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Abstract

Aims To investigate the influence of preterm
birth on the optic disc and retinal vessels by
measurements of cup-to-disc (C/D) ratio and
arteriole-to-venule (A/V) ratio.
Methods Eighty-three eyes of 42 preterm
births were included. In the age- and sex-
matched control group, 83 eyes of 42 full-term
births were used. Fundus color photographs
were taken. ImageJ software was used to
calculate C/D and A/V ratios from the fundus
images.
Results Fundus photographs were taken at
8.01± 2.22 years of age for the preterm group
and 8.01± 2.13 years of age for the control
group. The mean gestational age of the
preterm group was 274/7 weeks (range,
24–34 weeks). The preterm group had
significantly larger C/D ratio and smaller A/V
ratio (mean± standard deviation: 0.46± 0.12
and 0.59± 0.08, respectively) than the control
group (0.36± 0.07 and 0.68± 0.07, respectively)
after spherical equivalent refractive error was
adjusted.
Conclusions Preterm birth is significantly
associated with larger C/D ratio and smaller
A/V ratio. These findings show the effect of
preterm birth on the development of optic
disc and retinal vessel development.
Eye (2015) 29, 1167–1172; doi:10.1038/eye.2015.99;
published online 19 June 2015

Introduction

Preterm infants have a high risk of perinatal
disease of the central nervous and vascular
systems.1,2 Retinopathy of prematurity (ROP) is
a disorder of vascular proliferation that occurs in
the retinal development of preterm, low-birth-
weight infants.3 During follow-up of children
previously screened for ROP, we received the
impression that they often had a large cup-to-
disc (C/D) ratio and a small arteriole-to-venule
(A/V) ratio. In 2010, Wikstrand et al4 reported
the association of low birth weight and weight at
gestational age (GA) of 32 weeks with large area

of the optic disc cup in preterm birth. Plus
disease, an indicator of ROP severity, may
present a constellation of signs including retinal
arterial tortuosity and venous dilation at the
posterior pole, vitreous haze, and iris rigidity.5

In several studies, investigators have used vessel
width to determine the presence of severe ROP
or to predict later disease.6–8 For instance,
Grunwald et al8 documented that the rate of
increase in retinal venule width was useful in
identifying infants at risk for severe ROP.
Meanwhile, one morphometric study performed
on fundus photographs from the selected group
of preterm birth with a GAo32 weeks showed
no optic disc changes but an abnormal vascular
pattern compared with the control group of full-
term birth.9 Jacobson et al10 obtained fundus
photographs from a group of preterm birth
subjects with periventricular leucomalacia,
which demonstrated large cups in normal-sized
optic discs, suggestive of a variant of optic nerve
hypoplasia. After that, Hellström et al11

demonstrated that the median optic disc rim
area was significantly smaller in preterm birth
subjects compared with a control group.
To our knowledge, no case–control study of

age- and sex-matched controls has been
performed on the C/D ratio and A/V ratio of
preterm birth. Such children are of particular
interest as they have demonstrated a high
frequency of visual dysfunction.12 The purpose
of this study was to investigate the influence of
preterm birth on the optic disc and retinal
vessels. The present study explored differences
of C/D ratio and A/V ratio between preterm
birth and age- and sex-matched controls.

Materials and methods

Subjects

This retrospective study was conducted
according to the Declaration of Helsinki, after
approval by the Institutional Review Board
of the Samsung Medical Center in Korea.
Among preterm births who visited the Pediatric
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Ophthalmology and Strabismus Clinic, Department of
Ophthalmology, Samsung Medical Center, between
September 2011 and February 2013, we selected fundus
color photographs from 83 eyes of 42 patients except
images which had poor image quality insufficient to
measure both C/D and A/V ratios exactly. For each
patient, we looked for a full-term control individually
matched in age and sex, and then 83 eyes of 42 children
constituted a control group for evaluation of C/D and
A/V ratios. The control group consisted of subjects who
visited the clinic for regular eye health check-up. All
controls had no history of any disease likely to have had
effect on eye development from birth until their eye
examination. Especially, they had no history of any
neurological disease or elevated intraocular pressure. All
subjects in the preterm and control group included in this
study have the same race and ethnicity as Korean.

Imaging acquisition and analysis

Fundus color photographs were taken with a model IX50
camera (Topcon, Paramus, NJ, USA) from 38 eyes in the
preterm group and 36 eyes in the control group between
September 2011 and September 2012. As Optos Panoramic
200 system (Optos plc, Dunfermline, UK) was introduced to
our clinic since October 2012, fundus images taken with this
system were obtained from 45 eyes in the preterm group
and 47 eyes in the control group between October 2012 and
February 2013. Images were taken through a dilated pupil
from both eyes of 84 objects. Using the IX50 camera, 30°
retinal photographs were taken, and photographs up to 200°
of the retina were taken using the Optos Panoramic 200
system. Photographic methods were standardized with
written protocols, and photographer performance was
monitored with periodic feedback to assure optimal
performance. At least one image was obtained from each
eye of all 84 objects.
Fundus camera images were exported to ImageJ version

1.45 (Rasband, W.S., US National Institutes of Health,
Bethesda, MD, USA) for measurements of photographs to
be made in pixels. This expedites the estimation of ratios
(for example, arteriole to venule ratio) and nullifies the
need for camera magnification factors to be calculated.
Images were obtained from both eyes of each participant
except two eyes, which had fundus images that were
inadequate for acquiring viable measurements.

Cup-to-disc ratio

An area of the photograph containing the optic disc was
assessed. Photographs taken with the IX50 camera
were enlarged to 150% and the photographs taken with
the Panoramic 200 system were enlarged to 300%.
As described previously,13 vertical cup and disc diameters

were measured using a straight line measurement tool
incorporated into the ImageJ program (Figure 1). Two
measurements were gained and averaged for each
diameter. The area of the optic disc was defined as the
area within Elschnig’s ring.14 The border between optic
cup and neuroretinal rim was defined as the level at
which the slope of the rim steepens on the basis of
contour, not pallor.14 If the cup or disc outline was not
distinctly visible in the photograph, we obtained
measurements using the ‘sharpen’ application (7 eyes,
4.2%). The most clearly defined photograph was selected
for analysis in cases where more than one photograph
was available for each eye.

Arteriole-to-venule ratio

As described previously,13,15 an arteriole and venule
within 0.5–1 disc diameter from the edge of the disc
margin was evaluated. A width for the defined arteriole
and venule diameters was assessed using the straight line
measurement tool (Figure 2). Between the concentric
circles along the vessel as defined in Figure 2, five non-
overlapping measurements were made and averaged for
a ratio calculated. The magnification of the retinal
photographs taken by the fundus camera has been
described.16 The revised Knudtson–Parr–Hubbard
formulas were used to standardize individual vessel
calibers of each eye.17 These formulas summarize the
retinal vessel diameters restricted to the six largest retinal

Figure 1 Example images of optic disc diameter and optic cup
diameter measurements in the preterm group (a) and the control
group (b).

Figure 2 Example images of arteriole and venule diameter
measurements in the preterm group (a) and the control group (b).
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vessels measured from the fundus photographs.17 The
formulas used are Wc= 0.88 × (Wa

2+Wb
2)1/2 for arterioles

and Wc= 0.95 × (Wa
2+Wb

2)1/2 for venules, in which Wc is
the estimate of parent trunk arteriole or venule, Wa is the
diameter of the narrower branch, and Wb is the diameter
of the wider branch.17 After trunk variants of central
retinal artery equivalent and central retinal vein
equivalent were calculated using previously described
iterative procedure,17 central retinal artery equivalent was
divided by central retinal vein equivalent to obtain A/V
ratio. All measurements for both C/D and A/V ratios
were made by a single observer (J.K.), and the
intraobserver variability in the measurement of C/D ratio
was estimated.

Statistical analyses

Statistical analyses were applied to compare spherical
equivalent refractive error and best spectacle corrected
visual acuity (Log MAR) as well as C/D and A/V ratios
between patient and control groups. To consider two eyes
in one person, the method of generalized estimating
equation was used. The correlation of spherical equivalent
refractive error on C/D and A/V ratios was adjusted.
Statistical analyses were performed with Geepack
package R 3.0.1 (The R Foundation for Statistical
Computing, Vienna, Austria). For all tests, a P-value
o0.05 was considered statistically significant.

Results

Clinical and demographic characteristics

Eighty-three eyes of 42 patients in the preterm group and
83 eyes of 42 patients in the control group were included.
In the preterm group, 67 eyes of 34 patients had previous
history of ROP, on the other hand, 16 eyes of 8 patients
had no ocular abnormalities. Among eyes with ROP, 50
eyes received laser photogoagulation, and cryotherapy
was performed in 4 eyes. No history of intravitreal
injection of anti-vascular endothelial growth factor was
found. The mean GA of the preterm group was 27 4/7

weeks (range, 24–34 weeks). In the preterm group, only
one subject had a history of periventricular leucomalacia,
and optic nerve hypoplasia was found in the fundus
photograph of another one subject. In this study, optic
nerve hypoplasia was limited to the definite cases, which
showed small optic discs. No history of periventricular
leucomalacia or optic nerve hypoplasia was shown in the
subjects of the control group. Fundus photographs were
obtained at an age of 8.01± 2.22 years (range, 3–14 years)
for the preterm group and 8.01± 2.13 years (range, 3–13
years) for the control group (Table 1). Forty-seven subjects
(56.6%) in both the preterm group and the control group

were male (Table 1). The mean value of spherical
equivalent refractive error in the preterm group was
− 2.48± 4.51 (Table 1). In the control group, the mean
value of spherical equivalent refractive error was
− 0.80± 2.35 (Table 1). The value in the preterm group
was significantly more myopic than that in the control
group (P= 0.003, Table 1). Eyes in the control group had
significantly better best-corrected visual acuity than those
in the preterm group (Po0.001, Table 1). Among 42
subjects in the preterm group, 36 patients had medical
records of the neonatal intensive care units and pediatric
clinics at the Samsung Medical Center, and remaining six
neonates were outborn. Thirty patients (83.3%) had
suffered from respiratory distress syndrome and/or
bronchopulmonary dysplasia, and the duration of oxygen
therapy was 65.6± 56.4 days. Persistent patent ductus
arteriosus was found in 24 subjects (66.7%) and ductal
ligation was performed in 10 cases. Only 3 patients (8.3%)
had a history of persistent pulmonary hypertension, and
some subjects were diagnosed with left pulmonary
arterial hypoplasia (n= 1), mitral regurgitation (n= 1) and
atrial septal defect (n= 2). On the other hand, all subjects
in the control group had no history of cardiac or
pulmonary disorders that might have affected vascular
diameter. Among some medications including calcium
channel blockers, prostaglandin analogs, β-blockers, and
oral corticosteroids, which might have influenced
vascular diameter,18 beraprost sodium, a prostaglandin
analog, was taken by one patient in the preterm group.
In the control group, no one had a history of any drug
associated with vessel width.

Image parameters

Table 2 shows means of C/D and A/V ratios in both
groups. The mean C/D ratio± standard deviation in the
preterm group and the control group were 0.46± 0.12 and
0.36± 0.07, respectively. Before and after adjusted by
spherical equivalent refractive error, the C/D ratio in the
preterm group was significantly greater than that in the
control group (Po0.001). The intraclass correlation
coefficient showing intraobserver variability represented

Table 1 Demographic and clinical characteristics of the preterm
group and the control group

Preterm
group

Control
group P-value

No. of eyes 83 83
Age, mean± SD, years 8.01± 2.22 8.01± 2.13 1.000a
Sex: male to female 47 : 36 47 : 36 1.000b
Spherical equivalent refractive
error, mean± SD, D

− 2.48± 4.51 − 0.80± 2.35 0.003a

BCVA, mean± SD, logMAR 0.24± 0.29 0.02± 0.04 o 0.001a

Abbreviations: SD, standard deviation; D, diopter; BCVA, best corrected
visual acuity. aUnivariate generalized estimating equation analysis. b χ2 test.
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good reliability (0.913; 0.820–0.953, 95% confidence
interval). The mean A/V ratio± standard deviation in the
preterm and the control group were 0.59± 0.08 and
0.68± 0.07, respectively. The A/V ratio in the preterm
group was significantly less than that in the control group
regardless of the adjustment to the spherical equivalent
refractive error (Po0.001). In the subgroup analysis of the
preterm group, both eyes with ROP (N= 67) and without
previous ocular abnormalities (N= 16) had significant
differences in C/D and A/V ratios compared with the
control group (Po0.001 and Po0.001, respectively). In
the correlation analysis, GA was marginally negatively
correlated with C/D ratio (Pearson’s r= -0.402, P= 0.071)
and positively correlated with A/V ratio (Pearson’s
r= 0.231, P= 0.084).

Discussion

There have been a few previous studies about optic disc
morphology in preterm birth compared with full-term
birth. A previous morphometric study demonstrated no
optic disc changes, except for the most preterm girls who
had slightly lager disc areas.9 This finding is not in
agreement with the present study. In this study, the mean
C/D ratio in the preterm group was significantly greater
than that in the full-term group. This might be explained
by the fact that the previous study was performed on a
group of preterm birth with a higher mean GA of 29 1/7

weeks than those in the present study (mean GA of 27 4/7

weeks).9 Therefore, preterm birth in the present study
could be less mature at birth and vulnerable to perinatal
influences on the central nervous system. Previously,
Hellström et al11 also reported that the median optic disc
rim area was significantly smaller in the preterm birth
with a mean GA of 27 weeks compared with a full-term
control group. This finding is similar to our analysis. But,
in their study, fundus photographs were obtained at
5.1–9.3 years of age for the preterm group and 2.6–19.6
years of age for the control group. We, on the other hand,
observed fundus appearances at 8.01± 2.22 years of age
(range, 3–14 years) for the preterm group and 8.01± 2.13
years of age (range, 3–13 years) for the control group.
Park et al19 reported that mean C/D ratio increased by
0.0075 per year in term birth and rate of mean C/D ratio
progression was double in preterm birth. So, the fact that

Hellström et al11 did not use age-matched controls could
confound the study results.
About retinal vascular abnormalities in preterm birth

compared with full-term birth, Hellström et al9,11 reported
that preterm birth had significantly increased tortuosity of
retinal vessels and reduced number of vascular branching
points compared with those of control subjects.
Meanwhile, Ghodasra et al3 enrolled eyes of 41 infants at
risk for ROP, and demonstrated that eyes that eventually
developed type 1 ROP showed a faster increase in width
and tortuosity of retinal vessels compared with those that
did not. In the study, type 1 ROP eyes had a greater rate
of change in width for venule alone; the average rate of
change in width for arterioles was not significantly
different between groups.3 A/V ratio is widely used in
studies of the associations of retinal microvascular disease
with systemic and ocular outcomes.20 In particular, retinal
arterial tortuosity and venous dilation at the posterior
pole are important findings to diagnose plus disease in
ROP.5 To the best of our knowledge, the difference of
A/V ratio between preterm birth and full-tern birth
matched with age and sex was not reported yet. In the
present study, the mean A/V ratio in the preterm group
was significantly less than that in the full-term group. As
preterm birth has to adapt to a high extrauterine oxygen
tension, the development of the vascular system may be
considerably altered.3 An altered environment may lead
to changes in stimulatory and inhibitory mechanisms that
may affect morphology of arteriole and venule.3

In the present study, the mean value of spherical
equivalent refractive error in the preterm group was
significantly more myopic than that in the control group.
Whether the correlation of spherical equivalent refractive
error on C/D ratio and A/V ratio was adjusted or not, the
mean C/D ratio in the preterm group was significantly
greater than that in the control group, and the mean A/V
ratio in the preterm group was significantly less than that
in the control group. In 2004, Tong et al21 carried out a
large study with 679 myopic subjects and 100 emmetropic
subjects aged 8–13 years. They reported that C/D ratios
were smaller in participants with myopia compared with
those with emmetropia but C/D ratios were not
associated with severity of myopia.21 It is not apparent
whether they adjusted potential confounding factors
(that is, age, sex) in the analysis of the data. Further
investigation about association between refractive error

Table 2 C/D ratio and A/V ratio of the preterm group and the control group

Preterm group (n= 83) Control group (n= 83) P-value

C/D ratio, mean± SD 0.46± 0.12 0.36± 0.07 o0.001a

A/V ratio, mean± SD 0.59± 0.08 0.68±0.07 o0.001a

Abbreviations: A/V, arteriole-to-venule; C/D, cup-to-disc; SD= standard deviation. aGeneralized estimating equation analysis, before and after adjusted
by spherical equivalent refractive error.
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and C/D ratio in children is needed to adjust
confounding factors.
Compared with the control group, mean best-corrected

visual acuity of eyes in the preterm group was
significantly worse. ROP and neurological damage are
often cited as major causes of the severe cases of
decreased visual acuity in preterm birth.22 Dowdeswell
et al demonstrated that the poor visual acuity of
premature children was closely associated with their
higher incidence of ocular pathology including
abnormalities of the fundus and optic disc.23 In addition,
it was reported that very preterm delivery with 31 weeks
of mean GA generally had an effect on the potential for
developing full visual acuity, also in individuals without
evidence of early ROP.24 In the current study, among 83
eyes in the preterm group, 67 eyes had previous history of
ROP and even 50 eyes received laser photocoagulation for
treatment of ROP. Furthermore, although remaining 16
eyes had no history of ROP, they would also be
influenced by preterm birth. Therefore, large C/D ratio
and small A/V ratio would suggest the possibility of
association between these parameters and hindered
development of full visual acuity.
The present study had some limitations, including the

retrospective nature of this study and the relatively small
number of subjects. Having relatively small sample size
might preclude achieving statistical significance at the
0.05 level, especially in the association between GA and
imaging parameters. The fact that fundus photographs
were taken by two different imaging modalities may
distort the conclusion of the current study. However,
among 83 matched pairs, 81 pairs consisted of subjects
whose fundus images were taken with same imaging
system. Only two remaining pairs were compared with
image parameters originated from different imaging
modalities. Therefore, the use of different imaging
modalities would have little effect on the conclusion.
Other optic disc parameters and vascular abnormalities
were not analyzed in this study. But, we analyzed
differences of C/D ratio and A/V ratio between preterm
birth and age-, sex-matched controls. Until now, no case–
control study of age- and sex-matched controls has been
carried out on the C/D ratio and A/V ratio of
preterm birth.
In conclusion, preterm birth with a mean age of 27 4/7

weeks (range, 24–34 weeks) had significantly greater
mean C/D ratio than the control group of full-term birth.
The mean A/V ratio in the preterm group was
significantly less than that in the control group. These
findings showed the effect of preterm birth on the
development of optic disc and retinal vessels and possibly
subsequent decreased visual acuity. In the future, a
multicenter, randomized, controlled clinical trial for optic
disc measurements and vascular morphology of preterm

birth is necessary to fundamentally evaluate the influence of
preterm birth on optic disc and retinal vessel development.

Summary

What was known before
K There have been a few previous studies about optic disc

morphology and retinal vascular abnormalities in preterm
birth compared with full-term birth.

What this study adds
K To our knowledge, no case–control study with age- and

sex-matched controls has been performed on the C/D
ratio and A/V ratio of preterm birth.

K In the present study, the preterm group had significantly
larger C/D ratio and smaller A/V ratio than the control
group before and after spherical equivalent refractive error
was adjusted.
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