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ABSTRACT

Background/aims To evaluate whether anterior
segment anatomy and axial length are associated with
prematurity and perinatal factors in adults.

Methods The Gutenberg Prematurity Eye Study
examined adults born preterm and term aged

18-52 years. All participants underwent a prospective
ophthalmic examination (optical biometry via a
LenStar 900, Haag-Streit) in Germany. The associations
between gestational age (GA), birth weight (BW)

and BW percentile, retinopathy of prematurity (ROP)
occurrence, ROP treatment and other perinatal factors
with the main outcome measures were evaluated by
univariate and multivariable linear regression analyses.
Main outcome measures were corneal radius, white-to-
white distance, anterior chamber depth, lens thickness
and axial length.

Results The study involved 861 eyes of 438 preterm
and full-term individuals (aged 28.6+8.7 years, 245
females,). After adjustment for age and gender, a
steeper corneal radius was associated with lower GA
(B=0.02; p<0.001) and a lower BW percentile (B=0.003;
p<0.001). A smaller white-to-white distance was linked
to lower GA (B=0.02; p<0.001), a lower BW percentile
(B=0.004; p<0.001) and postnatal ROP occurrence
(B=—0.26; p<0.001). Decreased axial length was
associated with lower GA at birth (B=0.05; p=0.002)
and pre-eclampsia (B=—0.34; p=0.015). ROP-treated
eyes had a shallower anterior chamber depth (B=—0.63;
p=0.001) and increased lens thickness (B=0.64,
p<0.001).

Conclusion Our analyses in adults demonstrate that
the corneal morphology is influenced by GA and BW
percentile, while the anterior chamber depth and lens
thickness are affected by ROP treatment, namely laser
therapy and cryotherapy. The present study highlights
that perinatal factors lead to lifelong sequelae of ocular
shape.

INTRODUCTION

Retinopathy of prematurity (ROP) is a major risk
factor for childhood blindness worldwide. Despite
various advances in neonatal management, ROP
remains a decisive disease affecting ocular long-
term outcomes in individuals born preterm.' This
is of particular importance because of the growing
proportion of preterm infants and the increasing

What is already known on this topic?

» Prematurity and retinopathy of prematurity
(ROP) are associated with altered ocular
morphology in childhood, so we ask whether
perinatal factors have long-term effects on
ocular geometry in adulthood?

What this study adds?

» The present study shows that low gestational
age (GA) and a low birth weight percentile are
associated with a steeper corneal curvature
and smaller corneal diameter, whereas ROP
occurrence is only linked to a smaller corneal
diameter. A shallower anterior chamber and a
thicker lens were observed in ROP-treated eyes.
Moreover, lower GA and pre-eclampsia are
associated with a shorter axial length.

How this study might affects research or

practice?

» Our analyses demonstrate that prematurity
affects the corneal geometry, while ROP
treatment affects the anterior chamber depth
and lens morphology. This highlights that
perinatal factors lead to lifelong sequelae of
ocular shape.

number of very immature newborns surviving
worldwide.

Recent reports demonstrated that premature
delivery and ROP lead to altered ocular geometry
in infancy,” childhood® and adolescence.* Typical
changes in these young preterm individuals are
a steeper corneal radius with increased corneal
power, smaller anterior chamber depth, thicker lens
and shorter axial length.>™ It is presumed that these
changes persist until adulthood; however, there are
scarce data analysing the long-term effects of ROP
and associated factors, such as low gestational age
(GA) and low birth weight (BW) on ocular geometry
in newborns born extremely preterm in adulthood.

In the recent Gutenberg Health Study, lower
BW was associated with a steeper corneal radius,
smaller white-to-white distance and shorter axial
length® but these data were limited due to the self-
reported BW data as well as missing information

BM)

FieB A, et al. Br J Ophthalmol 2022;0:1-7. doi:10.1136/bjophthalmol-2021-320907 1

‘1yb61Adoo Ag pa19910id "BIOSUOD UdSYIesIapalN
iun Braquang ssuueyor 1e £20z ‘TZ Arenigad uo /wodfwg-olg//:duy woly papeojumod "2Z0oz Y2JeN 0T Uo L0602E-TZ0Z-lowreyydola/9eTT 0T se paysiiqnd 1s1y ;jowreyydo r 19


http://bjo.bmj.com
http://orcid.org/0000-0002-3867-2350
http://dx.doi.org/10.1136/bjophthalmol-2021-320907
http://dx.doi.org/10.1136/bjophthalmol-2021-320907
http://dx.doi.org/10.1136/bjophthalmol-2021-320907
http://crossmark.crossref.org/dialog/?doi=10.1136/bjophthalmol-2021-320907&domain=pdf&date_stamp=2022-03-14
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/
http://bjo.bmj.com/

Clinical science

regarding other perinatal parameters such as ROP and GA. Indi-
viduals born preterm are at an increased risk of refractive error
in childhood® and as adults.” Ocular geometric changes affect the
occurrence of eye diseases such as age-related macular degenera-
tion,®? open-angle glaucoma'® and diabetic retinopathy,'' which
are major causes of severe vision loss and blindness in developed
countries.

Hence, the focus of this investigation was to compare the
ocular geometry of subjects born at different degrees of prema-
turity with and without ROP to full-term controls now aged
between 18 and 52 years, assessing the associations of ocular
geometric parameters with GA, BW percentile, ROP occurrence
and treatment and other perinatal factors.

Materials and methods

Study population
The Gutenberg Prematurity Eye Study (GPES) is a single-centre
cohort study at the University Medical Center of the Johannes
Gutenberg-University Mainz (UMCM) in Germany that recruits
individuals who (1) have been born preterm or at term between
1969 and 2002 and (2) were between 18 and 52 years of age at
the time of study enrolment. According to these design elements,
the study is a retrospective cohort study with a prospective acqui-
sition of follow-up data. For the GPES, every preterm newborn
with GA at birth=32 weeks and every second randomly chosen
preterm newborn with GA 33-36 weeks was contacted and
invited to participate. From each month from 1969 to 2002,
six (three males and three females) randomly selected full-term
subjects with a BW between the 10th and 90th percentile were
also invited to serve as controls.

The study examinations were performed between June
2019 and November 2021. The flow chart for eligibility and

recruitment efficacy proportion is shown in online supplemental
figure 1. Every participant underwent a detailed ophthalmolog-
ical examination including ocular biometry and a medical history
interview. Furthermore, their medical records documenting the
perinatal and postnatal history were assessed.

Assessment of prenatal, perinatal and postnatal medical
history

The medical histories were assessed from their medical records
stored at the UMCM. Data were collected regarding GA
(weeks), BW (kg), presence of ROP, stage of ROP, ROP treat-
ment, placental insufficiency, pre-eclampsia, breast feeding and
maternal smoking. BW percentiles were also calculated according
to Voigt et al."?

Categorisation

For descriptive analysis, participants were allocated to group 1:
full-term participants (GA at birth=37 weeks), group 2: preterm
participants with GA at birth between 33 and 36 weeks without
ROP (moderate-to-late preterm), group 3: preterm participants
with GA at birth between 29 and 32 weeks without ROP, group
4: preterm participants with GA at birth<28 weeks without ROP,
group 5: preterm participants with GA<32 weeks at birth with
postnatal ROP without ROP treatment and group 6: preterm
participants with GA<32 weeks at birth with postnatal ROP and
ROP treatment. In the case that only one eye of a participant had
ROP, the other non-ROP eye was excluded from the analysis.

Ophthalmological examination

Objective refraction and best-corrected visual acuity were
measured in both eyes (ARK-1s, NIDEK, Oculus, Wetzlar,
Germany). Ocular biometry was performed using the LenStar 900

Table 1 Characteristics of the study sample (n=438) of the Gutenberg Prematurity Eye Study stratified by study groups
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
GA=37 GA 33-36 GA 29-32 GA=<28 GA=<32 GA=<32

Gestational age (GA) No ROP No ROP No ROP ROP without treatment ROP with treatment
Participants/eyes (n) 140/280 134/267 88/175 20/36 43/80 13/23
Sex (women) (%) 81 (57.9) 80 (59.7) 47 (53.4) 10 (50.0) 23 (45.0) 4(30.8)
Age (years) 29.9+9.2 29.4+9.2 28.3+8.1 24.7+8.5 24.7+5.6 27.2+5.4
Birth weight (BW) (g) 3420+392 2063+468 1549+329 926+189 1041+390 815+262
BW<1500g (yes) 0 (0%) 13 (9.7%) 37 (42.0%) 20 (100%) 37 (86%) 13 (100%)
BW<1000g (yes) 0 (0%) 0 (0%) 5 (5.7%) 12 (60%) 21 (48.8%) 10 (76.9%)
BW percentile 48.6+21.4 25.4+24.3 44.0+24.3 42.9+24.7 35.6+27.2 21.3+23.0
GA (weeks) 39.3+1.3 34.3+0.9 30.7+1.1 26.7£1.5 27.8+2.1 27.0+2.3
(min—max) (37-43) (33-36) (29-32) (23-28) (24-32) (24-32)
ROP stage (1/2/3) 0/0/0 0/0/0 0/0/0 0/0/0 30/44/6 0/4119
Pre-eclampsia (yes) 11 (7.9%) 24 (17.9%) 10 (11.4%) 3 (15.0%) 9 (20.9%) 4(30.8%)
Placental insufficiency (yes) 2 (1.4%) 16 (11.9%) 2 (2.3%) 5 (25%) 2 (4.7%) 0 (0%)
HELLP syndrome (yes) 0 (0%) 6 (4.5%) 1(1.1%) 0 (0%) 4(9.3%) 0 (0%)
Maternal smoking (yes) 7 (5%) 7 (5.2%) 8(9.1%) 1 (5.0%) 5 (11.6%) 2 (15.4%)
Gestational diabetes (yes) 1(0.7%) 7 (5.2%) 1(1.1%) 1 (5.0%) 1(2.3%) 0 (0%)
Breast feeding (yes) 79 (56.4%) 73 (54.5%) 44 (50%) 9 (45.0%) 18 (41.9%) 6 (46.2%)
Ocular parameters

Spherical equivalent (diopter) OD —0.24+2.58 —-0.02+3.15 0.16+1.80 0.40+1.26 0.50+4.30 0.90+2.40

Spherical equivalent (diopter) OS —0.23£2.60 —-0.01£3.10 0.17£1.79 0.39+1.24 0.49+4.28 0.89+4.38

Intraocular pressure (mm Hg) OD 15.2+2.8 14.7+£2.9 15.3+3.3 16.6+3.4 15.3+4.3 16.8+4.5

Intraocular pressure (mm Hg) OS 15.1+2.8 14.6+2.8 15.2+3.2 15.1+3.0 15.2+4.2 16.7+4.3

0D, right eye; OS, left eye; ROP, retinopathy of prematurity.
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(Haag-Streit, Koniz, Switzerland). Three single measurements
were conducted in each examination and the average value was
computed. For the present study, the following LenStar parame-
ters were recorded: corneal radius, white-to-white distance as a
surrogate for corneal diameter (measurement of the horizontal
diameter of a best-fitted circle to the outer border of the iris),
anterior chamber depth, lens thickness and axial length. Each
parameter was controlled for outliers.

Covariates

Covariates were factors that may affect the main outcome
measures such as sex (female), age (years), GA at birth (weeks),
BW (kg), BW percentile, ROP (yes), ROP treatment (yes),
placental insufficiency (yes), pre-eclampsia (yes), maternal
smoking during pregnancy (yes) and breast feeding (yes). Partici-
pants with a history of corneal or cataract surgery were excluded
as this may have contributed to altered ocular anatomy.

Statistical analysis

The main outcome measures were corneal radius, white-to-
white distance, anterior chamber depth, lens thickness and
axial length. Descriptive statistics were computed for the main
outcome measures stratified by clinical group. Absolute and rela-
tive frequencies were calculated for dichotomous parameters,
the mean and SD were calculated for approximately normally
distributed variables, otherwise median and IQR. Linear regres-
sion models with general estimating equations were used to assess
associations and account for correlations between corresponding
eyes. First, univariate analyses of the main outcome measures
and sex (female), age (years), GA (weeks), BW (kg), BW percen-
tile, ROP (yes), ROP treatment (yes), placental insufficiency
(yes), pre-eclampsia (yes), breast feeding (yes) and maternal
smoking during pregnancy (yes) were computed. Then, only
parameters associated in the univariate analyses were included in
a second model. In a further model, the potential effect of ROP
occurrence (yes) was analysed. BW was excluded in the multi-
variable models to avoid collinearity, which was strong between
GA and BW. Furthermore, a sensitivity analysis was performed
for axial length with additional inclusion of refractive error in

the multivariable model. As this is an explorative study, a signif-
icance level was not defined and no adjustment for multiple
testing was carried out. Thus, p values are reported only for
descriptive purposes and should be interpreted with caution."
Calculations were performed using commercial software (IBM
SPSS V.20.0; SPSS, Inc.).

RESULTS

Participant characteristics

In the present study, 861 eyes of 438 preterm and full-term
individuals were included (age 28.6+8.7 years, 245 females).
Overall, 280 eyes of 140 participants with GA=37 weeks (group
1), 267 eyes of 134 participants with a GA between 33 and 36
weeks without ROP (group 2), 175 eyes of 88 participants with a
GA between 29 and 32 weeks without ROP (group 3), 36 eyes of
20 participants with a GA<28 weeks without ROP (group 4), 80
eyes of 43 participants with a GA between 24 and 32 weeks with
ROP without treatment (group 5) and 23 eyes of 13 participants
with a GA between 24 and 32 and with postnatal treatment
for ROP were assessed (group 6). Of the ROP-treated group, 6
(11 eyes) participants underwent laser coagulation, while 7 (12
eyes) participants had cryocoagulation. The recruitment efficacy
proportion for each group is presented in online supplemental
figure 1. Overall, seven participants were excluded because of
previous corneal refractive surgery or cataract surgery and five
because no biometric measurement was possible. Furthermore,
eight eyes without ROP were excluded in which the fellow eye
had postnatal ROP (table 1).

Descriptive ocular geometric parameters

The corneal radius was steeper the more preterm the partici-
pants were born (table 2). The ROP group showed descriptively
a steeper corneal radius than the extremely preterm group
without ROP. A linear relationship between corneal radius and
GA was observed over the entire range of GA and BW percentiles
(figure 1). With respect to the white-to-white distance, the rela-
tionship was steeper up to a GA of 32 weeks, then it flattened.
A smaller anterior chamber depth and increased lens thickness

Table 2 Ocular geometric parameters of the Gutenberg Prematurity Eye Study study sample (n=438) for each study group

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
GA=37 GA 33-36 GA 29-32 GA=<28 GA=<32 GA=32
Gestational age (GA) No ROP No ROP No ROP ROP without treatment ROP with treatment
Participants/eyes (n) 140/280 1341267 88/175 20/36 43/80 13/23
Right eye
Mean corneal radius (mm) 7.89+0.30 7.77+0.28* 7.71+0.43* 7.73+0.20 7.63+0.32t 7.66+0.26*
White-to-white distance (mm) 12.23+0.35 12.2+0.4 12.1+£0.4* 11.9+0.31 11.8+0.51 11.5+0.4t
Anterior chamber depth (mm) 2.93+0.32 3.01+0.32* 3.04+0.30* 2.88+0.31 3.00+0.44 2.36+0.69
Lens thickness (mm) 3.78+0.33 3.78+0.33 3.76+0.27 3.76+0.24 3.61+£0.26* 4.46+0.45*
Axial length (mm) 23.7+1.2 23.6x1.1 23.3+1.1* 23.0+0.9* 23.3+1.3* 22.8+1.7*
Left eye
Mean corneal radius (mm) 7.88+0.32 7.77£0.27* 7.71£0.31* 7.72+0.21 7.64+0.301 7.47£0.30*
White-to-white distance (mm) 12.2+0.6 12.2+0.4 12.1+£0.5* 11.9+0.41 11.8+0.51 11.5+0.5t
Anterior chamber depth (mm) 2.94+0.33 3.03+0.32* 3.04+0.34* 2.97+0.27 3.00+0.36 2.36+0.46
Lens thickness (mm) 3.76+0.34 3.77+0.32 3.75+0.32 3.61+0.26 3.61+0.26* 4.27+0.48*
Axial length (mm) 23.7+1.2 23.6+1.1 23.4+1.1* 23.3+1.3* 23.4+1.2* 22.4+2.2*

Linear regression analysis was applied to compare the different groups with the full-term control group (reference).

*Statistical difference (p<0.05) compared with the control group.
tStatistical difference (p<0.001) compared with the control group.
n, number; ROP, retinopathy of prematurity.
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were observed in the treated ROP group (figure 2). There was
a tendency for a descriptively decreased axial length in subjects
born extremely preterm with and without ROR, especially before
a GA of 32 weeks (figure 1, table 2).

Univariable and multivariable analyses

The univariate analysis revealed that gestational age, BW, BW
percentile and pre-eclampsia were associated with corneal radius
and white-to-white distance (table 3) but not with anterior
chamber depth and lens thickness (online supplemental table 1).
Furthermore, gestational age, BW and pre-eclampsia were associ-
ated in univariate analysis with axial length. ROP was associated
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with corneal radius and white-to-white distance (table 3), and
ROP treatment was associated with a flatter corneal radius, a
smaller white-to-white distance, a shallower anterior chamber
depth and increased lens thickness (table 3 and online supple-
mental table 1).

In multivariable analyses, there was an association between
a steeper corneal radius and low gestational age (B=0.017 mm
(95% CI: 0.011 to 0.023) per GA week; p<0.001) and low BW
percentile (B=0.003 mm (95% CI: 0.002 to 0.004) per BW
percentile; p<0.001; model 1) but not ROP occurrence (model
2; table 3).
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Figure 2 Anterior chamber depth and lens thickness for the different study groups. The group with ROP-treated individuals (group 6) revealed
smaller anterior chamber depths and increased lens thickness. GA, gestational age; ROP, retinopathy of prematurity. p-value: statistical difference

compared to the control group.
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Table 3 Linear associations of corneal geometric parameters and axial length with different perinatal parameters (n=438) for the sample of the

Gutenberg Prematurity Eye Study

Univariate Model 1 Model 2
B (95%Cl) P value B (95%Cl) P value B (95%Cl) P value
Mean corneal radius (mm)
Gestational age (weeks) 0.017 (0.011 to 0.023) <0.001 0.017 (0.011 to 0.023) <0.001 0.016 (0.009 to 0.022) <0.001
Birth weight (BW) (kg) 0.102 (0.074 to 0.129) <0.001 - -
BW percentile 0.003 (0.002 to 0.004) <0.001 0.003 (0.002 to 0.004) <0.001 0.003 (0.002 to 0.004) <0.001
ROP (yes) —0.155 (-0.238 to —0.071) <0.001 - —0.04 (-0.13 to 0.05) 0.38
ROP treatment (yes) —0.183 (-0.334 to —0.033) 0.017 - -
Placental insufficiency (yes) —0.036 (-0.196 to 0.124) 0.65 - -
Pre-eclampsia (yes) -0.116 (=0.191 to —0.041) 0.003 —0.04 (—0.11 to 0.04) 0.34 -0.035 (-=0.110 to 0.040) 0.36
Breast feeding (yes) 0.005 (-0.053 to 0.062) 0.87 - -
Smoking pregnancy (yes) —0.079 (-0.196 to 0.038) 0.18 -
White-to-white distance (mm)
Gestational age (weeks) 0.032 (0.023 to 0.040) <0.001 0.031 (0.023 to 0.040) <0.001 0.021 (0.011 to 0.030) <0.001
BW (kg) 0.174 (0.137 t0 0.211) <0.001 - -
BW percentile 0.005 (0.003 to 0.006) <0.001 0.004 (0.003 to 0.006) <0.001 0.004 (0.002 to 0.005) <0.001
ROP (yes) —0.414 (-0.555 to —0.273) <0.001 - —0.264 (-0.411 t0 —0.116)  <0.001
ROP treatment (yes) —0.626 (-0.873 to -0.378) <0.001 - -
Placental insufficiency (yes) -0.105 (-0.379 to 0.031) 0.21 - -
Pre-eclampsia (yes) —0.185 (-0.309 to —0.061) 0.004 —0.07 (-0.19 to 0.05) 0.25 —0.056 (-0.171 to 0.058) 0.33
Breast feeding (yes) 0.063 (—0.020 to 0.145) 0.14 - -
Smoking pregnancy (yes) —0.032 (-0.166 to 0.102) 0.64
Axial length (mm)
Gestational age (weeks) 0.047 (0.021 t0 0.073) <0.001 0.042 (0.015 to 0.068) 0.002 0.046 (0.016 to 0.075) 0.002
BW (kg) 0.219(0.100 to 0.337) <0.001 - -
BW percentile 0.004 (0.000 to 0.008) 0.07 0.002 (~0.002 to 0.007) 0.38 0.002 (~0.003 to 0.007) 0.39
ROP (yes) —0.284 (-0.664 to 0.096) 0.14 - 0.101 (-0.308 to 0.511) 0.63
ROP treatment (yes) —0.735 (-1.725 to 0.254) 0.15 - -
Placental insufficiency (yes) —0.289 (-0.817 to 0.240) 0.28 - -
Pre-eclampsia (yes) —0.420 (-0.672 to —0.168) <0.001 —0.34 (-0.61 to -0.07) 0.015 —0.34 (-0.62 to -0.07) 0.015
Breast feeding (yes) 0.002 (-0.218 to 0.223) 0.98 - -
Smoking pregnancy (yes) -0.322 (-0.813 t0 0.169) 0.2 - -

Linear regression analysis using generalised estimating equations to control for correlations between right and left eyes.
Model 1 included sex (female), age (years), gestational age (weeks), BW percentile and pre-eclampsia (yes). BW (kg) was not included into this model due to the high correlation

with gestational age.

Model 2 included sex (female), age (years), gestational age (weeks), BW percentile, ROP (yes) and pre-eclampsia (yes).

B, beta; ROP, retinopathy of prematurity.

With respect to white-to-white distance, a lower gestational
age (B=0.031 mm (95% CI: 0.023 to 0.040) per GA week;
p<0.001) and lower BW percentile (B=0.004 mm (95% CI:
0.003 to 0.006) per BW percentile; p<0.001) were associated in
the multivariable model 1, while model 2 also showed an influ-
ence of ROP occurrence (p<0.001).

Axial length was associated with gestational age (B=0.042
mm (95% CI: 0.015 to 0.068) per GA week; p=0.002) and pre-
eclampsia (B=—0.34 mm (95% CI: —0.61 to —0.07); p=0.015)
but not with BW percentile (p=0.38) (model 1). ROP occurrence
did not show an association in model 2 (p=0.63) (table 3). The
sensitivity analysis with additional inclusion of spherical equiva-
lent in the multivariable models revealed comparable results and
gestational age (B=0.047 mm (95% CI: 0.018 to 0.076) per GA
week; p=0.002) and pre-eclampsia (B=—0.311 mm (95% CI:
—0.590 to —0.033); p=0.029) remained significantly associated
with axial length.

DISCUSSION
The present analysis provides new data regarding the long-term
effects of different degrees of prematurity, ROP and perinatal

factors on ocular geometry in adults. It was shown that the more
preterm the participants were born, the steeper the corneal
radius, the smaller the corneal diameter and the shorter the axial
length were. Postnatal ROP treatment by laser or cryotherapy
was associated with a shallower anterior chamber depth and an
increased lens thickness. These findings are of clinical impor-
tance because altered ocular geometry predisposes individuals
born extremely preterm to refractive error and associated age-
related eye diseases.

Furthermore, corneal radius and the white-to-white distance
as a surrogate marker for corneal diameter were smaller the
more premature the participants were born and the lower their
BW percentile, resulting in a steeper corneal radius in adult-
hood. Several studies have reported that this association between
prematurity/low BW and a steeper corneal radius in infancy® '*
and childhood® and that ROP and ROP treatment are decisive
factors contributing to a steeper corneal shape."”™"* Differences
in corneal shape between children born preterm and at term may
diminish step by step in childhood® but the National Health and
Nutritional Examination Survey showed that in 12-15-year-old
adolescents, low BW subjects (<2500g) had a steeper corneal
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shape compared with the normal BW group (2500-4000g)."
There are few studies in adults. In an Australian population-
based twin study, Sun e al** observed that individuals with a low
BW had a steeper corneal shape aged between 5 and 80 years,
which is in line with data from the German Gutenberg Health
Study showing a steeper corneal radius in low BW participants
(<2500g) in adulthood.” In contrast to these two population-
based approaches, our study reflects the effects of extreme
prematurity and associated factors rather than the effect of low
BW at a population level. We demonstrated that low gestational
age and a low BW percentile were associated with corneal shape
morphology. One explanation for this association was postulated
by Fielder et al*' who suggested that a temperature difference of
2° after preterm birth compared with the previous intrauterine
environment may lead to developmental retardation of the
cornea contributing to less flattening of the cornea in individuals
born preterm compared with individuals born at term.

In contrast to corneal shape, we did not observe an associ-
ation between gestational age or BW percentile with anterior
chamber depth or lens thickness, similar to data reported in
children?* ** and adults.” ?° However, there was an association
between ROP treatment and a shallower anterior chamber depth
and a thicker human lens, highlighting the long-lasting effects of
postnatal laser and cryotherapy on ocular morphology, which
may contribute to an increased risk for angle closure and cataract
in later life.

A low gestational age was associated with a smaller axial
length, as shown in extremely preterm children with and without
ROP? #* % There are only data available for the association of
low BW with axial length in adulthood but not for gestational
age and ROP, so the present study extends these previous reports
demonstrating that premature birth affects axial length, poten-
tially contributing to an increased refractive error.

The present results are of clinical importance because altered
ocular geometry is associated with refractive error and may be
related to eye diseases such as age-related macular degenera-
tion,® ? glaucoma'® and diabetic retinopathy,’ the main causes
of visual impairment and blindness in industrialised countries.

Strengths and limitations

The present study has several limitations. The study was a single-
centre, hospital-based cohort study. Several former newborns
could not be contacted and some declined to take part in the
study, thus there is the risk of selection bias. Also, ocular geom-
etry measurements were not possible in a few participants,
particularly in those with low visual acuity. Furthermore, it is
noteworthy that the number of participants treated for ROP
was rather small, so should be considered when interpreting our
results. Nonetheless, the present study involved the examination
of the largest cohort of adults born preterm at different degrees
of prematurity with and without ROP and a large control group.
Furthermore, a detailed assessment of perinatal medical history
was conducted by reviewing medical charts. The comprehensive
data collection enabled the analysis including potential peri-
natal parameters that may have affected the development of
ocular geometry. In addition, all measurements were conducted
according to strict standardised operating procedures to reduce
examiner-dependent variations and all investigators were masked
to participants’ birth characteristics.

CONCLUSION
In conclusion, our results highlight that preterm delivery and
adverse prenatal growth affect ocular geometry and these effects

persist into adulthood. A low gestational age and low BW percen-
tile are associated with a steeper corneal radius and a smaller
corneal diameter, whereas the anterior chamber is shallower and
the human lens is thicker in ROP-treated eyes. These results indi-
cate that newborn status has lifelong effects on ocular geometry.
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Study Design
Gutenberg Prematurity Study (GPS)

Assessed for eligibility (n=40,189)
Consecutive cohort of subjects born at the University Medical Center
Mainz between 1969 and 2002 (current age 18 to 52 years)*

Excluded (n=35,742)
Stillbirths or
not selected for contacting
based on selection
algorithm§

Y

Selected to contact (n=4,447)

Excluded (n=3,509)
No available address in
medical record or in local city
office (n=1,707)
Mail not deliverable (n=930)
or no phone contact possible
(n=872)

Y

Approached for recruitment (938)

Excluded (n=488)
Declined participation in
study (n=488)

Study participation (n=450)

Excluded (n=12)
No measurement possible
(n=5), Corneal or cataract
surgery (n=7)

Analyzed (n=438)

v

v

v

v

140 Full-term
With GA 237 w
Recruitment efficacy
proportion 43.8%

134 Moderate PT
With GA 33-36 w
Recruitment efficacy
proportion 45.7%

109 Very PT
With GA 29-32w
Recruitment efficacy
proportion 55.2%

55 Extreme PT
With GA<28w
Recruitment efficacy
proportion 52.7%

[
A 4

A 4

No ROP (n=382)

ROP (n=56)

140 Full term GA237 w
134 with GA 33-36 w

88 with GA29-32 w
20 with GA< 28 w

43 without treatment
13 with ROP treatment

* Preterm with GA < 37 weeks 7.4% (2.957)
Moderate preterm with GA 33 - 36 w 4.6% (1.851)
Very preterm with GA 29 - 32 w 2.0% (789)
Extreme preterm with GA < 28 w 0.8% (317)
Full-term with GA = 37 w 92.6% (37.232)

§ Selection criteria:

A) Full term infants: 6 (3:/3%9) randomly selected full-term subjects born in the
respective month with birth weight centile 10-90 between 1969 and 2002

B) Preterm infants with GA 33 - 36 w: every second preterm

C) Preterm infants with GA < 32 w: every preterm
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Supplementary Table 1. Linear associations of anterior chamber depth and lens
thickness with different perinatal parameters (n = 438) for the sample of the
Gutenberg Prematurity Eye Study (GPES).

univariate

B [95% ClI] P
Anterior chamber depth
(mm)
Gestational age (weeks) 0.001 (-0.007; 0.009) 0.76
Birth weight (kg) 0.001 (-0.034; 0.036) 0.95
Birth weight percentile 0.000 (-0.001; 0.002) 0.74
ROP (yes) -0.11 (-0.25; 0.02) 0.10
ROP treatment (yes) -0.63 (-0.98; -0.27) 0.001
Placental insufficiency (yes) -0.04 (-0.15; 0.07) 0.46
Preeclampsia (yes) -0.07 (-0.16; 0.02) 0.12
Breastfeeding (yes) 0.06 (-0.006; 0.127) 0.08
Smoking pregnancy (yes) 0.02 (-0.10; 0.14) 0.71
Lens thickness (mm)
Gestational age (weeks) 0.003 (-0.004; 0.009) 0.45
Birth weight (kg) 0.010 (-0.023; 0.042) 0.56
Birth weight percentile 0.000 (-0.001; 0.001) 0.78
ROP (yes) -0.04 (-0.16; 0.07) 0.47
ROP treatment (yes) 0.64 (0.31; 0.97) <0.001
Placental insufficiency (yes) | -0.003 (-0.102; 0.097) 0.96
Preeclampsia (yes) 0.010 (-0.06; 0.07) 0.89
Breastfeeding (yes) -0.10 (-0.17; -0.04) 0.001
Smoking pregnancy (yes) -0.05 (-0.18; 0.07) 0.39

B — Beta; ROP — Retinopathy of prematurity; GA — gestational age; kg — kilogram; Cl — Confidence interval; mm —
millimeter

Linear regression analysis using generalized estimating equations to control for correlations between right and left
eyes.
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B [95% ClI] P
Anterior chamber depth
(mm)
Gestational age (weeks) 0.001 (-0.007; 0.009) 0.76
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Linear regression analysis using generalized estimating equations to control for correlations between right and left
eyes.
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