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Currently, the global prevalence of myopia is high and on the rise, seriously affecting the health of
students. Studies have suggested that dietary factors may be associated with the occurrence and
development of myopia, but the results are inconsistent. This survey aims to analyze the correlation
between dietary factors and myopia while controlling for more confounding factors. A multi-stage
stratified cluster sampling method was performed to select 10,619 primary and secondary school
students in Shenyang for visual examination, and questionnaires were administered to 6974 of

them. Logistic regression was performed with myopia as the dependent variable and the variables
with p <0.1 in the univariate analysis as independent variables. Sensitivity analysis was conducted
using propensity score matching. The results showed that the overall prevalence of myopia among
primary and secondary school students in Shenyang was 59.1%, with mild myopia predominating.
Students who ate fresh fruits two or more times a day had a 0.69 times lower risk of myopia compared
to those who did not eat fruits (95% Cl 0.50-0.97). However, subgroup analysis demonstrated that
this protective effect was only significant for male students, with an OR of 0.59 (95% Cl 0.38-0.91).
Moreover, female students who consumed sugary beverages once or more a day had a 1.8 times
higher risk of myopia compared to those who did not consume sugary beverages (95% Cl 1.03-3.15).
Vegetable consumption, intake of fried foods, and breakfast habits were not significantly associated
with myopia. In summary, excessive consumption of sugary beverages could increase the risk of
myopia, especially in female students, whereas fruit intake contributed to reducing the risk of myopia,
particularly in male students.
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Myopia is a common visual impairment, and its incidence is increasing with global economic and social develop-
ment. According to the survey results of the National Health Commission of China, as of 2020, the overall myopia
rate among Chinese youth was 52.7%, with 14.3% of 6-year-olds, 35.6% of primary school students, 71.1% of
middle school students, and 80.5% of high school students suffering from myopia'. The prevalence of myopia was
found to be 73% among Korean children aged 12-182. In Europe, the prevalence of myopia in Spanish children
aged 5-7 was 20.1% in 2020°, while in the French population aged 10-19, the prevalence reached 42.7%*. It is
estimated that by 2050, the global population of persons with myopia will reach 4.758 billion, accounting for
49.8% of the total population®. Myopia not only affects students’ lives and studies, but may also cause a variety
of eye diseases, such as retinal detachment, macular degeneration and glaucoma, which can lead to blindness in
severe cases®’. Myopia is becoming a common disease that seriously affects students health.

In addition to genetic factors, myopia is closely related to environmental factors. Several studies suggested
that dietary factors may be related to the occurrence and development of myopia. Research by Bone et al.® and
Beatty et al.’ indicated that a reasonable diet structure had an effect on improving vision. However, the study by
Li et al.'* did not find any association between nutrients or food groups and myopia among children in Singapore.
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Berticat et al.!! revealed that the intake of refined carbohydrates may be related to childhood myopia with an
increased risk of myopia in girls, while the study by Chua et al.'* demonstrated that there was no association
between carbohydrate intake and spherical equivalent (SE), axial length (AL), or myopia. The studies conducted
by Berticat et al.!! and Xu et al."® also found that there are gender differences in the influence of dietary factors
on myopia. It can be observed that there is inconsistency in the influence of dietary factors on myopia, which
may be related to incomplete control of confounding factors, or differences in sample size of the investigated
populations. For example, the study by Xu et al."* only controlled for several confounding variables such as sex,
age, screen time, sleep time, and moderate-to-vigorous physical activity time, without controlling for important
factors related to myopia such as family genetic history and students’ learning situation, and the study by Chua
et al.'”? had a sample size of only 317 individuals.

Given the high and increasing incidence of myopia, as well as the potential role and uncertainty of diet in
preventing myopia, it is important to further investigate the relationship between diet and myopia. The present
study investigated the relationship between dietary factors and myopia based on a relatively large sample size
and controlling for more confounding factors, and propensity score matching was used to validate the stability
of the results, which may contribute to clarifying the relationship between dietary factors and myopia.

Materials and methods

Investigation subjects

The survey was conducted in April-May 2020 and November-December 2021, respectively, using a multi-stage
stratified cluster sampling method. One district or county was randomly selected from each of the five urban
districts (Heping, Shenhe, Huanggu, Dadong, and Tiexi) and eight suburban districts or counties (Sujiatun, Hun-
nan, Shenbei, Yuhong, Liaozhong, Xinmin, Kangping, and Faku) in Shenyang. Two primary schools, two junior
high schools, two high schools, and one vocational school were selected in each survey site. In each grade of
the selected schools, 2-3 classes were selected for the survey. The survey was approved by the Ethics Committee
of Shenyang Center for Disease Control and Prevention (sycdc-2020-001), and written informed consent was
obtained from the legal guardians of the participants.

Investigation methods

Vision examination

The visual acuity of students’ left and right eyes was measured using standard logarithmic visual acuity charts and
an automatic computerized optometry method under non-cycloplegic conditions. The results of the examination
were recorded on-site by the testing doctors in the Liaoning Province Student Common Disease and Health
Influence Factors Monitoring Information System.

Questionnaire survey

Students were organized to complete a questionnaire survey on the WeChat public website, but no questionnaire
survey was arranged for primary school students in grades one to three considering the lack of reading compre-
hension skills. The survey mainly included several aspects, such as parents’ myopia status, eye usage environ-
ment, eye usage habits, screen usage, outdoor activities and sleep, and dietary status. The survey questionnaire
results were directly uploaded to the Liaoning Province Student Common Disease and Health Influence Factors
Monitoring Information System.

Diagnosis criteria and related definitions
The visual acuity chart used in the study is from GB/T 11533-2011 Standard for logarithmic visual acuity charts',
which is a 5-point scale. Here, L is a logarithmic record indicating visual acuity, defined as 5 points minus the
logarithm of the angle of view, and is expressed by the formula: L= 5-Iga. The visual acuity values obtained were
converted to international standard visual acuity values, i.e., the logarithm of the minimum angle of resolution
(LogMAR) (Supplementary Table 1). The diagnosis criteria for myopia were defined as unaided-eye visual acu-
ity < 1.0 logMAR and non-cycloplegic computerized optometry equivalent spherical degree <—0.50D. Those who
were diagnosed with myopia in one eye or confirmed to wear orthokeratology lenses would be counted in the
myopia population. The diagnosis criteria for low myopia, moderate myopia and high myopia were defined as
monocular visual acuity < 1.0 logMAR and — 3.0D < spherical equivalent < —0.5D, monocular visual acuity < 1.0
logMAR and - 6.0D < spherical equivalent < —3.0D, and monocular visual acuity < 1.0 logMAR and spherical
equivalent < - 6.0D, respectively.

Sugary drinks refer to any form of sugary beverages, mainly including soda, cola, iced tea, orange juice, Nutri-
Express, etc. Fried foods mainly consisted of fried bread sticks, fried cakes, French fries, fried chicken wings,
etc. Fresh fruits did not include canned fruits, and vegetables were counted whether they were raw or cooked.

Quality control

The testers participating in the survey were unified in their testing methods and equipment. The testing team
was composed of one testing team leader, at least one ophthalmologist holding a national practicing certificate in
optometry, and several professionals or school health professionals holding qualifications in optometry-related
technology or nursing certificates. All testing personnel received uniform training, proficiently mastered the
testing methods, and were only allowed to take up their post after passing the assessment.

During the survey, 5% of the randomly selected retest subjects were tested for naked-eye visual acuity, cor-
rected visual acuity, spherical and cylindrical refractive error for both eyes. The retest subjects for visual acuity
testing did not include those wearing orthokeratology lenses. A measurement error exceeding+ 1 line for naked
and corrected visual acuity, or +0.50D for spherical equivalent, was considered a testing error. If the error rate
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exceeded 5%, the testing team leader should promptly convene a meeting to investigate the reasons and improve-
ment measures, and conduct retesting, rechecking, and correction for indicators that exceeded the allowable
error range. If the error rate exceeded 10%, all the test data for that day were invalid, and a retest was required.

Data analysis
A database was established using EpiData 3.1 for parallel double entry, and statistical analysis was performed
using R 4.2.2 software. Measurement data were described using mean + standard deviation or median (quartile),
and counted data were described using the number of cases (percentage). The dietary factors (sugary drinks,
fried foods, fruits, vegetables, and breakfast consumption) and other factors influencing myopia were analyzed
using the chi-square test for single-factor analysis. Factors with p <0.1 in the single-factor analysis were taken as
independent variables, while myopia was the dependent variable. Non-conditional multiple factor logistic regres-
sion was performed, and subgroup analysis was conducted based on sex. The significance level was set at a=0.05.
To validate the stability of the results, a propensity score matching (PSM) method was utilized to control
for other confounding factors, excluding dietary factors. The nearest neighbor matching method was adopted,
with a caliper value set to 0.05. The dietary factor was then taken as the independent variable, and myopia as the
dependent variable. Non-conditional multiple factor logistic regression was employed to examine the correlation
between diet and myopia, and subgroup analysis was conducted based on sex.

Results

Basic characteristics of the survey participants

As shown in Table 1, a total of 10,619 participants were included in this survey with a median age of 12 years
old, of which 51.5% were male, slightly higher than female (48.5%). The majority of participants were of Han
ethnicity, accounting for 81.2%, while the percentage of urban students was 53.1%, slightly higher than suburban
students. In terms of educational stage, primary school students accounted for the highest proportion, reaching
51.5%, while middle school students accounted for 25.0%, and the rest were high school students. There were
significant differences in the demographic characteristics between the myopia group and the non-myopia group.

The prevalence of myopia among students in Shenyang

As can be seen from Fig. 1, the prevalence of myopia among students in Shenyang was 59.1% overall, with a
higher rate among females than males (61.6% vs. 56.7%). The prevalence of myopia was also higher in urban
areas compared to suburban areas (61.0% vs. 56.9%), and the Han population had a higher myopia prevalence
than the Non-Han group (59.5% vs. 57.1%). The prevalence of myopia increased rapidly with increasing school
segments, from 42.4% in primary school to 81.0% in high school. More detailed data can be found in Supple-
mentary Table 2.

As shown in Fig. 2, mild myopia was the most common type, but the prevalence of moderate and high myopia
gradually increased with age, with the same trend for males and females. However, due to the relatively small
number of students aged 18 years and above, in particular the fact that there were only 5 males and 4 females
aged 19 years and 2 males and 2 females aged 20 years, the prevalence of myopia in the population aged 18 years
and above might not accurately reflect the situation (Supplementary Table 3).

Overall Myopia Non-myopia
Characteristic N=10,619 (100%)* | N=6273 (59%)* | N=4346 (41%)* | p-value®
Age (years) 12.0 (9.0, 15.0) 13.0(11.0,15.0) | 9.0(7.0,12.0) <0.001
Sex <0.001
Male 5473 (51.5%) 3102 (49.5%) 2371 (54.6%)
Female 5146 (48.5%) 3171 (50.5%) 1975 (45.4%)
Ethnicity 0.042
Han 8621 (81.2%) 5133 (81.8%) 3488 (80.3%)
Non-Han 1998 (18.8%) 1140 (18.2%) 858 (19.7%)
Region <0.001
Urban 5635 (53.1%) 3439 (54.8%) 2196 (50.5%)
Rural 4984 (46.9%) 2834 (45.2%) 2150 (49.5%)
Educational stage <0.001
Primary school 5468 (51.5%) 2316 (36.9%) 3152 (72.5%)
Middle school 2653 (25.0%) 1933 (30.8%) 720 (16.6%)
High school 2498 (23.5%) 2024 (32.3%) 474 (10.9%)

Table 1. Basic characteristics of survey participants. *“Median (IQR); n (%). "Wilcoxon rank sum test; Pearson’s
Chi-squared test.
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Fig. 1. The prevalence of myopia among students in Shenyang.
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Fig. 2. Prevalence of myopia in different age groups by sex.

Correlation analysis between dietary factors and myopia

Correlation between dietary factors and myopia

The students who participated in the questionnaire were in grade 4 and above, with a total of 6974 students,
including 2037 with normal vision and 4937 with myopia. As shown in Table 2 and Supplementary Fig. 1, in
univariate analysis, consuming sugary drinks was a risk factor for myopia, while consuming fresh fruits at least
twice a day was a protective factor against myopia. The consumption of fried food, fresh vegetables, and whether
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Variables Levels Non-myopia (N=2037) | Myopia (N=4937) | OR (univariable) OR (multivariable)
Never 659 (32.4%) 1428 (28.9%)

Sugary drinks Less than once a day 1321 (64.9%) 3321 (67.3%) 1.16 (1.04-1.30, p=0.009) | 1.05(0.92-1.18, p=0.481)
Once a day or more 57 (2.8%) 188 (3.8%) 1.52 (1.12-2.08, p=0.008) | 1.27 (0.92-1.77, p=0.150)
Never 463 (22.7%) 1072 (21.7%)

Fried foods Less than once a day 1528 (75%) 3734 (75.6%) 1.06 (0.93-1.20, p=0.394)
Once a day or more 46 (2.3%) 131 (2.7%) 1.23 (0.86-1.75, p=0.251)
Never 58 (2.8%) 166 (3.4%)

Fresh fruits Less than once a day 438 (21.5%) 1177 (23.8%) 0.94 (0.68-1.29, p=0.698) | 0.83 (0.59-1.17, p=0.286)
Once a day 1065 (52.3%) 2682 (54.3%) 0.88 (0.65-1.20, p=0.414) | 0.87 (0.63-1.20, p=0.394)
Twice a day or more 476 (23.4%) 912 (18.5%) 0.67 (0.49-0.92, p=0.014) | 0.69 (0.50-0.97, p=0.034)
Never 64 (3.1%) 141 (2.9%)
Less than once a day 284 (13.9%) 610 (12.4%) 0.97 (0.70-1.35, p=0.879)

Vegetables

Once a day

756 (37.1%)

1865 (37.8%)

1.12 (0.82-1.52, p=0.471)

Twice a day or more

933 (45.8%)

2321 (47%)

1.13 (0.83-1.53, p=0.435)

Every day 1714 (84.1%) 4123 (83.5%)
Whether to eat breakfast Sometimes 293 (14.4%) 740 (15%) 1.05 (0.91-1.22, p=0.515)
Never 30 (1.5%) 74 (1.5%) 1.03 (0.67-1.57, p=0.908)
Sex Male 1171 (57.5%) 2429 (49.2%)
Female 866 (42.5%) 2508 (50.8%) 1.40 (1.26-1.55, p<0.001) | 1.40 (1.26-1.57, p<0.001)

Primary 4-6th grade

1018 (50%)

1445 (29.3%)

Mother is myopic

290 (14.2%)

975 (19.7%)

1.75 (1.51-2.02, p <0.001)

Educational stage Middle school 609 (29.9%) 1677 (34%) 1.94 (1.72-2.19, p<0.001) | 2.23 (1.94-2.57, p<0.001)
High school 410 (20.1%) 1815 (36.8%) 3.12(2.73-3.57,p<0.001) | 3.45 (2.89-4.13, p<0.001)
Urban 1119 (54.9%) 2884 (58.4%)
Region
Rural 918 (45.1%) 2053 (41.6%) 0.87 (0.78-0.96, p=0.007) | 1.38 (1.22-1.56, p<0.001)
Han 967 (47.5%) 2362 (47.8%)
Ethnicity
Non-Han 1070 (52.5%) 2575 (52.2%) 0.99 (0.89-1.09, p=0.778)
Neither parent is myopic 1344 (66%) 2588 (52.4%)
Father is myopic 217 (10.7%) 713 (14.4%) 1.71 (1.45-2.01, p<0.001) | 1.96 (1.65-2.34, p<0.001)
Family genetic history

2.11 (1.80-2.47, p<0.001)

Both parents are myopic

186 (9.1%)

661 (13.4%)

1.85 (1.55-2.20, p<0.001)

2.66 (2.19-3.24, p<0.001)

Frequency of changing seat

Weekly

954 (46.8%)

2346 (47.5%)

Biweekly

316 (15.5%)

788 (16%)

1.01 (0.87-1.18, p=0.856)

Once a month/no change

767 (37.7%)

1803 (36.5%)

0.96 (0.85-1.07, p=0.435)

Adjusting the height of the desk and chair
according to the height

Never or non-adjustable

2188 (44.3%)

Once a year

291 (14.3%)

617 (12.5%)

0.75 (0.64-0.88, p<0.001)

0.89 (0.75-1.05, p=0.174)

Once a term

(
(
773 (37.9%)
(
(

612 (30%)

1245 (25.2%)

0.72 (0.63-0.82, p<0.001)

0.96 (0.84-1.11, p=0.618)

Once every 2 to 3 months

361 (17.7%)

887 (18%)

0.87 (0.75-1.01, p=0.060)

1.07 (0.91-1.26, p=0.404)

Frequency of daily eye exercises

Once

1316 (64.6%)

3138 (63.6%)

Twice and more

651 (32%)

1583(32.1%)

1.02 (0.91-1.14, p=0.731)

0.86 (0.76-0.98, p=0.019)

No 70 (3.4%) 216 (4.4%) 1.29 (0.98-1.71,p=0.068) | 0.85 (0.63-1.14, p=0.278)
Recess activity space Inside the building 602 (29.6%) 1741 (35.3%)
Outdoor 1435 (70.4%) 3196 (64.7%) 0.77 (0.69-0.86, p<0.001) | 1.03 (0.91-1.17, p=0.635)
<lh 132 (6.5%) 207 (4.2%)
1-2h 610 (29.9%) 1391 (28.2%) 1.45 (1.15-1.85, p=0.002) | 1.41 (1.09-1.81, p=0.008)
g:fzzgfniagz;xt?g;‘:ﬁ‘i‘r)iﬁi};g{nework 2-3h 804 (39.5%) 1966 (39.8%) 1.56 (1.23-1.97, p<0.001) | 1.48 (1.15-1.89, p=0.002)
>3h 327 (16.1%) 904 (18.3%) 1.76 (1.37-2.27, p<0.001) | 1.57 (1.20-2.05, p=0.001)
No 164 (8.1%) 469 (9.5%) 1.82 (1.38-2.42, p<0.001) | 1.50 (1.11-2.03, p=0.008)
Reading and writing with your chest more | No 963 (47.3%) 2370 (48%)
than one fist away from the table Yes 1074 (52.7%) 2567 (52%) 0.97 (0.88-1.08, p=0.579)
Reading and writing with eyes more than No 873 (42.9%) 2258 (45.7%)
one foot away from the book Yes 1164 (57.1%) 2679 (54.3%) 0.89 (0.80-0.99, p=0.028) | 0.95 (0.85-1.07, p=0.423)
Reading and writing with fingers one inch No 797 (39.1%) 1888 (38.2%)
from the tip of the pen Yes 1240 (60.9%) 3049 (61.8%) 1.04 (0.93-1.15, p=0.490)
No 1140 (56%) 2881 (58.4%)
Hours of mobile electronic devices use <0.5h 609 (29.9%) 1410 (28.6%) 0.92 (0.81-1.03, p=0.143)
>05h 288 (14.1%) 646 (13.1%) 0.89 (0.76-1.04, p=0.131)

Continued
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Variables Levels Non-myopia (N=2037) | Myopia (N=4937) | OR (univariable) OR (multivariable)
No/Occasionally 1966 (96.5%) 4758 (96.4%)

Reading a book or electronic screen in o 5 _

direct sunlight Often 55 (2.7%) 125 (2.5%) 0.94 (0.68-1.30, p=0.702)
Always 16 (0.8%) 54 (1.1%) 1.39 (0.80-2.44, p=0.245)
No/Occasionally 1883 (92.4%) 4590 (93%)

Reading the electronic screen with the Often 105 (5.2%) 239(4.8%) 0.93 (0.74-1.18, p=0.569)

lights off after dark . ' . - i '
Always 49 (2.4%) 108 (2.2%) 0.90 (0.64-1.27, p=0.564)
No/Occasionally 1779 (87.3%) 4224 (85.6%)

Reading a book or electronic screen while _ _

lying down or lying on the back Often 217 (10.7%) 606 (12.3%) 1.18 (1.00-1.39, p=0.053) | 1.00 (0.84-1.20, p=0.998)
Always 41 (2%) 107 (2.2%) 1.10 (0.76-1.58, p=0.611) | 0.91 (0.62-1.33, p=0.620)
No/Occasionally 1944 (95.4%) 4681 (94.8%)

Reading a book or electronic screen while g ) 74 (3.6%) 214 (4.3%) 1.20 (0.92-1.57, p=0.183)

walking or riding in a car
Always 19 (0.9%) 42 (0.9%) 0.92 (0.53-1.58, p=0.758)
<15 min 536 (26.3%) 1116 (22.6%)

When using eyes at close range, how often | <15 to <30 min 604 (29.7%) 1577 (31.9%) 1.25 (1.09-1.44, p=0.002) | 1.22 (1.06-1.42, p=0.007)

to rest your eyes <30- <60 min 318 (15.6%) 868 (17.6%) 1.31 (1.11-1.55, p=0.001) | 1.15 (0.96-1.37, p=0.128)
>60 min 579 (28.4%) 1376 (27.9%) 1.14 (0.99-1.31, p=0.067) | 1.06 (0.92-1.24, p=0.417)
<lh 577 (28.3%) 1599 (32.4%)

Daytime outdoor activity hours 1-2h 823 (40.4%) 1915 (38.8%) 0.84 (0.74-0.95, p=0.006) | 0.92 (0.80-1.06, p=0.236)
>2h 637 (31.3%) 1423 (28.8%) 0.81 (0.71-0.92, p=0.002) | 0.96 (0.82-1.11, p=0.540)
<8h 627 (30.8%) 2415 (48.9%)

Average daily sleep duration
>8h 1410 (69.2%) 2522 (51.1%) 0.46 (0.42-0.52, p<0.001) | 0.75 (0.66-0.86, p<0.001)

Table 2. Univariate and multivariate logistic regression analysis of myopia-related factors. Significance values
are in bold.

to have breakfast was not associated with myopia. In multivariate analysis, after adjusting for confounding factors
that showed significance in univariate analysis, such as sex, school segment, region, family genetic history, adjust-
ing the height of the desk and chair according to the height, frequency of daily eye exercises, recess activity space,
average daily time spent doing homework or reading and writing after school, reading and writing with eyes more
than one foot away from the book, reading a book or electronic screen while lying down or lying on the back, eye
rest frequency while using eyes at close range, daytime outdoor activity hours, and average daily sleep duration,
no significant association was found between consuming sugary drinks and myopia, while consuming fresh fruits
at least twice per day remained a protective factor against myopia. Students who ate fresh fruits twice or more
per day had a 0.69 times lower risk of myopia than those who did not eat fruits (95% CI=0.50-0.97, p=0.034).

Subgroup analysis of the correlation between dietary factors and myopia by sex

As shown in Fig. 3, in univariate analysis, eating more fruits was found to be a protective factor against myopia
in males, whereas no significant correlation was observed in females. Moreover, consuming more sugary drinks
was identified as a risk factor for myopia in females (Fig. 3B), while no significant correlation was found in males
(Fig. 3A). After adjusting for confounding factors that were significant in the univariate analysis (Supplementary
Tables 4 and 5), the above correlations persisted. Males who ate fruits twice or more daily had a 0.59 times lower
risk of myopia compared to those who did not eat fruits (Fig. 3A, 95% CI=0.38-0.91, p=0.017), whereas females
who consumed sugary drinks once or more daily had a 1.80 times higher risk of myopia compared to those who
did not consume sugary drinks (Fig. 3B, 95% CI=1.03-3.15, p=0.037).

Sensitivity analysis

A total of 1994 myopic students and 1994 non-myopic students were selected by 1:1 propensity score match-
ing. After matching, no significant differences were observed between the two groups except for dietary fac-
tors (Supplementary Table 6). Furthermore, multivariate logistic regression was performed with myopia as the
dependent variable and all dietary factors as independent variables. It can be seen from Fig. 4 that the students
who consumed sugary drinks once or more daily had a 1.47 times higher risk of myopia compared to those
who did not consume sugary drinks (95% CI=1.01-2.14, p=0.044), indicating consuming sugary drinks was a
risk factor for myopia. Moreover, the students who ate fruits twice or more daily had a 0.59 times lower risk of
myopia compared to those who did not eat fruits (95% CI=0.38-0.90, p=0.016), suggesting eating more fruits
was a protective factor against myopia.

As shown in Fig. 5, sex subgroup analysis after PSM revealed that males who ate fruits twice or more daily
had a 0.51-fold lower risk of myopia compared to those who did not eat fruits (95% CI=0.29-0.89, p=0.017),
while females who consumed sugary drinks less than once daily and once or more daily had a 1.43-fold (95%
CI=1.13-1.82, p=0.003) and 1.86-fold (95% CI=1.03-3.86, p=0.038) higher risk of myopia compared to those
who did not consume sugary drinks, respectively.
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Variables Levels Non-myopia(N=1171) Myopia(N=2429) Univariable OR(95% Cl,p value) Multivariable OR(95% Cl,p value) Forest plot(Male)
Sugary drinks Never 353 (30.1%) 712 (29.3%) 1.00(ref) 3
Less than once aday 778 (66.4%) 1623 (66.8%) 1.03 (0.89-1.21, p=.667) :
Once aday ormore 40 (3.4%) 94 (3.9%) 1.17 (0.79-1.72, p=.444) i
Fried foods Never 286 (24.4%) 569 (23.4%) 1.00(ref) '
Less than once a day 860 (73.4%) 1805 (74.3%) 1.05 (0.90-1.24, p=.522) ‘
Once aday ormore 25 (2.1%) 55 (2.3%) 1.11 (0.67-1.81, p=.690) 1
Fresh fruits Never 37 (3.2%) 103 (4.2%) 1.00(ref) 1.00(ref) |

Less than once a day

271 (23.1%)

640 (26.3%)

0.85 (0.57-1.27, p=.422)

0.70 (0.46-1.07, p=.098)

—_—
|

Once a day 611 (52.2%) 1275 (52.5%) 0.75 (0.51-1.10, p=.145) 0.70 (0.46-1.05, p=.087) ——

Twice a day or more 252 (21.5%) 411 (16.9%) 0.59 (0.39-0.88, p=.010) 0.59 (0.38-0.91, p=.017) —_—
Vegetables Never 37 (3.2%) 68 (2.8%) 1.00(ref) i

Less than once aday 173 (14.8%) 317 (13.1%) 1.00 (0.64-1.55, p=.989) :

Once a day 446 (38.1%) 908 (37.4%) 1.11 (0.73-1.68, p=.630) |

Twice a day or more 515 (44.0%) 1136 (46.8%) 1.20 (0.79-1.82, p=.387) '
Whether to eat breakfast Every day 984 (84.0%) 2051 (84.4%) 1.00(ref) 3

Sometimes 163 (13.9%) 344 (14.2%) 1.01 (0.83-1.24, p=.904) !

Never 24 (2.0%) 34 (1.4%) 0.68 (0.40-1.15, p=.152) ;

04 06 08 1 12

Variables Levels Non-myopia(N=866) Myopia(N=2508) Univariable OR(95% Cl,p value) Multivariable OR(95% Cl,p value) Forest plot(Female)
Sugary drinks Never 306 (35.3%) 716 (28.5%) 1.00(ref) 1.00(ref) :

Less than once a day 543 (62.7%) 1698 (67.7%) 1.34 (1.13-1.58, p<.001) 1.18 (0.99-1.41, p=.061) e

Once a day or more 17 (2.0%) 94 (3.7%) 2.36 (1.39-4.03, p=.002) 1.80 (1.03-3.15, p=.037) 1
Fried foods Never 177 (20.4%) 503 (20.1%) 1.00(ref)

Fresh fruits

Vegetables

Whether to eat breakfast

Less than once a day
Once a day or more
Never

Less than once a day
Once a day

Twice a day or more
Never

Less than once a day
Once a day

Twice a day or more
Every day
Sometimes

Never

668 (77.1%)
21 (2.4%)
21 (2.4%)
167 (19.3%)
454 (52.4%)
224 (25.9%)
27 (3.1%)
111 (12.8%)
310 (35.8%)
418 (48.3%)
730 (84.3%)
130 (15.0%)
6 (0.7%)

1929 (76.9%)
76 (3.0%)

63 (2.5%)
537 (21.4%)
1407 (56.1%)
501 (20.0%)
73 (2.9%)
293 (11.7%)
957 (38.2%)
1185 (47.2%)
2072 (82.6%)
396 (15.8%)
40 (1.6%)

1.02 (0.84-1.23, p=.870)
1.27 (0.76-2.13, p=.355)
1.00(ref)

1.07 (0.64-1.81, p=.795)
1.03 (0.62-1.71, p=.900)
0.75 (0.44-1.25, p=.267)
1.00(ref)

0.98 (0.60-1.60, p=.924)
1.14 (0.72-1.81, p=.572)
1.05 (0.67-1.65, p=.838)
1.00(ref)

1.07 (0.87-1.33, p=.520)
2.35 (0.99-5.56, p=.052)

T T T T T T T
05115 2 25 3 35

Fig. 3. Forest plot of logistic regression for sex subgroups. (A) Univariate and multivariate analysis of the
correlation between dietary factors and myopia in males; (B) univariate and multivariate analysis of the
correlation between dietary factors and myopia in females.

Variables Levels Non-myopia(N=1994) Myopia(N=1994) OR(95% Cl,p value) Forest
Sugary drinks Never 630 (31.6%) 608 (30.5%) 1.00(ref) i

Less than once a day 1300 (65.2%) 1310 (65.7%) 1.10 (0.94-1.29, p=.229) il

Once a day or more 64 (3.2%) 76 (3.8%) 1.47 (1.01-2.14, p=.044) ?—'—
Fried foods Never 461 (23.1%) 472 (23.7%) 1.00(ref) i

Fresh fruits

Vegetables

Whether to eat breakfast

Less than once a day
Once a day or more

Never

Less than once a day

Once a day

Twice a day or more

Never

Less than once a day

Once a day

Twice a day or more

Every day
Sometimes
Never

1492 (74.8%)
41 (2.1%)

57 (2.9%)
436 (21.9%)
1037 (52%)
464 (23.3%)
63 (3.2%)
278 (13.9%)
741 (37.2%)
912 (45.7%)
1672 (83.9%)
292 (14.6%)
30 (1.5%)

1491 (74.8%)
31 (1.6%)

73 (3.7%)
402 (20.2%)
1103 (55.3%)
416 (20.9%)
58 (2.9%)
231 (11.6%)
746 (37.4%)
959 (48.1%)
1699 (85.2%)
268 (13.4%)
27 (1.4%)

0.95 (0.80-1.12, p=.530)
0.69 (0.42-1.15, p=.156) —*—1—

1.00(ref)

0.66 (0.43-1.01, p=.054)
0.72 (0.47-1.09, p=.120) —*—
0.59 (0.38-0.90, p=.016) —*—

1.00(ref)

1.07 (0.68-1.69, p=.756)
1.28 (0.83-1.96, p=.262) :
1.39 (0.91-2.14, p=.131)

1.00(ref)

1
[
|
1
|
|
—

0.92 (0.77-1.11, p=.377) i

0.88 (0.52-1.50, p=.647)

——
D ——————
——
1
| \ \ |
0.5 1 1.5 2

Fig. 4. Forest plot of multivariate logistic regression between dietary factors and myopia after propensity score

matching.

Discussion

Shenyang is the capital city of Liaoning Province, located in the northeast of China. It is one of the largest cities
in northeastern China and a multi-ethnic city, and its survey results are representative. The results of this survey
showed that the overall myopia rate among primary and secondary school students in Shenyang was 59.1%, which
was higher than the overall myopia rate among Chinese children and adolescents in 2020 (52.7%) and higher
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Variables Levels Male OR(95% Cl,p value) Forest(Male) Forest(Female) Female OR(95% Cl,p value)
Sugary drinks Never 1.00(ref) i i 1.00(ref)
Less than once a day 0.91 (0.74-1.12, p=.376) ™ . 1.43 (1.13-1.82, p=.003)
Once a day or more 1.26 (0.77-2.06, p=.348) j : 1.86 (1.03-3.36, p=.038)
Fried foods Never 1.00(ref) i i 1.00(ref)
Less than once a day 1.07 (0.85-1.34, p=.574) i 9 0.77 (0.59-1.02, p=.069)
Once aday ormore  0.67 (0.32-1.43, p=.301) _'_?_ "'f‘ 0.61 (0.30-1.24, p=.172)
Fresh fruits Never 1.00(ref) i i 1.00(ref)
Less than once a day 0.62 (0.36-1.07, p=.084) _'_r "?_ 0.74 (0.36-1.51, p=.409)
Once a day 0.63 (0.37-1.07, p=.084) —" 1 ":_ 0.92 (0.46-1.85, p=.811)
—-——

Twice a day or more 0.51 (0.29-0.89, p=.017) " 0.74 (0.36-1.51, p=.405)

Vegetables Never 1.00(ref) i i 1.00(ref)
Less than once a day 0.99 (0.55-1.80, p=.977) + i 1.27 (0.63-2.57, p=.504)
Once a day 1.16 (0.66-2.05, p=.604) 3 | 1.50 (0.77-2.94, p=.234)
Twice a day or more  1.34 (0.76-2.36, p=.311) J : 1.52 (0.78-2.97, p=.222)
Whether to eat breakfast Every day 1.00(ref) 3 i 1.00(ref)
Sometimes 0.94 (0.74-1.21, p=.648) - - 0.88 (0.67-1.17, p=.380)
Never 0.52 (0.26-1.05, p=.067) ——T = 2.45(0.92-6.50, p=.071)
R I

Fig. 5. Forest plot of sex subgroups for multivariate logistic regression analysis of the association between
dietary factors and myopia after propensity score matching.

than the myopia prevalence in Liaoning Province in 2020 (53.9%)"°. The myopia prevalence among high school
students in Shenyang has reached 81.0%, which also reflects the severity of myopia among students in large cities
in China due to the pressure of further education. In recent years, China has increased its efforts to prevent and
control myopia among students, and has elevated the prevention and control of myopia in children and adoles-
cents to a national strategy. However, more measures are still needed to reduce the myopia rate among students.

The hypothesis that diet may contribute to myopia was first proposed by Gardiner in 1965'°. In recent years,
there has been an increasing amount of research on the relationship between diet and myopia'®!7~". In particular,
much attention has been paid to the effects of carbohydrate-rich foods on myopia. In France, Berticat et al.!!
explored the probability of myopia associated with the consumption of refined carbohydrates, which revealed
a potential relationship between the intake of refined carbohydrates and myopia, with girls being more likely
to be myopic. In China, a nationwide survey conducted by the Nutrition and Health Institute of the Chinese
Center for Disease Control and Prevention demonstrated that from 2019 to 2021, the consumption of pastries,
preserved fruits, candies, chocolates, ice cream, and other sweet snacks was quite common among children
aged 11 to 14, and there was a certain positive correlation between the intake of sweets and the prevalence of
myopia.?’ Moreover, Liu et al.*! investigated the relationship between whole grain consumption and myopia in
Chinese children and indicated that a high intake of whole grains (>50%) was an independent protective factor
against myopia. However, Li et al.'’ found no association between refined grains, sugary drinks, and myopia
when investigating the relationship between dietary intake and myopia among 9-year-old children in Singapore.
In this study, after adjusting for other confounding factors, the analysis of the entire sample revealed that while
there was a tendency for consumption of sugary drinks to increase the risk of myopia, it was not statistically
significant. However, it was found that consuming sugary drinks once or more per day had a significant impact
on myopia in the sample analysis using propensity score matching. Notably, different results were obtained using
different statistical methods, suggesting that the effect of sugary beverages on myopia may be relatively limited
and susceptible to other factors. It is currently believed that the effect of carbohydrate-rich foods on myopia
may be mediated through insulin, as studies have suggested that high levels of insulin can stimulate the produc-
tion of growth factors that promote eye elongation, leading to progressive lengthening of the eye axis and the
development of myopia**~*%. Recently, Li et al.?® investigated the relationship between six glycemic traits (leptin,
body mass index, fasting blood glucose, fasting insulin, glycated hemoglobin (HbA1c), and proinsulin levels)
and myopia by a two-sample Mendelian randomization analysis and the results indicated that low leptin levels
and high HbA1c were associated with an increased risk of myopia. The above findings may suggest that the
effect of carbohydrate-rich foods on myopia depends more on the severity of their effect on blood glucose levels.

Although the results of the two statistical methods showed differences in the effects of sugary beverages on
myopia in the overall population, consistent results were obtained in the gender subgroup analyses. There was
a gender difference in the effect of sugary drinks on myopia, with females being more sensitive. Berticat et al.'!
reported similar findings that the consumption of refined carbohydrates increased the risk of myopia in girls,
while unexpectedly reducing the myopia rate in boys, which may be attributed to sex differences in metabolism
or to the fact that boys are more physically active than girls. For example, Krishnan et al.* explored the rela-
tionship between insulin resistance, habitual physical activity, resting energy expenditure, and anthropometric
variables in 107 boys and 101 girls aged 9+ 0.25 years. The results demonstrated that compared with boys, girls
had significantly higher resting heart rates, stronger insulin resistance, and less physical activity. Cnop et al.”’
investigated the relationship between adiponectin, body fat distribution, insulin sensitivity, and plasma lipopro-
teins, and found that women were more sensitive to insulin (SI: 6.8 +3.9 vs 5.9+ 4.4, p<0.01).

In this study, both the whole-sample and the propensity score matching analyses demonstrated that increased
fruit intake could reduce the risk of myopia. Similar results were also obtained by London et al.?%, who compared
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the food systems and visual acuity of isolated Amazonian Kawymeno Waorani hunter-gatherers and neighboring
Kichwa subsistence agrarians by dietary surveys and visual acuity tests. The study revealed that hunter-gatherers
maintained higher visual acuity throughout their lives due to their consumption of a greater variety of foods and
more wild plants, including 76 types of wild fruits. Furthermore, eating more fruit reduces the risk of myopia,
possibly attributed to the abundance of phytochemicals found in fruit. For example, lida et al.** demonstrated
the inhibitory effect of black-currant extract on myopia using a chick myopia model. A population-based cross-
sectional study conducted in Xinjiang Uyghur Autonomous Region of China, showed an association between
higher consumption of foods rich in anthocyanins and a lower prevalence of myopia®. It was found that antho-
cyanins prevented myopia by exerting a relaxing effect on the ciliary muscle®'. Additionally, the role of carot-
enoids in the prevention and control of myopia has also been reported by scholars. A study from the European
Eye Institute involving several European countries found that plasma lutein concentration was negatively cor-
related with myopia®. A multicenter randomized double-blind placebo-controlled clinical trial showed that
dietary supplementation of crocetin may have an inhibitory effect on the progression of myopia in children®.
Although the aforementioned studies theoretically support our findings, some studies did not find an associa-
tion between increased consumption of fruits and vegetables and myopia. For example, Li et al.'? assessed the
relationship between dietary factors and myopia, spherical equivalent (SE), and axial length (AL) in 9-year-old
children from the Growing Up in Singapore Towards Healthy Outcomes (GUSTO) birth cohort and found no
association between the consumption of fruits and vegetables and myopia. Therefore, further research is still
needed to confirm the role of fruits in the prevention and control of myopia.

Similar to sugary beverages, the effects of fruit on myopia exhibit sex differences, which may also be attributed
to varying metabolisms resulting from different sexes. Vatanparast et al.** reported the impact of vegetable and
fruit intake on bone mineral accumulation during growth in children and adolescents, and found that vegeta-
ble and fruit intake increased whole-body bone mineral accumulation in male students, but had no effect on
female students. In addition, fruit contains a certain amount of sugar, and the hypersensitivity of girls to sugar
metabolism may partially offset the protective effect of fruit against myopia.

Vegetables are also rich in the phytochemicals that have a protective effect against myopia mentioned above,
but the results of this survey showed no association between increased vegetable consumption and myopia. The
lack of association between vegetables and myopia may be related to the fact that vegetables are mainly consumed
in cooked form in the Chinese diet. The cooking process can cause the loss of some nutrients in vegetables®, the
decomposition of some bioactive substances®**, and the addition of salt during cooking can increase the risk of
retinal ischemia/reperfusion injury®®. Mérida et al.** recently found an increased level of nitrite in patients with
high myopia, and vegetables had a high content of nitrate, which can be metabolized into nitrite in the body,
thereby increasing the risk of myopia. These factors may offset the beneficial effects of consuming vegetables on
myopia to some extent, resulting in no protective effect of vegetables against myopia. However, the inference
has not been confirmed, so further research is needed to ascertain whether eating more vegetables is beneficial
in preventing and controlling myopia.

Fried foods are usually high in fat and calories, and diets high in fat and calories can lead to health problems
such as obesity and high blood pressure. Obesity and high blood pressure, in turn, could increase intraocular
pressure, raising the risk of myopia*’. A nationwide study in Israel involving 1.3 million adolescents indicated a
“I” shaped relationship between body mass index and myopia, with both low and high BMI associated with mild,
moderate, and severe myopia*'. The Korean National Health and Nutrition Examination Survey also revealed an
association between obesity and high myopia in children and adolescents*>. Our research found no correlation
between consumption of fried foods and myopia in either males or females, which suggested that fried foods
themselves may not directly affect the occurrence and development of myopia. Similarly, skipping breakfast may
affect nutrient intake, but according to our results, the impact of skipping breakfast on nutrient intake did not
appear to affect the development of myopia.

Although the impact of dietary factors on myopia is limited, they are easy to implement and control in myopia
prevention. Therefore, it is of interest to explore the effects of dietary factors on myopia. While the dietary factors
discussed in this study have been previously reported, the results of this study provide references for further
elucidating the relationship between dietary factors and myopia. Meanwhile, we further processed the data using
propensity score matching to ensure the reliability of the results, but there are still some limitations in the study.

First, it is important to note that noncycloplegic assessment of refractive errors in children overestimates
myopia because noncycloplegic refraction is prone to significant errors primarily due to the active accommo-
dative response®. In the present study, visual acuity assessment was performed without cycloplegia limited by
the large number of participants, and it is possible that some subjects who were classified in the low myopia
category were actually not myopic. Although factors such as site lighting, examination time, and environment
were adjusted during measurements to minimize the effects of accommodative spasm, it was not feasible to
completely rule out the potential for these factors to interfere with the results. As an internationally recognized
gold standard for diagnosing myopia, cycloplegic optometry can accurately detect refractive error, but it is also
associated with discomfort such as transient photophobia and blurred vision, and is time-consuming and not
suitable for large-scale population screening*>**. A recent study has shown that the need for cycloplegic assess-
ment and the refractive state of cycloplegia in school-age children can be predicted based on noncycloplegic
ocular parameters in school-age children, according to big data collection and machine learning techniques®.
In order to decrease the detection error and improve the accuracy of the examination results, when the subject
is susceptible to subjective and objective factors, it is still recommended to perform cycloplegic refraction to
determine myopia if necessary. In the future, there is still a need to further explore new fast, easy, and more
accurate methods for myopia screening and prevention. Moreover, as a cross-sectional study, although our results
indicate an association between sugary beverage and fruit intake and myopia, we cannot confirm a direct causal
relationship. In addition, the current survey only investigated the frequency of food intake without exploring

Scientific Reports |

(2024) 14:20619 | https://doi.org/10.1038/s41598-024-71254-0 nature portfolio



www.nature.com/scientificreports/

the impact of food intake on myopia in terms of quantity. Therefore, further research is needed to verify these
relationships and explore their mechanisms.

Conclusion

In summary, excessive consumption of sugary drinks may increase the risk of myopia, particularly in female
students who are relatively sensitive to insulin. Consumption of large quantities of fruit may contribute to reduc-
ing the risk of myopia because of the high levels of active substances in fruit that can prevent myopia. However,
the protective effect of fruits against myopia may be weakened in female students due to their own metabolic
characteristics. These results need to be verified by further research.
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