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Purrost. The purpose of this study was to examine the association between refractive
errors and common chronic diseases using blood biochemistry tests, and to investigate
the associated modifiable risk factors, with the goal of informing and developing effective
preventive strategies.

METHODS. A total of 116,245 participants with refractometry at baseline enrolled in the
UK Biobank were included in this prospective cohort study. Restricted cubic spline and
Cox proportional hazards models were used to detect associations between refractive
error, blood biochemistry tests, and common chronic diseases. Interaction effects on the
additive scale and effect modification analysis were used to explore excess modifiable
risk factors for disease prevention.

Resurrs. Spherical equivalent significantly associated with vitamin D, sex hormone bind-
ing globulin, apolipoprotein A, blood glucose, and aspartate aminotransferase levels.
Subjects with myopia demonstrated a 13% higher risk of type 2 diabetes mellitus (T2DM)
incidence compared to those without myopia (hazard ratio [HR] = 1.13, 95% confidence
interval [CI] = 1.08-1.19) throughout a median follow-up of 9.12 years. Interaction anal-
ysis revealed 15% (95% CI = 9%-21%) of this risk was due to myopia-obesity interac-
tion. However, active engagement in physical activity could potentially mitigate this risk
(HR = 1.06, 95% CI = 0.93-1.20).

Concrusions. Refractive errors were associated with specific blood indicators, particularly
noting the association between myopia and higher T2DM incidence in middle-aged and
elderly populations. This effect interacts with obesity, and promoting physical activity
among myopia individuals provides greater benefits in the prevention of T2DM compared
to non-myopic individuals.

Keywords: refractive errors, chronic diseases, myopia, type 2 diabetes mellitus (T2DM),
physical activity

I n the vast tapestry of human health, the complex interplay
among seemingly distinct physiological systems contin-
ues to intrigue researchers. A compelling area of exploration
is the correlation between ocular conditions and common
chronic diseases.! Recent studies have explored this rela-
tionship, suggesting that ocular conditions may signifi-
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cantly impact overall systemic well-being.?~® For instance,
cardiovascular disease, which includes conditions like coro-
nary artery disease and heart failure, often coexists with
ocular issues like glaucoma and macular degeneration.?*8
However, refractive errors, including myopia, hyperopia,
and astigmatism, are acknowledged as the primary drivers
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of global visual impairment, accounting for 123.7 million
instances of moderate to severe distance vision impairment
or blindness.”~!! Although refractive errors typically stabi-
lize after early adulthood, persisting as long-term condi-
tions,'? their associations with common chronic diseases
remain poorly understood. Investigating these associations
may reveal important insights into how refractive errors
could be linked with or influence the progression of chronic
diseases, potentially guiding preventive strategies and inter-
ventions.

This study used data from the UK Biobank (UKB)
to comprehensively investigate refractive errors’ potential
predisposition to systemic disorders. Using a prospective
cohort design with a substantial sample size of 116,245 indi-
viduals, we aimed to provide robust insights into human
health. Specifically, we elucidated the intricate associations
between refractive errors and common chronic diseases
using key blood biochemical markers. Our secondary aim
was to identify modifiable factors and assess the excess risk
of interaction effects that could potentially mitigate or exac-
erbate the adverse effects associated with refractive errors.

METHODS
Data Source and Study Population

The UKB is a substantial, prospective cohort study compris-
ing >500,000 individuals aged 40 to 69 years across the
United Kingdom.!?> These participants were recruited from
22 assessment centers nationwide, each registered under
the UK National Health Service (NHS), ensuring comprehen-
sive long-term monitoring. Ethical approval was granted by
the National Information Governance Board for Health and
Social Care and the NHS North West Multi-Center Research
Ethics Committee.'* Prior to enrollment, all participants
provided informed consent electronically. This study was
conducted in accordance with the UKB application number
105765 and followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline for cohort studies. Participants were prospectively
enrolled from the pool of UKB data, which was collected
from across 22 assessment centers between 2006 and 2010.
These individuals were invited to participate during routine
clinic visits as part of the UKB recruitment process. Initially,
we included UKB participants with refractometry results (2
= 130,475). Subsequently, we excluded those lost to follow-
up (n = 10,624), individuals with missing covariate data (n
= 1786), and 1820 participants with outlier spherical equiv-
alent (SE) values (see “Refractometry and myopia diagno-
sis” section). This process yielded a final cohort of 116,245
participants for the main analysis (Fig. 1). Detailed informa-
tion on the variable definitions is provided in Supplementary
Tables S1 and S2 and Supplementary Methods.

Statistical Analysis

The study initially compared baseline characteristics
between male and female participants, reporting continuous
variables as means (standard deviation [SD]) and categori-
cal variables as numbers (percentages). For the main anal-
ysis, we utilized restricted cubic spline (RCS) models with
five knots to assess both linear and nonlinear relationships
between SE and each biochemical parameter. To further vali-
date these associations and fully detect the complex nature
of the relationships between SE and blood biochemistry
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| 502,364 participants in UK Biobank at baseline visit |

v

|130,475 participants with the test result for refractometryl

Excluded:

10,624 without follow-up data
— 1,786 with missing data
1,820 with outlier spherical
equivalent value

A
116,245 participants eligible in the main analysis

iRestricted cubic spline model E
i+ Cox proportional hazard !
regression model :

v ’
Stratum-specific analysis Interaction analysis
Age (< 60, = 60 years) Identify the presence of
Sex (male, female) interaction & Explain the
Follow-up (< 5, = 5 years) imapct of interaction

Ficure 1. Flow chart of the study design. Flow chart depicting
the criterion of the study cohort from participants in the UK Biobank
and analytic approach of this study in detail.

tests,'® we performed stratum-specific analyses based on age
at baseline (<60 and >60 years) and sex (male and female)
for the nonlinearity associations. In model I, adjustments
were made for age, sex, ethnicity, education level, Townsend
deprivation index, and body mass index (BMD). In model II,
the primary model selected for analysis and presentation,
included additional adjustments for smoking status, alco-
hol consumption status, and history of hypertension and
diabetes. All covariates in this study were based on baseline
data.

Furthermore, we utilized RCS models integrated into Cox
proportional hazard (CPH) models with five knots to flexi-
bly model and depict the relationship between SE and the
incidence of osteoporosis, hyperlipidemia, type 2 diabetes
mellitus (T2DM), and chronic liver disease during the follow-
up. These spline models were adjusted for the same covari-
ates as described in model II. To evaluate potential nonlin-
earity in the associations, we conducted a likelihood ratio
test by comparing models containing solely linear terms
against those incorporating both linear and cubic spline
terms.

In the sensitivity analyses, we first segmented SE to
confirm its association with incident T2DM and identify
the effect of each 1 diopter (D) increment in SE on T2DM
incidence, as well as whether the presence of myopia
influenced T2DM incidence. Myopia was defined as SE <
—0.75 D. Subsequent stratum-specific analyses were carried
out to replicate the associations observed in the preced-
ing step. These analyses were stratified by age at base-
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line (<60 and >60 years), sex (male and female), and
follow-up time (<5 and >5 years) to ensure the robust-
ness of our findings. Additionally, we assessed the addi-
tive interaction between myopia (absent versus present)
and obesity (BMI < 30 kg/m? versus BMI > 30 kg/m?)
using three metrics: relative excess risk due to interac-
tion (RERD), attributable proportion (AP), and the synergy
index (SD.'° This evaluation was performed using the
following formulas:

RERI = RR,, — RR, — RR,, + 1
AP = (RR,;, — RR, — RR;, + 1)/RR,;, = RERI/RR,;,
SI = (RRy,, — 1D/ ((RR, — 1) + (RR, — 1))

where RRab represents the relative risk (RR) in the group
exposed to factors both @ and b compared to the group that
was not exposed to either factor.

An RERI or AP value of 0 indicates no additive interac-
tion, whereas >0 suggests a positive interaction. A statisti-
cally significant interaction was defined as one where the
95% confidence interval (CD) of SI did not include 1, and
the 95% CI of RERI or AP did not include 0.!7 Addition-
ally, we examined the effect modification of physical activ-
ity (physically active versus physically inactive) between
myopia and T2DM by assessing the multiplicative interaction

TasLe 1. Baseline Characteristics of Study Participants by Sex

All Participants
(n = 116,245)

Participant Characteristics
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with RR and 95% CI.!7 Physical activity levels were assessed
using the revised International Physical Activity Question-
naire, which includes the frequency and duration of walk-
ing, moderate, and vigorous activity (field’s ID 864, 874,
884, 894, 904, and 914). Physical activity levels were defined
as physically active if moderate-to-vigorous physical activ-
ity exceeded 150 minutes per week!®; otherwise, they were
classified as physically inactive.

All statistical analyses were conducted using R version
4.3.2, and statistical significance was defined as a two-sided
P value < 0.05.

REsuLTs
Study Population

The participants’ demographics are presented in Table 1.
This study comprised 116,245 participants with available
refractometry and blood biochemistry test results from the
UKB. The mean age was 57.1 years, with 54% being women
and predominantly Caucasian (90.8%). Approximately 35%
had attained a high level of education. The average BMI
was 27.4, with 11,208 (9.6%) classified as current smokers
and 50,050 (43.1%) as frequent alcohol drinkers. At base-
line, 32,639 (28.1%) participants had hypertension, and 6837

Female Participants
(n = 62,819)

Male Participants
(n = 53,426)

Age, mean (SD), y 57.1 (7.98)

Ethnicity, nz (%)

White 105,523 (90.8)

Others 10,722 (9.22)
Education level, n (%)

Low 75,579 (65.0)

High 40,606 (35.0)

Townsend deprivation index fifth, n (%)

First (least deprived) 23,091 (19.9)

Second 23,201 (20.0)
Third 23,200 (20.0)
Fourth 23,208 (20.0)

Fifth (most deprived)
BMI, mean (SD), kg/m?
Alcohol intake, 7 (%)

Never or seldom

23,545 (20.3)
27.4 (4.80)

22,957 (19.7)

Myopia diagnosis, 7 (%)
No
Yes

Moderate 43,238 (37.2)

Frequent 50,050 (43.1)
Smoking status, n (%)

Never 64,170 (55.2)

Previous 40,867 (35.2)

Current 11,208 (9.64)
Hypertension history, 7 (%)

No 83,606 (71.9)

Yes 32,639 (28.1)
Diabetes history, 7 (%)

No 109,408 (94.1)

Yes 6,837 (5.88)
SE, mean (SD), Diopter —0.20 (2.41)

81,780 (70.4)
34,465 (29.6)

56.7 (7.96) 57.6 (7.98)

56,776 (90.4)
6,043 (9.62)

48,747 (91.2)
4,679 (8.76)

41,425 (65.9)
21,394 (34.1)

34,154 (63.9)
19,272 (36.1)

12,242 (19.5)
12,467 (19.8)
12,586 (20.0)
12,938 (20.6)
12,586 (20.0)

27.1 (5.21)

10,849 (20.3)
10,734 (20.1)
10,614 (19.9)
10,270 (19.2)
10,959 (20.5)

27.8 (4.23)

14,601 (23.2)
25,532 (40.6)
22,686 (36.1)

8,356 (15.6)
17,706 (33.1)
27,364 (51.2)

37,890 (60.3)
19,885 (31.7)
5,044 (8.03)

26,280 (49.2)
20,982 (39.3)
6,164 (11.5)

47,970 (76.4)
14,849 (23.6)

35,636 (66.7)
17,790 (33.3)

60,129 (95.7)
2,690 (4.28)
—0.20 (2.45)

49,279 (92.2)
4,147 (7.76)
—0.20 (2.37)

44,217 (70.4)
18,602 (29.6)

37,563 (70.3)
15,863 (29.7)
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Values are mean (standard deviation) or numbers (percentage).
BMI, body mass index; SD, standard deviation; SE, spherical equivalent.
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Ficure 2. Associations of SE with blood biochemistry tests. (A) Heatmap overview the results of restricted cubic spline models (linearity
and nonlinearity associations) and sensitivity analysis (restricted cubic spline models in midlife, elderly, and female and male participants,
respectively). The color represents normalized F value. *P < 0.05, **P < 0.01, **P < 0.001. (B) Restricted cubic spline models fitted for
linear model estimation using ordinary least squares to overview the associations among SE and vitamin D, SHBG, APOA, glucose, and AST.
ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APOA, apolipoprotein A; APOB, apolipoprotein B; AST, aspartate
aminotransferase; BUN, blood urea nitrogen; CA, calcium; CHOL, cholesterol; CRE, creatinine; CRP, C-reactive protein; CYS, cysteine; DBIL,
direct bilirubin; E, estrogen; GGT, gamma-glutamyl transferase; GLU, glucose; HBA1C, hemoglobin Alc; HDL, high-density lipoprotein;
IGF1, insulin-like growth factor 1; LDL, low-density lipoprotein; LPA, lipoprotein (A); PHOS, phosphate; RF, rheumatoid factor; SHBG, sex
hormone-binding globulin; T, testosterone; TBIL, total bilirubin; TG, triglycerides; TP, total protein; SE, spherical equivalent; UA, urate; VITD,

vitamin D.

(5.9%) had diabetes. The mean SE for all participants was
—0.20 D, with 34,465 (29.6%) categorized as having myopia.

Associations Between SE and Blood Biochemistry
Parameters

To explore the relationship between refractive error and
common chronic disease risk, we analyzed the associ-
ation between SE and key blood biochemical parame-
ters. Figure 2A presents the results of the RCS models,
illustrating both linear and nonlinear associations, along
with stratum analysis for age and sex (for detailed results,
refer to Supplementary Table S3). Among the 30 param-
eters across 5 categories, SE was primarily associated
with vitamin D, sex hormone binding globulin (SHBG),
apolipoprotein A (APOA), blood glucose, and aspartate
aminotransferase (AST), all significantly associated in at
least 4 analyses. To test the nature of the association
of SE with these five blood biochemical tests, we visu-
alized the results of the RCS model and stratified analy-
ses in Figure 2B and Supplementary Figure S1, and the
results were generally consistent. After fully adjusting for
covariates, the RCS model demonstrated that vitamin D
levels increased nonlinearly with SE, showing a steeper rise
around plano. SHBG and APOA levels displayed nonlin-
ear relationships, with a slight increase in myopia status
and a decrease in hyperopia status. Blood glucose levels
remained stable for myopia status but decreased sharply
around plano, and then slightly increased in the moderate-
to-high hyperopia status. Last, AST levels increased and
then slightly decreased around plano. These findings under-

Investigative Ophthalmology & Visual Science
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score the complexity of the relationships between refrac-
tive status and systemic biochemical markers, emphasizing
the need to consider nonlinear dynamics in epidemiological
research.

Associations Between SE and Common Chronic
Diseases

Building on the observed correlation between SE and blood
biochemical parameters, we investigated the relationship
between SE and osteoporosis (related to vitamin D and
SHBG), hyperlipidemia (related to APOA), T2DM (related to
blood glucose), and chronic liver disease (related to AST).
The results of the RCS and CPH modeling are presented
in Figure 3, revealing that only T2DM incidence exhibited
a significant nonlinear relationship with SE (P for nonlin-
earity = 0.021) throughout a median follow-up period of
9.12 years. Notably, we observed a reverse S-shaped associ-
ation between SE and the risk of incident T2DM. Moreover,
within the myopia interval, the hazard ratio (HR) and 95% CI
for T2DM risk were significantly greater than one, suggest-
ing that individuals with myopia may face an elevated risk
of developing T2DM compared to those without myopia.

Sensitivity Analysis of the Association Among SE,
Myopia, and T2DM

The sensitivity analysis aimed to assess the robustness and
reliability of the observed associations among SE, myopia,
and T2DM. We categorized SE into five levels relative to the
average SE. Individuals with the lowest 5% SE (indicating
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Ficure 3. Nonlinear associations between SE and disease indicated by blood biochemistry tests. Restricted cubic spline models fitted
for Cox proportional hazards models with five knots. The pink vertical line represents —0.75 D which is the criteria of myopia. Results were
adjusted for age, sex, ethnicity, education level, Townsend deprivation index, BMI, smoking status, alcohol drink status, and hypertension.
CI, confidence interval; D, diopter; HR, hazard ratio; SE, spherical equivalent.

the most myopia) and those with SE in the lowest 5% to 25%
range had a 12% (adjusted HR = 1.12, 95% CI = 1.01-1.25,
P =0.004) and 9% (adjusted HR = 1.09, 95% CI = 1.03-1.15,
P = 0.029) higher T2DM risk, respectively. Conversely, indi-
viduals in the highest 5% to 25% and highest 5% SE ranges
(indicating the most hyperopia) had a decreased risk, with
adjusted HRs of 0.92 (95% CI = 0.88-0.98, P = 0.008) and
0.89 (95% CI = 0.81-0.98, P = 0.024), respectively. Addi-
tionally, each diopter shift toward hyperopia was associated
with a 3% lower risk of T2DM incidence (adjusted HR = 0.97,
95% CI = 0.97-0.98, P < 0.001). Compared to those without
myopia, individuals with myopia showed a 13% (adjusted
HR = 1.13, 95% CI = 1.08-1.19, P = 0.001) higher risk of
T2DM incidence (Table 2).

In the stratum-specific analysis based on age, sex, and
follow-up time, significant associations between SE and
T2DM incidence were found, except in elderly individuals
(P for nonlinearity = 0.639) and those with less than 5 years
of follow-up (P for nonlinearity = 0.288; Supplementary Fig.
S$2). Moreover, HRs consistently indicated a range of 11%
to 15% higher risk of T2DM incidence in individuals with
myopia compared to those without myopia across differ-
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ent age, sex, and follow-up time categories (all P < 0.005;
Supplementary Tables S4-S9).

Effect of Additive Interaction and Modification

An interaction analysis was conducted to explore poten-
tial interactions between myopia and obesity and their
combined effects on T2DM incidence (Table 3). The measure
of interaction on a multiplicative scale, indicated by the ratio
of HRs, was 1.14 (95% CI = 1.04-1.25, P = 0.007). This indi-
cates a substantial joint effect of obesity and myopia together
on the HR scale, surpassing the product of their individ-
ual effects. Furthermore, there were indications of a posi-
tive interaction effect on the additive scale when considering
obesity and myopia together, which exceeds the combined
effects of obesity alone and myopia alone, with an RERI
of 0.52 (95% CI = 0.30-0.74). These results suggested that
when myopia and obesity coexisted, the interaction effect of
myopia and obesity was 1.28 times (95% CI = 1.15-1.42) the
sum of the effects of the two alone. The AP was 0.15 (95%
CI = 0.09-0.21), indicating that 15% of the combined risk of
myopia and obesity was due to the interaction.
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TasL 2. SE and Myopia in Relation to T2DM Risk

Model I Model I1

Characteristics No. of Events (%) HR (95% CI) P Value HR (95% CI) P Value
SE at baseline”

Lowest 5% 439 (7.7) 1.11 (1.03-1.23) 0.003 1.12 (1.01-1.25) 0.004

Lowest 5% to 25% 1870 (8.2) 1.08 (1.02-1.14) 0.008 1.09 (1.03-1.15) 0.029

Around average 4180 (7.4) 1.00 1.00

Highest 5% to 25% 1650 (7.2) 0.93 (0.88-0.98) 0.009 0.92 (0.88-0.98) 0.008

Highest 5% 386 (6.8) 0.91 (0.82-0.98) 0.031 0.89 (0.81-0.98) 0.024
Pre 1 diopter hyperopia shift 0.97 (0.96-0.98) <0.001 0.97 (0.97-0.98) <0.001
Myopia, yes vs no 2386 (7.6) vs. 6089 (7.2) 1.12 (1.07-1.18) <0.001 1.13 (1.08-1.19) <0.001

BMI, body mass index; CI, confidential interval; HR, hazard ratio; SE, spherical equivalent; T2DM, type 2 diabetes mellitus.

Model I: Adjusted for age, sex, ethnicity, education level, Townsend deprivation index, and BMI. Model II: model I with additional
adjustment for smoking status alcohol drink status, and hypertension.

“The critical values for the lowest 5%, lowest 25%, highest 25%, and highest 5% SE values are —5.03 D, —1.14 D, 1.11 D, and 3.23 D,
respectively.

TasLE 3. Interaction Between Myopia and BMI on the Risk of T2DM

Effect of Myopia Within

Investigative Ophthalmology & Visual Science

Non-obesity

Obesity”

Effect of obesity within the strata of myopia

Additive scale

RERI
AP
SI

Non-Myopia Myopia the Strata of Obesity
1 (Reference) 1.06 (0.99-1.13) 1.06 (0.99-1.13)
P =0.109 P =0.109
2.82 (2.67-2.96) 3.39 (3.17-3.63) 1.20 (1.13-1.29)
P < 0.001 P < 0.001 P < 0.001
2.82 (2.67-2.96) 3.21 (2.96-3.48)
P < 0.001 P < 0.001
1.14 (1.04-1.25)
P = 0.007

0.52 (0.30-0.74)
0.15 (0.09-0.21)
1.28 (1.15-1.42)

AP, attributable proportion due to interaction; BMI, body mass index; HR, hazard ratio; RERI, relative excess risk due to interaction; SI,
synergy index; T2DM, type 2 diabetes mellitus.
HR is adjusted for age, sex, ethnicity, education level, Townsend deprivation index, smoking status, alcohol drink status, and hypertension.

* Obesity is defined as BMI > 30 kg/m?.

Additionally, the effects of modifications, particularly
regarding physical activity levels, were investigated to under-
stand how physical activity may modify the relationship
between myopia and T2DM incidence (Supplementary Table
§$10). Comparing participants without myopia who were
physically active, the risk of T2DM incidence was not signifi-
cantly elevated for participants with myopia who were phys-
ically active (adjusted HR = 1.06, 95% CI = 0.93-1.20, P
= 0.353), nor for those who were physically inactive with-
out myopia (adjusted HR = 0.96, 95% CI = 0.88-1.05, P =
0.400). However, when myopia and physical inactivity were
combined, there was a 23% increase in the risk of T2DM inci-
dence (adjusted HR = 1.23, 95% CI = 1.11-1.36, P < 0.001).
These HRs indicated that the risk of T2DM for patients
with myopia is evident only in the physically inactive
group.

DISCUSSION

In this large prospective cohort study, our findings unveiled
multiple connections between SE and markers indicative of
specific dysfunctions, such as mineral and bone metabolism
(vitamin D and SHBG), lipid dysregulation (APOA), blood
glucose, and liver abnormalities (AST). Additionally, we
confirmed that myopia contributes to an 11% to 15% higher
risk of developing T2DM. Furthermore, we identified that
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obesity mediates the contribution of myopia to T2DM inci-
dence, and engaging in adequate physical activity can miti-
gate the increased risk associated with myopia. To the best
of our knowledge, this is the first comprehensive prospec-
tive study on a large scale to systematically investigate the
relationship between refractive errors and common chronic
diseases.

Maintaining internal homeostasis is a complex process
involving nearly all organs. Whereas the eye is an important
sense organ, its diseases are now recognized as causes of
chronic diseases rather than direct indicators.!* In Ma et al.’s
study, cataracts showed an HR of 1.21 for all-cause dementia
risk.> Shang et al. found age-related macular degeneration
and diabetes-related eye disease associated with HRs of 1.26
and 1.61 for all-cause dementia risk, respectively.” Fundus
changes correlated with Parkinson’s and kidney disease.*”
Additionally, intraocular pressure and glaucoma are linked
to cardiovascular disease.>®® However, refractive errors, the
main cause of vision impairment often persisting from early
life, have not been fully understood in terms of their health
impact on common chronic disease development.!?1?

In our analysis, we investigated the association between
refractive errors and blood biochemistry, examining the
correlation between SE and these metrics. Overall, linear
associations predominated over nonlinear ones, particularly
in women and midlife participants compared to men and
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the elderly. We hypothesized that the impact of refractive
errors might differ between myopia and hyperopia, as indi-
cated by the prevalence of linear associations. Furthermore,
this impact seemed more pronounced in women and may
decrease with age. Given that refractive errors stem from
a blend of genetic and environmental influences, %! we
suggest that lifestyle risk factors associated with refractive
errors persist into adulthood. However, these factors may
overlap with those causing certain diseases in men and
the elderly, potentially weakening the influence of lifestyle
behind the “refractive error” phenotype.

Next, we examined common chronic diseases associ-
ated with significant blood markers to validate associa-
tions with refractive errors. We found no significant associa-
tion among SE and osteoporosis, hyperlipidemia, or chronic
liver disease. This suggests that although refractive errors
may influence certain indicators, they do not impact the
overall occurrence of these three diseases. However, we
observed a reverse S-shaped association between SE and
T2DM incidence. This led us to focus on the association
between myopia and T2DM incidence, as the HR and 95%
CI exceeded the HR = 1 reference line in the myopic inter-
val. Despite no significant nonlinear associations between
SE and T2DM incidence in the elderly or those with less
than years of follow-up, we still observed a robust 11%
to 15% higher risk of T2DM incidence among participants
with myopia compared to those without myopia. Consid-
ering the temporal sequence of myopia development and
T2DM, we concluded that susceptibility to T2DM is higher
in the myopic group, establishing myopia as a new indepen-
dent risk factor for T2DM.

In a cross-sectional study that included 1414 Indian
patients with diabetes over 40 years old, researchers
observed a refractive error prevalence of 60%, surpassing the
average prevalence of refractive error in India.??> Although
this study demonstrated that refractive error in patients with
diabetes was relatively high, our study provides complemen-
tary evidence that people with myopia may be more likely
to develop diabetes. In a retrospective cohort study span-
ning nearly 20 years and involving over 1 million adolescents
aged 16 to 19 years in Israel, myopia was linked to early-
onset T2DM among female patients.?> Combining these find-
ings with ours, we suggest that there is a cumulative effect
of myopia on T2DM, possibly with sex-specific differences
in accumulation rates.

Several potential mechanisms have been put forward
explaining the relationship between myopia and T2DM. It
is well-established that the insulin and insulin-like growth
factor-1 (IGF-1) signaling pathway is crucial for maintaining
B-cells’ function, whereas disruptions in this pathway could
lead to insulin resistance, hyperinsulinemia, and eventually
the development of T2DM.?#?> In addition, increased insulin
and IGF-1 could contribute to the axial length elongation by
stimulating differentiation and cell proliferation.?®-?” Similar
to IGF-1, the expression of retinal insulin-like growth factor-
2 (IGF-2) was significantly upregulated in form-deprivation
myopic guinea pig and correlated with myopia development
and eye growth.”®? Consequently, myopia and T2DM might
share a common pathophysiological pathway mediated by
insulin resistance.® Further studies are warranted to under-
stand how myopia contributes to a higher risk of developing
T2DM.

To explore potential lifestyle associations between
myopia and the incidence of T2DM and to provide preven-
tive strategies, we focused on modifiable lifestyle factors,
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given the significant lifestyle-related risk factors associated
with both conditions.?>:3! Obesity, a known risk factor and
comorbidity of myopia in both children and adults is also a
well-established risk factor for T2DM.?3:32-34 Therefore, we
conducted additive interaction analyses to explore whether
there is an excess risk of interaction between myopia and
obesity status in T2DM incidence. Our results support the
presence of such an interaction, indicating that patients
with myopia and obesity face a higher risk of T2DM onset
than the combined risk of myopia and obesity alone. Addi-
tionally, we conducted an effect modification analysis to
identify preventive measures, such as physical activity.®
Our findings revealed that the risk of myopia leading to
T2DM was evident only in the physically inactive population,
suggesting that active participation in physical activity could
protect against T2DM incidence among individuals with
myopia.

Our study’s strengths lie in using longitudinal analyses to
assess the association between refractive errors and common
chronic diseases as opposed to cross-sectional methods.
Furthermore, we leveraged a large sample size, an exten-
sive follow-up duration, and a comprehensive consideration
of covariates and diagnoses derived from hospital inpatient
records.

However, several limitations warrant acknowledgment.
First, as UKB participants are predominantly European,
younger, healthier, and more educated, generalizability to
other populations requires further validation.’® Second,
unaccounted-for covariates are possible, and the reliability of
included covariates, particularly self-reported measures like
alcohol and smoking status, may be limited. Third, given the
observational nature of our study, we are unable to establish
any cause-effect relationships. Fourth, due to the exploratory
nature of our study, we did not apply stringent corrections
for multiple comparisons, which may increase the risk of
type I errors. This approach, while aimed at uncovering
potential associations between spherical equivalent and vari-
ous blood biochemical indicators, necessitates validation in
future studies. Last, our selection of 30 available blood mark-
ers may not encompass all relevant parameters, potentially
overlooking important indicators or other diseases. Future
studies could explore the underlying biological mechanisms
between myopia and the development of T2DM and inves-
tigate the effectiveness of targeted interventions, such as
lifestyle modification and weight control, in reducing the risk
of T2DM in patients with myopia.

In conclusion, our study identified significant associa-
tions between SE and markers, including vitamin D, SHBG,
APOA, blood glucose, and AST within a large population-
based cohort. Furthermore, we discovered that myopia is
associated with a 13% higher risk of T2DM, highlighting it
as a novel risk factor for T2DM. Our study also emphasizes
the importance of weight control and physical activity to
prevent T2DM among individuals with myopia, highlighting
that the benefits of physical activity are particularly signifi-
cant for this group. Importantly, our study contributes to a
broader understanding of how refractive errors impact over-
all health, particularly in primary care settings for middle-
aged and elderly individuals.
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