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Summary

What is already known about this topic?

China exhibits a significantly high prevalence of
myopia compared to other countries globally. Children
with vision impairment have been found to engage less
in physical activities, achieve lower academic
performance, and have increased vulnerability to
depression.

What is added by this report?

During a six-year observational study, a population-
level correlation was identified between varying degrees
of visual impairment and the presence of depressive
symptoms among students. Specifically, individuals
with a visual acuity below 4.0 had a significantly higher
odds ratio of 1.90 (95% confidence interval:
1.53-2.37) compared to individuals with normal vision
(visual acuity >5.0).

What are the implications for public health
practice?

This study highlights the importance of holistic health
interventions that address both visual and psychological
aspects. Understanding common mechanisms and
influential factors can guide the development of more

impactful public health strategies.

Vision impairment is a significant global issue,
affecting 2.2 billion individuals worldwide, including
an estimated 19 million children aged 0-14 years. Of
this group, approximately 1.4 million children suffer
from irreversible blindness (7). In China, over half of
children aged 6-18 years are affected by myopia, which
can be attributed to the high-pressure educational
environment they face (2). This vision impairment can
have detrimental effects on their education and may
contribute to the development of depressive symptoms
(2. As
comprehending the environment, impairments in this

vision is crucial for perceiving and

modality can negatively impact mental health, leading

to anxiety, depression, or self-esteem issues.
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Particularly in the eastern China, where myopia
prevalence is highest among children and adolescents,
the link between visual health and psychological well-
being is a significant public health concern that
requires further investigation and ongoing attention.

The study was conducted from 2017 to 2022, with
participation from 11 project sites. Random sampling
of districts or counties was used to select these sites in
Jiangsu Province, which consists of 98 districts or
counties. During the research period, a total of 8,997
middle and high school students across 6 grade levels
participated in the survey. For more detailed
information on the survey process (Figure 1).

The survey comprised several components. First,
ophthalmic examinations were conducted by trained
program members, nurses, and doctors. The myopia
screening institution needed to have a valid medical
institution license. Visual impairment, referred to as
low vision, was assessed using the “Standard
Logarithmic Visual Acuity Chart” (GB 11533-2011)
(3). Visual acuity of 5.0 or more indicated health
vision in children and adolescents aged 6 and above.
Visual acuity ranging from 4.6 to 4.9 was considered as
mild to moderate visual impairment, while visual
acuity equal to or less than 4.5 was classified as severe
visual impairment. The severe visual impairment group
was further categorized into severe vision impairment
group 1 (visual acuity <4.0) and severe vision
impairment group 2 (visual acuity ranging from 4.1 to
4.5). Second, height and weight measurements were
taken. Students removed their shoes and clothes before
their weight and height were measured. The
measurements were taken according to the
standardized equipment and procedures outlined in the
health check list for primary and junior school students
(GB 16134-2011) (4). Overweight, obesity, and body
mass index (BMI) screening followed the unified
classification criteria based on the screening for
overweight and obesity among school-age children and

adolescents (WST 586-2018) issued by the National
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students (2,061).

Eastern China student surveillance study in 2017-2019: A total of 4,021
students were included, consisting of urban students (1,960) and rural

A

1) Randomly selected 5—6 counties or districts from 98 districts i
Jiangsu Province, including Sucheng (2017, urban), Sihong
(2017, rural), Yandu (2018, urban), Dongtai (2018, rural),
and Qidong (2019, rural).

2) Baseline variables: Vision, CES-D, age, gender, region,
resident students, family type (indicating whether it was a
single-parent household), BMI, passive smoking, sleep duration,
physical activity (measuring whether daily outdoor activity
exceeded 2 hours), and child growth and development (referring
to menstrual cycles or nocturnal emissions).

n .

Eastern China student surveillance study in 2020-2022: A total of 4,976

students (2,317).

students were included, consisting of urban students (2,659) and rural

A

1) Randomly selected 5—6 counties or districts from 98 districts i
Jiangsu Province, including Suzhougongyeyuan (2020, urban),
Changshu (2020, rural), Yuhuatai (2021, urban), Rugao (2022,
rural), Kunshan (2022, rural), Huishan (2022, urban).

2) Baseline variables.

A total of 8,997 individuals participated in the survey, comprising:
grade 7: 1,767 (19.6%), grade 8: 1,781 (19.8%), grade 9: 1,737 (19.3%),
grade 10: 1,304 (14.5%), grade 11: 1,264 (14.0%), grade 12: 1,144 (12.7%).

FIGURE 1. The flowchart illustrates the research procedure involving middle and high school students from 2017 to 2022.
Abbreviation: CES-D=Center for Epidemiologic Studies Depression Scale; BMI=body mass index.

Health Commission of the People’s Republic of China.
BMI was calculated as weight in kilograms divided by
height in meters squared. Third, the prevalence of
depressive symptoms was assessed using the Center for
Epidemiologic Studies Depression Scale (CES-D) (5).
The CES-D scale, which has been widely used and
validated for reliability in Chinese cohorts, was
utilized. The Chinese version of the CES-D scale
employs a four-point Likert scale, with higher scores
indicating more severe depressive symptoms. A CES-D
score of 20 or higher was used as the threshold to
identify the presence of depressive symptoms (6).
Finally, a
administered to

comprehensive  questionnaire  was
data,
information on date of birth, family structure, outdoor
activity levels, exposure to passive smoking, and other

relevant factors.

collect baseline including

The characteristics of the participating students were
described as follows: 1) Continuous variables such as
age, BMI, and sleep duration, which followed a normal
distribution, presented as meantstandard
deviation. 2) Categorical variables, including resident

household, and passive

were

students,  single-parent
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smoking, were analyzed using chi-square tests and
presented as percentages. 3) Multilevel logistic models
were used to investigate the association between visual
impairment and symptoms of depression. The analysis
included the following covariates: age, gender, region,
resident  students, family  type
household), BMI, passive smoking, sleep duration,
physical activity (more than 2 hours of daily outdoor
activity), child growth development, and year. Odds
ratios (ORs) along with their corresponding 95%
(CI)
analysis was performed using IBM SPSS (version 20.0;
IBM Corp., Armonk, NY, US). Statistically significant
results were defined as P-value <0.05.

This study included 8,997 participants between
2017 and 2022. The average age of the participants
was 14.4+1.7 years. Of the total participants, 4,745
(52.7%) were male students and 4,619 (51.3%) were
urban children and adolescents. Comparing the group
with low depression scores (CES-D<20) to the high
depression score group (CES-D>20), several significant
distinguishing characteristics were found. Table 1

(single-parent

confidence intervals were calculated. Data

provides a detailed overview of these differences.
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TABLE 1. Basic demographic characteristics of children sorted by CES-D scores.

Variable CES-D (>20), n=1,571 CES-D (<20), n=7,426 Xt P

Age*, years, mean+SD 14.8+1.6 14.3+1.7 9.67 <0.001
Male students*, n (%) 774 (49.3) 3,971 (53.5) 9.20 0.002
Urban, n (%) 803 (51.1) 3,816 (51.4) 0.04 0.844
Year*

2017-2019 746 (18.6) 3,275 (81.4)

2020-2022 825 (16.6) 4,151 (79.1) 001 0014
Middle and high school grade*

Grade 7 193 (10.9) 1,574 (89.1)

Grade 8 267 (15.0) 1,514 (85.0)

Grade 9 328 (18.9) 1,409 (81.1)

103.18 <0.001

Grade 10 249 (19.1) 1,055 (80.9)

Grade 11 270 (21.4) 994 (78.6)

Grade 12 264 (23.1) 880 (76.9)
Resident students*, n (%) 393 (25.0) 1,573 (21.1) 11.16 <0.001
Single-parent household*, n (%) 133 (8.5) 499 (6.7) 6.05 0.014
BMI*, kg/m?, mean+SD 22.2+4.2 21.7+4 1 4.23 <0.001
Passive smoking*, n (%) 169 (10.8) 354 (4.8) 84.99 <0.001
Sleep duration*, h 6.7+1.6 7.3t1.4 14.76 <0.001
Physical activity (>2 h)*, n (%) 371 (23.6) 2,205 (29.7) 23.44 <0.001
Child growth development*, n (%) 1,266 (80.6) 5,334 (71.8) 50.88 <0.001
Vision*, mean+SD 4.3+0.4 44104 8.00 <0.001
Healthy vision (>5.0), n (%) 128 (8.1) 971 (13.1)
Mild and moderate visual impairment (4.6-4.9), n (%) 263 (16.7) 1,397 (18.8)
Severe vision impairment group 2 (4.0-4.5), n (%) 651 (41.4) 3,169 (42.7) 61.98 <0.001
Severe vision impairment group 1 (<4.0), n (%) 529 (33.7) 1,889 (25.4)

Abbreviation: CES-D=Center for Epidemiologic Studies Depression Scale; SD=standard deviation; BMI=body mass index.

* P<0.05.

We conducted a pooled analysis to examine the
association between visual impairment and depressive
symptoms. Three models were used: Model 1 with no
covariates, Model 2 with covariates such as age, gender,
region, and year, and Model 3 with a comprehensive
set of covariates including age, gender, region, resident
students, family type, BMI, passive smoking, sleep
duration, physical activity, and child growth
development, along with year. In Model 3, compared
to the healthy vision group (visual acuity >5.0), the
ORs for the severe vision impairment group 1 (<4.0),
severe vision impairment group 2 (visual acuity
between 4.1 and 4.5), and mild and moderate visual
impairment group (visual acuity between 4.6 and 4.9)
were 1.90 (95% CI. 1.53-2.37), 1.53 (95% CI.
1.24-1.88), and 1.46 (95% CI. 1.16-1.84),
respectively. These findings indicate a significant
population-level ~ association =~ between  vision
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impairment and depressive symptoms among Chinese
students (Figure 2).

DISCUSSION

From 2017 to 2022, this study was conducted at 11
project sites involving a total of 8,997 middle and high
school students. A pooled analysis was performed,
adjusting for various covariates such as age, gender,
region, residential status, family type (indicating single-
parent household status), BMI, passive smoking, sleep
duration, physical activity (evaluating if daily outdoor
activity exceeded 2 hours), child growth development
(referring to menstrual cycles or nocturnal emissions),
and year. The analysis revealed a statistically significant
association between the group with severe vision
impairment and depressive symptoms compared to the
group with healthy vision.
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OR(95%CD P value
1.00 -
1.43 (1.14-1.79)  0.001
1,56 (127-1.91)  0.001
2.12(1.73-2.62)  0.001
OR(95%CI) P value
1.00 -
1.42 (1.13-1.78)  0.003
1.47 (1.19-1.80)  0.001
1.85(1.49-2.29)  0.001
LIS (1.11-1.19)  0.001
1.16 (1.04-1.30)  0.008
1.10 (0.98-1.23)  0.095
0.95(0.93-0.98)  0.003

OR (95% CI) P value
1.00 -

1.46 (1.16-1.84) 0.001
1,53 (1.24-1.88) 0.001
1.90 (1.53-2.37) 0.001
1.02 (0.98-1.06) 0.442
1.13 (0.99-1.28) 0.066
1.02 (0.91-1.14) 0.801
0.90 (0.79-1.04) 0.147
1.18 (0.96-1.45) 0.117
1.02(1.00-1.03) 0.014
0.44 (0.36-0.54) 0.001
0.74 (0.71-0.78) 0.001
0.86 (0.76-0.98) 0.027
1.12 (0.95-1.32) 0.192

0.98 (0.95-1.01) 0.196

Model 3: age, gender, region, resident students, family type, BMI, passive smoking, sleep duration, physical

Subgroup (model 3: mild and moderate visual impairment group)
-

Sucheng, 2017

OR (95% CI) P value
1.16 (0.56-2.41) 0.691

Sihong, 2017 —— 1.02 (0.41-2.54) 0.973
Yandu, 2018 --— 1.18 (0.69-2.00) 0.545
Dongtai, 2018 - 1.29 (0.65-2.55) 0.465
Qidong, 2019 S — 3.48(1.11-10.94)0.033

Suzhougongyeyuan, 2020 —|— 1.34 (0.35-5.05) 0.668
Changshu, 2020 - 1.75 (0.77-3.97) 0.179
Yuhuatai, 2021 —_—-———— 296 (1.13-7.73) 0.027
Rugao, 2022 - 1.70 (0.62-4.66) 0.304
Kunshan, 2022 —— 1.49 (0.68-3.27) 0.318
Huishan, 2022 e 1.31(0.58-2.93) 0.515
Total 1.46 (1.16-1.84) 0.001
0.0 2.0 4.0 6.0 8.0

Model 3: age, gender, region, resident students, family type, BMI, passive smoking, sleep duration, physical
activity, child growth development and year

Subgroup (model 3: severe vision impairment group 2) OR (95% CI) P value
Sucheng, 2017 e 1.70 (0.92-3.17)  0.092
Sihong, 2017 S 1.33(0.59-3.00)  0.498
Yandu, 2018 - 1.06 (0.65-1.73)  0.807
Dongtai, 2018 .- 1.73 (0.95-3.18)  0.075
Qidong, 2019 R — 472 (1.63-13.65)  0.004
Suzhougongyeyuan, 2020 —_—— 3.86 (1.15-12.95)  0.029
Changshu, 2020 —-— 200 (0.95-424)  0.069
Yuhuatai, 2021 - 2.02(1.20-2.98)  0.129
Rugao, 2022 e — 1.07 (0.42-2.74)  0.890
Kunshan, 2022 - 1.35(0.66-2.77)  0.408
Huishan, 2022 - 1.17(0.56-2.47)  0.673
Total 1.53 (1.24-1.88)  0.001
0.0 2.0 4.0 6.0 8.0

Model 3: age, gender, region, resident students, family type, BMI, passive smoking, sleep duration, physical
activity, child growth development and year

Subgroup (model 3: severe vision impairment group 1) OR (95% CI) P value
Sucheng, 2017 S 1.95(0.97-3.93) 0.061
Sihong, 2017 — 2.03 (0.96-4.32)  0.066
Yandu, 2018 — 1.72 (1.05-2.81) 0.032
Dongtai, 2018 . 1.60 (0.75-3.40)  0.227
Qidong, 2019 - 3.35(1.11-10.08) 0.032
Suzhougongyeyuan, 2020 = 4.04 (1.18-13.76) 0.026
Changshu, 2020 B B 1.71 (0.77-3.78)  0.186
Yuhuatai, 2021 3.07(1.23-7.68) 0.016
Rugao, 2022 - 2.19 (0.85-5.60) 0.103
Kunshan, 2022 ——— 2.05(0.98-4.30) 0.058
Huishan, 2022 .- 2.02(0.94-4.38) 0.073
Total - 1.90 (1.53-2.37)  0.001
0.0 2.0 4.0 6.0 8.0

Model 3: age, gender, region, resident students, family type, BMI, passive smoking, sleep duration, physical
activity, child growth development and year

activity, child growth development and year

FIGURE 2. Forest plot depicting the association between visual impairment and depressive symptoms. (A) Relationship
between visual impairment and depressive symptoms with Model 1; (B) relationship between visual impairment and
depressive symptoms with Model 2; (C) relationship between visual impairment and depressive symptoms with Model 3;
(D) relationship between visual impairment (4.6—4.9) and depressive symptoms with Model 3 sorted by regions; (E)
relationship between visual impairment (4.1-4.5) and depressive symptoms with Model3 sorted by regions; (F) relationship
between visual impairment (<4.0) and depressive symptoms with Model 3 sorted by regions.

Abbreviation: OR=0dds ratio; C/=confidence interval; BMI=body mass index.

The intricate neural mechanisms connecting vision
and depression require a comprehensive investigation
of various biological, psychological, and sociocultural
factors. While previous studies have observed a
statistical correlation between visual impairment and
depression symptoms or other mental health concerns
(7-8), caution is necessary when interpreting this
association as it does not establish a cause-and-effect
relationship. To gain a better understanding of this
connection, further research, including long-term
observational studies and examinations of potential
mechanisms, is needed. The processing of visual
information involves multiple brain regions, such as
and

emotionally-related areas like the amygdala (9).

the visual cortex, secondary visual -cortex,
Abnormal processing of visual information or visual
impairments may consequently impact the functioning
of these brain regions and influence emotional states

(10). Moreover, visual impairments can lead to social
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isolation, self-awareness issues, and daily life challenges,
which may contribute to the onset of depressive
symptoms (/).

This study is subject to some limitations. First, it
would benefit from continued longitudinal follow-up
with the population to explore causal relationships
further.
definitive establishment of causality. Second, reliance

Long-term observation is essential for
on self-reported data without clinical or objective
measurements, particularly when assessing depression,
introduces potential bias or inaccuracies due to
personal perception and interpretation.

In conclusion, this six-year observational study
found a significant association at the population level
between of

depression among school-age children. These findings

visual impairment and symptoms
highlight the importance of addressing both the visual
of students with

compromised vision. The study provides valuable

and psychological ~well-being
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insights for interventions targeting the co-occurrence
of visual and mental health conditions in students.
Given the shared nature of common diseases in this
population and their underlying mechanisms, a
comprehensive approach to public health policies can
offer invaluable guidance.
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