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ABSTRACT
Purpose: To compare wear of standard, adjustable and ready-made glasses among
children.
Design: Randomized controlled, open-label, non-inferiority trial.
Participants: Students aged 11-16 years with presenting visual acuity=<6/12 in both
eyes, correctable to =>6/7.5, subjective spherical equivalent refractive error (SER) =<1.0 D, astigmatism and anisometropia both <2.00D and no other ocular abnormalities.
Methods: Participants were randomly allocated (1:1:1) to standard glasses, readymade glasses or adjustable glasses based on self-refraction. We recorded glasses wear
on twice-weekly covert evaluation by head teachers (primary outcome), self-reported
and investigator-observed wear, best-corrected visual acuity (BCVA, not pre-specified),
children’s satisfaction and value attributed to glasses.
Main Outcome Measure: Proportion of glasses wear on twice-weekly covert evaluation
by head teachers over two months.
Results: Among 379 eligible participants, 127 were allocated to standard glasses
(mean age 13.7, standard deviation [SD] 1.0 years, and 54.3% male), 125 to readymade (mean age 13.6, SD 0.83, 45.6%) and 127 to adjustable (mean age 13.4, SD
0.85, 54.3%). Mean wear proportion of adjustable glasses was significantly lower than
standard glasses (45% vs 58%; p=0.01), although the adjusted difference (90%
Confidence Interval -19.0%, -3.0%) did not meet the pre-specified inferiority threshold of
20%. Self-reported (90.2% vs. 84.8%, p=0.64) and investigator-observed (44.1% vs.
33.9%, p=0.89) wear did not differ between standard and adjustable glasses, nor did
satisfaction with (p=0.97) or value attributed to study glasses (p=0.55) or increase in

quality of life (5.53 [SD 4.47] vs 5.68 [SD 4.34] on 100-point scale, p>0.30). BCVA with
Adjustable glasses was better (P<0.001) than with standard glasses. Change in power
of study lenses at the end of the study (Adjustable: 0.65D, 95% Confidence Interval
0.52, 0.79; Standard: 0.01D, 95% CI -0.006, 0.03, P < 0.001) was greater for adjustable
glasses, though inter-observer variation in power measurements may explain this. Lens
scratches and frame damage were more common with adjustable glasses, while lens
breakage was less common than for standard glasses.
Conclusions: Proportion of wear was lower with adjustable glasses, though visual
acuity was better and measures of satisfaction and quality of life were not inferior to
standard glasses.
Trial Registration: ClinicalTrials.gov NCT02529540

Introduction
The implementation of the Millennium Developmental Goals (MDGs) in 2000 led to
notable improvements in global eye health.1 However, between 1990 and 2010,
uncorrected refractive error remained the most common cause of visual impairment,
contributing to over 50% of all moderate and severe vision impairment (MSVI). 2
Subsequently, the adoption of the Sustainable Development Goals (SDGs) by United
Nations member states in 20153 represented a renewed commitment to a just and
healthy world for all. Reducing the burden of uncorrected refractive error can contribute
directly to achieving SDG 3 “Ensure healthy lives and promote well-being” and SDG 4
“Ensure inclusive and equitable quality education.”4

Over 12 million children worldwide suffer visual impairment due to uncorrected
refractive errors, half of them living in China.5 The Refractive Error Study in Children
(RESC) estimated the prevalence of myopia over a decade ago at 78% and 39%
among urban and rural Chinese children respectively, the highest of any group
studied.6,7 A national, population-based study of vision in Chinese children conducted at
5-yearly intervals before, during and after RESC has suggested that rates of visual
impairment due to uncorrected refractive error are rising significantly across China.8

Despite the fact that it is safe and inexpensive to correct refractive errors with accurate
spectacles,9 population studies show that the large majority (80-85%) of school-aged
children needing glasses do not have them in under-served areas of urban and rural
China.4,10 This is particularly concerning given that the provision of free spectacles in

this setting has been shown to significantly improve children's educational outcomes. 4
An important barrier to achieving higher rates of correction is the lack of affordable,
high-quality refractive service in rural China: two thirds of refractionists in rural western
China have a high school or lower education, and half of children whom they identify as
having visual impairment uncorrectable with glasses can actually be improved by more
experienced practitioners.11 Among children owning glasses in significantly-moredeveloped Guangdong province, nearly half had spectacles with power inaccurate by
>1D and nearly a fifth by >2D.12

Self-refraction with adjustable spectacles has been suggested as a means of
addressing the shortfall of high-quality refractive services for children in under-served
areas of China and other low and middle-income countries. In fact, these glasses have
already been distributed en masse to adults in developing countries such as Ghana. 13
Previous studies among urban14 and rural15 children found that virtually all were capable
of carrying out self-refraction, while > 90% achieved visual acuity of >= 6/7.5. Accuracy
of self-refraction in rural Guangdong province, southern China, was superior to that of
non-cycloplegic autorefraction, an alternative modality widely used in under-served
settings.16 Furthermore, an adequately-powered non-inferiority trial has shown that
visual quality of life did not differ significantly between children wearing glasses with
power determined by self-refraction compared with those based on cycloplegic
refraction by an experienced optometrist.17

A remaining concern about adjustable glasses for daily use has been the cosmetic
appearance of the round, thick frames, which children have consistently ranked as

unattractive in both urban and rural Chinese settings.18 Due to the lack of any published
studies on children’s routine use of adjustable glasses, data on adherence with wear,
robustness of liquid-filled lenses and stability of power under conditions of daily use are
not readily available. The Wearability and Evaluation of Adjustable Refraction (WEAR)
trials have been designed to evaluate self-refraction as a tool to increase access to
accurate spectacles among children in under-served areas of China. 19,20 In the current
non-inferiority trial, school-going children in rural China were randomly assigned to
receive standard spectacles or ready-made glasses (a widely-used alternative in low
resource areas) based on refraction by an experienced practitioner, or adjustable
glasses with power determined by self-refraction carried out by the child. The main
outcome of the current trial is spectacle wear, as assessed regularly by head teachers
(primary outcome), by self-report and by study personnel at un-announced inspection
visits at the final examination. Secondary outcomes include children's self-reported
satisfaction with and value attributed to the glasses, best-corrected visual acuity while
wearing glasses (not pre-specified), and change in self-reported visual function after
receipt of spectacles, and stability of power and robustness of lenses and frames of the
different spectacle designs. The study hypothesis was that wear and satisfaction rates
would not be significantly inferior in the adjustable compared to the standard glasses
group.

METHODS
The protocol for this study was approved in full by the Ethics Committee of the
Zhongshan Ophthalmic Center (ZOC), Sun Yat-sen University (Guangzhou, China), and
by local Boards of Education in Guangdong Province. Written informed consent was
obtained from at least one parent of each participating child and the principles of the
Declaration of Helsinki were followed throughout. Teachers were told to report
immediately any problems with study glasses, and all children not randomised to
receive standard glasses were given such glasses at study closeout. The adjustable
glasses used in the study were approved for local use prior to the trial (Guangdong
Supervision and Inspection Laboratory for Spectacle Quality, #1400709, 1 August
2014).

Participating schools
This was a randomized, non-inferiority, open-label, parallel-group study conducted in all
120 classes at 14 junior high schools selected at random in Gaozhou and Xinyi
counties, Guangdong Province, southern China. Seven of the schools were situated in
Xinyi county (population 9.1 million, area 3102 square kilometers and per capita Gross
Domestic Product (GDP) of USD7110 in 2016) and seven schools in Gaozhou
(population 18 million, area 3276 square kilometres and per capita GDP of USD4370 in
2016). For reference, these values fall below those of Guangdong Province
(USD11,140) and the People’s Republic of China (USD8,130) for the same year.21

Baseline examination and eligibility and exclusion criteria
Students with parental consent in grades 7 and 8 (11-16 years old) at the selected
schools underwent baseline visual acuity (VA) screening by study nurses and
optometrists from September to October 2015. Uncorrected and presenting visual acuity
with children's own spectacles, if available, were assessed separately for each eye at a
distance of 4 meters using Early Treatment Diabetic Retinopathy Study (ETDRS) charts
(Precision Vision, La Salle, IL, USA)22 in a well-lit, indoor area of the school. All students
with presenting vision =<6/12 in both eyes were provisionally eligible for the study and
underwent refraction.

Refraction and ocular examinations
For children with parental consent for cycloplegia, two drops of 1% cyclopentolate were
administered five minutes apart to each eye. A third drop was given if the pupillary reflex
persisted after 15 minutes. After cycloplegia, automated refraction (Topcon KR 8900,
Topcon Corporation, Tokyo, Japan) was carried out 5 times in each eye, with the mean
value recorded, and subjective refraction was performed by a senior optometrist. The
starting point for each eye was the mean cycloplegic autorefraction and the end point
was the least myopic power providing best visual acuity at a distance of 4 m. Visual
acuity was measured with lenses of the indicated power placed into trial frames and an
EDTRS chart with an identical layout but a different sequence of optotypes from that
used in screening. Eligible children without parental consent for cycloplegic refraction
underwent non-cycloplegic autorefraction and retinoscopy by a senior optometrist
before having visual acuity measured as above. For all children, an eye examination

was then performed by an ophthalmologist using direct and indirect ophthalmoscopy.
Children having any of the following in either eye were excluded from the study and
referred for further care as appropriate: subjective spherical equivalent refractive error
(SER) >-1.0 D, best-corrected VA <6/7.5, astigmatism or anisometropia >2.00D, or
ocular abnormalities such as cataract or amblyopia.

Randomization and Intervention
The independent statistician generated a randomization list using an online random
number generator (Randomization.com). Participants were individually randomized to
receive either standard, ready-made or adjustable glasses by stratified (cycloplegic
versus non-cycloplegic refraction) block randomization, with block size of 6. The six
subjects in a block were assigned to the three study groups in 1:1:1 ratio in each
stratum at each school, and allocation codes were sealed in sequentially numbered
opaque envelopes. Examiners were masked to group allocation. All study glasses were
provided free of charge. Standard glasses were customized to the child's refractive error
with inter-pupillary distance measured using standard techniques. Ready-made glasses
were available in 0.50 Diopter (D) steps between -1.00 to -7.00 D, and 1.00D steps
between -7.00 and -10.00D with the same power in each eye. In choosing glasses
power, the spherical equivalent of the worse-seeing eye on subjective refraction was
used, rounded down to the nearest available power as needed. Available inter-pupillary
distances were 50, 55, 60 and 65 mm. The power of adjustable glasses (Figure 1) was
determined by children themselves according to a previously described protocol. 14,15

Briefly, self-refraction was supervised by project researchers who had previously
attended a 90-minute training workshop. The optical power of each lens, from -6.00 to
+6.00 D, was determined by the curvature of its surfaces, controlled independently by
varying the volume of liquid in the lens with user-controlled pumps, one mounted on
each side (these were removed after the refraction process). Adjustable glasses were
initially aligned to 0.0 D on both sides, with each eye tested separately. The child was
instructed to turn the dial backwards (creating a minus power lens) until the letters on
the vision chart became as clear as possible and visual acuity was measured.

Participants were then asked to make small adjustments in either direction to refine the
visual acuity, which was measured again. Finally, participants were directed to turn the
dial forward (reducing minus power) until the smallest visible line began to blur slightly.
The visual acuity was measured a third time and, if there was no decrease from the
previous step, it was accepted as the final value. In the event that the visual acuity did
not improve over unaided acuity, study personnel would check again that the plunger
was aligned with zero and also that the lens surfaces were clean. If visual acuity still did
not improve, the protocol was repeated again with the pumps aligned initially at +6.00 D
instead of zero (in order to detect possible hyperopia or far-sightedness, rare in this
setting). The refractive powers of both lenses of all study glasses were measured by
automated lensometry (Topcon CL-2500, Topcon Corporation, Tokyo, Japan) at the
conclusion of children’s self-refraction and at the end of the study, two months later.

Outcome assessment and questionnaires

Details of participants' baseline characteristics and pre-study glasses wear were
collected with self-administered questionnaires at the beginning of the study. The main
trial outcome was the proportion in each group wearing assigned spectacles during the
study period. This was assessed in three ways. Firstly, students' wear of the assigned
study glasses in class was monitored and recorded covertly by head teachers twice a
week during roll call at the beginning of class for 2 months (primary outcome; several
assessments fell during holidays, so there was an expected total of 12 assessments).
The study coordinator carried out regular quality checks on the teachers. Students also
self-reported their own use of study glasses (“Never wear,” “wear only for studying,”
“usually wear”) at the end of the study, and finally, an unannounced inspection of
glasses wear by study personnel was carried out at study closeout two months after
initial distribution of assigned glasses. Children not observed wearing their glasses at
baseline or at the end of the trial were asked to select the reason(s) for non-wear from a
pre-specified list.

Secondary outcomes included children's self-reported satisfaction with and value
attributed to the glasses, self-reported visual function, best-corrected visual acuity
wearing the study glasses (not pre-specified) and stability of power and robustness of
lenses and frames in the different spectacle designs. A previously-validated,16 mandarin
version of the National Eye Institute Refractive Error Quality of Life (NEI RQL-42)
questionnaire23-25 was used to evaluate visual function-related quality of life at baseline
and after two months of spectacle wear at the final examination. Value attached to the
glasses, and participant satisfaction with glasses were assessed on 5-point scales (0

least to 4 most) as described elsewhere26,27 at the final examination. A form, modified
from an instrument utilised in glasses provision programs by an eye health nongovernmental organisation (Brien Holden Vision International), was used to perform a
detailed assessment of damage to the study glasses.

An additional test-retest study was conducted in August 2017 in Guangzhou,
Guangdong, with 15 pairs of adjustable glasses and 10 pairs of standard glasses worn
by students in the trial. Using a randomized sequence, three examiners tested each pair
of glasses with the automated lensometer used in the main study (Topcon CL-2500) on
two separate occasions, to assess intra- and inter-user measurement variability. All
glasses were covered by a paper frame so that the lens type (standard versus
adjustable) would be indistinguishable to examiners. One examiner also measured the
power of the 15 pairs of adjustable glasses after they had been stored for 120 minutes
in a warm environment (34oC) and again after storage for 120 minutes in a cold setting
(5oC).

Sample size and statistical methods
The sample size was calculated based on repeated head teacher assessment of the
proportion of spectacle wear as primary outcome. Under the assumption that the ratio of
the proportion of wearing adjustable versus standard spectacles during the study period
would be 0.95 with a coefficient of variation of 0.45, and taking 20% as the noninferiority margin, the study was designed to enrol 324 subjects (n=108 in each of three

groups), resulting in power of 90% for a one-sided non-inferiority test at a significance
level of 5%. The sample size was calculated using PASS11.

Baseline characteristics of participants were presented as mean (SD, standard
deviation) or median (IQR, inter quartile range) for continuous variables, and frequency
(percentage) for categorical variables. Family wealth was estimated by summing the
value, as reported in the China Rural Household Survey Yearbook (Department of Rural
Surveys, National Bureau of Statistics of China, 2013), of household items owned by
the family from a previously-defined list of 13 common objects. Baseline knowledge and
attitudes about myopia included 6 items on a 5-point scale: 1 (strongly agree) to 5
(strongly disagree). The proportion agreeing or strongly agreeing was calculated.

Baseline comparisons between the Standard Glasses Group and the other two groups
were performed by linear regression for continuous variables with normal distribution,
ordinal logistic regression for ordinal categorical variables, and logistic regression for
binary variables. Change in NEI RQL-42 scores after wearing study glasses was
compared between the Standard Glasses group and the other two groups using the
Wilcoxon rank-sum test for individual items and the two-sample t test for Total Score.
The proportion of subjects with best-corrected VA >=6/6 with study spectacles was
compared between the Standard Glasses group and the other two groups, adjusting for
baseline presenting VA in the better-seeing eye using logistic regression.

Study group and all variables significant with p<0.05 in simple regression analyses were
included in the multiple regression model, in order to identify associations between
potential prognostic indicators and outcomes. Both primary and secondary outcomes
were modelled by linear regression. To satisfy the requirements of intention to treat
analysis that all randomized participants be included in the regression analysis, we
employed multiple imputation in Stata27 to impute missing data using linear regression
for continuous variables, logistic regression for binary variables, and ordinal logistic
regression for ordinal variables. We used different models for each variable, selecting
the independent variables based on predictive value and availability of data. The
multiple imputation approach created 20 copies of the data, in which missing values
were imputed by chained equations. Final results were obtained by averaging these 20
datasets using Rubin’s rules, which ensured that the standard errors for all regression
coefficients took into account uncertainty in the imputations as well as uncertainty in the
estimation. 28

A one-sided non-inferiority test at alpha=0.05 of whether the difference in primary
outcome between other groups and the Standard Glasses group was less than the prespecified non-inferiority margin was equivalent to testing whether a two-sided 90% CI
around the differences lay entirely below the non-inferiority margin.29 Both crude and
adjusted wear rate and 90% confidence intervals were calculated. In the additional testretest analyses, both inter-observer and intra-observer repeatability were assessed
using the Bland-Altman method30 and intra-class correlation coefficients (ICC) were
calculated, with estimates >0.75 indicative of good reliability. A paired samples t-test

was used to assess the differences in mean power measurements at warm and cold
temperatures. All analyses were performed using Stata 12.0 (Stata Corp, College
Station, TX).

Results
Amongst 6203 students who underwent baseline screening at the selected schools,
5105 (82.3%) did not meet the eligibility criteria and 640 (10.3%) declined to participate
in the study. Of the remaining 458 (7.4%) students, 55% (n=252) underwent subjective
refraction with cycloplegia and 45% (n=206) without cycloplegia, due to parental
preference. Subsequently, 79 students (17.2%) were excluded from the study: 49
(62.0%) with subjective refractive power >-1.00D in either eye, 19 (24.1%) with
subjective best-corrected visual acuity (BCVA) <6/7.5 in either eye, 8 (10.1%) with
astigmatism <= -2.00D in either eye or anisometropia >= 2.00D and 3 (3.80%) with
other ocular co-morbidity (Figure 2).

In total, 379 (6.11%) students were randomly allocated to study groups: 127 (33.5%) to
standard glasses, 125 (33.0%) to ready-made glasses and 127 (33.5%) to adjustable
glasses. Intention-to-treat analysis was performed on all these participants, with multiple
imputation as required. At the end of the study, 6 students (1.58%) were lost to follow
up: 4 students transferred schools, 1 student dropped out of school and another
dropped out of the study. An additional participant with follow up but without data is
reported as missing in tables below. (Figure 2)

At baseline, the ready-made glasses group had a higher proportion of students from
one-child families compared to the standard glasses group (11.2% vs. 3.97%; p=0.04).
(Table 1) Students in the adjustable glasses group had a lower mean age (13.4 years
vs. 13.7 years; p=0.004), were more likely to have a parent wearing glasses (30.7% vs.

18.6%; p=0.03) and more frequently believed that wearing glasses would worsen their
vision (33.9% vs. 24.4%; p=0.02), all compared to the standard glasses group. Other
characteristics including gender, glasses ownership, rural school location, parental
education, parental out-migration, study time, classroom variables, perception of
glasses, family wealth and other aspects of myopia knowledge did not differ between
randomization groups at baseline. (Table 1)

The mean presenting visual acuity did not differ between groups at baseline (Table 2).
However, after receiving study spectacles, a significantly higher proportion of students
in the adjustable glasses group achieved best-corrected visual acuity >= 6/7.5
compared to the standard glasses group (87.5% vs. 59.4%; p<0.001).

Table 3 shows the glasses wear proportions and attitudes of students towards study
spectacles. For the primary outcome based on head teachers' covert assessment, those
in the standard glasses group had a significantly greater mean wear proportion
compared to the adjustable glasses group (58% vs. 45%, 90% CI: 4.76%, 20.9%;
p=0.01). Between the groups, there were no significant differences in wear proportions
based on unannounced inspection (44.1% vs. 33.9%, p=0.89) or on students’ self-report
(90.2% vs. 84.8%, p=0.64). Between standard and ready-made glasses groups, there
were no significant differences in wear proportions assessed by head teachers’ covert
assessment (58% vs. 52%, p=0.24), unannounced inspection (44.1% vs. 43.2%,
p=0.89) or self-report (83.3% vs. 93.9%, p=0.18). The expected number of covert
teacher assessments was 12, the mean number of assessments was 11 and 83.6% of

children had >=10 assessments. Regarding the reasons for not wearing study glasses,
a higher proportion of the adjustable glasses group cited poor cosmetic appearance as
their primary reason for not wearing glasses, compared to the standard glasses group
(23.8% vs. 6.67%, p=0.005). With regard to the proportion of participants reporting
being satisfied or very satisfied with the appearance of study glasses, there were no
significant differences between the standard glasses and ready-made glasses groups
(p=0.30) or between standard glasses and adjustable glasses (p=0.968). Similarly, no
significant differences were observed in the value attributed to study glasses between
these groups (p=0.69 for standard vs. ready-made and p=0.553 for standard vs
adjustable glasses, respectively).

In the multiple regression model which adjusted for baseline myopia knowledge (Table
4), allocation to the adjustable glasses group was associated with a 11% reduction in
wear proportion compared to the standard glasses group (90% CI -18.7%, -2.85%). This
did not meet the threshold for inferiority as the upper limit of the 1-sided 90% CI for
difference in wear proportions did not cross the pre-specified non-inferiority margin of
20%, though the CI for the unadjusted mean difference (-12.7%, 90% CI -20.8%, 4.57%) did cross the non-inferiority margin. Other predictors of wear proportion included
parental glasses wear and disliking the appearance of study glasses which had a 12.5% (90% CI -20.4%, -4.66%) and 16.5% (90% CI -23.7%, -9.27%) reduction in
compliance, respectively.

Mean change in quality of life scores (NEI RQL-42, 0-100 scale) at study closeout did
not differ significantly between standard glasses (5.53, SD 4.47), ready-made glasses
(5.27, SD 4.82) and adjustable glasses (5.68, SD 4.34) groups. In multiple regression
models, the factors associated with a greater increase in QoL included: baseline
glasses ownership (β 1.22; 95% CI 0.38, 2.06), awareness of own myopia status (β
2.34; 95% CI 0.79, 3.88) and baseline knowledge that myopia can be treated with
glasses (β 1.32; 95% CI 0.53, 2.11) (data not shown).

Systematic assessment of study glasses at the end of the study indicated that several
types of damage were more common in adjustable as compared to standard glasses
(scratches: 32.7 vs 18.3%, P<0.05; frame damage: 18.6 vs 2.61%, P<0.001; and
missing screws 9.73 vs 1.74%, P<0.001), but that other modes of damage were less
common in the adjustable glasses (broken lenses: 0.88 vs 13.0%, P<0.001; chipped
lenses: 0.0 vs 7.83%, P<0.01; damaged temples: 3.77 vs 12.2%, P<0.05).

The mean spherical equivalent refractive power of adjustable glasses increased by 0.65
D (95% CI 0.52, 0.79D, p<0.001) over 2 months of wear during the study; whereas the
power of standard lenses and ready-made lenses showed no significant change. Interand intra-observer repeatability of evaluation of lens power by lensometry among study
personnel was significantly worse for adjustable (ICC 0.09 and 0.10, 95% CI -0.38, 0.47
and -0.38, 0.41 respectively) as compared to standard glasses (ICC 1.0 and 1.0, 95%
1.0, 1.0 and 1.0, 1.0 respectively, P<0.001 for both), which may have explained

apparent power instability in the adjustable lenses. No significant power change was
observed in the adjustable lenses with heating or cooling (data not shown).
No incidents of children being injured or otherwise harmed by wear of study glasses
were reported by teachers during the study

Discussion
Based on the primary outcome of head teachers’ covert assessments, adjustable
glasses were worn by a statistically significantly smaller proportion of children than
standard spectacles (45 vs 58%, P=0.01). Nevertheless, both of these rates represent a
substantial improvement on the 15-20% of wear reported among rural and urban
migrant Chinese children needing glasses in our population studies,4, 10 suggesting that
there may be a useful role for self-refraction in such low resource settings, where
refractive capacity is limited. The unadjusted, but not the adjusted, difference met the
pre-specified definition for inferiority. The secondary measures of wear did not differ
significantly between standard glasses and both adjustable and ready-made glasses.

Self-reported satisfaction and value attributed to the study glasses did not differ
between groups, though children did find the adjustable glasses less attractive and
finding the glasses unattractive was a significant determinant of wear. This is consistent
with findings from a similar population which indicated that the round lens design of
adjustable glasses was unpopular with both parents and students. 17

Best-corrected visual acuity was significantly better with adjustable glasses, in contrast
to similar trials in which BCVA >=6/7.5 was achieved by 99.1-99.8% of students
undergoing subjective refraction by experienced optometrists and 92.4-96.9% of
students using adjustable glasses.14,15 Moreover, in a trial by Zhou et al. which utilized
self-refraction as a tool for dispensing standard glasses, 20.7% of the self-refraction
group failed to achieve BCVA >=6/7.5.16

There are two potential reasons to account for the better BCVA found in our adjustable
glasses group: Firstly, previous research has indicated that refractionists in China tend
to under-correct children with myopia, even when using subjective cycloplegic
refraction.11 This phenomenon may have accounted for the less-than-optimal visual
results in the standard glasses group in the current study. Secondly, our test-retest
protocol suggests that measuring the refractive power of lenses using auto-lensometry
may induce significant inaccuracies, leading to a poorer visual outcome when using the
results of self-refraction to dispense standard glasses, as done previously.16 Children
wore the adjustable glasses directly in the current study, and so this reduction in
accuracy was avoided.

This study was the first to assess the durability and power stability of adjustable glasses
under conditions of actual wear. Durability results were mixed in the current setting: lens
scratches and frame damage were more common in the adjustable glasses group, while
more severe damage to the lens, including breakage, was actually less common than
for standard glasses. Adjustable lenses had significantly greater apparent power
instability compared to standard lenses, but test-retest assessment suggests this may
have been caused by significant intra-user and inter-user variability in reading the power
of the adjustable lenses. Variation in temperature between baseline and study end
appeared unlikely to explain the apparent power instability in adjustable lenses.
In summary, this is the first study to assess the use of adjustable glasses by children in
real-world circumstances.

Strengths of the current study include the randomized controlled design and the setting
of the trial in rural China, where refractive capacity is known to be insufficient.
Limitations must also be acknowledged: the small geographic area limits wider
generalizability and the study protocol, which did not include BCVA testing at study
closeout, made it difficult to assess if there was any meaningful visual impact of the
apparent power instability of adjustable glasses. Some statistically-significant
differences existed between study groups at baseline, though these were generally
unlikely to be of clinical importance (13.7 vs 13.4 years, for example). We report both
adjusted and un-adjusted analyses of our main outcome, as called for in the revised
CONSORT guidelines,31 but did not pre-specify the use of adjustment, as should have
been done under CONSORT. Despite this, the advantages of reported adjusted
outcomes remain substantial.32 Though cost-effectiveness is a crucially-important issue
in areas of low resources, the current study was not designed to assess this outcome.
The authors felt that, given the novelty of adjustable glasses, which have not previously
been tested in children under actual conditions of wear to the best of our knowledge, the
first priority was to assess basic aspects of wearability (compliance, satisfaction,
stability of power, etc.) Further studies are needed to assess cost-effectiveness,
particularly once adjustable glasses are in regular production and a reliable price can be
assigned. The different appearance of study glasses did not allow for the possibility of
masking of teachers to children’s study group assignment, though teachers were
unaware of the study hypothesis. Finally, regarding the choice of the non-inferiority
margin, we have chosen 20% as the degree of difference which would be expected to
be clinically meaningful. It has been suggested to use results of previous trials to

support a non-inferiority margin,31 but that was not possible in this case as this was the
first trial of children’s wear of adjustable glasses. Despite these limitations, this study
adds significant new information on a novel modality for addressing uncorrected
refractive error that could be of value in settings which lack adequate refractive
capacity.
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Table 1. Baseline characteristics of participating students by group (N=379)

Characteristic

Total
n=379

Standard

Ready-made

Adjustable

glasses

Glasses

glasses

n=127 (1)

n=125 (2)

n=127 (3)

P-value

P-value

comparin

comparin

g (1) with

g (1) with

(2) #

(3) #

Age (years), Mean (SD)*

13.6 (0.90)

13.7 (1.00)

13.6 (0.83)

13.4 (0.85)

0.222

0.004

Male sex, n (%)

195 (51.5)

69 (54.3)

57 (45.6)

69 (54.3)

0.166

1.000

Owned glasses at baseline, n (%)

111 (29.3)

42 (33.1)

33 (26.4)

36 (28.4)

0.248

0.415

Attends rural school, n (%)

236 (62.3)

78 (61.4)

79 (63.2)

79 (62.2)

0.770

0.897

Only child in family, n (%)*

32 (8.49)

5 (3.97)

14 (11.2)

13 (10.3)

0.038

0.059

At least one parent wears glasses, n (%)†

85 (22.9)

23 (18.6)

24 (19.4)

38 (30.7)

0.871

0.028

144 (38.2)

48 (37.8)

45 (36.6)

51 (40.2)

0.843

0.700

95 (25.1)

27 (21.3)

36 (28.8)

32 (25.2)

0.168

0.458

<1 hour

241 (63.6)

81 (63.8)

79 (63.2)

81 (63.8)

Reference

Reference

>=1 hour

138 (36.4)

46 (36.2)

46 (36.8)

46 (36.2)

0.924

1.000

0.353

0.705

One or both parents with ≥12 years of
education, n (%)*
Both parents out-migrated for work, n (%)
Self-reported study time each day after school

Classroom teaching using the blackboard (as
opposed to textbooks), n (%)‡
Less than half

67 (17.7)

23 (18.1)

24 (19.4)

20 (15.7)

Half of teaching

130 (34.4)

41 (32.3)

47 (37.9)

42 (33.1)

More than half

181 (47.9)

63 (49.6)

53 (42.7)

65 (51.2)

Child reports blackboard clearly visible, n (%)‡

152 (40.2)

53 (42.1)

45 (36.0)

54 (42.5)

0.325

0.941

Child aware of having myopia, n (%) ¶

348 (92.8)

117 (92.9)

114 (92.7)

117 (92.9)

0.958

1.000

Very ugly/ugly

109 (28.9)

35 (27.6)

39 (31.5)

35 (27.8)

0.499

0.969

Moderate/attractive/very attractive

268 (71.1)

92 (72.4)

85 (68.5)

91 (72.2)

Reference

Reference

53 (14.1)

18 (14.3)

19 (15.3)

16 (12.6)

0.817

0.694

310 (82.4)

102 (81.6)

101 (81.4)

107 (84.2)

0.976

0.576

0.362

0.094

0.284

0.854

Child rating of glasses appearance (in general,
not with reference to study spectacles), n (%)*

Child reports having been laughed at by
classmates for wearing glasses, n (%)*
Child has friends who wear glasses, n (%)§
Family wealth, Median (Inter Quartile Range),
USD
Bottom tercile (n=125, 33.2%)

Middle tercile (n=125, 33.2%)

Top tercile (n=126, 33.5%)

Spherical equivalent with <= -2D in the better
eye, n (%)‡
Baseline knowledge about myopia, n (%)&

2,110 (1,800-

2,080 (1,520-

2,110 (1,820-

2,130 (1,810-

2,670)

22,700)

2,770)

2,450)

3,850 (3,400-

3,880 (3,460-

3,630 (3,360-

3,760 (3,410-

4,110)

4,110)

4,110)

4,090)

13,800(12,500-

13,700(10,600-

13,600(12,700-

13,900(12,500-

14,100)

14,100)

14,100)

14,200)

181 (47.9)

58 (46.0)

66 (52.8)

57 (44.9)

Eye exercises can reduce myopia

140 (36.9)

46 (36.2)

46 (36.8)

48 (37.8)

0.549

0.863

Wearing glasses will worsen children’s vision

111 (29.3)

31 (24.4)

37 (29.6)

43 (33.9)

0.415

0.018

Myopia can be treated by wearing glasses

144 (38.0)

47 (37.0)

46 (36.8)

51 (40.2)

0.766

0.278

171 (45.1)

53 (41.7)

57 (45.6)

61 (48.0)

0.535

0.236

282 (74.6)

92 (72.4)

90 (72.0)

100 (79.4)

0.917

0.506

314 (83.1)

103 (81.1)

103 (83.1)

108 (85.0)

0.822

0.858

It is unnecessary to wear glasses when the
degree of myopia is modest
Failure to wear glasses when needed can affect
school performance‡
Wearing glasses can improve clarity of material
on the blackboard‡
SD: Standard Deviation

*2 (0.53%) students had missing values. †7 (1.85%) students had missing values. ‡1 (0.26%) student had a missing value.
¶4 (1.06%) students had missing values.

§3 (0.79%) students had missing values.

&Baseline knowledge test included 6 items on 5-point scales: 1 (strongly agree) to 5 (strongly disagree). The proportion of strongly agree and agree is
presented.
#Linear regression for age, ordinal logistic regression for classroom teaching on the blackboard, family wealth and baseline knowledge about myopia, and
logistic regression for other variables were used to compare the Ready-made and Adjustable groups with the Standard Glasses Group.

Table 2. Distribution of visual acuity (VA) of better-seeing eye expressed as n (%), prior to receiving and after wearing study spectacles
(N=379)
Baseline presenting VA prior to
Corrected VA with study spectacles
receiving the study spectacles
Visual Acuity

Standard

Ready-made

Adjustable

Standard

Ready-made

Adjustable

glasses

glasses

glasses

glasses

glasses

glasses

n=127

n=125

n=127

n=111†

n=109†

n=104‡

>=6/6

―

―

―

23 (20.7)

18 (16.5)

63 (60.6)

6/7.5

―

―

―

43 (38.7)

38 (34.9)

28 (26.9)

6/9.5

―

―

―

36 (32.4)

29 (26.6)

11 (10.6)

6/12

31 (24.4)

29 (23.2)

25 (19.7)

7 (6.31)

20 (18.4)

1 (0.96)

6/15

27 (21.3)

27 (21.6)

40 (31.5)

2 (1.80)

4 (3.67)

0 (0.00)

6/19

27 (21.3)

21 (16.8)

19 (15.0)

0 (0.00)

0 (0.00)

1 (0.96)

6/24

18 (14.2)

25 (20.0)

24 (18.9)

―

―

―

6/30

16 (12.6)

11 (8.80)

11 (8.66)

―

―

―

6/38

5 (3.94)

10 (8.00)

5 (3.94)

―

―

―

6/48

3 (2.36)

2 (1.60)

3 (2.36)

―

―

―

6/60

―

―

―

―

―

―

6/75

―

―

―

―

―

―

6/19 (0.491)

6/19 (0.500)

6/18 (0.487)

6/8 (0.12)

6/8 (0.14)

6/6 (0.03)

/

0.639*

0.844*

/

0.281§

<0.001§

Mean VA (LogMAR)
P-value for comparison with
Standard Glasses Group

LogMAR: The log of the Minimum Angle of Resolution
†16 (13%) students had missing data.
‡23 (18%) students had missing data.

*Linear regression was used for the comparison.
§Logistic regression adjusting for baseline presenting VA (LogMAR) was used to compare the Ready-made and Adjustable groups with the Standard
Glasses Group on the proportion of participants having best-corrected VA with study spectacles >= 6/7.5.

Table 3. Wear of and attitudes towards study spectacles by group
Standard

Ready-made

Adjustable

P-value

P-value

glasses

glasses

glasses

comparing

comparing

n=127

n=125

n=127

(1) with (2)†

(1) with

(1)

(2)

(3)

7 (16.7)

2 (6.06)

7 (19.4)

Reference

Reference

35 (83.3)

31 (93.9)

29 (80.6)

0.177

0.750

12 (9.76)

10 (8.06)

19 (15.2)

Reference

Reference

111 (90.2)

114 (91.9)

106 (84.8)

0.641

0.198

56 (44.1)

54 (43.2)

43 (33.9)

0.886

0.095

58% (39)

52% (41)

45% (37)

0.243

0.011

Fear worsening visual acuity from wear

14 (50.0)

17 (63.0)

12 (42.9)

0.334

0.592

Laughed at by classmates

1 (3.57)

0 (0.00)

1 (3.57)

/

1.000

No perceived need

5 (17.9)

4 (14.8)

9 (32.1)

0.761

0.222

Category

(3)†

Self-reported wear of own spectacles at baseline (N=111), n (%)
Never wear
Wear for study only/ Usually wear
Self-reported wear of study spectacles at end line (N=379),
n* (%)
Never wear
Wear for study only/ Usually wear
Observed wearing study spectacles at un-announced
inspection, n (%)
Continuous teacher assessment of wearing study glasses,
Mean proportion(SD)§
Reason of not wearing own glasses at baseline (N=83), n
(%)

Not convenient for daily activities

5 (17.9)

4 (14.8)

4 (14.3)

0.761

0.716

Not comfortable

3 (10.7)

1 (3.70)

2 (7.41)

0.338

0.641

Other

0 (0.00)

1 (3.70)

0 (0.00)

/

/

Fear worsening visual acuity from wear

15 (20.0)

20 (26.3)

8 (9.52)

0.359

0.066

Laughed at by classmates

6 (8.00)

5 (6.58)

12 (14.3)

0.737

0.218

No perceived need

15 (20.0)

11 (14.5)

9 (10.7)

0.370

0.107

Not convenient for daily activities

21 (28.0)

31 (40.8)

23 (27.4)

0.100

0.931

Not comfortable

10 (13.3)

8 (10.5)

8 (9.52)

0.595

0.451

No improvement in vision

2 (2.67)

0 (0.00)

1 (1.19)

/

0.506

Wear only on special occasions

17 (22.7)

23 (30.3)

19 (22.6)

0.292

0.994

Don’t like the appearance of the glasses

5 (6.67)

4 (5.26)

20 (23.8)

0.716

0.005

Glasses broken

6 (8.00)

4 (5.26)

11 (13.1)

0.502

0.304

Other

9 (12.0)

7 (9.21)

6 (7.14)

0.579

0.300

0.298

0.968

0.692

0.553

Reason for not wearing study glasses at end line (N=379),
n (%)

Satisfaction with study spectacles (N=379), n (%)*
Very satisfied

10 (8.13)

6 (4.84)

10 (8.00)

Satisfied

61 (49.6)

62 (50.0)

64 (51.2)

Neither satisfied nor dissatisfied

44 (35.8)

40 (32.3)

40 (32.0)

Dissatisfied

6 (4.88)

13 (10.5)

9 (7.20)

Very dissatisfied

2 (1.63)

3 (2.42)

2 (1.60)

Value attributed to the study spectacles (N=379), n (%)*

Most valued possession

8 (6.50)

10 (8.06)

7 (5.60)

High value

29 (23.6)

27 (21.8)

30 (24.0)

Moderate value

64 (52.0)

59 (47.6)

59 (47.2)

Some value

19 (15.5)

26 (21.0)

27 (21.6)

No value

3 (2.44)

2 (1.61)

2 (1.60)

SD: Standard deviation
* There were 7 children (1.85%) with missing values: 4 (3.15%) in the Standard Glasses Group, 1 (0.80%) in the Ready-made Glasses Group and 2
(1.57%) in the Adjustable Glasses Group.
§The continuous teacher assessment of wearing study glasses was calculated as the number of times wearing glasses / Total number of separate
observations.
†Linear regression was used to compare rates of wearing study glasses by continuous teacher assessment, ordinal logistic regression for satisfaction
with study glasses and value attributed to the study spectacles, and logistic regression for other variables.

Table 4. Intention to treat analysis of the effect of potential predictors glasses wear (continuous teacher assessment) during the study
Parameter

Simple regression
β(95% CI)

Multiple regression†

P-value

β(95% CI)

P-value

Study group
Standard glasses

Reference

Ready-made glasses

-0.05 (-0.15, 0.04)

0.271

-0.05 (-0.14, 0.05)

0.347

Adjustable glasses

-0.13 (-0.22, -0.03)

0.010

-0.11 (-0.20, -0.01)*

0.026

Age (years)

-0.02 (-0.06, 0.03)

0.508

Male sex

0.02 (-0.06, 0.10)

0.637

Owning glasses at baseline

-0.006 (-0.09, 0.08)

0.897

Rural school

-0.00001 (-0.08, 0.08)

1.000

Only child in family

0.03 (-0.11, 0.18)

0.644

At least one parent wears glasses

-0.13 (-0.22, -0.03)

0.008

-0.13 (-0.22, -0.03)

0.009

One or both parents with ≥12 years of education

-0.04 (-0.12, 0.04)

0.367

Both parents away from the home the majority of time

-0.03 (-0.12, 0.06)

0.544

Reference

Self-reported study time each day after school
<1 hour

Reference

>=1 hour

0.05 (-0.03, 0.13)

Classroom teaching on the blackboard

0.250

Less than Half of teaching

Reference

More than half

-0.02 (-0.12, 0.09)

0.776

Clarity of blackboard

-0.02 (-0.10, 0.06)

0.612

Aware of having myopia

0.06 (-0.09, 0.22)

0.438

-0.17 (-0.25, -0.08)

<0.001

Laughed at by classmates

-0.07 (-0.18, 0.05)

0.241

Has friends owning glasses

0.008 (-0.10, 0.11)

0.888

Feels study glasses
are ugly or very ugly

-0.16 (-0.25, -0.08)

<0.001

-0.06 (-0.14, 0.02)

0.149

Family wealth
Bottom tercile

Reference

Middle tercile

0.005 (-0.09, 0.10)

0.919

Top tercile

-0.08 (-0.17, 0.02)

0.123

Eye exercises can treat the problem of myopia

0.02 (-0.06, 0.11)

0.556

Wearing glasses will worsen children’s vision

0.006 (-0.08, 0.09)

0.898

Myopia can be treated by wearing glasses

0.03 (-0.05, 0.11)

0.463

-0.08 (-0.16, -0.005)

0.038

Failure to wear glasses when needed will affect grades

0.06 (-0.03, 0.15)

0.192

Wearing glasses can improve clarity of material on the blackboard

0.03 (-0.07, 0.14)

0.560

Baseline knowledge about myopia

It is unnecessary to wear glasses when the degree of myopia is
modest

CI=Confidence Interval; β: Parameter estimate

†Linear regression model was used for continuous assessment of wearing rate.
‡Study group and other variables with P<0.05 in the simple regression were included in the multiple regression.

