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ABSTRACT
Aims To investigate the association between hyperopia 
and clinically significant depression (CSD) in middle- aged 
and older individuals. The effect of genetic determinants 
of hyperopia on incident CSD was also explored.
Methods We included participants who had available 
data on mean spherical equivalent (MSE) and were 
free of depression at baseline from the UK Biobank. For 
the phenotypic association, hyperopia was defined as 
MSE of+2.00 dioptres (D) or greater, and was divided 
into mild, moderate and high groups. Diagnosis of CSD 
across follow- up was determined based on electronic 
hospital inpatients records. For the genetic association 
analysis, the association between hyperopia Polygenic 
Risk Score and incident CSD was assessed. Mendelian 
randomisation was assessed for causality association.
Results Over a median follow- up of 11.11 years (IQR: 
10.92–11.38), hyperopia was significantly associated 
with incident CSD independent of genetic risk (HR 
1.29, 95% CI 1.05 to 1.59) compared with emmetropia 
participants, especially in those hyperopic patients 
without optical correction (HR 1.38, 95% CI 1.07 
to 1.76). In addition, participants in the high degree 
of hyperopia were more likely to have incident CSD 
than participants in the mild degree of hyperopia (P 
for trend=0.009). Genetic analyses did not show any 
significant associations between hyperopia and incident 
CSD (p≥0.1).
Conclusions Hyperopia was significantly associated 
with an increased risk of incident CSD. This was 
independent of genetic predisposition to hyperopia, 
emphasising the importance of regular vision screening 
and correction of hyperopia to reduce the risk of CSD 
regardless of genetic risk.

INTRODUCTION
Depression is characterised by sadness, suffering 
and irritability accompanied by psychophysiolog-
ical disturbances that are linked to poorer medical 
outcomes and higher risks of mortality.1–3 It is esti-
mated to affect more than 300 million people glob-
ally, and according to the WHO, is the single largest 
factor contributing to global disability.4 Clinically 
significant depression (CSD) is a severe form of 
depression, associated with higher rates of phys-
ical illness and comorbid psychiatric disorders. It 
is often accompanied by higher rates of morbidity, 

disability, mortality, substantial costs and risk of 
suicide especially in middle- aged and elderly indi-
viduals.5–11 Therefore, early prevention, detection 
and management are essential to addressing the 
burden of CSD.

Globally, age- related refractive errors are the 
most frequently occurring, treatable eye conditions 
that lead to disturbances in vision.12 13 The prev-
alence of clinically significant hyperopia increases 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Although we have known that older adults 
with vision impairment have a higher risk of 
depressive disorders than normal vision people, 
the association between clinically significant 
depression (CSD) and hyperopia has not been 
explored. We searched correlational studies 
on PubMed, using the search terms “refractive 
errors” or “hyperopia” and “clinically 
significant depression”. The current literature 
did not fully confirm the association of CSD 
across refractive errors, especially there was no 
evidence on the association between hyperopia 
with CSD. Only a few community- based 
studies have examined refractive errors with 
depression and presented ambiguous evidence. 
Nevertheless, there is still a lack of research to 
examine the genetic association between them.

WHAT THIS STUDY ADDS
 ⇒ This study confirms that hyperopia is associated 
with higher risks of CSD in a dose- response 
manner among middle- aged and older adults, 
especially in those without optical correction. 
However, genetically predisposed hyperopia 
may not be a determining risk factor for their 
association.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our study confirmed the relationship between 
hyperopia and incident CSD in middle- aged and 
older adults, especially in those without optical 
correction. Therefore, we should intervene in 
hyperopia in the early stage of vision decline 
through regular ophthalmic examination in 
order to reduce the CSD burden of the elderly.
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in the ageing population.14 In adults over 50 years, hyperopia 
becomes a common cause of worsening visual function, which 
can cause blurred vision, asthenopia and bifrontal headaches 
exacerbated by near work.15 16 These disturbances lead to worse 
vision- targeted health- related quality of life, a major contrib-
uting factor for depression.15 16

Although the link between general vision impairment and 
depression is well established,17–23 limited studies have investi-
gated the relationship between hyperopia and incident depres-
sion in at- risk population groups. With the insurgence of recent 
gene studies14 24 and genome- wide association studies (GWAS) 
identifying strong genetic predispositions for hyperopia,25 a 
causal relationship between hyperopia and depression should 
be considered. In the advent of new genetic targets,25 applying 
these to Polygenic Risk Scores (PRS) and Mendelian randomi-
sation (MR)26 27 generated from hyperopia loci can calculate 
hyperopia’s congenital risk, and prevent confounding factors 
from introducing bias. These findings provided the basis for us 
to explore if the genetic associations can pinpoint mechanisms 
that might confer to depression risk.

This study investigates the phenotypic association between 
hyperopia and risk of incident CSD in a large- scale sample of the 
UK Biobank cohort. In addition, we explored whether genetic 
predisposition to hyperopia had causal inference for CSD using 
PRS and MR analysis.

METHODS
Study sample
The UK Biobank is a large- scale prospective cohort study that 
enrolled more than 500 000 individuals (40–69 years) across the 
UK at baseline (2006–1010) and collected comprehensive phys-
ical measurements, touchscreen questionaries and genetic data. 
All details including the rationale, design and assessments used in 
the UK Biobank Study have been described elsewhere.28 Briefly, 
approximately 9.2 million participants aged 40–69 years in the 
UK’s National Health Service residing near one of 22 assessment 
centres were invited. A total of 502 645 individuals (response 
rate of 5.5%) agreed to participate and visited the assessment 
centres. This study gained access to their health records.

Ascertainment of hyperopia
In the UK biobank, refractive error was measured by an RC- 5000 
device (Tomey) from 1 January 2006 to 31 October 2010. The 
mean values of spherical power (UK Biobank Field 5084 and 
5085) and cylindrical power (UK Biobank Field 5086 and 5087) 
across both left and right eyes were calculated by averaging over 
10 repeated measurements. Mean spherical equivalent (MSE) 
was calculated as sphere power plus half cylinder power. Aver-
aged MSE values (from both eyes) were used in the analysis. 
The definition of our refractive groups was consistent with the 
previous GWAS study for hyperopia.25 Hyperopia was defined 
as MSE of+2.00 dioptres (D) or greater. The degrees of hyper-
opia were classified as mild (+ 2.00 D ≤ MSE < + 2.25 D), 
moderate (+ 2.25 D ≤ MSE < + 5.25 D) and high (MSE ≥ 
+ 5.25 D). Myopia was defined as MSE of –1.00 D or less. 
Emmetropia as controls was defined as MSE of 0.00 D to 1.00 
D. To minimise measurement error, definition between refrac-
tive groups was at least 0.75 D.

Individuals with a history of eye conditions that could influ-
ence refractive errors including cataracts (UK Biobank Field 
6148), injury or trauma resulting in loss of vision (UK Biobank 
Field 6148), refractive laser eye surgery (UK Biobank Field 
5325) and corneal graft surgery (UK Biobank Field 5328) were 

excluded.29 Whether or not participants wore glasses or contact 
lenses for hyperopia was determined by self- reported touch-
screen questionnaires (UK Biobank field 6147).

Ascertainment of incident CSD
CSD in the UK Biobank Study was defined if F32 and F33 Inter-
national Classification of Diseases- 10 (ICD-10) diagnosis codes 
were linked to inpatients from 2006 to April 2021.30 Participants 
were excluded from the present analysis if they had a prior diag-
nosis of depression identified at baseline. To identify participants 
with depression at baseline, multiple data sources were adopted 
to attenuate misclassification including ICD- 10 identified cases 
of depression that occurred before the date of baseline assess-
ment, self- reported depression data (UK Biobank field 20002) 
and scores on the Patient Health Questionnaire (PHQ, the first 
two items), which added to a score of at least 3 (UK Biobank 
field 2050 and 2060).31 32 Follow- up time was calculated as the 
duration between the date of the first assessment and censored 
at the date of incident depression, date of death, date of lost to 
follow- up or 28 April 2021.

Covariates
All the variables used in the paper are detailed in online supple-
mental table 1. Factors known to be associated with depression 
were considered potential confounding factors in the current 
analysis and included age, sex, ethnicity (recorded as white 
and non- white), Townsend Deprivation Indices (an area- based 
proxy measure for socioeconomic status and positive values of 
the index will indicate areas with high material deprivation, 
whereas those with negative values will indicate relative afflu-
ence), education attainment (recorded as college or university 
degree and others), family history of depression (a marker of 
biological vulnerability), smoking status (recorded as current/
previous and never), physical activity level (recorded as above 
moderate/vigorous/walking recommendation or not), visual 
impairment was defined as the presenting visual acuity worse 
than 0.3 logMAR units (Snellen 20/40) in the better- seeing eye 
and comorbidities (diabetes, hypertension and hyperlipidaemia), 
which were collected at the same time as the MSE data.

Hypertension was defined if it was self- reported, if participants 
took antihypertensive drugs or a systolic blood pressure >130 
mm Hg or a diastolic blood pressure >80 mm Hg averaged over 
two measurements. Diabetes was defined if it was self- reported 
or doctor diagnosed, if they were taking antihyperglycaemic 
medications or using insulin or had a glycosylated haemoglobin 
level of >6.5%. Hyperlipidaemia was defined if participants 
were diagnosed by doctors, were taking lipid- lowering drugs or 
had a total cholesterol level >6.21 mmol/L.

Genotyping data sources
The UK Biobank contains genotypes for 488 377 participants 
using two very similar genotyping arrays. All details about the 
genotype data have been described elsewhere.33 34 In brief, 
genetic architecture ascertained in the 1000 Genomes Project, 
the UK 10K and the Haplotype Reference Consortium reference 
panels were used for imputation. After quality control, 487 442 
participants with 92 693 895 genetic markers were available in 
the data release.

We used the GWAS results from Tiedman et al25 to derive 
the hyperopia PRS, which is composed of 13 independent SNPs 
that were significantly associated with hyperopia at p<1×10−7 
(online supplemental table 2 and online supplemental figure 1). 
The hyperopia PRS for each participant is the cumulative sum of 
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the number of risk alleles of an SNP multiplied by the weighting 
factor.35 We defined the hyperopia PRS in thirds: ‘low risk’ 
(lowest third of hyperopia PRS), ‘medium risk’ (second third) 
and ‘high risk’ (highest third).

For two sample MR (2SMR), we drew on summary statis-
tics from the largest and most recent meta- analytical GWAS 
for major depressive disorder in Europeans, with 59 851 cases 
and 113 154 controls.36 The case–control GWAS is defined as a 
lifetime diagnosis of major depression based primarily on struc-
tured assessments by trained interviewers, clinician- administered 
checklists or medical record review. And the GWAS identified 44 
independent genome- wide significant SNPs for major depressive 
disorder.

Statistical analysis
Descriptive statistics, including means and SDs, numbers and 
percentages, were used to report baseline characteristics of 
study participants. Baseline characteristics were compared 
according to hyperopia or emmetropia status using Student’s 
t- test for continuous variables and χ2 test for categorical vari-
ables. The log- rank test was used to compare distributions of 
incident CSD between hyperopia and emmetropia groups. The 
association between baseline hyperopia status and incident 
CSD was estimated by Cox proportional hazards regression 
models. We adjusted for age and gender in the first model, and 
additionally adjusted for ethnicity, smoking status, education 
level, Townsend Deprivation Index, family history of severe 
depression, physical activity level, visual impairment status and 
comorbidities (diabetes, hypertension and hyperlipidaemia) in 
the second model. In addition, three sensitivity analyses were 
conducted: (1) removing all incident CSD cases that occurred 
within 2 years of follow- up to minimise the possibility of reverse 
causality; (2) removing participants with baseline age under 
50 then 60 years old to reduce the effect of non- cycloplegia37 
and (3) baseline depression was determined only by using self- 
reporting data and ICD- 10 to exclude possible false positives 
through PHQ- 2 questionnaire.

For the genotype association between hyperopia and incident 
CSD, we assessed the effect of hyperopia PRS with hyperopia 
phenotype. The predictive effect of hyperopia PRS on hyper-
opia was evaluated by a logistic regression model. To make 
the results comparable, we used the same Cox proportional 
hazards models mentioned above to investigate the association 
between hyperopia PRS and incident depression. The analysis 
was also performed in the hyperopia or emmetropia population 
separately.

To explore the causal relationship, one- sample MR (1SMR) 
was performed using two- stage least- squares regression adjusted 
for age and gender, with hyperopia PRS as an instrument and 
overall CSD as the outcome. As sensitivity analysis, 2SMR was 
also conducted. The 9 SNPs (p<5×10−8) used for hyperopia 
PRS generation were extracted with their individual summary 
statistics and worked as the instrument variables. Their corre-
sponding effect on the outcome was extracted from the GWAS 
for depression mentioned above. An inverse- variance weighted 
regression analysis was first applied,38 followed by weighted 
median approach, which selects the median MR estimate as 
the causal estimate39 and MR Egger regression, which allows 
the intercept to be freely estimated as an indicator of average 
pleiotropic bias.40 To assess the robustness of the MR assump-
tion and results, we conducted further tests for horizontal 
pleiotropy by performing Cochran Q test and leave- 1- SNP- out 
analyses.41

All tests were two sided, and statistical significance was set at 
a p<0.05. All analyses were completed in R V.4.0.2 and Stata/
MP V.16.0.

RESULTS
Of the 502 645 participants enrolled in the baseline UK Biobank 
Study between 2006 and 2010, MSE was measured in 114 833 
(22.85%) participants after excluding individuals missing data. 
We excluded participants with medical history of eye disease 
(n=11 219) leaving a total of 94 669 participants for the 
final analysis. Of these, 25 786 had emmetropia (27.2%), 25 
897 had myopia (27.3%) and 11 393 (12.10%) had hyperopia 
(online supplemental figure 2). At baseline, hyperopic partici-
pants comprised 55.70% females, with mean age (SD) of 61.00 
(6.53) years old. Differences in baseline characteristics between 
hyperopic and emmetropic participants are described in table 1. 
In general, participants with hyperopia were more likely to 
be older, female, of white ethnicity, less educated, with lower 
Townsend scores, current or former smokers, experience visual 
impairment, and have a history of diabetes compared with those 
with emmetropia (all p<0.05).

Association of hyperopia phenotype and incident CSD
Across a median (IQR) follow- up duration of 11.11 (10.92–
11.38) years, 574 participants (1.54%) developed incident CSD. 
Baseline characteristics stratified by CSD status are shown in 
online supplemental table 3. At baseline, those who developed 
CSD at follow- up tended to be female, of non- white ethnicity, 
less educated, with higher Townsend scores, current or former 
smokers, not meeting physical activities recommendations, have 
a family history of severe depression, a history of diabetes and 
hyperlipidaemia compared with those without incident CSD (all 
p<0.05).

Participants with hyperopia at baseline were more likely to 
develop incident CSD than emmetropic counterparts (log- rank 
test, z=12.55, p<0.001), and a significant association between 
hyperopia and incident depression was observed (HR 1.34; 95% 
CI 1.12 to 1.60, p=0.001) after adjusting for age and gender. 
After further adjusting for ethnicity, smoking status, education 
level, Townsend Index, family history of severe depression, 
physical activity level, visual impairment status and comorbid-
ities (diabetes, hypertension and hyperlipidaemia), hyperopia 
was independently associated with a 29% higher risk of incident 
depression (HR 1.29. 95% CI 1.05 to 1.59, p=0.015) (table 2). 
When dividing hyperopia participants into low, moderate and 
high hyperopia groups, hyperopia severity conferred to higher 
risks of depression (P for trend=0.009). In addition, hyper-
opic patients without hyperopic correction had a higher risk 
of depression (HR 1.38, 95% CI 1.07 to 1.76, p=0.011). No 
significant association between myopia and incident CSD was 
found (p>0.05) (table 2).

In the sensitivity analysis, after excluding incident depression 
diagnosed within 2 years of follow- up, we observed similar find-
ings between hyperopia and incident CSD with an HR of 1.28 
(95% CI 1.03 to 1.60). Hyperopia severity conferred higher 
risks of CSD (P for trend=0.005), and those without hyperopic 
correction had a higher risk of CSD (HR 1.34, 95% CI 1.02 
to 1.75, p=0.033). After excluding participants aged <50 years 
and <60 years old, the association remained similar with HRs 
(95% CI) of 1.23 (1.03 to 1.48) and 1.28 (1.03 to 1.58), respec-
tively (all p<0.05). In addition, the association between depres-
sion and incident CSD remained significant (HR 1.28; 95% CI 
1.04 to 1.58, p=0.018) when we defined depression through 
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self- report data and ICD- 10 to screen out depression at baseline 
(online supplemental table 4).

Association of hyperopia PRS and incident CSD
We next assessed the association between genetic predisposition 
of hyperopia and incident CSD. These analyses were restricted to 
participants with genetic data (n=91 287, (online supplemental 
figure 2). Hyperopia PRS was significantly associated with 
hyperopia (OR 1.65, 95% CI 1.50 to 1.81, p<0.001) (online 
supplemental table 5) but no significant association was observed 
between hyperopia PRS and incident CSD in a multivariable- 
adjusted model in the overall population (HR 0.96, 95% CI 0.85 
to 1.07, p=0.446), nor in the differing refractive status popula-
tion (table 3).

MR analysis between hyperopia and depression
In the 1SMR analysis, the causal effect of genetic predisposition 
hyperopia on overall CSD was not significant (β=0.32, 95% CI 
−1.08 to 1.71, p=0.656) (online supplemental table 6).

In the 2SMR analysis, seven SNPs were used as IVs (two SNPs 
were removed due to ambiguous strand) (online supplemental 
table 7), however, no evidence of a causal relationship between 
hyperopia with CSD was observed (IVW: OR 1.00, 95% CI 
−0.06 to 0.04, p =0 .40). Weighted median and MR Egger 
analysis yielded a similar pattern of effects (weighted median: 
OR 0.96, 95% CI −0.11 to 0.04, p =0.30; MR Egger: OR 0.87, 
95% CI −0.38 to 0.11, p =0.31) (online supplemental table 8, 
figure 1). A leave- one- out analysis revealed no single SNP was 
driving these results (figure 1). Similarly, the modified Q statistic 
indicated no notable heterogeneity (IVW, Q=5.69; p=0.47; MR 
Egger, Q=8.12; p=0 .46) across instrument SNP effects (online 
supplemental table 8).

DISCUSSION
Using the UK Biobank’s large prospective cohort, the phenotypic 
and genotypic relations between hyperopia and CSD were exam-
ined in middle- aged and older individuals. We found hyper-
opia was significantly associated with a higher risk of incident 

Table 1 Baseline characteristics of the study participants stratified by hyperopia*

Baseline characteristics Total Sample with emmetropia Sample with hyperopia OR (95% CI)†

No 37 179 25 786 (69.36) 11 393 (30.64) –

Age, mean (SD), yrs 57.36 (8.12) 55.75 (8.23) 61.00 (6.53) 1.09 (1.09 to 1.11)

  < 60 years, N (%) 18 938 (50.94) 15 425 (59.82) 3513 (30.83) 1 (Reference)

  ≥ 60 years, N (%) 18 241 (49.06) 10 361 (40.18) 7880 (69.17) 3.37 (3.21 to 3.53)

Gender, no (%)

  Female 19 810 (53.28) 13 464 (52.21) 6346 (55.70) 1 (Reference)

  Male 17 369 (46.72) 12 322 (47.79) 5047 (44.30) 0.82 (0.78 to 0.86)

Ethnicity, no (%)

  White 33 594 (90.36) 22 856 (89.64) 10 738 (94.25) 1 (Reference)

  Non- white 3585 (9.64) 2930 (11.36) 655 (5.75) 0.65 (0.59 to 0.71)

Townsend index, mean (SD) −1.01 (3.00) −0.97 (3.00) −1.10 (2.99) 1.01 (1.00 to 1.02)

Education level, no (%)

  College or university degree 11 106 (29.87) 8295 (32.17) 2811 (24.67) 1 (Reference)

  Others 26 073 (70.13) 17 491 (67.83) 8582 (75.33) 1.23 (1.17 to 1.30)

Smoking status, no (%)

  Never 19 640 (53.29) 14 035 (54.87) 5605 (49.69) 1 (Reference)

  Former/current 17 218 (46.71) 11 543 (45.13) 5675 (50.31) 1.15 (1.10 to 1.21)

Family history of severe depression, no (%)

  No 32 829 (88.30) 22 781 (88.35) 10 048 (88.19) 1 (Reference)

  Yes 4350 (11.70) 3005 (11.65) 1345 (11.81) 1.06 (0.99 to 1.14)

Physical activity, no (%)

  Not meeting recommendation 4845 (16.21) 3423 (16.35) 1421 (15.90) 1 (Reference)

  Meeting recommendation 25 036 (83.79) 17 519 (83.65) 7517 (84.10) 0.96 (0.90 to 1.03)

Visual impairment

  No 36 381 (97.97) 25 537 (99.12) 10 844 (95.36) 1 (Reference)

  Yes 754 (2.03) 226 (0.88) 528 (4.64) 4.62 (3.91 to 5.45)

History of diabetes, no (%)

  No 34 960 (94.03) 24 278 (94.15) 10 682 (93.76) 1 (Reference)

  Yes 2219 (5.97) 1508 (6.24) 711 (6.24) 0.86 (0.78 to 0.95)

History of hypertension, no (%)

  No 9236 (24.84) 6857 (26.59) 2379 (20.88) 1 (Reference)

  Yes 27 943 (75.16) 18 929 (73.41) 9014 (79.12) 0.95 (0.90 to 1.01)

History of hyperlipidaemia, no (%)

  No 19 768 (53.17) 14 457 (56.07) 5311 (46.62) 1 (Reference)

  Yes 17 411 (46.83) 11 329 (43.93) 6099 (53.38) 1.02 (0.98 to 1.07)

*Emmetropia was defined as 0.00 D≤MSE≤ +1.00 D; hyperopia was defined as MSE ≥ +2.00 D.
†Logistic regression models adjusted for age and gender.
D, dioptre; MSE, mean spherical equivalent.;
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CSD, and hyperopia severity conferred to risk of CSD in a 
dose- response manner. In addition, hyperopic patients without 
optical correction had a higher risk of developing CSD. In 
genetic analysis, we observed no significant relationship between 
genetically predisposed hyperopia and predictive risk of incident 
CSD, suggesting hyperopia might be a modifiable risk factor for 
CSD prevention independent of genetic predisposition. These 
findings highlight the importance of hyperopia screening and 
treatment for middle- aged and older adults regardless of genetic 
risks, which may help lessen the burden of CSD.

This study is the first to examine the association and causal 
relationship between hyperopia and CSD combining phenotypic 
and genetic approaches. Previous studies showed rates of depres-
sion are higher in older people with visual impairment,17–23 
ranging from 7% to 39% for clinical depression,17–19 and 29% 
to 43% for significant depressive symptoms.20–22 Until now, the 
isolated effect of refractive errors on mood disorders and depres-
sion has not been explored, let alone with attention to genetic 
risk factors. We found participants with hyperopia had a higher 
risk of CSD independent of visual impairment and other eye 
conditions. Moreover, a significant dose–response relationship 
between hyperopia and risk of developing CSD was observed. 
To our knowledge, no such association has been previously 
reported to suggest management of hyperopia may reduce CSD 
risk. A prospective study investigating the benefits of hyper-
opia correction with depression would assist in cementing this 
phenomenon.

This study observed the association of hyperopia with CSD 
risk was stronger among hyperopic participants without optical 
correction compared with refractive corrected counterparts, 
implying the benefits of optical correction for minimising risk 
of depression. A past study showed nursing home residents 
reported less psychological stress, better social interactions, 
fewer depressive symptoms and improved quality of life after 
receiving correction for previously unaddressed refractive 
errors.16 In recent years, uncorrected refractive error has become 
a leading cause of vision impairment worldwide and the second 
leading cause of blindness.14 42 Although poor visual acuity is 

Table 3 Cox proportional hazards models for incident CSD by 
hyperopia PRS status

Hyperopia PRS

Incident CSD

Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value

Overall participants

Continue variable 0.99 (0.89 to 1.09) 0.810 0.96 (0.85 to 1.07) 0.446

Category variable

  Low risk 1 (Reference) – 1 (Reference) –

  Medium risk 1.10 (0.90 to 1.35) 0.364 1.06 (0.84 to 1.34) 0.623

  High risk 0.98 (0.79 to 1.21) 0.837 0.91 (0.72 to 1.16) 0.458

In hyperopia participants

Continue variable 1.02 (0.63 to 1.66) 0.939 0.86 (0.49 to 1.51) 0.597

Category variable

  Low risk 1 (Reference) – 1 (Reference) –

  Medium risk 1.08 (0.76 to 1.53) 0.668 1.07 (0.84 to 1.34) 0.744

  High risk 1.02 (0.73 to 1.45) 0.837 0.95 (0.64 to 1.42) 0.818

In emmetropia participants

Continue variable 0.95 (0.65 to 1.38) 0.779 0.86 (0.56 to 1.32) 0.492

Category variable

  Low risk 1 (Reference) – 1 (Reference) –

  Medium risk 1.10 (0.85 to 1.42) 0.478 1.04 (0.78 to 1.39) 0.777

  High risk 0.92 (0.71 to 1.20) 0.539 0.87 (0.64 to 1.18) 0.362

We defined the hyperopia PRS in thirds: ‘low risk’ (lowest third of hyperopia PRS), 
‘medium risk’ (second third), ‘high risk’ (highest third). Model 1 was adjusted for 
age and gender. Model 2 additionally adjusted for risk factors shared between 
hyperopia and depression, including ethnicity, smoking status, education level, 
Townsend index, family history of severe depression, physical activity level, visual 
impairment and comorbidities (diabetes, hypertension and hyperlipidaemia).
CSD, clinically significant depression; PRS, Polygenic Risk Score.

Figure 1 MR Plots for relationship of hyperopia with major depressive 
disorder. (A) Scatterplot of single- nucleotide polymorphism (SNP) effects 
on major depressive disorder versus their effects on hyperopia, with 
slope of each line corresponding to estimated MR effect per method. 
(B) Forest plot of MR leave- one- out sensitivity analysis for hyperopia on 
major depressive disorder. MR, Mendelian randomisation.

Table 2 Cox proportional hazards models for incident CSD by 
hyperopia

Incident CSD

Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value

Refractive status         

  Emmetropia 1 (Reference) – 1 (Reference) –

  Myopia 0.91 (0.79 to 1.05) 0.212 1.00 (0.85 to 1.17) 0.967

  Hyperopia 1.34 (1.12 to 
1.60)

0.001 1.29 (1.05 to 
1.59)

0.015

Degrees of 
hyperopia

        

  Emmetropia 1 (Reference)   1 (Reference)   

  Mild hyperopia 1.07 (0.73 to 1.56) 0.730 1.17 (0.78 to 1.77) 0.450

  Moderate 
hyperopia

1.35 (1.11 to 
1.65)

0.003 1.28 (1.01 to 
1.61)

0.034

  High hyperopia 1.66 (1.13 to 
2.43)

0.009 1.53 (0.99 to 2.37) 0.058

  P for trend   <0.001   0.009

Wearing glasses for hyperopia       

  Emmetropia 1 (Reference)   1 (Reference)   

  Wearing 
hyperopic glasses

1.32 (1.05 to 
1.65)

0.023 1.22 (0.93 to 1.60) 0.144

  No hyperopic 
glasses

1.36 (1.10 to 
1.70)

0.006 1.38 (1.07 to 
1.76)

0.011

The degrees of hyperopia were classified as mild (+ 2.00 D ≤MSE < + 2.25 D), 
moderate (+ 2.25 D ≤MSE < + 5.25 D) and high (MSE≥ + 5.25 D). We used Cox 
proportional hazards regression for the incident depression. Model 1 was adjusted 
for age and gender. Model 2 additionally adjusted for risk factors shared between 
hyperopia and CSD, including ethnicity, smoking status, education level, Townsend 
index, family history of severe depression, physical activity level, visual impairment 
and comorbidities (diabetes, hypertension and hyperlipidaemia).
CSD, clinically significant depression; MSE, mean spherical equivalent.
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the chief symptom of hyperopia, the uncomfortable symptoms 
caused by accommodative spasm are also responsible for the inci-
dence of depression. Previous studies also suggested that wearing 
glasses has shown the ability to alleviate such symptoms.43 We 
consider that hyperopia correction using glasses, rehabilitative 
eye exercises, surgical correction or intraocular lenses (especially 
for those who also need cataract treatment) may also have the 
potential to reduce the risk of depression.44–46 Therefore, the 
development of health policies, which endorses regular vision 
screening in older age should be considered as a strategy which 
minimises CSD risk at a population level.

Consistent with a previous GWAS,25 hyperopia PRS was 
significantly and positively associated with hyperopia, although 
this study did not observe a significant association between 
hyperopia PRS and risk of incident CSD. In addition, no 
evidence of a causal relationship has been found from an MR 
analysis. Depression is a devastating psychiatric disorder caused 
by a combination of genetic predisposition and life events,47 and 
it is thought to have a 35% heritability with each genomic varia-
tion having a very small effect.48 Previous studies have explored 
some genetic associations between risk factors and depression 
exist, including type 2 diabetic SNPs and major depression, and 
smoking habits with depression genetic risk,49 50 however, this 
study indicates PRSs of hyperopia do not have strong associa-
tions with depression. In fact, current studies indicate nonge-
netic risk factors are more insightful for risk calculation of 
mental disorders and hence polygenic scores are not particularly 
informative or used clinically in psychiatric medicine.51 This 
may be due to genotypes not fully reflecting phenotype presen-
tation,52 but more likely because the genome ignores a multitude 
of factors which trigger worsening of hyperopia and depres-
sion, including environment and physiological disturbances like 
presbyopia and neurotransmitter loss which occur in the ageing 
body.14 The GWAS for hyperopia we used as a template for the 
study design likely included presbyopic individuals considering 
they were not explicitly excluded, and hence MR analysis using 
these SNPs may partially reflect the casual relationship between 
presbyopia and depression. Still, there may exist psychosocial 
and clinical confounding factors yet unknown or unmeasured 
between hyperopia and incident CSD which inhibit an effect 
being observed on MR analysis in this study. As genetics had 
limited effects in explaining the association between hyperopia 
and CSD, further work should seek to understand underlying 
sources of phenotypic variance.

Strengths of this study include its large sample size using UK 
Biobank participants, which enabled a comprehensive anal-
ysis addressing genetic and environmental risks, and complete 
adjustment for potential confounders. The UK Biobank cohort 
also allowed for long- term follow- up and access to routinely 
updated health records to identify depression across many 
settings. Despite this, some limitations should be acknowl-
edged. First, we only explored the association between baseline 
MSE and the risk of depression. And limited by the current 
dataset, we could not define presbyopia accurately and iden-
tify participants with hyperopia accompanied by presbyopia. 
Second, the long- term evaluation for hyperopia intervention 
was not available in the present study, thus preventing us from 
investigating the potential effect of interventions in reducing 
the risk of CSD. Third, this study investigated associations 
with CSD, therefore these findings may not apply to those 
with mild depression. Lastly, while we adjusted analyses for 
known confounders which were reported by UK Biobank, we 
cannot discount the possibility of residual confounding which 
was not assessed for, such as fall risk, or other confounding 

variables not yet known of, which would otherwise be relevant 
to depression risk.53

CONCLUSIONS
In summary, this study found that middle- aged and older indi-
viduals with hyperopia were more likely to develop incident 
CSD, with a progressively greater risk among those with higher 
degrees of hyperopia and without optical correction. In addition, 
genetic factors known to predispose people to hyperopia were 
not risk factors for CSD in this study. These findings suggest the 
importance of hyperopia correction for the early prevention of 
depression among the middle- aged and elders, however, further 
studies are necessary to elucidate the underlying mechanisms for 
our findings.
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2

Supplementary Table 1. UK biobank showcase variables used in the paper.21

Measure
Field
ID

Time Description

Ascertainment of Hyperopia

Spherical power (right) 5084
Baseline
assessment

the spherical power of refractometry results for the
right eye

Spherical power (left) 5085
Baseline
assessment

the spherical power of refractometry results for the
left eye

Cylindrical power (right) 5087
Baseline
assessment

the cylindrical power of refractometry results for
the right eye

Cylindrical power (left) 5086 Baseline
assessment

the cylindrical power of refractometry results for
the left eye

Reason for glasses/contact lenses 6147
Baseline
assessment

Touchscreen question "Why were you prescribed
glasses/contacts? (You can select more than one

answer)".

Ever had cataract 6148
Baseline
assessment

Touchscreen question "Has a doctor told you that
you have any of the following problems with your
eyes? (You can select more than one answer)".

Ever had injury or trauma

resulting in loss of vision
6148 Baseline

assessment

Touchscreen question "Has a doctor told you that
you have any of the following problems with your
eyes? (You can select more than one answer)".

Ever had corneal graft surgery 5328 Baseline
assessment

Participants were asked if they had ever had
corneal graft surgery

Ever had refractive laser eye

surgery
5325

Baseline
assessment

Participants were asked if they had refractive laser
eye surgery

Ascertainment of Incident CSD

Baseline Depression

20002

Baseline
assessment

Self-reported depression.

2050 Frequency of depressed mood in last 2 weeks

2060
Frequency of unenthusiasm/disinterest in last 2

weeks

Incident CSD

41270
(code
F32,
F33)

From the
date of
baseline

assessment
to either the
date of

onset CSD,
the date of
death, or the

end of
follow-up
(28 April
2021)

Hospital in-patient records with CSD as main or
any secondary diagnoses based on the 10th edition

of the WHO International Classification of
Diseases (ICD-10).

41280

The date each ICD-10 diagnosis code was first
recorded in either the primary or secondary
position in the participant's hospital inpatient

records.

Covariates

Age 21003 Baseline
assessment

Refer to the age of the participant on the day they
attended an Assessment Centre, year.

Sex 31
Baseline
assessment

Sex of participant.

Ethnic background 21000 Baseline
assessment

Recorded as white and non-white.
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3

Townsend deprivation index 189 Baseline
assessment

Townsend deprivation index calculated
immediately prior to participant joining UK

Biobank based on the preceding national census
output areas. Each participant is assigned a score
corresponding to the output area in which their

postcode is located.

Education attainment 6138
Baseline
assessment

Touchscreen question "Which of the following
qualifications do you have? (You can select more

than one)".

Physical activity levels 22036
Baseline
assessment

Indicates whether a person met the 2017 UK
Physical activity guidelines of 150 minutes of
walking or moderate activity per week or 75

minutes of vigorous activity.

Smoking status 20116
Baseline
assessment

This field summarises the current/past smoking
status of the participant.

Family history of severe
depression

20107
(code
1,2)

Baseline
assessment

Illnesses of father. Touchscreen question "Has/did
your father ever suffer from? (You can select more

than one answer)".
20110
(code
1,2)

Illnesses of mother. Touchscreen question "Has/did
your mother ever suffer from? (You can select

more than one answer)".

20111
(code
1,2)

Illnesses of siblings. Touchscreen question "Have
any of your brothers or sisters suffered from any of
the following diseases? (You can select more than

one answer)".

Hypertension

20002
(code
1065,
1072)

Baseline
assessment

Self-reported hypertension.

6153
(code
2)

Use of antihypertensive drugs.

4080 Average systolic blood pressure of at least
130mmHg.

4079
Average diastolic blood pressure of at least

80mmHg.

Diabetes mellitus

2443

Baseline
assessment

Doctor-diagnosed diabetes mellitus. Touchscreen
question "Has a doctor ever told you that you have

diabetes?"
20003 The use of anti-hyperglycemic medications.
6153
(code
3)

The use of insulin.

30750
Glycated hemoglobin level measured by HPLC
analysis on a Bio-Rad VARIANT II Turbo (≥ 48

mmol/mol).

Hyperlipidemia

20002
(code
1473)

Baseline
assessment

Self-reported hyperlipidemia.

6153 The use of statins.
20003 The use of hyperlipidemia-related medication.

30690
Blood cholesterol level Measured by CHO-POD
analysis on a Beckman Coulter AU5800(≥ 6.21

mmol/L).

CSD, clinically significant depression.22
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Supplementary Table 2. Genetic Association of SNPs with Hyperopia.123
SNP CHR POS A1 A2 logOR SE P

rs12193446 6 129820038 G A 0.213424 0.0280639 2.85E-14

rs112947941 12 6997808 G A -0.274022 0.0376972 3.62E-13

rs3138142 12 56115585 T C 0.140075 0.0199253 2.07E-12

rs4374796 6 73638262 C C 0.124516 0.0177213 2.12E-12

rs685352 15 35008335 G A -0.123032 0.0177938 4.70E-12

rs11084579 19 31802723 A G -0.116846 0.018753 4.64E-10

8:60179048_CA_C 8 60179048 C CA 0.114159 0.0183887 5.37E-10

rs2741297 2 233387007 A A -0.116523 0.0195731 2.63E-09

rs13380109 15 79378775 A G -0.103178 0.0178279 7.14E-09

rs2969185 17 11406081 A C -0.0994712 0.0176322 1.69E-08

rs4794029 17 47280301 T T 0.105089 0.0187671 2.15E-08

rs1254319 14 60903757 A G -0.104659 0.0194532 7.45E-08

rs7042950 9 77149837 G A -0.114277 0.0213001 8.09E-08

SNP, single-nucleotide polymorphism.24
1Tideman JWL, Pärssinen O, Haarman AEG, et al. Evaluation of Shared Genetic Susceptibility to High25
and Low Myopia and Hyperopia. JAMA ophthalmology. Jun 1 2021;139(6):601-609.26

27
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Supplementary Table 3. Baseline Characteristics Stratified by Incident CSD at28

Follow-up.29

Baseline Characteristics Total
Sample with no Incident

CSD

Sample with

Incident CSD
HR (95% CI)a

N 37,179 36,605 (98.45) 574 (1.54) -

Age, mean (SD), yrs 57.36 (8.12) 57.35 (8.12) 57.65 (8.14) 1.01 (1.00, 1.02)

< 60 y, N (%) 18,938 (50.94) 18,649 (50.95) 289 (50.35) 1 [Reference]

≥ 60 y, N (%) 18,241 (49.06) 17,956 (49.05) 285 (49.65) 1.05 (0.89, 1.23)

Gender, No. (%)

Female 19,810 (53.28) 19,459 (53.16) 351 (61.15) 1 [Reference]

Male 17,369 (46.72) 17,146 (46.84) 223 (38.85) 0.73 (0.62, 0.86)

Ethnicity, No. (%)

White 33,594 (90.36) 33,057 (90.31) 537 (93.55) 1 [Reference]

Non-white 3,585 (9.64) 3,548 (9.69) 37 (6.45) 0.65 (0.46, 0.91)

Townsend index, mean

(SD)
- 1.01 (3.00) - 1.02 (3.00) - 0.33 (3.18) 1.08 (1.05, 1.11)

Education level, No. (%)

College or university degree 11,106 (29.87) 10,985 (30.01) 121 (21.08) 1 [Reference]

Others 26,073 (70.13) 25,620 (69.99) 453 (78.92) 1.60 (1.30, 1.95)

Smoking status, No. (%)

Never 19,640 (53.29) 19,388 (53.43) 252 (47.48) 1 [Reference]

Former/current 17,218 (46.71) 16,901 (46.57) 317 (55.71) 1.51 (1.30, 1.79)

Family history of severe

depression, No. (%)

No 32,829 (88.30) 32,365 (88.42) 464 (80.84) 1 [Reference]

Yes 4,350 (11.70) 4,240 (11.58) 110 (19.16) 1.75 (1.42, 2.15)

Physical activity, No. (%)

Not meeting 4,845 (16.21) 4,750 (16.14) 95 (21.49) 1 [ Reference]
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recommendation

Meeting recommendation 25,036 (83.79) 24,689 (83.86) 347 (78.51) 0.70 (0.55, 0.87)

Visual impairment

No 36,381 (97.97) 35,821 (97.98) 560 (97.56) 1 [ Reference]

Yes 754 (2.03) 740 (2.02) 14 (2.44) 1.20 (0.70, 2.04)

History of diabetes, No.

(%)

No 34,960 (94.03) 34,443 (94.07) 527 (91.81) 1 [ Reference]

Yes 2,219 (5.97) 2,172 (5.93) 47 (8.19) 1.50 (1.09, 2.00)

History of hypertension,

No. (%)

No 9,236 (24.84) 9,083 (24.81) 153 (26.66) 1 [ Reference]

Yes 27,943 (75.16) 27,522 (75.19) 421 (73.34) 1.07 (0.95, 1.22)

History of hyperlipidemia,

No. (%)

No 19,768 (53.17) 19,477 (53.21) 291 (50.70) 1 [ Reference]

Yes 17,411 (46.83) 17,128 (46.79) 283 (49.30) 1.09 (0.91, 1.30)

aNote: Cox proportional hazards regression models adjusted for age and gender.30

CSD, clinically significant depression; No., number; HR, hazard ratio; CI, confidence interval; SD,31

standard deviation.32

33
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Supplementary Table 4. The Sensitivity Analyses Cox Proportional Hazards34

Models for Incident CSD by Hyperopia.35

Multivariable Model

HR (95% CI) P value

Excluding incident of CSD within 2 years

Refractive status

Emmetropia 1 [Reference] -

Myopia 1.11 (0.93, 1.32) 0.247

Hyperopia 1.28 (1.03, 1.60) 0.015

Degrees of hyperopia

Emmetropia 1 [Reference]

Mild hyperopia 0.91 (0.55, 1.49) 0.701

Moderate hyperopia 1.29 (1.01, 1.65) 0.043

High hyperopia 1.78 (1.14, 2.76) 0.011

P for trend 0.005

Wearing glasses for hyperopia

Emmetropia 1 [Reference]

Wearing hyperopic glasses 1.22 (0.92, 1.63) 0.172

No hyperopic glasses 1.34 (1.02, 1.75) 0.033

Excluding baseline age < 50 years old （n = 7,832）

Emmetropia 1 [Reference]

Hyperopia 1.23 (1.03, 1.48) 0.024

Excluding baseline age < 60 years old （n = 18,938）

Emmetropia 1 [Reference]

Hyperopia 1.28 (1.03, 1.58) 0.026

Defining baseline depression only using self-report data and ICD-10

Emmetropia 1 [Reference]

Hyperopia 1.28 (1.04, 1.58) 0.018

The sensitivity analysis was conducted by excluding incident CSD cases diagnosed within the first year36
of follow-up. The degrees of hyperopia was classified as mild (+ 2.00 D ≤ MSE < + 3.00 D), moderate37
(+ 3.00 D ≤ MSE < + 4.00D) and high (MSE ≥ + 4.00 D). Cox proportional hazards regression models38
adjusted for age, gender, ethnicity, smoking status, education level, Townsend index, family history of39
severe depression, physical activity level, visual impairment, the history of hypertension, diabetes and40
hyperlipemia. CSD, clinically significant depression; HR, hazard ratio; CI, confidence interval.41
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Supplementary Table 5. Logistic Regression Models for Hyperopia by42
Hyperopia-PRS Status.43

Multivariable Model

Hyperopia-PRS status OR (95% CI) P value

Continue variable 1.65 (1.50, 1.81) <0.001

Category variable

Low risk 1 [Reference] -

Medium risk 1.23 (1.16, 1.30) <0.001

High risk 1.43 (1.35, 1.50) <0.001

We defined the hyperopia-PRS in thirds: “low risk” (lowest third of hyperopia-PRS), “medium risk”44
(second third), “high risk” (highest third).45

Logistic regression models adjusted for age, gender, ethnicity, smoking status, education level,46

Townsend index, family history of severe depression, physical activity level, visual impairment, the47

history of hypertension, diabetes and hyperlipemia.48

PRS, polygenic risk score; OR, odds ratio; CI, confidence interval.49
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Supplementary Table 6. One-sample MR Analysis for the Association between50

Hyperopia and CSD using Hyperopia-PRS as the Instrument.51

β (95% CI) SE P value

Hyperopia 0.32 (-1.08,1.71) 0.71 0.656

Age -0.01 (-0.17, 0.01) 0.01 0.352

Gender (male) -0.32 (-0.40, -0.26) 0.34 <0.001

Residual -0.20 (-1.60, 1.21) 0.71 0.786

CSD, clinically significant depression; PRS, polygenetic risk score;MR, mendelian randomization.52
53
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Supplementary Table 7. Instrument SNPs were used in the MR analysis for the54
Relationship Between Hyperopia and Major Depressive Disorder.55

SNP A1 A2 β（SE）for MDD
β（SE）for

hyperopia

rs11084579 A G 0.01 -0.12

rs12193446 G A -0.01 0.21

rs13380109 A G 0.004 -0.1

rs2741297† T C -0.01 -0.12

rs2969185 A C -0.01 -0.1

rs3138142 T C -0.01 0.14

rs4374796† T G 0.01 0.12

rs4794029 T C 0.01 0.11

rs685352 G A -0.003 -0.12

†Strand ambiguous SNP. Hence these SNPs were removed in the MR analysis.56

MR, mendelian randomization; SNP, single-nucleotide polymorphism; SE, standard error.57
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Supplementary Table 8. MR Results for the Relationship Between Hyperopia58

and Major Depressive Disorder.59

MR analysis Heterogeneity

test

Pleiotropy

test

No. of

SNPs

Exposure Outcome Method OR

(95% CI)
P value Q (df) Q_P β (SE) P value

Hyperopia

Major

depressive

disorder

MR Egger 0.87 (-0.38,

0.11)
0.31 4.55 (5) 0.47

-0.00

(0.03)
0.72 7

IVW
1.00 (-0.06,

0.04)
0.40 5.69 (6) 0.46

0.02

(0.02)
0.34 7

Weighted

median

0.96 (- 0.11,

0.04)
0.30

- - - -
7

Simple

model

0.96 (-0.15,

0.07)
0.47

- - - -
7

Weighted

model

0.96 (-0.14,

0.06)
0.44

- - - -
7

Abbreviations: IVW, inverse variance–weighted; MR, mendelian randomization; SNP,60

single-nucleotide polymorphism; SE, standard error.61

62
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63

Supplementary Figure 1. Histogram of Polygenic Risk Score of Hyperopia.1 The64

calculation of polygenic risk score based on the GWAS study of hyperopia.65

1Tideman JWL, Pärssinen O, Haarman AEG, et al. Evaluation of Shared Genetic Susceptibility to High66

and Low Myopia and Hyperopia. JAMA ophthalmology. Jun 1 2021;139(6):601-609.67

68
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69
Supplementary Figure 2. Flowchart for population selection for hyperopia from70
the UK Biobank.71

72
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