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Abstract

Objective: To assess whether remote application of photobiomodulation (PBM) is effective in reducing clinical
signs of Parkinson’s disease (PD).
Background: PD is a progressive neurodegenerative disease for which there is no cure and few treatment
options. There is a strong link between the microbiome–gut–brain axis and PD. PBM in animal models can
reduce the signs of PD and protect the neurons from damage when applied directly to the head or to remote
parts of the body. In a clinical study, PBM has been shown to improve clinical signs of PD for up to 1 year.
Methods: Seven participants were treated with PBM to the abdomen and neck three times per week for 12
weeks. Participants were assessed for mobility, balance, cognition, fine motor skill, and sense of smell on
enrolment, after 12 weeks of treatment in a clinic and after 33 weeks of home treatment.
Results: A number of clinical signs of PD were shown to be improved by remote PBM treatment, including
mobility, cognition, dynamic balance, spiral test, and sense of smell. Improvements were individual to the
participant. Some improvements were lost for certain participants during at-home treatment, which coincided
with a number of enforced coronavirus disease 2019 (COVID-19) pandemic lockdown periods.
Conclusions: Remote application of PBM was shown to be an effective treatment for a number of clinical signs
of PD, with some being maintained for 45 weeks, despite lockdown restrictions. Improvements in clinical signs
were similar to those seen with the application of remote plus transcranial PBM treatment in a previous study.
Clinical Trial Registration number: U1111-1205-2035.
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Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disease after Alzheimer’s disease,

affecting more than 10 million people worldwide, with

growing numbers due to increasing incidence with age in an
aging population, longer duration of the disease,1 and pos-
sible neurological sequelae of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection.2,3 The
disease incurs a substantial economic burden.4 To date, there
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is no curative treatment or effective strategy to halt or even
slow symptom progression.

There is an increasing acknowledgement of the gut–brain
axis, which can influence such diverse diseases and symp-
toms as behavior, anxiety, autism spectrum disorder, de-
pression, schizophrenia, addictive and compulsive behaviors,
and neurodegenerative diseases.5 The link is particularly
strong in PD, with gastrointestinal signs being common and
often preceding neurological signs and symptoms by years.6

Individuals with PD have also been shown to have increased
gut permeability leading to increased inflammatory processes.7

This relationship suggests the possibility of the gut as a ther-
apeutic target for PD therapies,8 and studies are beginning to
emerge investigating this possibility by fecal microbial trans-
plantation (FMT),9,10 diet,11 and probiotic12 interventions.

Photobiomodulation (PBM) therapy is the use of narrow-
wavelength bands of nonthermal light [either light-emitting
diode (LED) or laser] to modulate cellular responses, in-
cluding mitochondrial function, downstream cellular sig-
naling, and the modification of transcription factors.13,14

One of the primary effects of PBM is anti-inflammatory,
which has profound effects on many body processes.15 PBM
has been known for many years to be safe and free of side
effects.16,17 In addition to the direct effect on the target cells,
PBM also has a systemic15,18–20 and a delayed effect, likely
due to the activation of DNA transcription factors.13,14

Treatment of areas remote from the site of injury can be an
effective strategy in animal models,20 including models of
PD and Alzheimer’s disease18,21–24 even when the head of
the animal is shielded from irradiation.25 The mechanism
of this systemic effect may be stimulation of stem cells,20,26

immunomodulation,27 stimulation of circulating cell-free
mitochondria,28 modulating circulating chemical messen-
gers,21 or a combination of these. Another potential mech-
anism of action is via the microbiome.29

To begin to understand the role that different remote treat-
ment protocols play in the effectiveness of PBM to potentially
stabilize the signs and symptoms of PD, a proof-of-concept
study was performed using an abdominal and neck PBM treat-
ment protocol without any transcranial component. The abdo-
men was irradiated to target the enteric nervous system and the
microbiome, and the neck was irradiated to target the vagus
nerve connection of the gut–brain axis. This study complements
a previous study30 that used a combination of transcranial, in-
tranasal, neck, and abdominal treatment to treat PD.30

Methods

The study had human research ethics approval by Griffith
University Human Research Ethics Committee (2018/16)
and Adventist HealthCare Limited Human Research Ethics
Committee (2019/32) and was registered with the Australian
New Zealand Clinical Trials Registry. All participants gave
written informed consent before taking part.

Participants

Participants were recruited in August 2019 from a database
of individuals clinically diagnosed with idiopathic PD by a
neurologist, who had contacted the researchers at the com-
pletion of a previous proof-of-concept study.30 All participants
were examined by a physician to ensure suitability for enrol-
ment. Inclusion and exclusion criteria are given in Table 1.

PBM treatment protocol

Seven participants were treated with PBM for 12 weeks in
a clinical setting by a trained therapist from September 30,
2019, three times per week at the same time each day,
during their ‘‘on’’ period after medication (if taken). The
protocol (Table 2) consisted of a laser device with four
class-1 diodes (904 nm 30 mW) targeting nine abdominal
points (1 min each), and the posterior C1/C2 region of the
neck (1 min), to give a total abdominal dose of 64.8 J and a
neck dose of 7.2 J (Fig. 1). At the completion of the clinical
treatment period, participants were supplied a home treat-
ment laser device, and participants and carers were given a
20-min training session in its use, which was essentially
identical to the clinical treatment protocol. Participants
continued PBM treatment at home for an additional 33
weeks. Participants were not monitored during this home
treatment, although carer feedback was sought regarding
treatment compliance at the completion of the study.

Participant assessment

Participants were informed that a minority of people re-
ceiving PBM therapy might experience minor temporary
effects (dizziness and/or mild nausea). Participants were
monitored by therapists for these effects during the clinical
treatment period and participants and carers were instructed to

Table 1. Inclusion and Exclusion Criteria

for Study Participants

Inclusion criteria
Males or females
Between 60 and 80 years
Diagnosed idiopathic PD
Hoehn and Yahr stage I to III
Stable (unchanged for 6 months) anti-PD medications

(if taken)

Exclusion criteria
Not capable of self-care
Cognitive impairment defined as <24 on the MoCA
History of significant psychotic episode(s) within the

previous 12 months
History of suicidal ideation or attempted suicide within

previous 12 months
Taken potentially photosensitizing medication, especially

imipramine, hypericum, phenothiazine, lithium,
chloroquine, hydrochlorothiazide, or tetracycline

History of structural brain disease, active epilepsy, stroke
or acute illness, factors affecting gait performance and
stance such as severe joint disease, orthopedic injuries,
weakness, peripheral neuropathy with proprioceptive
deficits, severe peripheral vascular occlusive disease,
severe musculoskeletal disorders, uncorrected vision,
vestibular problems, or other severe conditions that
would preclude the use of PBM therapy, place the
patient at risk during evaluation of their PD, or
interfere with the evaluation of their PD

Unstable or uncontrolled cardiac disease or
cardiovascular problems

Currently participating in other clinical trials of PD
treatment, such as advanced therapies (Duodopa,
apomorphine, deep brain stimulation)

MoCA, Montreal Cognitive Assessment; PBM, photobiomodula-
tion; PD, Parkinson’s disease.
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address any concerns or perceived adverse reactions from the
PBM treatment to the researchers or therapists. Participants
were assessed for outcome measures on enrolment, after the
clinical treatment period and after the home treatment period.

Outcome measures

The primary outcome measure (Table 3) was timed up-
and-go (TUG) as measure of functional mobility (balance
plus gait). Secondary outcome measures included a range of
motor signs, including additional tests of mobility (walking
speed, stride length, TUG motor, and TUG cognition), fine
motor skills, dynamic balance, static balance, micrographia,
cognition and sense of smell.

Analysis

For micrographia, analysis of variance (ANOVA) was
carried out to analyze changes between assessments.
Due to small numbers and heterogeneity of the partic-
ipants, no statistical analysis for other outcome mea-
sures was attempted. Individual changes in outcome
measures were assessed using minimal clinically im-

portant difference (MCID), defined as the smallest
benefit that has value to individuals. Change in out-
comes measures was compared with baseline (mean of
19 participants: 7 from the current study and 12 from
the previous study). An MCID occurred if there was an
improvement of greater than ½ standard deviation (SD)
from this baseline.31 Larger changes were registered as
1 SD and 2 SD above baseline.

Results

Participants

Participants enrolled in August 2019 and consisted of
seven males (average age 64.4 years), of whom six were
right-handed and four had right-side onset of PD (Table 4).
Two participants had previously received transcranial PBM
treatment for PD with a VieLight Gamma�.

Safety and compliance

No adverse side effects were reported from the treatment
by therapist, participants, or carers, and there were no safety

Table 2. Photobiomodulation Parameters

Parameter Treatment in clinic At-home treatment

Manufacturer Spectro Analytic Irradia AB (Sweden) Spectro Analytic Irradia AB (Sweden)
Model Prototype class 1, 4 diode probe MIDCARE laser
Produced 2019 2019
Laser diodes 4 · 904 nm (GaAs) 2 · 904 nm (GaAs)
Wavelength 904 – 10 nm 904 – 10 nm
Laser class 1 1
Output power per diode 30 mW 30 mW
Peak power 25,000 mW 25,000 mW
Pulse frequency 50 Hz 50 Hz
Beam spot size 0.636 cm2 0.636 cm2

Power density per diode 47 mW/cm2 47 mW/cm2

Total output power 120 mW 60 mW
Irradiation time per point 60 sec 120 sec
Total irradiation time 600 sec 1200 sec
Total energy per point 7.2 J 7.2 J
Energy density 11.3 J/cm2 11.3 J/cm2

Number of points 10 (9 abdomen, 1 neck) 10 (9 abdomen, 1 neck)
Total energy dose per treatment 72 J 72 J
Treatment frequency Three times per week for 12 weeks Three times per week for 33 weeks
Application mode Probe stationary in skin contact with firm pressure and perpendicular to target area
Cumulative dose 2592 J 7128 J

FIG. 1. PBM treatment sites. PBM, photo-
biomodulation.
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concerns for PBM at this dose. All participants and carers
reported that the home treatment regimen was followed for
33 weeks.

Grouped outcomes

Participants showed a number of improvements in out-
come measures after the clinical treatment period

(Table 5; full data in Supplementary Table S1). The me-
dian value for the primary outcome (TUG) improved over
12 weeks. There was also improvement in other measures
of mobility (TUG, walk speed), dynamic balance (step
test), fine motor control (spiral test), and also cognition
[Montreal Cognitive Assessment (MoCA)]. In contrast,
single leg stance (SLS) declined for the affected leg and
stride length decreased.

Table 3. Outcome Measures Assessed Before Photobiomodulation Treatment and After 12 and 45 Weeks

of Photobiomodulation Treatment to the Abdomen and Neck

Outcome measure Test Description Reference

Primary outcome measure
Functional

mobility
TUG test Assessors measured the time taken for a participant to stand from a

chair, walk 3 m, turn around a marker, return and sit down.

71

Secondary outcome measures
Mobility TUG motor As for TUG except that the participant was carrying a cup of water. 71

TUG cognitive As for TUG except that the participant was asked to count backward
from 40 in twos.

71

10 MWT speed Participants walked a 10 m track. After walking 2 m, assessors measured
the time taken to walk a further 6 m.

72

10 MWT stride
length

During the 10 MWT, assessors also counted the number of strides taken
to walk 6 m.

72

Dynamic balance Step test Participants stood with feet together, 10 cm from a 10 cm high step.
Assessors counted the number of times that a participant placed their
foot repeatedly on the step in 15 sec. Both legs were tested.

73

Cognition MoCA Participant completed the MoCA test version 8.1 (www.mocatest.org),
which was scored by an assessor.

74

Fine motor skill Spiral test Assessors recorded the time taken to draw between the lines of a printed
Archimedean spiral. A time penalty of 3 sec was given for touching a
line and 5 sec for crossing a line. Dominant hand was tested.

75

NHPT Assessors recorded the time taken to place nine pegs in holes and then
return the pegs to the reservoir. Both hands were tested.

76

Micrographia Participants were asked to write the same sentence at each assessment.
The area and perimeter of selected words were measured using the
ImageJ software.

Static balance TS Assessors recorded the time a participant could stand with one foot in
front of the other (heel to toe) eyes closed until eyes were opened, a
step taken, or a hand was used to steady themselves. The assessment
was terminated at 30 sec. Both legs tested.

77

SLS Assessors recorded the time that a participant could stand with one leg
raised with eyes closed until eyes were opened, a step taken, or a hand
was used to steady themselves. The assessment was terminated at
30 sec. Both legs tested.

77

Olfactory loss SIT Five participants who had indicated that they suffered some olfactory
loss completed a scratch and sniff test consisting of 40 odorants.
Scores were converted to an olfactory diagnosis, as described in the
SIT Administration Manual.

78

MWT, meter walk test; NHPT, nine-hole peg test; SIT, Smell Identification Test�; SLS, single leg stance; TS, tandem stance; TUG,
timed up-and-go.

Table 4. Demographic Characteristics of Participants in the Study

Participant Sex Years of diagnosis Dominant hand Affected hand Comments

S1 M 4 R L Previous transcranial PBM
S2 M 7 R R
S3 M 8 R L Previous transcranial PBM
S4 M 4 R R
S5 M 2 L N Family history of PD
S6 M 1.5 R R Lung infection and antibiotic use

in weeks 2 and 3 of clinical treatment period
S7 M 5 R R

L, left; M, male; N, both hands equally affected; R, right.
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After 33 weeks of home treatment, there was some further
improvement in median TUG, as well as TUG motor, TUG
cognitive, and the step test with the affected leg. The re-
mainder of the outcome measures showed a deterioration,
although the median MoCA score remained above the pre-
treatment median.

Individual outcomes

Individual improvements in outcome measures are de-
picted as a heat map (Table 6) representing MCID change
compared with baseline. There was overall improvement for
most participants during clinical treatment in many outcome
measures. Participants showed improvements in cognition,
walking speed, and dynamic balance with fewer improve-
ments in fine motor skill reaching MCID. Measures of static
balance [tandem stance (TS) and SLS] showed the least
improvement, although two participants (S2 and S4) im-
proved in TS to the maximum measurement (30 sec) and one
participant (S1) did not show improvement since he was at
maximum before treatment began.

While many participants showed an observable im-
provement in writing (Fig. 2), there was not a significant
change in area or perimeter of words (Fig. 3). Participant S5
showed a nonsignificant decrease in letter size over the
home treatment period.

A number of the improvements in individual outcome
measures attained during clinical treatment were lost in
some participants after home treatment (Table 6), particu-
larly evident for walking speed, stride length, and the step
test, most noticeably for participants S7 and S2.

Two participants improved from ‘‘total anosmia’’ to
‘‘severe microsmia’’ after clinical treatment (Table 7), two
participants showed no change from ‘‘severe microsmia,’’
and one participant showed no change from the lower 33%
of ‘‘normal.’’ These results remained unchanged after home
treatment.

Discussion

We have demonstrated that a number of clinical signs of PD
can be improved by PBM targeting the abdomen and neck with
no transcranial treatment over a 12-week period. Improve-
ments were comparable to our previous study,30 which used a
combination of remote and transcranial PBM treatment, al-
though it should be recognized that in the previous study the
PBM dose was down-titrated over 12 weeks. Despite some of
the improvements that were gained during the clinical treat-
ment being lost in certain participants during the home treat-
ment, many of the improvements were maintained. This is
despite the complications to the study that occurred as a result
of the coronavirus disease 2019 (COVID-19) pandemic and the
related shutdowns. While transcranial PBM has received at-
tention as a nonpharmacological noninvasive treatment for
brain-related conditions, such as traumatic brain injuries and
neurodegenerative diseases,32–35 and has been used to treat PD
in a series of case studies,36,37 this study is the first to report that
remote PBM treatment may be effective for clinical signs of
PD. Importantly, no adverse reactions to the PBM treatment
were reported.

The primary outcome of the study was functional mo-
bility as measured by TUG. This improved after clinical

Table 5. Medians and InterQuartile Ranges of Outcome Measures for the Photobiomodulation

Parkinson’s Disease Studies, Determined on Enrolment, After 12 Weeks of Clinical Treatment,

and After a Further 33 Weeks of Self-Administered Home Treatment

Enrolment
(n = 7)

12 Weeks of treatment
(n = 7)

45 Weeks of treatment
(n = 6)

Primary outcome measure
Functional mobility

TUG (sec) 7.6 (2.8) 6.1 (2.10) 5.85 (1.7)

Secondary outcome measures
Mobility tests

TUG motor (sec) 7.9 (1.6) 7.0 (2.4) 6.6 (2.0)
TUG cognitive (sec) 7.6 (3.3) 7.5 (3.4) 6.6 (2.6)
Walk speed (m/sec) 1.76 (0.6) 2.14 (0.6) 1.13 (0.7)
Stride length (m) 1.00 (0.15) 0.86 (0.18) 0.53 (0.25)

Dynamic balance test
Step test—affected leg (n) 16.0 (5.0) 17.0 (5.0) 19.0 (8.0)**
Step test—unaffected leg (n) 16.0 (7.5) 17.0 (4.0) 16.0 (7.0)**

Cognitive test
MoCA score 26.5 (4.0)* 30.0 (2.3)* 29.0 (3.0)**

Fine motor control tests
NHPT—affected hand (sec) 27.6 (11.5)* 26.4 (7.8) 32.6 (19.7)
NHPT—unaffected hand (sec) 27.1 (8.4)* 27.6 (8.0) 27.0 (9.7)
Spiral test—dominant hand (sec) 27.5 (9.6)* 21.8 (7.7) 27.3 (15.4)

Static balance tests
TS affected foot behind (sec) 11.2 (17.3) 9.3 (26.0) 10.5 (20.6)
TS unaffected foot behind (sec) 7.4 (13.6) 8.8 (16.5) 9.3 (26.0)
SLS affected leg raised (sec) 3.3 (3.9) 2.9 (2.7) 2.6 (2.2)
SLS unaffected leg raised (sec) 2.6 (2.2) 3.6 (8.8) 4.0 (6.3)

*n = 6, **n = 5.
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treatment for four of the seven participants and was main-
tained in three of these for 45 weeks (the fourth did not
attend this assessment). Many secondary outcome measures
of mobility also improved over the clinical treatment period,
suggesting an improvement of dynamic balance and mo-
bility that is normally progressive in a degenerative disease.
Postural instability is a major debility in PD, leading to

incapacitation and increased falls risk. It occurs as a result of
increasing damage to the basal ganglia and a progressive
reduction in dopamine production. The improvement of
mobility and balance seen here suggests that remote PBM
treatment may have the capacity to modulate the neural
pathways involved in postural stability, acting to compen-
sate for the damage. While there was a deterioration in some

Table 6. Heat Map Depicting Changes in Outcome Measures, Compared with Baseline of (A) 12 Weeks

of Photobiomodulation in the Clinical Treatment Period and (B) Additional 33 Weeks

of Photobiomodulation in the Home Treatment Period

A
12 weeks of PBM treatment

B
45 weeks of PBM treatment

S1 S2 S3 S4 S5 S6 S7 S1 S2 S3 S4 S5 S6 S7

Primary outcome measure

Functional mobility

TUG

Secondary outcome measures

Mobility assessment

Walk speed

Stride length

TUG motor

TUG cognitive

Dynamic balance assessment

Step test (affected leg)

Step test (unaffected leg)

Static balance assessment

TS (affected leg back) M M M M M

TS (unaffected leg back) M M M M

SLS (affected leg raised)

SLS (unaffected leg raised)

Cognitive  assessment

MoCA

Fine motor control assessment

NHPT (affected hand)

NHPT (unaffected hand)

Spiral test (dominant hand)

The columns are individual participants. The rows are assessed outcome measures. 

MCID, minimal clinically important difference; SD, standard deviation.

Decline in outcome measure

No change in outcome measure

Small improvement in outcome measure (< ½ SD)

MCID improvement in outcome measure (> ½ SD)

Large improvement in outcome measure (> 1 SD)

Large improvement in outcome measure (> 2 SD)

Not determined
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assessments of mobility after 45 weeks, TUG improvements
were for the most part maintained and, in some cases,
continued to improve (S2, S6).

Although the improvements in static balance and fine
motor skill seen at 12 weeks were mostly lost by 45 weeks,
there was no worsening in micrographia, with some par-
ticipants’ handwriting continuing to improve during the
home treatment period. Micrographia is a common early
symptom of PD, related to basal ganglia dysfunction.38 It is
noteworthy that a case series with transcranial PBM also

showed a stabilization of micrographia in some partici-
pants.36 Results from our study suggest that remote PBM
intervention can also stabilize micrographia.

Improvement in cognitive function over the clinical
treatment period was a notable result, which concurred with
our previous study. Cognitive improvement was also con-
sistently maintained over the full treatment period, with only
one participant showing a decline. Progressive loss of cog-
nition is a major concern in PD, with the majority of people
with PD progressing to dementia.39 A recent review of
treatment options for non-motor signs of PD40 concluded
that ‘‘there were no clinically useful interventions identified
to treat non-dementia-level cognitive impairment.’’ The
improvement in cognition using PBM is not unique to our
studies, with others reporting improved cognition in par-
ticipants with different forms of dementia by transcranial
PBM.32,35,41 As far as is known, this is the first report of
improved cognition using a remote PBM treatment with no
transcranial component.

Olfactory loss is common in neurodegenerative and
neurological diseases42 correlated with cognitive loss,43

with up to 95% of PD sufferers having some degree of loss44

and the symptoms of hyposmia appearing up to 10 years
before diagnosis.45 A potential cause of this loss may be an
early involvement of the olfactory bulb in PD.46 In our
previous study,30 6 of 12 participants reported an improve-
ment in sense of smell, with 2 reporting a profound change
from complete anosmia. In the current study, five partici-
pants reported a loss of olfactory ability when enrolling in
the study and were then tested using a validated instru-
ment.47 The improvement of two participants from complete
anosmia, despite being a small objective change, is

FIG. 3. Changes in micro-
graphia of participants over the
PBM treatment period. (A) Area
of words; (B) perimeter of
words.

FIG. 2. An example of change in micrographia after 12
and 45 weeks of PBM treatment.
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important for participants living for many years with the
complete lack of a sense of smell. To our best knowledge,
reversal of anosmia does not occur with any standard in-
tervention for treatment of PD. It has, however, been re-
ported in a case study of transcranial PBM intervention in
cognitive decline.48 While the mechanism of reversal of
anosmia with transcranial and nasal PBM30 could be linked
with a direct PBM effect on the olfactory bulb, the mech-
anism using abdominal and neck treatment alone is a matter
of conjecture but may be due to a blood transmissible signal.
The reversal of anosmia using remote PBM treatment is
worthy of further study.

The use of ½ SD as an estimate of MCID is not an ideal
measure. The small number of participants (n = 19) used to
calculate the baseline for each outcome measure results in a
higher SD than would be expected with a larger cohort,
leading to MCID being more difficult to achieve and is
consequently a conservative estimate of improvement. The
response of participants to PBM treatment was individual,
both in the clinical signs that improved and in the magnitude
of that improvement. This agrees with our previous study.
Four of the participants showed a strong response to PBM in
a range of outcome measures over 12 weeks (S1, S2, S4, and
S6), whereas S3 and S7 showed a weaker response. This was
also seen after 45 weeks of treatment. PD is remarkably
diverse in the symptoms expressed by different individuals49

and individuals’ response to light in general, and PBM in
particular can also vary.50 A larger study with a more ho-
mogeneous cohort of participants is necessary to determine
the most appropriate treatment protocols and target of PBM
treatment for individual differences.

During the study, outcome measure assessments were
very likely influenced by individual participant circum-
stances (Table 4), including S5 who had a family history of
PD and S6 who developed a severe lung infection and un-
derwent prolonged antibiotic therapy. Two of the partici-
pants (S1 and S3) had used transcranial LED for some
months before our study. Thus, their baseline values re-
presented the previous effect of transcranial therapy and any
improvements seen in our study would be additional benefit
of the abdominal and neck treatment. Participant S3 showed
the least improvement of all participants, with small im-
provements in the nine-hole peg test and the MoCA and
decreases in many other outcome measures, possibly due to
the discontinuation of transcranial PBM. However, partici-
pant S1 showed improvements in many outcome measures
including cognition, tests of mobility, dynamic balance, and

the spiral test, although not in TS, since he was already at
maximum (30 sec). These results from these two participants
suggest that a combination of PBM targets may provide the
greatest benefit and that treatment may need to be person-
alized for individual with PD.

The improvements in mobility, balance, cognition, fine
motor control, and sense of smell, which were seen at 12 weeks
and maintained by some participants to 45 weeks, occurred
despite two major confounding factors that affected our study.
Wildfires in the greater Sydney region blanketed Sydney with
a smoke haze for weeks during the clinical treatment period,
increasing air pollution to hazardous levels. This was most
severe in the week of assessment in December 2019 (https://
www.abc.net.au/news/2019-12-10/sydney-smoke-returns-to-
worst-ever-levels/11782892). This adversely affected partic-
ipants’ well-being and their ability to carry on daily activities,
including exercise and almost certainly affected their per-
formance on motor assessments at week 12. The second
confounding factor was the COVID-19 pandemic and the
measures introduced to combat the virus spread, included a
number of lockdowns and travel restrictions, which were
particularly enforced for vulnerable and elderly individuals,
such as our study participants. While PBM treatment contin-
ued, normal daily activity, socializing, and exercise were se-
verely curtailed. All seven participants reported adverse
psychological and physical consequences of the restrictions
imposed. The week-45 assessment (August 2020) took place
after the first full lockdown period in Sydney but while travel
restrictions were still in place (https://www.health.nsw.gov.au/
Infectious/covid-19/Pages/public-health-orders.aspx).

Our results using remote PBM agree with animal models of
remote therapy for PD.18,21,24,51 The mechanism of action
underlying the effects of abdominal and neck treatment is
likely to be pathways involving the gut–brain axis and beyond
those proposed for transcranial PBM.52,53 PBM may stimulate
the rich network of neurons comprising the enteric nervous
system and directly influence the brain via the vagus nerve to
compensate for losses of dopamine, in a mechanism similar to
that proposed for transcranial PBM.52 PBM may also down-
regulate the systemic inflammation that is a hallmark of many
diseases of aging,54 including PD,55 via immune cells in ab-
dominal adipose tissue. PBM may directly influence the gut
microbiome, as has been recently shown in animal models.56,57

There is compelling evidence that PD can begin in the
gut. The gut microbiome in PD is altered compared with
the healthy population,58 and this can cause bacterial me-
tabolites to leak from the lumen into the surrounding tissues

Table 7. Results of Participants’ Smell Identification Test

Participant

Enrolment 12 Weeks of treatment 45 Weeks of treatment

Score Interpretation Score Interpretation Score Interpretation

S1 15 Total anosmia <5%a ND ND
S2 12 Total anosmia <5% 19 Severe microsmia 14% 19 Severe microsmia 14%
S3 16 Total anosmia <5% 19 Severe microsmia 14% 19 Severe microsmia 14%
S4 ND ND ND
S5 25 Severe microsomia 30% 24 Severe microsmia 25% ND
S6 34 Normal 33% 31 Normal 23% 34 Normal 33%
S7 22 Severe microsomia 11% 19 Severe microsmia 11% 20 Severe microsmia 11%

aPercentage for the gender and age who fall at or below the score attained by the participant.
ND, not determined.
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and circulation,59 contributing to chronic inflammation. In-
flammation has been postulated to cause a-synuclein aggre-
gation in the gastrointestinal immune system in susceptible
individuals, which can then transported to the brain via the
vagus nerve.60 This hypothesis is supported by the increased
risk of PD in individuals with inflammatory bowel disease61

and irritable bowel syndrome,62 the observation that truncal
vagotomy is somewhat protective against PD development,63

by brain imaging,64 as well as epidemiological evidence
linking antibiotics with PD incidence.65,66 The gut micro-
biome has been suggested as a therapeutic target for PD,8

using diet, probiotics, prebiotics, or FMT.67,68 Modifying the
microbiome with PBM would positively influence the brain29

by the direct vagus nerve connection,69 by the release of
microbial metabolic products including neurotransmitters
[dopamine, norepinephrine, gamma aminobutyric acid
(GABA)] and hormones (serotonin, catecholamines),5 and by
reducing gut permeability and leakage of inflammatory bacte-
rial products into the tissues. The precise mechanism of the
remote treatment of PD by PBM warrants further investigation.

Conclusions

This study demonstrated for the first time the effective-
ness of a remote treatment option on the clinical signs of
PD. The signs most improved were cognition, mobility and
balance, although the improvement in the sense of smell for
two participants is noteworthy. These results paralleled
those found in our previous study, which used a combination
of PBM targets including transcranial application. The study
also highlighted the difficulties of conducting clinical
studies during adverse environmental conditions, including
lockdown and travel restrictions introduced to control a
pandemic. Despite this, some clinical signs of PD remained
improved or did not deteriorate over a 45-week period for a
number of participants. While the potential for PBM to
stabilize the signs and symptoms of PD, especially over
longer times would need to be scrutinized in a larger, pro-
spective, randomized placebo-controlled trial with a long-
term follow-up, the use of remote PBM treatment shows
great promise for a disease that has limited treatment op-
tions beyond dopamine replacement therapies, which are
associated with clinically troubling, dose-dependent side
effects.70 Remote PBM treatment for PD symptoms extends
available therapeutic options and may improve patient
comfort and compliance and warrants a fuller assessment in
future larger, randomized placebo-controlled studies.

Authors’ Contributions

A.L., H.K., and J.M. conceived and organized the study.
E.L.L., A.L., and B.B. contributed to the study design. A.L.
coordinated the study. A.L., S.T., and B.B. carried out
treatments and assessments in the study. A.L., B.B., and P.J.
analyzed the data. A.L., B.B., and H.K. prepared the draft
article. All authors contributed to, reviewed, and approved
the article.

Acknowledgments

The authors would like to thank Dr. Joanne Bullock-
Saxton for assistance with study design; Dr. Roberta Chow
and Dr. Greg Bennett for clinical assessments; Ms. Angela

Torresi for assistance in conducting participant assessments;
Prof. Jonathan Stone for ongoing support and advice; Dr.
Dan Johnstone for many useful discussions; the participants
in the study; Spectro Analytic Irradia AB for supply of
photobiomodulation devices used in this study.

Author Disclosure Statement

Since February 2020, A.L. and B.B. are founders and
current employees of SYMBYX Pty Ltd., a med-tech device
company that is developing devices for the treatment of
neurological conditions. B.B. is an agent for Spectro Ana-
lytic Irradia AB, a laser manufacturer. The other authors
declare that they have no competing interests.

Funding Information

The study was funded by donations from the San Foun-
dation, the Cardiac Health Institute, and anonymous donors.
Laser devices used in the study were supplied by SUMO-
LITE Pty Ltd. and Spectro Analytic Irradia AB.

Supplementary Material

Supplementary Table S1

References

1. Rocca WA. The burden of Parkinson’s disease: a world-
wide perspective. Lancet Neurol 2018;17:928–929.
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