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Development and validation of a questionnaire-based
myopia proxy in adults: the LifeLines Cohort Study

Nigus G Asefa
Nomdo M Jansonius?

ABSTRACT

Aims To build a questionnaire-based myopia proxy and
to validate the proxy by confirming its association with
educational attainment and a Polygenic Risk Score (PRS)
for myopia.

Methods Data were collected between 2014 and 2017
from 88646 Dutch adults from the LifeLines Cohort.
First, we performed principal component analysis (PCA)
to responses of five refraction-status questions. Second
we measured the refractive state in a subset of Lifelines
participants (n=326) and performed logistic regression
using myopia (mean spherical equivalent <—0.5 D) as

a dependent variable and the principal components
(PCs) as independent variables. We identified specificity
sensitivity and the classification threshold. Third, the
classification equation was applied to the remaining
LifeLines participants. The value of the proxy was then
explored by calculating its association with educational
attainment and a PRS of myopia.

Results A total of 77096 participants (58.1%

women) were eligible for the PCA. The first two

PCs had a specificity of 91.9% (95% Cl 87.8% to
95.4%) and a sensitivity of 90.4% (95% Cl 84.3%

t0 96.4%) for myopia. The area under the receiver
operating characteristic curve was 95.0% (95% Cl
92.2% to 97.8%). The age-standardised prevalence of
proxy-inferred myopia was 33.8% (95% Cl 33.4% to
34.3%). Compared with low education level, the ORs

of proxy-inferred m ;/op|a were 1.66 (95% Cl 1.58 to
1.74, p=5.94x10" % and 2.54 (95% Cl 2.41 to 2.68,
p= 404x1047)mrmemumandh@hedmwﬂonhvds
respectively. Similarly, individuals at the top 10% of PRS
(vs lower 90%) had an OR of 2.18 (95% Cl 1.98 to 2.41,
p=6.57x10"°) for proxy-inferred myopia, whereas those
at the highest decile had an OR of 4.51 (95% Cl 3.9 to
5.21, p=1.74x10"%%) when compared with the lowest
decile.

Conclusion Self-administered refractive error-related
questions could be used as an effective tool to capture
proxy-inferred myopic cases in a population-based
setting.

INTRODUCTION

Myopia (short-sightedness) is a refractive error of
the eye that causes the image to focus in front of
the retina. A refractive error can be corrected with
glasses, contact lenses or refractive surgery. More
importantly, myopia is associated with an increased
risk of other ocular complications including myopic
macular degeneration, glaucoma and retinal detach-
ment.' > The global prevalence of myopia differs
significantly based on ethnic background and

,' Anna Neustaeter,? Jelle Vehof,? Ilja M Nolte," Harold Snieder,’

geographical region. For example, the prevalence
of myopia in Europe ranges from 30% to 36%,’ *
whereas in high-income countries in East and South-
east Asia, it has reached epidemic proportions,
affecting 80%-90% of young adults.’ Regardless of
these differences, myopia is dramatically increasing
worldwide; 20 years ago, myopia affected approx-
imately a quarter of the world’s population, and it
is projected to be doubled by 2050.% The combina-
tion of visual impairment and economic loss from
myopia-related complications poses a major public
health challenge.

Large biobank studies are becoming increas-
ingly important to understand how the biological,
psychosocial and behavioural processes that operate
across an individual’s life course determine health
outcomes.®™ Such studies collect clinical, genetic,
sociodemographic and exposure information in
mega-cohorts and provide a unique opportunity
to further our understanding of the complex inter-
action between genetic and environmental factors
in myopia. However, ophthalmic examinations,
including refractive error assessment, in such large
numbers of individuals are challenging and costly.

An alternative approach to collect information
in large populations is the use of questionnaires;
questions related to age at and/or reasons for first
glasses use, impairment of near or distance sight,
and assessment of prescribed lenses (minifying,
magnifying or no difference to a standard viewed
image) have been used to determine the refractive
status.”® For example, taking autorefraction as a
gold standard, self-reported responses to questions
about the reason for first glasses use in the UK
Biobank had a specificity of 83.7% (95% CI 83.4%
to 84.0%) and a sensitivity of 89.1% (95% CI
88.7% to 89.4%) for myopia.'> However, different
studies used different questions for their myopia
definition, and a systematic comparison/synthesis
of questions seems lacking thus far.

The objective of this study was to develop and
validate a questionnaire-based myopia proxy that
can be used in large-scale population-based epide-
miology. For this purpose, we (1) performed a
principal component analysis (PCA) of the answers
to refraction-related questions posed to LifeLines
participants, a population-based study conducted in
the Northern Netherlands with ~167 000 partici-
pants; (2) measured the refractive status in a subset
of LifeLines participants, performed a logistic
regression with myopia as a dependent variable
and the principal components (PCs) as independent
variables to construct the proxy; and (3) confirmed
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Table 1

Near and distance vision-related questions used for the myopia proxy creation

Questions

Possible responses (Dummy) variables included in the PCA

Q1. Do you wear glasses, reading glasses or contact lenses?

Q2. Can you see in the distance without glasses or contact lenses (eg, watching television)?

Q3. Can you see close by without glasses or contact lenses (eg, read a book)?

Q4. How old were you when you started wearing glasses or contact lenses?

Q5. What was the main reason for buying these glasses or contact lenses?

Q11. Age at data collection.

Yes/no -
Yes/no Yes or NA=1, no=0
Yes/no Yes or NA=1, no=0

Numerical response Q4.1. 230 years old=1, <30 years old or NA=0.
Q4.2. <30 years old=1, =30 years old or NA=0.

Q5.1. Difficulty in seeing at a distance=1,
difficulty in seeing close by or NA=O.

Q5.2. Difficulty in seeing close by=1, difficulty in
seeing at a distance or NA=0.

1. Difficulty in seeing at a distance.
2. Difficulty in seeing close by.

3. Strabismus. -
4.1 do not know. -

Numerical response Numerical data

NA, not applicable; PCA, principal component analysis.

the value of the proxy for epidemiological research by deter-
mining the prevalence of proxy-inferred myopia and using the
proxy as an outcome measure for analyses with two well-known
myopia risk factors, that is, education and a Polygenic Risk Score
(PRS) of myopia.

MATERIALS AND METHODS

Study population

The LifeLines Cohort Study and Biobank is a multidisciplinary
prospective population-based cohort study of the Northern
Netherlands.'* ™ The cohort employed a broad range of inves-
tigative procedures in assessing the sociodemographic, biomed-
ical, physical, behavioural and psychological factors which
contribute to the health and disease of the general population,
with a special focus on multimorbidity and complex genetics.
Baseline cross-sectional data were collected between 2006 and
2013 (n=167729). During the first follow-up visit (median of
3.8 years after baseline), 110759 LifeLines participants aged 18
and older were asked to complete an eye questionnaire. This
questionnaire comprised questions on diagnosis and treatment
of eye conditions and included the National Eye Institute Visual
Function Questionnaire.'®

Myopia proxy development

Step 1: PCA

We used a subset of the questions from the LifeLines eye ques-
tionnaire, all targeting refractive status, as input to build the
proxy. This subset is presented in table 1. We excluded (1) partic-
ipants with conditions that could affect refractive error status,
that is, those who underwent cataract surgery or refractive
(laser) surgery; and (2) participants who wore glasses/contact
lenses for strabismus or who responded ‘T do not know’ to the
question ‘Why do you wear glasses/contact lenses?’ (question
5 (Q5) in table 1). We also excluded participants with missing
or conflicting information (eg, participants who responded ‘no’
to glasses use (question 1 (Q1)) but responded to ‘age at first
glasses use’ (question 4 (Q4)). The total number of participants
invited, the number of individuals excluded at each stage and
the total number of participants included in the final analysis are
summarised in figure 1.

During data collection, individuals who answered ‘no’ to Q1
(glasses non-users) were ordered to skip question 2 (Q2)-QS5
(table 1). To be able to analyse those with and without glasses
together, glasses non-users were assumed as if they responded
‘yes’ to Q2 and question 3 (Q3) (table 1), and two dummy

variables were created for each of the binary/binarised variables
in Q4 and QS (table 1). Q4 was binarised because a linear rela-
tionship between age and onset of glasses use was a priori not
be expected. We selected age 30 as a threshold value (table 1),
because the distribution of age at first glasses use was bimodal at
this age (this is also in agreement with clinical observations that
myopia development occurs mainly <20 (—25) years and the
typical subject with hyperopia (of which the vast majority in the
general population is limited to one or two diopters) becomes
presbyopic >30 years of age). Finally, using the variables of
Q2-Q5 together with age at data collection to adjust for cohort
effects, we performed a PCA. For this analysis, we excluded the
326 participants with refractive error measurements who were
included in Step 2 (see further below). Data were centred and
standardised, and we selected PCs with an eigenvalue of =1 for
further analyses.'”

Step 2: from PCs to proxy

Refractive error measurements of both eyes were obtained
from a subset of selected (=55 years old) LifeLines participants
(n=326). The data of those participants were obtained from the
EyeLife project, a randomised controlled screening trial within
the LifeLines Cohort, investigating the added value of genetic
prescreening in glaucoma detection. Participant selection was
not based on refractive error, and the spherical equivalent (SE)
distribution (mean of both eyes) of our sample (mean=-0.06
(SD 2.41) D) was representative of the general population.'®
More information is provided elsewhere.' Refractive data were
an average of three measurements, performed using the Nidek
ARK-1S (NIDEK Co., Gamagori, Japan).”’ We first calculated
the SE for each eye using the formula SE=spherical power+ "2
cylindrical power. The right and left SEs were then averaged to
yield mean SE (MSE), which was used in the subsequent anal-
yses. In addition to the exclusion criteria implemented in step
1, participants with (1) |right eye SE minus left eye SE|>1 D
and (2) |cylinder power|>1.5 D in both eyes were excluded
from the analysis (figure 1). Participants with MSE<—0.5 D
were defined as myopic.® Responses to Q2-Q5 were modified
according to the methods mentioned under step 1. We used the
loadings of each question from step 1 to calculate the values of
the PCs with eigenvalue of =1 for each of the participants.

We built a classification equation by performing a logistic
regression with myopia as a dependent variable and PCs with
an eigenvalue of =1 as independent variables. Using the resul-
tant classification equation, we calculated a receiver operating
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22,113 Excluded
No response

4,105 Excluded
2,901 Cataract surgery

167,729
Individuals at
baseline assessment

110,759
Participants invited
at follow-up

88,646
Total number of
participants filled eye
questionnaire

304 Refractive surgery
900 Refractive laser treatment

1,447 Missing data
197 Glass use status

56,970 Excluded
Participants less than 18 years old or
drop outs

126 Excluded

Contflicting information

5,546 Excluded

-~

1,250 Reason and/or age at first

77,096
Participants included in
Step 1 and Step 3

\4

Figure 1

characteristic (ROC) curve, which was used to identify the clas-
sification threshold. For the threshold, we employed Youden’s
Index, that is, the point on the ROC curve with the largest
distance between the curve and the chance line, using the pROC
package in R V.3.6.1.%! We subsequently determined the sensi-
tivity and specificity of the myopia proxy using this point. To
address potential model overfitting, we performed a k-fold
(k=10) cross-validation analysis** ** using the caret package in
R**; that is, the n=326 dataset was randomly partitioned into
k=10 mutually exclusive subsets. Of these, k-1 subsets were used
as the training set, and the remaining subset was used as the
testing set. This process was run 10 times; therefore, each subset
was used as a testing set once and k-1 times as a training set. The
cross-validated model was then constructed by averaging the
results of the k-fold analyses and model performance was esti-
mated by recalculating the area under the ROC curve, sensitivity
and specificity. Furthermore, the OR and the explained variances
of the models (ie, adjusted R* (Nagelkerke’s R%)) of individual
questions versus proxy were calculated.

Step 3: application of proxy in confirmation analysis

As a reality check, we determined the prevalence of proxy-
inferred myopia by using the proxy derived from step 2 to
define cases of myopia in the remaining sample (n=77096).

glass use
Y
77,096 326
Participants without refractive error Elici bl77’42'2 . Participants having refractive error
data gible participants data
46 Excluded
35 Participants who had |right eye SE minus
left eye SE| > 1 D <
11 Participants who had \cylinder power| >
1.5 D in both eyes

»| Wearing eye glasses for squinting or ‘I
do not know’ response

280
Participants included in <
Step 2

Flow diagram showing exclusion criteria and the final number of individuals included in each step (steps 1-3).

Subsequently, we used this outcome measure for analyses with
two well-known myopia risk factors: educational attainment and
a PRS of myopia. Self-reported education was categorised into
three categories: low (no education, primary education, lower
general secondary education, and lower or preparatory voca-
tional education), medium (higher senior secondary education,
intermediate vocational education or apprenticeship, or preuni-
versity secondary education) and high (higher vocational educa-
tion or university).

For the PRS and proxy-inferred myopia association analysis,
the genetic data of 32817 participants were obtained from
the LifeLines database. For each individual, the number of
effect alleles carried at each variant was summed, weighted by
its effect size for refractive error. We incorporated only inde-
pendent autosomal variants (ie, with linkage disequilibrium
r* <0.1and a physical distance >1000kb) with a minor allele
frequency of >1%. Because of its complex linkage disequilib-
rium structure, single-nucleotide polymorphisms (SNPs) from
the major histocompatibility complex region were excluded.
Variants (n=323431 SNPs) that passed these criteria were
included in the PRS, which was calculated using PLINK.?
The PRS was constructed based on summary statistics derived
from SE Genome-Wide Association Study (GWAS) of 95619
UK Biobank participants (40-69 years of age, European

Asefa NG, et al. Br J Ophthalmol 2022;0:1-8. doi: 10.1136/bjophthalmol-2021-319166
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Table 2 Population characteristics (N=77 096) stratified by glasses, reading glasses or contact lens use

Q1. Do you wear glasses, reading glasses or contact lenses?*

Yes No
n 56534 (73.3) 20562 (26.7)
% female 60.3 52.1
Q2. Can you see at a distance without glasses or Yes 19709 (34.9) NA
contact lenses (eg, watching television)? No 36825 (65.1)
Q3. Can you see close by without glasses or contact Yes 19761 (35.0) NA
lenses (eg, read a book)? No 36773 (65.0)
Q4. How old were you when you started wearing Age 30 years or more at first glasses use 30701 (54.3) NA
glasses or contact lenses? Age <30 years at first glasses use 25833 (45.7) NA
Q5. What was the main reason for buying these glasses Difficulty seeing at a distance 29519 (52.2) NA
or contact lenses? Difficulty seeing close by 27015 (47.8)
Q11. Age (years) at data collection, mean (SD). 53.1(11.4) 40.5 (9.4)

*Unless specified otherwise, data represent the number of participants (%).
NA, not applicable.

ancestry) who underwent non-cycloplegic autorefraction.*® We
generated eight PRSs using increasing liberal GWAS p value
cut-offs: PRS 1 (p<5.0x107%), PRS 2 (p<5.0x1077), PRS 3
(p<5.0x107%), PRS 4 (p<5.0x107°%), PRS 5 (p<5.0x107%,
PRS 6 (p<5.0x107°), PRS 7 (p<5.0x107%) and PRS 8
(p<5.0x107").

We calculated a raw proxy-inferred myopia prevalence in our
cohort and a standardised prevalence. For the standardised prev-
alence, we used data from a large European study on the preva-
lence of myopia.?” Following this study, we categorised age (from
20 years to 90 years) into 5-year intervals, and the prevalence of
proxy-inferred myopia in each age category was weighted using
the proportion of the European population in each category.?®
We performed logistic regression analyses to explore the effects
of education and PRS on myopia. The association of educational
attainment and PRS with proxy-inferred myopia was adjusted
for age and sex. Of the eight PRSs, the PRS with the highest area
under the curve (AUC) was selected for the association analysis.
The ORs (95% ClIs) of proxy-inferred myopia for (1) the top
10% of the PRS and (2) educational attainment were calculated.
We also further categorised individuals into 10 groups (deciles)
based on their risk score to investigate if there exists a dose—
response relation between myopia and the deciles of the PRS.
Consequently, the odds of each decile of PRS versus lower decile
and the corresponding 95% Cls were also estimated. Statistical
significance was set at a p value of <0.05.

RESULTS

Step 1: PCA

Of the 110759 invited LifeLines participants at follow-up,
88646 had completed the self-administered eye questionnaire,
that is, an 80% response rate. After applying the inclusion and
exclusion criteria, 77096 participants were eligible for the PCA
in step 1 (figure 1). Table 2 presents the characteristics of these
77096 participants. Approximately three-quarters of the partici-
pants wore glasses, reading glasses or contact lenses.

Figure 2 presents the results of the PCA. QS (reason for first
glasses use) had the highest loading onto PC1 (Q5.1= —0.80
and Q5.2=0.86). The first two PCs had an eigenvalue of =1
(figure 2). The first PC accounted for 47.3% of the variability
in the data. The cumulative variance explained by the first two
PCs was 72.5%; all five PCs together explained 97.1% of the
variance in the data.

Step 2: from PCs to proxy

Of the step 2 participants who completed questions Q1-QS
and also had measured MSE data (n=326), 280 were eligible
for further analyses (figure 1). Of these 280 participants, 83
were myopic based on the MSE <—0.5 D criterion. The logistic
regression analysis with myopia as a dependent variable and PC1
and PC2 as independent variables resulted in the following clas-
sification equation:

y = 1.19 — 2.36 x PC1 + 0.23 x PC2.

Loading score

Q3 Q4.1 Q4.2 Q5.1 Q5.2 Q11
060 081 080 080 08 013
-0.65 0.41 0.43 0.48 0.35 0.34
0.14 -0.17 -~ - - 0.93
0.21 0.36 -0.39 0.24 -0.26 0.11
0.34 - - -0.19 0.19 -

PC Q2
PC1 L] 0.53
PC2 n -0.72
PC3 u 0.15
PC4 n -0.14
PC5 ] -0.33
T T T 1
0 1 2 3 4
Eigenvalue

Figure 2  Scree plot and the loading scores of the questions included in the principal component analysis. PC, principal component.
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Figure 3  ROC curve for classification equation with PC1+PC2 as
independent predictors and myopia as an outcome, depicting the
sensitivity and specificity with 95% Cl based on Youden's Index. PC,
principal component.

where —1.19 is the intercept, and —2.36 and 0.23 are the
effect sizes of PC1 and PC2, respectively. Figure 3 shows the
resulting ROC curve. The AUC was 95.0% (95% CI 92.2% to
97.8%) for the proxy. Applying Youden’s Index as a cut-off value
yielded a threshold for y of 0.28. With this threshold, we found
a specificity of 91.9% (95% CI 87.8% to 95.4%) and a sensi-
tivity of 90.4% (95% CI 84.3% to 96.4%). In the k-fold cross-
validation analysis, these values became 86.5% (95% CI 81.8%

to 91.2%) for the AUC, 79.5% (76.8% to 82.3%) for the spec-
ificity and 93.4% (91.7% to 95.1%) for the sensitivity. Besides,
for Q4+QS5 (the two most contributing questions combined,
online supplemental figure S1), the AUC, sensitivity and spec-
ificity were 93.2% (95% CI 90.0% to 96.4%), 92.8% (95% CI
86.6% to 97.6%) and 87.3% (95% CI 82.7% to 91.4%), respec-
tively, which changed, after the k-fold cross-validation analysis,
to 84.9% (95% CI 80.1% to 89.8%), 90.4% (95% CI 85.3%
to 94.1%) and 79.5% (69.2% to 87.6%), respectively. For the
280 participants in step 2, the variance explained by PC1 and
PC2 together in the logistic regression model was 70.0% (95%
CI 64.2% to 75.8%), whereas for the individual questions, this
value ranged from 32.5% (95% CI 23.6% to 41.4%) for Q3 to
66.6% (95% CI 60.3% to 72.9%) for QS5 (online supplemental
table S1).

Step 3: application of proxy in confirmation analysis

After excluding step 2 participants (n=326) and applying the
classification equation to the remaining LifeLines participants,
we identified 26 814 proxy-inferred myopic cases, resulting in an
overall crude prevalence of 34.8% (95% CI 34.4% to 35.1%);
the standardised prevalence was 33.8% (95% CI 33.4% to
34.3%). Figure 4A shows the ORs of proxy-inferred myopia
with educational attainment, after adjusting for age and sex.
As can be seen in this figure, we found a strong association of
educational attainment with proxy-inferred myopia and also a
clear ‘dose-response’ relationship; those with a medium educa-
tion level were 1.7 times and those with a high education level
2.5 times more often myopic than those with a low education
level.

Of the 77096 LifeLines participants in step 3, 19298 had
GWAS data. The best predictive accuracy was obtained for PRS 4
(p<5x107 threshold; AUC 61.4%, 95% CI 60.6% to 62.3%).
Figure 4B shows the ORs of proxy-inferred myopia after cate-
gorising PRS 4 into deciles (lowest decile, lowest genetic risk
score), after adjusting for age and sex. Those in the top 10%

A (N=77,096)

Risk factors Odds ratio (95%Cl) P

Sex (female) 1.42(1.38-1.47) 2.94x10-107 —-—

Age per 10 years 0.95 (0.94-0.96) 1.09x10-12 .

Education .

Low (reference)

Medium 1.66 (1.58-1.74) 5.94x10-90 —a—

High 2.54 (2.41-2.68) 4.04x10-271 | | —— |
0.5 1 2 3

B (N=19,298)

PR

Top 10% (vs. lower 90%) ___ 218 (1.98-2.41) ____6.67x10-56 ——

Decile 1 (reference)

Decile 2 1.42 (1.22-1.66) 1.14x10-2 ——

Decile 3 1.64 (1.41-1.91) 3.02x10-7 —

Decile 4 1.83(1.58-2.13) 5.55x10-12 ——

Decile 5 2.12 (1.83-2.46) 8.89x10-20 ——

Decile 6 2.44 (2.11-2.83) 3.34x10-32 ——

Decile 7 2.74 (2.37-3.17) 3.91x10-38 ——

Decile 8 2.71(2.35-3.14) 2.77x10-37 —_—

Decile 9 3.38 (2.92-3.91) 4.18x10-60 —_——

Decile 10 4.51 (3.90-5.21) 1.74x10-89 : : l—'—' |

0.2 1 2 4 6
Odds ratio

Figure 4 ORs of proxy-inferred myopia with education (A) and myopia PRS (B), both adjusted for age and sex. PRS, Polygenic Risk Score.
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of PRS were approximately two times more often myopic than
those in the lower 90%. We also observed a dose-response rela-
tionship between myopia and PRS, that is, the ORs of the 9th and
10th deciles were approximately 3.0 and 4.5 when compared
to the lowest decile, respectively. The variance explained by
the PRS in proxy-inferred myopia was 4.9% (based on 19298
participants).

DISCUSSION

Using refractive error-related questions from a large, population-
based study and refraction data from a subset, we created a
questionnaire-based myopia proxy for use in large population-
based surveys. Our proxy yielded a prevalence of 35% for
proxy-inferred myopia (in a population with a mean age of
approximately 50 years and median year of data collection
20135). Our association analyses confirmed the well-known asso-
ciations of educational attainment and genetic predisposition
with myopia.

We standardised our proxy-inferred myopia prevalence to
the age distribution of a large, European meta-analysis.”” This
meta-analysis was based on refractive error data collected from
15 European population-based studies. Our standardised prev-
alence of 33.8% (95% CI 33.4% to 34.3%) agrees reasonably
well with their reported prevalence of 30.6% (95% CI 30.4% to
30.99%) with myopia defined as SE <—0.75 D (which essentially
equals our MSE <—0.5 D). One possible explanation for the
difference is that our data collection was more recent, the median
year of data collection in LifeLines was 2015, compared with
1990-2013 in the European meta-analysis study—reflecting the
increase in myopia prevalence. When compared with individual
population-based studies with a matching myopia definition, our
crude prevalence of 34.8% (95% CI 34.4% to 35.1%) was similar
to the crude prevalence reported in the UK Biobank (33.5%,
95%CI 33.3% to 33.9%), with data collection in 2009,”” but
clearly higher than the prevalence reported in the Blue Mountain
Eye Study (15%).’° The data in the Blue Mountain Eye Study
were collected between 1992 and 1994 from older participants
(>49 years); this difference in results is expected as the burden
of myopia is increasing globally in young people.® *

The results of our association analyses confirm the robustness
of the current myopia proxy. Our study is in agreement with
previous epidemiological studies reporting educational attain-
ment as one of the strongest risk factors in myopia.**! Histori-
cally, strong evidence of a causal role of studying and close work
in increasing the prevalence of myopia came from Israeli boys
attending Orthodox schools (with a reading load of 16 hours/
day) who had a much higher prevalence of 80% compared with
the 30% among girls attending the same school. Girls attending
Orthodox schools had similar study habits (6 hours’ school day)
as students attending secular schools, who also showed a myopia
prevalence of 30% for both boys and girls.**>* Recently, two
studies confirmed the causal association between educational
attainment and myopia using the Mendelian randomisation
approach.*® 3¢ For example, Cuellar-Partida et al reported that
an increase of approximately 2years in education results in a
change in SE towards myopia of 0.92+0.29 D.*

Myopia is an aetiologically heterogeneous trait resulting
from the effects of genetic and environmental risk factors, and
the interaction between them.’' *” Our findings demonstrated
that individuals at the highest decile of the PRS were four and
a half times more likely to develop myopia. The current find-
ings support those of a previous study reported by Ghorbani
Mojarrad et al, where individuals in the highest decile had a

higher risk (OR 3.47, 95%CI, 2.43 to 4.91) of myopia when
compared with the other nine deciles combined.*® This appears
lower than our value, however, we compared the lowest to
the highest decile. If we use the same approach, that is, top
decile versus nine other deciles combined, then the OR is 2.18
(1.98-2.41, p=6.57x107%). However, it should be noted that
Mojarrad et al defined myopia at MSE < —0.75 D, and the anal-
ysis was performed on all-female study participants.

Proxy-inferred myopia was more prevalent among female
participants in this study. There is no clear evidence on the role
of sex on myopia development, and as such, recent studies have
hypothesised that the association between sex and myopia is more
likely to be a proxy for the differential access, encouragement, or
selection to education, near work, or outdoor activities between
men and women.?® In our data, sex remained highly significant
after adjusting for educational attainment (figure 4A), indicating
that education alone is unlikely to fully explain the higher prev-
alence of proxy-inferred myopia in women. However, no data
were available for time spent on near work or outdoor activities,
but—with occupation classified in 10 different categories—we
noted a significant difference in occupation between men and
women (x* test p<2.0x107'%). We added these 10 categories
to the analysis presented in figure 4A; a likelihood ratio test
showed that the model with occupation performed better than
the model without (p=4.77x107"). Inclusion of occupation in
the model resulted in a modest drop of OR (95% CI) of proxy-
inferred myopia among women, ie, OR 1.42, 95% CI 1.38 to
1.47 before vs 1.30 95% CI 1.25to 1.35 after adjusting for occu-
pation (online supplemental figure S2). Similarly, the negative
association between age and myopia supports previous evidence
that reported an increasing burden of myopia among recent
birth decades.* ** The negative association may be a proxy for
the role of lifestyle changes resulting from increased near-work
activities and decreased time outdoors in younger adults, similar
to the cohort effect observed between cross-sectional studies
performed in different time periods.’

Our proxy yielded a reasonably high sensitivity and spec-
ificity, indicating that it is a useful tool for epidemiological
myopia research. Directly comparing the sensitivity and speci-
ficity with other questionnaire-based studies is difficult due to
different gold standards and different myopia definitions (cut-
off values), among other reasons. Our sensitivity value (90%)
was similar to that of the UK Biobank (89%)" and a study by Ip
et al (88%)"" while showing simultaneously a higher specificity
of 92% compared with 84%, and 83% in the UK Biobank®?
and Ip et al,'" respectively. A similar specificity (93%) but lower
sensitivity (83%) was found in a study by Breslin et al'*; lower
values for both sensitivity and specificity were found in a study
by Walline et al’ (see online supplemental table S2 for details).
As can be seen in this table, the various studies used at least
similarly phrased questions for their myopia definition. One
possible explanation for our apparently favourable performance
is the use of PCA. By using PCA, we maximised the information
that could be retrieved from the questions. When comparing
individual questions or combinations thereof with PCA in our
dataset, the PCA approach yielded the highest AUC point esti-
mate (online supplemental figure S1). Similarly, compared with
the best contributing questions (Q5 and Q4), the proxy (PC1
and PC2 together) showed a clear but non-significant improve-
ment in the explained variance (online supplemental table S1).
However, as shown in the cross-validation analysis, model over-
fitting is an issue, and the final AUC, sensitivity and specificity
(currently based on n=280) have to be determined in a new,
larger sample.
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Our study has a number of strengths and some limitations. The
novelty of this work is the application of an advanced statistical
approach (PCA) to get all available information out of question-
naire data. By using dummy variables, we were able to include
both glasses users and non-users in the analyses. Given that the
questions used to build the proxy were independent of ethnicity
or myopia prevalence, our work should, in principle, be appli-
cable to future studies of any ethnic group or cohort; that is, the
proxy can be applied ‘as is’, as long as studies use the same ques-
tions. Otherwise, they may use our methodology to build their
own proxy. A caveat is that glasses use will depend on economic
factors as well. Another strength is the very large sample size of
the population-based LifeLines Cohort. On the other hand, early
nuclear cataract may cause a myopic shift, potentially resulting
in misclassification. The classification depends on the final
PCA score arising from the (now possibly conflicting) answers.
Importantly, some of the questions relate to the past, not to the
present situation (eg, age at which first glasses were bought (Q4)
and reason to buy these glasses (Q5)), and interestingly, these
questions were the main contributors to the first PC and this
component was—by far—the most important contributor to the
classification equation. Also, a significant myopic shift nowadays
generally results in an early cataract extraction rather than repet-
itive adjustments of the glasses. Furthermore, the modest number
of participants with refraction data (n=326) may have limited
the accuracy of our validation analyses. Finally, in order to opti-
mise the gold standard in terms of having or not having the target
condition (myopia), we excluded those with anisometropia or
astigmatism exceeding 1.0 and 1.5 D, respectively (see the Mate-
rials and methods section). This concerned 46 of the 326 partic-
ipants with measured refraction data (figure 1). The remaining
question is on how far the proxy is able to detect myopia among
those with anisometropia or astigmatism. Of the n=46 individ-
uals with anisometropia or astigmatism, 28 had MSE of <—0.5
D and of these, 21 were detected by the proxy as proxy-inferred
myopic cases. Of the remaining 18 (46—28) individuals without
myopia, only 5 were detected by the proxy as proxy-inferred
myopic cases. Hence, the proxy appears to perform reasonably
well in subjects with anisometropia or astigmatism.

CONCLUSION

In summary, using self-reported refraction data of those with and
without glasses together, we developed a myopia proxy, which
may be used effectively in large population-based studies with
relatively high specificity and sensitivity. The value of the proxy
was confirmed by a realistic prevalence estimate and by using
it as an outcome measure for analyses with educational attain-
ment and a PRS of myopia as predictors. Being cost-effective and
less time-consuming, the current work could improve myopia
research in large population-based samples investigating novel
prevention or treatment approaches.
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Risk factors Odds ratio (95%Cl) a P
Sex (female) 1.30 (1.25-1.35) 1.88x10-39 ——
Age per 10 years 0.95 (0.93-0.96) 1.18x10-13 -
Education . .
Low (reference)
Medium 1.49 (1.41-1.59) 2.57x10-40 ——
High 2.10 (1.96-2.26) 1.57x10-92 I I—-— |
0.5 1 2 25
Odds ratio

Fig. S2 Association of proxy-inferred myopia with sex and education after adjusting for occupation

4Adjusted for occupation. At the baseline assessment, each Lifelines participant was asked multiple occupation-

related questions, including her/his employment status, current (or most recent) occupation, and the number of

working hours per week. We coded occupations according to the International Standard Classification of

Occupations 2008 system (ISCO-08).” ISCO-08 classifies occupations into ten major, and 43 sub-major groups, but
for this analysis, we used the primary ten major aggregate groups (Managers [1], Professionals[2], Technicians and
associate professionals [3], Clerical support workers [4], Service and sales workers [5], Skilled agricultural,
forestry and fishery workers [6], Craft and related trades worker [7], Plant and machine operators, and assemblers

[8], Elementary occupations [9], Armed forces [10]). The quality of ISCO-08 coding was assessed using the Cascot

tool.? Cascot tool calculates the probability score between zero to 100 (high score high certainty), indicating

whether a correct ISCO-08 coding for specific occupation is given. We excluded participants with a probability

score < 40.
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Supplementary Table S1 Odds ratios (95% CI) of myopia (< -0.5 D), significance and explained variance

(adjusted-R?[95 % CI)) for each individual question and the proxy (Step 2, n=280)

Variables OR (95% CI)* P Adjusted-R?in
percent (95% CI)

Q1. Do you wear glasses, reading glasses or NA NA NA

contact lenses?

Q2. Can you see in the distance without glasses 0.05 (0.01-0.11) 5.9x10" 33.3(24.5-42.2)

or contact lenses (e.g. watching television)?

Q3. Can you see close by without glasses or 12.15 (6.67-22.83) 1.5x10°1 32.5(23.6-41.4)

contact lenses (e.g. read a book)?
Q4. How old were you when you started wearing glasses or contact lenses?

Q4.1 >30 years old vs. 30 years old or No to 0.65 (0.16-4.40) 0.59
Ql
Q4.2 <30 years old vs. > 30 years old or ‘No’ 23.9 (6.1-159.9) 6.3x107
to Ql
Q5. What was the main reason for buying these glasses or contact lenses?
Q5.1 Difficulty in seeing at distance vs. 23.1(6.0-153.2) 6.6x10-5
difficulty in seeing close by or ‘No’ to Q1
Q5.2 Difficulty in seeing close by vs. 0.19 (0.03-1.46) 0.068
difficulty in seeing at distance or ‘No’ to Q1
Proxy
Being classified as myopic by the proxy 106.1 (43.5-258.3) 9.9x10%

54.0 (46.2-61.8)

66.6 (60.3-72.9)

70.0 (64.2-75.8)

*The odds ratios were calculated from a univariate logistic regression of myopia (< -0.5 D) against individual questions and the

proxy.
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Supplementary Table S2 Questions used and accuracy of myopia validation analysis at different spherical
equivalent thresholds (current versus previous studies)

Variables Studies
Current study Cumberland et al> Breslinetal* Ipetal?® Walline et al°
(Lifelines) (UK Biobank) (Northern (Sydney) (California)
Ireland)

Questions used for myopia analysis

Do you wear glasses or contact Y Y e
lenses?

If yes, are the glasses bifocals? e
Can you see in the distance y A

without glasses or contact lenses
(e.g. watch television)?

Can you see close by without \ A2

glasses or contact lenses (e.g.

read a book)?

How old were you when you y Y 3, Ao Y e
started wearing glasses or

contact lenses?

What was the main reason for y \ Y e
buying those glasses or contact

lenses?

Are you short-sighted (need b d
spectacles to see far away)

Are you long-sighted (need b

spectacles more for close up

work e.g. reading, computer)

Do you have myopia? \e
Gold standard, myopia definition, and diagnostic performance

Measured autorefraction data \ \ v Y
Prescription paper for glasses Y

Myopia definition, Dioptre <-0.5 <-1 <0 <-0.5 <-0.75

Sensitivity, percent (95% CI) 90.4 (84.3-96.4) 89.1 (88.7-89.4) 834 88 (85-92) 54¢

54° 98

76°

Specificity, percent (95% CI) 91.9 (87.8-95.4) 83.7 (83.4-84.0) 93¢ 83 (78-87) 83e

96° 484

74¢

“Lay term and "Lay term questions combined with questions with more descriptive explanations and the corresponding accuracy estimates
(sensitivity or specificity)
“Direct, *Lay term, and “Indirect questions and the corresponding accuracy estimates (sensitivity or specificity) per question
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