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Background. To evaluate the efficacy and acceptability of orthokeratology for slowing myopic progression in children with a well
conducted evidence-based analysis. Design. Meta-analysis. Participants. Children from previously reported comparative studies
were treated by orthokeratology versus control.Methods. A systematic literature retrieval was conducted in MEDLINE, EMBASE,
Cochrane Library, World Health Organization International Clinical Trials Registry Platform, and ClinicalTrials.gov.The included
studies were subjected tometa-analysis using Stata version 10.1.MainOutcomeMeasures. Axial length change (efficacy) and dropout
rates (acceptability) during 2-year follow-up. Results. Eight studies involving 769 subjects were included. At 2-year follow-up, a
statistically significant difference was observed in axial length change between the orthokeratology and control groups, with a
weighted mean difference (WMD) of −0.25mm (95% CI, −0.30 to −0.21). The pooled myopic control rate declined with time,
with 55, 51, 51, and 41% obtained after 6, 12, 18, and 24 months of treatment, respectively. No statistically significant difference was
obtained for dropout rates between the orthokeratology and control groups at 2-year follow-up (OR, 0.79; 95% CI, 0.52 to 1.22).
Conclusions. Orthokeratology is effective and acceptable for slowing myopic progression in children with careful education and
monitoring.

1. Introduction

Myopia has emerged as a worldwide public health issue
[1] because of its dramatically increased prevalence during
the past few decades, especially in East Asia [2–5], with
60–90% youngsters affected. Myopia occurs at a relatively
young age and is more likely to progress to high myopia. In
turn, high myopia is associated with a high risk of blinding
complications such as myopic fundus disease, cataract, and
glaucoma [6, 7]. All the abovementioned ailments require
significant health care expenditure and are related to declined
vision-related quality of life [8].

Myopic progression in young children is primarily
due to eye elongation; in other words, the elongation of

the axial length (AL) must be slowed to control myopia
[9, 10]. For decades, researchers and clinicians have proposed
approaches to slow myopic progression [11]. However, no
ideal therapeutic pathway has been identified for effective
myopic progression reduction or prevention when efficacy,
safety, economic feasibility, and clinical acceptability are fully
considered.

Orthokeratology (OK) was first introduced in the early
1960s and is based on gas permeable contact lenses that
temporarily reshape the cornea surface to reduce myopia
progression [12]. However, OK is not widely used for safety
concerns and outcome unpredictability [13–15]. Interestingly,
previous studies have reported that axial length elongation in
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children wearing OK lenses is reduced by 32–55% compared
with their counterparts wearing single-vision spectacles or
soft contact lenses [16–23]. However, these studies differed in
baseline refraction, baseline age, axial length measurements,
ethnicities, and type of treatment and control, with some
limited by small sample sizes. It therefore is necessary to eval-
uate the efficacy and acceptability of OK for slowing myopic
progression in children with a well-conducted evidence-
based analysis.

In the current study, a systematic review, with meta-
analysis of existing high-quality evidence, was carried out,
aiming to provide a robust estimate of the efficacy and accept-
ability of OK for slowing myopic progression in children.

2. Materials and Methods

2.1. Search Strategy. Studies describing the comparative out-
comes of orthokeratology and controls were identified
through a systematic literature search (up to November 1,
2014) in MEDLINE, EMBASE, and the Cochrane Library.
Ongoing trials were retrieved by searching the World Health
Organization International Clinical Trials Registry Platform
and clinicaltrials.gov. The following search strategy was
performed in PubMed: (((short OR near*) AND sight*)
OR myop* OR myopia [MeSH]) AND “Orthokeratologic
Procedures” [MeSH] OR orthokeratolog* OR (corneal AND
reshap*) AND (Refractive Errors [MeSH] OR refract* OR
Accommodation, Ocular [MeSH] OR Visual Acuity [MeSH]
OR (accommodat* or acuity) OR (progress* or slow* or
retard* or funct*)). Language restrictions were not used.
The titles and abstracts of all identified articles meeting the
present study objective were screened for selection firstly.
The full-text articles of included trials were collected and
assessed according to our preset inclusion criteria. Reference
lists of the included articles were searched to find additional
information about relevant studies.

2.2. Inclusion and Exclusion Criteria. The following inclusion
criteria were adopted: (i) articles reporting randomized
controlled studies (RCTs) and cohort studies; (ii) for study
population, patients aged 6–15 years with any degree of
myopia, no significant copathology, no history of ocular
surgeries, or no systemic disease associated with impaired or
abnormal wound healing; (iii) as intervention, eyes treated by
orthokeratology versus control.

For the paucity of relevant trials, the search was not
limited to RCTs, and nonrandomized clinical trials, includ-
ing prospective and retrospective cohort studies, were also
included. Review articles, animal or laboratory studies, let-
ters, and conference abstracts were excluded.

2.3. Outcome Measures. Axial length change and dropout
rates during the 2-year follow-up were assessed as the
primary outcomes.Themean axial length change andmyopia
control rate (treatment slowed axial elongation compared to
control) during the treatment were used to assess efficacy.The
number of patients who terminated the study early for any

reason during the treatment (dropout rate) determined the
acceptability.

2.4. Data Extraction. Two authors (Daizong Wen and Jin-
hai Huang) working independently extracted the data and
performed the methodological quality assessment of the
included studies. The following information was recorded
for each eligible trial: authors’ names, year of publication,
study design, ethnicity of participants, duration of follow-up,
instrument for axial length measurements, type of treatment
and control, number of subjects, initial mean spherical
equivalent refraction, and initial mean axial length. Mean
axial length change and dropout rates were also recorded.

2.5. Qualitative Assessment. The quality of the trials was
assessed using the Jadad scale for randomized, controlled
studies and the Newcastle-Ottawa Scale (NOS) for non-
randomized cohort studies [25, 26]. Three main areas of
assessment including randomization, blinding, and partici-
pant withdrawals/dropouts were contained in the Jadad scale,
whose total score ranged between 0 and 5. Studies scoring
more than 3 points were considered of high quality.The NOS
scores ranged from 0 to 9 points for the quality of selection,
comparability, and outcome measures. A score >6 points was
considered of high quality.

2.6. Statistical Analysis. Outcome data were analyzed by
Stata version 10.1 (StataCorp, LP, College Station, TX) using
themetan program. In themeta-analysis, weightedmean dif-
ference (WMD), odds ratios (ORs), and ninety-five percent
confidence intervals (CIs) were calculated for continuous
outcomes, dichotomous outcomes, and summary estimates,
respectively. A 𝑝 value of less than 0.05 was considered
statistically significant. The chi-square and 𝐼2 statistics were
determined for assessment of heterogeneity between studies.
The definition of 𝐼2 is bounds for low (<25%), moderate
(∼50%), and high (>75%) heterogeneity [27]. In case of
significant heterogeneity (𝐼2 > 50%) or clinical diversity, the
Mantel-Haenszel method for random-effects model was used
to pool the data. A random-effects meta-analysis was also
performed by the DerSimonian-Laird method if significant
heterogeneity was observed. The myopia control rate was
calculated using the following formula: myopia control
rate = |mean axial length change in orthokeratology −
mean axial length change in control|/mean axial length
change in control.

Sensitivity and subgroup analysis was performed by
evaluating the effects of study design (randomized or non-
randomized, prospective, or nested), ethnicity (Asian or
Caucasian), measurement instrument (A-Scan or IOLMas-
ter), type of treatment and control (OK versus single vision
spectacles, OK versus soft contact lenses, partial reduction
orthokeratology versus single vision spectacles, or toric
orthokeratology versus single vision spectacles), and treat-
ment duration (6, 12, 18, and 24 months) on outcomes to
detect differences between groups and determine the suffi-
ciency and strength of the findings that lead to conclusions.
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3. Results

A total of 433 reports were identified by the literature search.
Based on title and abstract review, 386 articles were ruled out
for their obvious irrelevance. In addition, 39 studies that did
not meet our inclusion criteria were excluded from further
full paper review (Figure 1). Finally, eight studies describing a
total of 769 subjects with myopia ranging from 0 to −10.00D
(382 assigned to the treatment group and 387 to the control
group) were included in this meta-analysis [16–23]. Two
studieswere randomized controlled trials (RCTs) [19, 22], and
the remaining 6were cohort trials [16–18, 20, 21, 23]. Six of the
eight studies used common OK as treatment [16–21], while
the remaining two used partial reduction orthokeratology
(PRok) and toric orthokeratology (Tok), respectively [22,
23]. In the control group, seven studies used single vision
spectacles (SV) [16, 18–23] and one employed soft contact
(SC) lenses [17].The characteristics and quality assessment of
the included studies are summarized in Tables 1–4. The good
quality of the studies was confirmed according to the quality
scoring described before: the twoRCT studies scored 4 points
on the Jadad scale and the six nonrandomized cohort studies
had 6–9 points on the NOS.

3.1. Efficacy. Figure 2 shows the pooledweightedmean differ-
ence (WMD) of axial length change between orthokeratology
and control at 2-year follow-up: a statistically significant
difference was found (WMD, −0.25mm; 95% CI, −0.30 to
−0.21). No significant heterogeneity was detected (𝐼2 = 0%),
and a fixed-effects model was used. The pooled myopic
control rate was 41%.

3.2. Acceptability. Figure 3 shows the pooled ORs of dropout
rate between orthokeratology and control at 2-year follow-up.
No significant differencewas obtained after statistical analysis
(OR, 0.79; 95% CI, 0.52 to 1.22). Here also, no significant
heterogeneity was obtained (𝐼2 = 14.6%), and a fixed-effects
model was used.

3.3. Sensitivity and Subgroup Analysis

3.3.1. Different Types of Study Design. When calculated with
different types of study design (randomized or nonran-
domized, prospective, or nested), the original findings on
efficacy were not significantly influenced (Table 5). However,
nonrandomized trials demonstrated a statistically significant
difference in dropout rate/acceptability (OR, 0.51; 95% CI,
0.28 to 0.92).

3.3.2. Different Ethnicities. The analyzed data showed no sta-
tistically significant difference between Asian and Caucasian
children for both efficacy and acceptability, and the results
did not substantially contradict the original findings between
orthokeratology and control (Table 5).

3.3.3. Different Instruments of Measurement. The statistical
results for efficacy and acceptability did not substantially
change the original findings of the comparison between

orthokeratology and control, in both A-Scan and IOLMaster
groups, and no significant difference in efficacy was detected
between them (Table 5).

3.3.4. Different Types of Treatment and Control. Although
statistical analysis of each subgroup demonstrated the robust-
ness of the original results for both efficacy and accept-
ability (Table 5), the effect size of OK versus SC (WMD,
−0.32mm; 95% CI, −0.50 to −0.14), PRok versus SV (WMD,
−0.32mm; 95% CI, −0.52 to −0.12), and Tok versus SV
(WMD, −0.33mm; 95% CI, −0.49 to −0.18) in efficacy
was slightly stronger than that of OK versus SV (WMD,
−0.24mm; 95% CI, −0.29 to −0.19).

3.3.5. Different Treatment Durations. Figures 4 and 5 show
the pooled estimates of the treatment efficacy and accept-
ability with different treatment durations. The WMD of AL
change between treatment and control increased gradually
with time, while the myopia control rate declined, with 55,
51, 51, and 41% recorded for 6, 12, 18, and 24 months, respec-
tively (Table 6). In acceptability, no statistically significant
difference of the dropout rate was found in any of the four
treatment durations between the two groups.

4. Discussion

The purpose of the current meta-analysis was to summarize
the available relevant evidence and address the efficacy
and acceptability of OK in myopic children. Our findings
supported the previous reports [16–23] thatOKcan efficiently
slow axial elongation in myopic children: the myopia control
rate was 41% compared to control at 2-year follow-up; the
mean difference of axial length change between OK and
control was 0.25mm, which was 0.12mm in pirenzepine
study and 0.40mm in atropine study [28, 29]. In addition, the
statistics of the dropout rate showed that OK’s acceptability
seemed to be no worse than that of control.

We included not only RCTs but also nonrandomized
cohort studies in the present meta-analysis; this may result
in potential bias and overestimation of treatment effects
[30]. However, previous findings have demonstrated that
the results of well-designed and high-quality observational
studies were dramatically similar to those of RCTs [31], and
such nonrandomized trialsmaymake up for the ethical prob-
lems of RCTs [32]. Enrolling of nonrandomized observational
studies has also been done in previous meta-analyses [33–
36]. For the observational studies included in this analysis,
NOS generated scores of 6–9, which indicates high quality.
Moreover, our sensitivity analyses of different types of study
designs (randomized or nonrandomized, prospective, or
nested) showed thatWMD results were comparatively stable,
indicating that study design may not be a significant factor
influencing efficacy. However, in the nonrandomized group,
the dropout rate in OK was significantly lower than that
in control, while no significant difference was found in the
randomized group. The reason may be that the subjects
selected in the OK group are those willing to wear OK in
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Figure 1: Results of literature search strategy.

Study ID Weight (%)WMD (95% CI)

0 0.517

Cho et al. (2005) 11.85−0.25 (−0.38, −0.12)

Kakita et al. (2011) 34.18−0.22 (−0.29, −0.15)

Cho and Cheung (2012) 15.39−0.27 (−0.38, −0.16)

Hiraoka et al. (2012) 10.25−0.26 (−0.40, −0.12)

Santodomingo-Rubido et al. (2012) 9.62−0.22 (−0.36, −0.08)

Charm and Cho (2013) 4.90−0.32 (−0.52, −0.12)

Chen et al. (2013) 7.88−0.33 (−0.49, −0.17)

100.00Overall (I2 = 0.0%, p = 0.886) −0.25 (−0.30, −0.21)

Walline et al. (2009) 5.93−0.32 (−0.50, −0.14)

−0.517

Figure 2:Mean difference of axial length change between orthokeratology and control at 2-year follow-up.WMD=weightedmean difference.
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Table 2: Efficacy (mean AL change) and acceptability (dropout rate) in each study at 2-year follow-up.

Mean AL change (mm) Dropout rate (dropouts/total)
Treatment group Control group Treatment group Control group

Cho et al. [16] 0.29 ± 0.27 0.54 ± 0.27 8/43 NA
Walline et al. [17] 0.25 ± 0.27a 0.57 ± 0.40a 12/40 NA
Kakita et al. [18] 0.39 ± 0.27 0.61 ± 0.24 3/45 10/60
Cho and Cheung [19] 0.36 ± 0.24 0.63 ± 0.26 14/51 10/51
Hiraoka et al. [20] 0.45 ± 0.21 0.71 ± 0.40 7/29 9/30
Santodomingo-Rubido et al. [21, 24] 0.47 ± 0.20b 0.69 ± 0.30b 2/31 6/30
Charm and Cho [22] 0.19 ± 0.21 0.51 ± 0.32 14/26 10/26
Chen et al. [23] 0.31 ± 0.27 0.64 ± 0.31 8/43 14/37
AL = axial length; NA = not available.
a used the highest sd value of other studies with the same follow-up period.
b derived from standard error in combination with GetData Graph Digitizer 2.24 (http://getdata-graph-digitizer.com/).

Table 3: Jadad scale for randomized controlled studies.

Study Randomization Blinding Withdrawals Sum of score
Cho et al. [16] ee e e 4
Charm and Cho [22] ee e e 4
Jadad scale allocates 1 point for the presence of each of the following: randomization, blinding, and participant withdrawals/dropouts. If randomization and
blinding were appropriate, 1 additional point was added for each. The total score ranged from 0 (bad) to 5 (good).

Table 4: NOS for cohort studies.

Study Selection Comparability Outcome Sum of score
Cho et al. [16] eee ee ee 7
Walline et al. [17] eee e ee 6
Kakita et al. [18] eeee ee eee 9
Hiraoka et al. [20] eeee ee ee 8
Santodomingo-Rubido et al. [21, 24] eeee ee eee 9
Chen et al. [23] eeee ee ee 8
NOS generates a quality score, maximum of 9 points, based on assessment of 3 study characteristics: patient selection methodology (maximum of 4 points),
comparability of the study groups (maximum of 2 points), and outcomes measures (maximum of 3 points). The total score ranged from 0 (bad) to 9 (good).

Study ID OR (95% CI) Weight (%)

Chen et al. (2013) 0.49 (0.19, 1.30) 25.27

Santodomingo-Rubido et al. (2012) 0.32 (0.06, 1.73) 11.54

Kakita et al. (2011) 0.40 (0.10, 1.54) 16.33

Charm and Cho (2013) 1.40 (0.53, 3.72) 14.65

Cho and Cheung (2012) 1.40 (0.57, 3.44) 17.33

Hiraoka et al. (2012) 0.80 (0.26, 2.45) 14.90

10.0603 16.6

0.79 (0.52, 1.22) 100.00Overall (I2 = 14.6%, p = 0.320)

Figure 3: Odds ratios (OR) of dropout rates between orthokeratology and controls at 2-year follow-up.
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Figure 4:Mean differences of axial length change between orthokeratology and control with different treatment durations.WMD=weighted
mean difference.

nonrandomized studies, and it was easier for them to stick
with the OK lens.

Orthokeratology flattens the central cornea while steep-
ing midperipheral to reduce relative peripheral hyperopia,
which would slow the rate of myopia [37, 38]. The degree
of relative peripheral hyperopia in East Asians is higher in
comparisonwith Caucasians, andmyopia progression in East
Asian children is generally significantly more pronounced
than in children from Western countries [39, 40]. Moreover,
reading habits, near work, outdoor activities, and other
environmental aspects differ among various ethnicities [41–
43]. Hence, the myopia progression rates seem to be affected
by the variation in ethnicity between studies. Interestingly,
a previous meta-analysis of myopia control with Multifocal
Lenses (MLs) versus Single Vision Lenses demonstrated that
Asian children appeared to benefitmore fromMLs thanwhite
children. However, our study with OK showed no significant
difference between these ethnic groups. Of note, only two

papers containing Caucasians were included in our study and
the control groupswere different in those trials.Therefore our
results and conclusions might be affected. More studies and
articles are anticipated for a more convincing conclusion.

The accuracy of axial length measurement plays an
extremely important role in the observation of OK effect
on controlling myopia. In previous studies, axial length
measurements were performed with an ultrasonic A-mode
device in orthokeratology subjects [16, 17]. But this clas-
sical contact-type measurement may be difficult to use in
assessing axial length precisely with proper fixation and no
compressive stress in children [44]. Therefore, recent studies
[18–23] evaluated the axial length using a noncontact optic
biometric device (IOLMaster; Carl Zeiss Meditec), which is
more suitable for children: high reproducibility, precision,
noncontact, and velocity. In the current study, the results of
the subgroup analysis between these two devices showed no
significant difference. So, different devices do not result in
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Figure 5: Odds ratios (OR) of dropout rates between orthokeratology and controls with different treatment durations.

Table 6: Subgroup analyses of pooled myopic control rate of
different treatment duration.

Number of studies Pooled myopic control rate
6 months 5 55%
12 months 7 51%
18 months 5 51%
24 months 8 41%

obvious deviation when measuring the axial length during
treatment with OK, although the IOLMaster seems to be
more appropriate for children.

Differences in type of treatment and control were found
in the studies included in the current meta-analysis; this may
result in heterogeneity among studies. Therefore, sensitivity
and subgroup analyses were conducted to determine the
impact of the diversity. Statistical analysis showed slightly
stronger effect size of OK versus SC (Walline et al. study [17]),
PRok versus SV (Charm and Cho study [22]), and Tok versus
SV (Chen et al. study [23]), compared with OK versus SV
(pooled estimates of other 5 studies) in axial length control.
However, a difference in axial length with a value within

0.1mm in two years is small in terms of clinical significance.
In Walline et al.’s study [17], soft contact lens was used in
the control group. As soft contact lenses do not increase
myopic progression compared with spectacles [45, 46], they
believed that soft contact lens wearers are appropriate con-
trols. However, their control groups were recruited from
different historical studies; this may lead to latent bias and
inflate the treatment effect. Charm and Cho’s study [22] used
PRok to slow myopic progression in high myopia patients
with spherical equivalent refraction of at least −5.75 diopters.
They suggested that greatermidperipheral corneal changes in
these subjects may result in better control effect than low to
moderate myopic subjects in other studies. Chen et al.’s study
[23] used Tok to control myopia in children with moderate
to high astigmatism with a mean age of just 9.15 years, the
minimal in all the included studies. Previous studies have
confirmed that OK treatment would be more beneficial to
younger than older myopic children [19, 20]. This may be the
reason why better control of myopic progression was shown
in Chen et al.’s study.

ROMIO study [19] reported a time dependent apparent
reduced efficacy onmyopic control using OK, which was also
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Table 7: Adverse events of included trials.

Year Adverse events

Cho et al. [16] 2005 Four subjects withdrawal because of corneal complications in OK group (2 with recurrent corneal staining
and 2 with inflammation.)

Walline et al. [17] 2009 None of the dropouts were due to complications.

Kakita et al. [18] 2011
In the OK group, two patients had mild corneal erosion, which improved after 1 week of treatment
cessation, and subsequent OK treatment was resumed without any sequelae. No other complications, such
as corneal ulcer, were noted. There were no adverse events in the spectacle group.

Cho and Cheung
[19] 2012

One recurrent corneal inflammation was reported in the control group and the subject was excluded from
the study. Five ortho-k subjects were withdrawn from the study due to ocular health issue: three had mild
rhinitis resulting in corneal staining, one had increased conjunctival hyperemia, and the remaining
subject developed chalazion in the right eye. Ocular conditions and vision of these ortho-k subjects were
not affected after cessation of ortho-k treatment.

Hiraoka et al. [20] 2012
Moderate superficial punctuate keratopathy was observed in 3 subjects and mild corneal erosion was
found in 1 subject in the OK group, but these conditions were recovered completely after discontinuation
of lens wear for 1 week. All subjects resumed OK treatment thereafter. No other severe complications, such
as corneal ulcer, were noted in the OK group and there were no adverse events in the spectacle group.

Santodomingo-
Rubido et al.
[21, 24]

2012
Nine OK subjects showed adverse events (i.e., corneal staining, corneal abrasion, conjunctivitis, contact
lens-induced peripheral ulcer, dimple veiling, blepharitis, and hordeolum). Two of them discontinued the
study. The adverse events found with OK in this study are not considered to be serious, are similar to those
reported with other contact lens types, and can be managed straightforwardly in clinical practice.

Charm and Cho
[22] 2013

Corneal staining was observed in some subjects in both groups at each visit, but the incidence was
generally higher in the PR ortho-k subjects. However, all stainings observed were not significant (all were
grade 1) between the two groups of subjects who completed the study. Only one subject was withdrawn
from the study due to grade 2 (coverage) peripheral corneal staining in OK group. No other adverse events
were reported in either group of subjects.

Chen et al. [23] 2013
None of the dropouts in either group of subjects was due to ocular adverse events. Although ortho-k lens
wear tended to increase the incidence of corneal staining in the peripheral cornea, the staining observed
was considered to be mild as depth of staining was mostly superficial (Grade 1) and the average incidence
was less than 10%.

observed in Hiraoka et al.’s results [20]. In their opinion, the
reduction resulted from the gradual slowing of myopic pro-
gression in the control group with age, which was confirmed
as a natural process, instead of reduced OK efficacy [47–
49]. The results of our meta-analysis also proved that myopic
progression in control group slowed with time, and myopic
control rate decreased from 51% in the first 6 months to 41%
by the end of the study. Therefore the apparent reduction
in axial elongation in control subjects may have neutralized
the efficacy of OK, lessening the differences between the two
groups, and thus giving the impression of decreased efficacy
of myopic control treatment with time.

The safety of OK use is always a concern for clinicians
and researchers. Table 7 summarizes the adverse events
of included studies; it was encouraging to find that, with
careful education and monitoring to both parents and chil-
dren during the course of the treatment, the complications
associated with OK lens wearing can be minimized. Indeed,
no severe adverse events leaving permanent damage to the
eye or vision during the treatment period were reported
in the included studies. The most common complication
reported was corneal staining, but in most cases it was slight
and could be monitored and easily managed. But severe
complications in young wearers such as microbial keratitis
had been reported in some observational studies and case
studies when wearing OK lens [24, 50, 51]. Therefore, specific

education and regular eye examination are quite essential to
ensure efficacy and safety.

To be considered an optimummethod for treatment, OK
should be developed with good acceptability besides demon-
strated efficacy and safety, while providing convenience for
children’s daily activities. In the current study, we selected
dropout rates as observation index for acceptability. High
dropout rates mean that the treatment would not be useful.
The dropout rates in the OK group ranged from 7% [18] to
54% [22] at 2-year follow-up in the included studies. Charm
and Cho’s study [22] reported an apparently high dropout
rate (54%) in the OK Group but also found a high dropout
rate (38%) in control patients wearing spectacles.The authors
suggested the main reason not to be nonacceptability and
attributed the high dropout rate to the relatively small sample
size used.Our currentmeta-analysis of acceptability (dropout
rate) demonstrated that there was no significant difference
between OK and control at 2-year follow-up, which supports
the acceptability of OK as treatment for myopic children.

There are several limitations to our study. First, the sample
size of included studies was relatively small, and thismay lead
to deviation or failure to detect actual differences. Second,
some considerable parameters, including age and the dioptric
refractive error, which might influence myopic control by
OK, were not analyzed, due to the lack of data. Third, except
one study with 5-year follow-up, the other studies only lasted
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2 years. The long-term efficacy and acceptability of OK, as
well as the rebound phenomenon after discontinuation of
contact lens use, need more long-term researches to confirm
our data.

In conclusion, with careful education and observation,
OK lens use is effective and acceptable for slowing myopic
progression in children. Moreover, as the efficacy on myopic
control by OK lenses reduces with increasing age, early
intervention with OK in young children may be worth
considering to reduce the prevalence of highmyopia. Further
well-organized, randomized, and prospective studies with
larger sample size and longer follow-up periods are required
to confirm the findings described herein.

Disclaimer

The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the paper.

Conflict of Interests

The authors have no conflict of interests in any materials or
methods described within this paper.

Authors’ Contribution

Daizong Wen and Jinhai Huang contributed equally as first
authors.

Acknowledgments

This study was supported in part by the National Natural
Science Foundation of China (81300807), Foundation of
Wenzhou City Science & Technology Bureau (J20140014,
Y20140619, and Y20140705), the National Science and Tech-
nology Ministry (2012BAI08B04), the health Bureau of Zhe-
jiang Province (2012KYB135), and Science and Technology
Program of Zhejiang Province (2012C33012).

References

[1] R. Pararajasegaram, “VISION 2020-the right to sight: from
strategies to action,” American Journal of Ophthalmology, vol.
128, no. 3, pp. 359–360, 1999.

[2] S.-M. Saw, G. Gazzard, D. Koh et al., “Prevalence rates of refrac-
tive errors in Sumatra, Indonesia,” Investigative Ophthalmology
& Visual Science, vol. 43, no. 10, pp. 3174–3180, 2002.

[3] M. He, J. Zeng, Y. Liu, J. Xu, G. P. Pokharel, and L. B. Ellwein,
“Refractive error and visual impairment in urban children in
southern China,” Investigative Ophthalmology & Visual Science,
vol. 45, no. 3, pp. 793–799, 2004.

[4] L. L. K. Lin, Y.-F. Shih, C. K. Hsiao, and C. J. Chen, “Prevalence
of Myopia in Taiwanese Schoolchildren: 1983 to 2000,” Annals
of the Academy of Medicine Singapore, vol. 33, no. 1, pp. 27–33,
2004.

[5] S.-M. Saw, L. Tong, W.-H. Chua et al., “Incidence and progres-
sion of myopia in Singaporean school children,” Investigative
Ophthalmology and Visual Science, vol. 46, no. 1, pp. 51–57, 2005.

[6] J. A. S. Rada, S. Shelton, and T. T. Norton, “The sclera and
myopia,” Experimental Eye Research, vol. 82, no. 2, pp. 185–200,
2006.

[7] S.-M. Saw, G. Gazzard, E. C. Shin-Yen, andW.-H. Chua, “Myo-
pia and associated pathological complications,”Ophthalmic and
Physiological Optics, vol. 25, no. 5, pp. 381–391, 2005.

[8] H. T. V. Vu, J. E. Keeffe, C. A.McCarty, andH. R. Taylor, “Impact
of unilateral and bilateral vision loss on quality of life,” British
Journal of Ophthalmology, vol. 89, no. 3, pp. 360–363, 2005.

[9] A. J. Adams, “Axial length elongation, not corneal curvature, as
a basis of adult onset myopia,” American Journal of Optometry
and Physiological Optics, vol. 64, no. 2, pp. 150–152, 1987.

[10] A.Hosaka, “The growth of the eye and its components. Japanese
studies,”Acta Ophthalmologica, vol. 66, no. 185, pp. 65–68, 1988.

[11] J. J. Walline, K. Lindsley, S. S. Vedula, S. A. Cotter, D. O. Mutti,
and J. D. Twelker, “Interventions to slow progression of myopia
in children,” Cochrane Database of Systematic Reviews, vol. 12,
Article ID CD004916, 2011.

[12] G. N. Jessen, “World wide summary of contact lens techniques,”
The American Journal of Optometry and Archives of American
Academy of Optometry, vol. 39, pp. 680–682, 1962.

[13] R. L. Kerns, “Research in orthokeratology. Part VIII. Results,
conclusions and discussion of techniques,” Journal of the Amer-
ican Optometric Association, vol. 49, no. 3, pp. 308–314, 1978.

[14] L. J. Coon, “Orthokeratology. Part II: evaluating the Tabb
method,” Journal of the American Optometric Association, vol.
55, no. 6, pp. 409–418, 1984.

[15] K. A. Polse, R. J. Brand, J. S. Schwalbe, D. W. Vastine, and R.
J. Keener, “The Berkeley orthokeratology study, part II: efficacy
and duration,”American Journal of Optometry and Physiological
Optics, vol. 60, no. 3, pp. 187–198, 1983.

[16] P. Cho, S. W. Cheung, and M. Edwards, “The longitudinal
orthokeratology research in children (LORIC) in Hong Kong: a
pilot study on refractive changes and myopic control,” Current
Eye Research, vol. 30, no. 1, pp. 71–80, 2005.

[17] J. J. Walline, L. A. Jones, and L. T. Sinnott, “Corneal reshaping
and myopia progression,” British Journal of Ophthalmology, vol.
93, no. 9, pp. 1181–1185, 2009.

[18] T. Kakita, T. Hiraoka, and T. Oshika, “Influence of overnight
orthokeratology on axial elongation in childhood myopia,”
Investigative Ophthalmology and Visual Science, vol. 52, no. 5,
pp. 2170–2174, 2011.

[19] P. Cho and S.-W. Cheung, “Retardation of myopia in orthok-
eratology (ROMIO) study: a 2-year randomized clinical trial,”
Investigative Ophthalmology & Visual Science, vol. 53, no. 11, pp.
7077–7085, 2012.

[20] T. Hiraoka, T. Kakita, F. Okamoto, H. Takahashi, and T. Oshika,
“Long-term effect of overnight orthokeratology on axial length
elongation in childhood myopia: a 5-year follow-up study,”
Investigative Ophthalmology and Visual Science, vol. 53, no. 7,
pp. 3913–3919, 2012.

[21] J. Santodomingo-Rubido, C. Villa-Collar, B. Gilmartin, and
R. Gutiérrez-Ortega, “Myopia control with orthokeratology
contact lenses in Spain: refractive and biometric changes,”
Investigative Ophthalmology and Visual Science, vol. 53, no. 8,
pp. 5060–5065, 2012.

[22] J. Charm and P. Cho, “High myopia-partial reduction ortho-k:
a 2-year randomized study,” Optometry and Vision Science, vol.
90, no. 6, pp. 530–539, 2013.

[23] C. Chen, S. W. Cheung, and P. Cho, “Myopia control using toric
orthokeratology (TO-SEE study),” Investigative Ophthalmology
and Visual Science, vol. 54, no. 10, pp. 6510–6517, 2013.



12 Journal of Ophthalmology

[24] J. Santodomingo-Rubido, C. Villa-Collar, B. Gilmartin, and
R. Gutiérrez-Ortega, “Orthokeratology vs. spectacles: adverse
events and discontinuations,”Optometry andVision Science, vol.
89, no. 8, pp. 1133–1139, 2012.

[25] A. R. Jadad, R. A. Moore, D. Carroll et al., “Assessing the quality
of reports of randomized clinical trials: is blinding necessary?”
Controlled Clinical Trials, vol. 17, no. 1, pp. 1–12, 1996.

[26] A. Stang, “Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies inmeta-
analyses,” European Journal of Epidemiology, vol. 25, no. 9, pp.
603–605, 2010.

[27] J. P. T. Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” British Medical
Journal, vol. 327, no. 7414, pp. 557–560, 2003.

[28] R. M. Siatkowski, S. A. Cotter, R. S. Crockett, J. M. Miller, G.
D. Novack, and K. Zadnik, “Two-yearmulticenter, randomized,
double-masked, placebo-controlled, parallel safety and efficacy
study of 2% pirenzepine ophthalmic gel in children with
myopia,” Journal of AAPOS, vol. 12, no. 4, pp. 332–339, 2008.

[29] W.-H. Chua, V. Balakrishnan, Y.-H. Chan et al., “Atropine for
the treatment of childhood myopia,” Ophthalmology, vol. 113,
no. 12, pp. 2285–2291, 2006.

[30] D. F. Stroup, J. A. Berlin, S. C. Morton et al., “Meta-analysis of
observational studies in epidemiology: a proposal for report-
ing. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group,” Journal of the American Medical Association,
vol. 283, no. 15, pp. 2008–2012, 2000.

[31] J. Concato, N. Shah, andR. I. Horwitz, “Randomized, controlled
trials, observational studies, and the hierarchy of research
designs,”The New England Journal of Medicine, vol. 342, no. 25,
pp. 1887–1892, 2000.

[32] A. Schafer, “The ethics of the randomized clinical trial,”TheNew
England Journal of Medicine, vol. 307, no. 12, pp. 719–724, 1982.

[33] S. MacMahon, R. Peto, J. Cutler et al., “Blood pressure, stroke,
and coronary heart disease—part 1, prolonged differences in
blood pressure: prospective observational studies corrected for
the regression dilution bias,” The Lancet, vol. 335, no. 8692, pp.
765–774, 1990.

[34] G. A. Colditz, T. F. Brewer, C. S. Berkey et al., “Efficacy of
BCG vaccine in the prevention of tuberculosis: meta-analysis
of the published literature,” Journal of the American Medical
Association, vol. 271, no. 9, pp. 698–702, 1994.

[35] K. Kerlikowske, D. Grady, S. M. Rubin, C. Sandrock, and V. L.
Ernster, “Efficacy of screeningmammography: ameta-analysis,”
The Journal of the American Medical Association, vol. 273, no. 2,
pp. 149–154, 1995.

[36] D. Jacobs, H. Blackburn, M. Higgins et al., “Report of the
conference on low blood cholesterol: mortality associations,”
Circulation, vol. 86, no. 3, pp. 1046–1060, 1992.

[37] A. Queiros, J. M. Gonzalez-Meijome, J. Jorge et al., “Peripheral
refraction in myopic patients after orthokeratology,”Optometry
& Vision Science, vol. 87, pp. 323–329, 2010.

[38] P. Sankaridurg, B. Holden, E. Smith III et al., “Decrease in rate
of myopia progression with a contact lens designed to reduce
relative peripheral hyperopia: one-year results,” Investigative
Ophthalmology andVisual Science, vol. 52, no. 13, pp. 9362–9367,
2011.

[39] P. Kang, P. Gifford, P. McNamara et al., “Peripheral refraction
in different ethnicities,” Investigative Ophthalmology & Visual
Science, vol. 51, pp. 6059–6065, 2010.

[40] C. C. A. Sng, X.-Y. Lin, G. Gazzard et al., “Peripheral refraction
and refractive error in Singapore Chinese children,” Investiga-
tive Ophthalmology and Visual Science, vol. 52, no. 2, pp. 1181–
1190, 2011.

[41] J. M. Ip, S.-M. Saw, K. A. Rose et al., “Role of near work in
myopia: findings in a sample of Australian school children,”
Investigative Ophthalmology & Visual Science, vol. 49, no. 7, pp.
2903–2910, 2008.

[42] J. M. Ip, S. C. Huynh, D. Robaei et al., “Ethnic differences in
the impact of parental myopia: findings from a population-
based study of 12-year-old Australian children,” Investigative
Ophthalmology & Visual Science, vol. 48, no. 6, pp. 2520–2528,
2007.

[43] K. A. Rose, I. G. Morgan, J. Ip et al., “Outdoor activity reduces
the prevalence of myopia in children,” Ophthalmology, vol. 115,
no. 8, pp. 1279–1285, 2008.

[44] B. Chan, P. Cho, and S. W. Cheung, “Repeatability and agree-
ment of two A-scan ultrasonic biometers and IOLMaster in
non-orthokeratology subjects and post-orthokeratology chil-
dren,” Clinical and Experimental Optometry, vol. 89, no. 3, pp.
160–168, 2006.

[45] J. J. Walline, L. A. Jones, L. Sinnott et al., “A randomized trial
of the effect of soft contact lenses on myopia progression in
children,” Investigative Ophthalmology and Visual Science, vol.
49, no. 11, pp. 4702–4706, 2008.

[46] D. G. Horner, P. S. Soni, T. O. Salmon, and T. S. Swartz, “Myopia
progression in adolescent wearers of soft contact lenses and
spectacles,” Optometry & Vision Science, vol. 76, no. 7, pp. 474–
479, 1999.

[47] L. Hyman, J. Gwiazda, M. Hussein et al., “Relationship of
age, sex, and ethnicity with myopia progression and axial
elongation in the correction ofmyopia evaluation trial,”Archives
of Ophthalmology, vol. 123, no. 7, pp. 977–987, 2005.

[48] D. A. Goss and R. L. Winkler, “Progression of myopia in
youth: age of cessation,”TheAmerican Journal of Optometry and
Physiological Optics, vol. 60, no. 8, pp. 651–658, 1983.

[49] S.-M. Saw, F. J. Nieto, J. Katz, O. D. Schein, B. Levy, and
S.-J. Chew, “Factors related to the progression of myopia in
Singaporean children,” Optometry & Vision Science, vol. 77, no.
10, pp. 549–554, 2000.

[50] K. Watt and H. A. Swarbrick, “Microbial keratitis in overnight
orthokeratology: review of the first 50 cases,” Eye and Contact
Lens, vol. 31, no. 5, pp. 201–208, 2005.

[51] K. G. Watt and H. A. Swarbrick, “Trends in microbial keratitis
associated with orthokeratology,” Eye and Contact Lens, vol. 33,
no. 6, pp. 373–377, 2007.


