
Journal of Parkinson’s Disease 13 (2023) 1225–1237
DOI 10.3233/JPD-230124
IOS Press

1225

Research Report

Reading Difficulties in Parkinson’s Disease:
A Stepped Care Model for Neurovisual
Rehabilitation

Iris van der Lijna,b,∗, Gera A. de Haana,b, Fleur E. van der Feena,b, Anne C.L. Vrijlingb, Catharina
Stellingwerfb, Anselm B.M. Fuermaiera, Pia Langenberga, Teus van Laarc and Joost Heutinka,b

aDepartment of Clinical and Developmental Neuropsychology, University of Groningen, Groningen,
The Netherlands
bRoyal Dutch Visio, Centre of Expertise for Blind and Partially Sighted People, Huizen, The Netherlands
cDepartment of Neurology, University of Groningen, University Medical Centre Groningen, Groningen, The
Netherlands

Accepted 8 September 2023
Pre-press 28 September 2023
Published 3 November 2023

Abstract.
Background: People with Parkinson’s disease (PD) frequently experience reading difficulties. Little is known about what
functional impairments distinguish people with PD with and without reading difficulties and how these should guide
rehabilitation.
Objective: To provide concrete advice for an efficient stepped care model for reading difficulties in PD, based on extensive
functional assessments.
Methods: This study included 74 people with PD in a neurovisual rehabilitation setting who underwent assessment of
visual, visuoperceptual, and cognitive functions. Outcomes were compared between those with frequent (RD+; N = 55) and
infrequent reading difficulties (RD–; N = 19). Aids and advice provided during rehabilitation were registered.
Results: Only a few functions appeared to distinguish RD+ and RD–. Visual functions (i.e., contrast sensitivity, g = 0.76;
reading acuity, g = 0.66; visual acuity, g = 0.54) and visuoperceptual functions (i.e., visual attention, g = 0.58, visual motor
speed, g = 0.56) showed significant worse scores in RD+ compared to RD–. Aids and advice applied consisted mainly of
optimizing refraction, improving lighting, and optimizing text size and spacing.
Conclusions: The test battery showed significant differences between RD+ and RD– on only a few tests on visual and
visuoperceptual functions. The applied aids and advice matched well with these impairments. Therefore, we recommend a
stepped care model, starting with a short test battery on these functions. If this battery indicates functional impairments, this
can be followed by standard aids and advice to improve reading. Only in case of insufficient effect additional testing should
take place.
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INTRODUCTION

Parkinson’s disease (PD) is characterized by motor
and many non-motor complaints, including both cog-
nitive and visual impairments [1]. Activities that
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require these functions, such as participating in traf-
fic, searching and finding objects, and reading, may
become increasingly difficult [2–5].

Reading difficulty is a frequently reported com-
plaint by people with PD [2, 5, 6]. People with
PD read slower than people without PD and have
difficulty with reading comprehension [7, 8]. They
experience words moving [9], letters disappearing
[10], blurry or double vision [11–13], and visual dis-
comfort while reading [14]. In addition, they report
difficulties with reading a text on a colored or gray
background and to read better with one eye closed
[10], probably to reduce binocular double vision.

Cognitive functions thought to be important for
reading skills are working memory [15–17], exec-
utive functions [15, 17–19], and attention and
processing speed [20–22]. Reading difficulties seem
to increase with disease progression and may already
be present early in the disease process [7, 23]. The
association between reading difficulties and cogni-
tive dysfunction is still contradictory in the literature,
but was not studied in a large sample yet. Some stud-
ies found an association [24, 25], while others did not
[8].

Several studies have reported relationships
between visual impairments (like visual acuity,
contrast sensitivity, and ocular motility) and reduced
reading speed in PD [4, 8, 24, 26]. Also visuospatial
functioning and sensitivity to crowding have been
associated with reading speed in people with PD [8].
Furthermore, reduced visual processing speed and
visual attention in PD may lead to reduced visual
search, which seems to influence reading as well
[22].

The aforementioned studies have focused on spe-
cific aspects of reading and their relationship to a
particular cognitive, visual or visuoperceptual func-
tion. To the best of our knowledge, no study has
examined general reading difficulties and their rela-
tionship to a wide variety of functions. Currently,
rehabilitation is often preceded by extensive assess-
ment of several functions. Apart from potentially
being an unnecessary burden for people with PD, it
is questionable if that is cost-effective. We need to
better understand the impaired functions associated
with reading difficulties in PD in order to create a
lean rehabilitation process.

To manage reading difficulties, tailored neurovi-
sual rehabilitation will be provided and evaluated. It is
known that occupational therapy can improve visual
functioning of people with movement disorders [27].
However, little has been reported on the availability

and effectiveness of reading interventions for peo-
ple with PD, beyond, for example, prism glasses and
home vision therapy [28]. Hence, we will provide an
overview of all reading aids and advice provided in
neurovisual rehabilitation, along with how this has
been received by people with PD.

This study will be the first to explore reading dif-
ficulties in people with PD and their relationship to
a comprehensive set of visual, visuoperceptual and
cognitive functions, using a cross-sectional design. In
addition, reading aids and advice provided in neuro-
visual rehabilitation will be evaluated. The study aims
to provide clear recommendations on an efficient
stepped model for the assessment and rehabilitation
of reading difficulties in people with PD.

MATERIALS AND METHODS

Participants and procedures

The study took place in a clinical setting of neu-
rovisual rehabilitation, which is a combination of
cognitive and low-vision rehabilitation strategies for
people with a brain disorder and visual problems.
This rehabilitation was provided by Royal Dutch
Visio in the northern part of the Netherlands (loca-
tions Haren, Leeuwarden and Hoogeveen). All people
with idiopathic PD who were referred to Royal Dutch
Visio and followed a program of combined outpatient
and home-based rehabilitation between August 2017
and June 2022 were eligible for the study.

During an admission interview at Royal Dutch
Visio, reading difficulties were surveyed by a trained
healthcare professional using a standardized ques-
tionnaire on visual complaints (see ‘Materials’).
Based on the extent of the reported reading difficul-
ties, people were allocated to a group with frequent
reading difficulties (RD+) or a group with no, or infre-
quent reading difficulties (RD–). Table 1 shows the
demographics and disease-related characteristics of
both groups. Groups did not differ significantly on
any of the characteristics.

Following the admission interview, people in both
groups underwent a series of assessments in the
following order: visual, visuoperceptual, and cogni-
tive function assessments. These assessments were
carried out according to pre-established protocols
following the original test manuals, unless other-
wise stated. Assessments were performed by trained
healthcare professionals (i.e., an ophthalmologist,
orthoptist, and neuropsychologist) and took approx-
imately four hours in total. Based on the results of
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Table 1
Demographics and disease-related characteristics of people with PD with frequent (RD+) and infrequent (RD–) reading difficulties

Total RD+ RD– pa ESb

N 74 55 19
Age (y; M ± SD (range)) 72.0 ± 7.7 72.8 ± 8.5 70.0 ± 4.6 0.08 –0.48

(45–87) (45–87) (61–78)
Sex (female; n, %) 19, 25.7% 16, 29.1% 3, 15.8% 0.36 0.13
Educationc (n, %) 0.99 0.02

Low 11, 14,9% 8, 14.5% 3, 15.8%
Medium 25, 33.8% 18, 32.7% 7, 36.8%
High 34, 46.0% 25, 45.5% 9, 47.4%
Missing 4, 5.4% 4, 7.3% 0, 0.0%

Disease duration (y; M ± SD) 9.0 ± 6.4 8.5 ± 6.0 10.2 ± 7.4 0.49 –0.09
Missing (n, %) 9, 12.2% 8, 14.6% 1, 5.26%

H&Y stage (n, %) 0.27 0.25
1 3, 4.1% 1, 1.8% 2, 10.5%
2 31, 41.9% 21, 38.2% 10, 52.6%
3 24, 32.4% 19, 34.5% 5, 26.3%
≥4 8, 10.8% 7, 12.7% 1, 5.3%
Missing 8, 10.8% 7, 12.7% 1, 5.3%

LEDDd (mg; M ± SD) 1085.3 ± 666.9 1065.3 ± 699.2 1150.9 ± 566.1 0.52 –0.08
Missing (n, %) 14, 18.9% 9, 16.4% 5, 26.3%

Severe neurological condition (n, %) 12, 16.2% 9, 16.4%e 3, 15.8%f >0.99 0.01
Severe psychiatric condition (n, %) 0, 0.0% 0, 0.0% 0, 0.0% – –
Ophthalmological condition (n, %)g 37, 50.0% 29, 52.7% 8, 42.1% 0.43 0.09

ES, effect size; H&Y, Hoehn and Yahr staging [36]; LEDD, Levodopa equivalent daily dose; M, mean; mg, milligram; n, number;
PD, Parkinson’s disease; RD+, people with frequent reading difficulties (often/always); RD–, people with infrequent reading difficulties
(never/hardly/sometimes); SD, standard deviation. aGroup differences were examined by t-test (age), Fisher’s Exact Test (sex and severe
neurological conditions), Chi-Square test (education and ophthalmological condition), Mann-Whitney U test (disease duration and LEDD),
and Fishers-Freeman-Halton Exact test (H&Y stage). bES were calculated by Hedges’ g (age), Phi (sex, severe neurological condition and
ophthalmological condition), Cramer’s V (education and H&Y stage), and Cohens’ d (disease duration and LEDD). cCategorization based
on the International Standard Classification of Education (ISCED) [51]. dLEDD calculated according to protocol of Tomlinson et al. (2010)
[52]. eTransient ischemic attack (n = 1), cerebrovascular accident (n = 3), PD dementia (n = 2), thalamotomy (n = 1), Lewy body dementia
(n = 2). f PD dementia (n = 2), dementia syndrome (n = 1). gSee Supplementary Table 1.

these assessments, a multidisciplinary team including
an ophthalmologist, orthoptist, neuropsychologist,
and occupational therapist gave advice, aids, and
training for each individual. An occupational ther-
apist introduced the aids and advice to the patient.
At the end of the rehabilitation program, the occu-
pational therapist evaluated with the patient which
aids and advice had contributed to reducing visual
complaints. Only aids and advice aimed at improv-
ing reading were analyzed in this study. Patients were
on their regular medication dosages during the assess-
ments and rehabilitation trajectory.

Data were collected from people who had given
written consent for the collection and use of
pseudonymized data from their medical records for
the purpose of this study. Consent could be with-
drawn at any time. The decision to consent or not did
not affect the care provided. The Medical Research
Ethics Committees of the University Medical Center
Groningen deemed that this study did not fall within
the scope of the Dutch Medical Research Involving

Human Subjects Act (WMO), since all data were
collected in the context of standard care.

MATERIALS

Self-reported reading difficulties

The Cerebral Visual Complaints questionnaire
(CVCq) is a 43-item questionnaire extended on
the original Cerebral Vision Screening question-
naire developed by Kerkhoff, Schaub, and Zihl [29],
and supplemented with questions from the Screen-
ing Visual Complaints questionnaire [30, 31]. For
the analysis of this study, only questions assess-
ing reading difficulties were included. The first
question determined the presence of reading diffi-
culties (i.e., “Do you have trouble reading due to
your eyesight?”; Likert scale ‘never/hardly’, ‘some-
times‘, or ‘often/always‘). In case reading difficulties
were present (‘sometimes‘ or ‘often/always‘), the
nature of reading difficulties was assessed using the
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second semi-structured question, by which people
could indicate one or multiple pre-described response
options (i.e., trouble staying on the same line, expe-
riencing dancing letters, skipping words, trouble
finding the beginning of a line) as well as describe the
reading difficulty themselves (open-ended part of the
question). In addition, people were asked about the
influence of light during visual activities, including
reading.

Function assessments and data collected from
medical records

Assessment of visual, visuoperceptual, and
cognitive functions

The tests comprising the assessments of visual,
visuoperceptual, and cognitive functions are pre-
sented in Table 2 and classified according to earlier
presented methodology [32]. Visual functions were
determined using both eyes (binocular), except for
color vision and eye motility, which were determined
separately for each eye (monocular). A specialized
orthoptist evaluated the reliability of visual field mea-
surements. Unreliable results were excluded from
the analyses (Esterman: ≥10% false positives or
≥20% fixation losses; Goldmann: insufficient cen-
tral fixation or non-reproducible response). To ensure
subtle color vision deficits were not missed, the Lan-
thony test [33] for color vision was used in case
no deficit was apparent on the Farnsworth test [34].
Smooth pursuit was assessed by asking people to
follow a moving light horizontally and vertically,
to approximately 40 degrees from the center. The
light was moved in eight different directions to assess
eye motility (six cardinal directions and upward and
downward). Saccades were assessed by asking peo-
ple to look alternately from one object to another,
approximately 40 cm apart, horizontally and verti-
cally.

Visuoperceptual functions were assessed using
the DiaNAH-battery [35] on a 24” Wacom
tablet, programmed by Metrisquare Diagnosis
(http://www.diagnosis.com). The cognitive tests
measured cognition without a visual component and
were performed in the following order: letter flu-
ency, digit span, 15 words test. These tests were
conducted verbally, with the neuropsychologist writ-
ing down the answers given. The analysis of anxiety
and depressive symptoms (using the self-report ques-
tionnaire Hospital Anxiety and Depression Scale
(HADS)) was also part of the cognitive battery.
Scores on each test were calculated following the

original manuals.

Data from medical files
Disease-related data were obtained from the medi-

cal records of each individual, provided upon referral
by their treating neurologist and/or ophthalmologist.
When a person had not previously been seen by an
ophthalmologist, an ophthalmological examination
was performed at Royal Dutch Visio. Data obtained
included disease duration, Hoehn and Yahr stage
(H&Y) [36], current medication, and neurological,
ophthalmological and psychiatric comorbidities. In
addition, applied aids and advice to improve reading,
as well as its ability to effectively reduce reading dif-
ficulties according to patient reports, were obtained
from the documentation of the occupational therapist
at Royal Dutch Visio.

Data analysis

All analyses were performed with SPSS 27 [37].

Reading difficulties
The semi-structured question of the CVCq was

analyzed if people had indicated reading difficul-
ties (‘sometimes‘ or ‘often/always’). Responses to
the open-ended part of the question were catego-
rized based on similarities in content by two authors
(IvdL & PL). Subsequently, the frequencies of both
the structured response options and these categories
were calculated.

Reading difficulties and the relationship with
visual, visuoperceptual and cognitive functions

Mean function scores were compared between
the RD+ (reading difficulties ‘often/always’) and
RD– groups (reading difficulties ‘never/hardly’ or
‘sometimes’). These scores were mostly calculated
from raw scores. Functions like visual field, the
presence of stereopsis, eye alignment, convergence,
nystagmus, and blink rate were scored as either 0
(not impaired) or 1 (impaired). Color vision, pupil-
lary light reflex and eye motility were scored 0
(no impairment), 1 (impaired in one eye) or 2
(impaired in both eyes). Saccades, smooth pursuit,
optokinetic nystagmus, and vestibulo-ocular reflex
were scored 0 (no impairment), 1 (impaired either
horizontally or vertically) or 2 (impaired in both
directions).

Hedges’ g was used as an effect size (ES) for
the difference in mean function scores between the
groups, which is a less biased alternative to Cohen’s

http://www.diagnosis.com
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Table 2
Assessment of visual, visuoperceptual, and cognitive functions: tests and classification of impairment

Function Test Impaireda

Visual functions
Visual acuity ETDRS [53] (500 lux, 4 m) <0.8 Snellen (Logmar <0.1)
Contrast sensitivity Vistech [54], Gecko [55] (500

lux, 3 m)
Peak log contrast sensitivity
<1.40

Reading acuity (near-distance visual acuity) LEO reading chart: reading
distance (m)/print size (M-unit)
[56]

<visual acuity/2

Visual field Goldmann, Esterman Presence of binocular absolute
scotoma

Color vision Farnsworth D-15 [34], Lanthony
D-15 [33] (400 lux)

Impaired

Stereopsis Lang [57]/TNO [58]/House Fly
[59]

Stereopsis absent

Pupillary light reflex Swinging light test (10 and 500
lux)

Impaired

Eye alignment Cover/uncover test (30 cm) Not aligned, tropias
Eye motility Orthoptist assessment Impaired in one or both eyes
Saccades Orthoptist assessment Impaired horizontally and/or

vertically
Smooth pursuit Orthoptist assessment Impaired horizontally and/or

vertically
Convergence Orthoptist assessment >10 cm
Nystagmus Orthoptist assessment Nystagmus present
Blink rate Orthoptist assessment Low
Optokinetic nystagmus Orthoptist assessment Impaired horizontally and/or

vertically
Vestibulo-ocular reflex Orthoptist assessment Impaired horizontally and/or

vertically
Visuoperceptual functions [35]
Figure ground segmentation L-POST Figure ground

segmentation [60]
<17th percentile

Shape ratio L-POST Shape ratio [60] <17th percentile
Motion detection L-POST Motion detection [60] <17th percentile
Visual motor speed Trail making Test A [61] <17th percentile
Visual motor speed in a task with high mental effort Trail making Test B [61] <17th percentile
Mental flexibility Trail making Test B/A [61] <17th percentile
Visual attention/spatial cognition/crowding Bells Test [62] <17th percentile
Visual constructive skills Taylor Complex Figure [63] <17th percentile
Visual search/grouping Dot Counting Task [64] <10th percentile
Visual load/crowding Crowding Task [35] <15th percentile
Simultanagnosia Birthday Party Test [65] <17th percentile
Visuospatial memory Corsi Block Tapping Task [66] <17th percentile
Object perception Silhouettes [64] <17th percentile
Cognitive functions
Short term memory (span capacity),
focused/sustained attention

Digit Span-forward [67,68] <14–19th percentile

Working memory, focused/sustained attention Digit Span-backward [67,68] <14–19th percentile
Working memory, focused/sustained attention Digit Span-sorting [67,68] <14–19th percentile
Short term/working memory, focused/sustained
attention

Digit Span-total [67,68] <14–19th percentile

Verbal memory – encoding 15 Words Test [69] <17th percentile
Verbal memory – retention 15 Words Test-recall [69] <17th percentile
Verbal fluency, executive functioning Letter Fluency [70] <17th percentile
Anxiety symptoms HADS Anxiety [71] Raw score >11
Depression symptoms HADS Depression [71] Raw score >11

ETDRS, Early Treatment Diabetic Retinopathy Study; HADS: Hospital Anxiety Depression Scale; LEO, Laboratory of Experimental
Ophthalmology; L-POST, Leuven Perceptual Organization Screening Test. aWe chose to define impairment as mild decline in function to
avoid overlooking mild impairment.
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d in case of small and different sample sizes [38]. ES
were complemented by the corresponding 95% con-
fidence interval (CI). In addition, we calculated the
percentage of people with an impaired function score
per group, as described in Table 2.

To detect the relationship between visual, visuop-
erceptual, and cognitive functions and reading
difficulties, the overall weighted mean ES was cal-
culated for each of these three categories. The weight
of each individual ES on the overall ES was based
on sample sizes of each group, taking missing
values into account (see Supplementary Table 2).
Each individual ES was multiplied by the num-
ber of present values (sample size minus number
of missing values) and hereafter all ES per cate-
gory were summed and divided by the total sample
size.

Handling missing data
Reasons for missing data were related to time con-

straints, covid-19 constraints, physical constraints,
fatigue, unreliability of test results, and the judgement
of the multidisciplinary team that additional assess-
ments were not necessary to compensate the reading
difficulty. The amount of missing data per variable
is presented in Supplementary Table 2. To maximize
sample size for individual ES calculations, pairwise
deletion of missing values was applied.

Reading aids and advice
Aids and advice provided during neurovisual reha-

bilitation were categorized and the frequency of use
and effectiveness of each advice or aid was calcu-
lated. An aid or advice was found to be effective if the
patient indicated that it sufficiently alleviated reading
difficulties.

RESULTS

A total of 83 people was referred to Royal Dutch
Visio and completed the standard neurovisual reha-
bilitation trajectory. Three participants (3.6%) proved
not to have idiopathic PD, but were classified as atyp-
ical parkinsonism, and therefore excluded from this
study. Six others (7.2%) did not consent the collection
and use of their pseudonymized data. The remaining
sample consisted of 74 eligible people with PD (see
Table 1).

Reading difficulties

Of the 74 eligible people with PD, 65 (87.8%)
indicated to have reading difficulties on the CVCq
(10 (13.5%) indicated ‘sometimes’, 55 (74.3%)
‘often/always’) and nine (12.2%) did not (they
indicated ‘never/hardly’). Out of the 65 people
with reading difficulties, all except one (for rea-
sons unknown) responded to the semi-closed CVCq
question. Individuals reported to experience a variety
of difficulties during reading, which are presented in
Table 3.

The different reading difficulties predescribed by
the CVCq were reported with about the same fre-
quency. About one-third of the people reported
dancing letters (34.4%), skipping words (34.4%),
having trouble finding the beginning of the sentence
(28.1%) or having problems to stay on the same
line while reading (35.9%). Several difficulties were
also spontaneously reported quite frequently, such
as becoming fatigued during reading (32.8%), expe-
riencing double or unclear vision (21.9%), having
trouble focusing (21.9%), or experiencing letters as
too small (18.8%).

People were also asked about the influence of light
on their vision. In total 46 people (62.2%) indicated
an increased need for light, of which 38 (83.0%) indi-
cated to need extra light when reading. Thirty-seven
people (50.0%) indicated increased light sensitivity
(discomfort glare), of which four (10.5%) indicated
this while reading.

Reading difficulties and the relationship to
visual, visuoperceptual, and cognitive functions

Table 4 presents the functional differences between
the RD+ and RD– groups. The RD+ group scored
especially lower than the RD– group on contrast
sensitivity (g = 0.76, 95% CI [0.19, 1.33]), reading
acuity (g = 0.66, 95% CI [0.11, 1.22]), and visual
acuity (g = 0.54, 95% CI [0.01, 1.07]), as well as
on visual attention/spatial cognition/crowding (Bells
Test; g = 0.58, 95% CI [0.05, 1.11]) and visual motor
speed (Trail Making Test B; g = 0.56, 95% CI [–0.01,
1.12]). CI-bounds were broad, but did not cross zero
for these variables (except for the Trail Making Test
B), and are therefore significant (� < 0.05).

The overall weighted mean ES of each cate-
gory were all small, but the largest differences
between RD+ and RD– groups were shown for
visual functions (g = 0.24, 95% CI [–0.33, 0.80]) and
visuoperceptual functions (g = 0.23, 95% CI [–0.31,
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Table 3
Reported difficulties experienced during reading by people with PD with reading difficulties

(‘sometimes’ or ‘often/always’)

Reported problem during reading (n = 64) N %

Pre-described response options
Trouble staying on the same line 23 35.9%
Dancing letters 22 34.4%
Skip words 22 34.4%
Trouble finding the beginning of a line 18 28.1%
Open-ended part of question
Fatiguing/Tiring/strenuous 21 32.8%
Double vision 14 21.9%
Unclear vision/trouble focusing 14 21.9%
Letters are too small 12 18.8%
Problems with glasses 3 4.7%
Moving sentences/words 2 3.1%
Needing more time/subtitles go too fast 2 3.1%
Other 10 15.6%
Not visual/cognition (i.e., problems with attention/concentration) 7 10.9%

People could describe more than one problem; ‘Other’ difficulties were: “painful eyes”, “I read
bit by bit; in pieces”, “small membranes for my eyes”, “watery eyes”, “d and b are hard to
distinguish”, “unstable image”, “sometimes I linger in one place, and read again”, “don’t get
full words in view”, “there is a shadow behind the letters”, “constricted view"

0.76]). A smaller overall ES was found for cogni-
tive functions (g = 0.15, 95% CI [–0.44, 0.74]). These
ES show that people in the RD+ group attained rela-
tively lower functional scores than people in the RD–
group, although CI-bounds are broad and cross zero.
The RD+ group attained lower scores than the RD–
group on 29 of 38 tests.

Percentages of impairment showed that impair-
ments were present in both groups (see Table 4).
Consistent with the ES, these percentages show that
more impairments are present in the RD+ group
compared to the RD– group. Three functions were
impaired exclusively in the RD+ group, being con-
trast sensitivity, pupillary light reflex, and nystagmus.
The latter two were also uncommon in the RD+ group
(2.6% and 4.4%, respectively) and showed small ES.
Contrarily, contrast sensitivity was impaired in 17.3%
of the RD+ group and showed the largest ES.

Reading aids and advice

Sixty people, from both the RD+ (N = 47) and RD–
(N = 13) groups, received aids and advice for reading
difficulties. Of the RD+ group, eight people did not
enter the rehabilitation trajectory to receive aids and
advice. Reasons for this were deteriorating health,
relocation, or referral to an ophthalmologist because
of a present ophthalmological condition. Of the RD–
group, six did not receive aids and advice for lack of
difficulties.

Aids and advice that were most frequently
provided were the use of glasses, magnification,
task lighting, e-reader/tablet/computer, reduction of
visual input and fostering focus by covering sur-
rounding text, and auditory alternatives (see Table 5).

Most people experienced the aids and advice to
be effective in reducing reading difficulties. Prism
glasses had variable effects, with some people still
reporting double vision, which is due to the highly
variable double vision. Separate reading glasses were
mostly effective in alleviating reading difficulties.
Some people had motor problems with changing
glasses. The same holds true for some people using e-
readers, tablets or computers. Operating these devices
was difficult to learn and required separate train-
ing. Sometimes people preferred not to use auditory
alternatives because they did not want to give up
reading.

DISCUSSION

This is the first study that explored reading diffi-
culties in people with PD and their relationship to an
extensive set of visual, visuoperceptual, and cogni-
tive functions. The goal of this study was to identify
which functions are important to assess in order to
design care as efficiently as possible, and to provide
an overview of effective aids and advice for reading
improvement.
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Table 4
Differences in visual, visuoperceptual, and cognitive functions between people with PD with frequent (RD+) vs. infrequent (RD–) reading

difficulties

ES Hedges′g (95% Cl)

People reported dancing letters, skipping words,
having trouble staying on the same line or finding the
beginning of a new line, as well as fatigue or unclear
or double vision. These findings are similar to those
reported in previous studies [9, 11–13].

The presence of these reading difficulties was most
closely related to contrast sensitivity, reading acu-
ity (near-distance visual acuity), visual acuity, visual
attention/spatial cognition/crowding (Bells test), and
visual motor speed (Trail Making Test B).

Our findings are not surprising, as visual and
visuoperceptual functions were previously found

to be related to reading difficulties [39, 40]. Visual
acuity and reading acuity are important for reading
performance, e.g., for letter and word identification
[39, 41]. Spatial attention is necessary for the decod-
ing of written information and determines word
recognition and comprehension [39, 42]. As reading
follows a precise direction, it requires an adequate
development of visual attention as well [43]. Intact
mental flexibility and inhibition ensures readers to
shift between text meaning, letter-sound information,
and syntactic information, and to prevent the activa-
tion of incorrect meaning or irrelevant connections
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Table 5
Aids and advice for reading improvement provided in neurovisual rehabilitation

Advice Aid Effective/Total
(n/n)

Glasses Use better correction (New) glasses 14/14
Use prism correction Prism glasses 5/9
Do not use multifocal glasses Separate reading glasses 9/15

Magnification Magnification – 26/28
Magnification Magnifying lamp 6/8
Magnification Screen/electronic

magnifier
4/5

Magnification Magnifying glasses 1/1
Magnification Magnifying glass 0/1

Lighting Increase task lighting Reading/task lamp 28/32
Reduce discomfort glare Sunshade/awning 1/1

Electronic optimization of text
formatting

Optimize text formatting E-reader/Tablet/Computer 24/30
Increase line spacing E-reader/Tablet/Computer 8/10
Increasing contrast E-reader/Tablet/Computer 6/6
Bold printing of letters E-reader/Tablet/Computer 1/1
Increase brightness E-reader/Tablet/Computer 1/1
Increase resolution E-reader/Tablet/Computer 1/1
Zoom in E-reader/Tablet/Computer 0/1

Reduction of distracting visual
input/Foster focus

Cover surrounding text – 7/11
Cover surrounding text Reading overlay (below

text)
14/19

Cover surrounding text Reading frame (around
text)

5/6

Use aid for finding and staying on
the same line

Reading ruler 6/6

Reduction of distortive input
from one eye (e.g., deviant ocular
alignment/double vision)

Completely cover one eye Eye patch 12/18
Partially cover one eye Monocular filter glasses 2/3

Posture/Text positioning Optimize seating posture – 9/9
Optimize seating posture/text
position

Reading stand 11/14

Optimize seating posture/text
position

Laptop stand 1/1

Decrease reading distance – 7/7
Increase reading distance – 1/1
Do not hold text, but put down – 2/2
Do not lay text flat but hold it up – 1/1
Move text in time – 1/1

Schedule Taking breaks (reading briefly
several times a day rather than
once for a longer period)

– 4/4

Reading at a particular time of
the day

– 0/1

Auditory alternatives Spoken books Daisy player 18/26
Spoken subtitles Go Box 14/16
Text-to-speech E-reader/Tablet/Computer 3/3
Spoken alternative (e.g., news) Radio 2/2
Record memos instead of writing
them down

Memorecorder 1/1

Other Increase blink frequency
(conscious blinking)

– 5/5

Read slower – 1/1
Reading with heavy object to
reduce tremor

– 1/1

Placing glasses in a fixed
predetermined place

– 1/1

n, number of people.
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[44]. Visual-motor speed includes the ability to deter-
mine and maintain line orientation [45]. Reduced
visual-motor speed may therefore be another expla-
nation for difficulty following a line and finding the
beginning of a new line reported by people with PD.

Impairments in contrast sensitivity were the best
discriminator between both groups, and these impair-
ments were exclusively present in people with
frequent reading difficulties. Previous data confirm
the importance of contrast sensitivity, even exceed-
ing the importance of visual acuity [46]. It is plausible
that a reduced contrast sensitivity partly explains the
reported problems in this study. People may expe-
rience more problems when letters are less easy to
identify (e.g., having word finding difficulties, diffi-
culties finding the right line, or experience unclear
vision, which may cause the fatigue associated with
reading) [47, 48].

However, most functional impairments occurred
to a similar extent in both groups. This is surpris-
ing for functions like oculomotor impairments and
crowding, because these were related to unclear
or double vision, dancing letters, and getting dis-
tracted by irrelevant visual information in previous
studies [8, 39, 49]. Cognitive dysfunction was
not related to reading difficulties and is there-
fore unlikely to play a role in reading difficulties.
Although people did attribute their reading diffi-
culty partly on their inability to concentrate in our
and a previous study [3], this finding is consis-
tent with previous literature indicating that reading
difficulties can exist without cognitive impairment
[7].

At group level, the use and effectiveness of the most
commonly provided aids and advices fitted quite well
with the most important impairments in people with
PD and reading difficulties.

Clinical implications

Reading difficulties are among the most prevalent
visual complaints in people with PD, with a substan-
tial impact on their daily lives [2, 6]. Therefore, it
is important to ask about these difficulties in clini-
cal practice. In case of their presence, an assessment
of visual and visuoperceptual functions may provide
additional insight into impairments that contribute to
the development and persistence of reading difficul-
ties in people with PD, which may guide individually
tailored rehabilitation (e.g., new glasses with optimal
refraction or text magnification in case of impaired
visual acuity, or providing optimal contrast by the

use of a display in case of impaired contrast sensi-
tivity). As cognitive dysfunction was not related to
reading difficulties, non-visual cognitive testing need
not to be an essential part of the assessment to evaluate
reading difficulties.

Based on our results we suggest not to administer
an extensive test battery as we did in our study, but
to use a stepped care model. Only a limited number
of functions seemed to be related to reading diffi-
culties. We therefore advise, as a first step, to start
assessing these few specific functions in the case
of reading difficulties (i.e., contrast sensitivity, read-
ing acuity, and visual acuity, and the visuoperceptual
functions visual attention/spatial cognition/crowding
(Bells test), and visual motor speed (Trail Making
Test B)), because these seem to play an important role
in reading difficulties. These assessments would take
less than half an hour. In case of impairments in one
of these functions, aids and advice specifically target-
ing these dysfunctions may be most helpful. If these
measures show insufficient effect, additional testing
might take place.

Strengths, limitations, and recommendations for
future research

This study was the first to explore the relation-
ship between reading difficulties and an extensive
set of visual, visuoperceptual and cognitive func-
tions in people with PD. It is also the first study
that provides an overview of reading interventions
that were applied in neurovisual rehabilitation. The
sample size of the group without reading difficul-
ties was limited, especially due to the presence of
missing values. Therefore, future research should
examine larger samples, making the study less
exploratory and giving it more power to draw stronger
conclusions.

The differences between both groups might have
been underestimated in our study, as the people with
no or infrequent reading difficulties (‘never/hardly’
and ‘sometimes’) were all put together in one group.
Differences between the groups are expected to be
more apparent when the comparison group would
have had no reading difficulties at all. Moreover, our
method for group allocation may lack in robustness,
as it relied solely on a single variable (question of the
CVCq). To improve group allocation, future studies
could implement a more sophisticated approach that
considers multiple variables.

Although demographic and disease-related char-
acteristics did not significantly differ between the
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groups, age and disease severity may be confound-
ing factors, with medium and large ES, respectively.
We did not correct for these variables in the analy-
ses. As having a higher age and disease stage may
be part of the risk factors for having reading difficul-
ties, controlling for this may partially even out the
presence of reading difficulties, making it harder to
draw conclusions on other relating factors. Whether
age and disease severity are actually related to read-
ing difficulties could be subject of future research.
Earlier studies did show that age and disease severity
are positively related to the presence of visual and
cognitive symptoms [6, 50].

Conclusion

This exploratory cross-sectional study showed
that visual and visuoperceptual impairment play an
important role in the experience of reading difficul-
ties in people with PD. Especially contrast sensitivity,
reading acuity, visual acuity, visual attention, and
visual motor speed seem to distinguish people with
frequent and people with no or infrequent reading dif-
ficulties. Reading aids and advice currently applied
in neurovisual rehabilitation seem to fit nicely with
the impairments that are most commonly present in
people with PD with reading difficulties. Therefore,
we suggest a stepped care model in which the test
battery is minimized and rehabilitation is focused on
these specific impairments. Additional testing should
only take place in case of insufficient effect. This
would be an efficient and cost-effective approach to
rehabilitation of reading difficulties in people with
PD.
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son P (2018) Eye movements during reading in Parkinson’s
disease: A pilot study. Mov Disord 33, 1661-1662.

[25] Tsitsi P, Nilsson M, Seimyr GÖ, Larsson O, Svenningsson P,
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O, Ojeda N, Ibarretxe-Bilbao N, Peña J, Reyero P, Cortés J,
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[41] Xiong YZ, Calabrèse A, Cheong AMY, Legge GE (2018)
Reading acuity as a predictor of low-vision reading perfor-
mance. Investig Ophthalmol Vis Sci 59, 4798-4803.

[42] Ginestet E, Phénix T, Diard J, Valdois S (2019) Modeling
the length effect for words in lexical decision: The role of
visual attention. Vision Res 159, 10-20.

[43] Trisciuzzi L, Zappaterra T (2010) Dislessia, disgrafia e
didattica inclusiva. Ann Della Pubblica Istr 2, 51-76.

[44] Cartwright KB (2015) Executive Skills and Reading Com-
prehension: A Guide for Educators, Guilford Press.

[45] Francis TP (2012) The relationship between visual motor
integration and reading achievement in students in first
through third grade. Thesis. University of Houston,
http://hdl.handle.net/10657/915.

[46] Jindra L, Zemon V (1989) Contrast sensitivity testing: A
more complete assessment of vision. J Cataract Refract
Surg 15, 141-148.

[47] Brussee T, Van den Berg T, Van Nispen R, Van Rens
G (2017) Associations between spatial and temporal
contrast sensitivity and reading. Optom Vis Sci 94,
329-338.

[48] Giacomelli G, Volpe R, Virgili G, Farini A, Arrighi R,
Tarli-Barbieri C, Mencucci R, Menchini U (2010) Con-
trast reduction and reading: Assessment and reliability

http://hdl.handle.net/10657/915


I. van der Lijn et al. / Reading Difficulties in Parkinson’s Disease 1237

with the reading explorer test. Eur J Ophthalmol 20,
389-396.

[49] Berliner JM, Kluger BM, Corcos DM, Pelak VS, Gisbert
R, McRae C, Atkinson CC, Schenkman M (2020) Patient
perceptions of visual, vestibular, and oculomotor deficits in
people with Parkinson’s disease. Physiother Theory Pract
36, 701-708.

[50] Marinus J, Zhu K, Marras C, Aarsland D, van Hilten JJ
(2018) Risk factors for non-motor symptoms in Parkinson’s
disease. Lancet Neurol 17, 559-568.

[51] de Vent NR, Agelink van Rentergem JA, Kerkmeer MC,
Huizenga HM, Schmand BA, Murre JMJ (2018) Universal
Scale of Intelligence Estimates (USIE): Representing intel-
ligence estimated from level of education. Assessment 25,
557-563.

[52] Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke
CE (2010) Systematic review of levodopa dose equivalency
reporting in Parkinson’s disease. Mov Disord 25, 2649-
2653.

[53] Ferris FL, Kassoff A, Bresnick GH, Bailey I (1982) New
visual acuity charts for clinical research. Am J Ophthalmol
94, 91-96.

[54] Ginsburg AP (1984) A new contrast sensitivity vision test
chart. Optom Vis Sci 61, 403-407.

[55] Kooijman AC, Stellinfwerf N, van Schoot EAJ, Cornelis-
sen FW, van der Wildt GJ (1994) Groningen Edge Contrast
Chart (GECKO) and glare measurements. In Low Vision,
Kooijman AC, Looijestijn PL, Welling JA, van der Wildt
GJ, eds. IOS Press, Amsterdam, pp. 101-110.

[56] Kooijman AC (1996) The new reading charts, M-unit.
Vision‘96 Proc Int Low Vis Conf Book I, pp. 39-44.

[57] Lang J (1983) A new stereotest. J Pediatr Ophthalmol Stra-
bismus 20, 72-74.

[58] Simons K (1981) A comparison of the Frisby, Random-Dot
E, TNO, and Randot Circles Stereotests in screening and
office use. Arch Ophthalmol 99, 446-452.

[59] Walraven J (1975) Amblyopia screening with random-dot
stereograms. Am J Ophthalmol 80, 893-900.

[60] Torfs K, Vancleef K, Lafosse C, Wagemans J, de-Wit L
(2014) The Leuven Perceptual Organization Screening Test
(L-POST), an online test to assess mid-level visual percep-
tion. Behav Res Methods 46, 472-487.

[61] Reitan RM (1958) Validity of the Trail Making Test as an
indicator of organic brain damage. Percept Mot Skills 8,
271-276.

[62] Gauthier L, Dehaut F, Joanette Y (1989) The Bells Test: A
quantitative and qualitative test for visual neglect. Int J Clin
Neuropsychol 11, 49-54.

[63] Taylor LB (1969) Localisation of cerebral lesions by psy-
chological testing. Clin Neurosurg 16, 269-287.

[64] Warrington E, James M (1991) The Visual Object and Space
Perception Battery, Thames Valley Test Company, Bury St.
Edmunds, Londen, UK.

[65] de Vries SM, Tucha O, Melis-Dankers BJM, Vrijling ACL,
Ribbers S, Cornelissen FW, Heutink J (2022) The Birthday
Party Test (BPT): A new picture description test to support
the assessment of simultanagnosia in patients with acquired
brain injury. Appl Neuropsychol 29, 383-396.

[66] Kessels RPC, Van Zandvoort MJE, Postma A, Kappelle
LJ, De Haan EHF (2000) The Corsi Block-Tapping Task:
Standardization and normative data. Appl Neuropsychol 7,
252-258.

[67] Wechsler D (2008) Wechsler adult intelligence scale-4th ed,
Pearson, San Antonio, TX.

[68] Holdnack JA (2019) The development, expansion, and
future of the WAIS-IV as a cornerstone in comprehensive
cognitive assessments, Elsevier Ltd.

[69] Saan RJ, Deelman BG (1986) De 15-Woordentests A en
B. Een voorlopige handleiding (Intern rapport). AZG, afd.
Neuropsychologie, Groningen.

[70] Schmand B, Groenink SC, Van Den Dungen M (2008) Let-
terfluency: Psychometric properties and Dutch normative
data. Tijdschr Gerontol Geriatr 39, 64-76.

[71] Spinhoven P, Ormel J, Sloekers PPA, Kempen GIJM, Speck-
ens AEM, Van Hemert AM (1997) A validation study of the
hospital anxiety and depression scale (HADS) in different
groups of Dutch subjects. Psychol Med 27, 363-370.


