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Abstract

Background: Age-related vision impairment and dementia both become more prevalent with increasing age. Research into the
mechanisms of these conditions has proposed that some of their causes (e.g., macular degeneration/glaucoma and Alzheimer’s
disease) could be symptoms of an underlying common cause, or may be equally linked to a multifactorial context in frailty and
aging. Research into sensory-cognitive aging has provided preliminary data that sensory decline may be linked to the progression
of dementia through the concept of sensory deprivation. Preliminary data in hearing loss rehabilitation support the idea that
improved hearing may have a beneficial effect on cognitive functioning; however, there are to date no data available to examine
whether low vision rehabilitation, specifically for reading, could have an equally protective or beneficial effect on cognitive
health. The present proposal aims to fill this gap.

Objective: The research questions are the following: 1. Does low vision rehabilitation reduce reading effort? 2. If so, does
reduced reading effort increase reading activity, and 3. If so, does increased reading activity improve cognitive (memory)
functioning? The objectives are to evaluate cognitive functioning and memory before, and 6 and 12 months after low vision
reading rehabilitation using magnification in patients with age-related macular degeneration or glaucoma, compared to age-
matched healthy controls, and to correlate participant characteristics with all cognitive outcome variables in order to identify
potential mediators, moderators or confounders.

Methods: We will employ a quasi-experimental approach (non-randomized, pre-post intervention study), an approach frequently
used during the evaluation of health interventions. A 3x3 design (3 groups x 3 time points) will allow us to examine whether
cognitive performance will change before and after 6 and 12 months of a low vision reading intervention, when comparing low
vision and dual sensory impaired (vision & hearing) patients to age-matched controls with age-normal vision and hearing. We
will recruit 150 newly referred clients, as well as 50 age-matched controls. The study includes outcomes measures of vision (e.g.,
reading acuity and speed), cognition (e.g., short-term and long-term memory, processing speed), as well as potential descriptors,
demographics, clinical data and co-variants (e.g., speech perception in noise, depression, anxiety, stress).
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Results: To analyze these data, we will examine change in cognitive test scores from baseline over time using mixed-effects
regression models, adjusting for level of vision and hearing impairment as fixed or random effects, and compare across sensory
groups. Additional analyses will include latent factor analysis to explore whether specific clusters of variables are specifically
associated with improvements in cognitive functioning and/or improved reading ability.

Conclusions: We anticipate that evidence of protective effects caused by reading rehabilitation will have a considerable impact
on the vision rehabilitation community and their clients as well as all professionals involved in the care of older adults with or
without dementia. If we can demonstrate that reading rehabilitation has a beneficial effect on cognition, the demand for such
rehabilitation services will likely increase at an accelerated rate, potentially preventing cognitive decline across multiple groups
of older adults, including those at risk or already affected by early signs of macular degeneration. Clinical Trial:
ClinicalTrials.gov ID: NCT04276610; Unique Protocol ID: CRIR-1284-1217; https://clinicaltrials.gov/ct2/show/NCT04276610
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Introduction: 

Age-related vision impairment and cognitive impairment become more prevalent with increasing
age1–4. Research into their mechanisms has suggested that for some of these conditions (e.g., macular
degeneration/glaucoma and Alzheimer’s  disease)  there may be an underlying common cause5.  A
pressing goal of sensory-cognitive aging research is to investigate the possibility that age-related
sensory deprivation may accelerate the progression of cognitive decline6. For example, hearing loss
in  mid-life  has  been  identified  as  the  strongest  potentially  modifiable  risk  factor  for  cognitive
impairment in later life7. Research has demonstrated that hearing rehabilitation may have a beneficial
effect  on  cognitive  functioning  insofar  as  improving  the  quality  of  auditory  input  may  reduce
cognitive demands during listening in everyday activities8.  While there are promising findings to
support this for hearing rehabilitation, there is no evidence available on whether improving visual
function through low-vision rehabilitation, specifically for reading, could have a similar protective or
beneficial effect on cognitive health. Given that low-vision rehabilitation has been shown to be most
effective for enhancing reading performance9,  the present proposal aims to answer the following
questions:

 Does  improved  reading  performance  (reducing  cognitive  effort/demand  during  reading)
improve cognitive functioning in older adults with age-related vision loss?

 Is this effect equally strong in individuals who have visual impairment only compared to
those with dual vision and hearing impairments?

The Co-morbidity of Ocular Disease and Cognitive Impairment 
There is a growing body of evidence linking age-related eye disease such as macular degeneration
(AMD) with changes in cognitive functioning and cognitive impairment due to Alzheimer’s Disease
(AD)10–14. The prevalence of AMD and AD increases with increasing age 1–4;  both conditions share
many risk factors (e.g., smoking, obesity, age, and unhealthy diet 15) and their co-morbidity has been
reported to be higher than what would normally be expected if they were independent of each other
16–18. Studies have provided evidence that both the anatomical changes observed in AMD (e.g., drusen
development in the retina) and in AD (e.g., formation of plaques in the brain) are symptoms of a
common underlying disease mechanism within the central nervous system 19–21.  It is not surprising
that there is also overlap between the behavioural aspects of AMD and cognitive impairment; for
example, the presence of symptoms such as social disengagement and functional impairments may
be present as a result or either or both conditions. Given this mixed evidence about possible causal
and  correlational  links  between  both  diseases,  additional  investigation  is  needed  to  explore  the
mechanisms underlying connections between visual and cognitive impairment and whether or not
they can be modified by interventions.

Studying Sensory and Cognitive Loss – An International, National and Local Priority
Treatment and prevention options for cognitive impairment have become a central focus and priority
for all stakeholders in health care research around the globe. In Canada, the Senate Report on the
need  for  a  Canadian  Dementia  Strategy  was  released  in  201722 and  resulting  recommendations
started to be rolled out in 201923 . These initiatives specifically refer to the importance of vision and
hearing health research.  Internationally,  a recent publication in  The Lancet 24 described cognitive
impairment as the most challenging threat to population health in our century, and pointed out that
hearing loss may be the largest potentially modifiable risk factors for cognitive impairment. Low
vision rehabilitation (e.g., magnification strategies and reading rehabilitation) is notably absent from
this review paper.  However,  there is simply a lack of evidence from longitudinal or intervention
studies regarding the links between visual loss and cognitive impairment.  Some researchers have
indicated that improvement of vision through cataract surgery has resulted in improved cognition25,26;
however, these results did not always replicate  27,28. This may in part be explained by the fact that
some of these researchers chose to utilize cognitive measures29 that contain items that require vision
without any adaptations to confirm visibility of these test  items, while others utilized non-visual
measures of cognition30,31. The main technique to improve visual input for reading in the presence of
low vision has  been magnification;  however,  vision rehabilitation  has  never  been systematically
evaluated using cognitive outcome measures. The purpose of our proposed study is to fill this void
by examining cognitive abilities in older adults  with AMD before and after they undergo vision
rehabilitation for reading.
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Low Vision Makes Reading More Effortful
The  Framework for Understanding Effortful Listening can be used to illustrate how listeners may
engage in effortful listening by allocating more cognitive resources to meet the demands imposed
during listening in challenging conditions (such as when an individual has hearing loss and/or there
is  noise)  8,32.  Importantly,  when  some  cognitive  resources  are  diverted  to  listening,  remaining
cognitive  resources  may  be  insufficient  for  listeners  to  rapidly  or  accurately  comprehend  or
remember what was heard. The same logic can be applied to effortful viewing/reading to explain
why the presence of central visual impairment has repeatedly been shown to reduce reading speed
33,34. Increased cognitive load leads to a decrease on the attentional visual window35. As individuals
with  vision  loss  find  reading  more  effortful,  thus  experiencing  a  higher  cognitive  load,  their
attentional window should shrink. Processing of visual information in the retinal periphery (as is
necessary  in  persons  living  with  macular  degeneration)  is  slower  and not  as  efficient  as  in  the
macular  region  36,  in  both  younger  and  older  observers37.  In  addition,  low  vision  affects  eye
movements during reading, thereby shrinking the perceptual window even further where letters are
processed, likely due to the increase in the cognitive demand38. 

Low Vision Rehabilitation Reduces Reading Effort
The  effectiveness  of  LOW  VISION  rehabilitation  has  been  demonstrated  repeatedly  39,40.  A
systematic  review confirmed that  there  is  strong evidence  that  low vision  reading rehabilitation
services improve reading ability overall  9, whether by using magnification devices (e.g., hand-held
magnifiers, CCTVs, or zoom functions on an iPad41,42) or large print, with both methods having been
shown to be equally effective  43. Increasing reading performance (e.g., increasing reading speed at
decreased print size, or improving comprehension) is frequently the main target for improvement
during rehabilitation, and it has been used as the primary outcome measure in recent clinical trials
demonstrating the effectiveness of low vision treatments9,44. Clients with low vision can be trained to
use  either  closed-circuit  television  video  magnifiers,  or  mechanical  magnification  devices  (e.g.,
hand-help  magnifiers,  telescopes)  to  help  improve  reading  performance  by up to  200%  45.  One
central  underlying  goal  of  low  vision  rehabilitation  is  to  reduce  the  effort  that  is  required  to
accomplish  visual  tasks  in  the  presence  of  a  visual  impairment  46.  Measuring  this  effort  (or  its
reduction) can be done subjectively by simply asking participants whether they perceive less effort
during completion of these task. However, there are also a variety of observable variables that can be
used as a proxy for measuring reduced effort. In the context of reading, they are improved reading
speed (reading becomes faster as it  becomes easier),  and improved reading comprehension (less
effort  liberates  cognitive  resources  for  processing  and  retention).  Interestingly,  the  findings  for
reading comprehension in the presence of low vision are mixed 47, as reading speed (as an indicator
of effort), scotoma size, and visual acuity all influence comprehension. However,  most studies on
low vision reading are small and underpowered. Therefore, it is hard to control for factors such as
scotoma size or acuity impairment, a problem we hope to overcome in our proposed project.

The Link between Reading and Cognition 
Reading is a complex process that involves bottom-up visual processing to enable grapheme (i.e.,
letter) recognition that in turn enables grapheme-to-phoneme conversion, leading to word recognition
and the identification of morpho-semantic,  syntactic and pragmatic features of lexical  items that
ultimately  results  in  sentence  and  discourse  comprehension  of  complex  texts  such  as  stories48.
Because reading is sub-served by a number of cognitive processes, including attention, memory and
working memory, there is a symbiotic relationship between reading and cognitive processing as has
been  documented  extensively  in  the  psycholinguistic/neurolinguistic,  and  imaging  literature  49,50.
Notably, a number of studies have shown that engaging in high-level cognitive activities, such as
reading text,  appears  to  preserve  cognition.  The  frequency  of  participation  in  activities  that  are
mentally stimulating, such as reading, is associated with lower risk of incident Alzheimer’s disease50–

52.  More recently, studies have also linked reading and engaging in higher-level cognitive activities
with increased cognitive reserve, that in turn is associated with more tolerance of AD pathology and
stimulation of brain plasticity 53–56. 

Does  Reduced Reading Effort  Allow for Increased Reading Activity,  Leading to  Improved
Memory/Cognition?
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Recently, researchers focusing on cognition and AMD have reported correlations between sensory
and cognitive variables  in  the expected directions;  for  example,  individuals  with faster  readings
speeds demonstrated better scores on the Montreal Cognitive Assessment57,58. Given the information
reviewed above, the logical direction for our investigation into the functional connection between
low vision and cognition is to examine the possible effects of reading rehabilitation on the cognitive
abilities of low vision rehabilitation clients over time.  In order to dis-entangle the effects of visual
and cognitive impairments in older adults, members of this research team have adapted cognitive
tests so they can be administered to individuals with low vision 59,60. In parallel, we are also in the
process of developing a vision-screening test that can be administered to individuals with various
levels of cognitive impairment 61,62. This investigation will guide our future research efforts into the
improvement  of  service  provision  in  low vision  rehabilitation  for  the  purpose  of  increasing  the
independence and cognitive health of older adults living with low vision.

The objectives are to:
 Evaluate  cognitive  functioning  before,  and  6  and  12  months  after  low  vision  reading

rehabilitation using magnification in AMD clients, compared to those with dual (vision and
hearing) impairments, and age-matched controls;

 Correlate participant characteristics with all cognitive outcome variables in order to identify
which variables may play an important role in mediating or moderating the benefit of reading
rehabilitation on cognitive outcomes in this population 

Hypotheses: 
 Measures of reading effort (self-reported reading effort, reading speed and comprehension)

will  be  statistically  significantly  improved  after  participants  with  AMD  have  received
rehabilitation to develop reading strategies and use tools to facilitate reading. This effect will
be smaller for persons with combined vision and hearing impairment.

 Measures of reading behaviour will be negatively correlated with measures of reading effort
(e.g., participants who report less effort will read a greater amount, more frequently and for
longer). 

 Individuals who subjectively report reduced reading effort and engage in more reading will
demonstrate  improved  scores  on  cognitive  tests  6  and  12  months  after  having  received
rehabilitation  strategies  and  tools,  compared  to  those  whose  reading  behaviour  remains
unchanged.

 Individuals who demonstrate objectively measurable reduced reading effort will demonstrate
improved scores on cognitive tests 6 months after having received rehabilitation strategies
and tools, compared to those whose reading effort measured remains high. 

Methods:

The protocol has been peer-reviewed (see Multimedia Appendix 1) and funded for its first 2 years by
the  Fonds de recherche Quebec -  Santé & Fondation Turmel  and an additional  third year  by a
Canadian Institutes of Health Research Project Grant within a Patient-Oriented Research Priority
Announcement. This study has been registered with ClinicalTrials.gov (ID: NCT04276610). Ethics
Approval has been obtained through the Comité d'éthique de la recherche of the Centre de recherché
interdisciplinaire  en  readaptation  du  Montreal  metropolitain  (CRIR#1284-1217) which  is
responsible for research protocols involving recruitment from the clinical partners (local sensory
rehabilitation centres) within this study: the  Centre de réadaptation MAB-Mackay du CIUSSS du
Centre-Ouest-de-l’Île-de-Montréal,  and  the  Institut  Nazareth  et  Louis-Braille  du  CISSS  de  la
Montérégie-Centre.

Study  Design: We  will  employ  a  quasi-experimental  approach  (non-randomized,  pre-post
intervention study)63, an approach frequently used during the evaluation of health interventions  64.
Specifically, a 3x3 design (3 groups x 3 time points) will allow us to examine whether cognitive
performance will change over time from before to after 6 and 12 months of a low vision reading
intervention.  Our  rehabilitation  center  partners  generally  implement  reading  tools  and  strategies
within 3 months of the initial optometric assessment. Therefore, we chose 6 and 12 months as time
points where these interventions are completed and participants have had at least 3 months to engage
in reading. The cognitive measures listed below were chosen because improvement in performance is
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reasonable to be observed within this timeframe. Change over time will be compared between low
vision and dual sensory impaired (DSI) participants, and to age-matched controls with age-normal
vision and hearing65 who will be matched on presenting gender, age and education. Participants will
be audio-recorded throughout  several  of  the tasks to  ensure the highest  level  of precision when
inputting and analysing data, and to help reduce the overall testing time.  All aspects of the study
design and data analysis have been submitted as a stage 1 pre-registered report (ClinicalTrials.gov
ID: NCT04276610).
Recruitment:  We  will  recruit  150  new  clients  (65+  years  of  age)  referred  for  low  vision
rehabilitation  to  either  of  the  two  vision  rehabilitation  centres  in  Montreal  (Lethbridge-Layton-
Mackay and Institut  Nazareth  et  Louis-Braille),  and 50 age-matched older  adults  without  visual
impairment (visual acuity better than 20/40 in the better eye, no diagnosis of visual impairment in the
last 12 months). They will be recruited from family members of particiapnts, as well as through open
advertisements in public media and senior groups. In addition, we have access to the  Banque des
participants of the  Centre de recherche institut universitaire de geriatrie de Montreal (n > 1000).
Using  this  database,  it  will  be  possible  to  match  our  control  participants  to  the  intervention
participants on variables such as age, presenting gender, education, and other potential variables of
interest such as MoCA score). Participants are required to have a diagnosis of AMD (any type), not
currently be undergoing any medical treatment for their AMD (e.g., anti-VEGF injections), and must
potentially be able to benefit from a magnification intervention for the purpose of improving their
ability  to  read.  This  reading  intervention  requirement  (see  description  in  data  collection  section
below) will likely result in a large number of eligible participants as reading has been reported to be
the number 1 complaint of individuals seeking vision rehabilitation66. All participants need to be able
to communicate in either English or French (their choice of dominant language), and have a visual
acuity in the better eye of 20/60 or less with best standard refraction, according to the admission
criteria for eligibility for rehabilitation services in Quebec  67. DSI participants are eligible with an
additional unaided pure-tone average (PTA) hearing loss across 4 frequencies (0.5, 1, 2 and 4 kHz) in
the better ear between 26 dB and 70 dB HL68. Those with a PTA >= 70 dB HL in their better ear are
likely to have severe problems in speech communication and will be excluded from recruitment. In
order to facilitate the administration of informed written consent, and to focus on older adults with
the  necessary  cognitive  capacities  to  complete  a  somewhat  lengthy  protocol,  individuals  with
advance cognitive impairments or a diagnosis of AD will be excluded from the study. Based on past
experience, because we will recruit participants over the phone, those with more severe degrees of
hearing impairment would be unlikely to be recruited for the project. Our pilot study57,58 indicated
that we will be able to recruite at least 3 AMD participants per week, making the recruitment target
goal feasible to achieve within 18 months. Given the familiarity of the team members of working
with this population, it is our experience that recruitment is most successful when we offer the choice
of coming to the lab space at either rehab centre or to be visited in their home for data collection.
Therefore, informed written consent will be obtained and data will be collected either in the home or
the lab at the first in-person meeting. Accordingly, the procedures are developed accordingly to be
easily portable.

Measures: The study includes outcome measures of vision (e.g., reading), cognition (e.g., memory),
as well as potential descriptors, clinical data and co-variants (e.g., hearing, demographics, depression
etc.)
Cognitive  Outcome  Measures: Given  the  visual  impairment  of  rehabilitation  participants,  all
cognitive outcome measures were chosen because they rely on auditory presentation only, and to not
require vision to be administered or completed. We will investigate the potential effect of reading
rehabilitation  on  three  relevant  areas  of  cognitive  function.  The  first  will  be  auditory  episodic
learning and memory, assessed using the Rey Auditory Verbal Learning Test (RAVLT)69. Then, we
will  assess  general  auditory  working  memory  assessed  using  the  WAIS-IV  Letter  Number
Sequencing task70. Another measure used to assess the cognitive functioning is the Oral Trail Making
Test parts A & B71, evaluating  sequential set-shifting without the motor and visual demands of its
written counterpart, thereby ideally adapted for persons with a visual impairment72. Verbal fluency
will  be measured with the letters  F,  A and S,  as well  as  by naming animals  73.  Lastly,  we will
administer the adapted version of the Montreal Cognitive Assessment (MoCA)59,74 for persons with
visual impairment, should their visual impairment be too severe to administer the standard visual
items.  This  measure  will  provide  additional  information  regarding  the  participants’  cognitive
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abilities. These measures were chosen because they cover a wide range of cognitive functions, they
are all administered in the auditory domain and thus will not be affected by a visual impairment, and
have good psychometric properties. In other words, should performance on these cognitive measures
improve following the vision rehabilitation program, the improvement should be attributable to the
benefit  of increased visual  function on cognitive stimulation as opposed to  merely being due to
improved  perception  of  the  stimuli  involved  in  the  tests.  Note  that  their  administration  can  be
adjusted to make instructions audible for persons with concurrent hearing loss. Moreover, they assess
cognitive  domains  that  have  been  shown to  predict  everyday  function  in  older  adults:  episodic
learning and memory75, processing speed76, and working memory77. In addition, we have aimed to
harmonize  as  many  of  our  cognitive  measures  as  possible  with  those  utilized  in  the  Canadian
Longitudinal Study on Aging, in order to increase the possibilities to compare our findings to that
larger data set for 30,000 Canadians for whom baseline and first follow-up data are available78.

Reading Outcome Measures: 
To subjectively assess reading and reading effort, we will administer a questionnaire about reading
habits developed specifically to evaluate the extent and frequency to which an individual engages in
reading  activities  during  their  activities  of  daily  living,  including  reading  for  entertainment  or
education.  This measure has previously been employed by our team41 and includes questions on
language background (e.g., mother tongue, language proficiency), assessed self-reported proficiency
in reading (1=no ability, 5=fluent ability), and reading habits before and after onset of low vision
(e.g.,  frequency, enjoyment, type of reading), and enjoyment of reading. In order to evaluate the
subjective experience of reading effort, participants will be asked: “When considering you vision, is
reading easy, somewhat difficult,  very difficult or impossible?”. Ambient lighting at home in the
room where participants generally read will be measured using a Digital Illuminance Meter (model
LX1330B, Dr. Meter, Union City, CA). In addition, participants will be asked to read English or
French paragraphs from the International Reading Speed Test79. It includes reading comprehension
questions that have previously been developed and used in our lab in the context of a low vision
reading evaluation using the iPad as a magnification device  41. They will also read the English or
French version of the MNRead chart 80, a clinical assessment chart that allows for the measurement
of  reading  acuity  (smallest  print  read),  reading  speed  (in  words  per  minute),  critical  print  size
(smallest print at which reading speed is still optimal), and the Reading Accessibility Index81, which
considers reading ability over a range of print sizes. Finally, we will administer a semantic judgment
task where participants must first read a sentence (prime) and then decide whether the word (target)
that  completes  the  sentence  makes  sense  to  them  or  not.  An  equal  number  of  congruent  and
incongruent sentences are included and dependent variables are accuracy and speed. During this task,
we obtain measures on the response speed and accuracy, allowing us to evaluate reading speed,
vocabulary comprehension and ability to judge content congruency82,83.

Measures of Participant Characteristics
Depression, Anxiety, Stress:  Not surprisingly,  the onset of age-related vision loss due to

AMD is often accompanied with a multitude of emotional responses that can potentially interfere
with the success of low vision rehabilitation. Therefore, the Depression, Anxiety and Stress Scale 84

will be included in the protocol in order to identify individuals whose rehabilitation outcomes might
be  influenced  by  their  psychological  state;  however,  they  are  not  excluded  depending  on  this
measure. This 21-item questionnaire shows exquisite psychometric properties and has been validated
in both English and French 85. 

Hearing Assessment: Given that the cognitive assessment is designed in such a way that
vision is not required for the administration of the auditory testing materials, but given that hearing
loss may influence the measurement of cognition  e.g.,  86 and has been identified as a risk factor for
cognitive impairment 24, hearing ability will be assessed as part of the protocol. Integrity of the ear
canal will be inspected using the Welch Allyn 22820 PocketScope Otoscope, and the presence of any
abnormalities will be noted. In order to consider hearing ability during the cognitive assessment  8,
participants will complete a pure-tone audiogram with a portable audiometer (Maico MA41 from
GénieAudio), using Radioear DD45 earphones, to establish a mean unaided decibel hearing level
(dB HL) threshold across 0.5, 1, 2, and 4 kHz in each ear. We will document the ambient sound
levels  during  testing,  using  the  Decibel  X  app  by  SkyPaw  Co.  Ltd.,  because  testing  may  be
conducted in participants’ homes. Ambient noise levels will be used to statistically explore potential
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noise  effects  on  hearing  thresholds.  For  individuals  who  experience  difficulties  hearing  the
experimental  protocol  instructions,  a  Williams  Sound  Pocketalker
(https://www.williamssound.com/pocketalker) will be used to provide amplification. In addition to
pure-tone audiometric thresholds, speech-in-noise thresholds will be measured using the Canadian
Digit Triplet Test in either English or French  87. Participants will complete the Hearing Handicap
Inventory  for  the  Elderly  (HHIE)  questionnaire88,89 and  three  individual  questions  about  hearing
ability  which  assesses  their  perception  of  difficulties  with  activities  of  daily  living  that  require
hearing 88. These hearing assessments are the same as those that have been used or are planned for
the Canadian Longitudinal Study on Aging (CLSA)  90, thereby allowing us to cross-reference and
compare data from both studies and optimize our ability to place our intervention findings in a larger
Canadian context.

Clinical Variables: As part of any low vision exam, the eye care professionals within each of
the  rehabilitation  centres  record  key  variables  in  the  clients’ charts  that  will  be  available  for
extraction by the research team as described in the study consent. They include, but are not limited
to: diagnoses (ocular and otherwise), monocular and binocular visual acuity (distance on ETDRS91

and near on MNRead80 charts), contrast sensitivity (Mars chart92),  visual field diameter (Octopus
perimeter), type and duration of rehabilitation services provided (e.g., computer rehab, orientation &
mobility services), type of assistive devices that were prescribed and provided (please note that these
devices are free loans for life through Quebec Health Insurance/Régie de l'assurance maladie du
Québec; therefore, income is not a barrier to device use). The file contains information about the
type, frequency and intensity of vision rehabilitation strategies that were implemented and trained
(e.g., provision of improved lighting, strategies to read while placing materials on reading stands at
the  appropriate  distance).  In  addition,  the  file  contains  basic  demographic  information  (e.g.,
presenting gender, age, living situation). These clinical variables will be available to the research
team for statistical control and analysis.

Power  and  Sample  Size:  Effect  sizes  in  vision  rehabilitation  in  the  past  have  ranged  from
approximately Cohen’s d = .20 to 2.59. Since there are no existing effect size estimates for cognitive
ability in the context of low vision rehabilitation, we are applying these values as a guide line: Using
an average value of d = 1.0, and converting this value into variance accounted for (r2 = .20 93), we can
estimate a required sample size. Using a 3x3 (group x time point) within-between design for Analysis
of Variance, power analysis using gPower 94 indicates that a total sample size of n = 141 allows us to
detect small effect sizes of .15 or greater, with an alpha of 0.05 and a desired power of .95. We
expected an attrition rate of around 10% at each time point based on our previous research with older
visually impaired adults 95,96. Therefore, a sample of 200 (to yield 150 clients, 50 controls) should be
sufficient  for  our  protocol.  This  goal  is  feasible  given  an  average  of  3000  new  referrals  to
rehabilitation in Montreal per year.

Data Collection
Time  1  –  Pre-Reading  Rehabilitation:  Participants  will  complete  the  questionnaires,  and  the
hearing, reading and cognitive assessment components of the study between their initial global intake
exam and their first rehabilitation appointment. Because this period can vary by 3 months depending
on waiting lists, we will track whether any substantial changes in health have occurred during this
period  that  could  influence  eligibility  or  data  collection  (see  Figure  1  for  Study  structure  and
timeline).
The Low Vision Evaluation and Reading Intervention is delivered through rehabilitation services
at the partner centers that are regulated by the Quebec Ministry of Health: Following Time 1 (within
3 months), participants will receive the full complement of services available and deemed suitable by
their clinical staff and rehabilitation professionals at either rehabilitation centre. Both centres offer
comparable  services,  including  the  provision  of  assistive  devices  and  services  regulated  by  the
Quebec  Health  Insurance.  These  services  are  similar  to  those  provided within  the  Blind  Rehab
Centers of the Veterans Affairs service offer in the USA 39,40 and include but are not limited to: a full
optometric  exam  to  determine  functional  vision,  including  refraction  and  the  prescription  of
appropriate near and distance glasses and optical devices. This is followed by an assessment by a low
vision therapist and/or occupational therapist who will establish the client’s functional priorities and
rehabilitation goals. They provide hand-held optical magnification devices, electronic non-optical
magnification  devices  (e.g.,  portable  or  table-top  closed-circuit  TVs),  or  computer  software  for
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screen content magnification (e.g., ZoomText). All are provided free of cost for the client and with
appropriate training and follow-up sessions in the home within 3 months as required. Participants
may undergo a systematic lighting assessment in their home 97–99 and may receive specific lighting
recommendations  that  will  improve their  reading ability.  In addition,  clients  will  have access  to
referral services such as orientation & mobility training (for independent travel), registration for an
adapted adult  day centre for individuals with sensory loss100,  as well  as the possibility to access
psychosocial  services,  counsellors,  social  workers  or  other  mental  health  professionals.  The
provision of assistive devices for magnification and reading is generally linked to a follow-up visit in
the client’s home 3 weeks after the initial rehabilitation appointment, in order to observe the use of
the devices and strategies in the environment where the client lives. It is at this point that a decision
is  made  with  the  client  whether  the  devices  are  useful  and  will  be  assigned  to  the  client  as  a
permanent loan. Should additional needs emerge, the client is at liberty to contact the rehabilitation
centre at any time to initiate a new service episode.
Time 2 – 6-Months and  Time 3 – 12-Months Follow-Up:  Six and 12 months  after  the initial
rehabilitation  appointment,  the  research  assistant  will  meet  with  each  participant  (at  home  for
rehabilitation participants, in the lab with control participants) in order to repeat the experimental
protocol, and all reading, cognitive and hearing measures will be administered each time. Data from
the rehabilitation charts detailing all delivered rehabilitation interventions will be extracted after the
12-month follow-up. 

Analysis of Anticipated Results:

Statistical  Analysis  – Functional measures: To analyze these data,  we will  examine change in
cognitive test scores from baseline over time using linear mixed effect models, adjusting for level of
vision and hearing impairment as fixed or random effects, individuals as random effects (allowing us
to maintain sample size if a variable is missing from each participant), and compare across sensory
groups (low vision /DSI/Control). The analyses will include consideration of potential moderators or
confounders (i.e., presenting gender, age, education). We will assess each model’s fit of these data
using  the  F-ratio  from the  mixed  effect  model,  as  well  as  the  Akaike  information  criterion.  In
addition, we will calculate effect sizes, confidence intervals and Bayes Factors for all main effects,
interactions, and all post-hoc analyses. 
When reflecting on the question of a control group, we further consulted with the rehabilitation
centres  and discussed recruitment  approaches  and limitations;  however,  for  practical  and ethical
reasons we are not able to withhold rehabilitation services from a possible comparison group, and
waiting times are too varied across the centers and seasons of the year to allow for a waiting-list
control group. As a result, we are proposing a quasi-experimental repeated-measures design with the
intent to let the participants act as their own comparison across time points. 
In addition, the data allow us to follow potential exploratory avenues of analysis: 
1) If the recruited participants naturally divide into individuals whose reading effort was reduced and
their  reading activity  has  increased,  versus those where we do not  observe a  change in  reading
behaviour,  we can compare these two groups directly  (e.g.,  while  still  considering their  hearing
status, or their presenting gender);
2) If no such clear division occurs but participants naturally distribute along a continuum of reading
effort and reading behaviour variables, we can simply use the reading measure(s) as predictors to test
whether  any/all  of  the  reading  effort  measures  emerge  as  significant  co-variates,  and  examine
whether cognitive scores improved over time across our three groups, after removing the effect of
reading rehabilitation success. 
3) Finally, we will use latent factor analysis to explore whether specific clusters of variables are
specifically associated with improvements in cognitive functioning and/or improved reading ability.
This analysis will be led by Swenor, together with Johnson and Wittich.

Sex & Gender: The present study will not include any biological measures of sex. With regards to
presenting gender, we will pay specific attention to the binary men/women ratio in the sample as
recruitment will likely result in a larger number of women who will participate, given their increased
lifespan and larger client numbers in vision rehabilitation settings. In addition, contradicting gender
differences in openness to the acceptance and use of assistive technology have been reported 101–103,
which  directly  impacts  on the  potential  benefit  of  reading rehabilitation approaches  that  include
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electronic  magnification  (e.g.,  the  use  of  an  iPad41,42).  Therefore,  presenting  gender  will  feature
prominently in our statistical analyses.

Limitations & Mitigation Strategies: 
Given the logistics of having the reading intervention delivered through services that are regulated by
the Quebec Ministry of Health, we place our trust in the quality of rehabilitation service delivery
without being able to control this aspect of the study; however, we believe that this trust is well
deserved,  given the quality  and type of care provided in Quebec104–106.  It  is  likely that a certain
number of participants will self-select not to complete the 1-year follow-up or to abandon parts of the
recommended  intervention  tools  and  techniques.  Therefore,  we  will  examine  differences  in
participant  characteristics  and  consider  intent-to-treat  within  the  statistical  analyses.  We  expect
certain variability in the cognitive status of our participants, ranging from age-normal cognition to
mild  or  moderate  cognitive  impairment  (e.g.,  MoCA score  of  14/30  or  above).  This  pragmatic
approach to recruitment is chosen intentionally as we speculate that the beneficial effect of reading
rehabilitation may become apparent at  different levels of magnitude,  depending on the cognitive
starting point; however, this remains speculation at this point. Our statistical analyses will need to
consider this additional source of variability.

Status  Update: Recruitment  began  on  April  24th 2019.  As  of  March  13th 2020,  38  low vision
participants and 7 control participants had been enrolled. Recruitment has been paused due to lock-
down on this date and will recommence once the COVID-19 crisis has passed to a point where face-
to-face data collection with older adults become feasible again. Meanwhile, a publication of the base-
line data collected so far is planned for the summer of 2020. Please note that the originally submitted
grant  application  to  the  Canadian  Institutes  of  Health  Research  also  included  a  brain  structure
measurement component, using MRI scans, but this component has been removed from the present
protocol due to funding limitations.

Integrated Knowledge Translation (iKT) strategy: Established collaborations with the Sense-Cog
group  in  Europe  (https://www.sense-cog.eu/),  Envision  University  in  the  USA
(https://university.envisionus.com/Home)  and  the  CCNA KT team (https://ccna-ccnv.ca/) provide
access  to  sensory-cognitive-specific  KT  networks  that  will  facilitate  the  distribution  and
implementation of our findings. In addition, we have secured specific iKT collaboration with the
Center for Interdisciplinary Rehabilitation Research of Greater Montreal (https://crir.ca/), Envision
University (https://university.envisionus.com/Home) and the annual Envision Conference in Wichita,
Kansas  (https://www.envisionus.com/Research-Continuing-Education/Envision-Conference).
Swenor, as a visually impaired scientist107 and a team member brings a unique and important KT,
equality  and  inclusion  perspective  to  the  project.  Our  close  partnerships  to  local  sensory
rehabilitation agencies (represented by Lizé and Maynard) allow for an ongoing exchange to ensure
that  the  project  development  remains  clinically  relevant  while  allowing  us  the  expand  sensory-
cognitive health science. All collaborators and partners will participate in the development of a Café
scientifique (https://hospitalnews.com/cafe-scientifique-making-health-research-available-to-the-
public/)  at project completion. This type of public open science dissemination event is designed to
disseminate the results at a clinical level, and inform stakeholders as well as participants and their
friends  and  family  of  the  study  outcomes.  In  addition,  dissemination  and  continuing  education
courses will  be developed for Envision University online as well  as for Envision Conference in
person. 
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Figure Captions

Figure 1. Overview of the study structure, timeline and variables to me measured.
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