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Abstract
·AIM: To investigate the relationship between higher -
order aberration (HOA) and myopic progression in
schoolchildren.

·METHODS: Between April 23 2011 and August 29, 2011
in the children's myopia outpatient clinic of the West
China Hospital of Sichuan University, 148 eyes of 74
schoolchildren were reviewed. HOAs for a 6 -mm pupil
were measured with an aberrometer. Myopic progression
rate was defined according to the change in spherical
equivalent refraction (SER) divided by the time span
(years). Subjects with myopic progression rate of 逸0.50
diopters (D) were classified as the ‘fast’group and the
subjects with myopic progression rate of <0.50D were
classified as the‘slow’group. A retrospective study was
conducted to compare HOA between the two groups,
using root mean square (RMS) values and Zernike
coefficients.

·RESULTS: The RMS values of HOA ( =2.316, =0.02),
HOA without Z4

0( =2.224, =0.03),third-order aberrations
( =2.62, =0.01), and coma ( =2.49, =0.01) were
significantly higher in the fast group than those in the
slow group. The individual Zernike coefficients of Z3

-1 ( =
-2.072, =0.04) and Z5

1 ( =-2.627, =0.01) displayed
statistically significant differences between the two
groups. Significant correlations were found between the
RMS values of HOA ( =0.193, =0.019), RMS values of
HOA without Z4

0 ( =0.23, =0.005), RMS values of coma

( =0.235, =0.004),RMS values of third-order aberrations
( =0.243, =0.003), and the progression rate.

· CONCLUSION: Our results provide evidence of a
relationship between HOA and myopic progression. In a
future prospective longitudinal study, we aim to verify
whether HOA is a risk factor for myopic progression.
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INTRODUCTION

M yopia is a common refractive error in the Chinese
population, especially in young people [1,2]. The

etiology of myopia is multifactorial, and both genetic and
environmental factors contribute to its development [3]. In
recent studies, researchers have identified close work [4], poor
retinal image [3], and peripheral refraction [5] as environmental
factors of myopia progression. A higher-order aberration
(HOA) is a visual aberration that is higher than second-order
aberrations. Unlike first-order and second-order aberrations,
HOAs cannot be corrected by lenses. However, HOAs can
reduce the retinal image quality similarly to lower-order
aberration[6,7].
Because HOAs can lead to a poor retinal image, it is possible
that HOA is correlated with myopia progression. To address
this issue, a number of previous studies have been conducted
to investigate whether HOA in the eyes of young people with
myopia is different from that in the eyes of emmetropic
individuals. However, the results appear to be contradictory.
Some studies found a higher level of HOA in myopic eyes
compared with emmetropic eyes[8-12], whereas others found no
difference between them [13-17]. Moreover, all these studies
focused on the relationship between HOA and refractive
state. The studies were static, and did not assess change in
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refractive error over time. To date, there have been no
dynamic studies into the correlation between HOA and
myopia progression.
With the aim of assessing the relationship between HOA and
myopic progression dynamically, we carried out a
retrospective study in myopic schoolchildren.
SUBJECTS AND METHODS
Subjects Participants were recruited between April 23, 2011
and August 29, 2011 from the Optometry Centre of the West
China Hospital of Sichuan University. The target population
comprised children aged 6-16 years old who received
cycloplegic refraction annually over 1-3 years in the Centre,
whose cylinder measurement was less than -2.50 diopters
(D), and whose best-corrected visual acuity was not less than
20/20. Any subject with a history of ocular abnormality or
systemic illness was excluded. The study was approved by
the ethics committee of Sichuan University, and performed
in accordance with the Declaration of Helsinki. The parents
or other guardians of the participants were informed of the
details of the study, before signing the informed consent
documents.
Methods Before the measurements of refractive error and
HOA, 1% tropicamide eyedrops were used to paralyze the
accommodation of the eye and dilate the pupil sufficiently.
Cycloplegic refraction, which included object retinoscopy
and subject refraction, was measured by the same
experienced optometrist. Based on the outcome of refraction,
the myopic progression rate was calculated as change in
spherical equivalent refraction (SER) divided by the time
span (years). The group of subjects with myopic progression
rate <0.50D was defined as the‘slow’group, and the group
of subjects with myopic progression rate 逸0.50D was
defined as the‘fast’group.
At each participant’s most recent visit, the root mean square
(RMS) of the HOA and Zernike coefficients up to the fifth
order were measured across a 6.0mm pupil by a single
experienced optometrist using an aberrometer (Zywave II;
Bausch & Lomb, Rochester, NY, USA). Three measurements
were taken, and the mean was calculated and used for
analysis.
Statistical Analysis Data analysis was performed using
SPSS software (version 16.0; SPSS Inc., Chicago, IL, USA).
The clinical characteristics of enrolled subjects including
age, SER, cylinder, and pupil diameter were compared
between the fast and slow groups using the paired -test.
Analysis of HOA was based on a 6.0mm pupil diameter.
Zernike coefficients up to the fifth order were transformed
into the standard form recommended by the Optical Society
of America. The RMS values of the total HOA, HOA
without Z4

0, third- to fifth-order aberration, coma aberration,
and trefoil aberration were calculated for analysis. Coma
aberration is the square root of the sum of the squared

coefficients of Z3
-1, Z3

1, Z5
-1, Z5

1; trefoil aberration is the
square root of the sum of the squared coefficients of Z3

-3, Z3
-3,

Z5
-3, Z5

3; and HOA without Z4
0 is the higher-order aberration

without spherical aberration. For comparison of the
aberrations between the fast and slow groups, the one-sample
Kolmogorov-Smirnov test was first used to evaluate whether
the distribution of all variables was normal. Student's -test
was then used when the distribution was normal, and the
Wilcoxon rank sum test was used when the distribution was
not normal. Spearman correlation was used to analyze the
relationship between the RMS values of HOA at the most
recent visit and the myopic progression rate. <0.05 was
considered statistically significant.
RESULTS
Subject Characteristics In total, 74 schoolchildren (148
eyes) satisfied the study criteria. All eligible children were
Chinese. Of the 148 eyes, 99 had rapidly developing myopia
and were classified as the fast group, whereas the other 49
eyes had slowly developing myopia and were classified as
the slow group. Table 1 lists the characteristics of the
enrolled subjects. There were no significant differences in
subject characteristics including age, SER, cylinder, and
pupil diameter between the fast and slow groups ( >0.05).
Root Mean Square Values of Higher -Order
Aberrations in the Fast and Slow Groups The RMS
values of fourth- and fifth-order aberrations were not
normally distributed, and thus were compared using the
Wilcoxon rank sum test. The RMS values of third-order
aberration, coma, and trefoil were analyzed by separate
variance estimation -test because the variances of the fast
group and the slow group were not equal. The other RMS
values of HOA were analyzed by Student's -test. As shown
in Table 2, the RMS values of the total HOA ( =2.32, =
0.02), HOA without Z4

0 ( =2.22, =0.03), third-order
aberration ( =2.62, =0.01), and coma ( =2.49, =0.01)
were significantly different between the slow and fast
myopic progression groups.
Zernike Coefficients of Higher -Order Aberrations in
the Fast and Slow Groups Zernike coefficients of HOA
(third- to fifth-order aberrations) are presented in Table 3.
The Zernike coefficients values were normally distributed
except for Z5

-5, Z5
1, Z5

3, and Z5
5. There was a statistically

significant difference in vertical coma (Z3
-1) ( =-2.07, =

Table 1 Clinical characteristics of the enrolled myopic children  
sx ±

Parameters Fast group 
(n=99) 

Slow group 
(n=49) 

P 

Age(a) 12.01±2.06 12.16±2.26 0.68 
SER(D) -4.23±1.58 -3.79±1.92 0.14 
Cylinder(D) -0.58±0.61 -0.48±0.52 0.37 
Pupil diameter(mm) 8.71±0.63 8.58±0.57 0.23 
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0.04) and horizontal secondary coma (Z5
1) ( = -2.63, =0.01)

between the fast group and the slow group.
Relationship Between Root Mean Square Values and
Myopia Progression The RMS values of total HOA, HOA
without Z4

0, coma, and third-order aberrations increased with
the myopic progression rate (Figure 1, <0.05), but the
value was less than 0.3 and the correlation was weak.
DISCUSSION
This retrospective study of 148 myopic eyes in
schoolchildren suggests that HOA in myopic eyes is
correlated with myopia progression and that eyes with
fast-developing myopia have higher levels of HOA.
The RMS values of HOA ( =2.32, =0.02), HOA without
Z4

0 ( =2.22, =0.03), third-order aberrations ( =2.62, =0.01),
and coma ( =2.49, =0.01) were significantly higher in the
fast group than in the slow group. The individual Zernike
coefficients of Z3

-1 ( =-2.07, =0.04) and Z5
1 ( =-2.63, =

0.01) displayed a statistically significant difference between
the two groups. A statistically significant correlation was
found between the RMS values of HOA and myopia
progression rate ( =0.19, =0.02), the RMS values of HOA
without Z4

0 and progression rate ( =0.23, =0.005), the
RMS values of coma and progression rate ( =0.235, =0.004),
and the RMS values of third-order aberrations and
progression rate ( =0.243, =0.003). These results showed
that the fast-developing myopic eyes had higher levels of

Figure 1 Relationship between RMS and myopia progression Significant correlation was found A: between the root mean square
(RMS) value of total higher-order aberrations (HOAs) and the myopic progression rate ( =0.19, =0.019); B: between the RMS value of
HOA without Z4

0 and the myopic progression rate ( =0.23, =0.005); C: between the RMS value of coma and the myopic progression rate
( =0.235, =0.004); and D: between the RMS value of third-order aberrations and the myopic progression rate ( = 0.24, =0.003).

Table 3 Zernike coefficients of higher-order aberrations in the 
two groups                                       sx ±  

Zernike coefficients Fast group Slow group P 
Third order    

Z3
-3 0.05±0.13 0.03±0.12 0.64 

Z3
-1  -0.16±0.20 -0.09±0.18 0.04 

Z3
1 -0.03±0.11 -0.00±0.11 0.24 

Z3
3 0.01±0.12 0.03±0.11 0.35 

Fourth order    
Z4

-4 -0.01±0.06 -0.01±0.05 0.75 
Z4

-2 -0.00±0.05 -0.01±0.05 0.46 
Z4

0 -0.10±0.12 -0.09±0.13 0.56 
Z4

2 0.01±0.07 0.01±0.08 0.83 
Z4

4 -0.03±0.06 -0.03±0.07 0.85 
Fifth order    

Z5
-5  0.01±0.03 0.01±0.03 0.51 

Z5
-3 -0.00±0.03 0.01±0.03 0.09 

Z5
-1 -0.01±0.04 -0.01±0.04 0.49 

Z5
1  -0.01±0.02 -0.00±0.02 0.01 

Z5
3  0.00±0.02 0.00±0.02 0.98 

Z5
5 0.00±0.03 0.00±0.04 0.52 

 

Table 2  Root mean square values of higher-order aberrations 
(HOAs) in the two groups                          sx ±  

RMS Fast group Slow group P 
Total HOA 0.38±0.12 0.33±0.12 0.02 
HOA without Z4

0 0.35±0.13 0.30±0.11 0.03 
Third order 0.31±0.13 0.26±0.02 0.01 
Fourth order 0.18±0.10 0.19±0.08 0.61 
Fifth order 0.07±0.03 0.07±0.03 0.82 
Trefoil  0.17±0.08 0.16±0.06 0.26 
Coma 0.25±0.13 0.20±0.12 0.01 
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HOA compared with the slow-developing myopic eyes.
It has been found that abnormal visual experiences can lead
to myopia by extending axial length [18,19]. These abnormal
visual experiences included form deprivation [20], peripheral
retinal image [5], lens-induced defocus [21,22], retinal
abnormalities [3,23,24], insufficient accommodation in close work[4],
and poor retinal image [3].
HOA is known to be one of the primary causes of poor
retinal image. The question is whether there is any direct
relationship between HOA and myopia. In response to this
issue, Collins [25] compared the level of HOA in
progressing myopia with that in emmetropia, and found that
individuals with progressing myopia had higher HOA.
Paquin [26] found that HOA increased with the refractive
error in myopic and emmetropic eyes. Coletta [27]

showed in a study of marmosets that the form-deprived
myopic eyes of the animals with monocular deprivation had
greater HOA than their fellow untreated eyes. However,
these results may simply indicate that there is a difference in
HOA between myopia and emmetropia, as all used
emmetropia as the control condition. Moreover, this
difference in HOA might be caused by a difference in
refractive error, rather than by progression of myopia.
Karimian [28],who studied aberrations in 162 eyes, found
that SER correlated with spherical aberration and horizontal
coma. A similar result was reported by Kwan [29], who
found that fourth-order aberrations and spherical aberration
correlated with SER. All these authors considered that HOA
played a role as an accompaniment instead of a precursor to
myopia. In our study, we used slow-developing myopia as
the control condition, with fast-developing myopia as the
experimental condition, and the influence of SER was
excluded by balancing the SER between them; our results
showed that there was a relationship between higher HOA
and fast progression of myopia.
Some previous studies suggested that there was no difference
in HOA between myopia and emmetropia [15], but results have
been contradictory. The reason for this discrepancy may be
that higher HOA is present only in certain stages of myopia
development, and that these HOAs have been masked in
previous studies by including data from people with stable
myopia [30]. Another possible reason is that there may be a
different relationship between myopia and HOA in subjects
with different ethnic backgrounds [31]. In our study, subjects
with fast-developing myopia had higher HOA than subjects
with slow-developing myopia.
It has been reported previously that HOA changes with age
[28,32-37] and pupil diameter [35,38,39]. In our study comparing
HOA, we ensured that there was no difference in age or
pupil diameter between the fast group and the slow group.

Other studies have found that coma correlated with
astigmatism[40], and that astigmatic eyes tended to have larger
HOA [16,28]. In our study, the levels of astigmatism were also
equal between the two groups and the influence of
astigmatism was excluded.
Because spherical aberration makes up so large a proportion
of HOAs [12], we used HOA without Z4

0 to investigate, in
particular, the relationship between myopia progression and
HOA, with spherical aberration excluded. Consequently, we
found that HOA without Z4

0 was correlated with myopia
progression.
In conclusion, our findings showed that HOA was correlated
with myopia progression. However, it remains unclear
whether HOA is a cause or a presentation of myopia
progression. Our future prospective, longitudinal study will
aim to verify whether HOA is a risk factor for myopia
progression.
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