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Purrose. The prevalence of myopia varies significantly across the globe. This may be a
consequence of differences in exposure to lifestyle risk factors or differences in genetic
susceptibility across ancestry groups. “Irans-ancestry genetic correlation” quantifies the
similarity in genetic predisposition to a trait or disease between different populations.
We estimated the trans-ancestry genetic correlation of refractive error across Europeans,
South Asians, East Asians, and Africans using recently developed approaches.

MerHops. Two methods were applied: (1) trans-ancestry genetic correlation with
unbalanced data resources (TAGC-UDR) and (2) trans-ancestry bivariate genomic-
relatedness-based restricted maximum-likelihood (TAB-GREML). TAGC-UDR analyses
were carried out for UK Biobank participants of European (n = 3500), East Asian
(n = 972), South Asian (z = 4303), and African (z = 3877) ancestry. TAB-GREML analy-
ses were carried out for participants of European (# = 10,000), South Asian (7 = 4303),
and African (n = 3877) ancestry.

Resurrs. TAGC-UDR analyses suggested the trans-ancestry genetic correlation of refractive
error was in the range 0.7-1.0 for the European versus African, European versus East
Asian, and European versus South Asian ancestry pairs. The TAB-GREML estimates were
consistent with the TAGC-UDR findings. Precision of the estimates was limited, reflecting
the modest sample sizes of the non-European samples.

Concrusions. These results support and extend previous work suggesting that genetic
susceptibility to refractive error is largely shared across Europeans, Africans, and South
Asians. This suggests geographical differences in myopia prevalence are mostly driven
by lifestyle factors or rare genetic variants not considered in the current work.
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efractive errors occur because of a mismatch between

the combined focal power of the cornea and crystalline
lens compared to the eye’s axial length.! In myopia, the axial
length is too long relative to the eye’s optical power, which
causes light to focus in front of the plane of the retinal
photoreceptors. The converse happens in hyperopia, with
light focusing behind the plane of the retinal photoreceptors.
The blurry vision produced by myopia and hyperopia can be
corrected by wearing glasses or contact lenses or by refrac-
tive surgery. However, myopia and hyperopia are associated
with serious comorbidities.? For instance, myopia is a risk
factor for glaucoma, retinal detachment, and myopic macu-
lar degeneration, which are increasingly common causes of
visual impairment.?~*

Both genetics and environmental (lifestyle) factors
contribute to the development of refractive errors.? In certain
individuals, early-onset high myopia is caused by a muta-
tion in a single gene. To date, loss of function mutations
in approximately 20 different genes have been found to
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cause non-syndromic high myopia, with ARR3 and OPN1LW
being the most frequently reported disease genes.”® More
generally, genetic susceptibility to myopia and hyperopia
is conferred by inheritance of a very large number of
genetic variants; each variant confers a very small increased
risk of either myopia or hyperopia, yet in aggregate the
combined effect of all of the variants is substantial.” More
than 450 distinct genetic variants associated with refrac-
tive error have been identified by genome-wide associ-
ation studies.!” Currently, the cumulative effect of these
genetic variants can explain about 20% of the intersub-
ject variation in refractive error.!' Insufficient time spent
outdoors during childhood and a high level of education
are the most important lifestyle risk factors for myopia
that have been discovered.'?!> Mounting evidence suggests
that these lifestyle risk factors trigger the development of
myopia in genetically susceptible individuals.”> However,
because the prevalence of myopia in young adults exceeds
80% in some countries, it is likely that even a person
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with limited genetic susceptibility to myopia will eventually
succumb if their exposure to lifestyle risk factors is high
enough >

A notable feature of the worldwide prevalence of myopia
is its geographical variation, exceeding 50% in countries
such as China, Taiwan, Hong Kong, and Singapore, while
being below 20% in Australia and parts of Africa.'>'® The
varied geographical distribution of myopia may result from
differences in genetic susceptibility across ancestry groups
or differences in the level of exposure to lifestyle risk factors
across geographical regions, or a combination of the two.
“Trans-ancestry genetic correlation” is a statistical measure
used to quantify the similarity in genetic predisposition to
a trait or disease across two populations of differing ances-
try. By analogy with a conventional correlation coefficient,
a trans-ancestry genetic correlation can be conceptualized
as a graph of effect sizes plotted for two separate popu-
lations. Each data point corresponds to a specific genetic
variant; its position on the graph is determined by the vari-
ant’s effect size in ancestry A (x-axis) and its effect in ances-
try B (y-axis). The correlation coefficient for all points on
the graph corresponds to the genetic correlation for the
two populations. A trans-ancestry genetic correlation equal
to one implies that, across the genome, genetic variants
that confer susceptibility to a disease are shared perfectly
between the two ancestral groups. In other words, a trans-
ancestry genetic correlation of one implies that genetic vari-
ants have the same effect size (i.e., the same degree of
association with the disease) in the two ancestral popula-
tions. By contrast, a trans-ancestry genetic correlation of
zero implies unique sources of genetic susceptibility in the
two populations. In practice, calculating a measure of trans-
ancestry genetic correlation is complicated by differences
in allele frequency across ancestry groups (in the extreme
case, an allele that confers susceptibility to a disease may be
present in one ancestry group but absent from the other).
One approach that can be useful in these circumstances
is to compare the local patterns of linkage disequilibrium
(LD) in the ancestry groups, which enables the effects of an
index variant to be inferred using information from adjacent
variants.!”

A range of statistical methods have been devel-
oped to estimate trans-ancestry genetic correlations; each
method makes different assumptions regarding the effect
of allele frequency differences or in its requirement
for summary data or individual-level data.'”~>* In past
work, the CREAM consortium reported a trans-ancestry
genetic correlation for refractive error in European ances-
try versus East Asian ancestry individuals,”® using an
analysis method called popcorn.'® Here, we apply two
recently introduced methods for calculating the trans-
ancestry genetic correlation of refractive error that rely
on different assumptions to popcorn. For our primary
analysis we apply the Trans-Ancestry Genetic Correlation
with Unbalanced Data Resources (TAGC-UDR) method,'”
which is designed for use when the sample size of
one of the two ancestral populations is limited. As a
sensitivity analysis we apply the trans-ancestry bivariate
genomic-relatedness-based restricted maximum-likelihood
(TAB-GREML) method, which fits a random effects model
similar to the widely-employed bivariate GREML approach,?
but that takes into account differences in allele frequency
between the two ancestry samples rather than assuming
a common allele frequency.?>?°> We build on the existing
CREAM findings by estimating the trans-ancestry genetic
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correlation of refractive error for a diverse set of ancestry
groups: European, East Asian, South Asian, and African.

METHODS
Overview of the Study Methods

We applied two methods of calculating trans-ancestry
genetic correlations: TAGC-UDR and TAB-GREML. The
TAGC-UDR method (Fig. 1) was used as our primary anal-
ysis because this approach has been reported to perform
well when one ancestry sample is much larger than the
other.!” TAB-GREML was used as a sensitivity analysis; this
approach requires relatively large sample sizes for both
ancestry groups and can be biased if the sample sizes are
very highly imbalanced.!”

TAGC-UDR. Unrelated UK Biobank participants with
information available for refractive error were classified
into one of five ancestry groups: European (n = 111,168),
East Asian (n = 972), South Asian (n = 4303), African
(n = 3877), and Other. The European sample was split
into a genome-wide association study (GWAS) sample (n =
107,668) and an “evaluation sample” (n = 3500). A GWAS
for refractive error was performed in the European ancestry
GWAS sample (n = 107,668), using a subset of HapMap3
genetic variants.?® The regression coefficients for all vari-
ants included in the GWAS were used to derive weights for
a polygenic score, which was then applied to participants
in the four evaluation samples: European (nz = 3500), East
Asian (n = 972), South Asian (n = 4303), and African (n =
3877). Trans-ancestry “bias factors”!” were computed using
LD reference samples from each ancestry group combined
with an estimate of the single nucleotide polymorphism
(SNP) heritability (b3,,) of refractive error in each ances-
try group (because SNP heritability is challenging to calcu-
late in small samples, calculations were performed using a
range of plausible values: b%,, = 0.2-0.5). The role of the
bias factors is to up-scale the polygenic score in the eval-
uation sample to account for (i) imprecision in GWAS beta
coefficient estimation due to the finite size of the GWAS anal-
ysis, (il) imprecision in estimating the accuracy of the poly-
genic score because of the small size of the non-European
sample, and (iii) differences in LD-structure between ances-
try groups!’ (Fig. 1 and Supplementary Note S1). Compari-
son of the true refractive error versus the up-scaled genet-
ically predicted refractive error for participants in the eval-
uation samples was used to estimate the trans-ancestry
genetic correlation. Standard errors (SE) were estimated by
bootstrapping.

TAB-GREML. TAB-GREML analysis is a modification
of standard bivariate GREML analysis®® that takes into
account the differences in allele frequency in two ances-
try samples when calculating trans-ancestry genetic corre-
lations.??*> Unrelated UK Biobank participants with infor-
mation available for refractive error were classified into
one of five ancestry groups as described in the TAGC-
UDR section above. Next, a set of 10,000 European
ancestry participants was selected at random from the
full European-ancestry sample. TAB-GREML analyses were
carried out for (@ » = 10,000 European and n =
4303 South Asian ancestry participants, and (b) the »
10,000 European and n = 3877 African ancestry partic-
ipants. The sample size of East Asian ancestry partici-
pants (z = 972) was too small to fit a TAB-GREML model,
which prevented a FEuropean-East Asian trans-ancestry
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FiGure 1.

Schematic diagram of the trans-ancestry genetic correlation with unbalanced data resources (TAGC-UDR) method. (A) A GWAS

for refractive error is carried out in a large sample of European (EUR) ancestry participants. (B) Differences in the pattern of LD across
the genome are compared in LD blocks of EUR and non-EUR reference samples. For the p genetic variants in each LD block, the p x p
LD matrices are termed Xx and Xy for genetic variants x and z in the EUR and non-EUR reference samples, respectively. (C) The GWAS
summary statistics from the EUR sample are used to derive weights (8) for a polygenic score. The polygenic score is applied to the non-EUR
evaluation sample (z = 1000-4000) to predict the refractive error of each participant. If the polygenic score had perfect accuracy, then the
trans-ancestry genetic correlation (GBw) could be calculated by comparing the true versus predicted refractive error in the non-EUR sample
(where « is the vector of effect sizes for genetic variants z in the non-EUR population). (D) In practice, three major sources of bias must be
accounted for to obtain an accurate estimate of GBw«. The first source of bias (#1) introduces noise when estimating genetic variant effect
sizes (3) in the EUR population, due to the finite size of the GWAS in the EUR sample. The second source of bias (#2) introduces noise
when estimating genetic variant effect sizes (@) in the non-EUR population, because of the small size of the non-EUR evaluation sample.
This bias is assumed to be proportional to the reciprocal of the sample size of the non-EUR evaluation sample, 7. The third source of bias
(#3) occurs when estimating @ using the polygenic score, due to LD differences between the EUR and non-EUR populations: b1 (2% ) and

b1(Ex X2), where b; is the limiting spectral distribution (LSD) of X )1(/ > é/ 2 The solid arrows indicate the flow of information during the

TAGC-UDR analysis.

genetic correlation being calculated using the TAB-GREML
method.

Selection of Participants From the UK Biobank
Cohort

Ethical approval for the UK Biobank study was obtained
from the NHS Research Ethics Committee (Reference:
11/NW/0382). Approximately 500,000 participants aged 40—
70 years-old were recruited from across the United Kingdom,
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during the period 2006 and 2010, via one of 22 assessment
centers.”’ Approximately one quarter of the UK Biobank
cohort had their refractive error measured (Tomey RC 5000
autorefractor; Tomey Corp., Nagoya, Japan). Blood samples
were collected and genotyped at ~800,000 markers using
either the UK BILEVE Axiom array or the UK Biobank
Axiom array. Imputation to a joint Haplotype Reference
Consortium-UK 10,000 Genomes Project reference panel
was performed by Bycroft et al.?® Participants were included
in the current analysis if they had information available for



Investigative Ophthalmology & Visual Science

Trans-Ancestry Genetic Correlation of Refraction

100 o

Fen £

-100 4

Genetic ancestry PC2

Ancestry

-200 - e AFR
EAS
EUR

e SAS
OTHER

-300

0 100 200 300 400
Genetic ancestry PC1

Ficure 2. Genetic ancestry classification based on genetic princi-
pal components 1 and 2 (PC1 and PC2). In comparison to EUR
participants, wider distributions of PC1 and PC2 were used to
define AFR, EAS and SAS participants to maximize the available
sample sizes. AFR, African; EAS, East Asian; EUR, European; SAS,
South Asian.

their refractive error, were seen at an assessment center at
which more than n = 100 participants had refractive error
assessed, and had a genetic heterozygosity within 10 stan-
dard deviations of the mean for the full sample. Ances-
try was classified using a loose definition based solely on
genetic principal components 1 and 2 (PC1 and PC2) with
the aim of maximizing the sample size of each ancestry
group. Specifically, Europeans were defined as individuals
with PC1 and PC2 within 10 standard deviations of the mean
for participants who self-reported their ethnicity as “White
British.” East Asians were defined as individuals with PC1
and PC2 within five standard deviations of the mean for
participants who self-reported their ethnicity as “Chinese.”
South Asians were defined as individuals with PC1 and PC2
within 1.25 standard deviations of the mean for participants
who self-reported their ethnicity as “Asian.” Africans were
defined as individuals with PC1 and PC2 within 2 SD of
the mean for participants who self-reported their ethnic-
ity as “Black.” Figure 2 illustrates the distribution of PC1
and PC2 in each ancestry group. Within each of the African,
East Asian, and South Asian groups, a maximal set of unre-
lated participants was selected using a custom R script that
applied the R package igraph function to the kinship data
reported by Bycroft et al.?® This resulted in samples of unre-
lated African (# = 3877), East Asian (n = 972), and South
Asian (n = 4303) participants, which we refer to as “eval-
uation samples.” For the European ancestry sample, a set
of n = 3500 unrelated participants was first selected at
random as a European “evaluation sample.” The remain-
ing n = 107,668 European ancestry participants were used
as a GWAS sample. From within the African, East Asian,
European, and South Asian evaluation samples, a set of
approximately 1000 unrelated participants was selected at
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random to serve as an LD reference sample for that ancestry
group.

Selection of Genetic Variants

The set of # = 990,761 HapMap3 variants reported by Zhao
et al.'” (https://github.com/FSSKM/TAGC_review/blob/mai
n/TAGC_data/hm3_snp.id.list) was filtered to remove (i)
variants with a Hardy Weinberg equilibrium test P < 1le-04
in any of the four LD reference ancestry samples, (i) vari-
ants with a minor allele frequency (MAF) < 1% in any of the
four LD reference ancestry samples, and (iii) variants with
a genotyping rate < 90% in any of the four LD reference
ancestry samples. This resulted in a final set of n = 642,807
HapMap3 variants.

Genome-Wide Association Study for Refractive
Error

A GWAS for autorefractor-measured spherical equivalent
refractive error (in diopters) averaged between the two
eyes was performed using BOLT-LMM v2.4.1%® for the
n = 107,668 European ancestry GWAS sample. Age, age?,
sex, genotyping array, assessment center, and genetic ances-
try PC1-10 were included as covariates. The n = 642,807
HapMap3 variants were analyzed.

Trans-Ancestry Genetic Correlation Analysis With
TAGC-UDR

Using the terminology from Zhao et al.,'” the b,(Z2 %)
and bl(E)z( ¥,) LD block matrix moment terms were calcu-
lated for each of the 253 LD blocks identified by Zhao et
al.' in each ancestry pair (African-European, East Asian-
European, South Asian-European, European-European) with
the TAGC_LD_block_moment and WAGC_LD_block_moment
functions from the R package TAGC (https://github.com/FSS
KM/TAGC_review). These LD moments were then pooled
across the genome for each ancestry pair and used to
calculate trans-ancestry bias factors for each ancestry
pair.!”

A polygenic score for refractive error was calculated
using PLINK v1.90b6%° for participants in each of the
four evaluation samples, using the SNP weights from
the GWAS for autorefractor-measured spherical equivalent
refractive error described above. The polygenic score and
the autorefractor-measured refractive error were both stan-
dardized (transformed to have mean = 0, SD = 1) within
each evaluation sample. Then, standardized autorefractor-
measured refractive error was regressed on the standard-
ized polygenic score, and a set of standardized covariates
(age, age?, sex, and PC1-PC10) using 500 bootstrap repli-
cates. The regression coefficient and its bootstrap standard
error were both multiplied by the ancestry-specific bias
factor to yield an estimate of the trans-ancestry genetic
correlation.!”

Sensitivity Analysis: Trans-Ancestry Genetic
Correlation Analysis With TAB-GREML

Sets of unrelated UK Biobank participants of African (n
= 3877) and South Asian (# = 4303) ancestry were
selected as described in the Selection of participants from
the UK Biobank cobort section above. From the full set
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of European-ancestry participants (z = 111,168), n =
10,000 unrelated participants were chosen at random. A
genetic relationship matrix (GRM) was constructed for the
combined African + European sample (z = 13,877) and
for the combined South Asian + European sample (n =
14,303), using the -rtmx2 command of the MTG2 soft-
ware.?? TAB-GREML analysis was performed using the -mod
2 command of MTG2, with autorefractor-measured refractive
error as the phenotype and age, age?, sex, and PC1-PC10 as
covariates.

RESULTS

Demographic characteristics of the European-ancestry
GWAS sample and the four multi-ancestry evaluation
samples are presented in Table 1. All participants were adults
aged 40-70 years. The African, East Asian and South Asian
evaluation samples were all younger, on average, than the
European evaluation sample (Mann-Whitney U-test; all P
< 0.001). The median level of refractive error in the East
Asian evaluation sample was negative, while it was positive
in the other samples. Indeed, refractive error was signifi-
cantly more myopic in the East Asian sample compared to
the other three evaluation samples (Mann-Whitney U-test;
all P < 0.001). In accordance with the more myopic refrac-
tive error in the East Asian sample, this ancestry group’s
self-reported age of first wearing glasses/contact lenses was
younger than that of the other three ancestry samples (Mann-
Whitney U-test; all P < 0.001). These ancestry-specific refrac-
tive error differences have been observed previously in UK
Biobank participants.!

Figure 3 shows the trans-ancestry genetic correlation of
refractive error across pairs of ancestry groups calculated
using the TAGC-UDR method (further details can be found
in Supplementary Fig. S1). The European versus European
comparison was included as a calibration factor: an evalu-
ation of participants with the same genetic ancestry would
be expected to have a genetic correlation of 7, = 1.0. Esti-
mation of the trans-ancestry genetic correlation requires the
“SNP-heritability” of refractive error in each ancestry sample
to be specified (SNP-heritability refers to the genetic contri-
bution to a trait that can be explained by a particular set
of SNPs).>? In Figure 3, SNP-heritability was assumed to be
equal in each pair of ancestry groups being evaluated; this
assumption was relaxed for the analyses shown in Supple-
mentary Figure S1. Because a precise SNP-heritability value
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Ficure 3. Trans-ancestry genetic correlation estimates. Error bars
correspond to 95% confidence intervals. The EUR-EUR comparison
was included as a calibration factor, with the expectation that this
would provide a genetic correlation g ~ 1.0. AFR, African; EAS, East
Asian; EUR, European; SAS, South Asian.

is challenging to estimate in small samples®** and can vary
depending on the specific set of SNPs being considered, we
calculated the trans-ancestry genetic correlations across a
range of plausible heritability values. At each potential SNP-
heritability value, the estimated trans ancestry genetic corre-
lation was nominally higher in the European versus Euro-
pean ancestry pair, followed by the European versus South
Asian ancestry pair, European versus East Asian ancestry pair
and finally the European versus African ancestry pair (Fig. 3).
However, the 95% confidence intervals of these pairwise esti-
mates overlapped, suggesting that the trans-ancestry genetic
correlation estimates were similar, given the level of preci-
sion achieved by the TAGC-UDR analysis method.

When the SNP-heritability of refractive error was assumed
to be b3y, = 0.2, the trans-ancestry genetic correlation esti-

TasLe 1. Demographic Characteristics of the GWAS Sample and the Multi-Ancestry Evaluation Samples

European African East Asian European South Asian
Evaluation GWAS Evaluation Evaluation Evaluation Evaluation
Sample Sample Sample Sample Sample Sample
Sample size 107,668 3877 972 3500 4303
Female percentage 53.4% 59.1% 68.0% 54.1% 48.2%

Age (years) median 59.83 (52.17-64.50)  51.67 (46.08-58.58)
(Q1-Q3)

Age of first spectacles
(years)* median
(Q1-Q3)

Refractive error (D)
median (Q1-Q3)

37.00 (15.00-47.00)  37.50 (19.00-45.00)

0.14 (—1.23 to 1.149)

0.04 (—0.82 to 0.70) —0.44 (—2.98 to 0.45)

53.83 (47.17-60.42) 60.00 (52.24-64.83)  54.17 (46.71-61.33)

25.00 (14.00-45.00) 38.00 (15.00-48.00)  40.00 (18.00-45.00)

0.16 (—=1.18 to 1.14)  0.02 (—1.05 to 0.76)

" Age of first spectacles had a bi-modal distribution with peaks at around 13 years-old and 50 years-old, reflecting correction for myopia

and presbyopic, respectively.
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TaBLe 2. Trans-Ancestry Genetic Correlation Estimates for Refractive Error

Analysis Ancestry Heritability + SE Heritability + SE in Trans-Ancestry
Method Pair in European Sample” Non-European Sample” Genetic Correlation + SE'
TAGC-UDR European vs. African 0.200 0.200 0.872 + 0.109
European vs. African 0.300 0.300 0.656 + 0.084
European vs. African 0.400 0.400 0.543 £+ 0.071
European vs. African 0.500 0.500 0.471 £ 0.059
European vs. East Asian 0.200 0.200 0.964 + 0.193
European vs. East Asian 0.300 0.300 0.728 £+ 0.143
European vs. East Asian 0.400 0.400 0.604 + 0.119
European vs. East Asian 0.500 0.500 0.525 £ 0.103
European vs. South Asian 0.200 0.200 1.139 + 0.0817
European vs. South Asian 0.300 0.300 0.862 + 0.063
European vs. South Asian 0.400 0.400 0.715 £ 0.049
European vs. South Asian 0.500 0.500 0.622 + 0.043
TAB-GREML European vs. African 0.237 £ 0.030 0.302 £ 0.087 0.489 + 0.181
European vs. South Asian 0.241 £+ 0.030 0.275 + 0.062 1.072 £ 0.173"

fFor TAGC-UDR, heritability was input as a model parameter; for TAB-GREML, heritability was estimated from the data.
" Note that TAGC-UDR and TAB-GREML do not constrain genetic correlation estimates to lie within the range —1.0 to 1.0, because this

can introduce bias.

mates were close to 7, ~ 0.9-1.0 for all ancestry pairs:
r, = 1.14, 95% confidence interval (CI) = 0.97-1.30 for
the European versus South Asian ancestry pair; 7, = 0.96,
95% CI = 0.59-1.31 for the European versus East Asian
pair; 7, = 0.87, 95% CI = 0.66 to 1.11 for the European
versus African ancestry pair. (Note that in order to provide
unbiased estimates, the TAGC-UDR method permits trans-
ancestry genetic correlations to fall outside the range 0-1,
even though such values are not possible in reality). When
the SNP-heritability of refractive error was assumed to be
higher, the trans-ancestry genetic correlation estimates fell;
at the highest SNP heritability level of b%,, = 0.5, the trans-
ancestry genetic correlation was estimated to be r, ~ 0.5-0.6
for all ancestry pairs: 7, = 0.62, 95% CI = 0.54-0.70 for the
European versus South Asian ancestry pair; 7, = 0.53, 95%
CI = 0.34-0.75 for the European versus East Asian pair; 7, =
0.47, 95% CI = 0.36 to 0.59 for the European versus African
ancestry pair. In Figure 3, a genetic correlation of 7, ~ 1.0
for the European versus European ancestry pair—matching
that expected for the calibration factor comparison—was
observed for SNP-heritability values b%,, = 0.2-0.3. For
this SNP-heritability level, the trans-ancestry genetic corre-
lation of refractive error was in the range », = 0.7-1.0
for the European versus African, European versus East
Asian and European versus South Asian ancestry pairs
(Table 2).

As a sensitivity analysis, the trans-ancestry genetic corre-
lation for the European versus African and European versus
South Asian ancestry pairs was calculated using an alterna-
tive method, TAB-GREML. As shown in Table 2, the TAB-
GREML estimates were 7, = 0.49 (SE = 0.18) for the Euro-
pean versus African ancestry pair and 7, = 1.07 (SE =
0.17) for the European versus South Asian ancestry pair.
The high trans-ancestry genetic correlation for the Euro-
pean versus South Asian ancestry pair supported the result
obtained using TAGC-UDR. The TAB-GREML trans-ancestry
genetic correlation for the European versus African ancestry
pair was lower than that estimated with TAGC-UDR (TAB-
GREML: r, = 0.49; TAGC-UDR: », = 0.66-0.87; Table 2).
However, these estimates all had large standard errors,
suggesting the differences could either be real or have arisen
because of lack of precision.
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Our analyses suggested the trans-ancestry genetic correla-
tion of refractive error most likely lay within the range
rg = 0.7-1.0 across a wide range of ancestry groups—
Europeans, Africans, East Asians and South Asians — imply-
ing that geographic variation in the prevalence of myopia is
mainly driven by differences in lifestyle rather than genet-
ics. The results are in line with the high genetic correla-
tion of refractive error between European and East Asian
individuals reported by the CREAM consortium (7, = 0.8-
0.9), which was calculated using different sets of participants
to those studied here and using an alternative method.?®
Our work extends the earlier CREAM findings by estimat-
ing the trans-ancestry genetic correlation across a wider
range of ancestries; to our knowledge, the current study
is the first to reveal that genetic susceptibility to refractive
error is largely shared across Europeans, Africans, and South
Asians.

When performing a within-ancestry genetic correlation
analysis—for example, the correlation of SNP effect sizes
for the traits refractive error and axial length in European
samples®*—the allele frequency of the SNPs with phenotypic
effects will generally be well matched for any two samples
of European ancestry. By contrast, in a trans-ancestry genetic
correlation analysis, many SNPs may be common in one
ancestry group but rare in the other. A SNP that has the same
effect size but differs in allele frequency across two ancestral
populations will have a greater impact on the phenotype in
the ancestry group with the higher allele frequency.'® Brown
etal.”® coined the terms “trans-ethnic genetic-impact correla-
tion” (pg) and “trans-ethnic genetic-effect correlation” (pog)
to distinguish between genetic correlation estimates that
do or do not account for ancestry-specific allele frequency
differences, respectively. The TAGC-UDR and TAG-GREML
methods we used here produce estimates that are more akin
to pge than pg;.

A key advantage of the TAGC-UDR method for esti-
mating trans-ancestry genetic correlations is that a large
sample of participants is only required for one ancestry
group (usually, this will be a group of European-ancestry
participants, due to the greater availability of Biobank-scale
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resources for Europeans). Thus the method can be applied
when the available sample size of the second ancestry
groups is limited to a few hundred or a few thousand partic-
ipants.l” A disadvantage of the TAGC-UDR method is that
it produces imprecise estimates, which is a consequence of
the small sample size of the second ancestry group. Further-
more, although the TAGC-UDR method accounts for differ-
ences in LD patterns across ancestry groups genome-wide,
this information is summarized as a set of three LD block
moment values (one of which corresponds to the number
of SNPs included in the analysis). This approach, while
shown to be unbiased in simulations,!” may not capture
subtle trans-ancestry differences in LD structure. Follow-
ing Momin et al.,>? we restricted the HapMap3 SNPs used
in our analysis to those with a MAF of at least 1% in
the ancestry groups studied to avoid the situation where
an allele was essentially monomorphic in one ancestry
sample. This meant that our genetic correlation was based
on a selected sample of genetic variants, whereas ideally
a genetic correlation estimate would be calculated using
the set of all causal variants in the genome for the trait-of-
interest. Rare genetic variants (those with MAF <1%) tend
to have arisen in populations more recently than common
variants (MAF >1%). Thus a trans-ancestry genetic corre-
lation calculated for common plus rare SNPs would likely
be lower than a trans-ancestry genetic correlation calcu-
lated for just common SNPs. The SNP-heritability of refrac-
tive error in Europeans calculated using HapMap3 SNPs is
0.25-0.45.3234 Because of the limited sample size of the eval-
uation samples, we calculated genetic correlations across
a range of plausible heritability values, rather than esti-
mating the heritability directly from the data. As expected
theoretically,!” trans-ancestry genetic correlation estimates
were lower when the heritability of refractive error was
assumed to be higher (Fig. 3). This phenomenon occurs
because the TAGC-UDR method scales-up SNP effect sizes
based on the h%,, (Fig. 1): for instance, if the true hZ,,
= 0.3 but it is incorrectly assumed to be b2, = 0.5,
then insufficient up-scaling will occur, which will result
in a trans-ancestry genetic correlation that is lower than
the true value. Conversely, if the true b%,, = 0.3 but it is
incorrectly assumed to be bi,, = 0.2, then excessive up-
scaling will occur, resulting in an inflated estimate of the
true trans-ancestry genetic correlation. A disadvantage of
our approach of estimating genetic correlations across a
range of plausible heritability values was that this left open
the question of which heritability value is most appropri-
ate. We addressed this by selecting the heritability value
(bZyp = 0.2-0.3) that provided the theoretically expected
genetic correlation for the European vs. European pair
comparison.

The European sample in our analyses had a median age
that was six to eight years older than the other ances-
try samples (Table 1). In the absence of a cohort effect,
this difference in age would be unlikely to have had a
major impact on our results, because (i) we included age
as a covariate in our analyses, (ii) by adulthood, both the
genetic and environmental contribution to refractive error
will have become fully manifest, and (iii) refractive error
is relatively stable across the 40- to 70-year age range.®
In reality, cohort effects on the refractive error of UK
Biobank participants seem likely to be present, especially
in relation to a trend towards greater educational attain-
ment for those born in more recent decades.**-3® Neverthe-
less, although heritability will vary across birth cohorts if
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environmental influences vary over time, we would expect
a six- to eight-year age gap to have minimal influence. Thus
GWAS regression coefficients would be largely stable across
the age range of UK Biobank participants. The East Asian
sample in our analysis had a median refractive error that
was more negative (myopic) than that of the other ances-
try samples. However, this would have been unlikely to
affect our genetic correlation estimates since heritability and
genetic correlation are based on within-sample variations in
trait values (i.e., changing the mean value of a trait does not
alter the heritability or genetic correlation estimates for the
trait).

In summary, genetic correlations for refractive error
across European-African, European-East Asian, and
European-South Asian ancestry pairs were estimated to
lie in the range 7, = 0.7-1.0. The current result for Euro-
pean vs. East Asian ancestry individuals matched that
obtained by the CREAM consortium using an alternative
method. The relatively high trans-ancestry genetic corre-
lations suggest that the wide variation in the prevalence
of myopia across geographic regions is mainly due to
differences in exposure to lifestyle risk factors rather
than genetics. However, a caveat to this conclusion is that
the current study focused on common variants and there-
fore does not rule out the possibility that rare variants
make an important contribution to geographic variation in
the prevalence of myopia. Furthermore, small sample sizes
for the non-European ancestry samples limited the precision
of the current genetic correlation estimates, which indicates
a need for Biobank-scale collection of genotyped individu-
als with known refractive error across diverse ancestries. A
recent consensus statement from the International Myopia
Summit® stressed that public health strategies aimed at
reducing visual impairment caused by myopia need to have
a global perspective. Our findings lend support to the idea
that public health efforts targeting lifestyle risk factors for
myopia will be effective across a wide range of geographical
regions.
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