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Purrose. The purpose of this study was to analyze human corneal endothelial cells
(HCECs) morphology and ocular biometrics in premature (PM) children with or with-
out retinopathy of prematurity (ROP).

MEeTHODS. Retrospective data on patient demographics, HCECs status, and ocular biomet-
rics with at least 2 visits between 2016 and 2021 were reviewed. The main outcomes
were endothelial cell density (ECD), coefficient of variation (CV), hexagonal cell ratio
(HEX), central corneal thickness (CCT), axial length, anterior chamber depth, keratome-
try, corneal diameter, pupil diameter, and refraction status. Generalized estimating equa-
tion was used to evaluate the differences between PM no-ROP and ROP groups. We also
analyzed the trend of ECD, CV, HEX, and CCT change with age between groups.

Resurrs. The study included 173 PM patients without ROP and 139 patients with ROP. A
total of 666 and 544 measurements were recorded in the PM no-ROP and ROP groups,
respectively. The ROP group had higher spherical power, myopic spherical equivalent
(SE), and steeper steep keratometry (K; P < 0.05). The ROP group had higher CV (P =
0.0144), lower HEX (P = 0.0012) and thicker CCT (P = 0.0035). In the HCECs parameters,
the ROP group had slower ECD decrement (P < 0.0001), faster CV decrement (P =
0.0060), and faster HEX increment (P = 0.0001). A difference in corneal morphology
changes between the ROP and PM no-ROP groups were prominent in patients with
lower gestational age (GA) in the subgroup analysis.

Concrusions. Worse HCECs morphology and higher myopic status were initially observed
in patients with prior ROP but not in PM patients with no-ROP. ECD and HCECs morphol-
ogy improved with age, especially in patients with low GA.

Keywords: retinopathy of prematurity (ROP), human corneal endothelial cells (HCECs),
endothelial cell density (ECD), morphology, anterior segment

etinopathy of prematurity (ROP) is a vasoprolifera-

tive retinal disease that occurs in premature (PM)
newborns, especially in those with low gestational age
(GA) and birth weight (BW).! The main pathophysiology of
ROP is retinal hypoxia, ischemia, and consequent neovas-
cularization because of excessive oxidative stress on the
preterm fetal retina.>®> ROP is a two-phased disease.! In
the first phase, oxygen treatment in the preterm infant
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ceases the retinal vascular development and retinal vascular
obliteration.>® After the end of the oxygen supply, babies
under normoxia (relative hypoxia) have insufficient retinal
oxygenation which could contribute to retinal ischemia.??
In the second phase, the ischemic retina stimulates the
secretion of vascular endothelial growth factor inducing
subsequent pathological retinal angiogenesis and possible
neovascularization.* In those with advanced ROP, total trac-
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tional retinal detachment may develop and lead to severe
visual impairment and blindness.* Epidemiological studies
have shown that ROP occurs in approximately one third of
surviving infants necessitating treatment, and it is the lead-
ing cause of preventable blindness in children along with
cataract and corneal opacity.’> Other than retinal complica-
tions, ROP influences the anterior segment contributing to
a steeper cornea, shallower anterior chamber, and greater
crystalline lens thickness.®

There is a paucity of research evaluating the HCECs
status in PM patients. One recent study on full-term children
showed a rapid decrement in endothelial cell density (ECD)
during the first 2 years, after which the ECD decline rate
resumed to a level similar to that in adults.” However, only
the general population of toddlers and preschoolers with-
out ROP were surveyed in that research.” Another earlier
research evaluated the corneal endothelial status in patients
with cicatricial ROP and found that lower BW was associ-
ated with smaller mean cell area and poorer HCECs develop-
ment.? Still, the research only surveyed the corneal morphol-
ogy among different ROP populations with relatively fewer
case numbers.® Although ROP may influence the anterior
segment and loss of HCECs may lead to visual impairment,®°
it remains unclear whether HCECs are altered in patients
with ROP. Additionally, although one previous study showed
the effect of ROP on ocular biometrics,® the PM infants
without ROP can have a different profile of ocular biomet-
rics. We speculate that the presence of ROP after birth can
alter the following growth of the globe as well as the ante-
rior segment structure,'®!! and that myopia in patients with
ROP would progress later in life.”> More recently, we have
demonstrated that PM babies may be less suited for the
refractive surgery due to their corneal topographical condi-
tion,'® which could influence refractive prognosis. Collec-
tively, whether the effect on ROP in early stages may result
in permanent and significant change of corneal morphology
still needs further investigation.

Our study aimed to investigate the HCEC morphology
and other ocular biometric values between PM children with
and without ROP. We also evaluated the trend of corneal
endothelial and biometric parameters over time.

MATERIALS AND METHODS
Ethical Statement

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and was approved by
the Institutional Review Board at the Chang Gung Medical
Foundation, Taiwan (project code: 202201840B0). Informed
consents were obtained from parents of patients after a full
explanation of the study. Patients and parents could choose
to discontinue participation in the study at any time without
giving any reason.

Patient Selection

A retrospective study on a cohort with longitudinal follow-
up was conducted at the Chang Gung Memorial Hospital
from January 2016 to July 2021. We enrolled PM patients
without a history of ROP and aged <10 years at initial
presentation as the PM no-ROP group. For comparison,
PM children with prior ROP but without treatment who
aged <10 years at initial enrollment were grouped as
the ROP group. Patients were excluded if the following
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Ficure 1. Illustration of spherical power, cylinder power, and
spherical equivalent.

conditions occurred: (1) hydrocephalus, (2) congenital glau-
coma, (3) congenital cataract, (4) persistent fetal vasculature,
(5) congenital ocular infection including rubella and gonor-
rhea, (6) total retinal detachment at initial examination,
(7) progressive ROP warranting pars plana vitrectomy,
(8) death of the infant before 2 years old, (9) undetermined
parents even being well-informed, (10) refusal of the parents
to join the study, (11) a follow-up period shorter than 1 year,
and (12) received any ROP-related treatment including but
not limiting to antivascular endothelial growth factor injec-
tion, argon laser treatment, or xenon laser treatment. Patients
were regularly followed up every year, and data up to 4 years
of follow-up were analyzed.

Data Collection and Main Outcome Measurements

The demographic data of patients, including initial age,
gender, type of parturition, GA, BW, and Apgar score at 1
and 5 minutes were collected from the medical documents.
After getting enrolled in the current study, children were
assessed for the corneal endothelial and ocular biometric
examinations at the initial visit and at each following visit
with an interval of approximately 1 year (from 10 months
to 14 months) between each visit. Only the data in the first
4 years were collected to standardize the follow-up period.
The following parameters were obtained at each visit: ECD,
coefficient of variation (CV), hexagonal cell ratio (HEX)
by a non-contact in vivo specular microscope (CEM-530;
Nidek, Gamagori, Japan), central corneal thickness (CCT),
axial length (AXL), anterior chamber depth (ACD), flat as
well as steep keratometry (K), corneal diameter (CD) and
pupil diameter by the IOL Master (Carl Zeiss Meditec, Inc.,
Dublin, CA, USA). In addition, the spherical power, cylinder
power, and spherical equivalent (SE) were obtained via an
auto-refractor (Nikon NRK 8000; Nikon Inc., Tokyo, Japan).
The illustration image of spherical power, cylinder power,
and spherical equivalent is shown in Figure 1. All measure-
ments were taken three times at each visit and the average
values were used for the subsequent statistical analyses.

Statistical Analysis

SAS version 9.4 (SAS Institute Inc, Cary, NC, USA) was used
for statistical analyses. The Shapiro-Wilk test was applied to
decide whether the study population is normal distribution
before further analyses and the results indicated that both
the PM no-ROP group and the ROP group followed a normal
distribution (P > 0.05). For variables that were measured
once, including gender, type of delivery, GA, BW, and Apgar
scores, independent #-test and Chi-square test were used to
compare data between the groups, where appropriate. For
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variables that were repeatedly measured over time and for
both the eyes including sphere, cylinder, SE, ECD, CV, HEX,
CCT, AXL, ACD, and CD, the generalized estimating equation
(GEE) was used with autoregressive within-subject covari-
ance structure to determine differences between the groups.
The effect of variables, such as initial age, gender, and GA,
were included in the GEE model. We compared the differ-
ences in each index between the groups based on the time of
the visits. We plotted a scatter plot with fit curve to demon-
strate the distribution of each HCEC parameter between the
two groups based on age, and the GEE was used to evaluate
the trend of each parameter between the two groups after
considering the effect of gender and GA. Then, we strati-
fied the study population into those with GA of 23 to 28
weeks, GA of 28 to 31 weeks, GA of 31 to 33 weeks, and GA
more than 33 weeks, and the GEE was applied to evaluate
the trend of each corneal parameter between the 2 groups
with different GA. Similarly, the correlation of other param-
eters and the corneal morphology in the ROP group were
analyzed by GEE. A P value < 0.05 was considered statisti-
cally significant.

RESULTS

A total of 312 patients (173 and 139 patients in the PM no-
ROP group and the ROP group, respectively) were included.
The mean initial presenting age was 5.80 £ 2.30 years in
the PM no-ROP group and 6.25 + 2.27 years in the ROP
group (P = 0.0857). The gender distribution and parturi-
tion types were similar between the two groups (both P >
0.05). However, a significantly lower GA, BW, Apgar score
at 1 minute, and Apgar score at 5 minutes were noted in the
ROP population (P < 0.0001; Table 1).

For the longitudinal visit, the spherical power, SE, AXL,
ACD, Ks, pupil diameter, and ECD showed significant change
by time in the whole study population (P < 0.05; Table 2).
Analysis of the trend of each HCEC parameter between the 2
groups showed that the ECD decreased significantly slowly
in the ROP group compared to the PM no-ROP group from

TaBLe 1. Birth Characteristics of the Study Population
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age 3 to 12 years (P < 0.0001; Fig. 2). The ROP group had a
significant decrement of CV (P = 0.0060) and increment of
HEX (P = 0.0001) as the patients grew older compared to
the PM no-ROP population (Fig. 3, Fig. 4). The CCT change
demonstrated a similar trend between the two groups (P =
0.3951; Fig. 5).

In the subgroup analysis stratified by GA, the ROP groups
showed a slower ECD decrement in those with GA of 23 to
28, 28 to 31, and more than 33 weeks, faster CV decrement
in those with GA of 28 to 31, 31 to 33, and more than 33
weeks, faster HEX increment in those with GA of 23 to 28
and 28 to 31 weeks, and a faster CCT decrement in those
with GA from 23 to 28 weeks (Table 3). About the associa-
tion between BW and corneal morphology in the ROP group,
lower BW was correlated with higher ECD (P = 0.0162) but
not with abnormal values of CV, HEX, and CCT (P > 0.05).
In terms of the correlation between other parameters and
corneal morphology in the ROP population, the lower GA,
higher steep K, and smaller CD correlated to higher ECD
(P < 0.05), whereas lower GA and smaller CD correlated to
lower HEX (P < 0.05). None of the variables were signifi-
cantly associated with CV or CCT (P > 0.05).

DiscussION

The current study revealed a more myopic status and steeper
K in the ROP group compared to the PM no-ROP group.
Besides, the HCEC evaluation showed worse CV and HEX in
the ROP groups during the 4 years of follow-up from a mean
age of 6 years. On the contrary, the trend analyses illustrated
slower ECD decrement, better CV, and HEX recovery in the
ROP group especially in the patients with lower GA.
Derived from the neural crest embryologically,' the
human corneal endothelium consists of a monolayer of
HCECs with ECD reaching a peak of 6000 cells/mm? immedi-
ately after birth,'> and gradually declines to 3500 cells/mm?
by the of age 5 years.!® HCECs do not actively proliferate in
vivo for unknown reasons with the cell cycle arrested at the
G1 phase due to contact inhibition mediated by intercellu-

Characteristics PM No-ROP (N = 173) ROP (N = 139) P Value
Age,” y mean £ SD 5.80 + 2.30 6.25 + 2.27 0.0857
Gender N (%) 0.2457
M 88 (50.9) 80 (57.6)
F 85 (49.1) 58 (41.7)
Parturition 0.2426
NSD 42 (24.3%) 42 (30.2%)
CS 129 (74.6%) 93 (66.9%)
GA, wk, mean + SD 32.06 £+ 2.99 27.13 £+ 2.48 <0.0001"
<28 18 (10.4%) 92 (66.2%)
28 - < 37 152 (87.9%) 47 (33.8%)
> 37 3 (1.7%) 0 (0.0%)
BW, g, mean £ SD 1664.92 + 589.65 933.71 + 314.89 < 0.0001"
<1500 74 (42.8%) 128 (92.1%)
1500 - < 2500 83 (48.0%) 11 (7.9%)
2500 - < 3500 15 (8.7%) 0 (0.0%)
> 3500 1 (0.6%) 0 (0.0%)
Apgar score at 1 min 7.35 + 1.64 4.96 £+ 2.15 <0.0001"
Apgar score at 5 min 8.86 £+ 1.22 7.12 = 1.79 <0.0001"

BW, birth weight; CS, Cesarean section; GA, gestational age; N, number; NSD, normal spontaneous delivery; PM, premature; ROP, retinopa-

thy of prematurity; SD, standard deviation.

* Age at baseline (initial presentation) of the ophthalmic department.

" Denotes significant differences between the groups.
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Tasie 2. Corneal Endothelial and Ocular Biometric Parameters of the PM No-ROP and ROP Groups During Follow-Up
Mean + SD of Value

Parameters Baseline 1Y 2Y 3Y 4Y P Value

Spherical power <0.0001"
PM no-ROP 1.32 £ 1.44 1.27 £ 1.49 1.13 £ 1.70 1.12 £+ 1.66 0.73 + 1.23
ROP 0.57 + 3.04 0.45 + 3.09 0.26 + 3.13 0.44 + 2.87 —0.30 £ 3.23

Cylinder power 0.6269
PM no-ROP —1.11 £ 1.10 —1.11 £ 1.11 —1.08 £+ 1.12 —1.10 £ 1.21 —1.12 £ 1.25
ROP —1.36 + 1.04 —0.23 £+ 13.79 —1.39 £ 1.07 —1.36 + 1.06 —1.45 £+ 1.15

SE <0.0001"
PM no-ROP 0.81 + 1.49 0.76 £+ 1.50 0.64 + 1.78 0.61 + 1.71 0.23 + 1.36
ROP —0.08 £ 3.19 —0.26 + 3.29 —0.33 £ 3.40 —0.29 £ 2.98 —0.99 + 3.47

AXL, mm <0.0001"
PM no-ROP 22.31 + 1.00 22.39 £ 0.98 22.64 + 1.16 2272 + 1.08 2299 + 1.05
ROP 22.24 + 1.26 22.37 £ 1.27 2251 £ 1.35 22.61 + 1.29 22.86 + 1.28

ACD, mm <0.0001"
PM no-ROP 3.17 + 0.59 3.25 + 0.45 3.26 + 0.42 3.37 + 0.33 3.45 + 0.27
ROP 3.14 + 0.40 3.15 + 0.51 3.19 £+ 0.40 3.30 + 0.42 3.38 + 0.36

Flat K 0.0398"
PM no-ROP 43.34 + 1.67 43.33 + 1.64 43.35 + 1.67 43.32 £ 1.59 43.69 £+ 1.66
ROP 43.77 £ 2.14 43.95 + 1.83 44.03 + 1.78 43.87 £ 1.73 44.38 + 1.63

Steep K <0.0001"
PM no-ROP 44.74 £ 3.24 45.06 + 2.03 44.88 + 1.83 44.69 + 1.95 44.59 + 1.79
ROP 45.69 + 2.14 45.81 + 2.14 4590 £+ 2.20 45.80 + 2.17 45.39 + 2.29

CD, mm 0.5032
PM no-ROP 12.01 £+ 0.48 11.99 + 0.49 11.95 + 1.01 11.82 + 2.48 12.06 + 0.45
ROP 11.79 + 0.49 11.78 £ 0.50 11.82 £ 0.59 11.55 £+ 2.74 11.82 £+ 0.52

Pupil diameter, mm <0.0001"
PM no-ROP 3.72 + 1.48 3.74 + 1.45 4.13 + 1.69 4.19 + 1.75 4.00 = 1.72
ROP 4.04 + 1.75 3.58 + 1.45 3.90 + 1.62 4.18 + 1.76 4.84 + 1.84

ECD, cells/mm? <0.0001"
PM no-ROP 3257.89 + 265.58 3250.71 + 282.49 3219.39 + 266.02 3190.78 + 274.57 3146.26 + 267.24
ROP 3303.18 + 317.42 3310.77 + 290.35 3261.38 + 286.59 3203.48 + 270.61 3177.37 + 273.88

CV, % 0.7419
PM no-ROP 22.86 + 5.44 23.64 + 6.03 23.09 £+ 4.98 23.06 + 6.15 23.95 + 4.81
ROP 25.54 + 9.69 2471 £ 6.12 24.16 + 5.68 24.70 + 6.52 23.95 + 6.07

HEX, % 0.1110
PM no-ROP 69.48 + 6.05 68.70 + 8.16 69.09 + 6.63 69.35 + 5.22 68.56 + 4.85
ROP 65.92 + 10.03 66.12 £+ 10.54 68.62 + 6.85 67.18 + 10.21 68.33 + 6.09

CCT, pm 0.2171
PM no-ROP 551.02 + 43.35 550.40 + 38.09 551.76 + 41.26 550.35 + 37.84 541.95 + 32.64
ROP 563.67 + 43.20 566.32 + 39.92 560.06 + 37.13 558.51 £ 35.73 556.41 + 30.02

ACD, anterior chamber depth; AXL, axial length; CCT, central corneal thickness; CD, corneal diameter; CV, coefficient of variant; ECD,
endothelial cell density; HEX, hexagonality; K, keratometry; PM, premature; ROP, retinopathy of prematurity; SD, standard deviation; SE,

spherical equivalent.

" Denotes significant differences in the total study population at different visits.

lar junctions.!” Central ECD decreases at an annual rate of
about 0.6% during a lifetime,'® so that the mean ECD drops
from approximately 3300 cells/mm? at adolescence to 2300
cells/mm? at age 85 years.!>?° Besides, racial or geographic
differences have been reported, with higher ECD found in
Japanese than American individuals.!”” In a previous study,
ROP in the posterior segment was shown to influence the
cornea in the anterior segment.”! In addition, the corneal
curvature and anterior chamber depth demonstrated a signif-
icant change in patients with ROP during the early ages.?!'?*
Furthermore, the anterior segment abnormality in patients
with ROP with or without treatment had been reported in
earlier literature.?>?* Consequently, the presence of ROP at
birth may cause subsequent change of corneal morphol-
ogy in later years. The exact reason why ROP in the poste-
rior segment can influence the development of the anterior
segment remains unknown. We hypothesized that there is

Downloaded from iovs.arvojournals.org on 05/24/2024

an “anterior chamber growth factor X” which is secreted by
the retina, and which could be disturbed or impaired by
retinopathy. This is supported by prior experiments show-
ing that the peripheral retina is vital for the emmetropization
of the eye and the damaged peripheral retina could result
in high myopia in the eye.>=*" Peripheral retinal destruc-
tion, such as laser or cryotherapy, could result in steeper
cornea, shallower anterior chamber, and thicker lens, and
cause higher degree of refractive errors.!%!! Destruction to
the peripheral retina, such as in cryotherapy, could result in
a higher degree of refractive errors than the use of therapy
that has less retinal destruction like laser photocoagulation
or antivascular endothelial growth factor. It is vital to iden-
tify such factors to verify this hypothesis in the future. It is
possible that mediation or restoration of such factors could
result in better anterior segment growth in these patients.
The concept was supported by the results of our study.
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Ficure 2. The trend of endothelial cell density via age between the two groups. ECD, endothelial cell density. * Denotes significant trend

between the two groups.

In the current study, the presence of ROP did not nega-
tively affect HCECs because the ROP group presented a
similar ECD value throughout the 4 years of follow-up after
adjusting for several possible risk factors in the multivariable
model. A similar ECD in the ROP group was not compatible
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Ficure 3. The trend of coefficient of variant via age between the two groups. CV, coefficient of variant. * Denotes significant trend differences

with the hypothesis that excessive oxidative stress in patients
with ROP leads to corneal endothelial damage.”® One possi-
ble explanation for the numerically higher (but not statisti-
cally significant) ECD in the patients with ROP is that the CD
in the ROP group was also numerically lower than the partic-
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700 -

650 -

CCT (pm)

550 -

450 -

Age

——&—— PM No-ROP ——— ROP

Ficure 5. Trend of central corneal thickness based on age between the two groups. CCT, central corneal thickness.

ipants in the PM no-ROP group and resulted in a higher ECD
value according to a previous study.” Paradoxically, although
the growth of HCEC ceases soon after birth due to contact
inhibition and TGF-B2,'” clusters of small cells with mito-
sis were observed by specular microscopy in both infant®
and adult®® corneas. It is possible that because the GA of

Downloaded from iovs.arvojournals.org on 05/24/2024

the ROP group was significantly younger, the HCECs in that
group might retain a certain ability of proliferation even after
birth due to the more primitive status of the HCECs, result-
ing in the numerically higher ECD. But the exact mechanism
needs further evaluation. About the relation between BW
and corneal morphology, a previous study revealed smaller
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TaBLE 3. Subgroup Analysis Stratified by Gestational Age for the Trend of Corneal Morphology Change Between the Two Groups

GA 23 to 28 GA 28 to 31 GA 31 to 33 GA More Than 33
Parameters Beta”® P Value Beta P Value Beta P Value Beta P Value
ECD —6.58 0.0031" —8.42 0.0026" —3.58 0.0826 —14.35 0.0011"
cv —0.46 0.2715 3.73 0.0180" 8.25 0.0019" 1.86 0.3137
HEX —3.47 0.0349" —6.51 0.0024" 0.38 0.0146 1.37 0.4560
CCT —5.07 0.0375" 1.66 0.4893 —1.59 0.2451 1.01 0.4585

CCT, central corneal thickness; CV, coefficient of variant; ECD, endothelial cell density; GA, gestational age; HEX, hexagonality.
*The ROP group against the PM no-ROP group, negative value indicated slower decrement or faster increment of parameter in the ROP

Investigative Ophthalmology & Visual Science

group than in the PM no-ROP group.
" Denotes significant differences between the two groups.

mean cell area in patients with low BW.? Likewise, our study
revealed significant correlation between lower BW and high
ECD. The two studies are seemingly compatible because the
smaller cell area means more cells could be compacted into
a defined area, rendering a higher ECD.?

With regard to the trend analyses on the change in ECD
over time between the two groups, the ROP group showed a
significantly lower decrement rate compared to PM no-ROP
population. When we analyzed the ECD change between the
two groups, the ECDs of the ROP population were higher
in all the visits than the patients in the PM no-ROP, and
the initial age in the patients with ROP were significantly
older suggesting that patients with ROP had a higher value
of ECD compared to the patients in the PM no-ROP group
even at an older age. It might also be attributed to the rela-
tively poor proliferation ability and similar oxidative stress
in the patients with PM no-ROP compared to the younger
patients with ROP, and thus the ECD in the PM no-ROP
group decreased at a faster rate throughout the study period.
According to the subgroup analysis, all the GA subgroups
had a slower ECD decrement in the ROP group, which indi-
cated that the ROP was still independently associated with
lower ECD reduction rate after the adjustment of GA. The
patients with ROP with GA of 31 to 33 weeks presented
an insignificant ECD reduction rate compared to the PM
no-ROP group, and the trend of ECD decrement was still
numerically lesser in the ROP population than the PM no-
ROP population. On the other hand, the parameters that
were associated with higher ECD in the ROP group implied
a preterm status,?!3! which might indicate that the rela-
tionship between ROP and higher ECD value was more
significant in this population. The ECD decline was fastest
within the first 2 years after birth with an annual decrement
of 17.73% in full term children.” Children in the current
study experienced a milder ECD loss with about 1% to
2% of annual decrement rate because the youngest case in
the current study was more than 2 years old. Whether the
milder ECD loss in the ROP group simply results from the
potential proliferative capability of HCECs or other molecu-
lar pathways, such as ROCK, PI3/Akt, Smad2 activation, or
interleukin-18 secretion,>*~3> needs further investigation.

The other HCEC-associated parameters, including HEX,
CV, and CCT, revealed better value in the PM no-ROP group.
The HEX was statistically significantly higher in the patients
with PM compared with the patients with ROP. One possi-
ble explanation for the significantly higher HEX in the PM
group is that the arrangement of HCECs in patients with
PM might be influenced by the prominently decreasing GA
and preterm status like higher rate of myopic status and
more than two-folds of strabismus possibility in patients
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with ROP compared to the PM-only counterparts.?*3! Thus,
in our study, the arrangement of HCECs was better in the PM
no-ROP group compared to the ROP group. The CV, which
indicates polymegathism of HCECs, showed a higher value
in the ROP population. This could be suggestive of similar
mechanisms mentioned above due to worse HCEC status in
patients with ROP. Nevertheless, the trend analyses revealed
that the HEX and CV improved with age in the ROP group
than the PM no-ROP group, implying the HCEC morphol-
ogy of patients with ROP refines by time. In addition, the
CCT showed a significantly higher value in the ROP group
than PM no-ROP group. This pattern is comparable to the
previous finding that the CCT was thicker in PM infants with
lower GA.3° The change of CCT between different visits was
not significant in all patients, which is contradictory to the
previous study and might be due to the duration of follow-
up.”” The trends of CV, HEX, and CCT change in the ROP
group compared to the PM no-ROP group were more signif-
icant in the patients with low GA according to the subgroup
analysis, and the lower GA and smaller CD was correlated to
lower HEX. The above results suggest that ROP might affect
the morphology of CV, HEX, and CCT more commonly in
preterm patients.

The ocular biometric parameters, including spherical
power, SE, and steep K value, demonstrated more myopic
status in the children with prior ROP compared to the PM
no-ROP group. The myopic shift of the patients with ROP
compared to the patients in the PM no-ROP group was
similar to that in the previous study that the presence of
ROP is an important risk factor for the myopia develop-
ment.?>31,38 Recently, we showed that the ACD and AXL in
patients with ROP were shallower and shorter compared
to those without ROPS These findings are similar to our
current study results. Previous research also speculated that
the ROP can affect the site of ocular development and that
impairment of this site can result in abnormality of ante-
rior segment formation.*® With regard to ocular growth, the
AXL became significantly longer by time in the whole study
population, which is reasonable because the AXL elongates
with advancing age.®’ Similarly, the ACD in the entire study
population showed significant increment over time which
may due to the normal growth of the globe. However, CD
was not positively associated with age, ACD, and AXL in
the current study, which was conflicting to previous find-
ings on full term (FT) or PM children.”’~% 1t is possible
that the follow-up period in the current study was not long
enough to see significant enlargement of CD compared to
a previous study with a follow-up of more than 10 years.*!
These findings indicate that the presence of ROP not only
influences the retina but also affects the normal ocular
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structural development,?! thus leading to different biometric
parameters.

There are some limitations in our study. First, the differ-
ent time points of ophthalmic examination at different ages
for each patient might decrease the homogeneity of the
study population, even though we adjusted for the effect
of initial age in the GEE model. Second, the distribution of
age was not identical among the study groups and this could
influence the intergroup analysis because the ECD is nega-
tively associated with age.” Moreover, the absence of early
corneal/biometric parameter measurements during the birth
in our patients prevented us from analyzing the early corneal
morphology when ROP was active with the difference of
corneal morphology between the PM no-ROP and the ROP
groups could be more apparent. Last, we did not perform
gender matching, thus a slightly higher ratio of male popu-
lation was present in the current study. However, because
the prevalence of ROP is higher in the male subjects,***> we
attributed this gender imbalance to natural distribution of
ROP.

In conclusion, the patients with prior ROP illustrate
an initially less intact HCECs morphology compared to
the patients with PM no-ROP, but the ECD preservation
and HCEC morphology improvement were better in these
patients, and specifically in the low-GA ROP population.
More prominent myopic shifts with steeper K value are
observed in the ROP children. Further prospective studies
to clarify the impact of prematurity, ROP, and various treat-
ments on the development of corneal and anterior segment
disorders is needed.
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