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ARTICLE INFO ABSTRACT

Keywords: Introduction: Mindfulness interventions have been increasingly incorporated into clinical settings. Evidence
{NIRS supporting mindfulness practices are predominantly established in Western populations. Neurophysiological
Hemodynamics evidence has not been established to support the effectiveness of mindfulness practice in Asian populations.
As.ia Greater understanding of the neurophysiological mechanisms underlying mindfulness would enable hemody-
Mindfulness namics as measured by fNIRS to be used to monitor mindfulness practice as an adjunct to psychotherapy with
Asian clients.
Method: Research relating to fNIRS and hemodynamics for mindfulness in Asians was reviewed. The inclusion
criteria for this review were recent publications in peer-reviewed journals from 2008 to 2018, with the search
terms ‘fNIRS’, ‘hemodynamics’ and ‘mindfulness’, for studies in Asia.
Findings: Databases included Medline, PubMed, PSYCINFO, Google Scholar and SCOPUS. Initial searches yielded
86 results. Five duplicated articles were removed, and remaining abstracts were screened; and assessed for
eligibility against the structured performa. Three full text papers which fit the inclusion criteria were included in
the current review.
Conclusion: This review highlighted the paucity of rigorous empirically validated research for hemodynamics as
measured with fNIRS for mindfulness practice in Asia.

1. Introduction

Meditation is an umbrella term used to refer to a number of con-
templative practices, of which mindfulness meditation garnered the
most interest in scholarly literature (Tang et al., 2015). In con-
temporary psychology, mindfulness interventions that stemmed from
traditional meditation practices have increasingly been incorporated
into clinical settings (Bishop et al., 2004; Dimidjian and Segal, 2015).
Of these mindfulness-based interventions (MBIs), the mindfulness-
based stress reduction (MBSR) program was the most widely cited in-
tervention in mindfulness research (Creswell, 2017; Kabat-Zinn, 1982).
Much of the interest that MBIs generated revolved around the effect on
mental health, and treatment of various mental health issues (Creswell,
2017). MBIs had been effective in producing positive mental health
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outcomes, such as reducing physiological symptoms related to anxiety,
levels of self-perceived stress, and alleviating symptom severity of pa-
tients with mental illness (Chen et al., 2013; Chien and Lee, 2013;
Phang et al., 2016). While much of the evidence supporting mind-
fulness practices has been established in mainly Western populations
(Boccia et al., 2015), mindfulness-based therapy has also been shown to
be an effective treatment for Asian clinical populations with diverse
conditions (Chen et al., 2013; Chien and Lee, 2013; Luoma and Villatte,
2012; Wong et al., 2011). Recent literature has cautioned against the
assumption that research outcomes from Western countries could be
generalized to Asian populations, due to cultural differences (Choo
et al., 2017a, 2018a), which provided an impetus for the current review
in Asian populations, which could inform the delivery of ethno-cultu-
rally sensitive mental health services (Choo et al., 2017b).
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Randomized Controlled Trials (RCTs) showed positive outcomes

>

from MBIs, and these therapies were increasingly utilized in clinical . % E _ § B . g
settings (Baer, 2003; Grossman et al., 2004). There has been a corre- £ f‘g: %’ " % 2 E § o E :
sponding proliferation of interest in the mechanisms underlying these % g E 12 gjé z g & -% é S 8
effects (Creswell, 2017). When considering mechanisms underlying 1 2 && az §85x §§
mindfulness, the assessment of psychological mechanisms had inherent é E ! E E} g = E < 8 3 £
shortcomings (Visted et al., 2015). While much of the research on the ﬁ & § Ed Lgu E 8 § % % 5 *E %
outcomes of mindfulness-based practices had utilized self-reports to E 4 E‘g g g ¢ S % E g % _-ﬁ
determine psychological changes, findings had been inconsistent ‘3 Eé g ; ETQ E £ 8 QQQ “
(Creswell, 2017). In a RCT examining the effect of MBSR on Post R E{i a “_3 % R % % ; 5 %
Traumatic Stress Disorder (PTSD) symptoms in veterans, the program % E E g 28 _Eh £ é 5 § & § %
produced greater self-reported mindfulness, with these improvements z E’ éf ) E % g g E § & E g 2
corresponding with reduction in symptoms (Polusny et al., 2015). = § %858 ‘9 ;:§ R g b g
However, a recent meta-analysis reported contrary findings, having = glf §§ g §° S E E 5 i E g =
found that approximately 50% of studies on MBIs failed to produce A58 %8 R 2 BEE&ES
significant improvement in self-reported mindfulness, pre- and post- 25y ° . % .
intervention (Visted et al., 2015). Such inconsistent findings raised =5 Eo E E ax . g EE)
doubts regarding the validity of self-report mindfulness questionnaires, 5 T s g 2 L 8 5 g5 5
which could be inherently problematic (Visted et al., 2015). In addition £E% E E§5 zg8¢d Ev Esg n
to being liable to socially desirable responding and recall bias, self-re- Z £ g E § gz 3 I° E Mg E
porting does not take into account that individuals may lack insight into g ;*‘; ER g E n_é :i i 'g 3 E
how attentive and aware they are (Creswell, 2017; Davidson and EE E g‘é sgedg N 4
Kaszniak, 2015). While self-reports measures still provide certain depth :‘i =8 E" g E g ;5 = Z Tc: f~ % :;ﬁ
in findings, supplementary measures are worth exploring to better E'E E‘ ig é £ ,i (L'r 2 § é g =] 3
monitor changes over time and across contexts (Davidson et al., 2015). § % 'g I*% 22 E E g %” Ec EX v 2 s
Measures such as ecological momentary assessment and task-based 2898 E ELEEC FET :: =
measures of mindfulness allow the study of behaviours and experiences ° gg § £ § 4 - %‘}? 2= é déq
in real-world context, permitting more ecologically valid and objective 3 é § 12 g 58 § E" § 5 E " E =
assessments of functioning (Creswell, 2017; Davidson and Kaszniak, £ é ‘é § R - E £ TT <8 3
2015). S| SESEFERESS EEegfa

There has been longstanding interest in the neurobiological sub- o
strates of mindfulness (Creswell, 2017). Mindfulness meditation is 2 3 § 8
thought to exert its effect by enhancing three components: control of g2 g %‘ s 8 §
attention, emotional regulation, and awareness of self (Brown et al., B E E =R ﬁ i
2014). When examining the brain regions associated with these com- % g g . % g% 8
ponents during mindfulness meditation, the anterior cingulate cortex 8 % S & E % g E‘:
and the striatum were implicated in the regulation of attention. The % St g £ g 2 E
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emotion regulation (Tang et al., 2015). g E % g g E E § e % §

The PFC has often been implicated in investigations of the effects of § Z,ﬁj - ‘é’ 3 §5%§ E &
mindfulness mediation (Tang et al., 2015). Table 1 will summarize z E ; E‘i F 5 ég g ;
some of the relevant findings from recent studies. § 5 § % g 2 2 § g X 2

Research highlighted the role of the functional connectivity of | ERS SEZE &3

multiple prefrontal regions which contributed to stress regulation and
activity, and connections in brain areas were related to the fight-flight
response. Besides investigating the brain mechanisms underlying stress
responses, studies also associated neural changes with positive emo-
tional effects (Creswell, 2017), given that the PFC dictates the ability to
be aware of one's own subjective experiences (Brown et al., 2014). In a
study utilizing an affect labelling task, Holzel and colleagues (2013)
found that MBSR increased activity in the ventrolateral PFC and
strengthened connectivity between the PFC and the amygdala, leading
to the amelioration of anxiety symptoms. The importance of the func-
tional integration and connectivity was also implicated in more recent
research (Doll et al., 2015, 2016). Chen et al. (2015) similarly found
that MBIs aided the regulation of PFC activity and might be helpful in
the formulation of cognitive restructuring strategies that could in turn
regulate brain activity. The theory underpinning such studies is that
mindful regulation of affect exerted effect by bolstering prefrontal
cognitive control processes, while reducing activity in areas such as the
amygdala, which is pertinent to emotional processing (Tang et al.,
2015). However, a recent systematic review examining changes in brain
activity following manualized MBIs did not support consistent evidence
of increased activity in specific prefrontal cortical regions, suggesting
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= 37.9,
= 26)

22.5, SDqg = 7.7) without

16.6, SDycars = 10.2) and 16 (6 male, 10 female)

participants (Mge
SDgq. = 12.2) with Generalized Anxiety Disorder were

meditation experience both underwent a 17-minute
block randomized into either the experimental eight-
week mindfulness-based stress reduction program
underwent 4 20-minute mindfulness-based training.

mindfulness task.
group or a control eight-week stress management

SDgge = 9.1) with meditation experience (Myears
education group.

Participants Characteristics/ Grouping /Tasks
26 (14 females, 12 males) participants (Mg

14 (6 male, 8 female) participants (M,ge
15 (6 males, 9 females) participants (Mg

Author/Year
Gundel et al.
(2018)
Holzel et al.
(2011)
Zeidan et al.
(2011)

Table of Neurophysiological findings in recent Mindfulness Studies.

Table 1
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the need for a greater understanding of meta-cognitive processes during
mindfulness meditation (Young et al., 2018). More research is thus
needed to further uncover the neural mechanisms underlying mind-
fulness interventions.

Neural activity in the brain is followed by alterations in cerebral
blood flow (CBF) and blood oxygenation, with these responses mea-
surable by neuroimaging techniques (Buxton et al., 2004). The dy-
namics involved in the circulation of blood in the brain, otherwise
known as the hemodynamic response, is a physiological event from
which brain activity can be assessed (Irani et al., 2007). In order to
elucidate the brain activity brought about by MBIs, structural and
functional neuroimaging methods had been used to examine the neu-
robiology of mindfulness (Creswell, 2017). In the domain of mind-
fulness-based neuroscience, two neurophysiological methods were pri-
marily used to uncover the neural mechanisms underlying mindfulness
meditation (Brown et al., 2014). The first method, which includes
techniques such as electroencephalography (EEG), enables the direct
measurement of neural electromagnetic activity (Irani et al., 2007). The
second method, which describes neuroimaging techniques such as
functional Magnetic Resonance Imaging (fMRI), enables investigators
to attain both direct and indirect measures of blood flow in the brain
(Irani et al., 2007), and is able to access subcortical regions of the brain
including hippocampus and amygdala during executive tasks (Mak
et al., 2012; Ren et al., 2012). FMRI also provides data on the volumes
of neuroanatomical structures and measures degree of atrophy (Mak
et al., 2016).

A study using EEG found that mindfulness training increased left-
frontal activity during an affective challenge (Zhou and Liu, 2017).
However, as neuroimaging methods such as fMRI enable the indirect
measurement of CBF and offer superior spatial resolution, providing a
higher possibility of identifying the location of neural activation, the
latter method is often preferred (Brown et al., 2014). As it is also
considered safe and non-intrusive, and able to access subcortical re-
gions of the brain, fMRI has been regarded as the optimal method to
measure functional brain activity (Irani et al., 2007). It has thus been
widely utilized in mindfulness and/or meditation research in both
clinical (Chen et al., 2015; Holzel et al., 2013) and non-clinical popu-
lations (Lee et al., 2012; Zeidan et al., 2011).

Objective neuroimaging investigations had linked the positive
emotional and cognitive effects of mindfulness meditation with neural
correlates such as increased activity in the PFC (Tang et al., 2015).
However, traditional neuroimaging techniques such as fMRI suffer from
functional shortcomings, limiting its applicability (Irani et al., 2007; Lu
et al., 2015). Such techniques require participants to adopt a supine
position within a magnet bore, resulting in limited applicability (Irani
et al., 2007; Lu et al., 2015). In addition, a fixed head position is re-
quired to avoid invalidating the data (Irani et al., 2007). As a result, it is
unsuitable for measuring brain activation during functional activities
(Parsons and Kane, 2017).

Beyond the traditional neuroimaging described above, recent tech-
nological developments such as functional Near-Infrared Spectroscopy
(fNIRS) have helped clinicians better understand brain activity under-
pinning day-to-day human functioning (Lu et al., 2015). When com-
pared against other neuroimaging methods, fNIRS offers several ad-
vantages. In contrast to fMRI, the portable nature and low sensitivity to
movement of fNIRS allows it to measure brain activity and cognition
while participants engage in various day-to-day tasks (Parsons and
Kane, 2017). For example, a wearable fNIRS system was used in a re-
cent study to monitor brain activity while participants pedalled on bi-
cycles outdoors (Piper et al., 2014). FNIRS is particularly suitable for
clinical studies with psychiatric patients who have phobia of enclosed
environments and motor restlessness (Ho et al., 2016). Therefore, as a
relatively non-intrusive, safe, and portable neuroimaging technique, it
permits more ecologically valid investigations of brain hemodynamics
(Irani et al., 2007). FNIRS offers an additional advantage because it
allows multimodal measurements to be performed with clinical and
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non-clinical samples e.g. fNIRS and fMRI; fNIRS and EEG (Lai et al.,
2017; Yu et al., 2013).

The overarching principle governing the operation of fNIRS systems
is that brain function is associated with several physiological changes,
two of which, oxygenated hemoglobin (oxy-Hb), and deoxygenated
hemoglobin (deoxy-Hb), can be measured with optical imaging tech-
niques (Irani et al., 2007; Lee et al., 2012). Cerebral blood flow (CBF)
and cerebral blood volume (CBV) are increased during neural activity,
following increased consumption of glucose and oxygen; this phe-
nomenon is referred to as neurovascular coupling (Irani et al., 2007;
Pasley and Freeman, 2008). During neurovascular coupling, oxy-Hb
and deoxy-Hb alter in concentration; projecting near- infrared light into
cortical regions of the brain, allowing these changes to be detected with
impressive temporal resolution (Irani et al., 2007; Parsons and Kane,
2017). Monitoring changes in the oxy-Hb to deoxy-Hb ratio as in-
dicators of brain activation represent the most widely utilized method
of near-infrared spectroscopy (Irani et al., 2007), with the quantifying
of changes in hemodynamic data enabling the real-world study of
cognitive processing tasks (Vasta et al., 2018; Yuan and Ye, 2013). By
means of optical sensors, fNIRS is able to detect hemodynamic changes
in the PFC (Lu et al., 2015; Mirelman et al., 2014; Singh et al., 2016). Its
applicability has led to its use in a wide array of fields, including re-
search in rehabilitation, sports science, psychology (Pfeifer et al.,
2017), and environmental research (Yu et al., 2017).

Several recent studies have used fNIRS to monitor changes in brain
activity during walking, and while simultaneously engaging in a task.
Holtzer and colleagues (Holtzer et al., 2011) examined hemodynamic
changes in a non-clinical adult sample while walking, as well as while
walking and talking, and found increased levels of oxy-Hb in the PFC in
the latter condition. Similar results were thereafter found in a study
conducted by Lu and colleagues (2015), with the left PFC shown to
have the greatest and most constant activation when participants
walked while completing a cognitive task.

However, few studies have used fNIRS to investigate the effect of
mindfulness on brain hemodynamics. One such study was done in
Germany (Gundel et al., 2018), and generalizability to Asian samples is
unclear. This study sought to examine the differences in brain hemo-
dynamics between meditation experts and novices in a mindfulness
condition and a baseline condition. The authors primarily focused on
monitoring patterns of cortical activity in the auditory cortex and
neighbouring cortical regions (Gundel et al., 2018). It was found that
expert meditators had greater activations in a number of auditory
cortex regions and adjacent areas, as compared to novice meditators not
only in the mindfulness condition, but also in the baseline condition
(Gundel et al., 2018). Although activity in the PFC was not monitored,
the study had important implications, suggesting that experience in
meditation can produce enduring changes in the brain which engender
positive psychological outcomes (Gundel et al., 2018). In addition, the
study provided support for fNIRS as a suitable method to monitor
changes in brain hemodynamics in mindfulness paradigms (Gundel
et al.,, 2018). With a greater understanding of the neurophysiological
mechanisms underlying mindfulness practice, there is the potential for
fNIRS to be used as biofeedback to monitor mindfulness practice to
enhance psychotherapy, with the combination of both biofeedback and
mindfulness shown to reduce levels of anxiety (Ratanasiripong et al.,
2015; Wyner, 2015) and chronic stress (Steffen et al., 2017).

Much of the evidence supporting mindfulness practices was estab-
lished in Western populations (Boccia et al., 2015; Gundel et al., 2018).
However, neurophysiological evidence had not been clearly established
to support the effectiveness of mindfulness practice in Asian popula-
tions. The aim of this paper is to review research relating to objective
evidence base for fNIRS and hemodynamics for mindfulness practice in
Asian samples.
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2. Methods

The authors employed the same standard and systematic metho-
dology and result reporting format as our recently published paper in
performing the literature review (Choo et al., 2018b). The database
search was conducted in November 2018. The inclusion criteria for this
review were recent publications in peer-reviewed journals from 2008 to
2018, with usage of search terms namely ‘fNIRS’, ‘hemodynamics’ and
‘mindfulness’, for studies conducted in Asia. The Boolean operator
‘AND’ was used to combine the search terms. Databases included
Medline, PubMed, PSYCINFO, Google Scholar and SCOPUS. The
structured proforma for evaluating eligibility for inclusion involved the
following: Recent papers that contain original research conducted in
Asia, and published in peer-reviewed journals after the year 2008; re-
lated to fNIRS, hemodynamics, and mindfulness. The main purpose was
to obtain primary citations on studies which were completed in Asia,
and not review papers, that fit the inclusion criteria.

3. Results

The aforementioned databases were initially used to identify peer-
reviewed papers with the inclusion criteria named above, which yielded
86 results, using all search terms. From the original search results, 5
duplicated articles were removed, and remaining 81 abstracts were
screened; and assessed against the inclusion criteria. Many articles
screened were not relevant to the focus of the study. Specifically, 79
papers were excluded as there was no practice of mindfulness in the
study. One mindfulness study was excluded as it was not conducted in
Asia. See Fig. 1 for the PRISMA flow chart (Moher et al., 2009). The
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results of the review were presented in Table 1. Two recent papers
deemed to be suitable were included in the current review.

Similar to the methodology employed in our recently published
paper on another clinical topic (Choo et al., 2018b), these papers in
Table 2 were examined by extracting pertinent information namely
study design, sample characteristics, primary objective and outcome
measures pertaining to our research aim, and if these results were sig-
nificant. The pertinent information was summarized in Table 2. Only
quantitative studies were included in the review and presented in
Table 2.

4. Discussion

A review of papers presented in Table 2 demonstrated a lack of
rigorous and convincing objective evidence of hemodynamics, mea-
sured using fNIRS, to support the efficacy of mindfulness interventions
for Asian samples, details will be discussed below. It should be noted
that due to the lack of research in the area in Asia, it is hard to reach a
definite conclusion as to the use of hemodynamics, measured using
fNIRS, to support the efficacy of mindfulness interventions for Asian
samples. From the review of recent papers presented in Table 2, only
one of the two studies employed a robust methodology of Randomized
Controlled Trials (RCT), a gap remained in establishing convincing
objective evidence of brain hemodynamics, using fNIRS, to examine the
efficacy of mindfulness meditation, for non-clinical Asian populations.
Deepeshwar et al (2015) used non-Randomized Controlled Trial (RCT)
design while Gagrani et al. (2018) used RCT design. The more rigorous
design is the study with RCT (Gagrani et al., 2018) which showed that
mindfulness meditation significantly improved brain oxygenation in the

P
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8 database searching
% (n=86)
[}
i
— A
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—

Fig. 1. PRISMA flow diagram.
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Table 2

Summary of Evidence.

Asian Journal of Psychiatry 44 (2019) 112-118

Author/Year

Study Design/ Participants Characteristics/
Grouping

Study objectives

Results

Deepeshwar et al.
(2015)

Gagrani et al.
(2018)

Repeated Measures Design 22 male university
students in India (M,ge = 22.9, SDgg. = 4.6) in both
the meditative experimental and random thinking
control conditions.

Randomized Controlled Trial 60 glaucoma patients
from India (21 females, 39 males; M,g. = 57.28,
SDgge = 9.37) were randomly allocated to a

The study aimed to examine the bilateral
prefrontal hemodynamic response in 2 sessions of
meditation and random thinking, and
hemodynamic changes and performance during a
Stroop color word task.

The study aimed to investigate the effects of
meditation on blood flow and oxygenation status
of the brain.

A significant decrease in concentration of oxy-
hemoglobin (AHDO) in the left prefrontal cortex
(PFC), p = .016 and in the right PFC (p = .032)
following the random thinking session during the
Stroop task while there was a significant
improvement in the left PFC (p = .006) and right
PFC (p = .046) after meditation. There was also a
significant increase in deoxy-hemoglobin (AHbR)
at the right PFC (p = .005) after random thinking
while there was a significant decrease in the left
PFC (p = .02) and right PFC (p < .001) after
meditation.

A significant improvement in oxygenated
hemoglobin change in the PFC was observed in
the intervention group across multiple channels

meditation intervention or treatment as usual
group.

of the fNIRS (p = 0.01, 0.04, 0.06, 0.001, 0.002,
0.02, 0.04 respectively).

Pre-Frontal Cortex (PFC) across multiple channels of the fNIRS. Gagrani
et al. (2018) used a convenience sample of 60 glaucoma patients in
India. It was found that the 6-week meditation program was associated
with significant improvement in brain oxygenation, along with a re-
duction in stress markers. It was concluded that meditation may be a
useful as an adjunct to standard treatment in glaucoma patients, and
potentially decreased the risk of glaucoma progression. However, the
generalizability of the results to other non-clinical samples in other
Asian countries is unclear. Deepeshwar et al. (2015) also demonstrated
that mindfulness meditation increased brain oxygenation and enhanced
performance, which was associated with activation of the PFC. How-
ever, the study utilized a small sample size of 22 male university stu-
dents in India, which limited the generalizability of the results to female
students, across the lifespan.

One paper was excluded from this review as it was done in
Germany. Gundel et al. (2018) found different lateralization and acti-
vation patterns of the brain in expert meditators in a resting state, and
in the mindfulness condition. The authors concluded that these results
suggested long-term changes in the brain, with positive effects on meta-
cognitive skills and health. Although the research outcome was of in-
terest, but the study included a relatively small sample size of 14
German participants in the intervention and 16 in the control group,
which limited the generalizability of the results to Asian samples. A
recent study (Kang et al., 2013) provided preliminary neural evidence
suggesting that there could be individual and cultural variations in
brain activity between Asian and Western participants when engaging
in similar tasks, thus cautioning against the generalizability of research
outcomes from Western studies to Asian populations.

There were a number of limitations in the aforementioned studies
which used fNIRS to explore the effect of mindfulness intervention. The
duration of the mindfulness intervention ranged from 2 to 6 sessions
(Deepeshwar et al., 2015; Gagrani et al., 2018), and it was unclear what
might be the optimal duration, and which specific components of the
intervention were linked to the outcomes. Future research could focus
on empirical and randomized controlled trials (RCT) in larger samples
from different Asian countries that conform to CONSORT guidelines
(Eysenbach, 2011). Multidisciplinary research would add further di-
mensions to this relatively novel area of research. A recent fMRI study
suggested that the amygdala-dorsal PFC integration is a potential neural
pathway of emotion regulation by mindfulness practice (Doll et al.,
2016). Subsequent studies could endeavour to access subcortical re-
gions of the brain such as the hippocampus and amygdala during ex-
ecutive tasks to further understand functional brain activity (Mak et al.,
2012; Ren et al., 2012) in non-clinical samples, and explore possible
relationships between hemodynamics, mindfulness, and performance in
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tasks requiring executive function for clinical and non-clinical samples.
As a limitation of the fNIRS is its limited penetration depth, another
possibility for future research is to include multiple measures e.g.,
fNIRS and fMRI (Lai et al., 2017; Yu et al., 2013). Additional data on the
volumes of neuroanatomical structures and measures for degree of
atrophy in clinical samples could be helpful to clinicians (Mak et al.,
2016) to explore the relationships between hemodynamics, mindfulness
and brain health, for clinical samples with a range of chronic condi-
tions.

Nevertheless, the strength of the review included the investigation
of an important clinical issue, highlighted limitations in generalizability
of results to other Asian non-clinical samples, across the lifespan, as the
studies were done in adult clinical samples (Gagrani et al., 2018) or
male university students in India (Deepeshwar et al., 2015). Our review
underscored the need for more research on this pertinent topic for Asian
countries. Singapore is a multicultural society, with the main ethnic
groups consisting of Chinese, Malays and Indians, which offers unique
opportunity to examine possible cultural influences in this area (Choo
et al., 2017a). Multidisciplinary research is indicated to explore the
different dimensions of the pertinent topic in both clinical and non-
clinical populations. While self-reported outcomes and other clinical
measures (Polusny et al., 2015; Visted et al., 2015) such as reduction of
symptoms (Chen et al., 2013; Chien et al., 2013; Phang et al., 2016)
could be helpful in gaining insight into the impact of mindfulness; he-
modynamics and other neurophysiological evidence could potentially
be considered as objective evidence for examining the effect of mind-
fulness, although research is still in its infancy in Asian populations.

5. Conclusion

In summary, mindfulness interventions have increasingly been in-
corporated into clinical settings. A greater understanding of the neu-
rophysiological mechanisms underlying mindfulness practice, would
potentially enable hemodynamics as measured by fNIRS to be used as
biofeedback to monitor mindfulness practice as an adjunct to psy-
chotherapy with Asian clients. However, evidence base is currently
lacking. More research is needed to address the current gaps in
knowledge. While self-reported outcomes and other clinical measures
(Polusny et al., 2015; Visted et al., 2015) such as reduction of symptoms
(Chen et al., 2013; Chien et al., 2013; Phang et al., 2016) could be
helpful in gaining insight into the impact of mindfulness; neurophy-
siological evidence could potentially be considered as objective evi-
dence for examining the effect of mindfulness, although research is still
in its infancy in Asian populations. More rigorous research and eva-
luations are needed to establish usage of fNIRS to examine brain
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hemodynamics as objective evidence, to further support the efficacy for
mindfulness practice with Asians.
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