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Prevalence of strabismus, nystagmus and risk factors
in children and adolescents born preterm with and
without retinopathy of prematurity: results from the
Gutenberg Prematurity Study Young
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ABSTRACT

Aims This study assessed the prevalence of strabismus,
nystagmus and their risk factors in children born preterm,
stratified by gestational age (GA), retinopathy of
prematurity (ROP) and ROP treatment.

Methods This is a retrospective cohort study with a
prospective follow-up in a large cohort of children born
preterm and full-term aged 4—17 years. Multivariable
logistic regression analyses assessed associations of
strabismus and nystagmus with perinatal parameters.
Participants were divided into the following groups:
controls born at term (GA =37 weeks, group 1), children
born preterm without ROP and GA 33-36 weeks (group
2), GA 29-32 weeks (group 3), GA <28 weeks (group
4), GA <32 weeks with untreated ROP (group 5) and GA
<32 weeks with treated ROP (group 6).

Results 949 children (11.21+3.92 years, 495 females)
were included. Strabismus was observed in 6% of
children in group 1, 10% in group 2, 12% in group 3,
23% in group 4, 20% in group 5 and 68% in group 6.
Nystagmus was observed in 0.8%, 0.4%, 1.8%, 2.6%,
5.0% and 47% in the respective groups. Strabismus
was associated with earlier GA (OR=1.08; p=0.01),
astigmatism (OR=2.48; p=0.02) and hypermetropia
(OR=2.09; p=0.04). Esotropia was associated with
weeks of prematurity (OR=1.11; p=0.02), anisometropia
(OR=3.09; p=0.02) and hypermetropia (OR=4.17;
p<0.001). Nystagmus was associated with ROP
(OR=7.49; p=0.03), anisometropia (OR=5.17; p=0.04)
and myopia (OR=11.09; p<0.001).

Conclusions Strabismus in children is linked to
preterm birth and refractive error, while nystagmus is
more prevalent in children with ROP and children with
refractive errors.

INTRODUCTION

Preterm birth affects about 11% of the popula-
tion worldwide' and leads to numerous ocular
alterations during lifetime. While advancements
in medical procedures in recent decades increased
survival probability, especially of infants born
extremely preterm,”? ocular complications such as
retinopathy of prematurity (ROP) remain and can
lead to decreased visual function and blindness.*

" Alica Hartmann
,' Omar Hahad,** Norbert Pfeiffer,' Stephanie D Grabitz,'

,' Eva Mildenberger;

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Strabismus is a known complication of preterm
birth, affecting visual quality of life. However,
most studies are limited by small sample sizes,
lack of detail on degrees of prematurity and
retinopathy of prematurity (ROP) status and
often exclude older children. While extremely
preterm birth (<28 weeks) is linked to
strabismus, data on moderate to late preterm
birth (28-36 weeks) and specific types like
esotropia and exotropia remain limited.

WHAT THIS STUDY ADDS

= This study highlights that prematurity—
especially with ROP—is strongly linked
to strabismus and nystagmus, with lower
gestational age and refractive errors as key
risk factors. Strabismus was more common in
children with treated ROP but also increased
with prematurity regardless of ROP.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings underscore that early diagnosis
and regular ophthalmologic monitoring are
essential not only for children with ROP but
also for those born preterm without it—
including those born moderately preterm—to
avoid delays in amblyopia treatment and

improve long-term visual outcomes.

Further alterations in ocular morphology include
a steeper corneal radius, shorter axial length and
smaller anterior eye chambers,” which make indi-
viduals born preterm more prone to complications
such as myopia, astigmatism, anisometropia and
strabismus®'® and potentially increase the suscep-
tibility for age-related ocular diseases.'!

Strabismus is an ocular complication related to
prematurity’>™* and significantly impacts vision-
related quality of life."® However, most studies
assessing associations of strabismus and preterm
birth are either performed in small cohorts of chil-
dren'* or do not differentiate between extremely
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(gestational age (GA) <28 weeks)'® and moderately preterm
birth (GA 32-37 weeks)"? '® and occurrence of ROP and/or ROP
treatment.'*'” Most also do not include adolescents until the age
of 17 years."® " The consequences of strabismus reach from loss
of binocular vision, amblyopia and reduced visual function® to
psychosocial problems such as problems of finding employment
or a partner.”’ Given the diverse consequences of strabismus, it
is of particular importance to conduct a thorough examination
of factors related to preterm birth and their potential impact on
the development of strabismus. This may help with the identi-
fication of more precise intervention strategies during the peri-
natal period and more directed ophthalmological examination
strategies during childhood, which may contribute to reducing
the risk of strabismus and its sequelae, such as amblyopia, in
this population. The goal of our current research effort was to
assess the prevalence of strabismus and its subtypes (esotropia
and exotropia) as well as the prevalence of nystagmus in a large
cohort of children and adolescents aged 4-17 years, stratified for
stages of preterm birth, ROP with and without treatment and the
impact of factors related to prematurity. Additionally, we aimed
to assess the age of first diagnosis in strabismic children with
and without amblyopia to evaluate whether this had an impact
in our cohort.

MATERIALS AND METHODS

Study population

The Gutenberg Prematurity Study Young (GPSY) is a retro-
spective cohort study with a prospective ophthalmologic
examination in children aged 4-17 vyears, extending the
Gutenberg Prematurity Eye Study for adults.” ?* This study,
which is conducted at the University Medical Centre of the
Johannes Gutenberg University Mainz (UMCM) in Germany,
focuses on a cohort of children and adolescents, aged 4-17
years, born either preterm or full-term between 2003 and
2018, to explore the impact of prematurity and associated
factors. Most participants were Caucasian and therefore data
cannot be generalised to other ethnicities. Perinatal data were
collected retrospectively by reviewing medical records from
the UMCM, while the prospective phase comprised extensive
eye examinations.

The selection of participants was conducted via an algorithm
that invited all individuals born preterm with a GA of <32
weeks and randomly selected one in three individuals born
preterm with a GA of 33-36 weeks. This was prespecified to
achieve comparable study group size and age and sex distribu-
tion. Controls were chosen by randomly selecting eight individ-
uals born full-term (four male, four female) per month of birth,
with a birth weight (BW) between the 10th and 90th percentile.
Additionally, 30 participants born at term but severely small for
GA (SGA), 30 participants born at term but moderately SGA,
30 individuals born at term but moderately large for GA (LGA)
and 30 individuals born at term but severely LGA were recruited
with stratification by sex and age. A detailed flow chart of the
recruitment is displayed in online supplemental figure S1. The
participants underwent examinations between 2021 and 2023
and provided additional information about their medical history
through detailed surveys.

We obtained written informed consent from all participants
and their legal guardians before enrolment. The GPSY adheres
to Good Clinical Practice, Good Epidemiological Practice and
the ethical guidelines of the Declaration of Helsinki. The study
protocol and documentation were approved by the local ethics
committee of the Medical Chamber of Rhineland-Palatinate,

Germany (reference no. 2021-15830; original approval: 5 May
2021; most recent update: 19 January 2022).

Assessment of prenatal, perinatal and postnatal medical
history

Medical records at the UMCM were examined for various data
points, including GA (in weeks), BW (in kg), presence and stage
of ROP, ROP treatment, placental insufficiency, pre-eclampsia,
breastfeeding status, maternal smoking during pregnancy,
maternal gestational diabetes, maternal age at birth, caesarean
section and any perinatal adverse events, defined according to
the German query for quality control of the neonatal clinics:
occurrence of intraventricular haemorrhage (at least grade
three or parenchymal haemorrhage) and/or the occurrence of
necrotising enterocolitis and/or moderate or severe broncho-
pulmonary dysplasia were summarised as adverse events.”> BW
percentiles were calculated based on the methodologies estab-
lished by Voigt et al.**

Categorisation

Participants were divided into six groups based on GA and the
presence of ROP. Group 1 included term-born children with a
GA at birth of 37 completed weeks or more. Group 2 comprised
participants born preterm with a GA of 33-36 weeks who did
not have ROP. Group 3 consisted of those with a GA of 29-32
weeks without ROP, while group 4 included participants with
a GA =28 weeks, also without ROP. Group 5 was made up of
participants with a GA of <32 weeks and non-treated ROP, and
group 6 included those with a GA of <32 weeks and treated
ROP If only one eye was affected by ROP, the unaffected eye was
excluded from the analysis. Of the treated participants within our
study, only one participant received intravitreal operative medi-
cation and one participant received both cryo and laser treat-
ment, while all other participants underwent laser treatment.

Ophthalmological examination

Participants underwent a detailed ophthalmological exam-
ination, including testing of monocular visual acuity without
correction and distant corrected visual acuity with ARK 1s
(NIDEK; Oculus, Wetzlar, Germany) and testing of the intraoc-
ular pressure with a non-contact tonometer (NT 2000; Nidek,
Japan). Visual acuity was converted from decimal to logMAR,
according to medical literature.”> An orthoptic examination for
strabismus was conducted, including the cover—uncover test and
alternate cover test, Hirschberg test and examination of fixa-
tion behaviour. Ocular movements were assessed, and stereopsis
was tested with the Lang-II test. After correction for refractive
error, the presence or absence of nystagmus was investigated.
Strabismus was defined as constant or intermittent hetero-
tropia of any dimension at distance and/or near fixation after
having corrected refractive error.?® Additionally, we categorised
depending on the deviation from the primary position (esotropia,
exotropia). The spherical equivalent was calculated by summing
the sphere value with half of the cylindrical value. Anisometropia
was determined by calculating the absolute difference in spher-
ical equivalent between the right and left eyes. Anisoastigmatism
was assessed by measuring the absolute difference in cylindrical
values between the two eyes. Amblyopia was defined according
to Elflein et al*” and assessed to explore whether the age of first
diagnosis in strabismic children had an impact on the develop-
ment of amblyopia. For further details regarding amblyopia in
this cohort, we refer to Fief et al.?® Investigators were masked
regarding the GA and BW of the participants.
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Covariates

The risk factors that may affect the outcome measures such as sex
(female), age (years), weeks of prematurity (40—GA in weeks),
BW percentile, ROP (yes), ROP treatment (yes), anisometropia
=1.5 diopter (D) (yes), refractive error: myopia <—2 D and
hyperopia =+2 D (reference: —2 to 2 diopter), astigmatism
>1.5 D (yes), maternal age at childbirth (years), maternal
smoking during pregnancy (yes), maternal breastfeeding (yes),
perinatal adverse events (yes), pre-eclampsia (yes), placental
insufficiency (yes) and caesarean section (yes) were considered
as covariables.

Statistical analysis
The primary outcome measure was the presence of any type of
strabismus during the study examination. Secondary outcomes
included the presence of specific strabismus subtypes (esotropia,
exotropia) as well as nystagmus. Descriptive statistics were
presented by group of prematurity, reporting absolute and rela-
tive frequencies for binary variables, and mean with SD for
variables that were approximately normally distributed (other-
wise median and IQR). Associations between strabismus (yes)
and prematurity-related factors were assessed by binary logistic
regression analysis.

First, univariable analyses were conducted investigating the
relationship with weeks of prematurity (40—GA in weeks),

BW (kg), BW percentile, ROP, ROP treatment, placental insuf-
ficiency, pre-eclampsia, maternal smoking during pregnancy,
perinatal adverse events and breastfeeding. To identify inde-
pendently associated factors, a multivariable regression model
#1 was applied with the inclusion of the factors described above
that were associated with a p value <0.05 in the univariable
analysis. We additionally conducted a sensitivity analysis of the
univariable association of ROP stages and strabismus.

Additionally, we created a cumulative incidence plot with
retrospective anamnestic data of first diagnosis of strabismus to
estimate onset probabilities over time in our study population
(see figure 1).

We further conducted a sensitivity analysis with a permutation
test regarding the age of first diagnosis in strabismic children
with and without amblyopia to assess whether this had an impact
in our cohort.

As this is an explorative study, a significance level was not
defined, and no adjustment for multiple testing was conducted.
Thus, p values are reported only for descriptive purposes and
should be interpreted with caution.”” Instead, ORs with their
corresponding Cls can be used to assess the effects. Calculations
were performed using R (R Core Team (2021); R: a language
and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria, URL https://www.R-
project.org/, R V.4.1.2 (1 November 2021)).

Kaplan-Meier-Plot: Time of first diagnosis in strabismus
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Figure 1
onset. GA, gestational age in weeks; ROP, retinopathy of prematurity
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Cumulative incidence of first diagnosis of strabismus within participant groups gathered from retrospective anamnestic data of strabismus
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Table 1 Characteristics of the GPSY sample (n=949), stratified by study groups
Group 2 Group 3 Group 4 Group 5 Group 6
Group 1 GA33-36 wks  GA 29-32wks GA <28 wks GA <32 wks GA =32 wks
GA =37 wks  No ROP No ROP No ROP ROP without treatment ~ ROP with treatment

Participants (n) 380 242 170 78 60 19
Sex (female) 195 (51.3) 120 (49.6) 90 (52.9) 47 (60.3) 34 (56.7) 9 (47.4)
Age, y (mean (SD)) 11.04 (3.72) 11.17 (3.75) 11.69 (3.93) 10.79 (3.94) 11.93 (5.39) 10.47 (4.30)
Gestational age (weeks) (mean (SD)) 38.98 (1.29) 34.64 (1.04) 30.89 (1.05) 26.17 (1.45) 26.43 (2.35) 24,05 (1.08)
Birth weight, kg (mean (SD)) 3.38 (0.64) 2.33(0.41) 1.57 (0.35) 0.85 (0.25) 0.93 (0.35) 0.62 (0.20)
Birth weight <1500 (yes) (%) 1(0.3) 7(2.9) 74 (43.5) 78 (100.0) 57 (95.0) 19 (100.0)
Birth weight <1000 (yes) (%) 0(0.0) 0(0.0) 10 (5.9) 58 (74.4) 40 (66.7) 18 (94.7)
Birthweight percentile (mean (SD)) 46.24 (33.40)  33.98(22.83) 40.47 (22.37) 36.79 (26.11) 4223 (27.11) 22.95 (24.26)
Birthweight percentile categories
n (%)

<3rd percentile 30(7.9) 11 (4.5) 5(2.9) 7(9.0) 1(1.7) 3(15.8)

3rd —<10th percentile 30(7.9) 31(12.8) 11 (6.5) 7(9.0) 9(15.0) 4(21.1)

10th—90th percentile 260 (68.4) 197 (81.4) 154 (90.6) 62 (79.5) 50 (83.3) 12 (63.2)

>90th-97th percentile 30(7.9) 2(0.8) 0(0.0) 2(2.6) 0(0.0) 0(0.0)

>97th percentile 30(7.9) 1(0.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
ROP (yes) (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 60 (100.0) 19 (100.0)
ROP stage (1/2/3/4/5) OD (eyes) (0/0/0/0/0) (0/0/0/0/0) (0/0/0/0/0) (0/0/0/0/0) (27/15/14/0/0) (0/211412/1)
ROP stage (1/2/3/4/5) OS (eyes) (0/0/0/0/0) (0/0/0/0/0) (0/0/0/0/0) (0/0/0/0/0) (22/19/17/0/0) 0/11121211)
Perinatal adverse events (yes) (%) 0(0.0) 1(0.4) 7(4.1) 32 (41.0) 26 (43.3) 18 (94.7)
Pre-eclampsia (yes) (%) 7(1.8) 21 (8.7) 30(17.6) 12 (15.4) 12 (20.0) 2 (10.5)
Placental insufficiency (yes) (%) 2(0.5) 8(3.3) 6 (3.5) 6(7.7) 3 (5.0 2 (10.5)
Gestational diabetes (%) 46 (12.1) 19(7.9) 21(12.4) 3(3.8) 4(6.7) 0(0.0)
Maternal smoking during pregnancy (yes) (%) 17 (4.5) 7(2.9 7(4.1) 5(6.4) 8(13.3) 4(21.1)
Breastfeeding (yes) (%) 322 (84.7) 183 (75.6) 119 (70.0) 53 (67.9) 28 (46.7) 2(10.5)
Maternal age at birth (years) (mean (SD)) 32.96 (4.21) 33.57 (4.82) 32.88 (4.70) 32.23 (5.49) 33.88 (3.99) 31.59 (3.24)
Caesarean section (yes) (%) 147 (38.7) 148 (61.2) 140 (82.4) 74 (94.9) 53 (88.3) 14 (73.7)
Lang II-Test positive (yes) (%) 8(2.1) 6 (2.5) 8(4.7) 7(9.0) 5(8.3) 13 (68.4)
Amblyopia overall (yes) (%) 11(2.9) 12 (5.0) 8(4.7) 7(9.0) 3(5.0) 8(42.1)

*Perinatal adverse events were defined as the occurrence of intraventricular haemorrhage (at least grade three or parenchymal haemorrhage) and/or the occurrence of

necrotising enterocolitis and/or bronchopulmonary dysplasia (moderate or severe).

g, grams; GA, gestational age; kg, kilograms; n, number; OD, right eye; OS, left eye; ROP, retinopathy of prematurity; SD, Standard Deviation; wks, weeks; y, years.

RESULTS

Study participants’ characteristics

A total of 1889 eyes of 949 preterm and term infants (age
11.21£3.92 years, 495 females) were included in the analysis.
Overall, 760 eyes of 380 participants with a GA =37 weeks
(group 1, control group), 484 eyes of 242 participants with a
GA between 33 and 36 weeks without ROP (group 2), 340 eyes
of 170 participants with a GA between 29 and 32 weeks without
ROP (group 3), 156 eyes of 78 participants with a GA <28
weeks without ROP (group 4), 114 eyes of 60 participants with
a GA between 24 and 32 weeks with ROP without treatment
(group 5) and 35 eyes of 19 participants with a GA between
24 and 32 weeks and with postnatal treatment for ROP (group
6) were assessed. Nine eyes without ROP were excluded when
the fellow eye had postnatal ROP. The group characteristics are
displayed in table 1.

Ocular parameters
Descriptive parameters regarding strabismus, nystagmus and
visual acuity are displayed in figure 2a—f.

Strabismus

In the descriptive analysis, strabismus was observed in 6.1% of
participants with a GA of =37 weeks, 10.3% of participants with
a GA of 33-36 weeks, 12.4% of participants with a GA of 29-32

weeks, 23.1% of participants with a GA of <28 weeks without
ROP, 20.0% of participants with untreated ROP and 68.4% of
participants with treated ROP. Considering a potential impact of
age, our data show that the prevalence of strabismus was similar
within the different age groups. Preschool children aged 46 years,
school children aged 7-12 years as well as adolescents aged 13-17
years all had similar prevalences of strabismus stratified over the
different groups of prematurity except for the children with ROP
(see figure 2a). The exceptionally high prevalence in the children
with ROP without treatment aged 7-12 years (three of six partic-
ipants, 50%) is likely attributed to a lower participant number in
this group within the participants with ROP. Results regarding the
association analyses with strabismus are displayed in table 2. In
multivariable regression, strabismus was associated with weeks of
prematurity (OR=1.08; 95%CI 1.02; 1.16; p=0.01), astigmatism
=>1.5 dioptres (OR=2.48; 95%CI 1.15; 5.14; p=0.02) and hyper-
metropia (OR=2.09; 95%CI 1.01; 4.07; p=0.04). In a sensitivity
analysis, we used a univariable model to assess the association of
ROP stage with strabismus. Only the second (OR=3.46; 95%CI
1.09; 9.42; p=0.02) and third (OR=12.0; 95%CI 5.53; 26.74;
p<0.001) stages were associated with strabismus; however, we
were not able to assess this association in a multivariable model due
to the small case numbers, especially in the higher stages. Figure 2¢
displays the distribution of strabismus in cases with and without
treatment over the different stages of ROPR
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Prevalence of Strabismus within participant groups
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Figure 2 Graphical display of the prevalences of strabismus and nystagmus within participant groups and distribution of visual acuity in
participants with and without nystagmus and strabismus. (a) Graphical display of the prevalence of strabismus within participant groups stratified
for age group, (b) graphical display of the types of strabismus within participant groups, (c) prevalence of strabismus within ROP stages with and
without treatment, (d) group-stratified distribution of visual acuity in participants with versus without strabismus, (e) visual acuity in the worse eye
with versus without nystagmus with versus without ROP, (f) distribution of nystagmus within participants with and without ROP with and without

treatment; GA, gestational age in weeks; ROP, retinopathy of prematurity.

Prevalences of esotropia were 2.9%, 3.7%, 7.1%, 19.2%,
13.4% and 36.8% in the respective groups, while they were
3.2%, 6.6%, 5.3%, 3.8%, 6.7% and 31.6% for exotropia.

Esotropia was associated with weeks of prematurity (OR=1.11;
95%CI 1.02; 1.21; p=0.02), anisometropia =1.5 dioptres
(OR=3.09; 95% CI 1.18; 7.58; p=0.02) and hypermetropia =2
dioptres (OR=4.17; 95%CI 1.83; 8.99; p<0.001). Exotropia
was only associated with pre-eclampsia (OR=2.57; 95%CI
1.17; 5.25; p=0.01). Further results regarding association

analyses with esotropia, exotropia and nystagmus can be found
in online supplemental table S1.

Nystagmus

In descriptive analyses, nystagmus was present in 0.8% of partic-
ipants with a GA of =37 weeks, 0.4% of participants with a
GA of 33-36 weeks, 1.8% of participants with a GA of 29-32
weeks, 2.6% of participants with a GA of <28 weeks without
ROP, 5.0% of participants with untreated ROP and 47.4% of
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Table 2 Stratified participant characteristics and association analyses of strabismus

Strabismus No strabismus Strabismus Univariable Model 1

Logistic regression OR (95% CI) P value OR (95% Cl) P value
n 837 112

Age (years) 11.19 (3.90) 11.39 (4.11) 1.01 (0.96; 1.07) 0.61 - -
Sex (female) 437 (52.2) 58 (51.8) 0.98 (0.66; 1.46) 0.93 - -
Weeks of prematurity (40—GA) Mean GA=34.69 (4.65) Mean GA=31.22 (5.61) 1.15(1.1; 1.19) <0.001 1.08 (1.02; 1.16) 0.01
Birth weight percentile 40.90 (28.40) 38.21 (29.12) 1.00 (0.99; 1.00) 0.35 - -
ROP (yes) 54 (6.5) 25 (22.3) 4.17 (2.44; 6.97) <0.001 1.25(0.57; 2.71) 0.57
ROP treatment (yes) 6(0.7) 13(11.6) 18.19 (7.02; 52.76) <0.001 * *
Perinatal adverse events (yes) 53 (6.3) 31(27.7) 5.66 (3.41; 9.29) <0.001 1.32 (0.6; 2.87) 0.48
Smoking during pregnancy (yes) 37 (4.4) 11(9.8) 2.35(1.11; 4.62) 0.02 1.25(0.48; 2.9) 0.63
Pre-eclampsia (yes) 63 (7.5) 21(18.8) 2.84 (1.62; 4.8) <0.001 1.89 (0.99; 3.48) 0.05
Breastfeeding (yes) 635 (75.9) 72 (64.3) 0.57 (0.38; 0.88) 0.01 0.93(0.56;1.57)  0.77
Placental insufficiency (yes) 19(2.3) 8(7.1) 3.31(1.34; 7.51) 0.01 1.94 (0.69; 4.95) 0.19
Anisometropia =1.5 D (yes) 24(2.9) 14 (14.0) 5.37 (2.62; 10.64) <0.001 2.30(0.97;5.20) 0.05
Astigmatism =>1.5 D (yes) 32(3.9) 20 (19.6) 6.0 (3.24;10.9) <0.001 2.48 (1.15;5.14) 0.02
Myopia =2 D (yes) 49 (6.0) 13(12.7) 3.53 (1.86; 6.45) <0.001 1.78 (0.8; 3.72) 0.14
Hyperopia =2 D (yes) 48 (5.9) 13(12.7) 2.99 (1.56; 5.48) <0.001 2.09 (1.01; 4.07) 0.04
Maternal age at birth (years) 33.15 (4.58) 32.55 (4.27) 0.97 (0.93; 1.02) 0.22 - -
Caesarean section (yes) (%) 496 (59.3) 80 (71.4) 1.72 (1.13; 2.68) 0.01 0.84 (0.49; 1.46) 0.53
Lang II-Test positive (yes) 14(1.7) 33 (29.5) - - - -
Nystagmus (yes) 4(0.5) 17 (15.5) - - - -

Univariable model—based on univariable logistic regression analysis; model 1: multivariable model with inclusion of univariable associated parameters.
*ROP treatment, although associated with weeks of prematurity, was not included in the multivariable model due to high collinearity with ROP.
Cl, confidence interval; D, diopters; GA, gestational age; OR, odds ratio; ROP, retinopathy of prematurity.

participants with treated ROP. The strongest factors associated
with nystagmus in multivariable analysis were the occurrence of
ROP (OR=7.49; 95%CI 1.31; 49.99; p=0.03), anisometropia
=1.5 dioptres (OR=5.17; 95%CI 1.00; 24.59; p=0.04)
and myopia =2 dioptres (OR=11.09; 95%CI 2.61; 48.20,
p<0.001). The nystagmus in these participants was largely char-
acterised by low amplitudes and high frequency. There were
some individuals who had nystagmus but not strabismus, but
these cases were rare (four individuals overall, 0.5%). Of these,
two were from the group with term-born individuals, one in the
group with a GA of 33-36 weeks and one from the group with
GA <28 weeks.

The cumulative incidence of strabismus (figure 1) gathered
from a review of medical data in the eye clinic and retrospective
anamnestic data clearly shows that strabismus in our cohort is
diagnosed particularly within the first years of life. Furthermore,
the groups treated for ROP had the overall highest cumulative
incidence of strabismus compared with the other groups, while
children born at term had the lowest. The sensitivity analysis
regarding amblyopia did not reveal a difference (p=0.98) in the
mean age of first diagnosis between strabismic children with
and without amblyopia in our cohort. Within the individuals
with strabismus, amblyopia was most prevalent in participants
with esotropia (44.2%) compared with the ones with exotropia
(31.6%). Of the individuals without a diagnosis of strabismus,
2.2% were amblyopic.

DISCUSSION

This study provides a detailed assessment of the association of
perinatal parameters with strabismus prevalence in a large cohort
of 949 children and adolescents aged 4-17 years. Prevalence of
strabismus and nystagmus was highest in children born preterm
with treated ROP. We found an association of strabismus with

weeks of prematurity, astigmatism =1.5 dioptres and hyper-
metropia =2 dioptres, while the strongest factors associated
with nystagmus were the occurrence of myopia =2 dioptres,
ROP and anisometropia =1.5 dioptres. Esotropia was associated
with weeks of prematurity, anisometropia =1.5 dioptres and
hypermetropia =2 dioptres, while exotropia was only associated
with pre-eclampsia. Our results indicate an 8% increase in the
odds of having strabismus with each week of birth before the full
gestation of 40 weeks, independent of the occurrence of ROP
and/or ROP treatment.

This study was particularly interested in determining whether
fetal growth restriction or preterm birth plays a more important
role in the prevalence of strabismus. We found no association
of BW percentile and strabismus, while GA played a major role
in the multivariable association with inclusion of known risk
factors such as anisometropia or anisoastigmatism. These results
stand out compared with previous studies in this field by consid-
ering the BW percentile instead of GA and BW as separate char-
acteristics.® '* 1 39 BW should always be considered in relation
to GA, as children with the same BW but one born at term and
the other born preterm may have very different outcomes. Our
study suggests that it is neonatal immaturity that plays a decisive
role in the development of strabismus, rather than adverse fetal
growth indicated by a low-birth-weight percentile.

Of the 59 preterm children in Pettursdottir et al’s analysis, 7
(11.9%) were strabismic, of which five had no ROP and two had
treated ROP. The authors, however, did not differentiate between
the severity of preterm birth but only used a dichotomous
model.'? VanderVeen et al found an association of strabismus
with preterm birth before 26 weeks and ROP type I, which they
defined as ROP in need of treatment. While VanderVeen et al
have incorporated some form of severity of preterm birth and
ROP and its treatment, they only focused on extremely preterm
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children up to a GA of 28 weeks.” Fief et al have found that
GA was associated with strabismus, although they have also
only assessed children below 32 weeks of GA in their analysis of
children aged 4-10 years.*® Our stratification approach allowed
us to differentiate strabismus prevalence regarding different
severities of preterm birth (including children born moderately
and late preterm) between children born preterm without ROP
and children with ROP and/or ROP treatment. Regarding the
strabismus prevalences in the different groups of prematurity
independent of ROP, an increase in prevalence is clearly visible
with a decrease in GA, which is manifested by the association
between weeks of GA and strabismus in our multivariable model
and is in line with results from previous studies.?® 3! Still, prev-
alences in our cohort were highest in the group treated for
ROP, which was the same for all age groups. Our univariable
sensitivity analysis showed that mainly ROP stages 2 and 3 are
associated with strabismus. The group with stage 3 ROP had 12
times the odds of strabismus compared with children without
ROP These results are also visualised in figure 2¢ and are in line
with results from Chapron et al, who have found a significant
association of strabismus with severe stages of ROP, which was
defined as ROP stage >3 or treated ROP>! Within stage 3 ROR,
about two-thirds of participants in our study were treated with
laser therapy, while the rest received no treatment. It is therefore
reasonable that mainly interventions such as laser therapy may
alter the ocular architecture in ways that impact the coordina-
tion of eye movements. The missing association in the higher
stages, in which all participants were treated (see figure 2c), is
very likely attributed to the small numbers of participants and
loss of power. As Chapron et al combined stages =3 or treated
ROP, they were also not able to differentiate between treatment
and higher stages of ROP without treatment.”'

The current study also assessed the prevalence of esotropia
and exotropia. Esotropia was the most prevalent type overall in
our cohort. Interestingly, the difference in prevalence between
esotropia and exotropia was highest in children with a GA <28
weeks. There may be underlying factors that affect brain devel-
opment in these children.’” Periventricular leukomalacia (PVL)
has been described as a major factor contributing to the devel-
opment of strabismus® and is mainly present in extremely to
moderately preterm children, as its prevalence increases with
decreasing GA.>* Further, white matter damage has also been
described as a contributing factor for strabismus,* and punctual
white matter damage is also prevalent in children born moder-
ately to late preterm.*® A case report has further reported that
in seven children with newly developed strabismus, six had a
history of preterm birth and newly found signs of PVL, which
were not seen before, even without any further neurological
problems.”” A hypothesis is therefore that mechanisms such as
PVL, as seen in extremely preterms and diffuse white matter
change in moderately to late preterms, increase the prevalence of
strabismus. Whether the type of brain alteration also has certain
effects on the type of strabismus that then occurs is still an object
of ongoing research. This may, however, be of relevance, as
differences between the outcomes of the two types have been
described, not only regarding amblyopia prevalence®”** but also
regarding differences in the success of surgical outcomes.*® In
individuals with ROP treatment, however, the impact of the
disease and treatment of the retina might influence this devel-
opment®” and lead to a larger overall prevalence of amblyopia
in this population.”® However, further studies are needed to
evaluate these hypotheses. Our findings regarding an association
of pre-eclampsia and exotropia have similarly been found in a
previous study that has assessed maternal hypertensive disorders

in pregnancy,® suggesting that it might be necessary to screen
children born to mothers with maternal hypertensive disorders
and pre-eclampsia more intensively regarding the development
of strabismus.

Strabismus in childhood can have different ages of onset
depending on its type. Infantile strabismus typically develops
within the first months after birth, while accommodative stra-
bismus, often linked to refractive errors like hyperopia, tends
to appear later.*! In our cohort, strabismus was generally diag-
nosed before age 5, with the earliest diagnoses in children with
ROP (median: 1 year). In contrast, children born moderately
or extremely preterm were often diagnosed later (median: 3—4
years). This pattern may reflect both delayed detection, perhaps
due to challenges in examining neurologically immature chil-
dren, potentially caused by differences in neurodevelopment*
and genuine differences in onset, particularly with accommoda-
tive types, which usually emerge later.*!

Although our anamnestic data did not allow us to distinguish
between infantile and accommodative types or between true
onset and diagnosis, the later diagnosis in moderately preterm
children, combined with their known higher risk for refractive
errors,”'? supports the hypothesis that accommodative stra-
bismus may be more prevalent in this group.

Current German guidelines recommend ophthalmologic
follow-up only for children born before 3140 weeks of GA or
with BW <1500g,” leaving many moderately to late preterm
children unscreened, despite their potential risk. If these children
developed strabismus earlier, especially infantile types, delayed
diagnosis could mean missed opportunities for timely amblyopia
treatment, although not all children with strabismus necessarily
develop amblyopia. However, in our sample and sensitivity anal-
ysis, age at diagnosis did not significantly differ between children
with and without amblyopia, suggesting that most were diag-
nosed early enough for intervention. Overall, amblyopia was
more prevalent in the individuals with esotropia compared with
exotropia, which is in line with a previous study by Yetkin et al.>°
This may be due to intermittent forms of exotropia, which result
in amblyopia less than in constant forms.**

These findings underscore the importance of routine ophthal-
mologic follow-up in all preterm children, not just those with
ROP or very low BW, ideally extending through at least 5 years
of age.

Regarding the assessment of nystagmus, the prevalence was
highest in the group with ROP treatment (47.7 %). In a Danish
study, the prevalence of infantile nystagmus was highest in
children born extremely preterm, with ROP being the leading
cause.* However, the authors did not stratify for ROP and
ROP treatment. Our results can stratify for this, and they show
that, while GA was not associated with nystagmus, ROP was.
Nevertheless, the prevalence was highest in the group with ROP
treatment. Additionally, while children with stage 1 ROP did not
have nystagmus and the prevalence in stage 2 was negligible,
the prevalence rose with higher stages of ROP, in which most
participants underwent treatment (see figure 2f), indicating
that ROP treatment is responsible for the higher prevalence of
nystagmus in children born extremely preterm. The association
of nystagmus with refractive errors found in our multivari-
able model is therefore rather a result of ROP treatment than
a driving factor behind nystagmus development. Our partici-
pants mostly exhibited nystagmus with low amplitudes and high
frequency, which according to Brodsky et al is mainly observed in
individuals with white matter damage.*® As nystagmus has been
described in combination with white matter injury*” and chil-
dren with treated ROP often have a higher risk of abnormalities
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in their brain structure,®® this may be the underlying reason for
the difference in the prevalences. Additionally, nystagmus seems
to increase the risk for abnormal visual function® and may be
one of the contributing reasons for the decrease in visual acuity.
This is in accordance with our study, where visual acuity was
worse in participants with nystagmus compared with the ones
without, even in the cases without ROP, while it was the worst
in children with nystagmus and ROP (see figure 2¢). The associ-
ation with refractive errors in our cohort is supportive of these
findings as well.

Strengths and limitations

The GPSY was conducted in a single hospital study design,
which limits our results regarding the applicability to the
whole population. A portion of potential participants
declined participation or was difficult to contact, contributing
to possible selection bias. Individuals with greater morbidity
may have been under-represented, potentially skewing the
results towards those with less severe conditions. Further-
more, the study included only a small number of participants
with advanced stages of ROP and ROP treatment, potentially
affecting the generalisability of long-term outcomes. Most
participants were Caucasian, limiting the applicability of
results to other ethnic groups. Additionally, factors such as
family history of refractive error, cerebral lesions and cogni-
tive delay could not be fully adjusted for, which may influence
the reported outcomes. We were not able to assess differ-
ences between recruited and non-recruited participants, as
only recruited participants were added to the database. Due
to the substantial imbalance in group sizes and the number of
covariates considered, there is a risk of unstable coefficient
estimates. These results should be interpreted with caution,
and future studies with larger balanced samples are needed
to confirm these findings. Previous studies have also found
an association of strabismus with a family history of stra-
bismus.’® Family history of nystagmus was not collected,
and as the response rate from the parents of our participants
was rather low regarding family history of strabismus, we
were not able to include this variable in our models, which
further limits our interpretations. Anamnestic data regarding
the first diagnosis of strabismus were only collected dichot-
omously and did not entail whether the type was exotropia
or esotropia.

Despite these limitations, this study stands out for exam-
ining one of the largest cohorts of individuals born preterm
during childhood, stratified into extremely, moderately and
late preterm birth as well as with and without ROP and/
or treatment and including a term-born control group. It
bridges the gap between former studies spanning ages
from 4 to 17 years. By not only assessing strabismus but
also esotropia and exotropia separately, it has provided
new information regarding a potential effect of low GA on
esotropia rather than exotropia, which may pave the way
for new insights into the development of strabismus and
nystagmus. The comprehensive data gathered from perinatal
records enabled a robust analysis of factors influencing these
outcomes, with visual assessments conducted by masked
investigators, minimising investigator bias. All examina-
tions followed strict standardised protocols, enhancing the
reliability of the findings and providing a clear view of the
associations between prematurity, ROP and long-term visual
outcomes.

CONCLUSIONS

In conclusion, this study offers insights into the relationship
between perinatal factors and the prevalence of strabismus
and nystagmus in a large cohort of children and adolescents.
Our findings highlight that prematurity, particularly in cases
involving ROP, plays a significant role in the development
of strabismus, with the strongest associations observed with
lower GA and refractive errors, such as anisometropia and
astigmatism. The study also underscores the importance
of distinguishing between children born preterm with and
without ROP, as the prevalence of strabismus and nystagmus
was notably higher in those with ROP, particularly those who
received treatment. As prevalences of strabismus, however,
increased with GA irrespective of ROP, this suggests that
early diagnosis and consistent ophthalmologic monitoring
are also crucial for children born preterm without ROP, even
in children born moderately preterm, to prevent delayed
amblyopia treatment and optimise visual outcomes.
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