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Purpose: Provide a detailed assessment of peripheral refractive error and peripheral
eye length in myopic children.

Methods: Subjects were 294 children aged 7 to 11 years with �0.75 to �5.00 diopter
(D) of myopia by cycloplegic autorefraction. Peripheral refraction and eye length were
measured at 6208 and 6308 horizontally and vertically, with peripheral refraction also
measured at 6408 horizontally.

Results: Relative peripheral refraction became more hyperopic in the horizontal
meridian and more myopic in the vertical meridian with increasing field angle.
Peripheral eye length became shorter in both meridians with increasing field angle,
more so horizontally than vertically with correlations between refraction and eye
length ranging from �0.40 to �0.57 (all P , 0.001). Greater foveal myopia was related
to more peripheral hyperopia (or less peripheral myopia), shorter peripheral eye
lengths, and a consistent average asymmetry between meridians.

Conclusions: Peripheral refractive errors in children do not appear to exert strong
local control of peripheral eye length given that their correlation is consistently
negative and the degree of meridional asymmetry is similar across the range of
refractive errors. The BLINK study will provide longitudinal data to determine whether
peripheral myopia and additional peripheral myopic defocus from multifocal contact
lenses affect the progression of myopia in children.

Translational Relevance: Local retinal control of ocular growth has been
demonstrated numerous times in animal experimental myopia models but has not
been explored in detail in human myopia development. These BLINK baseline results
suggest that children’s native peripheral optical signals may not be a strong stimulus
for local growth responses.

Introduction

The prevalence of myopia has increased in recent
decades in the Unites States and throughout the
developed world, particularly in Asia.1–3 For exam-
ple, 25% of adults in the United States were
categorized as myopic in the National Health and
Nutrition Examination Survey during 1971 and 1972,
but that number rose to 33.1% when data were
collected from 1999 to 2004.4 The prevalence of
myopia was estimated to be 26.4% in Asian adults

aged 30 to 39 years, but was 47.3% for those aged 20
to 29 years, according to a 2015 meta-analysis.2 The
risk of pathological complications such as glaucoma,
cataract, retinal detachment, and myopic maculopa-
thy, as well as the economic impact and burden of
healthcare associated with myopia, have strongly
motivated researchers to explore treatments to reduce
the risk of onset and the rate of myopic refractive
error progression.5–7

Many previous treatments to control myopia
progression were based on reducing hyperopic foveal
defocus because exposure of the central retina to
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optical defocus is known to alter the refractive error
development of young eyes in many animal species.8–12

Based on the findings of several clinical trials, bifocal
spectacles or progressive addition lenses have not
found widespread clinical use for myopia control,
however, because myopic progression was usually only
minimally reduced in treated children compared to
controls, on average by less than 0.20 diopters (D).13–20

More recent management strategies for myopia
progression involve treating the peripheral retina using
optical defocus. This approach has received significant
attention since work in primates showed that foveal
refractive error could be manipulated through periph-
eral optical defocus without the involvement of an
intact fovea.21 The connection between peripheral
optics and central refractive error has a long histo-
ry.22,23 It is well established that myopic eyes are
associated with a hyperopic relative peripheral refrac-
tive error24–26 and a less oblate overall shape than
emmetropic or hyperopic eyes.27,28 What is less clear is
whether these differences represent the cause of myopic
refractive error or whether they are the effect of
differences between central and peripheral ocular
growth. Arguing against a causative role, relative
peripheral hyperopia appears to occur nearly simulta-
neously with the development of myopia.25,29 In
addition, relative peripheral hyperopic defocus has
not been shown to be a strong signal for myopic
progression.29–31 The higher amounts of relative
peripheral hyperopia that are associated with more
foveal myopia seem more likely to be the effect of
increases in axial length that outpace increases in
equatorial diameter.24,32

Regardless of the role played by peripheral
defocus in the etiology of refractive error, there is
growing evidence that myopic defocus that extends
into the retinal periphery while the fovea experiences
acceptably focused images, typically created by
optically based treatments such as multifocal soft
contact lenses or overnight orthokeratology, may be
an effective inhibitor of axial elongation in hu-
mans.33–38 The evidence is incomplete, however,
primarily due to limited duration of follow-up,
typically 2 years or less, and assessment of a limited
set of covariates. The overall goal of our research is
to test the hypothesis that relative peripheral myopic
defocus from center-distance multifocal soft contact
lenses will slow the progression of myopia in children
over a 3-year period. The total defocus signal
experienced by the peripheral retina during treat-
ment requires an understanding of the underlying
peripheral refractive error in combination with the

optics of multifocal soft contact lenses. In addition,
assessment of this optical signal and corresponding
eye lengths in various quadrants will help to
determine the spatial integration properties of that
combined signal, whether peripheral refractive error
influences eye growth in a quadrant-specific local
fashion, or more globally across quadrants.39,40 The
purpose of the current investigation is to describe the
peripheral refractive error, the corresponding pe-
ripheral eye lengths, and the relationship between the
two in a group of myopic children between the ages
of 7 and 11 years prior to initiating myopia control
treatment in a National Eye Institute/National
Institutes of Health-supported randomized clinical
trial of multifocal soft contact lenses, the Bifocal
Lenses in Nearsighted Kids (BLINK) study.

Methods

Subjects

A total of 294 myopic children ages 7 to 11 years
(inclusive) were enrolled between September 2014 and
June 2016 in a double-masked, 3-year, randomized
clinical trial at two sites (University of Houston
College of Optometry and The Ohio State University
College of Optometry). The purpose of the BLINK
Study is to determine if children wearing multifocal
soft contact lenses have a slower rate of myopia
progression than those wearing single vision soft
contact lenses. Eligible subjects hadþ0.10 logMAR or
better best-corrected high-contrast distance visual
acuity in each eye, �0.75 to �5.00 D of myopic
refractive error in the most hyperopic meridian, 1.00
D or less astigmatism in each eye, and 2.00 D or less
of anisometropia by cycloplegic autorefraction. All
subjects were free of eye disease or binocular vision
problems (e.g., strabismus, amblyopia, corneal dis-
ease, etc.) that could affect vision or contact lens wear
and were free of systemic diseases that may affect
vision, vision development, or contact lens wear (e.g.,
diabetes, Down syndrome, etc.). Subjects were not
allowed to have had more than 1 month of any
myopia control treatment or wear of gas permeable,
soft bifocal, or orthokeratology contact lenses (no
child had any prior experience with myopia control
treatment). Subjects were excluded if they chronically
used medications that might affect immunity, such as
oral or ophthalmic corticosteroids. The research
adhered to the tenets of the Declaration of Helsinki,
was approved by the institutional review boards at the
University of Houston and The Ohio State Univer-
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sity, and was monitored by an independent data and
safety monitoring committee. Assent from children
and parental permission was obtained from each
subject and subject’s parent/guardian, respectively.
Full baseline characteristics and methods have been
previously reported;41 the details and methods rele-
vant to this portion of the study are described below.

Cycloplegic Central and Peripheral Refractive
Error

All measurements were taken at least 25 minutes
after instillation of one drop of 0.5% proparacaine in
each eye followed by two drops of 1.0% tropicamide
instilled 5 minutes apart. Central and peripheral
refractive error were measured on the right eye
without spectacle or contact lens correction and with
the left eye patched using the open-view Grand Seiko
WAM-5500 binocular autorefractor/keratometer
(AIT Industries, Bensenville, IL). Central refractive
error was measured in primary gaze at 08, then
peripheral refractive error was measured at 208, 308,
and 408 nasal and temporal gaze, and at 208 and 308

superior and inferior gaze. For horizontal readings
the subject viewed spots on the wall 1.5 m from the
subject created by a laser pointer held by a rigid tray
with wells angled at 208, 308, and 408 nasally and
temporally relative to the entrance pupil of the eye.
The autorefractor instrument head was modified with
a cutout at its edges in order to have an unobstructed
peripheral view. The forehead rest was also removed
and the subject’s chin was placed on a custom chinrest
that allowed the subject to turn the head (as opposed
to the eyes) to maintain primary gaze for all
peripheral measurements (Fig. 1). This method was
chosen so that all peripheral study measurements,
including those made during contact lens wear not
reported here, would be done in a consistent manner
but not be affected by lens decentration.42 Turning
eyes compared to turning heads may help to avoid
bias, although two reports show little difference
between the two methods.22,43 All vertical targets
were placed on the wall 1.5 m away except the 308

inferior gaze target, which was located within the
housing of the autorefractor. For vertical readings,
the forehead rest was used, and the subject turned the

Figure 1. (A) The experimental setup including the custom headrest to allow for rotation of a child’s head in order to maintain fixation
in primary gaze and the cutouts on the side to allow for targets at 408 eccentricity to be seen. White arrows point to the front-silvered
mirrors for measurement of vertical peripheral refraction. (B) The appearance of the pupil with fixation at 408 eccentricity. The
autorefractor is centered within the elliptical pupil without obstruction by the iris. (C) Schematic diagram of mirror placement within the
autorefractor housing and angles to the illuminated targets placed on the wall at 1.5 m for 208 superior and inferior gaze and 308 superior
gaze. Targets were beyond the rim of the autorefractor housing and not visible to the subject without the use of the mirrors (striped
rectangles). For 308 inferior gaze, subjects fixated a target placed within the hood of the autorefractor in order to avoid a mirror obscuring
its camera aperture. The autorefractor would be translated and re-focused during peripheral refraction to maintain alignment with the
center of the entrance pupil.
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eyes to view each target in front-silvered mirrors
within the autorefractor instrument head. At least five
readings in which neither the sphere nor cylinder
differed from the median by more than 1.00 D were
recorded in each direction of gaze.

Axial and Peripheral Eye Length

The Lenstar LS 900 (Haag-Streit USA, Mason,
OH) optical biometer was used to measure central
and peripheral eye length of the right eye. Measure-
ments were made under cycloplegia. Central axial
length was measured while covering the subject’s
contralateral eye with a patch while the subject fixated
the internal red fixation light. Axial measurements
were repeated until five readings without a poor-
quality warning indicator or red highlight indicating
implausible measurement were obtained. Peripheral
measurements were obtained by having the subject
turn the right eye (left eye patched) to look at small
targets placed on the face of the instrument at 208 and
308 nasal and temporal gaze and 208 and 308 superior
and inferior gaze. The peripheral measurements were
also repeated until five reliable readings without red
highlights indicating implausible measurements were
obtained. Peripheral eye length measurements with
the Lenstar LS 900 made away from the line of sight
using these same methods have similar repeatability
to measurements made along the line of sight.44

Peripheral refraction was calculated in absolute
terms as the average spherical equivalent refractive
error and in relative terms as the difference between
the average peripheral minus central spherical equiv-
alent. Relative peripheral refraction was also calcu-
lated for the most hyperopic meridian (sagittal) and
the most myopic meridian (tangential). Eye length
was calculated in absolute terms and in relative terms
as the difference between the average peripheral
minus central eye length. Left gaze (temporal field,
nasal retina) was coded as a negative angle and right
gaze (nasal field, temporal retina) as positive. For the
vertical direction, upgaze (inferior field, superior
retina) was coded as a negative angle and downgaze
(superior field, inferior retina) was coded as a positive
angle, consistent with the sign conventions used by
Verkicharla et al.32 The relationship between periph-
eral refraction and peripheral eye length was explored
using bivariate Pearson correlations. The group
average refractive error and eye length as a function
of gaze angle were fit by quadratic equations. To
facilitate comparisons with adult data from Verki-
charla et al.,32 these fits were also done on individual-
level data with the coefficient for the quadratic term

then plotted as a function of central spherical
equivalent.

Results

The baseline peripheral refraction and peripheral
eye length data are given in Table 1. Figures 2A and
2B display these data for horizontal peripheral
refraction and peripheral eye length. Refractive errors
were myopic on average at all measured eccentricities
across the visual field. Both lateral fields were less
myopic than the mean 6 SD central refractive error
of�2.42 6 1.04 D. The amount of relative peripheral
hyperopia reached values of aboutþ1.75 D at 408 with
little nasal-temporal asymmetry. Peripheral eye length
became shorter with greater eccentricity in the
horizontal meridian relative to the central axial length
of 24.48 6 0.81 mm. There was about 0.4 mm of
nasal-temporal asymmetry with the nasal retinal eye
length shorter by roughly�0.4 mm and the temporal
retinal eye length shorter by�0.8 mm at 308 compared
to the central axial length. Figures 2C and 2D display
data for vertical peripheral refraction and peripheral
eye length. Peripheral refraction at 308 in the vertical
meridian was more myopic compared to central
refractive error by about �0.4 D for the superior
retina and showed minimal asymmetry compared to
the inferior retina (Table 1). Peripheral eye length
became shorter with eccentricity to a lesser extent in
the vertical meridian than in the horizontal meridian,
as indicated by the shallower curve for vertical
peripheral eye length in Figure 2D compared to
horizontal eye length in Figure 2B. Peripheral eye
length was only shorter by roughly �0.3 mm
superiorly and �0.4 mm inferiorly at 308 compared
to the central axial length.

The coefficients for the parabolic fits of individual
subject data for peripheral refraction and peripheral
eye length are shown as a function of central spherical
equivalent in Figures 3A and 3B. A positive sign for
the coefficient indicates an upward-turned parabola
(as opposed to negative being turned downward) and
values farther from zero indicate a faster rate of
change with eccentricity (as opposed to zero being a
flat profile). Consistent with the upward-turned curve
for peripheral refraction in Figure 2A and the
downward-turned curve in Figure 2C, the average
(6SD) coefficient for horizontal peripheral refraction
wasþ0.0012 6 0.0007, significantly different from the
average (6 SD) coefficient of �0.00053 6 0.0010 for
vertical peripheral refraction (P , 0.0001). The larger
value of the coefficient for the horizontal meridian is
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consistent with the larger amount of relative periph-
eral hyperopia horizontally compared to relative
peripheral myopia vertically (Figs. 2A, 2C). Negative
coefficients were rare for horizontal peripheral
refraction (4%) while some of the vertical coefficients
were positive (26%). This finding indicates almost all
myopic eyes had relative peripheral hyperopia in the
horizontal meridian and the majority had relative
peripheral myopia in the vertical meridian. The sign

of the slope of the regression between the coefficients
for the parabolic fits for peripheral refractive error
and central refractive error was negative and signif-
icantly different from zero for both the horizontal and
the vertical meridians (�0.00015 and �0.00013, P ,

0.0001 and ¼ 0.012, respectively) with no significant
difference between the two (P ¼ 0.78; test for
interaction between meridian and refractive error).
For the mostly positive coefficients horizontally, the

Table 1. Peripheral Refraction and Peripheral Eye Length Data (mean 6 SD) as a Function of Eccentricity in the
Horizontal and Vertical Meridians

Eccentricity (8) n
Peripheral

Refraction (D)
Most Hyperopic

Meridian (D)
Most Myopic
Meridian (D)

Horizontal
�40 (nasal retina) 294 �0.74 6 1.32 0.00 6 1.27 �1.50 6 1.47
�30 294 �1.73 6 1.24 �1.26 6 1.25 �2.20 6 1.27
�20 294 �2.16 6 1.17 �1.77 6 1.19 �2.56 6 1.20
0 294 �2.42 6 1.04 �2.17 6 1.03 �2.68 6 1.06
20 294 �2.23 6 1.08 �1.70 6 1.11 �2.76 6 1.10
30 294 �1.63 6 1.26 �0.69 6 1.23 �2.59 6 1.38
40 (temporal retina) 294 �0.60 6 1.62 0.87 6 1.43 �2.08 6 1.96

Vertical
�30 (superior retina) 294 �2.83 6 1.22 �1.73 6 1.10 �3.94 6 1.44
�20 294 �2.88 6 1.09 �2.25 6 1.01 �3.52 6 1.22
0 294 �2.42 6 1.04 �2.17 6 1.03 �2.68 6 1.06
20 294 �2.52 6 1.15 �1.98 6 1.09 �3.06 6 1.27
30 (inferior retina) 292 �3.01 6 1.50 �2.12 6 1.41 �3.91 6 1.67

Columns labelled ‘‘relative’’ are measurements relative to the central value.

Table 1. Extended

Eccentricity (8)

Relative
Peripheral

Refraction (D) n
Peripheral

Eye Length (mm)

Relative
Peripheral

Eye Length (mm)

Horizontal
�40 (nasal retina) 1.68 6 1.07
�30 0.69 6 0.72 294 24.13 6 0.84 �0.36 6 0.24
�20 0.26 6 0.55 294 24.20 6 0.88 �0.28 6 0.26
0 0.00 294 24.48 6 0.81 0.00
20 0.19 6 0.55 294 24.11 6 0.81 �0.37 6 0.17
30 0.78 6 0.91 293 23.73 6 0.79 �0.76 6 0.24
40 (temporal retina) 1.82 6 1.44

Vertical
�30 (superior retina) �0.41 6 0.83 294 24.21 6 0.84 �0.27 6 0.25
�20 �0.47 6 0.56 294 24.40 6 0.82 �0.09 6 0.17
0 0.00 294 24.48 6 0.81 0.00
20 �0.10 6 0.60 294 24.29 6 0.81 �0.19 6 0.14
30 (inferior retina) �0.59 6 1.20 292 24.06 6 0.78 �0.43 6 0.22
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negative slope indicates a greater amount of relative
peripheral hyperopia when central refractive error
was more myopic. For the mostly negative coeffi-
cients vertically, the negative slope indicates less
relative peripheral myopia when central refractive
error was more myopic.

Consistent with the downward-turned curve for
peripheral eye length in Figures 2B and 2D, the
average coefficients for the parabolic fits to horizontal
and vertical peripheral eye length were both negative
and significantly different from each other, �0.00059
6 0.0002 and �0.00040 6 0.0002, respectively (P ,

0.0001). The more negative coefficient for the
horizontal meridian is consistent with the shorter
horizontal compared to vertical peripheral eye lengths
(Figs. 2B, 2D). Almost no coefficients were positive

for horizontal (1%) or vertical (2%) peripheral eye

length meaning almost all peripheral eye length

measurements were shorter than the central axial

length. The sign of the slope of the regression between

the coefficients for the parabolic fits to peripheral eye

length and central refractive error was positive and

significantly different from zero for both the horizon-

tal and the vertical meridians (0.000044 and 0.000056,

P ¼ 0.0002 and ,0.00001, respectively) with no

significant difference between the two (P ¼ 0.27; test

for interaction between meridian and refractive error).

The positive slope in each meridian indicates shorter

peripheral eye lengths when central refractive error

was more myopic. The opposite signs for the slopes in

Figures 3A and 3B are to be expected; more

Figure 2. Plots of both absolute and relative peripheral refraction (A) and absolute and relative peripheral eye length (B) in the
horizontal meridian and absolute and relative peripheral refraction (C) and absolute and relative peripheral eye length (D) in the vertical
meridian. Error bars represent the standard error of the mean. The best-fit parabola is shown for each. The equations for horizontal
peripheral refraction and eye length, respectively, are y ¼ 0.0012 x2 þ 0. 0009 x � 2.57 and y ¼�0.00059 x2 � 0.0056x � 24.44. The
equations for vertical peripheral refraction and eye length, respectively, are y ¼�0.00054 x2 þ 0.0008 x � 2.44 and y ¼�0.00040 x2 �
0.0026x� 24.49. Each term is significantly different from 0 (P , 0.001) except for the linear term for peripheral refraction. The model R2

was computed by squaring the correlation between predicted and observed values.
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peripheral hyperopia and less peripheral myopia are
consistent with shorter peripheral eye lengths.

Peripheral refraction and peripheral eye length
were moderately correlated at each eccentricity, both
horizontally and vertically (Table 2). Correlations
ranged from�0.41 to�0.57 (all P , 0.001) and were
negative in sign, as expected, indicating a more
hyperopic or less myopic refractive error centrally
and peripherally with shorter eye length. The magni-
tude and sign of the correlations were similar for
relative peripheral refraction and relative peripheral
eye length, ranging from �0.33 to �0.60. Correlation
coefficients were fairly consistent across eccentricities
in both meridians, with the possible exception of 308

inferior retina (�0.33, Table 2). The consistency in
this relationship across meridians can also be seen in
the similar magnitude of the correlation between the
coefficients for the parabolic fits for peripheral
refraction and peripheral eye length (�0.44 and
�0.48 for the horizontal and vertical meridians,
respectively; both P , 0.0001). Correlations between
peripheral eye length and refractive error in either the
sagittal or the tangential meridians were also similar
in magnitude to those for spherical equivalent,
ranging from �0.38 to �0.56 (data not shown, all P
, 0.001).

The sagittal and tangential meridians showed
nasal-temporal asymmetry. The sagittal meridian
became much more hyperopic than the minimal
changes seen in the tangential meridian with increas-
ing field angle for the temporal retina (Fig. 4). The
nasal retina showed smaller increases in hyperopia in
the sagittal meridian than the temporal retina, but
greater increases than those in the tangential merid-
ian. This nasal-temporal asymmetry in the sagittal

Figure 3. Plots of quadratic coefficients fit to subject-level data as
a function of central spherical equivalent refractive error for
peripheral refractive error (RPR) and peripheral eye length (RPEL).
The horizontal meridian is represented by the plus (þ) symbols and
the vertical by the open circles (o). The equations for the best-fit
regression lines for peripheral refraction in the horizontal and
vertical meridians, respectively, are y¼�0.00015xþ 0.00080 (R2¼
0.05) and y ¼�0.00013x � 0.00086 (R2 ¼ 0.02). The equations for
the best-fit regression lines for peripheral eye length in the
horizontal and vertical meridians, respectively, are y¼ 0.000044x�
0.00048 (R2¼ 0.05) and y ¼ 0.000056x � 0.00026 (R2 ¼ 0.07).

Table 2. Correlations Between Peripheral Refractive Error and Peripheral Eye Length (absolute and relative,
horizontal and vertical; all P , 0.001)

Eccentricity (8)

Horizontal
Peripheral Refraction

and Eye Length

Horizontal
Relative Peripheral

Refraction and
Relative Peripheral

Eye Length

Vertical
Peripheral Refraction

and Eye Length

Vertical
Relative Peripheral

Refraction and
Relative Peripheral

Eye Length

�30 (nasal or superior
retina)

�0.57 �0.59 �0.47 �0.58

�20 �0.51 �0.53 �0.47 �0.54
0 �0.41 �0.41
20 �0.44 �0.51 �0.47 �0.40
30 (temporal or inferior

retina)
�0.44 �0.58 �0.41 �0.33
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and tangential meridians resulted in larger peripheral
cylinder values for the temporal retina even though
the nasal and temporal spherical equivalents were
symmetric. The vertical meridian showed more
symmetry between superior and inferior retina. The
sagittal meridian changed little with field angle while
the tangential meridian became more myopic.

Discussion

Compared to central refractive error, myopic
children in this study, on average, had a more
hyperopic relative peripheral refractive error in the
horizontal meridian and a more myopic relative
peripheral refractive error in the vertical meridian.
Compared to central axial length, peripheral eye
length was shorter in both the horizontal and vertical
meridians, but more so in the horizontal meridian,
consistent with the relative hyperopia in that merid-
ian. Both of these findings varied by the amount of
refractive error. A more myopic central refractive
error was associated with more positive coefficients
for the parabolic fits for peripheral refraction and
more negative coefficients for the parabolic fits for
peripheral eye length, both horizontally and vertical-
ly. In other words, more foveal myopia was associated
with more relative peripheral hyperopia horizontally
and less relative peripheral myopia vertically. More
foveal myopia was associated with shorter peripheral
eye lengths in both the horizontal and vertical
meridians. The simplest explanation for these effects
is that the retinal profile is steeper when the amount
of myopia is greater. The relationship between central
refractive error and either the parabolic fit coefficients

for peripheral refraction (Fig. 3A) or peripheral eye
length (Fig. 3B) were not significantly different
between the horizontal and the vertical meridians.
These slopes were similar despite the underlying
meridional asymmetry in peripheral refraction and
eye length. Although these data are cross sectional
and do not represent longitudinal development, the
similarity of the slopes within Figure 3A and within
Figure 3B suggests that the amount of retinal
steepening with increased myopia occurs symmetri-
cally for the two meridians. A 2-year longitudinal
study did suggest that there was symmetric peripheral
growth, finding that relative peripheral eye length did
not change substantially in any quadrant in the
growing eyes of children aged 7 to 11 years.45

These results expand on previous reports of
peripheral retinal optical and structural properties in
children in several ways. Data were collected from
only one peripheral point, the nasal visual field/
temporal retina at 308, in the Orinda Longitudinal
Study of Myopia and the Collaborative Longitudinal
Evaluation of Ethnicity and Refractive Error.25,46 The
Study of Theories about Myopia Progression report-
ed on peripheral refraction in 85 myopic children aged
6 to 11 years from two horizontal and two vertical
peripheral points with results that are generally
consistent with the current findings at each location.47

The current study sampled from several more points:
six peripheral points horizontally and 4 peripheral
points vertically. The one peripheral point in common
showed reasonable agreement, 0.50 D25 and 0.62 D47

of relative peripheral hyperopia compared to 0.79 D
in the current study. The Peripheral Refraction in
Preschool study measured refractive error at 4

Figure 4. Relative peripheral refractive error in the sagittal and tangential meridians as a function of eccentricity and meridian:
horizontal (A) and vertical (B). Error bars (some obscured) represent the standard error of the mean.
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peripheral points in 187 Asian children aged 3.4 to
15.8 years of age, but only in the horizontal meridian
and without measures of peripheral eye length. Their
results at 308 show more nasal-temporal asymmetry
(1.0 D nasal field and 0.47 D temporal field) in
peripheral hyperopia than the current study (0.79 D
and 0.69 D, respectively) despite similar average
central myopic refractive errors.29 Peripheral refrac-
tive error was also assessed in a very large number of
Chinese children aged 7 and 14 years at four
peripheral points, but again, only in the horizontal
meridian and without eye length.31 The older children
in that study had similar results to the current study:
about 1.0 D of relative peripheral hyperopia at 308

without much nasal-temporal asymmetry. Interest-
ingly, nasal-temporal asymmetry appeared after 1
year of follow-up with more relative peripheral
hyperopia developing in the temporal than in the
nasal visual field.31 Peripheral eye length data
measured at 208 using a custom partial coherence
biometer have been reported in a study of 140
children aged between 7 and 11 years, but peripheral
refraction was not measured.45 Similar to the results
in the current study, particularly in the fitted curves in
Figures 2B and 2D, that study’s baseline findings also
showed meridional differences in peripheral eye
length with the inferior retina steeper (a shorter
peripheral eye length) than the superior, and the
temporal retina steeper (shorter) than the nasal.45 In
summary, the current study results are similar to
those previously reported for myopic children but
represent a unique dataset of peripheral refractive
error and peripheral eye lengths taken on the same
subjects at multiple points across the visual field in
two meridians.

Detailed studies of peripheral refraction24 and
peripheral eye length have been done in adults, with
both measurements done on the same subjects in
several studies.32,48–50 One such study where the
average foveal myopia was �5.76 D showed larger
amounts of relative peripheral hyperopia, about 2 D
at 308, compared to the current findings in children.
Interestingly, about 1 D of relative peripheral
hyperopia was seen in the vertical meridian48 in
contrast to the relative peripheral myopia seen
vertically in the current study and other studies of
adults.24,32 As suggested by Figure 3, this may be due
to the large amount of foveal myopia in that adult
sample. A more typical amount of relative peripheral
hyperopia at 408 in the horizontal meridian of adults
would be about 1 to 1.5 D, similar to the current
study. The amount of relative peripheral myopia in

the vertical meridian of adults was about 0.75 to 1.00
D, slightly more than seen in the current study.24,32

Similar to the current results for children, studies of
myopic adults find little asymmetry between the
hemiretinas in peripheral refraction in either merid-
ian.24,32,48

Peripheral eye length data do not seem to be as
consistent as peripheral refraction data between
adults and children. Peripheral eye lengths at 308 in
adults are about 1.0 and 0.8 mm shorter than central
lengths horizontally and vertically, respectively, clear-
ly more than seen in the current results for
children.24,32 Perhaps the more powerful crystalline
lenses of children produce similar amounts of
peripheral refractive error from smaller amounts of
peripheral eye length differences. Studies of myopic
adults tend to find little asymmetry between the
hemiretinas in peripheral eye length in either merid-
ian24,32 or only that the temporal retina was steeper
than the nasal.49 In contrast, the inferior and
temporal retina were both found to be steeper in
children previously and in the current study.45

Differences in crystalline lens tilt or decentration,
not measured in this study, may produce symmetric
peripheral refraction profiles from asymmetric eye
length contours. The strength of association between
peripheral refractive error and peripheral eye length
seems higher in adults than in the children. In contrast
with the correlation coefficients ranging between
�0.33 and �0.60 in the current study, the R2 values
were between 0.5 and 0.7 in one study of adults49 and
correlations between the parabolic coefficients for
peripheral refraction and peripheral eye length were
between �0.67 and �0.74 in another.32

The purpose of the BLINK Study is to investigate
whether reducing relative peripheral hyperopia, or
inducing relative peripheral myopia, using center-
distance multifocal soft contact lenses alters the rate
of myopic progression in children. Several clinical
studies suggest that this approach will be effective in
slowing the rate of progression.33–38 The presence of
relative peripheral myopia in the vertical meridian in
children and the suggestion of symmetric growth
between the two meridians in these cross-sectional
data is something of a challenge to the theory that
underlies this approach to myopia control. If periph-
eral myopia is an effective ‘‘stop’’ signal, why doesn’t
the existing relative peripheral myopia vertically exert
some effective myopia control or restrict the expansion
of the globe in the vertical meridian relative to the
horizontal meridian? One possibility is that the amount
of relative peripheral myopia is too small in magnitude
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to be effective. Magnetic resonance imaging of the eye
is consistent with the current study results, suggesting
that the vertical meridian is the flatter, more expanded
of the two.27,51 Inhibited ocular growth vertically
would have produced the opposite result. The current
baseline results suggest that children’s native peripheral
optical signals are not strong stimuli for local growth
responses. Even small under-corrections of foveal
refractive error by 0.50 to 0.75 D do not produce
meaningful myopia control.52,53 Existing relative pe-
ripheral myopia vertically may not be sufficient to
inhibit ocular expansion but perhaps additional
myopic defocus would have this effect when applied
over a larger amount of the peripheral visual field.
Progressive addition lenses increase relative peripheral
myopia when the eye is in primary gaze and have been
shown to result in a small reduction in the rate of
foveal myopic progression.15,16,18 There may be a
dioptric threshold or critical amount of visual field
required for the inhibitory effect. Once past this
threshold, the inhibition may show dose-response
behavior, such as in response to the two add strengths
(þ1.50 and þ2.50 D) being evaluated in BLINK.41

Examining longitudinal results from the BLINK Study
clinical trial with respect to the ocular expansion of the
four measured quadrants in relation to the optical
signal from the combination of the eye’s own relative
peripheral refractive error and the optics of the
multifocal soft contact lenses may provide some
insights into these issues.
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