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Abstract

Background Myopia and obesity in children and adolescents have become serious public health problems

that endanger public health, especially in China. Unhealthy lifestyle behaviors are environmental drivers of both myo-
pia and obesity. This protocol describes a study to evaluate the effectiveness of “22510SS’, that is 2 h of daytime out-
door activities (2); Limit screen time to no more than 2 h per day ('2'); Consume at least 5 servings of fruits and vege-
tables daily ('5"); Attain 1 h of physical activity daily ('1); Consume 0 sugar-sweetened beverages ('0); Reasonable sleep
duration ('S); Regular supervision ('S). A school-based, multifaceted intervention strategy for myopia and obesity
prevention, and to assess and explore the implementation of “22510SS" with regards to acceptability, feasibility, adop-
tion, usage and maintenance.

Methods and analysis This study aims to develop a comprehensive intervention strategy "22510SS" based

on the socio-ecological model, and A two-arm cluster randomized trial with a parallel-group of a 1:1 allocation ratio
in 36 primary and secondary schools to test its evidence-based intervention programs on the effects and imple-
mentation of myopia and obesity epidemics in children and adolescents in grades 4 and 7. The primary outcomes
will include differences in visual acuity, body mass index, outdoor activity indicators, screen time, fruit and vegeta-

ble intake, high-quality protein intake, sugar-sweetened beverage intake, sleep duration, and level of monitoring
among children and adolescents. Secondary outcomes will assess the acceptability, feasibility, uptake, use, and main-
tenance of the intervention. Effects on the primary and secondary outcomes will be analyzed using linear and logistic

*Correspondence:

Yanhui Dong

dongyanhui@bjmu.edu.cn

Yi Song

songyi@bjmu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16270-x&domain=pdf

Wang et al. BMC Public Health (2023) 23:1435

Page 2 of 20

and adolescents.

Trial registration NCT05275959. Registered 23 Mach 2022.
Keywords Children, Adolescents, Myopia, Obesity, Custer randomized trial

regression analyses, as well as difference-in-difference analysis, taking into account cluster effects and possible con-
founding factors. Process assessments will also be conducted through quantitative and qualitative analyses, includ-
ing acceptability, feasibility, gender, adoption, implementation, and sustainability.

Discussion This study will evaluate the effectiveness of “2251055"and examine its implementation in the school-
based network nesting family and clinic. Following this intervention study, the integrated intervention program
focused on myopia and obesity among children and adolescents have great potential to be implemented in China
to promote and support healthy lifestyle behavior change and reduce the risk of myopia and obesity in children

Introduction

Globally, the prevalence of myopia and obesity among
children and adolescents has become a serious public
health problems concern [1, 2]. In China, over the past
30 years, the incidence of myopia and obesity has risen
significantly, with an estimated 180 million myopic and
58.92 million overweight or obese children and adoles-
cents by 2030 [3, 4]. Myopia in adolescence is a grow-
ing concern, as it increases the risk of various ocular
diseases such as cataracts, glaucoma, macular degen-
eration, and retinal detachment, which can lead to early
visual impairment and even vision loss, affecting aca-
demic performance and limiting employment options
in adulthood [5-7]. Meanwhile, childhood obesity
can result in metabolic abnormalities and early target
organ damage, persisting into adulthood and affect-
ing cytokine and hormonal status [8]. This significantly
increases the risk of morbidity and mortality, including
type 2 diabetes, cardiovascular disease, metabolic dis-
ease, and various cancers [8—10]. Currently, a high inci-
dence of myopia and obesity complications in children
and adolescents has been observed in cross-sectional
studies from Ireland [11] and the Netherlands, [12]
showing a positive correlation between the incidence of
myopia and body mass index (BMI). Although compre-
hensive interventions for both myopia and obesity are
lacking, there is abundant evidence for individual inter-
ventions, and many of these actions overlap [1, 13, 14].
For example, obesity prevention guidelines recommend
children consume>5 servings of fruits and vegetables
(‘'5’), have <2 h screen time (‘2’), attain 1 h of physical
activity (‘’), and drink 0 sugar-sweetened beverages
(‘0’), commonly known as ‘5-2-1-0" recommenda-
tions [15, 16]. Actually, at the individual level, outdoor
activities, [1, 17-22] while a sedentary lifestyle [19, 20],
excessive screen time [23, 24], and high-fat diet [25-30]
might also contribute to the occurrence of myopia.
Therefore, changing 1 h of physical activity as 2 h out-
door time (‘2’), adding 1 serving of high-quality protein
daily (‘1’), reasonable sleep duration (‘S’), and regular

supervision (‘S’) as intervention package of “22510SS”
might work on both myopia and obesity prevention
[31].

Interventions targeted towards families have shown
some effectiveness in reducing myopia and obesity
among children, as parental attitudes and behaviors
can have a significant impact [32—35]. At the interper-
sonal and organizational level, school health education
is a crucial factor that can influence myopia and obesity
rates [36, 37]. Studies conducted in countries such as
Estonia and Russia have found that school health educa-
tion can effectively lower the prevalence of myopia and
obesity by promoting outdoor activities, reducing seden-
tary behavior, and improving dietary habits [38—40]. At
the community and policy level, clinics working together
with families and schools play a vital role in mitigating
the risks associated with myopia and obesity. Commu-
nity-based interventions, early detection, and referral to
specialist care for further management are essential in
identifying children at risk [41-43]. Although the pre-
vious researches demonstrate some evidence for the
effectiveness of specific myopia or obesity interventions,
almost no single intervention will be effective alone, thus,
to address the issue comprehensively, it is necessary to
integrate existing intervention techniques and summa-
rize “22510SS” by using a social-ecological model (SEM)
[44, 45], which might help embed family and clinic into a
school centered intervention to reduce myopia and obe-
sity among children and adolescents.

Considering that emerging evidence of the potential
impact of a multifaceted approach on myopia or obesity
exists, and consolidated intervention is urgently needed
to urge myopia and obesity epidemic looming, we will use
the RE-AIM framework, which was originally conceived
in 1999 to assess and improve the external effectiveness
and sustainability of public health interventions from five
dimensions of reach, effectiveness, adoption, implemen-
tation, and maintenance, [46-48] to assess “22510SS”
intervention strategy at the same time to accelerate the
implementation and application, and the potential for
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wider adoption of “22510SS” in other regions of China
[49]. The RE-AIM framework ensures regular collection
of execution results during the execution process, adjusts
the assistance of the assistant team promptly, minimizes
the workload, and improves the work efficiency of the
organization. After the evaluation completing, an imple-
mentation strategy for the evaluation phase will be for-
mulated to prepare for long-term implementation.

Aims

The purpose of this protocol was to develop a compre-
hensive intervention strategy, “22510SS” to address the
high increase of myopia and obesity in children and ado-
lescents, guided by SEM. The effectiveness and imple-
mentation of this intervention were tested using the
RE-AIM framework. The main objectives were: (i) to
assess the differences in the intervention’s impact on chil-
dren and adolescents’ visual acuity, body mass index, and
behavarial indicators including outdoor activities, screen
time, fruits and vegetables, high-quality protein and
sugar beverage intake, sleep duration, and supervision.
(ii) to evaluate the Reach, Effectiveness, Adoption, Imple-
mentation, and Maintenance of the “22510SS” interven-
tion strategy using the RE-AIM framework as a guide.

Design and methods

This is a hybrid type I effectiveness-implementation
trial with two stages (Fig. 1). The first stage is to develop
a comprehensive SEM-based intervention strategy for
myopia and obesity prevention in children and adoles-
cents through evidence-based, technology development
and technology integration, and to assess its effec-
tiveness (Fig. 2). The second phase is to evaluate the
implementation with regard to acceptability, feasibility,
adoption, usage, and maintenance (Fig. 3). This study
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protocol adhered to the SPIRIT guidelines for clinical
trial protocols [50] (Supplementary Material).

Effectiveness evaluation

Study design

A two-arm cluster randomized trial with a parallel-
group of a 1:1 allocation will be conducted in three
districts (Dongcheng District, Tongzhou District, and
Changping District) according to their geographical
location and socioeconomic conditions in Beijing and
then selected schools in the districts for a 12- month
intervention. In each of the three districts, 3 primary
schools (grades 1-4), 3 junior high schools (junior 1),
and a total of 18 schools will be selected as intervention
schools, while other 18 schools will be regarded as con-
trol schools. t. Children and adolescents grades 1-4 and
7 with aged 6—14 years will be recruited for advoiding
missing follow-ups due to further education into other
schools (Fig. 4). All intervention schools in the three
districts will use a standardized and uniform research
protocol.

Given the evidence-based research and qualita-
tive survey, we will discuss the development of an
intervention model for myopia and obesity co-mor-
bidity, optimize the relevant techniques, integrate
multi-dimensional indicators through experts and
school fronteirs meetings, as well as pilot study for
children and adolescents and their families, and then
establish an accurate assessment system for the health
risks of myopia and obesity in children. A social-eco-
logical intervention model with the participation of
“individual, family, school, community, and clinic” cen-
tered on individual children and adolescents will be
established.

Intervention School
Control School

Myopia and obesity prevention
intervention technology centered
on children and adolescents

middle school
3 each (50 people each)

primary school
3 each (200 people each)

for prevention and
treatment of myopia

\_H

technologies for obesity
prevention and control

? @
| |

"2251055" Comprehensive Intervention Impact of Interventions on
Strategy Guided by Social Ecological Children and Adolescents
Model

! |

Visual acuity, body mass index, indicators of outdoor
activities, screen time, fruits and vegetables, high-quality
protein and sugar beverage intake, sleep duration, as well as
supervision

"2": 2-hour daytime outdoor activities

imit screen time to no more than 2 hours per day
‘onsume at least 5 servings of fruits and vegetables daily
ttain 1 h of physical activity daily
onsume 0 sugar-sweetened beverages
easonable sleep duration
: Regular supervision

Combining myopia and
obesity to prevent
appropriate technology Location: Beijing
Dongcheng District
Tongzhou District

Changping District

Expert consultation and optimization and
optimization

Form the "22510SS" behavioral intervention plan
guided by the social ecological model

©)

Contron group
RE-AIM framework to evaluate and explore

the "2251055" comprehensive intervention
strategy

The students in the control group schools in the
demonstration area will have only regular monitoring
and regular class meetings or health education classes to
teach the concept of a healthy lifestyle, and no specialist
doctors from specialized hospitals took the initiative to l

intervene.

Reach, Effectiveness, Adoption, Implementation,

and Maintenance

Fig. 1 Trial implementation process
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Medical institution based actions

Community based actions

School based actions
(A supportive school environment)

Family based actions
(A supportive family environment)

Individual based actions

S
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(1) Health follow-up for children and adolescents;

(2) Personalized health prescriptions

(1) Health education;

(2) Health service

(1)School policies related myopia and obesity;

(2) Health education activities for both teachers
and children and adolescents

(1)Health education participating;

(2) Supervising and encouraging children to
participate in intervention-related activities

(1)Health education curriculum;

(2) Strengthening physical activities in and out of
school;

(8Regular weight and vision monitoring

Fig. 2 A social ecological model for the interventions designed across various personal and environmental factors influencing child and adolescent

obesity and myopia

Evaluation and dissemination of the
effectiveness of the construction of a

Developing a key technology package and
assurance system for comorbidities of
obesity and myopia among children and
adolescents

Implementation
Strategy

Implementatlon

u11d1ng a “comorbidity, common
causes -common prevention”

demonstration zone for integrated prevention|
and control of comorbidities

Evaluation and pr01not10n—Demonstrat10n area construction

Fig. 3 The study design under the RE-AIM framework

Recruitment
Recruitment of the schools

For the schools participating in the program, the size of a
class was varying from 30 to 50 children and adolescents per

demonstration area for integrated
prevention and control.

class. If the number of children and adolescents in one class
is less than 40, we will recruit two classes from the corre-

sponding grade, and if the number of children and adoles-
cents is greater than 40 of one class, we will recruit one class.
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(June 2022)

Randomly selected three demonstration areas (Dongcheng district, Tongzhou district, and Changping distrigt).

intervention equals to 1:1.

Three primary schools (grades 1-4) and three junior high schools (junior 1) were randomly selected in each
of demonstration area, totaling 18 schools as project selected schools. The schools’ number of control:

(July 2022)

Informed consent forms signed by parents and students.
(September 2022)

Baseline
Questionnaire survey, physical index measurement, biological sample
collection, and indoor environmental index.
(September 2022)

l

Intervention Group
Myopia and obesity comorbidity prevention and
intervention technology package.

(November 2022)

|

Control Group
Routine testing and health education
(November 2022)

First  Visit (month 6)

Questionnaire, (April 2023)

Second  Visit (month 12)

Questionnaire survey, physical index measurement, biological sample
collection, and indoor environmental index. (October 2023)

Fig. 4 The flow chart of participants in the trial

School inclusion criteria are: 1) School principals should
agree and cooperate with the project team to implement the
intervention plan, and the school has health related human
resources itself, such as school doctors, health teachers, and
physical education teachers; 2) The total number of chil-
dren and adolescents in each grade should be larger than 50.
School exclusion criteria are: 1) Boarding schools and spe-
cialty schools for children and adolescents with talents or
minority ethnic groups will be excluded; 2) Schools will also
not be included if they have a definite plan for relocation or
cancellation in the next 1 year.

Four steps will be applied for the recruitment of the
schools. First, the education authority of each district
will be contacted through a project workshop to seek
their input on the study proposal. Second, the edu-
cation authorities of each district will provide basic
information on the participating schools (school
type, number of children and adolescents, and teach-
ers). Third, project team will hold school seminars to
understand the specific situation of the school, con-
duct field visits to the school, and finally determine the
selected school for the project. Fourth, the final list of
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eligible schools and classes will be determined by the
principal investigator, and schools will be invited to
participate in the study by the project partners.

Recruitment procedure of the study population

Within one week before the start of the recruitment
process for study participants, the project team will
distribute informed consent forms to all children and
adolescents in the selected class through their class-
room teachers, and the forms will be taken to home for
their parents to complete (Fig. 4). Only children and
adolescents who meet the inclusion criteria and pro-
vide signed individual and parent informed consent
will be invited to participate in the project. The inclu-
sion criteria are: (1) Grades 1-4 or 7 with ages 6-14;
(2) Complete physical examination data at school; (3)
No transfer plan within one year. Children and ado-
lescents will be excluded if parents report one of the
following: (1) A history of heart disease, hypertension,
diabetes, tuberculosis, asthma, hepatitis, or nephri-
tis; (2) Obesity due to disease or drug side effects; (3)
Abnormal physical development, such as dwarfism
or gigantism; (4) Physical deformities, such as severe
scoliosis, chicken breasts, lameness, marked O-leg or
X-leg; (5) Unable to participate in school sports activi-
ties; (6) Weight loss due to vomiting or medication in
the past three months; (7) Ophthalmic device diseases,
such as keratitis, corneal ulcer, etc.; (8) History of eye
surgery, such as laser surgery, etc.; (9) Visual problems
such as color weakness and color blindness.

Table 1 Participant timeline according to SPIRIT
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Intervention
Intervention group
In the context of school-centered multifaceted interven-
tions, we will establish a gradient prevention and control
system based on the SEM, with the “22510SS” compre-
hensive intervention strategy as the core. The aim is to
mitigate and manage myopia and obesity among children
and adolescents through targeted interventions at the
individual, family, school, community, and clinical levels.
Table 1 provides an overview of the intervention process.
The “22510SS” package will primarily be implemented
in 18 intervention schools and extended to families as
well as nested community and clinics into the worknet
by project team. To support this, individual early warning
information and corresponding intervention plans will be
disseminated via a self-developed WeChat applet. Data
collection and intervention will be conducted through an
“individual, family, school, community, and clinic” data-
sharing module centered on children and adolescents.
The project team will work with clinical doctors and
school health providers to utilize the WeChat applet to
facilitate quality control, regular supervision, follow-up,
lifestyle adjustment, and implementation of interven-
tion plans, with timely feedback to families and schools
for continued implementation. Clinical doctors will help
identify the children and adolescents with different level
of risk on myopia or obesity. For high-risk group, includ-
ing children with rapid progression of myopia, severe
visual health, and moderate to severe obesity or other
metabolic diseases, physicians in pediatrics, ophthalmol-
ogy, and endocrinology will provide further diagnosis
and prescribe healthy diets and exercise; For potential

STUDY PERIOD
Enrollment Allocation Post-allocation Close-out
Time point September-October 2022 October 2022- April 2023 June-July 2023 November—
December
2023
Enroliment
Eligibility screen X
Informed consent X
Allocation (cluster) X
Interventions
Intervention X
Control X
Assessments
Anthropometric measures X
Biospecimen measures X X X
Environmental measurements X X X
Questionnaire X
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risk groups strengthen supervision and provide relevant
health services; For low risk groups strengthen health
education and enhance health concepts. Regular tracking
and feedback intervention will be provided, with infor-
mation shared with individuals, schools, and families
through the self-develoed WeChat applet, and families,
schools, communities, and clinical will jointly implement
intervention prescriptions.

Intervention measures will be taken against children and
adolescents’ myopia and obesity at four levels: individual
(individual centered activities), environment (support-
ive family and school settings), and supervision (family,
school, program team, and clinical) and feedback (timely
feedback from the WeChat applet). Table 2 provides a
detailed overview of the specific intervention concepts.

Individual focused activities Will include health edu-
cation activities for children and adolescents, enhanced
their physical activity in and out of school, and regular
supervision of vision, weight, and height. Seen Table 3 for
details.

Family activities Will be toward to parents and include
health education activities for parents, as well as super-
vision and encouraging children and adolescents to
increase their levels of physical activity outside of school.
Table 4 for details.
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School activities Will included school policies related to
the prevention of myopia and obesity and health educa-
tion activities for teachers. Table 5 for details.

WeChat applet Will be provided to project team, clinic
doctors, school teachers, and parents to follow. The
applet will develope corresponding application modules
based on behavior change technology. Assistance will be
provided in information dissemination, behavioral super-
vision, weight management, assessment, and feedback.
Table 6 for details.

Control group
The children and adolescents in the control schools
will have only regular monitoring and class meet-
ings or health education classeswithout clinic doctors’
paricipating.

Quality control of the intervention

Two manuals have been developed to facilitate the
implementation and management of this complicated
intervention. These manuals include the “Operation
Manual for Intervention Project Team members” and
the “Operation Manual for Intervention School Team
Members” The manuals provide the specific technolo-
gies, frequency, and duration of the intervention, as
well as a checklist to ensure that the intervention is

Table 2 The key messages of prevention and intervention for the comorbidity of myopia and obesity

Intervention Concept Messages

2 (2 h daytime outdoor activities)

1. More than 2 h of daytime outdoor physical activity every day, with at least 1 h moder-

ate to high-intensity daytime outdoor physical activity

2 (Limit screen time to no more than 2 h per day)

2.The screen usage time should not exceed 2 h, of which the recreational use of elec-

tronic products should not exceed 1 h per day, and each time should not exceed 15 min

5 (Consume at least 5 servings of fruits and vegetables daily)

3. Eat 5 servings of vegetables and fruits the size of an adult’s fist, about 300 to 500 g

of cooked or chopped lettuce leaves, and about 200 to 400 g of fruit (to ensure the sup-
ply of fresh vegetables and fruits, it was recommended to choose vitamins rich in vegeta-
bles and fruits of A and C, such as spinach, leeks, pea shoots, alfalfa, green peppers, sweet
potatoes, carrots, pumpkin, etc.)

1 (Attain 1 h of physical activity daily)

4. Eat 1 serving of lean meat every day, which was equivalent to the size and thickness

of the palm of an adult, about 80 to 110 g. It was recommended to choose high-quality
proteins rich in vitamin A and zing, such as beef and fish

0 (Consume 0 sugar-sweetened beverages)
S (Reasonable sleep duration)

5. Avoid sugary drinks
6.1 Adequate sleep time: 10 h in primary school and 9 h in junior high school. 6.2 Good

sleep habits: Go to bed late, get up early, get up early, go to bed early, don't stay up late,
and don't do anything unrelated to sleeping in bed

S (Regular supervision)

7.1 Realize the functions of knowledge dissemination, goal setting, behavior monitor-

ing, evaluation feedback, and encouragement and guidance through the application
of the official account. 7.2 Build a visual and physical index collection and management
system, dynamically monitor students’visual acuity and obesity-related indicators,
conduct assessments sent, and achieve timely early warning. 7.3 Make a handbook

for the prevention and control of myopia and obesity comorbidity, teach students

and parents teachers, train little guards for comorbidity prevention, and enhance stu-
dents’sense of ownership
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Table 4 Interventions for students
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Intervention Concept

Interventions

2 (2 h daytime outdoor activities)

2 (Limit screen time to no more than 2 h per day)

5 (Consume at least 5 servings of fruits and vegetables daily), 1 (Attain 1 h
of physical activity daily) and 0 (Consume 0 sugar-sweetened beverages)

S (Reasonable sleep duration)

1. Go out of the classroom between classes and actively participate in large
recess activities

2. Put some indoor activities outdoors during the day, and actively partici-
pate in daytime outdoor sports interest groups

3. Walk to school, set up a school group with classmates (“healthy school
bus”), delineate the route for students to walk to and from school, and par-
ents pick up and drop off children at specific times and specific stops

4. Complete the homework assigned by the school for daytime outdoor
activities, such as adhering to daytime outdoor physical activity for more
than 2 h on rest days

5.The single use of entertainment electronic products should not exceed
15 min, and the cumulative use of electronic products should not exceed
1 h per day. After 30-40 min of learning with electronic products, you
should take a break and relax for 10 min. The younger you are, the shorter
you should continue to use electronic products

6. Avoid bad screen habits, do not use electronic products in dimly lit
environments, and avoid using electronic products in a lying position
and before going to bed

7.When viewing the screen, the shoulders should be kept relaxed,
the upper back should be extended, the upper arm should be at 90°
to the forearm, the wrist should be relaxed, and breathing regularly

8. When writing homework, keep your eyes about one foot away

from the book (about 30 cm), your body about one punch (about 6 cm)
away from the desk, and your fingers about one inch (about 3 cm) away
from the tip of the pen

9. Take health education courses on dietary nutrition and develop a reason-
able diet and healthy living habits

10. Learn about food nutrition labels and choose food reasonably

11. You should maintain balanced nutrition, not picky eaters, not partial
eclipse, not overeat, and eat more fresh vegetables and fruits

12. Students should kept enough sleep every day. It was recommended
that pupils should not be less than 10 h and junior middle school students
should not be less than 9 h

13. Avoid going to bed late and getting up late on an irregular schedule

implemented as required. The manuals also outline
the training and responsibilities of each delivery per-
son involved in the project, such as project members,
school principals, school doctors, health teachers,
physical education teachers, as well as children and
adolescents. Additionally, the manuals provide detailed
instructions regarding the responsibilities and division
of labor of project team and school team members, for
the implementation of intervention measures. They
also describe the workflow for each intervention con-
tent, outlining who, when, how, and to what extent the
specific intervention content should be delivered. All
project team and school team members are expected
to adhere to the operational manuals in the delivery of
intervention. The intervention implementation pro-
cess will be monitored regularly, and feedback will be
provided by project team in a timely manner.

Data collection
Qualitative data collection

Expert interview Has been conducted by individual inter-
view or focus group for intervention package development
and format “22510SS” The experts and scholars are senior
and experinced in the field of child and adolescent health.
The interviews has been organized by trained investigators.

Delphi study Has been conducted with 20 experts from
various fields, including ophthalmology, endocrinology,
pediatrics, school health, school sports, health education,
and stakeholders with extensive experience in the pre-
vention and control of children’s myopia or obesity. The
study has carried out three rounds of expert consultation
to determine intervention package and make the priority
order of intervention package via email.
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Table 5 Interventions for schools
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Intervention Concept

Interventions

2 (2 h daytime outdoor activities)

2 (Limit screen time to no more than 2 h per day)

5 (Consume at least 5 servings of fruits and vegetables daily), 1 (Attain 1 h
of physical activity daily), and 0 (Consume 0 sugar-sweetened beverages)

S (Reasonable sleep duration)

1. Parents should create a family atmosphere of physical activity for chil-
dren, and allow children to spend 1 h outside school every day

2. Encourage students to walk or accompany children to school on foot

3. Parents regularly monitor children’s growth and development, measure
height, weight, and waist circumference at least every three months,
and keep records

4. Spend more time on weekends and holidays to participate in daily out-
door activities with children, walk into nature, and get close to the sun

5. Control the time that children use electronic products. The daily enter-
tainment video time should not exceed 20 min each time, and the total
time should not exceed 1 h. Younger children and teens should have
less screen time for entertainment

6. Parents should regularly monitor their children’s vision. If they find
that their children squint, rub their eyes frequently, or look at the text
on the blackboard or objects in the distance that is unclear in class,
they should consider the possibility of myopia and take their children
to the hospital in time

7.Instruct children to develop good eye habits, improve children’s aware-
ness of eye care and eye protection, instruct children to develop good eye
habits, and avoid using eyes at close range for a long time

8. Guide children to develop the habit of resting between their eyes
for a long time, especially resting their eyes through exercise

9. Buy food as needed, choose fresh and hygienic food, and store it reason-
ably

10. Learn about food nutrition labels, pay attention to food labels
when purchasing food, and choose healthy food for students

11. Parents provide students with small portions and a variety of food,
encourage them to eat more vegetables, fruits, and high-quality protein
at home, eat fewer sweets, and not drink sugar-sweetened bever-

ages. Ensure regular meal times, meal locations, and appropriate eating
or serving utensils. Supervise to help students eat slowly, not picky eaters,
not partial eclipse

12. Implement appropriate restrictions on students’ use of electronic
products before bedtime

13. Lead by example, consciously maintain a good routine, let students
recognize the importance of sleep, and develop a good habit of indepen-
dently maintaining a routine

Quantitative data collection
In March 2023, we will conduct baseline data collection
and assessments for both the intervention and control
groups. Throughout the 12-month intervention period,
we will conduct periodic follow-up assessments as out-
lined in Table 7. Anthropometric data, biospecimen
data, and environmental measurements will be collected
at baseline and at follow-up at the end of the interven-
tion. All measurements will be taken uniformly trained
and qualified staff and collected by investigators using
the same equipment and/or forms by standard methods
and procedures. Investigators who measure children and
adolescents’ visual acuity, refraction, height, and weight
will be blind to the information of intervention or control
group. Table 8 shows a trial participant timeline.
Anthropometric measures includes visual
ity, refractionheight, weight, waist circumference, hip

acu-

circumference, blood pressure, blood routine, and body
composition, and 5% of the samples were randomly
selected for morphological index analysis measurement.

Biospecimen measures consisits of blood, urine of
saliva. All biological samples were collected after fasting
for 12 h, and biochemical analysis of all biological sam-
ples was performed by a biomedical analysis company
accredited by Peking University.

Environmental measurements household air pollution
exposure and nighttime light exposure.

Questionnaire will be utilized to assess the behaviors
of children and adolescents, as well as school policies for
the prevention and management of myopia and obesity,
along with other possible moderators/mediators of inter-
vention. The questionnaire has been developed based on
previous research and pilot studies, and is deemed feasi-
ble for this study, as well as acceptable to both children
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Table 6 Interventions for parents
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Intervention Concept

Interventions

2 (2 h daytime outdoor activities)

2 (Limit screen time to no more than 2 h per day)

5 (Consume at least 5 servings of fruits and vegetables daily), 1 (Attain 1 h
of physical activity daily), and 0 (Consume 0 sugar-sweetened beverages)

S (Reasonable sleep duration)

1. Under the guidance of the teacher, let each student master 1-2 physical
skills

2. Improve the school environment, increase the large class time

in the morning and afternoon (one in the morning and one in the after-
noon, 30 min each time), and encourage all teachers and students to par-
ticipate in daytime outdoor activities together

3. Encourage students to go out of the classroom between classes. The
lower-grade students can be led by teachers to play some group games,
etc,

4. Guarantee the school physical education class and the big break time:
the school should try to avoid the phenomenon of physical education class
being occupied or suspended, and if the weather is bad, it should organize
students to exercise in indoor venues

5. Control the teaching time of using electronic products in schools, in prin-
ciple, it does not exceed 30% of the total teaching time

6.Teach children the knowledge and skills of weight control and myopia
prevention through classroom lectures, visits and demonstrations, face-to-
face tutoring, and group activities

7.School canteens or catering companies provide students with food
that is nutritionally balanced, reasonably cooked, and in line with local
dietary characteristics, provide nutrition labels for catering food, and feed-
back on the appropriate recipes to parents

8.In the whole school, the school canteen, commissary, vending machine,
and other places eliminate the supply of unhealthy food such as sugar-
sweetened beverages, potato chips, and sweets; unhealthy foods such

as sugar-sweetened beverages, potato chips, and sweets are not allowed
in the school. Educate students not to buy unhealthy foods such as sugary
drinks, potato chips, and sweets at school gates

9. Regularly post health education posters and improve school food
environment signs on the notice board on campus and in the classrooms
of participating classes

10. Establish reasonable school hours for students

11. Reduce the burden of homework after school, and do not let too many
academic tasks crowd out students'sleep time

Table 7 Interventions for schools

Intervention Concept Interventions

S (Regular supervision)

1.The project team regularly disseminates the relevant knowledge of the project’s health education activities to students,

parents, and teachers through the mobile WeChat official account

2. Parents and students fill in a health behavior questionnaire on a regular basis through the WeChat official account
of the mobile phone. The project team and the school can learn about the health behavior of students through the official

account

3.The project team will automatically generate comprehensive evaluation results based on the student’s physical examination

information and WeChat official account

4.The project team uses the mobile phone WeChat official account to dynamically monitor the vision, height, and weight
of all students participating in the project. The mobile phone WeChat official account automatically provides encouragement
or guidance to students, parents, teachers, and the project team

5. Parents upload the student’s physical examination or weight monitoring information every three months to the mobile
WeChat public account. The mobile WeChat public account will provide health prescriptions issued by experts from Beijing
Children’s Hospital Affiliated with Capital Medical University, and provide information on intervention and treatment. Timely
feedback is provided to individual families and schools, and intervention prescriptions are jointly implemented by home

schools and the community
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Table 8 Contents of the baseline survey and secondary follow-up survey

Measurement indicators Baseline 3 month 12month Method
survey follow follow up
up
Anthropometric measures
Height v v v Measured to the nearest 0.1 cm at least twice
Weight v v v Measured to the nearest 0.1 kg at least twice
Waist and hip circumference v v v Measured to the nearest 0.1 cm at least twice
Blood pressure v v v Measured to the nearest 1 mm Hg. The average of the last two of three
measurements
Visual acuity v v v The distance vision test must be performed in both eyes separately, the right
eye first and then the left eye
Diopter v v v The test should be performed using a desktop automated computerized
optometrist and should be averaged 3 times per eye
Body composition v v v The body composition analyzer adopts a 4-point contact electrode for meas-
urement
Biological samples
Blood v - v Collect 5 ml of venous blood
Saliva v v Collection of 10 ml of mid-stream urine
Urine v - v Collect 5 ml of saliva
Measurement of indoor environmental indicators
Household air pollution exposure v/ - v Continuous measurement with illuminometer for 7 days
Night light exposure v - v 7 consecutive days of measurement with sensors
Questionnaire v - v
Student Questionnaire v v v Issues related to children and adolescents
Parental Questionnaire v v v Issues related to parents and children
School Questionnaire v v v School related issues

and adolescents and their parents. For children in grades
1-4, parental assistance will be provided to complete the
questionnaire, whereas students in grade 7 will receive
guidance from their class teacher when filling out the
questionnaire.The parent questionnaire will focus on
parental information and health behaviors, while the
school questionnaire will cover basic information, myo-
pia and obesity intervention work, personnel manage-
ment, health education, sports activities, nutrition, and
classroom environmental sanitation supervision. The
trained project members will provide detailed explana-
tions of the questionnaires, and assistance and guidance
will be given as needed to complete them effectively. The
project team staff will review 3% of the questionnaires
within one week.

Outcomes

Primary outcome

The primary outcome of this study is to assess the dif-
ferences in changes in visual acuity and body mass index
between children and adolescents 12-month after base-
line as evaluated by medical examination. Between-group
differences in changes in outdoor activities screen time,
fruit and vegetable intake, high-quality protein intake,

sugar beverage consumption, sleep duration, and super-
vision will be assessed using questionnaires.

(2"). Engage in at least 2 h of outdoor physical activ-
ity during the day, with at least 1 h of moderate to high
intensity exercise.

(2"). Limit screen time to no more than 2 h per day.

(‘5’). Consume 5 servings of fruits and vegetables, each
equivalent to an adult’s fist, daily.

(‘1”). Consume 1 serving of lean meat, equivalent to an
adult’s hand, daily.

(‘0"). Avoid sugary drinks.

(‘°S’). Ensure adequate sleep, with elementary school
children needing 10 h and junior high school students
needing 9 h of sleep each night.

(‘S’). Parents and students should provide timely feed-
back and cooperate with efforts to prevent and control
myopia and obesity.

Secondary outcomes

Secondary outcomes will be evaluated using the RE-AIM
framework to comprehensively assess the acceptability,
feasibility, adoption, usage, and maintenance of the inter-
vention study.
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(‘Reach’). We will assess the reach of the program by
measuring the number of individuals who expressed will-
ingness to participate,

(‘Effectiveness’). The effectiveness of the interven-
tion, including why and how it worked, or did not work.
(‘Adoption’). We will examin the adoption of the program
by students, parents, and schools, as well as the likeli-
hood and reasons for willingness to accept the interven-
tion in the future.

(‘Implementation’). Whether the elements of the
intervention were actually accepted by the study par-
ticipants and the school as an indication of whether the
achievement of the desired outcomes of the myopia and
obesity intervention was due to the content of the inter-
vention itself or the way in which the intervention was
implemented.

(‘Maintenance’). We will evaluate the maintenance of
the intervention by analyzing how well the behavior was
maintained after the intervention ended and whether it
became a daily practice and policy in the school.

Sample size

In our study, we aimed to investigate the co-morbidity of
myopia and obesity among Beijing children and adoles-
cents. Based on previous studies, the co-morbidity rate
was expected to be 17.3% in the intervention group and
13.5% in the control group, setting a two-sided a=0.05
and a 90% certainty. Using the PASS15 software, the sam-
ple size N1=1891 cases for the intervention group and
N2=1891 cases for the control group were obtained

— 2

%) to the rand-
omized controlled trial, taking into account the loss and
refusal of 20% of the cases, at least 2250 cases each for
the intervention and control groups were finally required,

and at least 4500 cases were included in total.

according to the formula (n =

Statistical analyses

For the qualitative data, we will use Excel 2016 for data
input and SPSS 25.0 for statistical analysis. Statistics
will include score mean, standard deviation, coefficient
of variation, etc. The key basis will be whether it will be
used as a common intervention concept for the preven-
tion of comorbidities. Experts will score items with a
mean greater than 3.5 and a coefficient of variation less
than 0.25. Items will be selected, and the item descrip-
tions will be modified regarding expert suggestions.

For quatitative data, we will double entere by using
Epidata 3.1 analyze using SPSS 25.0. The primary out-
come will be group differences in changes in visual acu-
ity and body mass index in children and adolescents at
12-month after the baseline. We will use a mixed-effects
model to compare the group difference, taking school
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into account due to its cluster effect. Then we will con-
duct subgroup analysis to identify the interaction effect
(stratification factorxgroup) and analyze the differ-
ences in intervention effects between strata. Furtherly,
we will use difference-in-difference analysis to analyze
differences between the intervention and control groups
before and after the implementation of the intervention.
The secondary outcomes will be analysed in the similar
steps. All statistical tests will be two-sided at the 5% level
of significance.

Implementation evaluation

Study design

Given that evidence-based interventions and practices
are poorly implemented, and might take up to many
years to adopt and integrate the interventions and prac-
tices into routine work by practitioners and policy-mak-
ers [51, 52], to close the know-do gap and accelerate the
implementation, We will adopt the RE-AIM that evalu-
ates implementation strategies through implementation
outcomes, including the five dimensions of Reach, Effec-
tiveness, Adoption, Implementation, and Maintenance
into this trial. Therefore, we identify this study as a type
1 hybrid design implementation study to determine the
effectiveness and explore the context of routine imple-
mentation [53].

Process evaluation

Based on the steps and principles described in the con-
ceptual framework proposed by Saunders etc. [54], we
will identifyand evaluate the following process evalu-
ation elements: 1) Fidelity (quality): the extent to which
the intervention will be implemented as initially planned.
2) Dose delivered (completeness): the frequency and
intensity with which the program will be implemented.
3) Dose received (exposure): the extent to which children
and adolescents, parents, and teachers were exposed to
the intervention. 4) Dose received (satisfaction): student,
parent, and teacher satisfaction with interventions and
materials. 5) Reach (the proportion and characteristics
of children and adolescents, parents, and teachers who
completed or dropped out of the intervention) and con-
text (the family environment and school policies related
to myopia and obesity prevention and management).

The implementation process evaluation will mainly
include: 1) Regular statistics on the number of hits and
feedback on the intervention sessions on the WeChat
applet. 2) User logs (e.g., frequency and duration), which
will be collected by the WeChat app. 3) Regular qualita-
tive interviews with intervention school family commit-
tee mothers and classroom teachers. 4) School policies
related to myopia and obesity prevention and manage-
ment, will be collected through a school questionnaire.
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Statistical analyses

To analyze the five dimensions of myopia and obesity
intervention for children and adolescents in Beijing
under the framework of RE-AIM. Reach will be calcu-
lated based on the proportion of eligible participants
in the intervention among children and adolescents,
families, schools, communities, and healthcare facili-
ties. Effectiveness will refer to the effect at the individual
level of children and adolescents after the intervention
will be implemented, mainly including biochemical indi-
cators, physical indicators, indicators related to health
knowledge and behavior, and myopia and obesity report-
ing outcomes. As well as related indicators for house-
holds, schools, communities and healthcare facilities.
Adoption will be calculated based on the proportion of
families, schools, communities, and medical institutions
that implement intervention measures. Implementation
refers to the implementation of the project by schools
and doctors, the cost of project implementation, and the
adjustment and improvement in project implementation.
Maintenance will refer to the continued implementation
of the intervention by schools and families, and will con-
tinue participation of children and adolescents after the
intervention is over.

Discussion

This study aimed to develop a comprehensive interven-
tion strategy “22510SS’, to combat the prevalence of myo-
pia and obesity among children and adolescents, guided
by a SEM and evidence-based interventions. The strategy
involved interventions in individual, family, school, com-
munity, and clinic, and its effectiveness and implemen-
tation will be evaluated within the RE-AIM framework.
If the study works, it will be embeded into the regional
monitoring system in Beijing, to promote the develop-
ment and evaluation of comorbities prevention services
for children and adolescents, and promote the establish-
ment of a healthy and friendly environment system for
children and adolescents.

Although there have been numerous individual inter-
vention studies on myopia and obesity in children and
adolescents, there is currently no comprehensive inter-
vention plan addressing both conditions. Our project
team has optimized and integrated key technologies
developed in the early stages to prevent myopia and obe-
sity in children and adolescents, and apply these tech-
nologies in the Dongcheng, Tongzhou, and Changping
districts of Beijing through pre-testing. This enables us to
develop an evidence-based intervention of “22510SS” to
use in this trial.

Despite the factors influencing myopia and obesity
in children and adolescents are complex, they are pri-
marily distributed across individual, family, school,
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community levels, and clinics [55, 56]. Previous inter-
vention studies have mostly focused on school or fam-
ily-based approaches, while ignoring the impact of
community and medical institution interventions on chil-
dren and adolescents with myopia and obesity [57, 58].
The development and assessment of interventions target-
ing myopia and obesity have been carried out through
expert workshops and expert letters, followed by pre-
surveys involving 300 participants across 18 intervention
schools. The interventions were designed to bring about
change at multiple levels, including children and ado-
lescents, families, schools, communities, and healthcare
organizations.

Several systematic reviews [59] have highlighted the
importance of intensity and measurement of daytime
physical activity and screen time. As such, our inter-
ventions require children and adolescents to engage in
more than 2 h of daytime outdoor physical activity and
limit their screen time to no more than 2 h per day. We
encourage them to participate in recess and develop
an interest in sports, while also cultivating good screen
usage habits. To dynamically monitor and improve the
effectiveness of interventions, children and adolescents
will upload data on indicators such as height, weight,
and vision to a WeChat applet every one months. This
will allow us to track progress and make adjustments as
necessary. To reinforce key recommendations for eye
use, diet, and exercise behavior, we emphasized an easy-
to-remember slogan: “22510SS”. Simultaneous we have
also taken into account the application and implementa-
tion of interventions for high-risk and diseased popula-
tions. Our population is classified into three groups: the
general population, high-risk population, and diseased
population. Health prescriptions are issued by profes-
sional medical institutions for high-risk and sick groups,
including children and adolescents with rapid progres-
sion of myopia, severe visual health status, moderate to
severe obesity, or other metabolic diseases. These health
prescriptions will be jointly administered by individuals,
families, schools, communities, and clinics.

Previous intervention studies have demonstrated satis-
factory short-term intervention effects, but maintaining
long-term and repeatable effects has been a challenge due
to the termination of intervention projects. To address
this, our study established an evaluation model based on
the RE-AIM framework, which evaluates the feasibility,
sustainability, fairness, potential impact, acceptability,
health economics, and health economics of the interven-
tion model in the demonstration area [60]. This continu-
ous evaluation promotes the sustainability of intervention
effectiveness and enables policies and interventions to be
constantly improved and developed. Moreover, the expe-
rience of the demonstration area has been extended to
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all primary and secondary schools in Beijing through the
“National Monitoring of Common Diseases and Health
Influential Factors of Children and adolescents” system,
increasing the influence of the intervention measures
and the durability of their effects. Our approach can pro-
vide a valuable framework for promoting the long-term
effectiveness of existing interventions and improving the
health outcomes of school-aged children.

This study has several notable strengths. First, it repre-
sents the first comprehensive intervention in China aimed
at reducing the risk of two common diseases in children
and adolescents: myopia and obesity. The intervention
strategy, known as “22510SS’, draws on the social-ecolog-
ical model (SEM) and considers the roles of individuals,
families, schools, communities, and healthcare providers
for optimal efficacy. Second, the study will use a RE-AIM-
based framework to evaluate the intervention strategy and
implementation outcomes.While this study is expected to
make significant strides in reducing the risk of myopia and
obesity in children and adolescents, there are potential
limitations to consider. For example, the study will only
recruit volunteers from three districts in Beijing, which
may not be representative of all Beijing children and ado-
lescents, let alone the entire population of China. Further-
more, as a hybrid design implementation study, some of
the results will be assessed primarily through qualitative
interviews. Therefore, the feasibility, acceptability, and
sustainability of the intervention in practice may not be
fully represented. As a result, the generalizability of the
study’s findings may be limited.

Based on the discussion above, it could be concluded
that this topic is expected to have a significant impact
on promoting the prevention and control of myopia
and obesity in children and adolescents in China. Our
research fills a gap in this area and if comprehensive
results are obtained, the intervention strategy devel-
oped through this study could be a reasonable approach
for addressing the comorbidities of myopia and obesity
in Chinese youth. This research has the potential to
make a meaningful contribution to the field of inter-
vention research in China.
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