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Abstract
Background Parkinson’s disease is a progressive neurodegenerative disease characterized by clinical motor signs and 
non-motor symptoms that severely impact quality of life. There is an urgent need for therapies that might slow, halt 
or even reverse the progression of existing symptoms or delay the onset of new symptoms. Photobiomodulation is 
a therapy that has shown potential to alleviate some symptoms of Parkinson’s disease in animal studies and in small 
clinical trials.

Objective To assess long-term effectiveness of photobiomodulation therapy in a cohort of Parkinson’s disease 
individuals after five years of continuing therapy.

Methods Eight participants of the initial 12 in a previously published study agreed to be reassessed after five years. 
Seven of these participants had continued home-based, self-applied photobiomodulation therapy three times 
per week for five years. One participant had discontinued treatment after one year. Participants were assessed for a 
range of clinical motor signs, including MDS-UPDRS-III, measures of mobility and balance. Cognition was assessed 
objectively, and quality of life and sleep quality were assessed using self-reported questionnaires. A Wilcoxon Signed 
Ranks test was used to evaluate change in outcome measures between baseline (before treatment) and after five 
years, with the alpha value set to 0.05.

Results Of the seven participants who had continued photobiomodulation therapy, one had a preliminary diagnosis 
of multisystem atrophy and was excluded from the group analysis. For the remaining six participants, there was a 
significant improvement in walk speed, stride length, timed up-and-go tests, tests of dynamic balance, and cognition 
compared to baseline and nonsignificant improvements in all other measures, apart from MDS-UPDRS-III, which 
was unchanged and one measure of static balance (single leg stance, standing on the unaffected leg with eyes 
open) which declined. Five of six participants either improved or showed no decline in MDS-UPDRS-III score and 
most participants showed improvement or no decline in all other outcome measures. No adverse effects of the 
photobiomodulation therapy were reported.
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Introduction
Parkinson’s disease (PD) is a neurodegenerative disease 
that is increasing in incidence worldwide, necessitating 
a focus on disease management as populations age [1]. 
The motor symptoms of idiopathic PD occur due to the 
progressive loss of mitochondrial function and death of 
dopaminergic neurons and the non-motor symptoms as 
a result of the build-up of a-synuclein [2]. Progression of 
PD is variable between people with Parkinson’s disease 
(PwP) but typically results in a progressive decrease in 
mobility, declining balance, and worsening gait, along 
with a decline in non-motor symptoms such as cognition, 
sleep quality, and sense of smell, with a corresponding 
decrease in quality of life.

No pharmacological treatment has yet been able to 
reverse or retard the clinical progression of PD in large 
trials [3–6]. Dopamine replacement therapy with L-dopa 
can improve some motor symptoms but has significant 
“off” periods, can have debilitating side effects that may 
interrupt its use, and its effectiveness is reduced over 
time. In addition there is a long list of non-motor symp-
toms that are unresponsive to L-dopa [7]. Deep brain 
stimulation (DBS) can reduce motor symptoms, espe-
cially in the “off” periods when L-dopa has lost its effect 
[8]. There is also increasing evidence that exercise can 
help with PD symptoms [9].

An alternative to traditional PD therapies is photo-
biomodulation (PBM), which is a device assisted therapy 
that uses specific wavelengths of light, either LED or 
laser [10]. PBM provokes sub-cellular, cellular and tissue 
responses, resulting in wide-ranging therapeutic effects 
[11]. Photobiomodulation increases mitochondrial mem-
brane potential and ATP production through stimulation 
of the mitochondria [11], releases reactive oxygen species 
(ROS) from Complex IV of the electron transport chain, 
and regulates downstream cellular signalling via ATP, 
cAMP, ROS, Ca2+ and nitric oxide (NO) to influence 
gene transcription [11, 12]. PBM therapy has proven to 
be remarkably safe in its over 50 years of clinical use and 
experimental study, being both non-invasive and free of 
deleterious side-effects [13–15].

PBM therapy has been shown to be effective for 
wound healing, pain reduction, inflammatory dis-
orders, osteoarthritis, tendinopathies and other 

musculoskeletal conditions [16–19], including for oral 
mucositis and other cancer treatment side effects, where 
PBM is now included in the Multinational Association of 
Supportive Cancer Care (MASCC) mucositis treatment 
guidelines [20]. In more recent years transcranial PBM 
therapy has been trialled in a number of neurological and 
neuropsychiatric disorders [21] such as stroke [22], trau-
matic brain injury [23], post-traumatic stress disorder 
[24], depression [25] and Alzheimer’s disease [26].

Proof-of-concept clinical studies of PBM therapy for 
PD have been based on extensive in vivo pre-clinical 
experiments using rodents and primates [27–29], includ-
ing when the PBM is delivered to areas remote from the 
head with the head shielded from the light [30–34]. We 
have previously reported on the initial (one year) results 
[35] and the three-year follow-up results [36] of a wait-
listed proof-of-concept study using both transcranial 
PBM and remote (abdominal) PBM to treat the motor 
and non-motor symptoms of PD. We considered the 
abdomen as a fitting target for PBM to treat PD, due to 
the strong microbiome-gut-brain axis link in PD [37], and 
the previous in vivo studies of abdominal PBM, including 
in non-human primates [30, 31, 38].

The objective of this study was to assess the effect of 
PBM therapy on motor signs and non-motor symptoms 
of Parkinson’s disease in a small cohort of participants 
who had commenced treatment in a proof-of-concept 
study and had continued treatment for 5 years.

Methods
The study was conducted in Adelaide, Australia. The 
study received human research ethics approval by the 
Griffith University Human Research Ethics Committee 
(2018/16) with an extension until the 24th of April 2024 
and was registered with the Australian New Zealand 
Clinical Trials Registry (ANZCTR - a primary registry 
in the WHO International Clinical Trial Registry Plat-
form), registration number: ACTRN12618000038291p, 
registered on 12/01/2018. All participants gave written 
informed consent prior to taking part and all protocols 
were conducted in accordance with the ethics approval 
guidelines. The study design, participant characteristics 
and treatment regimens are as previously described [35, 
36]. After the initial clinical treatment period (12 weeks) 

Conclusions This study provides a signal that photobiomodulation therapy might safely reduce important clinical 
motor signs and non-motor symptoms in some Parkinson’s disease patients, with improvements maintained over 
several years. Home-based photobiomodulation therapy has the potential to complement standard therapies to 
manage symptoms and potentially delay Parkinson’s symptom progression.

Trial registration Australian New Zealand Clinical Trials Registry, registration number ACTRN12618000038291p, 
registered on 12/01/2018.
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participants underwent self or carer delivered home 
treatment using the protocols previously described [35, 
36]. Individual variations to this treatment are described 
on a case-by-case basis.

Of the original 12 participants, eight consented to be 
re-tested after five years. Seven of these had continued 
PBM therapy with varying degrees of consistency for five 
years, while one had ceased treatment after one year. All 
participants were under the care of their own neurologist.

Assessment of outcome measures
Participants were assessed by a certified examiner 
(Specialist Neurologist, author GeH) using the MDS-
UPDRS-III (motor). MDS-UPDRS-III had previously 
been assessed at baseline (before any treatments) by 
a neurologist assigned by Parkinson’s South Austra-
lia. Other assessments were performed at baseline, and 
after approximately one year, two years, three years, and 
five years. Participants were assessed for mobility using 
the tests for timed up-and-go (TUG), TUG manual and 
TUG cognitive, and the 10  m walk test (10MWT) for 
walk speed and stride length (Table  1). Fine motor skill 

was tested using the spiral test and dynamic balance was 
tested using the 15 s step test with both legs.

Static balance was tested using the single leg stance 
(SLS) and the tandem stance (TS) tests, with both legs 
and for eyes open and eyes closed. Participants were 
categorized as having “good”, “fair”, “poor” or “extremely 
poor” balance for each test (see Table  1) and each cat-
egory was given a numerical value (3, 2, 1, 0 respec-
tively). The values were summed to give a combined 
static balance (CSB) score (Table 1). The maximum pos-
sible score was 24. We considered that a CSB score of 
equal or greater than 12, equivalent to 30  s for each of 
the four tests conducted with eyes open, as being a “high 
functional static balance”; a score that would give the 
participant a reduced risk of everyday falls. Conversely, 
a CSB score of six, equivalent to two “good” plus two 
“fair” balance measures with eyes open, was considered 
to be a “low functional static balance”, with a consequent 
increased risk of falls and the need for walking aids [39, 
40].

The non-motor symptoms that were assessed were cog-
nition, quality of life (QoL), and sleep quality. Cognition 
was assessed with the Montreal Cognitive Assessment 

Table 1 Outcome measures assessed before treatment and after five years of continuous home-based treatment with PBM
Outcome 
measure

Test Description

Gait TUG Assessors measured the time taken for a participant to stand from a chair, walk 3 m, turn around a marker, return to 
chair and sit down [41]

TUG manual As for TUG except that the participant was carrying a cup of water [41]
TUG cognitive As for TUG except that the participant was asked to count backwards from 40 by twos [41].
10MWT speed Participants walked a 10 m track. After walking 2 m, assessors measured the time taken to walk a further 6 m [42].
10MWT stride 
length

During the 10MWT, assessors also counted the number of strides taken to walk the same 6 m [42]

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 s. Both legs were tested [43].

Fine motor 
skill

Spiral test The time taken to draw between the lines of a printed Archimedean spiral. A time penalty of 3 s and 5 s were given 
for touching a line or crossing a line respectively. The dominant hand was tested [44].

Static 
balance

TS The time that a participant could stand with one foot in front of the other (heel to toe) until a step was taken, or the 
participant used a hand to steady themselves. The assessment was terminated at 30 s. The test was repeated with 
eyes open and closed and both legs were tested [45].

SLS The time that a participant could stand with one foot raised in the air a step was taken, or the participant used a hand 
to steady themselves. The assessment was terminated at 30 s. The test was repeated with eyes open and closed and 
both legs were tested [45].

CSB Participants were categorised [46] for each test as:
 • “extremely poor” balance – unable or unwilling to do the assessment.
 • “poor” balance – holding TS or SLS for less than 10 s,
 • “fair” balance – holding TS or SLS for between 10 and 29 s.
 • “good” balance, holding TS or SLS for the full 30 s.
These categories were converted to numerical values of 0, 1, 2, and 3 respectively and summed across the 8 tests [47].

Cognition MoCA Participants completed the MoCA test version 8.1 (www.mocatest.org), which was scored by an assessor [48].
Quality of 
Life

PDQ-39 Participants completed the PDQ-39 to assess QoL across 8 domains. Scores for each domain were divided by the 
highest possible score for that domain and converted to a percentage. Overall score (PDSI) was the sum of dimension 
scores divided by 8 [49].

Sleep quality PDSS Participants completed the PDSS (original version) with 15 items to assess sleep quality [50].
10MWT = 10 m walk test; CSB = combined static balance; MoCA = Montreal cognitive assessment; QoL = quality of life PDQ-39 = Parkinson’s disease questionnaire 39; 
PD Summary Index = PDSI; PDSS = Parkinson’s disease sleep assessment; SLS = single leg stance; TS = tandem stance; TUG = timed up-and-go;

http://www.mocatest.org
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(MoCA) with a maximum score of 30. Quality of life 
was assessed using the Parkinson’s disease questionnaire 
39 (PDQ-39), which gives a PDQ-39 summary index 
(PDQSI) of between 0 and 100, with 0 equating to never 
having difficulty and 100 equating to always having diffi-
culty. Sleep quality was assessed with the Parkinson’s dis-
ease sleep scale (PDSS), with a higher score (maximum 
150) indicative of better sleep quality.

Outcome measures were compared for paired data 
between baseline and five-year scores using the Wilcoxon 
Signed Ranks Test with an alpha value of 0.05.

Results
Participants
Participant demographics and details have been 
described previously [35, 36]. Eight of the original 12 
participants were reassessed at five years. Of the four 
that were not reassessed, one participant had been diag-
nosed with multisystem atrophy (MSA) during the first 
year of the study and discontinued treatment, one par-
ticipant had moved to an aged care facility and discon-
tinued treatment, and two participants had declined the 
invitation for reassessment. Full results of outcome mea-
sures are available as Supplementary Table 1. Of the eight 
participants who were re-assessed, seven had continued 
treatment for five years with varying degrees of adher-
ence to the original regimen. One participant (B3) had 
discontinued treatment after one year and one partici-
pant (A4) had a preliminary diagnosis of MSA after two 
years but elected to continue treatment. No participants 
reported any adverse events or side-effects related to the 
PBM treatment and no participant reported any falls dur-
ing the five-year period.

Group outcomes to PBM therapy
Results of six participants were included in the group 
outcomes; B3 (discontinued treatment) and A4 (MSA 
diagnosis) were omitted. MDS-UPDRS-III assessed at 
baseline and after five years of PBM therapy showed an 
unchanged median value (Table 2; Fig. 1A). Most median 
motor outcome measures were improved at five years 
compared to baseline, with walk speed, stride length and 
the step tests significantly improved (Table 2; Fig. 1). The 
only motor outcome that was not improved was SLS on 
the unaffected leg with eyes open. Cognition as measured 
by the MoCA was significantly improved after five years 
of treatment, while QoL was unchanged, and sleep qual-
ity was slightly improved (Table 2; Fig. 1).

Individual responses to PBM therapy
Individual outcome responses to PBM therapy are shown 
in Fig.  2, together with previously published results for 
one-, two- and three-year assessments [35, 36].

An increase in MDS-UPDRS-III score indicates 
decreasing mobility. Each MDS-UPDRS-III score is com-
pared to the score that might be expected if a normal 
trajectory of decline in motor symptoms was followed. 
The projected trajectory is based on a PD progres-
sion of between 1.4 and 8.9 points per year, reported as 
the range for annual score increases [51]. Participants 
A5, B1, B2 and B4 responded well to the PBM therapy 
over five years with no decline in MDS-UPDRS-III, an 
improvement in the motor symptoms of mobility, gait 
and balance and improvement of non-motor symptoms 
of cognition, quality of life score and sleep quality score. 
Participants A2 and B5 responded less well with fewer 
improvements. Participants A4 and B3 showed the least 
response to PBM therapy, although some outcome mea-
sures remained improved after five years of therapy. In 
general, participants initially improved at the one-year 
assessments after which outcome measures plateaued or 
slightly declined.

Participant A2
Participant A2 is female, 74 years of age on enrolment in 
2018 and was Hoehn & Yahr stage 2. A2 had a restricted 
assessment at one-year (no motor assessments) and did 
not attend reassessments at two and three years due to 
multiple respiratory tract infections. She had developed 
rheumatoid arthritis during the second year of PBM 
therapy, accompanied by swelling in her peripheral joints 
including hands and feet. She had also developed dysto-
nia in her feet due to levodopa medication. She reported 
that she is inconsistent with her use of the PBM therapy.

MDS-UPDRS-III A2 showed an increased MDS-
UPDRS-III score from baseline to five years of 20/132 to 
24/132, which is approximately the minimum that would 
be expected if a normal trajectory of PD progression was 
followed (Fig. 2A). She was assessed at five years as Hoehn 
& Yahr stage 3.

Motor assessments Seven of nine outcome measures 
were improved above baseline, although TUG and TUG 
manual showed a deterioration. A2 had high functional 
static balance at baseline (CSB = 14), which remained the 
same after five years.

Non-motor assessments A2 had an improvement in 
MoCA score from 26/30 at baseline to 29/30 at one year. 
When next assessed at five years the score had returned 
to almost baseline levels (26.7/30). A2 showed a decline 
in QoL, with an increase in PDQSI from 17.2/100 to 
26.5/100, and decline in six of eight domains, the excep-
tions being cognition and discomfort. A2 also showed a 
deterioration in sleep quality, with a decline on the PDSS 
score from 128/150 to 94.5/150.
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Participant comments A2 reported that dystonia in 
her feet and general tiredness were symptoms that had 
increased over five years, and that she had also developed 
disabling knee arthritis. Her sense of smell had improved 
over the treatment period, and she could now smell per-
fume and cooking.

Participant A5 Participant A5 is male, 67 years of age on 
enrolment in 2018, and Hoehn &Yahr stage 2. He reported 
that he had discontinued the abdominal laser therapy 
after three years on the study but had continued transcra-
nial infrared LED therapy, although not consistently.

MDS-UPDRS-III A5 showed no deterioration (Fig. 2B) 
in MDS-UPDRS-III after five years of PBM therapy 
(15/132 at baseline and five years) and was classified as 
Hoehn &Yahr stage 2 at five years.

Motor assessments All (non-static balance) outcome 
measures improved after one year of PBM therapy. There-
after, some outcome measures continued to improve to 
two years (walk speed, stride length, TUG manual), while 
others declined. After five years of PBM therapy, all out-
come measures remained improved compared to base-
line values. A5 showed high functional static balance on 
enrolment (CSB = 14/24), with a decline at two years, but 
remained improved above baseline (CSB = 18/24) after 
five years of PBM therapy.

Non-motor assessments A5 showed a continual 
improvement in MoCA score from 27/30 at baseline to 
30/30 by three years and dropping slightly to 29.3/30 
at five years. He had an improvement in QoL, with a 
decreased PDQSI score from 30.6/100 to 15.6/100, with 
improvements in emotional, cognition, communication, 
and discomfort domains. He had a substantial improve-
ment in sleep quality score from 86/150 to 136/150.

Table 2 Medians (inter-quartile ranges) of outcome measures, on enrolment (before PBM treatment) and after PBM treatment for five 
years

Baseline 5-years Number of participants with improved or unchanged symptoms
MDS-UPDRS-III 20 (22.0) 20 (8.5) 5 of 6
Mobility tests
10MWT walk speed (m/s) 1.21 (0.23) 1.51 (0.20)* 6 of 6
10MWT stride length (m) 0.55 (0.10) 0.86 (0.08)* 6 of 6
TUG (s) 7.85 (0.33) 6.35 (0.60) 5 of 6
TUG manual (s) 8.25 (0.93) 6.55 (0.40) 5 of 5
TUG cognitive (s) 9.55 (1.67) 6.50 (1.05)* 6 of 6
Dynamic Balance test
step test standing on unaffected leg (s) 11.5 (1.0) 16.5 (2.5)* 6 of 6
step test standing on affected leg (s) 11.5 (4.8) 16.0 (3.8)* 6 of 6
Fine Motor Skill tests
Spiral test - dominant hand (s) 30.9 (8.39) 28.6 (15.63) 4 of 6
Static Balance tests (s)
TS affected leg behind eyes open (s) 30.0 (0) 30.0 (0) 6 of 6
TS unaffected leg behind eyes open (s) 30 (14.3) 30.0 (18.3) 6 of 6
SLS on affected leg raised eyes open (s) 9.0 (20.3) 16.8 (17.9) 5 of 6
SLS on unaffected leg eyes open (s) 25.5 (20.3) 17.0 (14.7) 4 of 6
TS affected leg behind eyes closed (s) 4.5 (6.5) 15.0 (17.00) 4 of 5
TS unaffected leg behind eyes closed (s) 2.5 (2.5) 30.0 (19.0) 5 of 5
SLS on affected leg eyes closed (s) 2.0 (5.3) 3.0 (0.9) 3 of 5
SLS on unaffected leg eyes closed (s) 2.5 (1.75) 3.6 (1.3) 4 of 4
CSB score 14 (1.5) 16 (5.5) 5 of 6
Cognition test
MoCA 26.0 (0.8) 29.5 (2.3)* 6 of 6
Quality of Life
PDQ-39 score (PDSI) 22.0 (14.6) 21.8 (13.4) 4 of 6
Sleep quality
PDSS score 106.5 (3.8) 112.8 (29.4) 4 of 6
Sense of smell improvement 4 of 6
*= significant improvement in outcome measure at five years compared to before commencement of PBM therapy (p < 0.05); 10MWT = 10 m walk test; TUG = timed 
up-and- go; TS = tandem stance; SLS = single leg stance; CSB = combined static balance; MoCA = Montreal Cognitive Assessment; PDQ = Parkinson’s disease 
questionnaire; PDSS = Parkinson’s disease sleep scale
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Participant comments Prior to light therapy A5 reported 
that he had very interrupted sleep. He reported sleeping 
for up to eight uninterrupted hours during the first year 
of PBM therapy. A5 reported that his sense of smell has 
remained unchanged over the five years of PBM therapy 
as has his perception of his symptoms. His neurologist has 
commented on the “mildness of PD symptoms”.

Participant B1
Participant B1 is female, 53 years of age on enrolment in 
2018 and was Hoehn & Yahr stage 2. She was character-
ised as young onset Parkinson’s disease. B1 reported that 
she uses her PBM devices relatively consistently three 
times per week for abdominal treatment and daily for 
transcranial treatment. During the five-year assessment 
she was coming to the end of her “on” period and her 

Fig. 1 Changes in outcome measures from one to five years:  A - grouped MDS-UPDRS-III change; B - individual changes in MDS-UPDRS-III; 1 C - walk 
speed over 6 m; D - step length over 6 m; E, C – static balance score;  F - timed up-and-go (TUG) test; G - TUG manual test;  H - TUG cognitive test; I - spiral 
drawing test;  J - step test standing on affected leg;  K - step test standing on unaffected leg;  L - Montreal cognitive assessment (MoCA); M - Parkinson’s 
disease questionnaire summary index (PDQSI);  N - Parkinson’s disease sleep scale (PDSS)

 



Page 7 of 17Liebert et al. BMC Neurology          (2024) 24:381 

tremor was visibly increasing, which may have influenced 
outcome measures.

MDS-UPDRS-III B1 showed a slight increase in her 
MDS-UPDRS-III score after five years from 21/132 to 

23/132 (Fig. 2C) and was assessed as Hoehn & Yahr stage 
2 at the five-year reassessment.

Motor assessments B1 showed considerable improve-
ment in outcome measures by one-year, and these have 

Fig. 2 Individual participant changes in outcome measures over five years for MDS-UPDRS-III, percentage change in motor symptoms from baseline, 
combined static balance (CSB) score and cognition (Montreal Cognitive Assessment – MoCA). The shaded area in the MDS-UPDRS graph is the score if a 
normal PD trajectory were to be followed
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been substantially maintained for five years. All outcome 
measures except for the spiral test drawing test remained 
above baseline after five years of PBM therapy. B1 entered 
the trial with high functional static balance (CSB = 14/24), 
which improved further over one and two years and 
remained above baseline (CSB = 21/24) after five years of 
PBM therapy.

Non-motor assessments B1 showed an improvement in 
MoCA score from 26/30 at baseline to 30/30 at year one 
and year five. She also showed improvement in QoL with 
a decreased PDQSI score from 46.7/100 to 30.4/100, and 
improvements in seven of the eight domains, the excep-
tion being discomfort. She had an improvement in sleep 
quality with her PDSS score improving from 87/150 to 
108/150.

Participant comments B1 reported that her sense of 
smell had slightly improved over the five years of PBM 
therapy, and that she can now smell perfume. She had 
noticed motor improvements during the first two years 
of PBM therapy (improved balance, reduced dystonia and 
rigidity), but these seem to have diminished since, possibly 
due to the aftermath of COVID and increasing levodopa, 
which has resulted in increased dyskinesia. She attributes 
the “reduced downward trajectory of my symptoms” to 
the PBM therapy. Her neurologist and other health pro-
fessionals have all commented on how well she is doing.

Participant B2
Participant B2 is female, 72 years of age on enrolment in 
2018 and was Hoehn & Yahr stage 3. B2 reported that she 
uses both abdominal and transcranial PBM devices con-
sistently, three times per week.

MDS-UPDRS-III B2 showed a marked reduction 
(improvement) in MDS-UPDRS-III score from 54/132 to 
23/132 (Fig. 2D) and was assessed as Hoehn & Yahr stage 
3 on reassessment at five years.

Motor Assessments B2 showed improvement in all 
outcome measures to one and two years and thereafter 
the improvements were largely maintained. All outcome 
measures after five years of PBM therapy were above her 
initial baseline values. B2 had moderate functional static 
balance on enrolment (CSB = 8/24), which improved at 
one, two and three years, but then declined at five years 
(CSB = 5/24).

Non-motor Assessments B2 showed an improvement 
in MoCA score from 28/30 at baseline to 30/30 by one 
year and this was maintained to five years. She showed 
an improvement in QoL with a decreased PDQSI score 
from 26.9/100 to 17.2/100, with improvements in mobil-

ity, activities of daily living, stigma, and communication 
domains. She had an improvement in sleep quality with a 
PDSS score improving from 105/150 to 117.5/150.

Participant comments B2 reported that her sense of 
smell had returned from a profound loss (complete anos-
mia) after 12 weeks of PBM therapy and had continued to 
improve to three years. B2 has felt better than she expected 
after five years and is in complete remission from her con-
stipation/diarrhea that she had suffered for many years 
prior to PBM therapy. Her neurologist is “happy with her 
progress”.

Participant B4
Participant B4 is male, 69 years of age at enrolment in 
2018 and was Hoehn & Yahr stage 1. He reported that 
he used the transcranial PBM device consistently three 
times per week but has not used the abdominal laser for 
some months prior to the five-year assessment.

MDS-UPDRS-III B4 showed a reduction in his MDS-
UPDRS-III score after five years from 18/132 to 12/132 
(Fig. 2E) and was assessed as Hoehn & Yahr stage 2 at five 
years.

Motor assessments Most outcome measures had 
improved after one year of PBM therapy and thereafter 
remained stable and remained improved above baseline 
measures at the five-year reassessment. B4 entered the 
study with high functional static balance (CSB = 14/24), 
which has slightly improved and has been maintained 
over the five years of PBM therapy (CSB = 16/24).

Non-motor assessments B4 showed a continual 
improvement in MoCA score from 26/30 at base-
line to 30/30 by year three, decreasing to 26.7/30 at 
year five. He had an initially high QoL score at baseline 
(PDQSI = 10.5/100), which further improved at five years 
(PDQSI = 7.6/100), with improvements in mobility, emo-
tional, stigma and communication domains but a decline 
in the discomfort score. He had an improvement in sleep 
quality score from 108/150 to 131/150.

Participant comments B4 reported that his sense of 
smell had improved during the five years of PBM ther-
apy and felt that the progression of his PD symptoms had 
slowed, although he felt that his balance was worse. He is 
suffering more back pain than five years previously. His 
neurologist has said that he is “generally very happy with 
my PD status”.

Participant B5
Participant B5 is female, 61 years of age on enrolment in 
2018 and was Hoehn & Yahr stage 2. She reported that 
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she uses both abdominal and transcranial PBM devices 
consistently every second day.

MDS-UPDRS-III B5 showed a slight reduction in the 
MDS-UPDRS-III score after five years from 20/132 to 
19/132 (Fig. 2F) and was assessed as Hoehn & Yahr stage 
2.

Motor assessments B5 showed improvements in all out-
come measures at one year but with some outcome mea-
sures deteriorating at three years but improving to five 
years. All outcome measures at five years were improved 
above baseline. Her functional static balance was high on 
enrolment (CSB = 14/24) and has been maintained for 
three years and improved at five years (CSB = 18/24).

Non-motor assessments  B5 showed an improvement in 
MoCA score from 24/30 at baseline to 30/30 by one year 
and this was maintained to year five (29.7/30). B5 showed 
a deterioration in QoL over five years with an increase in 
PDQSI score from 14.4/100 to 35.7/100, with declines in 
all domains except for social. Her sleep quality score also 
declined from 104/150 to 98/150.

Participant comments  B5 felt that the PBM therapy 
gave an initial immediate improvement to her movement 
and stress but has less effect now. She believes that her 
balance and mobility have improved with the therapy. She 
believes that her sense of smell has been lost over time. 
Her neurologist is “very happy with (her) stage of PD …… 
and doing well”.

Participant A4
Participant A4 is male, 75 years of age at enrolment in 
2018 and Hoehn &Yahr stage 2. A4 had a preliminary 
diagnosis of MSA during the 3rd year of the study.

MDS-UPDRS-III
A4 showed an increased MDS-UPDRS-III score from 
23/132 to 34/132, which is in the lower part of expected 
trajectory for PD (Fig. 2G). He was categorized as Hoehn 
& Yahr stage 3 at the five-year assessment.

Motor assessments A4 showed improvement in most 
outcome measures at one year and thereafter a great 
deal of variation. Four of eight outcome measures were 
above baseline at five years. He had low functional static 
balance on enrolment (CSB = 5/24) that had improved, 
although was still low by one year (CSB = 9/24). Thereafter 
his balance has fluctuated but was no worse at five years 
(CSB = 6/24) than at baseline, although he did not feel 
confident to attempt the TS assessment with eyes closed.

Non-motor assessments A2 had an improvement in 
MoCA score from 28/30 at baseline to 30/30 at year one. 
This score then declined at two years and three years to 
be marginally above baseline (28.3/30) at year five. A4 
showed a deterioration in QoL with his PDQSI score 
increasing from 27.8/100 to 44.1/100, with deterioration 
in six of the eight domains; the exceptions being commu-
nication and discomfort. A4 showed an improvement in 
sleep quality score from 86/150 to 93/150.

Participant comments A4 had noticed a deterioration 
in symptoms in the last few months, particularly balance. 
He believes that his sense of smell has diminished over the 
five years of the study.

Participant B3
Participant B3 is female and 57 years of age at enrolment 
in 2018 and was Hoehn & Yahr stage 2. She underwent 
chemotherapy treatment during the first year of the study 
and continued PBM therapy for her PD, but this was dis-
continued after one year. She agreed to be reassessed at 
two years and five years.

MDS-UPDRS-II
B3 showed an increased MDS-UPDRS-III score from 
17/132 to 26/132, which is in the lower range of the 
expected trajectory for PD (Fig. 2H). She was assessed as 
Hoehn & Yahr stage 2 at the five-year assessment.

Motor assessments B3 showed improvement in most 
outcome measures at one year. Thereafter these outcome 
measures showed deterioration although five of nine out-
come measures remained above baseline at five years. She 
had low functional static balance on entry to the study 
(CSB = 8/24), which improved with PBM therapy at the 
one-year assessment (CSB = 16/24) and declined at five 
years although was still above baseline (CSB = 12/24).

Non-motor assessments  B3 showed an increase in 
MoCA score from 27/30 at baseline to 30/30 by year one, 
which was maintained to year five. B3 showed a slight 
improvement in QoL with her PDQSI score decreas-
ing from 36.0/100 to 33.4/100, with a decline in mobil-
ity, emotion and social domains, and an improvement in 
activities of daily living, cognition, and communication 
domains. B3 showed a slight improvement in PDSS score 
from 92/150 to 95/150.

Discussion
At this time there are no medications with evidence from 
Phase 3 trials, that can slow the neurodegeneration that 
accompanies PD [3–6, 52]. Thus, there is an urgent need 
for PD therapies that might slow, halt or even reverse the 
relentless progression of PD symptoms. Such therapies 
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could help to avoid or at least delay the onset of the more 
advanced and disabling symptoms of the disease, such as 
dementia, speech difficulties, and loss of mobility.

In previous studies [35, 36] we have shown that PBM 
therapy applied as LED transcranially and laser to the 
abdomen and neck can improve some of the clini-
cal signs and symptoms of Parkinson’s disease for up 
to three years. This current study follows some of the 
original participants and demonstrates maintenance of 
initial improvements for five years. Overall, PBM ther-
apy resulted in improvement and stabilisation of clini-
cal signs, symptoms, and health status of PwP over an 
extended period, including MDS-UPDRS-III, objective 
motor and non-motor symptoms. PBM, including tran-
scranial PBM, has an excellent safety profile [53–56]. 
None of the participants in our study has reported any 
adverse events or side-effects related to the long-term 
PBM treatment.

Of the six participants who had continued self-applied 
home-based PBM therapy and who did not have a sec-
ondary diagnosis (MSA) during the study, five (A5, B1, 
B2, B4, B5) responded to the therapy in such a way as to 
reverse many of their PD symptoms and maintain these 
improvements for five years. Four of these participants 
also showed improvements in the subjective measures of 
QoL and sleep quality. Importantly, there were very few 
outcome measures that showed deterioration after five 
years compared to baseline. These improvements and 
lack of deterioration are important, since a decline in the 
clinical symptoms of PD would normally be expected 
over a five-year period. The sixth participant had not 
attended reassessments at two and three years due to 
COVID, a series of respiratory infections and rheuma-
toid arthritis, was less consistent in her use of the PBM 
therapy and her response to the PBM therapy was more 
equivocal. Her Hoehn and Yahr staging increased from 2 
to 3 over 5 years.

The symptoms of the parkinsonian subtype of MSA 
may mimic PD and between 30% and 65% of people 
with MSA may have a response to levodopa, although 
this tends to be poor and/or short-term [57]. Individu-
als with MSA tend to decline more rapidly and have a 
greater number of symptoms that are less common in 
PD, such as cardiovascular symptoms, dizziness, double 
vision and seizures [58]. Perhaps surprisingly, A4 with a 
preliminary diagnosis of MSA, none-the-less improved 
in several motor assessments including walking speed, 
stride length, and dynamic balance at one year. Despite 
the deterioration in most outcome measures after the 
first year of PBM therapy, a number of outcome measures 
remained above baseline values at five years. Moreover, 
static balance, while poor, also did not appear to have 
deteriorated further in five years. The increase in A4’s 

MDS-UPDRS-III score at five years was at the lower end 
of the expected increase for someone with PD.

Participant B3, who had not used PBM therapy for over 
three years, maintained the improvement in a number of 
motor measures (stride length, dynamic balance, spiral 
test) and her static balance had not deteriorated below 
baseline at five years. Her MDS-UPDRS-III score was 
at the lower end of the increase that would be expected 
after 5 years.

The placebo effect is acknowledged in clinical trials 
and is especially prominent in PD clinical trials due to 
the increased release of dopamine that is elicited due to 
participation in a study [59, 60]. Both the placebo effect 
and the Hawthorn effect have been shown to be impor-
tant factors in studies of PBM therapy for PD [35, 56, 61, 
62]. These effects, however, are sustained for a relatively 
short period [63, 64] and would be expected to be long 
extinguished after five years of home-based PBM therapy.

There are a number of potential interventions that 
might give improvements in motor and non-motor 
symptoms of PD, including the repurposing of currently 
approved medications such as anti-diabetic agents (such 
as glucagon-like peptide 1 (GLP-1) receptor agonists) 
[52] and anti a-synuclein agents (such as prasinezumab) 
[65]. Establishment of efficacy and safety profiles for 
pharmaceuticals necessitates long lead-in times before 
market availability is achieved and medications often 
carry side effects. While DBS can help many motor 
symptoms in the “off” period [8], it has less effect over 
time during the “on” period [66]. Deep brain stimulation 
may also adversely affect cognition [67] and also carries 
the usual risks and side-effects of surgery.

Physical exercise is receiving increasing attention as a 
therapy to improve PD symptoms and potentially delay 
symptom progression [9]. Participants in our study 
engaged in regular exercise programs. Retrospective 
studies suggest that regular exercise is associated with 
slower motor deterioration and improved QoL [68]. In 
a small pilot study using the PD Warrior 10-week Chal-
lenge exercise program, 17 participants showed sig-
nificant short-term improvements from baseline in 
MDS-UPDRS-III, six metre walk test and the PDQ-39 
emotional domain [69]. Compliance with exercise by 
PwP has been shown to be affected by fatigue and moti-
vational factors [70], and a sufficient dose of exercise is 
required for beneficial effects to be achieved [71]. We 
speculate that the adjunctive use of PBM therapy could 
address some of the adherence-related factors that may 
reduce the efficacy of exercise, paving the way for PwP to 
comply and continue with exercise and physical activity 
over the longer term. PBM is known to improve exercise 
performance and to reduce pain that may be a barrier to 
exercise [72, 73]. The combined use of PBM and exercise 
for PD treatment remains to be investigated.
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The MDS-UPDRS (motor) assessment is the gold stan-
dard to assess motor impairment in PD and is the most 
widely used assessment tool in clinical research [74]. 
While MDS-UPDRS shows good reliability and valid-
ity, studies that have used the assessment to track PD 
progression have reported wide variation in the yearly 
increase in scores (e.g., 1.2 per year [75]; 0.70–1.39 per 
year [76]; 0.6–3.2 per year [77]; 3.1–3.8 per year [78]; 1.8 
per year in a four year study [79]; 11.6 per year [80]). This 
variation can depend on whether the assessment is done 
during “on” or “off” periods [80–82], the age of onset of 
the disease [76, 78], the subtype of the disease, fast versus 
slow progression [77, 83, 84], the use of oral levodopa vs. 
levodopa-carbidopa intestinal gel vs. DBS [82] or de novo 
PD [51]. The common theme, however, is the deteriora-
tion of motor symptoms (an increase in MDS-UPDRS-III 
score) over time. In this study we have demonstrated that 
PBM therapy in some PwP is able to halt the progressive 
deterioration in MDS-UPDRS-III scores or even improve 
scores over an extended period. Five of eight participants 
showed no deterioration in MDS-UPDRS-III after five 
years of PBM therapy. The deterioration in the MDS-
UPDRS-III score in the remaining three participants was 
at the lower end of what would be considered a normal 
PD trajectory. It has been estimated that a decrease of 
3.25 points in the MDS-UPDRS-III detects a minimal 
clinically important difference (MCID) improvement, 
and an increase of 4.63 points represents MCID worsen-
ing [85]. Two participants (B2, B4) satisfied the criterion 
for an MCID improvement and two participants (A4, B3) 
the criterion for worsening. It is important to remember 
that these estimates of MCID are based on six monthly 
changes in MDS-UPDRS-III, rather than the five-year 
period in our study.

Falls risk is related to gait impairment, loss of bal-
ance, cognitive state, and previous falls history [86]. An 
estimated 60% of PwP experience at least one fall in the 
course of their disease with 39% having recurrent falls 
[87]. The 10MWT and TUG tests have been validated 
for PD [42, 88], and show a good relationship to mobility, 
falls risk and PD progression [89]. Improvements in these 
tests of motor ability, as well as maintenance of balance 
would mitigate falls risk, thus improving QoL, reducing 
the risk of serious injury and the loss of confidence that 
results from falls.

A change in gait is a cardinal feature of PD and gait 
invariably deteriorates with PD progression, affecting 
mobility and quality of life, as well as increasing the risk 
of falls. Levodopa can initially increase walking speed 
[90] but even with medication, walk speed and other 
aspects of gait deteriorate with time [91, 92]. One small 
study showed a 0.15  m/s decrease in walk speed over a 
two year period [93]. Over longer timeframes (6 years), 
it has been calculated that walking speed declines by 

0.01  m/s per year and step length by 0.009  m per year 
[94], unrelated to dopaminergic medication and exac-
erbated by age related changes. A clinically significant 
walking speed decline has been variously estimated 
as between 0.11  m/s and 0.25  m/s [95] and between 
0.05  m/s and 0.22  m/s [96]. In our study, eight of eight 
participants were assessed at five years with a longer 
stride and seven of eight participants with a faster walk 
speed than at baseline, the exception being B3 who had 
discontinued PBM therapy after one year.

The TUG test assesses functional mobility and has 
been validated for PD [42, 88]. It is correlated with and 
is suggested to predict falls risk in PwP [97–99]. The time 
taken to complete the TUG test increases with PD pro-
gression and might be sufficiently sensitive to track subtle 
PD motor changes [95]. The minimal detectable change 
in TUG (the smallest change that can be considered a 
“true change”) has been calculated to be 3.5 s [100]. After 
five years of PBM therapy, five of six participants in our 
study showed a reduced time to complete the TUG but 
none of these reached the 3.5  s threshold. When a sec-
ond task is added to the TUG (TUG manual, TUG cogni-
tive) gait difficulties are exacerbated and the time taken 
to complete the TUG is usually increased with increased 
gait variability [101]. TUG cognitive is also correlated 
with cognitive ability (MoCA scores) [102]. As with the 
standard TUG, five of six participants improved with 
TUG manual and six of six participants improved TUG 
cognitive in our study.

Balance deteriorates as PD progresses, especially in 
middle stages of PD and can be useful as a predictor of 
falls risk [103]. In our study, dynamic balance was tested 
using a 15  s step test [104] and static balance using the 
TS and the SLS tests, which are the most discriminatory 
in the Bergs balance scale [105]. The tests were com-
pleted with eyes open and eyes closed to give greater 
range of scores for each participant in order to capture 
small changes in the static balance of participants who 
could complete 30  s of the TS and SLS tests with eyes 
open (such as B1, B4, B5). Static balance tests with eyes 
closed will test the proprioception contribution to bal-
ance, while with eyes open will test the combination of 
vision, vestibular and proprioception to balance. In the 
real-world, static balance with eyes open may be a more 
relevant measurement to assess falls risk. In our study 
TS and SLS times were converted to scores and summed 
to give a CSB score, with a maximum of 24, in order to 
assess the contribution of static balance to falls risk. We 
considered that a CSB score of 12 (equivalent to full 
scores for tests with eyes open) corresponded to a high 
functional balance that would reduce day-to-day falls 
risk. Since a decrease in balance is normal with increas-
ing age it is useful to compare the values in our study to 
normative values in the healthy population. The mean 
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seconds to failure for TS with eyes closed is 18.3, 13.2 and 
9.1 for healthy females and 19.7, 15.4 and 9.0 for healthy 
males in their 60s, 70s and 80s respectively [106]. For 
SLS, mean seconds to failure with eyes closed is 3.6, 3.7, 
and 2.1 for healthy females and 5.1, 2.6 and 1.8 for healthy 
males in their 60s, 70s and 80s respectively [107]. All par-
ticipants in our study were worse than the healthy nor-
mative values for TS and SLS at baseline, apart from B1 
(53 years old at baseline) who was above the normative 
value for women in their 60s for SLS on her unaffected 
leg (4.9  s). By the five-year assessment four participants 
had improved to the extent that they were better than the 
healthy population in some balance measures. B1 was 
above normative values for all four TS and SLS tests, A5 
and B5 were above normative values for three tests, and 
A2 was above normative values for one test.

Cognitive impairment is a common and important 
non-motor symptom in PD, with up to 40% of PwP show-
ing mild cognitive impairment (MCI) [108, 109], and up 
to 80% going on to Parkinson’s disease dementia (PDD) 
[110] with disease progression and aging. Cognitive 
impairment is particularly debilitating for PwP, putting 
additional strain on care givers, and has potentially more 
effect on quality of life than motor symptoms [111]. Cog-
nitive impairment in PD would be expected to increase 
over a five-year period. For example, one study of 133 
newly diagnosed PwP found that 15% had developed 
PDD by five years [112]. In a study with 129 participants, 
the mean annual decline of the Mini-Mental State Exam 
(MMSE) was found to be 1.1 points per year over four 
and eight years [113] while a study with 1741 PD par-
ticipants using the SCales for Outcomes in PArkinson’s 
disease-COGnition (SCOPA-Cog) test (with a maximum 
score of 43) showed a mean annual decline of 1.9 points 
over five years [111]. The mean decline in MoCA score 
has been estimated as between 0.1 and 1.7 points per 
year in PwP without cognitive impairment and between 
2.6 and 3.7 in PD patients with MCI [114]. Even in other-
wise healthy individuals, MoCA scores have shown a 0.17 
annual decrease over time with aging [115]. In our study, 
while only one participant could be categorised as having 
MCI (B5), three others had a score of 26 at baseline, the 
cut-off for MCI. All participants had an increased MoCA 
score at one year, including B5 whose score increased to 
30. Most participants (6 of 8) maintained their one-year 
MoCA score for five years, and all participants had a 
higher MoCA score at five years than at baseline.

The PDQ-39 score is often used in PD studies, but has 
not always been found to be a reliable measure of PD 
progression [116]. Changes in PDQSI over time corre-
sponding to worsening QoL has been found to be linear 
[117], with a mean increase of 1.6 points in 14 months. 
An MCID for a decline in QoL has been estimated to be 
a 4.22 point increase, while an MCID for improvement 

has been estimated to be a 4.72 point decrease [118]. 
Three participants in our study (A5, B1, B2) showed a 
decrease in PDQSI beyond that required for an improved 
MCID. Interestingly, B5, who had responded well to PBM 
therapy in objective measures of mobility and cognition, 
showed a decline in QoL (increased PDQSI), including in 
mobility and cognition domains, indicating that she felt 
she had not improved despite her objective measures of 
improvement in both motor signs and cognition. This 
result reinforces the need for a comprehensive suite of 
measures in research related to PBM and PD.

The same participants who demonstrated improvement 
in QoL also showed an improvement in sleep quality, 
as shown by an increase in the PDSS score. A change in 
PDSS score of more than 20 points has been considered 
as a clinically significant change [119] and two partici-
pants met this criterion (A5, B4). One participant (A2) 
showed a clinically significant decline in PDSS score, 
which her known co-morbidities may have been contrib-
uted to.

Loss of sense of smell is common in PwP and may be 
one of the earliest symptoms of PD, being present in 
the prodromal period and having the potential to be an 
early biomarker of PD and to predict disease severity 
and progression [120, 121]. Olfactory dysfunction may 
also be related to cognitive decline [122]. Loss of sense 
of smell does not respond to levodopa or symptomatic 
medications [123], although olfactory training has been 
shown to improve olfactory sensitivity. In our study, 
four of the seven participants (A2, B1, B2, B4) who con-
tinued with the PBM therapy reported that their sense 
of smell had improved and one that their sense of smell 
had not diminished (A5). One of these participants (B2) 
reported that her sense of smell had returned from total 
anosmia that had continued for many years and that her 
sense of smell had continued to improve over the years 
of the PBM therapy. While no objective measure of sense 
of smell was undertaken in this study, the accounts of 
improvement given by the participants support a num-
ber of reports in the literature of olfactory improvement 
using PBM, including the use of abdominal PBM therapy 
for PD [124] with sense of smell tested using the Univer-
sity of Pennsylvania Smell Identification Test (UPSIT); 
the improvement of sense of smell in three of seven par-
ticipants in a case series using abdominal PBM [125]; 
the use of transcranial and intranasal treatment in an 
Alzheimer’s disease case study [126]; and the use of tran-
scranial PBM therapy for one case study of a person with 
Parkinson’s disease [127]. In a recent randomised pla-
cebo-controlled study using a transcranial helmet [56], 
sense of smell was regained or improved in 8/33 partici-
pants on active treatment while none on sham treatment 
showed an improvement (unpublished). When treat-
ment was halted 3/4 participants showed a reversal of the 
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improvement. PBM has also been shown to improve the 
temporary olfactory dysfunction that can occur during 
COVID-19 [128].

In addition to the improvements in measures of 
motor signs, balance, and MoCA, most participants had 
improvements in the subjective reporting of their PD 
symptoms as well as a positive reflection of their experi-
ence with PBM therapy. Seven of the eight participants 
who agreed to be re-assessed after five years had contin-
ued using the PBM devices on the head and/or abdomen 
three times per week with varying degrees of consistency 
for five years. The continuance of self-applied therapy 
supports our contention that the participants considered 
the therapy to be of benefit.

The major limitation for this study is the small num-
ber that were able to be followed up for reassessment 
over five years. The five-year study coincided with the 
SARS-COV-2 pandemic and associated lock downs and 
restrictions. In addition, the study lacked blinding for 
both participants and assessors with no control group, 
which could potentially introduce bias. However, the 
study’s primary strength is the opportunity to assess par-
ticipants over an extended period of PBM therapy and 
compare symptoms to the expected trajectory of progres-
sion in PD. Furthermore, the study employed both objec-
tive assessments of participants’ clinical signs as well as 
subjective assessments, including participants qualitative 
accounts of their own clinically relevant symptoms.

Conclusion
While the number of participants in this study was small, 
there is a signal that PBM might improve motor signs and 
non-motor symptoms in PwP, including balance, mobil-
ity, cognition, QoL, sleep quality, and sense of smell, with 
these improvements being maintained over an extended 
period. This result is contrary to the normal trajectory of 
PD symptoms. The long-term maintenance of improve-
ment is clinically meaningful to the participants and well 
beyond any placebo effect. To our knowledge this is the 
first study to demonstrate an amelioration of PD symp-
toms to this degree over an extended period. Importantly, 
there were no safety concerns, or any adverse side-effects 
reported.

The positive effect of PBM therapy on various motor 
signs and non-motor symptoms of PD suggest that a 
larger, long-term clinical trial investigating this therapy is 
warranted. Moreover, the synergistic effects of combin-
ing PBM therapy with exercise regimens deserves explo-
ration in future studies. If these studies yield successful 
outcomes, the incorporation of PBM therapy into stan-
dard treatment guidelines for PD would be a logical step. 
The potential benefit of this non-invasive, low-risk home-
based therapy, used as an adjunct to established and 
newer PD therapies, is a substantial improvement in the 

quality of life for individuals living with this debilitating 
and intractable neurodegenerative disorder.
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