinent questions pertaining
to fNIRS as a biomarker, and there has not been an updated
systematic review of fNIRS in depression since 2015. This study
is a timely update of the current landscape of using fNIRS on
depressed patients, given the increasing availability of this
technology worldwide.

In conclusion, there is a good amount of evidence in the
current literature to suggest fNIRS as a diagnostic and predictive
tool for MDD, and it has shown consistent hemodynamic
patterns in depressed patients compared to healthy individuals.
There is also an increasing amount of studies on fNIRS in
depression, indicating the increased recognition of this
technique in the study of depression. Future studies involving
larger sample sizes, standardized methodology, examination of
more brain regions in an integrative approach, and longitudinal
follow-ups are needed to advance the use of fNIRS in psychiatric
clinical practice and research.
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