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ABSTRACT

Background/Objectives: Parkinson’s disease (PD) involves visual
dysfunction related to retinal dopamine deficiency and microvascular
changes. Photobiomodulation (PBM) and aerobic exercise (AE) may offer
neuroprotective and vascular benefits. This brief report presents findings
from a randomised pilot trial comparing PBM, AE, and their combination
on visual function, ocular health, and patient-reported outcomes in PD.
Methods: Twenty participants with idiopathic PD (mean age 76.1 + 8.8
years; Hoehn & Yahr I-11I) completed four 8-week interventions (PBM, AE,
PBM + AE, sham), separated by 4-week washouts. PBM was applied to the
head, neck, and abdomen; AE followed a modified forced-rate protocol.
Changes in ocular measures, including visual acuity (VA), Hi-Low LogMAR
contrast sensitivity, retinal nerve fibre layer (RNFL) thickness, choroidal
thickness, retinal vascular perfusion, and questionnaires: 12-item Short
Form Survey (SF-12), 39-item Parkinson’s Disease Questionnaire (PDQ-39),
and Falls Efficacy Scale-International (FES-I), were assessed pre- and post-
intervention. Results: Seventeen participants completed all
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measurements. Non-pharmacological interventions resulted in improved
VA (0.10 + 0.02 to 0.02 + 0.03, p = 0.014) and increased central retinal
vascular perfusion (16.75 + 1.38% to 20.49 + 1.63%, p = 0.015) from pre- to
post-study interventions. RNFL and choroidal thickness did not change
significantly. Fear of fall decreased significantly (28.50 + 2.39 to 22.72 +
1.77, p = 0.002), while PDQ-39 and SF-12 scores were unchanged.
Conclusions: PBM or AE, alone or in combination, or sham, were
associated with improved vision and retinal microvascular function and
reduced fear of falling in individuals with PD, warranting larger-scale
trials to delineate independent and synergistic effects.

KEYWORDS: Parkinson’s disease; photobiomodulation; aerobic exercise;
visual function; optical coherence tomography

ABBREVIATIONS

PD, Parkinson’s disease; PBM, Photobiomodulation therapy; AE, Aerobic
exercise; QoL, Quality of life; VA, Visual acuity; IOP, Intra ocular pressure;
RNFL, Retinal nerve fibre layer; SF-12, 12-item Short Form Survey; FES-],
Falls Efficacy Scale-International; PDQ-39, 39-item Parkinson’s Disease
Questionnaire; MCS-12, Mental Component Summary Score; PCS-12,
Physical Component Summary Score; CVV, Coefficient of variation; ICC,
Intraclass correlation coefficients; ETDRS, Early Treatment Diabetic
Retinopathy Study; OCT, Optical Coherence Tomography; OCT-A, Optical
Coherence Tomography Angiography; HD, High definition; LED, Light-
emitting diode; POTS, Postural orthostatic tachycardia syndrome; MoCA,
Montreal Cognitive Assessment; NO, Nitric oxide

INTRODUCTION

Parkinson’s Disease (PD) is a progressive neurodegenerative disorder
characterised by loss of dopaminergic neurons and a-synuclein
accumulation in the substantia nigra pars compacta [1]. PD affects
approximately 11-12 million people globally, and its prevalence is
projected to more than double to ~25.2 million by 2050, driven primarily
by population ageing [2]. This growing prevalence is associated with a
substantial economic burden. In Australia, the mean annual health care
cost per person with PD is estimated to be AUD $32,556, with an additional
societal cost of approximately AUD $45,000 per person per year [3].
Clinically, PD presents with motor symptoms such as bradykinesia, rigidity,
tremor, and postural instability, alongside non-motor symptoms including
cognitive impairment, autonomic dysfunction, and psychiatric
disturbances, all of which can reduce functional capacity and quality of
life (QoL) [4,5].

Adv Geriatr Med Res. 2026;8(2):e260015. https://doi.org/10.20900/agmr20260015



Advances in Geriatric Medicine and Research 3 of 19

Current treatments primarily target symptomatic relief through
dopaminergic re-placement but do not slow disease progression and can
have adverse effects [5]. Non-pharmacological interventions, including
photobiomodulation (PBM) and aerobic exercise (AE), have shown
promise in improving clinical signs and promoting neuroprotection [6-10].
PBM, using red to near-infrared wavelengths of light (630-850 nm), may
enhance mitochondrial function via cytochrome c oxidase activation [11],
while AE promotes neuroplasticity, neuroprotection and mitochondrial
function with improved cardiovascular fitness and cerebral blood flow
[8,10,12].

PDis increasingly recognised as a multisystem disorder affecting vision
[13]. Patients may experience decreased vision, contrast sensitivity, and
visuospatial difficulties due to retinal dopamine deficiency, a-synuclein
accumulation, and structural changes in the retinal nerve fibre layer
(RNFL) and ganglion cell layer of the eye [13-15]. Microvascular
alterations, including reduced choroidal thickness and vascular perfusion,
have also been observed using optical coherence tomography (OCT) and
optical coherence tomography angiography (OCT-A) [16]. While PBM and
AE show clinical benefits in PD, their impacts on ocular function remain
underexplored.

The brief report presents a subset of findings from a larger
multidisciplinary randomised pilot trial comparing the impacts of PBM,
AE, their combination, and a sham intervention on the clinical signs and
symptoms of PD. The present analysis focuses on the impacts of PBM and
AE on visual function and ocular health, and their impact on patient-
reported QoL outcomes, using pre- and post-intervention measures to
evaluate potential ocular and functional benefits. Here, the term
‘intervention’ refers to PBM, AE, a combination of both, or a sham
intervention.

MATERIALS AND METHODS

Participants

Twenty participants (male = 12, female = 8) aged between 47 and 82
years (mean age, 76.1 + 8.8 years) diagnosed with mild-to-moderate
idiopathic PD (Stage I-III on the Modified Hoehn and Yahr Scale) [17], were
recruited from the Hospital Research Foundation Parkinson’s, South
Australia, a community organisation providing support services to
individuals living with PD. Participants were recruited for a 48-week long
prospective, randomised controlled crossover pilot trial. Participants were
randomised into four intervention sequences (Table 1). Each intervention
lasted 8 weeks, was center-based and supervised, and was followed by a 4-
week washout. All participants provided written informed consent prior
to their participation.
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Table 1. Summary of participant allocation to four randomised intervention sequences of
photobiomodulation (PBM), aerobic exercise (AE), combined therapy, and sham.

Sequence Phase 2 Phase 3 Phase 4
1(=5) AE PBM + AE Sham
2(n=75) Sham PBM PBM + AE
3(n=5) PBM Sham AE
4(n=5) PBM + AE AE PBM

Inclusion and Exclusion Criteria

Participants were 47-85 years old with a confirmed diagnosis of
idiopathic PD by a neurologist (Modified Hoehn and Yahr Stage I-III) and
sufficient mobility to safely participate in AE programme. Exclusion
criteria targeted factors that could compromise safety, affect motor
function or intervention response, or limit outcome interpretation. These
included: (1) cognitive impairment defined as <24 on the Montreal
Cognitive Assessment (MoCA) [18]; (2) history of other neurological disease
(i.e., stroke, seizures in the past year, or migraine with aura); (3)
uncontrolled or wunstable cardiovascular disease including heart
arrhythmia, uncontrolled blood pressure, postural orthostatic tachycardia
syndrome (POTS), orthostatic dysautonomia or orthostatic intolerance; (4)
history of significant psychiatric condition (i.e., schizophrenia, bi-polar
disorder, psychotic episodes or suicide ideations in the past 12 months); (5)
other uncontrolled or unstable medical illness (i.e., renal, gastrointestinal,
terminal cancer); (6) currently participating in other research studies; (7)
taking  photosensitive = medications  (imipramine,  hypericum,
phenothiazine, lithium, chloroquine, hydrochlorothiazide, tetracycline);
(8) taking corticosteroids or consistent use of anti-inflammatory
medication (>2 times/day); (9) history of significant musculoskeletal
disorders (arthritis or orthopaedic injury); (10) currently using any form
of light therapy or deep brain stimulation; (11) significant vision
impairment (visual acuity < 6/120); (12) presence of age-related macular
degeneration, glaucoma, diabetic retinopathy, optic neuropathy, or other
retinal pathologies; (13) multiple sclerosis, or other demyelinating central
nervous system disease affecting retinal nerve fibres; and (14) significant
cataract, refractive error, or any other eye condition preventing reliable
ocular imaging.

PBM and SHAM Protocol

The PBM intervention targeted the head, abdomen, and neck using the
PDNeuro light-emitting diode (LED) helmet and a hand-held PDCare Laser
device (SYMBYX Biome, NSW, Australia). Details of the device information,
irradiance parameters, and treatment parameters are outlined in Table S1,
in accordance with the recommendations of Tuner and Jenkins [19]. Head
PBM was delivered twice weekly during weeks 1-4 and three times weekly
during weeks 5-8, scheduled consistently during their “on” medication
phase (~1-1.5 h post-dose), at 40 Hz for 12 min at 670 nm (red) followed by

Adv Geriatr Med Res. 2026;8(2):e260015. https://doi.org/10.20900/agmr20260015



Advances in Geriatric Medicine and Research 5 of 19

12 min at 810 nm (near-infrared), providing a total radiant energy of
22,176 J. Simultaneously, the PDCare Laser was applied to nine abdominal
sites (2 min each, 18 min total) and the posterior neck at C1-C2 (1 min each,
2 min total), providing a total radiant energy of 64.8 ] (abdomen) and 7.2 ]
(neck). All irradiance parameters were selected in accordance with the
manufacturer’s specifications. The sham intervention used identical
procedures with inactive devices, and no AE was performed.

Aerobic Exercise

AE sessions were supervised by Accredited Exercise Scientists/
Accredited Exercise Physiologists and followed a modified Pedalling for
Parkinson’s forced-rate cycling protocol on a stationary bhike [20]. Each
session included a 10-min warm-up, 40 min of forced-rate cycling at 80—
90 rpm at a target intensity of 60-80% of maximum heart rate or a Borg
rate of perceived exertion rating of 4-7 (“somewhat hard” to “very hard”),
and a 10-min cooldown [21]. Sessions occurred twice weekly in weeks 1-4
and three times weekly in weeks 5-8, during participants’ “ON”
medication phase (~1-1.5 h post-dose).

Procedure for Ocular Measurements

The present analysis focused specifically on ocular and functional
measures collected at baseline prior to the first intervention (pre-
intervention) and after completion of all four intervention sequences
(post-intervention). All pre- and post-intervention assessments were
conducted at the Flinders University Health2Go Clinic in Adelaide, South
Australia, with ocular data collected by an experienced optometrist.

Outcome Measures
Visual Function

Distance logMAR visual acuity (VA) was measured monocularly using a
standard computerised high-contrast logMAR chart at 6 m (Zeiss
Visuscreen version 2.9, Carl Zeiss Vision GmbH, Aalen, Germany), with the
fellow eye occluded. Hi-Low LogMAR contrast sensitivity was then
assessed monocularly using a Hi-Low LogMAR chart at 3 m. All testing was
performed under standard room illumination of about 500 lux with
participants wearing their habitual correction. Distance logMAR VA
demonstrates good test-retest reliability, with a change of 0.1 logMAR
widely regarded as the minimal clinically significant difference [22].

Intraocular Pressure

Intraocular pressure (IOP) was measured in both eyes using rebound
tonometry Icare ic200 (Icare Finland Oy), with the mean of six readings
per eye recorded. The device was calibrated and used according to
manufacturer guidelines [23]. Goldmann applanation tonometry was
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performed only if iCare readings exceeded 21 mmHg, as it was not
tolerated by all participants.

Retinal Nerve Fibre Layer and Choroidal Thickness

Neurological and vascular changes in the eye were assessed using high
definition (HD) spectral-domain OCT, with RNFL and choroidal thickness
measurements obtained using the Cirrus HD-OCT 5000 (Cirrus HD-OCT
5000, Carl Zeiss Meditec Inc, Dublin, CA). For OCT imaging, pupils were
dilated using 0.5% tropicamide, and ocular imaging was performed 30 min
after confirmation of full pupillary dilation [24]. Peripapillary (i.e., around
the optic nerve) RNFL thickness at the optic nerve head was measured
using a single Optic Disc Cube 200 x 200 scan protocol, while choroidal
thickness was assessed using a single fovea-centred HD raster scan with
enhanced depth imaging [25]. Choroidal thickness was measured at the
macula, defined as the distance from the retinal pigment epithelium to the
inner choroid-scleral boundary, using the proprietary Zeiss Forum
platform by a trained examiner masked to intervention status. Scans with
signal strength < 6/10 or motion artefacts were excluded and repeated, as
needed. Both choroidal thickness (mean intra-subject standard deviation,
< 10 um; coefficient of variation (CVV), =4%] [26,27] and RNFL thickness
(intraclass correlation coefficients (ICC), =0.98; CVV, =2-3%) [28]
measurements obtained using the Zeiss Cirrus HD-OCT 5000 demonstrate
excellent test-retest reliability.

Retinal Microvasculature

Vascular perfusion at the macula was measured using the Angioplex
OCT-A module on the Cirrus HD-OCT 5000 device. A single 3 x 3 mm scan
centred at the fovea was acquired for each eye. Perfusion in the superficial
retinal capillary plexus was measured at the central macular zone and
across the four quadrants (superior, inferior, nasal, temporal) based on
the Early Treatment Diabetic Retinopathy Study (ETDRS) grid sectors
(Figure S1) [25,29]. Zeiss 5000 AngioPlex OCT-A perfusion metrics show
good test-retest reliability (ICC, = 0.84; CVV, <10% for 3 x 3 mm scans) [30].
Images were inspected for segmentation accuracy and the presence of
motion artefacts due to eye movements were repeated if necessary.

Subjective Questionnaires on QoL, Functional Capacity, and Falls Risk

Participants completed three validated self-report questionnaires to
assess the impact of non-pharmacological interventions on QolL,
functional capacity, and falls risk: the 12-item Short Form Survey (SF-12),
the 39-item Parkinson’s Disease Questionnaire (PDQ-39), and the Falls
Efficacy Scale-International (FES-I). From the SF-12 questionnaire, the
mental component summary score (MCS-12) and the physical component
summary score (PCS-12) were derived using an online score calculator
(Cronbach’s a = 0.82-0.87) [31,32], as described previously [33]. The PDQ-
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39 evaluates QoL across multiple domains in PD (Cronbach’s a = 0.66-0.95)
[34], and the FES-I assesses fear of falling (Cronbach’s a = 0.96-0.98) [35].
Questionnaires were completed electronically on the same day as ocular
assessments, pre- and post- intervention.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for
Windows (version 31.0, https://www.ibm.com/products/spss-statistics),
with p < 0.05 considered statistically significant. Data are presented as
mean + SEM unless stated otherwise. Right and left eye measurements
were averaged for ocular parameters. Changes in visual function,
choroidal thickness, RNFL thickness, and IOP pre- and post-intervention
were analysed using paired t-tests, or Wilcoxon signed-rank test where the
data failed normality. For the OCT-A analysis, vascular perfusion values
from the inner and outer zones were averaged within each quadrant
(Figure S1). Changes in retinal vascular perfusion was analysed using two-
way repeated measures ANOVA and Holm-Sidak post-hoc tests for
statistical significance, with ‘zone’ and ‘pre- and post-intervention’ as
within-subjects factors. Paired t-tests were also used to assess pre- to post-
intervention differences in QoL measures, including PDQ-39 (eight
domains and summary index score), SF-12 (PCS-12 and MCS-12), and FES-
L

RESULTS

Visual Function, IOP and OCT

Data from three participants could not be collected: one due to
significant bilateral cataracts, one due to bilateral age-related macular
degeneration, and one who was unable to undergo ocular imaging due to
pronounced resting tremors. Seventeen participants who completed all
measurements were included in the final analysis. Non-pharmacological
interventions resulted in a significant improvement in VA in patients with
PD (mean logMAR VA, pre- intervention, 0.10 + 0.02; post- intervention,
0.02 £ 0.03, t[df 17] = 2.74, p = 0.014; Table 2 and Figure 1A). There were no
significant changes in Hi-Low LogMAR contrast sensitivity (pre-
intervention, 0.22 + 0.04; post-intervention, 0.19 + 0.04; p = 0.263; Figure
1B) or IOP (pre-intervention, 16 + 1 mmHg; post-intervention, 15 + 1 mmHg;
Wilcoxon signed-rank test, z = -1.704, r = 0.284, p = 0.090; Table 2)
associated with the intervention.

Similarly, no significant changes were observed in choroidal thickness
(pre-intervention, 206.17 + 7.85 ym; post- intervention, 222.00 + 7.84 um; p
= 0.080) or RNFL (pre- intervention, 88.80 + 3.49 pum; post- intervention,
88.40 + 3.58 um; p = 0.724; Table 2).
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Table 2. Summary of the mean changes in logMAR visual acuity (VA), Hi-Low LogMAR contrast sensitivity,
intraocular ocular pressure (I0OP), choroidal thickness, and retinal nerve fibre layer (RNFL) thickness pre-
and post-intervention in patients with Parkinson’s disease (n = 17).

Category Variables Pre-intervention Post-intervention t-value df p-value
LogMAR VA 0.10 £ 0.02 0.02 + 0.03 274 17  0.014*
Visual Function .- -0W LogMAR Contrast 0.22 + 0.04 0.19 £ 0.04 116 15  0.263
sensitivity
IOP (mmHg)# 16+1 15 +1 -1.70 0.090
Optical Coherence Choroidal thickness (um) 206.17 + 7.85 222.00 + 7.84 -1.95 11 0.080
Tomography RNFL thickness (um) 88.80 + 3.49 88.40 + 3.58 0.36 9 0.724

* Significant change pre- and post-intervention at p < 0.05; # Wilcoxon signed-rank test.
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Figure 1. Box and Whisker plots showing changes in (A) LogMAR visual acuity (B) and Hi-Low LogMAR
contrast sensitivity pre- and post- intervention. * denotes p < 0.05.

Vascular Perfusion

Two-way repeated-measures ANOVA (with Greenhouse-Geisser
sphericity correction applied where appropriate; € = 0.62) showed a
significant main effect of zone (F [4, 159] = 101.764; p < 0.001), but not
intervention (F [1, 159] = 0.209; p = 0.654). Importantly, the change in
vascular perfusion or blood flow following the intervention varied
significantly by retinal zone (two-way repeated-measures ANOVA, zone by
intervention interaction F [4, 159] = 3.385; p = 0.015). The Holm-Sidak post-
hoc test revealed a 22% increase in retinal perfusion in the central zone
only (pre- intervention 16.75 + 1.38%; post- intervention 20.49 + 1.63%; p =
0.002), with no significant changes observed in the superior, inferior, nasal,
or temporal quadrants (all p > 0.05; Figure 2).

Adv Geriatr Med Res. 2026;8(2):e260015. https://doi.org/10.20900/agmr20260015



Advances in Geriatric Medicine and Research 9 of 19

45 *

e g

25

20

Vascular Perfusion (%)

15 zone by intervention interaction, p = 0.015

10

Superior Inferior Nasal Temporal Central

B Pre-Treatment [l Post-Treatment

Figure 2. Box and Whisker plots showing changes in retinal vascular perfusion at the central zone and
across the four quadrants (superior, inferior, nasal, temporal) pre- and post- intervention. * denotes p < 0.05.

PDQ-39, SF-12 and FES-I

The impacts on QoL, as assessed by the PDQ-39, SF-12, and FES-I, are
summarised in Figure 3. There was a significant reduction in fear of falling
following the intervention, as evidenced by a decrease in the FES-I score
(pre-intervention: 28.50 + 2.39; post-intervention: 22.72 + 1.77; Wilcoxon
signed-rank test, z = -2.873, r = 0.48, p = 0.002; Figure 3A). There were no
statistically significant changes observed across any of the eight PDQ-39
domains or in the PDQ-39 summary index score (all p > 0.05; Figure 3B).
Similarly, no significant changes were detected in either the physical or
mental component summary scores of the SF-12 questionnaire (both p >
0.05; Figure 30C).
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Figure 3. Box and Whisker plots showing changes in the (A) Falls Efficacy Scale-International (FES-I) total
score, (B) Parkinson’s Disease Questionnaire (PDQ-39) summary index score, and (C) physical and mental
component summary scores from 12-item Short Form Survey (SF-12) questionnaires pre- and post-

intervention. * denotes p < 0.05.

DISCUSSION

PD is characterised by progressive motor and sensory impairments,
including visual deficits such as reduced VA, impaired contrast sensitivity,
and visuospatial difficulties leading to a reduced QoL [4,5,13-15]. These
visual deficits likely result from Parkinson’s-related dysfunction of retinal
pathways, including dopaminergic depletion, a-synuclein-induced
neurodegeneration, increased retinal neuroinflammation and oxidative
stress, and impaired microvascular regulation affecting retinal perfusion
[13-16,36]. In this crossover study, PBM or AE, alone or in combination, or
sham, were associated with improvements in VA, increased retinal
vascular perfusion, and reduced fear of falling. This analysis was
exploratory and derived from a larger multidisciplinary randomised pilot
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trial; therefore, it was not designed or intended to disentangle the
independent effects of each intervention.

We found an approximate one-line improvement in logMAR VA,
reflecting a statistically and clinically significant improvement in visual
function post- intervention. While the underlying mechanism remains
unclear, both PBM and AE are known to slow disease progression and
preserve visual function in age-related macular degeneration, glaucoma,
diabetic retinopathy, and retinitis pigmentosa, likely via reduction of
retinal oxidative stress and neuroinflammation [37-46].

Another important finding was a significant increase in vascular
perfusion within the central macular zone following the intervention,
indicating that non-pharmacological approaches may enhance retinal
blood flow in people with PD, potentially counteracting microvascular
dysfunction and supporting overall retinal vascular health [16,47]. The
preferential sensitivity of the central retina to PBM, AE, or their
combination, remains unclear; however, the observed increase in retinal
perfusion occurred in the absence of changes in choroidal thickness or IOP,
suggesting an early microvascular adaptation independent of IOP-related
influences [16,48]. Evidence from neurological disorders, including
Alzheimer’s disease and traumatic brain injury, demonstrates that PBM
can enhance blood flow by reducing oxidative stress and promoting nitric
oxide (NO) mediated vasodilation through light-induced NO photorelease
from haemoglobin [49-51]. Given the retina’s embryological and
functional continuity with the central nervous system, similar NO-
dependent mechanisms may underlie the observed increase in retinal
vascular perfusion [52]. Similarly, AE improves vascular perfusion by
enhancing endothelial function and NO bioavailability, supporting
microvascular autoregulation and vasodilation [9,10,53,54]. Together,
these findings suggest that PBM, AE, or their combination, may influence
retinal vascular perfusion through overlapping mechanisms involving NO
signaling and vascular autoregulation; however, direct evidence in
humans remains limited, and further work is required to delineate their
individual and combined contributions [55,56].

Fear of falling is a common and disabling concern among individuals
with PD [57]. In the present study, fear of falling decreased significantly
following the intervention, suggesting meaningful functional gains and
improved confidence, likely driven by enhanced balance and gait
associated with improvements in visual function and ocular health [58,59].

Notably, the PDQ-39 summary index and SF-12 scores showed no
significant change in QoL, although small trends toward improvement
were observed in the PDQ-39 cognition and bodily discomfort domains
(data not shown). Several factors may account for this dissociation. First,
these patient-reported outcome measures are known to be more
responsive to QoL changes in later stages of PD, which may have limited
their sensitivity to detect subtle benefits in the mild-to-moderate PD cohort
for this study [60]. Second, modest QoL effects associated with the non-
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pharmacological interventions may not have been detected due to the pre-
post study design, which limits sensitivity to small, intervention-specific
changes. Third, the eight-week duration of PBM, AE, and PBM + AE
interventions may have been insufficient to elicit measurable
improvements in QoL, which often evolve over longer intervention
periods. In this study, head PBM was administered 2-3 times per week for
eight weeks; however, previous studies have reported significant
improvements in clinical outcomes of PD following at least 12 weeks of
PBM [61], with sustained use being associated with greater benefits to QoL
[62]. Similarly, AE interventions comparable to those employed here
generally demonstrate greater QoL benefits when sustained for 12 weeks
or longer in individuals with mild-to-moderate PD [63,64], although not all
AE interventions show large changes in QoL measured by PDQ-39 [10].
Future studies with larger sample sizes, longer intervention durations,
and stratification by disease severity are warranted to more
comprehensively evaluate the impact of non-pharmacological
interventions on QoL in PD.

Although our study yielded some significant findings, it had several
limitations. The main limitation of this preliminary exploratory analysis
was that all ocular and questionnaire data were collected only at baseline
(pre-intervention) and at the end of the 48-week study period (post-
intervention). As all participants underwent each of the four intervention
conditions (PBM, AE, PBM + AE, and sham), the pre-post study design
precluded attribution of observed effects to any specific intervention or to
their combined effects. The relatively small sample size (n = 20) limits the
generalisability of the findings to the broader PD population. Furthermore,
some participants (n = 3) were unable to complete all ocular assessments,
which further reduced the statistical power for the associated outcome
measures. Future studies should adopt a more systematic design
incorporating repeated measurements before and after each intervention
phase, along with larger sample sizes, to better elucidate the effects of PBM
and AE on ocular and functional outcomes in PD.

CONCLUSIONS

In conclusion, PBM or AE, in isolation or in combination, or sham, were
associated with significant improvements in vision and central retinal
vascular perfusion, alongside a reduction in fear of falling in individuals
with PD. However, as the study design precludes the attribution of these
effects to any single intervention, larger-scale, controlled trials are
required to delineate the independent and synergistic contributions of
each intervention.
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