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Background: Understanding how strabismus impacts a child’s quality of life, as well as their families, should be an important key to
guide treatment, not only from the ophthalmological point of view but also regarding psychological and social aspects, which are
fundamental for a healthy and harmonious development.

Methods: A cross-sectional study was performed to evaluate the functional vision and eye-related quality of life (ER-QOL) in
a population of children with strabismus submitted or not to corrective surgery, using the recently developed Pediatric Eye
Questionnaire (PedEyeQ) and to compare with age and gender-matched visually normal children. The PedEyeQ was applied to non-
operated children with strabismus (n = 18), operated children with strabismus (n = 24), and visually normal children (n = 21). This
instrument is composed of 3 components (Child, Proxy, and Parent) and has different versions according to the child’s age (04, 5-11,
or 12-17 years-old versions). Clinical data such as age, type of strabismus, angle of deviation, amblyopia, occlusion treatment, and
surgical outcome were also recorded.

Results: All PedEyeQ domain scores were significantly lower in children with strabismus compared with visually normal children,
except the Child “functional vision” domain. Children with strabismus with successful corrective surgery had significantly lower
scores in many domains of the Child, Proxy, and Parent components, compared with visually normal children.

Conclusion: This study showed that strabismus has an important impact on affected children and their families, as assessed by
PedEyeQ. Interestingly, children with prior successful corrective strabismus surgery had worse PedEyeQ scores compared to visually
normal children. Educational programs and psychosocial rehabilitation interventions should be implemented in children with
strabismus and their families.
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Introduction

Strabismus is a condition in which the visual axis of both eyes is misaligned. Children with strabismus have poorer
quality of life than visually normal children, as demonstrated by several studies that used validated questionnaires,
including the Hospital Anxiety and Depression Scale (HADS), the 25-item National Eye Institute Visual Functioning
Questionnaire (NEI-VFQ-25), the Pediatric Quality of Life Inventory (PedsQL), the Intermittent Exotropia Questionnaire
(IXTQ) and, more recently, the Pediatric Eye Questionnaire (PedEyeQ).'”” However, many of these questionnaires were
not specifically designed for children (ie NEI-VFQ-25 and HADS), nor for evaluating the eye-related quality of life (ie
HADS, PedsQL). Pediatric instruments should incorporate both child and proxy components.® Furthermore, the instru-
ments to quantify the impact of vision disorders should be vision-specific, as they provide a higher sensitivity compared
with general health-related quality of life instruments.’ Recently, Hatt et al'® developed the vision-specific PedEyeQ,
with child and proxy components, to measure the functional vision and eye-related quality of life (ER-QOL) in children
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and their parents. This is a validated questionnaire that contains age-appropriate questions to assess the impact of
strabismus on daily life and well-being from the child’s and parent’s perspectives.'!

Understanding how strabismus impacts a child’s quality of life, as well as their families should be an important key to
guide treatment, not only from the ophthalmological point of view but also regarding psychological and social aspects,
which are fundamental for a healthy and harmonious development. Children with strabismus can suffer from the
relationship with peers (eg being less invited to birthday parties), and school performance (eg being negatively viewed
by their teachers), becoming more vulnerable to alcohol abuse, depression, and anxiety.'>'*

The purpose of this study was to evaluate the functional vision and ER-QOL in a population of children with
strabismus submitted or not to corrective surgery, using the recently developed PedEyeQ, and to compare with age and
gender-matched visually normal children.

Materials and Methods

This is a cross-sectional study in which the PedEyeQ was applied to non-operated children with strabismus, operated
children with strabismus, and visually normal children. Children with strabismus and healthy ones, aged 2 to 17 years
old, observed in a Pediatric Ophthalmology appointment in a tertiary center, Centro Hospitalar Universitario do Porto,
between September and October 2020, were consecutively selected. Children with a diagnosis of any kind of strabismus,
at distance or near fixation (3 meters and 30 cm, respectively), including those submitted to previous corrective surgery,
were enrolled. Healthy children had age-appropriate normal best corrected visual acuity in both eyes and no visual
disorders.'>'® Children with psychomotor development delays (except cerebral palsy) or eye conditions frequently
associated with strabismus, such as amblyopia or refractive errors, were allowed to participate in the study. Children
with previous corrective strabismus surgery less than 4 months ago, and parents with a level of English proficiency
inferior to that of an independent user (B1 in the Common European Framework of Reference for Languages) were
excluded."’

This study was performed in accordance with the Declaration of Helsinki and was approved by the local IRB. The
data was completely anonymous, no personal information was collected, and participation in the study was voluntary by
accepting to complete the questionnaire. Informed consent was obtained before answering the questionnaire and after
proper information about how the aggregated data would be handled. Both the parent and the child (if the child was over
12 years old) gave informed consent.

The clinical data, including age, gender, systemic disorders, type of strabismus, angle of deviation, presence of
amblyopia, history of occlusion or penalization therapy (past or present), use of glasses, and previous strabismus surgery
(dates and numbers), was assessed at the time of administration of the questionnaire. The diagnosis of strabismus was
performed with a cover-uncover test and alternate cover test by a pediatric ophthalmology specialist. The angle of
deviation was measured using a prism and alternate cover test and corresponded to the largest prism magnitude that
neutralized the deviation. It was defined as small (<10 prismatic diopters [PD]), medium (10-39 PD), and large (>40
PD). Amblyopia was defined as at least a 2-line difference in visual acuity between the two eyes.'® Successful surgical
outcome was defined as a postoperative angle of deviation inferior to 10 PD in the primary position with less than 15
degrees of anomalous head posture.

The children and one parent of each child completed the PedEyeQ. The questionnaire was downloaded from the
website of the Pediatric Eye Disease Investigator Group (www.pedig.net) and administered in English. One member of
the research team explained to the child and parents what this study and questionnaire consisted of, how long it took to
complete it, how it was filled out, and made small translations whenever necessary.

The PedEyeQ was developed to assess the functional vision and ER-QOL in children with any eye condition and their
parents.'®!" The questionnaire includes three components (Child, Proxy, and Parent) and each has distinct, separately scored
domains. The Child PedEyeQ component has two versions (5—11 or 12—17 years-old versions) and is completed by the
children. The Proxy and Parent PedEyeQ components have three versions (0—4, 5-11, or 12—17 years-old versions), and are
answered by the parent or caregiver. All children with psychomotor development delay were less than 4 years old and,
thereby, the whole questionnaire was completed by their parents. The Child PedEyeQQ component has four domains:

ERINNE3

“functional vision”, “bothered by eyes/vision”, “social” and “frustration/worry”. The “functional vision” domain assesses
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the impact of the eye condition on the child’s daily life, such as playing sports, learning at school, walking, concentrating, and
difficulty seeing. The “bothered by eyes/vision” domain evaluates how often the limitations caused by the eye condition
bother the child. The “social” domain evaluates the child’s self-perception, the impact of other people’s reactions to the eye
condition, and the concerns of the child regarding social interactions. The “frustration/worry” domain assesses the child’s
worries and feelings regarding the eye condition, its evolution, and the child’s reaction to the eye care. The Proxy PedEyeQ
component contains three domains in the 0—4 years-old version: “functional vision”, “bothered by eyes/vision”, and “social”;
and five domains in the 5-11 and 12-17 years-old versions: “functional vision”, “bothered by eyes/vision”, “social”,
“frustration/worry”, and “eye care”. The Proxy questionnaire evaluates how the parent or caregiver believes the eye condition

9

affects the child. The Parent PedEyeQ component has four domains: “impact on parent/family”, “worry with child’s eye
condition”, “worry with child’s self-perception and interactions”, and “worry with child’s visual function”. This component
evaluates the impact of the child’s eye condition in the parent or caregiver and the family. All answers in the PedEyeQ are
based on a 3-point frequency scale: “never”, “sometimes”, and “all of the time”."" For each domain, the Rasch score was
calculated using previously published Rasch look-up tables (freely available at: www.pedig.net). The Rasch scores were then
converted on a scale from 0 (worst) to 100 (best).

The statistical analysis was performed using IBM SPSS Statistics 26. Categorical variables are summarized as
absolute and relative frequency and continuous variables as mean and SD. The comparison of scores between groups
was performed with independent sample t-tests or ANOVA test, while the comparison of scores between different
domains was performed with paired sample t-tests. When continuous variables had skewed distribution, nonparametric
tests were used. Statistical significance was considered in the presence of a p-value inferior to 0.05. A linear regression
was carried out to compare the surgical and non-surgical groups, after adjusting for potential confounding factors. The
intraclass correlation coefficient (ICC) was used to assess agreement between the child and proxy scores. Based on the
95% confidence interval of the ICC estimate, values less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and

greater than 0.90 are indicative of poor, moderate, good, and excellent agreement, respectively.'®

Results
This study included 42 children with strabismus and 21 visually normal children. Children with strabismus and visually
normal children were not different regarding gender (57% vs 63% female, p=0.890), and age (6+4 and 5+2 years,
p=0.120). The number of participants with 0—4 years, 5-11 years and 12—17 years was 16 (38%), 18 (43%) and 8
(19%), respectively, in the group of children with strabismus, and 9 (43%), 8 (38%) and 4 (19%) in the control group
(p=0.089).

Of the 42 children with strabismus, 24 (57%) had been submitted to one or more strabismus surgeries. The baseline
characteristics of children with strabismus, and comparison between surgical and non-surgical groups are shown in
Table 1. The characterization of children submitted to strabismus surgery is summarized in Table 2. Overall, 20 (48%)
had exotropia, 18 (43%) had esotropia, and 4 (9%) had hypertropia.

PedEyeQ Scores Comparison Between Children with Strabismus and Visually Normal
Children

The mean+SD PedEyeQ scores are represented in Table 3.

All PedEyeQ domain scores were significantly lower in children with strabismus compared with visually normal
children, except the Child “functional vision” domain. Children with successful strabismus surgery had significantly
lower scores in many domains compared with healthy ones, as shown in Figure 1.

PedEyeQ Scores Comparison Between Subgroups of Children with Strabismus
Operated children with strabismus had significantly lower Child “frustration/worry” domain score (p=0.030) compared
with non-operated children, but after adjusting for the time since diagnosis and prior occlusion treatment no differences
were found. Among the operated children, incisional surgery was associated with a lower Proxy “bothered by eyes/
vision” domain score compared with botulinum toxin (86+17 vs 100+0, p=0.029).
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Table | Baseline Characteristics of Children with Strabismus

Total Non-Surgical Group Surgical Group p-value
(n=42) (n=18) (n=24)
Time since strabismus diagnosis (months), median 39 (9-183) 29 (9-141) 54 (13-183) p=0.020
(range)
Age, n (%)
04 years 16 (38%) 8 (44%) 8 (33%) p=0.156
5-11 years 18 (43%) 9 (50%) 9 (38%)
12—-17 years 8 (19%) 1 (6%) 7 (29%)
Gender, n (%)
Male 18 (43%) 9 (50%) 9 (38%) p=0.481
Female 24 (57%) 9 (50%) 15 (62%)
Type of strabismus, n (%)
Exotropia 20 (48%) 8 (44%) 12 (50%) p=0.055
Esotropia 18 (43%) 10 (56%) 8 (33%)
Hypertropia 4 (9%) 0 (0%) 4 (17%)
Angle of deviation, n (%)
Small angle 17 (40%) 3 (17%) 14 (58%) p=0.015
Medium angle 20 (48%) Il (61%) 9 (38%)
Large angle 5 (12%) 4 (22%) | (4%)
Amblyopia, n (%) 9 (21%) 4 (22%) 5 (21%) p=0.914
Prior occlusion treatment, n (%) 27 (64%) 8 (44%) 19 (79%) p=0.020
Current occlusion treatment, n (%) 8 (19%) 4 (22%) 4 (17%) p=0.650
Current use of glasses, n (%) 25 (60%) Il (61%) 14 (58%) p=0.856
Psychomotor development delay, n (%) 6 (14%) 3 (17%) 3 (13%) p=0.703

Note: Statistically significant values are highlighted in bold.

Table 2 Characterization of Children Submitted to Strabismus

Surgery
Total (n=24)

Follow-up (months), median (range) 12 (4-29)
Surgical success, n (%) 15 (63%)
Time since surgery, n (%)

<12 months 12 (50%)

2|2 months 12 (50%)
Type of surgery, n (%)

Botulinum toxin 4 (17%)

Incisional surgery 20 (83%)
Binocular surgery, n (%) 9 (38%)
Number of surgeries, n (%)

<l 9 (37%)

>| 15 (63%)

Glass wearers had a significantly lower Child “bothered by eyes/vision” domain score (76+19 vs 93+8, p=0.009), and

Proxy “functional vision” domain score (8117 vs 91+12, p=0.019) compared with children with strabismus who did not

wear glasses.

PedEyeQ scores by age in children with strabismus are shown in Table 4.

No differences were found in scores regarding age, gender, psychomotor development delay, strabismus deviation

(esotropia or exotropia) and grade, presence of amblyopia, prior or current occlusion treatment, surgical success
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Table 3 Pediatric Eye Questionnaire (PedEyeQ) Scores in the Study Population

Children Questionnaire

Parent Questionnaire

Functional Bothered Social Frustration/ | Proxy Proxy Proxy Proxy Proxy Impact on Worry About | Worry About Worry
Vision by Eyes/ Worry Functional Bothered Social Frustration/ | Eye Parent and | Child’s Eye Self-Perception About
Vision Vision by Eyes/ Worry Care Family Condition and Interactions Functional
Vision Vision
Children with 85x17 83+18 78121 64121 85x16 89+16 87+19 63121 71£19 87+19 36£22 63127 53130
strabismus
Operated 81+18 82421 75423 58420 84+19 84+19 77422 62+17 79+£21 88+16 36+26 57+28 55432
With surgical 79£17 79421 7718 5718 86+17 85+18 82421 58+13 72422 88+18 41£29 58+33 59434
success
Without 87121 87121 71433 59425 85+18 93%15 85421 73121 65£19 88+ 14 28+18 56£18 49430
surgical success
Non-operated 9114 86110 8319 75420 8711 92+10 92420 64128 72£17 86122 35£17 70424 51428
Healthy 84420 9317 9310 99+4 9310 96£19 9814 9419 9943 9815 76+26 87123 81432
children
p-value NS p=0.010 p=0.090 p<0.001 p=0.035 p=0.011 p=0.011 p<0.001 p<0.001 p=0.003 p<0.001 p=0.001 p=0.001
(strabismus vs
healthy
children)
p-value NS p=0.045 NS p<0.001 NS p=0.016 p=0.005 p<0.001 p<0.001 p=0.017 p<0.001 p<0.001 p=0.003
(operated vs
healthy
children)
p-value (non- NS p=0.009 NS p<0.001 p=0.010 NS NS p=0.009 p<0.001 p=0.007 p<0.001 p=0.010 p=0.001
operated vs
healthy
children)

Note: Values are presented as meanSD.
Abbreviations: NS, non-significant; SD, standard deviation; vs, versus.
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Figure | Comparison of Pediatric Eye Questionnaire (PedEyeQ) scores in children submitted to successful strabismus surgery and healthy children.
Abbreviation: NS, non-significant.

(postoperative residual deviation < or >10 PD), number of previous strabismus surgeries (< or >1), time since strabismus

surgery (< or >12 months ago), and surgery laterality (binocular or monocular).

PedEyeQ Scores Comparison for Each Component (Child, Proxy, and Parent) in
Children with Strabismus

In the Child component, the “frustration/worry” domain score was significantly lower than all the other child’s scores (all
p<0.001).

In the Proxy component, “frustration/worry” and “eye care” domains scores were both significantly lower than
“functional vision” domain score (both p<0.001), “bothered by eyes/vision” domain score (both p<0.001), and “social”
domain score (p<<0.001 and p=0.006, respectively).

In the Parent component, “worry about child’s eye condition” domain score was significantly lower than all the others
parent’s scores (all p<0.001), while the “impact on parent and family” domain score was significantly higher than all the
other scores (all p<0.001).

PedEyeQ Scores Comparison Between Child and Proxy Domains Scores in Children

with Strabismus

There was an excellent agreement between the Child and Proxy “functional vision” domain scores (ICC 0.909, p<0.001).
There was a good agreement between the Child and Proxy “social” domain scores (ICC 0.896, p<0.001), and the Child
and Proxy “bothered by eyes/vision” domain scores (ICC 0.830, p<0.001). There was a moderate agreement between the
Child and Proxy “frustration/worry” domain scores (ICC 0.657, p=0.013).
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Table 4 Pediatric Eye Questionnaire (PedEyeQ) Scores by Age in Children with Strabismus

Children Questionnaire

Parent Questionnaire

Functional Bothered Social | Frustration/ | Proxy Proxy Proxy Proxy Proxy Impact Worry Worry About Worry
Vision by Eyes/ Worry Functional Bothered Social Frustration/ | Eye on About Self- About
Vision Vision by Eyes/ Worry Care Parent Child’s Eye | Perception and | Functional
Vision and Condition Interactions Vision
Family
Children with strabismus
0—4 years - - - - 85+16 91xl6 9547 - - 84421 3619 62426 56+28
5-11 years 82420 80+19 77£19 68121 84+19 87+19 82124 61424 67%19 87+19 36+19 69425 55434
12-17 years 9116 9149 81+26 56121 8817 87110 83x17 6919 78+£19 92+14 36124 50+29 45+29

Note: Values are presented as meanSD.
Abbreviation: SD, standard deviation.
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Discussion

This study aimed to evaluate the functional vision and ER-QOL in children with strabismus and their parents, using the
recently developed and validated questionnaire PedEyeQ. This questionnaire is indicated for children with any eye
condition, but it has been scarcely researched in strabismus.®’=° In agreement with previous studies, we found that both
children with strabismus and their proxies had lower PedEyeQ scores than controls.®’” Additionally, even those submitted
to what was considered a successful strabismus surgery or surgeries had significantly lower scores when compared with
visually healthy children.

The impact of strabismus on the quality of life of affected patients has been documented, particularly during
adulthood.?"*? In young children, other factors such as amblyopia treatment present an associated issue. It is also harder
to evaluate the psychosocial impact of strabismus on children given the inability to self-reporting concerns and feelings.
However, it is at least as important to address the functional and psychosocial effects of strabismus during childhood,
while the social competencies and personality are developing. There is an increased susceptibility to psychiatric diseases
in children with strabismus, with depression or anxiety affecting one-quarter of them.'**’

In the present study, the Child “functional vision” domain was the only PedEyeQ score that did not differ between
children with strabismus and healthy children. In contrast, Hatt et al® found the greatest mean difference between
children with strabismus and controls in the Child “functional vision” domain among children aged 5 to 11 years. The
discrepant results may be explained by differences in functional vision parameters (visual acuity, visual field, stereopsis)
of both cohorts. In our sample, the prevalence of amblyopia was relatively low (21%). The “frustration and worry”
domain had the lowest score in the Child and Proxy components in the present study. This is supported by Hatt et al,®
who demonstrated the greatest mean difference between children with strabismus and controls in this domain among
children aged 12 to 17 years. Hence, one of the major issues of these patients is that they feel unsure of themselves,
frustrated, worried, and different.

There are disparities in results of different studies regarding the impact of the type of strabismus, angle of

deviation, presence of amblyopia, and age on quality of life. A study by Uretmen et al'>

showed a more pronounced
negative social bias against children with strabismus in esotropia versus exotropia. Wen et al® did not find any
differences between both types of strabismus, neither did our study. In the present study, PedEyeQ scores were
similarly affected in children with different degrees of eye deviation, in agreement with Lim et al.** The impact of
strabismus may be more related to the patient’s judgment of the problem than to the severity itself. The lack of
correlation between the angle of deviation and impairment of quality of life has been also reported in adults.?***
Nevertheless, patients with latent (no noticeable) deviation have better scores in psychological instruments than those
with manifest deviation.”” The presence of amblyopia was not associated with worse PedEyeQ scores in our study.
This is in line with the population-based Multi-ethnic Pediatric Eye Disease Study (MEPEDS) which demonstrated
a similar impairment between children with concomitant amblyopia and strabismus and children with strabismus
alone.®> Unlike strabismus, amblyopia is not apparent to others, so the effect on social and emotional functioning
appears to be minimal. On the other hand, occlusion therapy is apparent to others and may be a significant factor in
ER-QOL.*® We did not find worse scores in children currently undergoing occlusion treatment, probably because they
were only a minority (19%). Instead, more than half (67%) had previously undergone occlusion treatment, which may
or may not have a lasting impact on ER-QOL. In accordance with our results, Guimardes et al*° reported that patching
was not associated with long-term negative psychosocial outcomes. Not only the occlusion therapy, but also the use of
glasses alters the physical appearance. Using PedEyeQ, Leske et al’° recently showed a reduced ER-QOL and
functional vision in glasses wearers without strabismus and their parents. Similar findings were demonstrated in our
cohort of children with strabismus, which means that the use of glasses may additionally impair the quality of life of
these children.

Supported by other studies, the PedEyeQ scores did not significantly differ between age subgroups.>® In a study by
Sim et al,” the impact of strabismus on quality of life was observed in children of all ages, as observed in our study, but
they found a trend towards higher scores in older children, which could be related to a better coping mechanism and

increased maturity and acceptance.™>!
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A significant number of studies have reported an improvement in the quality of life of children after strabismus
surgery.*>>* Interestingly, this improvement was reported in patients with either successful or unsuccessful surgical
outcome.*>*> Some studies showed that children with an unsuccessful surgical outcome do not present lower post-
operative quality of life scores compared with those successfully treated, which is consistent with our findings.**** This
can be explained by an improvement in eye alignment, albeit not attaining the criteria for surgical success. In our cross-
sectional study, no differences were found between the surgical and non-surgical cases. We recognize that studies with
a prospective design are more appropriate to evaluate the effect of strabismus surgery on ER-QOL. The prospective
studies that evaluated the change of ER-QOL scores following surgery did not compare operated children with healthy
subjects.>?> ** We found that operated children still have worse scores in several parameters of ER-QOL, regardless of
surgical outcome, similar to the results in adults of a prospective study by Xu et al.*’

The psychosocial impact of strabismus extends to the children’s families. The parents or guardians of children with
strabismus have an increased susceptibility to depression, or anxiety, and admit difficulties in establishing a relationship
with their children.?*>” Moreover, the psychological status of relatives may depend on the attitude of the children toward
treatment and their level of knowledge about the disease.?” Parents’ and children’s concerns may not be the same. In our
study, there was a strong agreement between the Child and Proxy components scores, except for the “frustration/worry”
domain. Noteworthy, the score of “frustration/worry” domain was lower in the Child component compared with the
Proxy component in the surgical group, while the inverse was found in the non-surgical group. This may reflect an
underestimation of frustration and worries of children submitted to corrective surgery by their parents. The lack of
agreement between self and proxy-reporting, especially in social or emotional domains, has been shown with other
instruments.*®

In the present study, psychosocial scores of children with strabismus were more impaired than functional scores. Two
strategies should be of value in these patients: education and rehabilitation. Rehabilitation interventions are relatively
well documented for children with visual impairment, aiming to improve the quality of life, participation in society, and
psychosocial functioning.>® However, children with strabismus, and eventually their families, may also benefit from
psychosocial rehabilitation strategies. A multidisciplinary approach with ophthalmologists, psychiatrists, or psychologists
could help reduce excessive worries and educate parents and children about the disease. Very little is known about the
use of psychosocial interventions to improve the quality of life in patients with strabismus, and further research on this
topic is needed.*?

The first limitation of this study is the relatively small sample size and its heterogeneity. Secondly, a prospective
design applying the questionnaire before and after surgery would be more appropriate to address the impact of the
surgery on ER-QOL. To our knowledge, this was not done yet with PedEyeQ. Another limitation is the variable time
between surgery and questionnaire application, however, a minimum interval of 4 months was implemented to allow
for assessment of the surgical outcome. The questionnaire was applied in the English language to Portuguese patients.
Only parents who reported a level of English proficiency superior or equal to that of an independent user were
included to ensure that they were able to complete the questionnaire themselves, however, this could point to
a peculiar social status in the population. The impact of the socioeconomic class was not extensively studied, but
previous research showed no correlation between socioeconomic class and the psychosocial impairment caused by
strabismus.***°

To conclude, children with strabismus and their families might have impaired functional vision and reduced ER-QOL.
Despite previous evidence of a positive effect of strabismus surgery, children with successful surgical outcome had worse
PedEyeQ scores compared to visually normal children. Educational programs and psychosocial rehabilitation interven-
tions should be implemented in children with strabismus and their families.

Ethics

The study was conducted according to the tenets of the Declaration of Helsinki in its latest amendment (Brazil, 2013) and
was approved by the local IRB (“Departamento de Ensino, Formagao e Investigacdo™).
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