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ABSTRACT.

Purpose: To evaluate refraction and its development in young adults born

prematurely, screened for retinopathy of prematurity, and to compare with

individuals of the same age born at term.

Materials and methods: The participants were 59 preterms, with a birthweight

of ≤ 1500 g, and 43 term-born controls, all born during 1988–1990. The

refraction was measured in cycloplegia, and the spherical equivalent (SE) was

calculated. The axial length (AL), anterior chamber depth and corneal radius

(CR) were measured, and the AL/CR ratio was calculated.

Results: The mean SE was �0.5 dioptres (D) (SD 2.5) in right eyes (REs) and

�0.4 D (SD 2.3) in left eyes (LEs) of preterms, and �0.2 D (SD 1.5) in REs and

�0.2 D (SD 1.5) in LEs of controls. The distribution of refraction was wider in

the preterm group compared to the control group. In the preterm group, 12%

had a SE ≥ 1.5 D, but none of the controls. Ten preterms, but none of the

controls, had anisometropia ≥ 1.0 D. The prevalence of astigmatism ≥ 1.0 D

was higher in preterms than controls. The SE decreased around 1 D in both

preterms and controls from 10 to 25 years of age. The AL and CR were shorter

in the preterms; however, the AL/CR ratio was similar in both groups. Within

the preterm group, cryotherapy was correlated with astigmatism, but not with

SE and anisometropia at this age.

Conclusion: Prematurely born individuals had higher prevalence of refractive

errors in young adulthood compared to term-born controls.
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Introduction

Prematurely born children have a
higher risk of ophthalmological prob-
lems than children born at term
(O’Connor et al. 2007). In the neonatal
period, retinopathy of prematurity

(ROP) may develop and if severe,
treatment is indicated (1990, 2003).
Later in life, various ophthalmological
complications may be detected, such as
reduced visual acuity and problems
with visual perception (Molloy et al.
2013; Darlow et al. 2018). The

prevalence of myopia and other refrac-
tive errors is higher in preterms than in
children born at term, which has been
shown in long-term population-based
studies up to school age from Denmark
(Fledelius 1996a), New Zealand (Dar-
low et al. 1997), Sweden (Larsson et al.
2003) and the United Kingdom
(O’Connor et al. 2006). These studies
have all reported on cohorts of prema-
turely born children, screened for ROP
in the neonatal period and followed
ophthalmologically until 7–12 years of
age. Ophthalmological studies in adults
who were born preterm are few and
have mostly reported on sequelae of
severe ROP (Ferrone et al. 1998;
Kaiser et al. 2001; Smith & Tasman
2005; Kaiser et al. 2008). Recently,
Darlow et al. reported on the ophthal-
mological outcome in their cohort from
New Zealand, when the individuals
were young adults (Darlow et al.
2018). Regarding the refraction, the
authors found no differences in
myopia > 2.0 dioptres (D) between
the preterms and a group of term-born
controls. However, myopia > 5.0 D
was more common in preterms who
had ROP in the neonatal period. The
incidence of hypermetropia was similar
in both groups, but astigmatism > 2.0
D was more common in the preterm
group (Darlow et al. 2018). The present
study is a long-term follow-up study of
the Swedish cohort, which was the only
one of the cohorts mentioned above,
born after the introduction of treat-
ment for ROP. The visual function and
visual perception have previously been
reported (Petursdottir et al. 2020;
P�etursd�ottir et al. 2020). In the present
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study, the aim was to examine the
refraction and refractive development
in prematurely born individuals
screened for ROP in the neonatal
period and thereafter followed from
infancy, childhood and school age up
to young adulthood.

Materials and Methods

Participants

This study on refraction is part of a
larger study on the ophthalmological
outcome of young adults who were
born prematurely and screened for
ROP in the neonatal period. Previous
reports from the follow-up describe the
study subjects as well as the control
group in more detail (Petursdottir et al.
2020; P�etursd�ottir et al. 2020). All
participants were 25–29 years of age
at the time of the current study.

Fifty-nine prematurely born individ-
uals participated. They were born in
Stockholm County, Sweden, between 1
November 1988 and 31 October 1990,
with a birthweight (BW) of ≤ 1500 g
(g). All subjects had undergone ROP
screening in the neonatal period as part
of a population-based study on the
incidence of ROP; thereafter, they
participated in subsequent ophthalmo-
logical follow-up from 6 months up to
10 years of age (Holmstrom et al. 1998;
Larsson et al. 2003). Refraction was
measured at 6 months, 2.5 years and
10 years of age. The preterm group was
divided according to severity of ROP in
infancy: no ROP, untreated ROP and
treated ROP. At that time, cryotherapy
was used for treatment; furthermore,
the criterion in Sweden was ROP stage
3 in at least four clock hours in zone II,
even in the absence of plus disease.

The 44 controls were born in the
same area as the preterms, at the same
time, but at term with normal BWs.
Thirty-four of the controls had partic-
ipated in the 10-year study, and ten
controls were recruited randomly from
the Swedish National Board of Health
and Social Welfare Register to supple-
ment for low attendance in the previ-
ous control group.

The study was approved by the
regional Ethical Review Board of Upp-
sala, Sweden (Dnr 2014/584). More-
over, it was performed in accordance
with the Declaration of Helsinki. All
participants signed a written consent
form before participation.

Methods

All measurements were done in cyclo-
plegia, at least 40 min after instilling a
combination drop of 0.85% cyclopen-
tolate and 1.5% phenylephrine. The
refraction was measured using the
Topcon KR-8900 autorefractor (Top-
con Corporation, Tokyo, Japan).
Spherical equivalent (SE) was calcu-
lated. Astigmatism was recorded as a
negative cylinder, and the axes divided
with the rule (0°–15° and 165°–180°),
against the rule (75°–105°) and oblique
(16°–74° and 106°–164°). The axial
length (AL), anterior chamber depth
(ACD) and corneal radius (CR) in two
meridians were measured using the
IOLMaster 500 (Carl Zeiss Meditec
AG, Jena, Germany). A mean of the
two CR readings was used in calcula-
tions. The AL/CR ratio was calculated.

One of the preterms was not able to
complete the IOLMaster measure-
ments. This individual had not devel-
oped any ROP in infancy. Also, one of
the controls was excluded because the
male participant had undergone
LASIK (laser-assisted in situ ker-
atomileusis) eye surgery bilaterally;
therefore, all calculations were done
using results for the 43 remaining
controls.

Statistical methods

Subject characteristics were presented
as mean and standard deviation, as
well as range, for continuous variables
and absolute and relative frequencies
for categorical variables and for cate-
gorized continuous variables.

Unadjusted comparisons of preterms
and controls were performed using t-
test for continuous variables and Fish-
er’s exact test for categorical variables.
Comparison of preterms and controls
with respect to SE ≤�1.0 D and astig-
matism ≥ 1.0 D was done using logistic
regression models, adjusting for patient
gender.

In order to evaluate prognostic fac-
tors for SE ≤�1.0 D (worse eye), SE
of ≥ 1.0 D (worse eye), anisometropia
and astigmatism ≥ 1.0 D (worse eye), a
series of stepwise logistic regression
models were performed where gesta-
tional age, gender, maximum ROP, any
ROP, treated ROP, AL (worse eye)
and ACD (worse eye) were included as
independent variables and the optimal
model was determined based on the
Akaike information criterion (AIC).

Development of SE, anisometropia
and astigmatism over time is presented
as mean and 95% confidence intervals.

No adjustments for multiplicity have
been performed, and all p-values
should thus be interpreted with that
in mind. All analyses have been per-
formed using R version 3.6.3 (R Foun-
dation for Statistical Computing,
Vienna, Austria).

Results

The demographic data are shown in
Table 1. The mean SE for the right
eyes (REs) of the prematurely born
individuals was �0.5 D (standard devi-
ation (SD) 2.5, range �11.0 to 5.2 D)
and for the left eyes (LEs) �0.4 D (SD
2.3, range �8.4 to 6.0 D). For the
controls, the mean SE for the REs was

Table 1. Demographics of prematurely born individuals and controls

N RE/LE Gender m/f

GA at birth (w) BW (g)

Mean (SD) Mean (SD)

Range Range

Controls 43/43 25/18 39–41 3000–4000
n/a n/a

Prematures 59/59 22/37 29 (2) 1167 (237)

24 to 34 700 to 1490

No ROP* 34/36 16/18 30 (2) 1264 (195)

26 to 34 711 to 1490

Untreated ROP* 12/10 4/8 29 (2) 1082 (258)

27 to 32 750 to 1466

Treated ROP* 13/13 2/11 28 (2) 993 (201)

24 to 32 700 to 1380

BW = birthweight, f = female, g = grams, GA = gestational age, L = left eye, m = male,

N = number, n/a = not applicable, RE = right eye, ROP = retinopathy of prematurity, SD = s-

tandard deviation and w = weeks.

* In the eye with the most severe stage of ROP.
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�0.2 (SD 1.5, range �5.2 to 1.2) and
�0.2 D (SD 1.5, range �4.9 to 1.2 D)
for the LEs. The distribution of the SE
in preterms and controls, as well as in
the premature group divided after ROP
stage in infancy, can be found in
Table 2. There was no statistical sig-
nificance; however, seven (11.9%) pre-
maturely born individuals had a
SE ≥ 1.5 D in the right and left eyes,
but none of the controls.

The mean anisometropia in the
preterm group was 0.6 D (SD 0.8,
range 0.0 to 4.5 D) and 0.2 D (SD 0.2,
range 0.0 to 0.6) in the control group
(p = 0.001). In the preterm group, 3
(5.1%) individuals had ani-
sometropia > 2.0 D, 7 (11.9%) from
1.0 to 2.0 D and 49 (83.1%) <1.0 D
(p = 0.007) (see Table 2).

Mean astigmatism in the preterm
group was 0.7 D (SD 0.8, range 0.0 to

3.0 D) in the REs and 0.7 D (SD 0.6,
range 0.0 to 2.8 D) in the LEs. In the
control group, the mean astigmatism in
the REs was 0.5 D (SD 0.6, range 0.0 to
3.0 D) and 0.5 D in the LEs (SD 0.6,
range 0.0 to 2.8 D). The distribution of
astigmatism ≥ 1.0 D in the prema-
turely born individuals and controls,
as well as the distribution of astigma-
tism at different angles, can be seen in
Table 2. The difference was statistically
significant in REs (p = 0.02), however
not in LEs.

Although not statistically signifi-
cant, the prematurely born individuals
were more likely than the controls to
have a SE ≤�1.0 D in any eye (odds
ratio (OR) 1.67, 95% confidence inter-
val (CI) 0.69 to 4.03). The risk was
highest for the preterms who had
received treatment for ROP in the
neonatal period as compared to the

controls (OR 2.02, 95% CI 0.53 to
7.67). Preterms were also more likely
than controls to have astigma-
tism ≥ 1.0 D (OR 2.12, 95% CI 0.84
to 5.33), with the risk being highest
for those with treated ROP as com-
pared to controls (OR 2.02, 95% CI
0.53 to 7.67).

Table 3 shows the AL, ACD, CR
and AL/CR ratio for REs and LEs.
Although not statistically significant,
the AL was shorter in the prematurely
born individuals than in the controls
(REs p = 0.09, LEs p = 0.09). The CR
was lower in the prematurely born
individuals than in the controls (REs
p = 0.001, LEs p = 0.001); that is, the
prematurely born individuals had an
increased corneal curvature as com-
pared to the controls.

In a stepwise logistic regression
model for the preterm group, a SE of

Table 2. Distribution of refraction in prematurely born individuals, and divided by ROP stage, as well as controls in right and left eye

SE ≤�1.0

D

SE �1.0 to 1.0

D

SE ≥ 1.0

D

Astigmatism

≥ 1.0 D

All

astigmatism

‘with the

rule’

All

astigmatism

‘against the

rule’

All

astigmatism

‘oblique’

Anisometropia

≥ 1.0 D

Right eyes

Controls N (%) 11 (25.6) 22 (51.2) 10 (23.3) 5 (11.6) 23 (53.5) 8 (18.6) 12 (27.9) 0 (0.0)

Prematures N (%) 23 (39.0) 22 (37.3) 14 (23.7) 19 (32.2) 20 (33.9) 12 (20.3) 27 (45.8) 10 (16.9)

No ROP N (%) 12 (35.3) 13 (38.2) 9 (26.5) 8 (23.5) 13 (38.2) 7 (20.6) 14 (41.2) 3 (8.8)

Untreated ROP N (%) 5 (41.7) 6 (50.0) 1 (8.3) 4 (33.3) 4 (33.3) 3 (25.0) 5 (41.7) 1 (8.3)

Treated ROP N (%) 6 (46.2) 3 (23.0) 4 (30.8) 7 (53.8) 3 (23.1) 2 (15.4) 8 (61.5) 6 (46.2)

Left eyes

Controls N (%) 11 (25.6) 24 (55.8) 8 (18.6) 8 (18.6) 19 (44.2) 9 (20.9) 15 (34.9)

Prematures N (%) 20 (33.9) 27 (45.8) 12 (20.3) 16 (27.1) 23 (39.0) 11 (18.6) 25 (42.4)

No ROP N (%) 11 (32.4) 16 (47.0) 7 (20.6) 7 (20.6) 14 (41.2) 8 (23.5) 12 (35.3)

Untreated ROP N (%) 4 (33.3) 6 (50.0) 2 (16.7) 2 (16.7) 4 (33.3) 1 (8.3) 7 (58.3)

Treated ROP N (%) 5 (38.5) 5 (38.4) 3 (23.1) 7 (53.8) 5 (38.5) 2 (15.4) 6 (46.2)

D = dioptre, N = number, ROP = retinopathy of prematurity and SE = spherical equivalent.

Table 3. The axial length (AL), anterior chamber depth (ACD), corneal radius (CR) and AL/CR ratio in right and left eyes of prematurely born

individuals and controls

AL OD (mm) AL OS (mm) ACD OD (mm) ACD OS (mm) CR OD (mm) CR OS (mm) AL/CR OD AL/CR OS

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Range Range Range Range Range Range Range Range

Controls 23.6 (0.9) 23.6 (0.9) 3.8 (0.3) 3.7 (0.3) 7.7 (0.2) 7.7 (0.2) 3.1 (0.1) 3.1 (0.1)

22 to 26.9 22.1 to 26.7 3.2 to 4.3 2.8 to 4.3 7.1 to 8.2 7.1 to 8.2 2.9 to 3.4 2.9 to 3.4

Prematures 23.3 (1.0) 23.3 (1.0) 3.7 (0.3) 3.7 (0.4) 7.5 (0.3) 7.5 (0.3) 3.1 (0.1) 3.1 (0.1)

20.8 to 25.7 20.5 to 25.5 3.1 to 4.4 2.4 to 4.3 6.9 to 8.3 6.9 to 8.1 2.9 to 3.4 2.9 to 3.5

No ROP 23.5 (0.9) 23.5 (0.9) 3.8 (0.3) 3.7 (0.3) 7.6 (0.3) 7.6 (0.3) 3.1 (0.1) 3.1 (0.1)

21.7 to 25.7 21.6 to 25.5 3.2 to 4.4 3.1 to 4.3 6.9 to 8.3 6.9 to 8.1 2.9 to 3.4 2.9 to 3.5

Untreated ROP 23.0 (1.1) 23.0 (1.2) 3.9 (0.3) 3.9 (0.3) 7.3 (0.2) 7.4 (0.2) 3.1 (0.1) 3.1 (0.1)

20.8 to 24.9 20.5 to 25.1 3.4 to 4.4 3.3 to 4.3 7.0 to 7.6 6.9 to 7.6 3.0 to 3.4 3.0 to 3.5

Treated ROP 22.9 (0.9) 23.0 (0.9) 3.6 (0.3) 3.4 (0.4) 7.4 (0.2) 7.4 (0.3) 3.1 (0.1) 3.1 (0.1)

21.4 to 24.2 21.1 to 24.4 3.1 to 4.1 2.4 to 4.1 7.0 to 7.8 7.0 to 7.8 3.0 to 3.2 2.9 to 3.3

mm = millimetres; OD = oculus dexter; OS = oculus sinister; ROP = retinopathy of prematurity.
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≤�1.0 D was significantly correlated
with the AL (OR 7.34, 95% CI 2.42–
22.27), and a SE of ≥ 1.0 D was
significantly correlated with the AL
(OR 0.19, 95% CI 0.05–0.74), as well
as the ACD (OR 0.03, 95% CI 0.00–
0.86). Anisometropia ≥ 1.0 D was sig-
nificantly correlated with the ACD
(OR 0.06, 95% CI 0.00–0.98). Astig-
matism ≥ 1.0 D in any eye was statis-
tically correlated with cryotherapy for
ROP in the neonatal period (OR 7.67,
95% CI 1.68–34.95). When values from
the 2.5- and 10-year follow-up were
added to the regression model, the SE
at 10 years was prognostic of the

current SE being ≤�1.0 D (OR 0.19,
95% CI 0.04–0.84) and SE > 1.0 D
(OR 13.43, 95% CI 1.97–91.61). Ani-
sometropia at 10 years was prognostic
of current anisometropia ≥ 1.0 D (OR
20.12, 95% CI 1.39–291.60). Astigma-
tism at 10 years was prognostic of
astigmatism ≥ 1.0 D in the current
study (OR 18.88, 95% CI 2.89–
123.56). Gestational age (GA) or BW
did not have any impact on the refrac-
tion at this age.

Figure 1 shows the development of
the SE in REs of the study group
over time with measurements at age
6 months, 2.5 years, 10 years and

25–29 years, and the control group with
measurements at 10 years and 25 years
of age. Figure 2 shows the development
of anisometropia and Fig. 3 the devel-
opment of astigmatism at the same ages.
The results are similar for LEs; there-
fore, only the results for the REs are
shown. When analysing the individual
development, the SE decreased approx-
imately 1 D between ages 10 and 25 in
all groups, although the range was
broad (see Table 4).

Discussion

This study was a long-term, popula-
tion-based follow-up of a group of
prematurely born individuals, born at
the time of introduction of screening
and the use of cryotherapy for ROP.
We found a higher prevalence of
myopia, hyperopia, astigmatism and
anisometropia in the preterms as com-
pared to the controls (see Table 2).
Regarding the development of refrac-
tion, the refractive values diminished
with time in all groups.

There are few population-based
studies on the ophthalmological out-
come of prematurely born individuals,
screened for ROP in infancy and

Fig. 1. Development of the spherical equivalent in dioptres in the right eyes of the study group

with measurements at age 6 months, 2.5 years, 10 years and 25–29 years, and the control group

with measurements at 10 years and 25–29 years of age.

Table 4. Mean, standard deviation (SD) and

range in dioptres (D) of the difference in

spherical equivalence between 10 and 25–
29 years of age in prematurely born individu-

als and controls

Mean (SD)

Range

Right eyes

Controls �0.69 D (1.08)

�4.25 to 0.75

Prematures �1.17 D (1.53)

�6.62 to 0.88

No ROP �1.20 D (1.64)

�6.62 to 0.88

Untreated ROP �1.31 D (1.49)

�4.37 to 0.31

Treated ROP �0.99 D (1.36)

�4.00 to 0.88

Left eyes

Controls �0.77 D (1.04)

�3.87 to 0.50

Prematures �1.03 D (1.57)

�7.50 to 1.25

No ROP �1.07 D (1.69)

�7.50 to 1.25

Untreated ROP �1.40 D (1.75)

�4.99 to �0.60

Treated ROP �0.68 D (1.02)

�2.37 to 1.25

ROP = retinopathy of prematurity.

Fig. 2. Development of anisometropia in dioptres in the right eyes of the study group with

measurements at age 6 months, 2.5 years, 10 years and 25–29 years, and the control group with

measurements at 10 years and 25–29 years of age.
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followed with regular ophthalmologi-
cal examinations throughout child-
hood or even until young adulthood.
To our knowledge, the current study
is the only long-term population-
based follow-up of a cohort screened
for ROP and born after the introduc-
tion of cryotherapy as treatment for
ROP.

At 10 years of age, the prematurely
born individuals in the present cohort
had a higher prevalence of myopia ≤�1
D, hypermetropia > 3 D, astigma-
tism ≥ 1 D and anisometropia ≥ 1 D
than the control group (Larsson et al.
2003). In the current study, the mean
SE was slightly lower in the study
group than in the control group,
although not statistically significant;
however, the range was wider and the
distribution of refractive errors was
different (see Table 2). A larger pro-
portion of preterms was myopic ≤�1.0
D as compared to controls; the pro-
portion of myopic individuals
increased slightly with increased sever-
ity of ROP. This was in contrast to a
cohort from New Zealand, which has
been followed and reported on in
young adulthood by Darlow et al.
(2018). The authors did not find differ-
ences in myopia <�2.0 D between the
preterms and a control group of term-
born controls, but high myopia <�5.0
D was limited to preterms with previ-
ous ROP, although not treated because
the cohort was born before the intro-
duction of treatment. Late stages of
ROP as well as cryotherapy for ROP
have been linked to increased incidence
of myopia in children (Quinn et al.
2001; Connolly et al. 2002). Fieß,
Schuster, Nickels, Elflein, et al. (2019)
reported on visual acuity and refrac-
tion as a part of a large population-
based, observational cohort study from
Germany. The participants were
between 35 and 74 years old, and the
group was divided into three categories
according to BW, <2500 g, 2500–
4000 g and > 4000 g, but the incidence
of ROP in infancy was not known. The
group with a BW of < 2500 g was
more likely to have higher myopia than
the 2500–4000 g group. In the present
study, we could not find any correla-
tion with myopia and BW nor GA.

Regarding hyperopia, seven (12%)
preterms had hyperopia ≥ 1.5 D, but
none of the controls. This is in contrast
to Darlow et al. and Fieß et al., who
found no difference between the groups

regarding hypermetropia > 2.0 D
(Darlow et al. 2018) and > 3.0 D
(Fieß, Schuster, Nickels, Elflein, et al.
2019).

In the current study, there was more
anisometropia in the study group than
in the control group, with the highest
proportion found in the group of cryo-
treated individuals. Anisometropia was
not reported on by either Darlow et al.
or Fieß et al. However, in a popula-
tion-based study on preterm (<1500 g)
adolescents from Norway by Lindqvist
et al. (2007), mean anisometropia was
slightly larger in the study group than
in a control group. The data were not
analysed according to ROP status, and
none of the preterms had received
treatment for ROP.

Mean astigmatism was slightly
higher in the prematurely born individ-
uals than in the controls, although not
statistically significant. In the preterm
group, the risk of having astigma-
tism ≥ 1.0 D was correlated with
cryo-treatment in infancy as it was at
10 years of age (Larsson et al. 2003).
Quinn et al. found a tendency towards
a greater proportion of astigmatic
errors of ≥ 1.0 D in a group of cryo-
treated as compared to untreated eyes
of 10-year-old preterm individuals
(Quinn et al. 2001). In the young adult
preterms from New Zealand, astigma-
tism > 2.0 D was also more common in
the preterm group as compared to the
controls (Darlow et al. 2018), which
was in contrast to Fieß, Schuster,
Nickels, Elflein, et al. (2019), where
no differences were found regarding
astigmatism between the groups of
different BWs.

Axial length versus corneal radius
(AL/CR) ratio has been found to be
the most reliable parameter in predict-
ing myopia, both in prematurely born
individuals and in those born at term
(Goss & Jackson 1995; Baker & Tas-
man 2008). Myopic individuals who
are born prematurely tend to have
lower AL and CR than those born at
term, but the AL/CR ratio is consis-
tently greater in myopic individuals
regardless of GA at birth (Goss &
Jackson 1995; Baker & Tasman 2008).
In studies by Sun et al. (2010) and Fieß,
Schuster, Nickels, Urschitz, et al.
(2019), a correlation between low BW
and steeper corneal curvature and
shorter AL was found in adults. As
shown in Table 3, although not statis-
tically significant, the preterms had

shorter AL measurements than the
controls even though the prematurely
born individuals were more myopic.
The ACD measurements were quite
similar between the groups, but the
preterms had a wider range of mea-
surements as compared to the controls.
The prematurely born individuals had
a lower CR in both the right and left
eyes than the controls. A study by
Baker & Tasman (2008), in a cohort of
myopic adults with previous ROP, has
described similar findings. The study
group had a shorter AL as compared
to term-born adults with the same
degree of myopia, but a decreased
CR, which the authors believed was
the refractive element most responsible
for the myopia. An arrested develop-
ment has been suggested as the cause of
alterations in ocular development in
individuals born preterm (Fledelius
1996b; Cook et al. 2003; Fieß, Schus-
ter, Nickels, Urschitz, et al. 2019).

Regarding refractive errors and ocu-
lometrics, the results of our study were
mostly in accordance with other studies
(Darlow et al. 2018; Fieß, Schuster,
Nickels, Elflein, et al. 2019; Fieß,
Schuster, Nickels, Urschitz, et al.
2019) as discussed above. However,
some differences were found, which
might be explained by the different
study populations regarding age, pre-
vious ROP and treatment as well as
methods used in the studies.

The normal development of refrac-
tion has been reported by Gordon &
Donzis (1985). Before term, the refrac-
tive state is slightly myopic. After term,
there is mild hyperopia until 6 or
7 years of age, followed by
emmetropization and even a shift to
mild myopia. In the present cohort, at
10 years of age, the cryo-treated pre-
terms were at the greatest risk of
refractive errors, but preterms with
untreated ROP or no ROP were also
more likely to develop significant
refractive errors as compared to con-
trols (Larsson et al. 2003). Regarding
the development of SE from 6 months
of age to 25–29 years, the trend was
towards lower dioptres in all groups,
although quite stable in all groups from
10 years of age. The gap between those
with treated ROP and those with no
ROP, untreated ROP and controls,
became less with each successive mea-
surement, in right (Fig. 1) and left eyes.
Anisometropia remained highest in
those with treated ROP at each point
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in time, as compared to prematures
without ROP, those with untreated
ROP and controls (Fig. 2). For astig-
matism, the numbers had equalized
over time, although constantly highest
for those with treated ROP, for right
(Fig. 3) and left eyes. Spherical equiv-
alent, anisometropia and astigmatism
at 10 years of age were prognostic of
SE ≤�1.0 D, anisometropia ≥ 1.0 D
and astigmatism ≥ 1.0 D, respectively,
in the current study. Consequently, the
growth of the eye over time was most
affected in the cryo-treated eyes in the
present study. Darlow et al. did not
report the development of refraction in
their cohort (Darlow et al. 2018).

Strengths and limitations

The strength of this study was the long-
term prospective follow-up of a group
of prematurely born individuals and
their ophthalmological outcome from
infancy to young adulthood, as well as
a control group from 10 years of age.
Further, an extensive ophthalmological
examination was performed on all
participants and by the same ophthal-
mologist.

The limitation of the study was the
low attendance rate in both the preterm
and the control group. Looking at the
preterms who attended at 25 years of
age and comparing their results at
10 years of age with the results of
those who did not attend the current
study at 10 years of age, they did not

differ regarding GA, BW and visual
acuity (Petursdottir et al. 2020).

Conclusion

In a cohort of prematurely born indi-
viduals and controls in young adult-
hood, higher values of myopia and
hyperopia, as well as anisometropia
and astigmatism, were seen in the
preterm group as compared to the
controls. The development of refrac-
tion was most affected in the preterms
who had received cryo-treatment for
ROP in the neonatal period and who
had the highest risk of refractive
errors.
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