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ABSTRACT
Background: Congenital aniridia is a rare genetic disorder of the
eye characterized by visual impairment and progressive vision
loss. While prior research has focused on ocular manifestations in
individuals with aniridia, there is a dearth of research on impacts
on cognition and mental health. The aims of this study were to
describe subjective symptoms of everyday executive functioning,
fatigue and sleepiness in adults with aniridia and to compare self-
reported health status with that of a normative reference group.
Methods: Twenty-nine adults (aged 18–79 years) with congenital
aniridia were included in this online survey, of whom 52% were
females. Participants completed self-report measures of executive
functioning (The Behavior Rating Inventory of Executive Function–
Adult Version), sleepiness, fatigue, and health status (EQ-5D-5L).
Results: Participants reported relatively few problems in everyday
executive functioning, with only 14% experiencing impaired
executive functioning. Scores on the five EQ-5D-5L domains (mobility,
self-care, usual activities, pain, and anxiety/depression) did not differ
from those of the normative reference group. The frequencies of
excessive daytime sleepiness and severe fatigue were 17% and 38%,
respectively. Ocular pain was experienced by 62% of participants.
Conclusions: The findings show that cognitive problems are related to
and reflect self-reported health status and extent of fatigue. Moreover,
those who suffered from ocular pain reported more difficulties with
executive functioning, sleepiness and fatigue. These findings are
important for understanding this disorder and supporting patients.
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Introduction

Congenital aniridia is a rare genetic disorder of the eye (OMIM # 106210) in which indi-
viduals are born with impaired vision that reduces further during life in most cases
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(Landsend et al., 2018; Orphanet, Accessed February 23, 2023). Ocular manifestations in
aniridia include corneal disease, glaucoma, cataracts and underdevelopment of the retina
and optic nerve, which can vary in severity (Kit et al., 2021; Landsend et al., 2021; Netland
et al., 2011). In most cases, congenital aniridia is caused by pathogenic variants of the
PAX6 gene located on chromosome 11p13 (Prosser & van Heyningen, 1998). The
reported prevalence of aniridia in Norway and Sweden is 1:72,000 (Eden et al., 2008).

PAX6 is specifically involved in eye and early neural development (Grant et al., 2021;
Ochi et al., 2022; Yogarajah et al., 2016). Prior research on aniridia has largely focused on
ocular complications. However, a systematic literature review suggested that pathogenic
variants of PAX6 may also negatively affect brain health (Grant et al., 2021). Therefore,
more research is needed to better understand the neurological and cognitive implications
of pathogenic variants of PAX6 (Grant et al., 2021).

Central nervous system abnormalities have been identified in the anterior and pos-
terior commissure, pineal gland, corpus callosum, and anterior cingulate cortex of indi-
viduals with aniridia (Berntsson et al., 2020; Ellison-Wright et al., 2004; Grant et al., 2017;
Hanish et al., 2016; Yogarajah et al., 2016). In addition, adults with PAX6-associated anir-
idia exhibited an age-related decrease in cortical thickness in the inferior parietal lobe,
prefrontal areas, and premotor areas in both hemispheres compared to the control
group (Yogarajah et al., 2016). Damage to the prefrontal lobe is known to lead to person-
ality and behavioral changes as well as deficits in executive functioning, i.e. abstract
reasoning, mental flexibility, and behavioral inhibition (Rabinowitz & Levin, 2014).
Executive functioning is defined as a set of interrelated cognitive processes required
for complex goal-directed activity (Henri-Bhargava et al., 2018).

Functional neural abnormalities, such as reduced olfaction, deficits in working
memory, and altered auditory processing, have been described in individuals with anir-
idia (Bamiou et al., 2007; Sisodiya et al., 2001; Thompson et al., 2004; Yogarajah et al.,
2016). Previous research has shown that individuals with aniridia may display worse per-
formance on IQ tests and higher rates of psychiatric disorders than controls (Ellison-
Wright et al., 2004; Heyman et al., 1999; Malandrini et al., 2001). In contrast, other
studies have not found cognitive dysfunction in adults with aniridia after comparing
their performance with that of healthy controls on neuropsychological assessment
(Han et al., 2013; Thompson et al., 2004). Several studies have reported sleeping disorders
and low melatonin levels associated with PAX6-associated aniridia (Hanish et al., 2016;
Hanish & Han, 2018). In chronic disorders, nondisease-specific problems such as moti-
vational and concentration problems, pain, sleep disturbances and reduced activity seem
to explain fatigue much better than the diagnosis in itself (Menting et al., 2018). There is
evidence that mental health and quality of life are negatively impacted across a range of
ophthalmic disease populations (Chaumet-Riffaud et al., 2017; Klauke et al., 2023; Lan-
gelaan et al., 2007; Senra et al., 2022).

Aniridia may impose multiple challenges regarding daily functioning, cognition and
general health. To our knowledge, no studies have evaluated self-reported cognitive com-
plaints, health status or ocular pain in the aniridia population. Prior research has indi-
cated that health-related quality of life is worse among low vision populations than
among the general population (Crews et al., 2016; Langelaan et al., 2007). It is also clini-
cally meaningful to explore cognitive symptoms in individuals with aniridia, as such
symptoms may reflect underlying brain dysfunction. The aims of this study were to
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describe subjective symptoms (everyday executive dysfunction, sleepiness and fatigue) in
individuals with aniridia and to compare the self-reported health status of adults with
aniridia with that of a normative reference group (Garratt et al., 2022) and with that
of individuals with other eye diseases (Senra et al., 2022). Because aniridia is an eye dis-
order and individuals may experience ocular pain, the final aim was to determine
whether experiencing ocular pain was associated with more severe symptoms of everyday
executive dysfunction, fatigue and sleepiness.

Materials and methods

Participants and procedure

Participants with aniridia were recruited from the Norwegian Association of Aniridia
mailing list and from the user register at the Centre for Rare Disorders, Oslo University
Hospital, Norway. The inclusion criteria were as follows: aged 16 years or older, had a
genetically and/or clinically verified congenital aniridia diagnosis, and were able to
read and write in Norwegian. Individuals with traumatic or post-surgical aniridia were
excluded. An e-mail invitation and two reminders were sent to 49 individuals (aged
16–84 years) from May to August 2022. The invitation included a link to an online
survey, containing informed consent forms and questionnaires. For signing the
consent, login with a Norwegian Bank-ID was used for safe identification. As a part of
the consent, participants authorized researchers to retrieve information from their
medical records about previous genetic tests. If genetic analyses had not been performed
or a disease-causing variant had not been detected, the participant was offered genetic
testing to identify disease-causing variants related to congenital aniridia. A secure
online data collection platform approved by Oslo University Hospital, Norway was
used to administer the survey. Twenty-nine adults with aniridia participated, yielding
a response rate of 59%.

Instruments

The online survey collected demographic information and contained study-specific ques-
tions about health, prior and current mental and/or medical diagnoses, and prior and
current health care follow-ups. Participants were asked about their age at diagnosis as
well as to provide genetic test results. The research group formulated questions on par-
ticipant background. Prior to inclusion, two adults with aniridia completed the forms
(consent form, background-related questions) and questionnaires.

The Behavior Rating Inventory of Executive Function–Adult Version (BRIEF-A) is a
standardized measure that assesses everyday executive dysfunction and contains 75 items
on specific problems in daily life that are rated from 1 (never) to 3 (often) (Roth & Gioia,
2005). The BRIEF-A was developed for individuals 18–90 years of age. Scores are
reported on two indices (Behavior Regulation Index, Metacognitive Index) and a compo-
site index (Global Executive Composite) and nine subscales (inhibit, shift, emotional
control, self-monitor, initiate, working memory, plan/organize, task monitor, and organ-
ization of materials). The BRIEF-A scoring program calculates age-specific norms,
expressed as T scores (mean: 50, standard deviation: 10), with higher scores indicating
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greater executive dysfunction in daily activities. A T score≥ 65 is used as the clinical cut-
off in each domain to indicate impaired executive functioning.

The Epworth Sleepiness Scale (EES) includes eight questions referring to soporific
situations (Johns, 1991). Responses are provided on a scale from 0 (would never doze)
to 3 (high chance of dozing), with excessive daytime sleepiness defined as a score≥ 10.

The Chalder Fatigue Scale (CFQ) is a measure of fatigue that contains 11 items
(Chalder et al., 1993), with responses reported on a scale from 0 (better than
usual) to 3 (much worse than usual). It yields a total score (0–33) as well as
scores on physical (range: 0–21) and mental fatigue (range: 0–12). The questionnaire
allows bimodal scoring for fatigue (scores 0–1 = 0 and scores 2–3 = 1), with a cut-off
score≥ 4 (bimodal score of the 11 items) considered to meet the criteria for severe
fatigue.

The EuroQoL five dimensions with five severity levels (EQ-5D-5L) is a generic health
status instrument that consists of five domains: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression (Nord, 1991). Each domain has five levels ranging
from ‘no problems’ to ‘extreme problems/unable to’ (scores 1 - 5). The EQ-5D-5L
index values were based on the UK value set as used in Norway (Garratt et al., 2022).
In this study, descriptive levels of each dimension were dichotomized to ‘no problems’
(level one) or ‘any problems’ (levels two to five) and compared to Norwegian normative
data (Garratt et al., 2022). Permission to use the EQ-5D-5L (Norwegian language) was
obtained from the EuroQoL Group.

Ocular pain was assessed as the presence or absence of pain (binary: yes/no), with
responses provided for daily, weekly, monthly, or less than monthly periods. Ocular
pain intensity was rated using a visual analogue scale from 0 (no pain) to 10 (worst ima-
ginable pain).

Ethics statement

All protocols and methods were approved by the Norwegian Regional Committee for
Medical Research Ethics in southeastern Norway (number 172031) and the Insti-
tutional Data Protection Officer (20/25374). Informed consent was obtained from
all participants.

Statistical analysis

Statistical analyses were performed using IBM SPSS version 28 (IBM Corporation,
Chicago).

The normality of data distributions were examined with the Shapiro‒Wilk test.
Descriptive statistics for continuous variables are summarized with the means (M)
and standard deviations (SD) for normally distributed data and with the medians and
interquartile ranges (IQRs) for nonnormally distributed data. Categorical data are pre-
sented as frequencies. Student’s t test or the Mann‒Whitney U test was conducted to
assess differences between sexes and between ocular pain groups. Participants who
reported ocular pain were compared to participants without ocular pain. Bivariate
Pearson correlation analyses were conducted to examine the relationships between all
scales. Statistical significance was determined at p < 0.05.
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Results

Sample characteristics

Demographic and health information is presented in Table 1. Among the 29 participants,
the median (IQR) age was 37 (32) years, the age range was 18–79 years, 48% were male,
48% had > 12 years of education, 52% were single and 38% were employed or students at
the time of the study. Most of the participants (59%) had family members with aniridia.
Only three individuals had a driving licence and were able to drive. Regarding eye health,
most individuals (72%) had undergone eye surgeries, 62% had glaucoma and 52% had
keratopathy. At the time of the study, 62% reported that they had sleeping problems.

Scores on the BRIEF-A scales and indices are summarized in Table 2. Scores on four of
the BRIEF-A scales violated the assumption of normal distribution (Shapiro‒Wilk test of
normality: p < 0.05); therefore, the mean (SD) and median (IQR) values are presented for
all subscales. Four individuals (14%) reported impaired executive functioning (T score≥
65) as indicated by scores on the Global Executive Composite index. One-fifth of the par-
ticipants had scores over 65 on the Task Monitor Scale.

As shown in Table 3, significant sex differences were found only in the Global Execu-
tive Composite score (p < 0.05). Seventeen percent of participants reported excessive
daytime sleepiness (ESS score≥ 10), 38% met the criteria for fatigue (CFQ score≥ 4)
and 62% reported ocular pain. The median (IQR) and mean (SD) EQ-5D-5L index
scores were 0.86 (0.19) and 0.85 (0.15), respectively.

Within the group of participants with ocular pain (n = 18), 53% experienced daily to
weekly pain, with a mean (SD) score of ocular pain of 3.8 (1.8) on the visual analogue
scale. Participants with ocular pain scored significantly worse on the Metacognition
Index and Global Executive Composite (p < 0.05) than participants without ocular
pain (Table 4). No significant differences were found in daytime sleepiness (p = 0.07)
or fatigue (p = 0.05) between the ocular pain group and the group without ocular pain.
Comparison of scores on the EQ-5D-5L did not reveal significant differences in scores
between the two groups (Mann‒Whitney U test: U = 78.0; z =−0.96; p = 0.338).

The most frequently affected domains on the EQ-5D-5L (any problems from slight to
severe) were pain (65%), anxiety/depression (43%), and usual activities (38%) (Figure 1,

Table 1. Participants’ demographics and self-reported health problems (N
= 29).

n (%)

Gender (male) 14 (48%)
Education (> 12 years) 14 (48%)
Marital status (single) 15 (52%)
Employment (employed / student) 11 (38%)
Family members with aniridia 17 (59%)
Driving a car (able to drive) 3 (10%)
Eye surgery 21 (72%)
Glaucoma 18 (62%)
Keratopathy affecting vision 15 (52%)
Having sleeping problems 18 (62%)
Mental health disorder in need of treatment # 6 (20%)
History of learning difficulties 13 (45%)
Psychological treatment within the last 12 months 3 (10%)
Follow-up by ophthalmologist last 12 months 28 (97%)

Notes. # History of treatment within specialized health care
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Table 2. Scores on the Behavior Rating Inventory of Executive Function-Adult Version subscales and
indices.
Subscales and indices M (SD) Range Median (IQR) Impaired n (%)#

Inhibit scale 48.7 (8.0) 36–65 48 (14) 1 (3%)
Shift scale 52.6 (10.2) 39–74 50 (18) 4 (14%)
Emotional control scale 49.8 (7.6) 38–65 47 (13) 1 (3%)
Self-monitor scale 46.6 (10.9) 37–72 42 (17) 3 (10%)
Initiate scale 53.9 (9.7) 37–71 53 (17) 4 (14%)
Working memory scale 52.9 (10.4) 39–78 51 (16) 3 (10%)
Plan / organize scale 50.1 (10.0) 38–80 49 (14) 4 (14%)
Task monitor scale 45.2 (9.2) 36–69 48 (22) 6 (21%)
Organization of materials 49.4 (11.5) 36–66 42 (16) 2 (7%)
Behavioral Regulation Index 49.3 (9.1) 36–66 48 (14) 3 (10%)
Metacognition Index 50.5 (9.8) 37–76 50 (14) 3 (10%)
Global Executive Composite 49.9 (9.9) 35–73 48 (13) 4 (14%)

Notes. # T-scores≥ 65 are used as the cutoff of impairment on the scales and indices.

Table 3. Scores on symptoms scales and frequency of symptoms by sexes.
Total (N =

29)
Males (n =

14)
Females (n =

15)
M (SD) M (SD) M (SD) p

Global Executive Composite (BRIEF-A) 49.9 (9.9) 46.1 (6.6) 53.5 (11.2) .040
Epworth Sleepiness Scale 6.0 (3.5) 4.9 (3.6) 7.1 (3.1) .098
Chalder Fatigue Scale, total score 24.6 (4.7) 23.5 (4.0) 25.6 (5.1) .232
Chalder Fatigue Scale, physical subscale 16.0 (3.5) 15.6 (2.9) 16.3 (4.1) .640
Chalder Fatigue Scale, mental subscale 8.6 (2.1) 7.8 (1.7) 9.3 (2.1) .052
EQ-5D-5L index score a 0.85 (0.15) 0.86 (0.17) 0.83 (0.13) .262

n (%) n (%) n (%)
Meeting criteria for excessive daytime sleepiness (EES
score≥ 10)

5 (17%) NA

Meeting criteria for fatigue (CFQ score≥ 4) 11 (38%) 4 (29%) 7 (47%) .316
Ocular pain 18 (62%) 7 (50%) 11 (73%) .196

Notes. Values are means (SD) or n (%).
Sex differences using Student’s t-test, Mann-Whitney U test or χ2 – test, as appropriate.
Abbreviations:
BRIEF-A = The Behavior Rating Inventory of Executive Function-Adult Version.
aData not normally distributed (the Shapiro-Wilk test of normality, p < 0.05).

Table 4. Comparison between participants with ocular pain (n = 18) and no ocular pain (n = 11).
N = 29 Ocular pain (n = 18) No ocular pain (n = 11)

M (SD) M (SD) p

Behavioral Regulation Index (BRIEF-A) 51.1 (9.7) 46.2 (7.4) .169
Metacognition Index (BRIEF-A) 54.0 (9.9) 44.6 (6.4) .010
Global Executive Composite (BRIEF-A) 53.0 (10.1) 44.9 (7.4) .029
Epworth Sleepiness Scale 6.9 (3.2) 4.6 (3.4) .070
Chalder Fatigue Scale – Total score 28.9 (4.6) 22.5 (4.2) .052
EQ-5D-5L index score a 0.83 (0.16) 0.87 (0.12) .602

Notes.
Group differences using Student’s t test, Mann-Whitney U test or χ2- test, as appropriate.
Abbreviations:
BRIEF-A = Behavior Rating Inventory of Executive Function-Adult.
aData not normally distributed (the Shapiro-Wilk test of normality, p < 0.05).
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Table 5). In the domains of anxiety/depression, 10% of participants reported severe pro-
blems. None of the participants reported ‘extreme problems’ on any of the five domains.
No significant differences were found between the aniridia sample and the Norwegian
general population (Garratt et al., 2022) in the prevalence of the five domains of the
EQ-5D-5L (Table 5) or the index score. Regarding the comparison of the aniridia
sample with populations with other chronic eye diseases (Senra et al., 2022), there
were no significant differences between adults with aniridia (n = 29, M = 0.85, SD =
0.15) and adults with other eye diseases (n = 71, M = 0.82, SD = 0.20) on the EQ-5D-5L
index score (t= 0.82, df = 54, p = 0.825).

Figure 1. Single dimensions by levels for the EQ-5D-5L in aniridia (N = 29).

Table 5. Proportions of adults with aniridia (N = 29) reporting problems across the five domains of the
EQ-5D-5L. Comparison with the normative data in Norway (N = 3120) #

Aniridia (N = 29) Mobility Self-care Usual activities Pain / Discomfort Anxiety / Depression

No problems 22 (76%) 28 (97%) 18 (62%) 10 (35%) 17 (57%)
Any problems 7 (24%) 1 (3%) 11 (38%) 18 (65%) 12 (43%)
Normative data,
Norway (N = 3120)#

Mobility Self-care Usual activities Pain / Discomfort Anxiety / Depression

No problems 2558 (82%) 2893 (93%) 2364 (76%) 1183 (38%) 2016 (65%)
Any problems 562 (18%) 227 (7%) 756 (24%) 1937 (62%) 1104 (35%)
p - value .393 .428 .087 .818 .502

Notes. # Reference: Garratt, A. M., Hansen, T. M., Augestad, L. A., Rand, K., & Stavem, K. (2022). Norwegian population
norms for the EQ-5D-5L: results from a general population survey. Qual Life Res, 31(2), 517-526.
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As shown in Table 6, the correlation coefficients of the relationships between the
Metacognition Index (BRIEF-A) and all the other scales were statistically significant
(p < 0.05; r = 0.39–0.82). Scores on the CFQ mental scale were also correlated with
scores on all the other scales (p < 0.05; r = 0.37–0.49). There were no significant associ-
ations between age and scores on the symptom scales.

Discussion

To the best of our knowledge, this is the first study to describe the everyday executive
functioning and self-reported health status of adults with aniridia. Importantly, adults
with aniridia reported relatively few problems in daily executive functioning. Further-
more, this aniridia sample reported a similar frequency of health problems (EQ-5D-
5L) as the general Norwegian population (Garratt et al., 2022). Their EQ-5D-5L index
scores were also similar to those of adults with other chronic eye diseases (Langelaan
et al., 2007; Senra et al., 2022). Pain/discomfort was the most frequently (65%) affected
health domain of the EQ-5D-5L, and pain/discomfort appeared higher in this aniridia
sample than in other populations with ophthalmic diseases (Langelaan et al., 2007;
Macedo et al., 2022). The EQ-5D-5L has been widely used in quality-of-life research
in populations with chronic conditions and ophthalmic diseases (Langelaan et al.,
2007; Senra et al., 2022; Zhou et al., 2021). However, this generic measure may underes-
timate the impact of impaired vision or cognitive difficulties on the health status of indi-
viduals with aniridia because these domains are not included in the EQ-5D-5L.

The scores on the BRIEF-A were well within normal limits in this study, suggesting
that adults with aniridia exhibit good cognitive functioning in everyday life. However,
a subgroup of participants (14%) reported impairment in various areas of executive func-
tioning (Global Executive Composite), and 21% reported problems with their ability to
assess their own performance during a task (Task Monitor). Self-reported cognitive com-
plaints are not necessarily related to cognitive dysfunctions. Individuals may markedly
underreport their daily difficulties compared to objective results on neuropsychological
tests, or they may overreport their competency compared to the reports of family
members. While prior studies on aniridia patients have described deficits observed on
neuropsychological tests (Heyman et al., 1999; Yogarajah et al., 2016) and developmental
delay (Grant et al., 2017; Grant et al., 2021; Netland et al., 2011), complete

Table 6. Correlations.
N = 29 1 2 3 4 5 6 7

1. Age -
2. Chalder Fatigue Scale (Physical scale) −0.21 -
3. Chalder Fatigue Scale (Mental scale) −0.25 0.36 -
4. Epworth Sleepiness Scale 0.07 0.17 0.39* -
5. EQ-5D-5L index 0.21 −0.41* −0.39* −0.32 -
6. Behavioral Regulation Index (BRIEF-A) 0.07 0.31 0.37* 0.27 −0.35 -
7. Metacognition Index (BRIEF-A) −0.03 0.39* 0.49** 0.39* −0.55** 0.82*** -
8. Global Executive Composite (BRIEF-A) −0.03 0.36 0.46* 0.36 −0.48** 0.94*** 0.97***

Notes. *p < 0.05; ** p < 0.01; *** p < 0.001
Abbreviations:
BRIEF-A = Behavior Rating Inventory of Executive Function-Adult; EQ-5D-5L = EuroQoL five dimensions with five severity
levels.
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neuropsychological testing can be difficult for individuals with aniridia due to their vision
loss. In this regard, neuropsychological tests may not fully evaluate cognitive dysfunction
in aniridia. Although scores on the BRIEF-A do not reflect actual cognitive functioning,
this instrument may be considered a complimentary measure regarding cognitive func-
tioning in ophthalmic disease populations with vision loss and visual impairment.

Scores on the EQ-5D-5L and the BRIEF-A indices were significantly correlated in the
present study. There were also strong correlations between the BRIEF-A indices and
mental fatigue (CFQ scores), indicating that cognitive problems may often occur along
with fatigue, as reported in other chronic disease populations (Menting et al., 2018).
This is unexpected because the BRIEF-A does not include items assessing general
health. However, there is an emotional component in the BRIEF-A that might
influence these correlations. In that respect, our findings may suggest that problems
with everyday executive functioning are related to and reflect an individual’s general
health, including the extent of fatigue. Another study identified associations between
BRIEF-A scores and emotional distress in neurological and neuropsychiatric patient
groups (Løvstad et al., 2016).

Sixty-two percent of our participants experienced ocular pain. These individuals
reported significantly more problems with executive functioning than those without
ocular pain. They also tended to experience greater daytime sleepiness and fatigue
than those without ocular pain. The majority of participants (72%) had undergone eye
surgery, 62% reported having glaucoma, and 52% reported that keratopathy already
affected vision or was about to do so. Ocular pain might be associated with the severity
of patients’ eye disease (e.g. dry eyes, glaucoma, keratopathy) and the number of treat-
ments they have received. The combination of all these factors could influence cognitive
functioning in daily life. However, because of the small sample size and multiple com-
parisons, statistical analyses were not performed to compare subgroups according to
eye surgeries or eye diseases with regard to ocular pain.

In our study, 62% of participants reported sleeping problems, 38% reported severe
fatigue (CFQ score≥ 4) and 17% reported excessive daytime sleepiness (EES scores≥
10). The instruments employed in this study did not capture insomnia, sleep onset
latency or sleep disruption. The present findings only provide insight into sleep-
related problems experienced by adults with aniridia. Another study on four family
members with congenital aniridia found that all were diagnosed with sleep disorders
and pineal gland hypoplasia, and one person was diagnosed with narcolepsy (Berntsson
et al., 2020). Furthermore, a smaller size of the pineal gland (where melatonin is pro-
duced), lower melatonin secretion and greater sleep disturbance have been reported in
children with aniridia compared to healthy controls (Hanish et al., 2016). A systematic
literature review found that fatigue resulting from visual impairment was not associated
with the severity of visual loss (Schakel et al., 2019). Mental fatigue was associated with
executive functioning, quality of life, and daytime sleepiness in our study, all factors
related to fatigue in other chronic disorders (Menting et al., 2018).

There are limitations of this study, including the following: its small sample size, the
possibility of false-positives (given the number of comparisons conducted), and the low
response rate (of 59%). Another limitation is that assessments were performed remotely
via laptop, tablet and smartphone, and not in person. This might have affected the results
and excluded individuals not using, or not being able to use computer programs. This is a
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descriptive study with a small sample size; therefore, no statistical causal conclusions or
relationships can be drawn.

Implications for clinicians

Difficulties encountered by adults with aniridia during daily life are of utmost clinical
importance to guide further assessment and health care. Although few participants
reported impairments in daily executive functioning, the findings may suggest that
such problems are related to and reflect an individual’s general health and extent of
fatigue. Short screening tools that target problems in daily activities may be important,
such as the EQ-5D-5L, visual analogue scales (of pain, fatigue) or simple questions
regarding the frequency of ocular pain. Topics such as cognitive problems, sleep disturb-
ances and fatigue should be explored in both children and adults, as such difficulties may
affect academic achievement (in children) and work achievements (in adults). More
research with a larger sample size is needed to confirm our findings and to elucidate
how sleep and vision-related fatigue as well as ocular pain affect children, adolescents
and adults with aniridia in daily life.
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