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ABSTRACT
Introduction  Glaucoma is the second leading cause of 
moderate to severe visual impairment worldwide, primarily 
affecting peripheral vision and increasing the risk of falls due 
to impaired balance and mobility. While traditional physical 
training (PT) is used for fall prevention, its effectiveness may 
be limited by low patient engagement. Action video games 
(AVGs) may offer a more engaging alternative for improving 
balance and mobility in individuals with glaucoma.
Methods and analysis  This prospective, two-arm, single-
blind, active-control trial will involve 56 patients with 
glaucoma with moderate to severe peripheral field loss and 
intact cognitive function, who have not previously undergone 
balance training. Participants will be randomly assigned in 
a 1:1 ratio to either a physically interactive action video-
game training (AVG) group or a conventional PT group. 
The AVG group will use a Nintendo Switch gaming station 
for 20 sessions of 45 min each, conducted two to three 
sessions per week over 8 weeks. These sessions will involve 
standing game exercises using game controllers or body 
sensors, focusing on muscle stretching and strengthening, 
balance improvement and fitness. The PT group will engage 
in traditional PT for the same duration and frequency. The 
primary outcome is the change in mobility function after 
20 sessions, measured by the narrow path walking test. 
Secondary outcomes include balance function (modified 
Clinical Test of Sensory Interaction and Balance, motor 
control test, landing balance test, five-time sit-to-stand 
test and time up and go test), visual cognition (reaction 
time test and useful field of view test) and patient-reported 
outcomes (validated questionnaires). Exploratory outcomes 
include fall frequency, fear of falling, visual function and 
serum brain-derived neurotrophic factor levels (one of the 
biomarkers related to exercise). Assessments will occur at 
seven time points: baseline (T1), after 10 sessions (T2), after 
20 sessions (T3), 1-month post-training (T4) and 3, 6 and 9 
months after all training sessions (T5–T7).
Ethics and dissemination  The human ethics approval 
was obtained from the respective ethics board of the Hong 
Kong Polytechnic University (ID: HSEARS20210722001). 
The study protocol will conform to the principles of the 
Declaration of Helsinki. Results will be disseminated 
through peer-reviewed journals and conferences.
Trial registration number  NCT06000865.

INTRODUCTION
Glaucoma affects approximately 64.3 million 
people worldwide and accounts for 11% of 

visual impairment among adults in Hong 
Kong.1 This disease causes gradual and irre-
versible damage to the visual field, initially 
affecting peripheral vision and potentially 
progressing to central vision loss.2 As optic 
nerve damage from glaucoma is currently 
irreversible, patients often experience a 
progressive and debilitating loss of periph-
eral vision, increasing their risk of collisions 
and falls3 4 along with reduced balance func-
tion, mobility function5 and, in some cases, 
impaired cognition.6 To mitigate the risk of 
falls, patients with glaucoma are three times 
more likely to limit their activities compared 
with their sighted peers, which further 
reduces their physical fitness and quality of 
life.7–9 Therefore, identifying sustainable and 
accessible interventions to improve mobility 
and reduce fall risk is crucial.

Traditional physical training (PT) inter-
ventions, such as the Otago Exercise 
Programme,10 the Alexander technique,11 
Tai Chi12 and yoga13 have shown promise 
in improving physical condition among 
visually impaired patients. For instance, 
Tai Chi has been shown to improve knee 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The study incorporates a comprehensive range of 
outcome measures, providing a holistic assessment 
of the intervention’s impact.

	⇒ The two-arm, single-blind, active-controlled trial 
ensures robust comparisons between action video 
game training and physical training, minimising bias 
and increasing the reliability of findings.

	⇒ Follow-up assessments at multiple time points al-
low for the evaluation of long-term effects on bal-
ance, mobility and quality of life.

	⇒ Exclusion of participants with mild glaucoma may 
limit the generalisability of the results to patients 
with less severe conditions.

	⇒ The absence of a no-treatment group makes it dif-
ficult to determine the interventions’ effectiveness 
relative to non-treatment.
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proprioception and balance control,12 while struc-
tured exercise programmes have significantly improved 
mobility and balance function.14 Multimodal exercises 
like the Otago Exercise Programme15 and yoga therapy 
have been found to enhance postural control and stability 
by improving somatosensory and vestibular responses in 
visually impaired participants.13 Additionally, the Alex-
ander technique has demonstrated improvements in 
mobility function and a trend towards reducing falls.11 16

Building on these successes, innovative approaches 
like action video game training (AVGT) are emerging as 
effective tools for enhancing balance function in older 
adults.17–19 AVGT may have advantages over traditional 
physical therapy due to its ability to integrate real-time 
feedback, cognitive stimulation and dynamic motor chal-
lenges within an engaging and task-oriented framework. 
Unlike traditional rehabilitation, which often relies on 
repetitive exercises in controlled settings and may fail 
to fully engage patients or adapt to individual progress, 
AVGT requires rapid and accurate actions while switching 
between focused and distributed attention. Common 
platforms for these games include Xbox 360, Nintendo 
Wii, virtual reality-based games and computer-based 
video games. Exergames, which include PT components, 
improve muscle strength,20 balance19 and gait21 in healthy 
older adults. Studies have shown that Wii Fit training and 
similar programmes significantly improve balance func-
tion in healthy adults.18 22–25 Despite these promising find-
ings, the effects of AVGT on mobility and balance in older 
adults with glaucoma have not yet been investigated.

Reduced visual cognition is significantly associated with 
decreased mobility performance in individuals with glau-
coma,26–28 which is linked to reduced quality of life.28–30 
Previous studies suggest that AVGT could improve visual 
cognition.31–33 Compared with traditional physical exer-
cise, AVGT increases cognitive engagement during the 
training process and provides real-time feedback, which 
is crucial for posture correction. We hypothesise that 
AVGT could improve mobility, balance, visual cognition 
and quality of life in patients with glaucoma, yielding 
superior training outcomes compared with conventional 
PT alone.

Objectives
Our two-arm, single-blind, active-controlled trial aims to:
1.	 Determine whether interventions designed to improve 

mobility function in patients with glaucoma can en-
hance their mobility, balance, visual cognition and 
quality of life, while reducing the fear of falling.

2.	 Assess whether AVGT provides greater benefits than 
traditional PT alone for patients with glaucoma.

This study is a two-arm, single-blind, active-controlled 
trial with 1:1 allocation, where participants will be 
randomly assigned to either the AVGT group or the PT 
group. Allocation will consider four factors: age, gender, 
exercise level and visual field severity. The protocol 
follows the Standard Protocol Items: Recommendations 
for Interventional Trials checklist.34

Figure 1  Flow chart of the whole study. AVGT, action video game training; HK-MoCA, Montreal Cognitive Assessment-Hong 
Kong version; MD, mean deviation; PT, physical training.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

P
o

lytech
n

ic U
n

iversity
at T

h
e H

o
n

g
 K

o
n

g
 

o
n

 D
ecem

b
er 16, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
17 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-105971 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


3Yihong P, et al. BMJ Open 2025;15:e105971. doi:10.1136/bmjopen-2025-105971

Open access

METHODS AND ANALYSIS
Participants
Figure 1 provides a consort diagram of the planned flow 
of participants for this study. The trial will be conducted 
at a research centre within the Hong Kong Polytechnic 
University, chosen for its established optometry expertise 
and its capacity to recruit and manage a diverse patient 
population. Participants will be recruited through local 
ophthalmology clinics, hospitals, community centres and 
online platforms to ensure a broad and representative 
sample. Interested individuals will undergo a preliminary 
assessment, including a review of medical history and 
visual and cognitive evaluations, to confirm eligibility. All 
assessments will be conducted at the Hong Kong Poly-
technic University, which is equipped with state-of-the-art 
facilities, enabling comprehensive assessments and inter-
ventions as outlined in the study protocol.

Eligibility criteria
Eligibility will be initially assessed through a phone 
screening that reviews medical history, medication use, 
current eye conditions and overall health. Volunteers 
who pass this screening will undergo comprehensive 
assessments of ocular, cognitive and physical functions to 
determine study eligibility based on predefined criteria. 
Participants aged 55–75 years are chosen due to the 
higher prevalence of glaucoma in this age group and the 
need to tailor interventions to their specific needs.

Inclusion criteria
1.	 Age between 55 and 75 years.
2.	 Diagnosis of primary open-angle or normal-tension 

glaucoma with relative scotoma in both eyes.35

3.	 Humphrey Field Analyzer visual field loss (mean de-
viation of ≤−6 dB) using the 24–2 testing protocol for 
both eyes.

4.	 Best-corrected distance visual acuity of 6/12 (equiva-
lent to 0.3 logMAR) or better.

5.	 Cognitive functional score of 22 or above in the 
Montreal Cognitive Assessment-Hong Kong version.

Exclusion criteria
1.	 Presence of ocular diseases other than glaucoma, such 

as age-related macular degeneration, diabetic retinop-
athy or moderate to severe cataract.

2.	 Severe medical issues, including self-reported neuro-
logical conditions (eg, brain surgery, brain tumour 
and peripheral neuropathy) or cognitive disorders 
(eg, diagnosed dementia or cognitive impairment).

3.	 Physical impairments or limitations that restrict inde-
pendent walking.

4.	 Self-reported or medically diagnosed vestibular/cere-
bellar dysfunction, history of vertigo or severe hearing 
loss.

5.	 Use of medications for any neurological conditions or 
psychiatric drugs (eg, sedative, hypnotic) that might 
interfere with motor control.

6.	 Currently participating in any physical or balance 
training programmes.

7.	 History of frequent falls, defined as more than three 
falls in the past 6 months.

Consent plan
Trained investigators will obtain informed consent from 
participants, providing detailed written information about 
the study, including its purpose and procedures. Partici-
pants will have time to ask questions before consenting, 
with the option to withdraw at any time. Consent for data 
use will cover study procedures, analysis and publication. 
An optional term will document consent for biological 
specimens, with any risks clearly outlined (online supple-
mental material 1).

Interventions
This study will compare two intervention approaches 
aimed at enhancing fitness, muscle strength and balance. 
Both groups will follow a similar schedule and struc-
ture, ensuring consistency in intervention delivery while 
exploring different methods to achieve these goals. Each 
participant will be involved for 48 weeks, including an 
8-week intervention period and a 40-week unsupervised 
follow-up period. After eligibility screening, consent and 
baseline measurements, participants will be randomly 
assigned to either the AVG or PT group. Both groups will 
undergo a 4-week intervention, followed by an interim 
test, another 4-week intervention and post-tests at 1, 3, 6 
and 9 months. During the 40-week follow-up, participants 
will report outcomes periodically without additional 
interventions.

AVG intervention
This study employs the Nintendo Ring Fit Adventure 
game (NRFA; Nintendo, Kyoto, Japan) as the AVGT 
intervention. NRFA, an exergame released in 2019, has 
been shown to improve balance, muscle strength, gait 
and reduce falls in older adults.36–38 It uses a ring-shaped 
controller and a leg sensor to track movements.

Participants will engage in 45 min sessions over an 
8-week period, following a 2-3-3-2 weekly schedule. Exer-
cises, such as ‘whack-a-mole’, ‘squat jump’ and ‘inner 
thigh’, will be tailored for muscle stretching and strength-
ening, with immediate feedback. The selected exercises 
and games will be carefully curated based on recom-
mendations from a physical trainer and a physiothera-
pist. Each session includes a 10 min warm-up, 30 min of 
aerobic and resistance exercises and a 5 min cool-down. 
An unmasked researcher will ensure the safety and effi-
cacy. Specific video games are enumerated in figure 2.

PT intervention
The comparison group’s PT sessions will be led by a 
professional coach, mirroring the AVGT schedule. This 
programme will target overall fitness, muscle strength 
and balance, focusing on lower-body exercises. The coach 
will provide instructions and feedback to ensure proper 
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technique and motivation, aligning with the AVGT 
group’s structure and goals.

Criteria for discontinuing or modifying allocated interventions
Interventions will be discontinued if participants with-
draw voluntarily, experience adverse events (eg, severe 
medical conditions that pose a significant risk to partic-
ipant health or safety) or have significant discomfort or 
distress that does not resolve with overnight rest. Deci-
sions to discontinue will be made collaboratively with the 
participant, prioritising their well-being. In principle, the 
assigned interventions cannot be switched after training 
has started. If the intervention is discontinued, outcome 
measurements will no longer be collected, and the results 
will be recorded as missing data.

Strategies to improve adherence to interventions
Participants will receive detailed explanations about the 
intervention’s benefits and the importance of consistent 
participation. Personalised support, regular communi-
cation and a supportive environment will be provided to 
maintain engagement and motivation.

Relevant concomitant care permitted or prohibited during the 
trial
Participants in both study groups will be asked not to 
engage in other AVG or PT programmes related to 
balance training. Medical treatment of glaucoma will 
continue as usual.

Provisions for post-trial care
To ensure transparency, participants will receive a 
summary of the trial results on completion. The research 
team will also be available to address any queries or 
concerns that may arise after the trial, ensuring partici-
pants feel supported as they transition out of the study.

Outcomes
Participants will have 20 training sessions, with assess-
ments conducted at seven different time points. These 
assessments consist of a baseline test (T1), a test after 
completing 10 sessions of training (T2), a test after 
completing all training sessions (T3), a test 1 month after 
completing all training sessions (T4) and follow-up tests 
3, 6 and 9 months after completing all training sessions 
(corresponding to T5, T6 and T7, respectively).

At baseline, participants’ ocular health will be evalu-
ated through several assessments: (1) visual acuity will 
be measured both monocularly and binocularly using 
the Early Treatment of Diabetic Retinopathy Study 
(ETDRS) chart, with best-corrected refractive correc-
tions and habitual spectacle corrections; (2) contrast 
sensitivity will be tested using the MARS Numerical 
Contrast Sensitivity at 50 cm (with appropriate near 
addition) and (3) retinal nerve fibre layer thickness 
(RNFL) will be assessed using Spectralis optical coher-
ence tomography (OCT, Heidelberg Engineering, 
Heidelberg, Germany). Table 1 and figure 3 outline the 

Figure 2  A schematic diagram of physically interactive action video games used in the study.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

P
o

lytech
n

ic U
n

iversity
at T

h
e H

o
n

g
 K

o
n

g
 

o
n

 D
ecem

b
er 16, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
17 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-105971 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


5Yihong P, et al. BMJ Open 2025;15:e105971. doi:10.1136/bmjopen-2025-105971

Open access

outcomes that will be assessed repeatedly throughout 
the experiment.

Primary outcome measure
The primary outcome is mobility function, assessed using 
the narrow path walking test (NPWT)—a modified version 
of the time up and go test (TUGT). This test provides a 
comprehensive evaluation of strength, balance, gait and 
functional speed in a challenging environment. The 
primary outcome is measured at time point T3, with T2 
and T4 serving as secondary time points.

The NPWT procedure mirrors the TUGT, where partic-
ipants stand up from a 46 cm tall chair, walk 3 m at their 
normal walking speed along a narrow pathway, navigate 
around an obstacle, return and sit down (figure  3). 
The path consists of a 40×300 cm green mat with 24% 
Michelson contrast, divided into two narrow 20 cm-wide 
pathways to enhance the challenge. To ensure reliability 
and accuracy, the test will be repeated three times for 
each participant.

Table 1  Time points for the study

T1 T1–T2 T2 T2–T3 T3 T4 T5–T7

Enrolment:

Eligibility screen x

Informed consent x

Group allocation

Interventions:

Action video game training x x

Physical training x x

Assessments:

Baseline clinical characteristics x

Primary outcome:

Narrow path walking test x x x x

Secondary outcomes: x x x x

 � Balance functions:

  �  modified Clinical Test of Sensory Interaction and Balance

  �  Dynamic balance measures:

   �   Motor control test

   �   Landing balance test

   �   Five times sit-to-stand test

   �   Time up and go test

 � Cognitive functions:

  �  Reaction time

   �   Simple reaction test

   �   Choice reaction test

  �  Useful field of view

 � Quality of life:

  �  Simplified Chinese version of the 10-item Perceived Stress Scale

  �  Patient Health Questionnaire

  �  Chinese version of the Low Vision Quality-of-Life Questionnaire

  �  Physical Activity Scale for the Elderly-Chinese version

Exploratory outcomes:

 � Fall frequency x x

 � Fear of falling questionnaire x x x x x

 � Vessel structure x x x

 � Visual field x x x x

 � Blood test x x
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Mobility performance is assessed using the Vicon 
Motion System (Vicon Nexus V.2.9.1, Oxford, UK), which 
employs 39 reflective markers placed on the head, trunk 
and lower body according to the Vicon Plug-in whole 
body gait model. Key metrics analysed include comple-
tion time (s), spatial-temporal parameters39 and turning 
performance (refer to table 2 for details). Additionally, 
the number of mistakes (ie, instances stepping outside 
the designated pathway)40 is recorded. This parameter is 
crucial for identifying falling risk and balance function, 
with a higher number of mistakes indicating greater fall 
risk and poorer balance. The outcome measurement 
results will be collected and averaged from the three trials.

In our pilot study with 16 participants with glaucoma, 
the NPWT showed high intrarater repeatability and 
moderate to high correlations (Pearson correlation coef-
ficient range: 0.539–0.937) with TUGT performance 
.41 Completion time was identified as the most reliable 
parameter (r>0.90 and intraclass correlation of 0.994). 
Hence, completion time will be adopted as the primary 
outcome measure, while the other parameters will serve 
as secondary outcomes.

Secondary outcome measures
Secondary outcomes focus on balance, visual cognitive 
function and patient-reported outcome measures in 
patients with glaucoma.

The balance function will be assessed at four time 
points (T1–T4).

Static balance measures
Static balance will be assessed using a modified Clinical 
Test of Sensory Interaction and Balance with the Bertec 
Balance Advantage system (Bertec, Columbus, Ohio, 
USA) (figure 3).42 Participants will stand on a force plate 
under the following four conditions:

1.	 Standing on a firm surface with eyes open.
2.	 Standing on a firm surface with eyes closed.
3.	 Standing on a foam surface with eyes open.
4.	 Standing on a foam surface with eyes closed.

Cognitive challenges are introduced through a visual 
task, which involves either fixation or searching for 
Chinese characters in conditions 1 and 2. For detailed 
information on the visual search task, refer to the study 
by Jia et al.43 Each condition is repeated three times. The 
outcome measurement results will be collected and aver-
aged from the three trials.

Outcome measures collected include the root mean 
square (RMS) sway of the centre of pressure (CoP) in 
the anterior-posterior (AP) and medial-lateral directions 
(ML, mm/s), visual task accuracy (%) and the Romberg 
quotient that assessed contribution of vision to balance in 
terms of changes in sway area data from eye closed to eye 
open (%) (table 2).

Dynamic balance measures
The dynamic balance function will be evaluated using 
the motor control test (MCT), the landing balance test 
(LBT), the five times sit-to-stand test (5-STS) and TUGT 
(figure  3). Outcome measures will be collected at four 
time points (T1–T4).

Motor control test
The MCT evaluates participants’ automatic motor reflex 
responses to sudden forward or backward movements of 
a stable surface.44 This test will be repeated three times. 
The outcome parameter results will be collected and aver-
aged from the three trials. Outcome parameters include 
the RMS sway of CoP in both ML and AP directions (mm), 
the visual task accuracy (%) and the reaction latency to 
translation (ms) (table 2).

Figure 3  The overview of all outcome measures.
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Table 2  The overview of all the outcomes

Tests Outcome variables Definition

Primary outcome: mobility performance

Narrow path walking test Completion time Mean completion time of three trials (main primary 
outcome measure)

Spatial-temporal parameters of gait:
	► Cadence (steps/min)
	► Stride time (s)
	► Stride length (m)
	► Walking speed (m/s)
	► Step width (m)
	► Step length (m)
	► Per cent preferred walking speed (%)

Cadence: mean number of steps/min of three trials
Stride time: mean stride time of three trials
Stride length: mean stride length of three trials
Walking speed: mean walking speed of three trials
Step width: mean step width of three trials
Step length: mean step length of three trials
Per cent preferred walking speed: walking speed/
preferred walking speed×100%

Dynamic balance in gait performance:
	► Mistakes in one trial (a mistake is 
defined as the subject stepping 
outside the narrow path)

	► The medio-lateral displacement of 
centre of mass

Mistakes in trials: mean mistakes made of three trials
The medio-lateral displacement of centre of mass: mean 
centre of mass movement of three trials

Turning performance:
	► Turning time (s)

Mean time of finishing turning for three trials

Secondary outcomes

Balance performance

Modified Clinical Test of 
Sensory Interaction and 
Balance

Visual task accuracy The correct rate during the task

Medio-lateral root mean square sway The mean sway of three trials in different conditions

Anterior-posterior root mean square sway The mean sway of three trials in different conditions

Romberg quotient The ratio of sway area with eyes closed to that with eyes 
open

Motor control test Visual task accuracy The correct rate during the task

Latency The mean latency of three trials in different conditions

Medio-lateral root mean square sway The mean sway of three trials in different conditions

Anterior-posterior root mean square sway The mean sway of three trials in different conditions

Landing balance test Time to stabilisation The mean time to stabilisation of three trials in different 
conditions

Medio-lateral root mean square sway The mean sway of three trials in different conditions

Anterior-posterior root mean square sway The mean sway of three trials in different conditions

Sway area The mean sway area of three trials in different conditions

Five times sit-to-stand 
test

Completion time The total time of trial

Centre of mass displacement The total centre of mass displacement of trial

Centre of mass velocity The mean centre of mass velocity for anterior-posterior, 
medio-lateral directions of trial

Peak extension joint moments The peak extension joint moments of trial

Time up and go test Completion time The mean completion time of three trials

Visual-cognitive performance

Reaction time test 
(simple reaction test, 
choice reaction test)

Reaction time The mean reaction time for correct response of three 
trials

Mistakes The correct rate during the cognition test task of three 
trials

Useful field of view test Duration time The mean minimum exposure duration for achieving 75% 
accuracy for each subtest (stimulus identification, divided 
attention, selective attention)

Continued
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Landing balance test
The LBT is a modified jump-landing test that assesses 
dynamic balance.45 Participants will stand 60 cm or 70 cm 
away from two Bertec force plates and use their dominant 
leg to step onto the plate, stabilising as quickly as possible. 
They will maintain their position on the force plate for 
10 s. This test will be repeated five times. The outcome 
parameter results will be collected and averaged from the 
five trials. Outcome parameters will include the time to 
stabilisation (ms), RMS sway of the CoP in the AP and ML 
direction (mm) and total sway area (mm2) (table 2).

Five times sit-to-stand test
The 5-STS assesses lower limb muscle strength, crucial 
for dynamic balance.46 Participants will rise from a 43 cm 
high chair on hearing the cue ‘start’, placing both feet 
on a force plate while keeping their arms crossed over 
their chests, and then sit down as quickly as possible five 
times. Completion time (s) and kinematic parameters, 
including the CoP displacement (mm), velocity (mm/s) 
and peak extension joint moment (Nm/kg), will be 
recorded (table 2).

Time up and go test
The TUGT is a commonly used assessment for detecting 
the dynamic balance function for visually impaired 
adults,26 29 where participants will stand up from a 46 
cm tall chair, walk 3 m at their normal walking speed, 
navigate around an obstacle, return and sit down. In our 
study, we will use the TUGT completion trial time (s) 
to detect our participants’ dynamic balance function. 

The test will be repeated three times to get a reliable 
completion time (table 2). The outcome measurement 
results will be collected and averaged from the three 
trials.

Visual-cognitive function
Outcome measures on visual-cognitive function will be 
collected at four time points (T1–T4).

Reaction time
The reaction time test consists of two parts: the simple 
reaction test (SRT) and the choice reaction test (CRT). 
Each part is repeated three times to calculate the average 
reaction time (table  2). The outcome measurement 
results will be collected and averaged from the three trials.

	► SRT47: participants respond to a central stimulus 
by pressing a button. Reaction time (ms) will be 
recorded.

	► CRT48: four squares are displayed horizontally on the 
screen, with the stimulus appearing randomly in one 
square. Participants must react to the stimulus’s posi-
tion as quickly as possible. Both reaction time (ms) 
and accuracy (%) will be recorded.

Useful field of view
The useful field of view (UFOV) test evaluates visual 
processing speed and attention, addressing visual chal-
lenges faced by older adults in everyday tasks such as 
reading and navigation.49 The duration (ms) for each 
condition will be recorded (table  2). The UFOV test 
includes three conditions (figure 4):

Tests Outcome variables Definition

Patient-reported outcome measures

Low Vision Quality-of-
Life Questionnaire

Score The total score of the questionnaire

Perceived Stress 
Scale-10

Score The total score of the questionnaire

Patient Health 
Questionnaire-9

Score The total score of the questionnaire

Physical Activity Scale 
for the Elderly-Chinese 
version

Score The calculated score of the questionnaire following the 
questionnaire manual

Exploratory outcomes:

Fall frequency Falls per year The falling times per year

Fear of falling 
questionnaire

Score The total score of the questionnaire

Visual function

Visual field performance Visual field The mean defect of visual field

Retinal vessel structure 
and density

Vessel density The mean vessel density

Blood test The level of BDNF The mean level of BDNF

BDNF, brain-derived neurotrophic factor.

Table 2  Continued
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	► Stimulus identification: a central target is shown for 
60 frames, followed by a ‘white noise’ screen. The 
display duration is adjusted using a 3-up/1-down adap-
tive staircase procedure to determine the threshold, 
concluding after eight reversals or 72 total trials.

	► Divided attention: a central and a peripheral target 
appear simultaneously, with the peripheral target 
randomly positioned at one of eight meridian loca-
tions (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°, 360°) 
at 20° from the centre. The presentation duration is 
adjusted as condition 1 to determine the threshold.

	► Selective attention: this condition adds peripheral 
distractors to the central and peripheral targets. The 
procedure is similar to condition 2, with threshold 
measures collected for each participant.

Patient-reported outcome measures
This trial aims to enhance balance and mobility in 
patients with glaucoma. To evaluate the effectiveness of 
these interventions, four validated questionnaires will 
assess changes in quality of life, mental health, mobility 
function and physical activity. Outcome measures will be 
collected at four time points (T1–T4).

Chinese version of the Low Vision Quality-of-Life Questionnaire
This instrument assesses the impact of low vision on 
quality of life, focusing on challenges related to vision, 
lighting, mobility, psychological adjustment and daily 
activities. Participants are asked to rate the degree of 
difficulty from ‘no difficulty’ to ‘extreme difficulty’ they 
experience in various aspects of their daily lives due to 
low vision. Scores range from 25 to 125, with lower scores 
indicating greater difficulty.

Simplified Chinese version of the 10-item Perceived Stress Scale-10
This scale assesses perceived stress in Chinese-speaking 
communities, covering feelings of being overwhelmed, 
nervousness, anxiety, coping abilities and stress-related 
thoughts. Each item is rated from 0 (‘never’) to 4 (‘very 

often’), with higher scores indicating greater levels of 
perceived stress.

Patient Health Questionnaire-9
The Patient Health Questionnaire-9 is a reliable tool for 
screening and assessing depression severity,50 based on 
the nine symptoms outlined in the Diagnostic and Statis-
tical Manual of Mental Disorders, Fourth Edition criteria. 
Scores range from 0 to 27, with higher scores indicating 
more severe depressive symptoms.

Physical Activity Scale for the Elderly-Chinese version
The Physical Activity Scale for the Elderly-Chinese version 
(PASE-C) assesses physical activity in older adults, focusing 
on low-intensity activities such as gardening, walking and 
light housework. PASE-C scores are computed by multi-
plying the time spent (hours/day over a 7-day period) 
and participation (yes or no) by activity-specific weights, 
with totals ranging from 0 to 500 or more. Higher scores 
reflect greater physical activity levels.

Exploratory outcome measures
Fall frequency
To assess the impact of the intervention on reducing fall 
incidents, participants will self-report the number of falls 
they experience at four time points (T1, T5–T7).

Fear of falling
The Chinese version of the Falls Efficacy Scale-International 
questionnaire will be used to evaluate the intervention’s 
impact on participants’ confidence and willingness to 
engage in daily activities. It has demonstrated good reli-
ability and validity in assessing fear related to performing 
basic everyday activities among visually impaired individ-
uals.3 Participants will rate their concern about performing 
daily activities on a scale from 1 (not concerned) to 4 (very 
concerned). Higher scores indicate greater fear of falling, 
which may relate to balance issues. This measure will be 
administered at seven time points (T1–T7).

Figure 4  Schematic diagram of the useful field of view test. The central target is a smiley face with short or long hair, while 
the peripheral target is represented by white stars within a square. Distractors are depicted as squares. (A) Condition 1—visual 
processing speed is assessed by having participants recognise the central target stimulus. (B) Condition 2—divided attention 
requires participants to recognise both central and peripheral targets. (C) Condition 3—selective attention involves participants 
recognising both central and peripheral targets amid distractors.
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Visual-related physiological functions
Exercise is known to enhance systemic circulation, which 
can include increased ocular blood flow51 and levels of 
neurotrophic factors such as brain-derived neurotrophic 
factor,51 52 potentially benefiting the visual capabilities. To 
determine whether the interventions can improve visual 
function and retinal circulation, visual field, vessel struc-
ture and vessel density were included.
Visual field performance

Visual field performance will be evaluated by the 
24-2 Swedish Interactive Thresholding Algorithm full-
threshold Humphrey visual field (Carl Zeiss Meditec, 
Dublin, California, USA). This measure will be adminis-
tered at four time points (T1–T4).
Retinal vessel structure and density

OCT and optical coherence tomography angiography 
(OCTA) will scan the macular and optic nerves to explore 
structural changes. Measurements include macular thick-
ness and RNFL using Heidelberg Spectralis OCT (Heidel-
berg Engineering, Heidelberg, Deutschland) and vessel 
density using the OCTA module. This measure will be 
administered at three time points (T1, T3 and T4).
Serum brain-derived neurotrophic factor

Blood samples will be collected before and after the 
training (T1 and T3). Approximately 5 mL of blood will 
be drawn, and serum plasma will be analysed by the ELISA 
method.53 The 4-parameter logistic curve will be used to 
analyse the relationship between absorbance and analyte 
concentration, using Python for data insights.54

Satisfaction questionnaire
A satisfaction questionnaire will be administered after 
the training to evaluate the effectiveness of the training 
programme and identify areas for improvement. This 
questionnaire includes items from the physical activity 
enjoyment scale and a self-developed acceptability. Details 
of the satisfaction questionnaire are provided in online 
supplemental material 2.

An overview of all outcomes is reported in table 2.

Sample size
Due to the lack of studies on AVGT for glaucoma, sample 
size calculations are based on previous studies of video 
game training and traditional PT in healthy older adults, 
using G*Power (V.3.1).55–57 Assuming a statistical power 
of 0.8, a significance level of 0.05, an average effect size 
of d=0.72 (derived from TUG after-trial time results) 
and a 10% attrition rate, the estimated minimum sample 
size is 56 participants. Participants will be recruited from 
multiple sources, including the optometry clinic at the 
Hong Kong Polytechnic University, Grantham Hospital, 
patients’ self-help groups and private optometry and 
ophthalmology clinics through referrals. The recruit-
ment period began in January 2023 and is expected to 
conclude in August 2025. To expand our reach, we also 
used advertisements on social media platforms, including 
Facebook and Google, as well as our project webpage. 

During recruitment, participants receive comprehensive 
information about the study. This includes the study time-
line, a detailed explanation of all procedures, potential 
risks and the benefits of each intervention. This ensures 
participants are well-informed and can make decisions 
with a clear understanding of the study.

Assignment of interventions: allocation and blinding
An independent staff member will use a computerised 
minimisation randomisation algorithm to allocate partic-
ipants to the AVG group or PT group. This approach 
ensures that the two groups are as similar as possible with 
respect to key factors, including age, gender, exercise 
level and glaucoma severity. Allocation concealment will 
be maintained using a centralised, password-protected 
system. Outcome assessors will be blinded to the inter-
vention group, while participants and the staff member 
involved in the interventions will be aware of the assign-
ments due to the active-control design. On confirming 
participant eligibility, the site investigator will access 
the randomisation system for intervention assignment. 
Unblinding will occur after the data lock. The study’s 
statistician, who will be unblinded, will conduct outcome 
analyses according to the prespecified statistical analysis 
plan. Other study team members will gain access to the 
unblinded datasets after the analyses are completed.

Data collection and management
Team members receive comprehensive training covering 
recruitment, intervention procedures, assessment tech-
niques and data management protocols. Initially, all data will 
be recorded on paper to ensure accuracy and completeness. 
Subsequently, these data will be uploaded to Research Elec-
tronic Data Capture (REDCap), a secure web application for 
managing research data. To protect personal information, 
all physical records, including personal data, will be stored 
in a locked filing cabinet with controlled key access, ensuring 
that only authorised personnel can access them. To promote 
participant retention and ensure complete follow-up, we 
will maintain engagement through regular communication, 
which may include phone calls, emails or text messages, 
depending on participant preference. We will offer flex-
ible scheduling options for follow-up visits to accommodate 
participants’ availability while still adhering to the study’s 
follow-up schedule. Additionally, we will continue to conduct 
follow-up visits even if participants deviate from the interven-
tion protocol, ensuring that we collect comprehensive data 
and maintain participant involvement throughout the study. 
To maintain high data quality, data will be reviewed promptly 
following each assessment. If any issues with data quality are 
identified, repeated measurements will be conducted. All 
outcome measures will be entered into a secure, password-
protected computer system. De-identified data will be stored 
within a Microsoft Teams group and on a hard drive, both of 
which are accessible solely to research team members. Each 
participant will be assigned a unique identification number 
to facilitate the matching of their corresponding data files, 
ensuring confidentiality and efficient data management. 
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Participant information will be anonymised using unique 
identifiers, ensuring that sensitive data are accessible only 
to authorised personnel. Strict measures will be taken to 
maintain confidentiality and protect participant privacy in 
any dissemination of trial results or publications. Following 
informed consent acquisition, blood specimens are obtained 
from participants via standard venipuncture. This procedure 
employs a sterile needle and syringe integrated with the 
Vacutainer collection system. Approximately 5 mL of blood 
is drawn from the antecubital vein and deposited into 5 mL 
Greiner Bio-One Vacuette tubes. The collected blood is then 
permitted to clot at ambient temperature for 30–60 min 
without disturbance. Subsequent centrifugation at 3000× g 
(4°C for 20 min) isolates serum from cellular components. 
The clarified serum is meticulously aliquoted into prela-
belled 1 mL Eppendorf tubes. To ensure sample stability, the 
aliquots are frozen and archived at −30°C pending further 
analysis.

Statistical methods for primary and secondary outcomes
The primary analysis will be quantitative, using SPSS soft-
ware with a significance level of 0.05. The histograms and 
the probability-probability plots will be used to describe 
the baseline data for the two groups. The Shapiro-Wilk 
test will be used to check the normality of the data. 
Continuous variables will be summarised as means with 
SD or medians with IQRs, depending on the normality 
of the data. Discrete variables will be described using 
frequencies or composition ratios. For skewed numerical 
data, we will apply appropriate transformations to assess 
whether the data meet the normality assumption. The 
baseline data will be displayed in the table.

The primary outcome will be assessed by measuring differ-
ences in NPWT completion time from baseline, indicating the 
effectiveness of interventions. A baseline-adjusted ANCOVA 
analysis will be used to compare the groups while controlling 
for baseline values. The group with the greatest reduction in 
completion time will demonstrate the strongest intervention 
impact. Changes in completion time across four time points 
(baseline, interim 1, postintervention and 1-month postin-
tervention) will illustrate the dose-response relationship and 
recovery duration. To account for intersubject variability, a 
linear mixed model was used with intervention type and time 
points as fixed effects, and baseline MD value as a covariate.

To address potential attrition and missing data due to 
participant drop-out, sensitivity analyses will be conducted 
using multiple imputation methods, specifically the fully 
conditional specification method. This approach allows 
for the imputation of missing data for multiple variables 
with different distributions. These analyses will assess the 
robustness of the primary analysis results against potential 
attrition bias and missing data, ensuring that conclusions 
are not unduly influenced by the potential non-random 
nature of missing data.

The analyses of secondary and exploratory outcomes 
will follow a similar approach to that of the primary 
outcome. A detailed statistical analysis plan for these 

outcomes is being developed and will be reviewed by the 
steering committee before data analysis begins.

Interim analyses
Not applicable. All data will be analysed at the end of the 
experiment.

Methods for additional analyses (eg, subgroup analyses)
The primary end point analysis will be complemented 
by exploratory subgroup analyses. These analyses will 
examine factors such as exercise frequency (ranging 
from never to often) and severity of glaucoma based on 
baseline assessments. The findings will be presented in a 
comprehensive table and a visual forest plot, including 
effect size estimators (η2) and 95% CIs. The table will 
also provide the number of subjects in each subgroup 
and the corresponding p values. Furthermore, t-tests and 
correlational analysis will be used to examine average 
differences between groups.

Methods in analysis to handle protocol non-adherence and 
any statistical methods to handle missing data
To manage protocol non-adherence, both per-protocol 
and intention-to-treat analyses will be conducted to eval-
uate its impact on study outcomes. Sensitivity analyses will 
also be performed to assess the robustness of the findings 
in the presence of non-adherence. For handling missing 
data, multiple imputation techniques will be employed to 
account for incomplete or absent data points, ensuring 
that the statistical analyses are based on the most compre-
hensive dataset available.

Plans to give access to the full protocol, participant-level data 
and statistical code
The full study protocol is publicly accessible on the Clinical-
Trials website (https://clinicaltrials.gov.cNCT06000865). 
The datasets analysed and the statistical code used in the 
analysis are available from the corresponding author on 
reasonable request.

ETHICS AND DISSEMINATION
Composition of the coordinating centre and trial steering 
committee
The coordinating centre is School of Optometry at the 
Hong Kong Polytechnic University. The project steering 
committee consists of core research team members: 
Professor Allen Cheong, Professor Ben Thompson and 
Professor Stanley Winser. Their duties include managing 
participant randomisation, ensuring both assessors 
remain blinded and safeguarding the confidentiality of 
participants’ personal information.

Composition of the data monitoring committee, its role and 
reporting structure
A senior researcher, independent of the study, will regu-
larly monitor the study. This includes reviewing docu-
ments, regulatory compliance, enrolment processes, 
participant data, safety and protocol deviations. After the 
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review, the monitor will report findings that need resolu-
tion, which the investigative team will address.

Adverse event reporting and harms
Adverse events will be recorded in the REDCap and 
managed according to the Hong Kong Polytechnic 
University clinical trials emergency guidelines.

Frequency and plans for auditing trial conduct
The principal investigator conducts bi-weekly moni-
toring and auditing of trial conduct and data collection. 
Researchers involved in different aspects of the study shall 
report their progress and challenges faced to the prin-
cipal investigator. Additionally, a data monitor is assigned 
with assessing the integrity and quality of data every 2 
weeks, providing feedback to the principal investigator.

Plans for communicating important protocol amendments to 
relevant parties (eg, trial participants, ethical committees)
Important protocol amendments will be promptly commu-
nicated to the investigators and steering committee, with 
detailed documentation of the rationale and potential 
impact. Proposed changes will be submitted to the ethics 
committee for approval if necessary. Updated protocols 
will be distributed promptly, and additional training will be 
provided to study investigators as needed. Any alterations to 
the participant experience will initiate a new consent process.

Ethics approval
The current project has been approved by the Hong 
Kong Polytechnic University Institutional Review Board. 
The reference number is HSEARS20210722001.

Dissemination plans
The findings of this study will be presented at research 
conferences and seminars as part of the continuing 
professional development and published in peer-reviewed 
scientific journals. Participants will be provided with a 
copy of the main findings.

DISCUSSION
The Grading of Recommendations, Assessment, Develop-
ment and Evaluations study is pioneering in its investi-
gation of AVGT as a means to enhance mobility, balance 
and visual-cognitive functions in older adults with glau-
coma. This research addresses a critical gap in current 
treatment options, as traditional interventions often fail 
to fully engage patients or provide real-time feedback 
necessary for optimal improvement. By enhancing these 
areas, the study also aims to reduce the fear of falling and 
improve the overall quality of life for patients. AVGT offers 
cognitive engagement and real-time feedback, potentially 
offering superior outcomes compared with traditional 
physical exercise. This study shall assess whether AVGT can 
be a supplementary or alternative intervention to conven-
tional PT for fall prevention. Given the increasing preva-
lence of glaucoma in the ageing population, innovative 

approaches like AVGT are urgently needed to address the 
multifaceted challenges faced by these patients.

However, the study faces limitations, such as challenges 
in recruiting subjects with bilateral moderate to severe-stage 
glaucoma. Future research shall include individuals with 
mild glaucoma. The personalised nature of the physical exer-
cise training may introduce variability, which could lead to 
bias. To mitigate this, the exercise regimen will align closely 
with AVGT objectives, focusing on muscle strength and 
balance. Additionally, the lack of a no-treatment group may 
limit the ability to draw definitive conclusions about the inter-
vention’s effectiveness, as it prevents a direct comparison 
with untreated participants. Addressing this in future studies 
could enhance the validity of the findings.

Trial status
Ongoing.

Acknowledgements  We would like to thank the GRADE study team. We would 
also like to thank the subjects who contributed to our data collection.

Contributors  AMYC conceived the research question. YH, VS, MC, SW and AMYC 
conceptualised the study design. AYH and IL collected the research data. AYH 
wrote the manuscript with feedback from BT, SW and AMYC. All authors gave final 
approval for the version to be published. AMYC is the guarantor. ChatGPT 4o-mini: 
during the preparation of this manuscript, the authors used ChatGPT to improve the 
language. After using this tool to edit the grammar, the authors reviewed and edited 
the content as needed and take full responsibility for the content of the publication.

Funding  This work was supported by the Hong Kong Research Grants Council 
(General Research Fund 15602821), the Research Impact Fund (R5047-19), the 
Research Postgraduate Scholarship from The Hong Kong Polytechnic University 
and InnoHK, an initiative of the Innovation and Technology Commission of the Hong 
Kong Special Administrative Region Government.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Peng Yihong http://orcid.org/0000-0001-8295-7970

REFERENCES
	 1	 You QS, Choy BKN, Chan JCH, et al. Prevalence and Causes of 

Visual Impairment and Blindness among Adult Chinese in Hong Kong 
- The Hong Kong Eye Study. Ophthalmic Epidemiol 2020;27:354–63. 

	 2	 Odden JL, Mihailovic A, Boland MV, et al. Assessing Functional 
Disability in Glaucoma: The Relative Importance of Central Versus 
Far Peripheral Visual Fields. Invest Ophthalmol Vis Sci 2020;61:23. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

P
o

lytech
n

ic U
n

iversity
at T

h
e H

o
n

g
 K

o
n

g
 

o
n

 D
ecem

b
er 16, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
17 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-105971 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8295-7970
http://dx.doi.org/10.1080/09286586.2020.1755444
http://dx.doi.org/10.1167/iovs.61.13.23
http://bmjopen.bmj.com/


13Yihong P, et al. BMJ Open 2025;15:e105971. doi:10.1136/bmjopen-2025-105971

Open access

	 3	 Yuki K, Asaoka R, Ono T, et al. Evaluation of Fear of Falling in 
Patients with Primary Open-Angle Glaucoma and the Importance of 
Inferior Visual Field Damage. Invest Ophthalmol Vis Sci 2020;61:52. 

	 4	 Bando A, Wada GY, Machado LF, et al. Correlation Between Risk of 
Fall and Glaucomatous Visual Field Defects. Invest Ophthalmol Vis 
Sci 2023;64:5486.

	 5	 Zwierko T, Jedziniak W, Florkiewicz B, et al. The Consequences of 
Glaucoma on Mobility and Balance Control in the Older Adults: A 
Cross-Sectional Study. J Aging Phys Act 2021;29:372–81. 

	 6	 Daga FB, Diniz-Filho A, Boer ER, et al. Fear of falling and postural 
reactivity in patients with glaucoma. PLoS ONE 2017;12:e0187220. 

	 7	 Freitag CW, Behrens M, Menrad T, et al. Single- and Dual-Task Gait 
Performance in Patients With Open-Angle Glaucoma: A Cross-
sectional Study. Trans Vis Sci Tech 2023;12:31. 

	 8	 Latif K, Nishida T, Moghimi S, et al. Quality of life in glaucoma. 
Graefes Arch Clin Exp Ophthalmol 2023;261:3023–30. 

	 9	 Miraftabi A, Coleman AL, Nilforushan N, et al. Vision-related quality 
of life in patients with a history of congenital glaucoma. Eur J 
Ophthalmol 2021;31:3074–9. 

	10	 Waterman H, Ballinger C, Brundle C, et al. A feasibility study to 
prevent falls in older people who are sight impaired: the VIP2UK 
randomised controlled trial. Trials 2016;17:464. 

	11	 Gleeson M, Sherrington C, Lo S, et al. Can the Alexander 
Technique improve balance and mobility in older adults with 
visual impairments? A randomized controlled trial. Clin Rehabil 
2015;29:244–60. 

	12	 Chen EW, Fu ASN, Chan KM, et al. The effects of Tai Chi on 
the balance control of elderly persons with visual impairment: a 
randomised clinical trial. Age Ageing 2012;41:254–9. 

	13	 Jeter PE, Haaz Moonaz S, Bittner AK, et al. Ashtanga-Based Yoga 
Therapy Increases the Sensory Contribution to Postural Stability 
in Visually-Impaired Persons at Risk for Falls as Measured by the 
Wii Balance Board: A Pilot Randomized Controlled Trial. PLoS ONE 
2015;10:e0129646. 

	14	 Cheung KKW, Au KY, Lam WWS, et al. Effects of a Structured 
Exercise Programme on Functional Balance in Visually Impaired 
Elderly Living in a Residential Setting. Hong Kong Physiotherapy 
Journal 2008;26:45–50. 

	15	 Kovács E, Tóth K, Dénes L, et al. Effects of exercise programs on 
balance in older women with age-related visual problems: a pilot 
study. Arch Gerontol Geriatr 2012;55:446–52. 

	16	 Gleeson M, Sherrington C, Lo S, et al. Impact of the Alexander 
technique on well-being: a randomised controlled trial involving older 
adults with visual impairment. Clin Exp Optom 2017;100:633–41. 

	17	 Hou H-Y, Li H-J. Effects of exergame and video game training 
on cognitive and physical function in older adults: A randomized 
controlled trial. Appl Ergon 2022;101:103690. 

	18	 Cheong AM, Lam H-Y, Li R, et al. Fast-paced videogame training 
improves balance under dynamic visual conditions in older adults. 
Invest Ophthalmol Vis Sci 2018;59:5965. 

	19	 Pacheco TBF, de Medeiros CSP, de Oliveira VHB, et al. Effectiveness 
of exergames for improving mobility and balance in older adults: a 
systematic review and meta-analysis. Syst Rev 2020;9:163. 

	20	 Hernandez-Martinez J, Ramos-Espinoza F, Muñoz-Vásquez C, et al. 
Effects of active exergames on physical performance in older people: 
an overview of systematic reviews and meta-analysis. Front Public 
Health 2024;12:1250299. 

	21	 Sato K, Kuroki K, Saiki S, et al. Improving Walking, Muscle Strength, 
and Balance in the Elderly with an Exergame Using Kinect: A 
Randomized Controlled Trial. Games Health J 2015;4:161–7. 

	22	 Bateni H. Changes in balance in older adults based on use of 
physical therapy vs the Wii Fit gaming system: a preliminary study. 
Physiotherapy 2012;98:211–6. 

	23	 Lai C-H, Peng C-W, Chen Y-L, et al. Effects of interactive video-game 
based system exercise on the balance of the elderly. Gait Posture 
2013;37:511–5. 

	24	 Cicek A, Ozdincler AR, Tarakci E. Interactive video game-based 
approaches improve mobility and mood in older adults: A 
nonrandomized, controlled tri̇al. J Bodyw Mov Ther 2020;24:252–9. 

	25	 Chan WLS, Chan CWL, Lam FMH, et al. balance and strengthening 
exercise program in community-dwelling older adults with a history 
of falls: A feasibility randomized controlled trial. Geriatr Gerontol Int 
2024;24 Suppl 1:334–41. 

	26	 Black AA, Wood JM, Lovie-Kitchin JE. Inferior field loss increases 
rate of falls in older adults with glaucoma. Optom Vis Sci 
2011;88:1275–82. 

	27	 Lombardi M, Zenouda A, Azoulay-Sebban L, et al. Correlation 
Between Visual Function and Performance of Simulated Daily Living 
Activities in Glaucomatous Patients. J Glaucoma 2018;27:1017–24. 

	28	 Nelson P, Aspinall P, Papasouliotis O, et al. Quality of life in glaucoma 
and its relationship with visual function. J Glaucoma 2003;12:139–50. 

	29	 Gomes H de A, Moreira B de S, Sampaio RF, et al. Gait parameters, 
functional mobility and fall risk in individuals with early to moderate 
primary open angle glaucoma: a cross-sectional study. Braz J Phys 
Ther 2018;22:376–82. 

	30	 Jian-Yu J, Mihailovic A, Kuo P, et al. Characterizing the Impact of 
Fear of Falling on Activity and Falls in Older Adults with Glaucoma. J 
American Geriatrics Society 2020;68:1847:1847–51:. 

	31	 Azizi E, Abel LA, Stainer MJ. The influence of action video game 
playing on eye movement behaviour during visual search in 
abstract, in-game and natural scenes. Atten Percept Psychophys 
2017;79:484–97. 

	32	 Green CS, Bavelier D. Action video game modifies visual selective 
attention. Nature New Biol 2003;423:534–7. 

	33	 Dale G, Joessel A, Bavelier D, et al. A new look at the 
cognitive neuroscience of video game play. Ann N Y Acad Sci 
2020;1464:192–203. 

	34	 Chan A-W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200–7. 

	35	 Brusini P. Global Glaucoma Staging System (GGSS): A New Method 
to Simultaneously Assess the Severity of Both Functional and 
Structural Damage in Glaucoma. J Clin Med 2021;10:4414. 

	36	 Yang C-M, Chen Hsieh JS, Chen Y-C, et al. Effects of Kinect 
exergames on balance training among community older adults: A 
randomized controlled trial. Medicine (Baltimore) 2020;99:e21228. 

	37	 Jeon M-J, Jeon H-S, Yi C-H, et al. Block and Random Practice: A 
Wii Fit Dynamic Balance Training in Older Adults. Res Q Exerc Sport 
2021;92:352–60. 

	38	 Gomes GCV, Simões M do S, Lin SM, et al. Feasibility, safety, 
acceptability, and functional outcomes of playing Nintendo Wii Fit 
PlusTM for frail older adults: A randomized feasibility clinical trial. 
Maturitas 2018;118:20–8. 

	39	 Agathos CP, Velisar A, Shanidze NM. A Comparison of Walking 
Behavior during the Instrumented TUG and Habitual Gait. Sensors 
(Basel) 2023;23:7261. 

	40	 Rosenblum U, Melzer I. Reliability and Concurrent Validity of the 
Narrow Path Walking Test in Persons With Multiple Sclerosis.  
J Neurol Phys Ther 2017;41:43–51. 

	41	 Yihong P, Lau I, Suen V, et al. Reliability of two novel methods for 
assessing dynamic balance in people with peripheral visual field loss. 
Invest Ophthalmol Vis Sci 2024;65:2575.

	42	 Lotfi Y, et al. Modified clinical test of sensory interaction on balance 
test use for assessing effectiveness of Epley maneuver in benign 
paroxysmal positional vertigo patients rehabilitation. Auditory and 
Vestibular Research 2018;27:12–8.

	43	 Jia S, Mei X, Chen L, et al. Glaucoma Rehabilitation using ElectricAI 
Transcranial Stimulation (GREAT)-study protocol for randomized 
controlled trial using combined perceptual learning and transcranial 
electrical stimulation for vision enhancement. Trials 2024;25:501. 

	44	 Hale L, Miller R, Barach A, et al. Motor Control Test responses to 
balance perturbations in adults with an intellectual disability.  
J Intellect Dev Disabil 2009;34:81–6. 

	45	 Ringhof S, Stein T. Biomechanical assessment of dynamic balance: 
Specificity of different balance tests. Hum Mov Sci 2018;58:140–7. 

	46	 Alcazar J, Aagaard P, Haddock B, et al. Assessment of functional 
sit-to-stand muscle power: Cross-sectional trajectories across the 
lifespan. Exp Gerontol 2021;152:111448. 

	47	 Szabo DA, Neagu N, Teodorescu S, et al. Study on the Influence of 
Proprioceptive Control versus Visual Control on Reaction Speed, 
Hand Coordination, and Lower Limb Balance in Young Students 14-
15 Years Old. Int J Environ Res Public Health 2021;18:10356. 

	48	 Sirota M, Dewberry C, Juanchich M, et al. Measuring cognitive 
reflection without maths: Development and validation of the verbal 
cognitive reflection test. Behavioral Decision Making 2021;34:322–43. 

	49	 Edwards JD, Vance DE, Wadley VG, et al. Reliability and validity 
of useful field of view test scores as administered by personal 
computer. J Clin Exp Neuropsychol 2005;27:529–43. 

	50	 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief 
depression severity measure. J Gen Intern Med 2001;16:606–13. 

	51	 Zhu MM, Lai JSM, Choy BNK, et al. Physical exercise and glaucoma: 
a review on the roles of physical exercise on intraocular pressure 
control, ocular blood flow regulation, neuroprotection and glaucoma-
related mental health. Acta Ophthalmol 2018;96:e676–91. 

	52	 Williams PT. Relationship of incident glaucoma versus physical 
activity and fitness in male runners. Med Sci Sports Exerc 
2009;41:1566:1566–72:. 

	53	 Alhajj M, Zubair M, Farhana A. Enzyme Linked Immunosorbent 
Assay. StatPearls, 2023.

	54	 Bursa F, Yellowlees A, Bishop A, et al. Estimation of ELISA 
results using a parallel curve analysis. J Immunol Methods 
2020;486:112836. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

P
o

lytech
n

ic U
n

iversity
at T

h
e H

o
n

g
 K

o
n

g
 

o
n

 D
ecem

b
er 16, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
17 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-105971 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.1167/iovs.61.3.52
http://dx.doi.org/10.1123/japa.2020-0079
http://dx.doi.org/10.1371/journal.pone.0187220
http://dx.doi.org/10.1167/tvst.12.11.31
http://dx.doi.org/10.1007/s00417-023-06050-z
http://dx.doi.org/10.1177/1120672120977354
http://dx.doi.org/10.1177/1120672120977354
http://dx.doi.org/10.1186/s13063-016-1565-0
http://dx.doi.org/10.1177/0269215514542636
http://dx.doi.org/10.1093/ageing/afr146
http://dx.doi.org/10.1371/journal.pone.0129646
http://dx.doi.org/10.1016/S1013-7025(09)70007-7
http://dx.doi.org/10.1016/S1013-7025(09)70007-7
http://dx.doi.org/10.1016/j.archger.2012.01.009
http://dx.doi.org/10.1111/cxo.12517
http://dx.doi.org/10.1016/j.apergo.2022.103690
http://dx.doi.org/10.1167/iovs.18-25543
http://dx.doi.org/10.1186/s13643-020-01421-7
http://dx.doi.org/10.3389/fpubh.2024.1250299
http://dx.doi.org/10.3389/fpubh.2024.1250299
http://dx.doi.org/10.1089/g4h.2014.0057
http://dx.doi.org/10.1016/j.physio.2011.02.004
http://dx.doi.org/10.1016/j.gaitpost.2012.09.003
http://dx.doi.org/10.1016/j.jbmt.2020.01.005
http://dx.doi.org/10.1111/ggi.14771
http://dx.doi.org/10.1097/OPX.0b013e31822f4d6a
http://dx.doi.org/10.1097/IJG.0000000000001066
http://dx.doi.org/10.1097/00061198-200304000-00009
http://dx.doi.org/10.1016/j.bjpt.2018.03.004
http://dx.doi.org/10.1016/j.bjpt.2018.03.004
http://dx.doi.org/10.1111/jgs.16516
http://dx.doi.org/10.1111/jgs.16516
http://dx.doi.org/10.3758/s13414-016-1256-7
http://dx.doi.org/10.1038/nature01647
http://dx.doi.org/10.1111/nyas.14295
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.3390/jcm10194414
http://dx.doi.org/10.1097/MD.0000000000021228
http://dx.doi.org/10.1080/02701367.2020.1733456
http://dx.doi.org/10.1016/j.maturitas.2018.10.002
http://dx.doi.org/10.3390/s23167261
http://dx.doi.org/10.3390/s23167261
http://dx.doi.org/10.1097/NPT.0000000000000161
http://dx.doi.org/10.1097/NPT.0000000000000161
http://dx.doi.org/10.1186/s13063-024-08314-3
http://dx.doi.org/10.1080/13668250802683810
http://dx.doi.org/10.1080/13668250802683810
http://dx.doi.org/10.1016/j.humov.2018.02.004
http://dx.doi.org/10.1016/j.exger.2021.111448
http://dx.doi.org/10.3390/ijerph181910356
http://dx.doi.org/10.1002/bdm.2213
http://dx.doi.org/10.1080/13803390490515432
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://dx.doi.org/10.1111/aos.13661
http://dx.doi.org/10.1249/MSS.0b013e31819e420f
http://dx.doi.org/10.1016/j.jim.2020.112836
http://bmjopen.bmj.com/


14 Yihong P, et al. BMJ Open 2025;15:e105971. doi:10.1136/bmjopen-2025-105971

Open access�

	55	 Ku J, Kim YJ, Cho S, et al. Three-Dimensional Augmented Reality 
System for Balance and Mobility Rehabilitation in the Elderly: 
A Randomized Controlled Trial. Cyberpsychol Behav Soc Netw 
2019;22:132–41. 

	56	 Park E-C, Kim S-G, Lee C-W. The effects of virtual reality game 
exercise on balance and gait of the elderly. J Phys Ther Sci 
2015;27:1157–9. 

	57	 Chen P-J, Penn I-W, Wei S-H, et al. Augmented reality-assisted 
training with selected Tai-Chi movements improves balance 
control and increases lower limb muscle strength in older adults: A 
prospective randomized trial. Journal of Exercise Science & Fitness 
2020;18:142–7. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

P
o

lytech
n

ic U
n

iversity
at T

h
e H

o
n

g
 K

o
n

g
 

o
n

 D
ecem

b
er 16, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
17 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-105971 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.1089/cyber.2018.0261
http://dx.doi.org/10.1589/jpts.27.1157
http://dx.doi.org/10.1016/j.jesf.2020.05.003
http://bmjopen.bmj.com/


1BMJ Open 2025;15:e105971corr1. doi:10.1136/bmjopen-2025-105971corr1

Open access�

Correction: ‘Glaucoma rehabilitation with action video 
games and exercise: study protocol of an active-controlled 
trial (GRADE)’

Peng Y, Cheong AMY, Thompson B, et al Glaucoma rehabilitation with action video 
games and exercise: study protocol of an active-controlled trial (GRADE). BMJ Open 
2025;15:e105971. doi:10.1136/bmjopen-2025–1 05 971

This article has been corrected since it was published online. The order of authors 
has been updated from ‘Yihong Peng, Allen Ming Yan Cheong, Benjamin Thompson, 
Stanley Winser, Iris Lau, Venus Suen, Man Cheung’ to ‘Peng Yihong, Benjamin 
Thompson, Stanley Winser, Iris Lau, Venus Suen, Man Cheung, Allen Ming Yan 
Cheong’.

Open access  This is an open access article distributed in accordance with the Creative Commons Attribution Non 
Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is properly cited, appropriate credit is given, 
any changes made indicated, and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

© Author(s) (or their employer(s)) 2025. Re-use permitted under CC BY-NC. No commercial re-use. See rights and 
permissions. Published by BMJ Group.

BMJ Open 2025;15:e105971corr1. doi:10.1136/bmjopen-2025-105971corr1

Correction

http://bmjopen.bmj.com/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2025-105971corr1&domain=pdf&date_stamp=2025-09-28

	Glaucoma rehabilitation with action video games and exercise: study protocol of an active-­controlled trial (GRADE)
	Abstract
	Introduction﻿﻿
	Objectives

	Methods and analysis
	Participants
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Consent plan
	Interventions
	AVG intervention
	PT intervention

	Criteria for discontinuing or modifying allocated interventions
	Strategies to improve adherence to interventions
	Relevant concomitant care permitted or prohibited during the trial
	Provisions for post-trial care
	Outcomes
	Primary outcome measure
	Secondary outcome measures
	Static balance measures
	Dynamic balance measures
	Visual-cognitive function
	Patient-reported outcome measures
	Exploratory outcome measures


	Sample size
	Assignment of interventions: allocation and blinding
	Data collection and management
	Statistical methods for primary and secondary outcomes
	Interim analyses
	Methods for additional analyses (eg, subgroup analyses)
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data
	Plans to give access to the full protocol, participant-level data﻿﻿﻿﻿ and statistical code

	Ethics and dissemination
	Composition of the coordinating centre and trial steering committee
	Composition of the data monitoring committee, its role and reporting structure
	Adverse event reporting and harms
	Frequency and plans for auditing trial conduct
	Plans for communicating important protocol amendments to relevant parties (eg, trial participants, ethical committees)
	Ethics approval
	Dissemination plans

	Discussion
	Trial status

	References

	/content/bmjopen/vol15/issue9/pdf/e105971corr1.pdf
	Correction: ‘Glaucoma rehabilitation with action video games and exercise: study protocol of an active-­controlled trial (GRADE)’


