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Abstract 

Background  An mHealth-based school health education platform (EduSaltS) was promoted in real-world China 
to reduce salt intake among children and their families. This progress evaluation explores its implementation process 
and influencing factors using mixed methods.

Methods  The mixed-methods process evaluation employed the RE-AIM framework. Quantitative data were col-
lected from a management website monitoring 54,435 third-grade students across two cities. Questionnaire surveys 
(n = 27,542) assessed pre- and post-education effectiveness. Mixed-effects models were used to control cluster effects. 
Qualitative interviews (23 individuals and 8 focus groups) identified program performance, facilitators, and barriers. 
Findings were triangulated using the RE-AIM framework.

Results  The program achieved 100% participation among all the third-grade classes of the 208 invited primary 
schools, with a 97.7% registration rate among all the 54,435 families, indicating high "Reach." Qualitative interviews 
revealed positive engagement from children and parents through the "small hands leading big hands" strategy. 
The high completion rate of 84.9% for each health cloud lesson and the significant improvement in salt reduction 
knowledge and behaviors scores from 75.0 (95%CI: 74.7–75.3) to 80.9 (95%CI: 80.6–81.2) out of 100 demonstrated 
the "Effect" of EduSaltS. The program’s "Adoption" and "Implementation" were supported by attractive materials, 
reduced workload via auto-delivered lessons/activities and performance evaluation, and high fidelity to recom-
mended activities, with medians 3.0 (IQR: 2.0–8.0)/class and 9.0 (IQR: 5.0–14.0)/school. Stable course completion 
rates (79.4%-93.4%) over one year indicated promising "Maintenance." Apart from the facilitating features praised 
by the interviewees, government support was the basis for the scaling up of EduSaltS. Barriers included the lack 
of smartphone skills among some parents and competing priorities for schools. Unhealthy off-campus environments, 
such as excessive use of salt in pre-packaged and restaurant foods, also hindered salt reduction efforts. The program’s 
scalability was evident through its integration into existing health education, engagement of local governments 
and adaptation across various mobile devices.
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Conclusions  The mHealth-based school health education program is scalable and effective for public salt reduc-
tion in China. Identified barriers and facilitators can inform future health program scale-ups. The program’s success-
ful implementation demonstrates its potential for broader application in public health initiatives aimed at reducing 
dietary salt intake.

Keywords  RE-AIM model, Mixed qualitative and quantitative methods, Process evaluation, Salt reduction, School 
health education, Scaling-up program, MHealth

Background
Excessive salt consumption increases the risk of hyper-
tension and is linked to cardiovascular disease, a leading 
cause of global annual deaths [1]. Reducing population 
salt intake is one of the most cost-effective measures 
for mitigating the burden of noncommunicable diseases 
(NCDs) and is thus a health priority worldwide [2]. Vari-
ous measures such as reducing salt content in processed 
food, educating consumers, implementing clear label-
ling, and imposing salt taxes, have been adopted by many 
national salt reduction initiatives [3]. High-income coun-
tries typically opt for structural or regulatory approaches, 
whereas low- and middle-income countries focus on 
changing consumer salt habits or substituting salt with 
alternatives, particularly for discretionary salt intake 
from cooking and table salt [4, 5]. These interventions 
have been implemented in workplaces, fast-food outlets, 
hospitals, government offices, and various settings, with 
a significant emphasis on schools and college [6].

In the past four decades, the Chinese salt consumption 
was nearly twice the World Health Organization’s recom-
mendation [7], with a high-salt diet being the primary 
dietary contributor to deaths and disability-adjusted life 
years (DALYs) [8]. Hence, reducing salt consumption is 
crucial to mitigate salt-related health impacts [9]. China 
launched a national salt reduction campaign employ-
ing traditional strategies like food labelling, salt-restric-
tion spoons, reduced condiment usage in cooking, and 
decreased intake of pickled foods [9–12]. However, the 
impact assessment revealed that these measures fell short 
of China’s national target of a 20% salt reduction by 2030 
[12].

Innovations in the delivering methods might be needed 
to further improve the effectiveness and scalability of 
such approaches. One well-recognized strategy involves 
school-based health education to enhance children’s 
health behaviors and overall family well-being, as sup-
ported by a growing body of research [13, 14]. In China, 
the School-EduSalt program implemented this strategy 
through a "small hands leading big hands" approach, suc-
cessfully decreasing salt intake in children and their fami-
lies while also lowering blood pressure in adults [15]. A 

critical consideration is the scalability of such programs 
and how to expand them in real-world settings to reach 
a larger and more diverse population. One approach has 
been the adoption of mobile health (mHealth) technol-
ogy, offering standardized online health courses for salt 
reduction. An mHealth-based school health education 
initiative in China (AppSalt), incorporating both online 
and offline activities, effectively reduced salt intake 
among children’s parents, as evidenced by a cluster rand-
omized controlled trial (cRCT) study [16, 17].

Based on the successes of School-EduSalt and AppSalt, 
the aspiration to extend salt reduction efforts to a larger 
population was explored through a scaling-up initiative 
known as EduSaltS [18]. The program was implemented 
in the third-grade students from 2021 in Zhenjiang and 
Ganzhou cities over the course of one school year (2 
school terms), aiming to translate the evidence-based 
interventions into practical applications on a broader 
scale to foster overall health enhancements [19]. But due 
to practical constraints, limited resources and implemen-
tation capabilities, challenges in scalability and sustain-
ability are frequently quoted by current evidence body, 
and the effects of health intervention are usually faded in 
the scale-up program, if compared with experimental tri-
als [20]. The phenomenon is named as “scale up penalty” 
mainly attributed to implementation bias [21].

This process evaluation aims to assess the implemen-
tation performance of EduSaltS in the real-world and 
identify the factors that may hinder or facilitate the 
implementation, thereby offer insights to enhance its 
implementation in a larger scale.

Methods
Health education activities
EduSaltS is an innovative health education system 
targeting on primary school student, comprising a 
WeChat-based education platform (Health Cloud 
Classroom), a WeChat management terminal (EduSaltS 
Manager) and a management website (EduSaltS Man-
agement Website). The Health Cloud Classroom has 20 
auto delivered health cartoon video courses, and other 
online activities such as knowledge competition and 
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self-learning health materials, and a self-report ques-
tionnaire to evaluate knowledge- and behavior-related 
salt reduction. On-campus offline activities include 
health lessons, thematic activities, environment build-
ing and competition and rewards. The management 
website tracks real-time data on student performance 
in activities and the progress of school education activi-
ties. For further details on the EduSaltS program, refer 
to the published proposal [18].

Process evaluation
RE‑AIM model using mixed methods
As EduSaltS was implemented across various cit-
ies with comprehensive online and offline educational 
strategies, a process evaluation solely employing quan-
titative or qualitative methods may not fully achieve 
the desired breadth and depth of understanding and 
corroboration. Therefore, mixed methods were used 
to evaluate the EduSaltS [22]. This study utilized the 
RE-AIM framework as the theoretical model for evalu-
ation, which is widely accepted and offers comprehen-
sive insights for the process evaluation [23–26]. Based 
on the five dimensions of the RE-AIM model—Reach, 
Effectiveness, Adoption, Implementation, and Main-
tenance—the evaluation diagram and contents were 

developed (Table 1). The StaRI checklist for implemen-
tation research [27] and GRAMMS checklist for mixed 
methods study [28] were used to secure scientific rigor 
and reporting.

Participants
The quantitative analyses were based on the 54,435 third-
grade students who participated in the education course 
as well as the27,542 students who completed the pre- and 
post-education self-report questionnaires. For the quali-
tative study, twenty-three informants were interviewed, 
comprising 4 health experts from the CDC, 6 govern-
ment officials, 6 principals, and 7 headteachers. Eight 
focus groups were held involving 40 students and 40 par-
ents, with 10 participants in each group. Table  2 shows 
the specific characteristics of the participants. During the 
real-world implementation of the EduSaltS, no demo-
graphic information was collected for the students and 
their families including the gender of the students.

Quantitative data collection and analysis
To quantitatively analyze the participation, program 
adoption, implementation and maintenance, quantita-
tive data (retrieved date 09/Jul/2023) were collected 
from the EduSaltS Management Website. Additionally, 

Table 1  Mixed methods RE-AIM evaluation framework

RE-AIM domains Themes Quantitative methods Qualitative methods

Reach Extent to which individuals accepted 
the program

Proportion and Characteristics of the stu-
dents participated in the program

Approach of recruitment and registration;
Factors that facilitate or hinder the enrol-
ment

Effectiveness Health outcomes Positive and negative health outcomes 
before and after the education

Improvement of students’ and salt-reduc-
tion behavior;
Change of families’ salt consumption;
Factors affect the students’ behavior 
change

Adoption Organization adopting the program Proportion of schools adopting EduSaltS; Adoption strategies;
Launching activities;
Needs and requirements of adopting 
the school salt reduction;
Reasons for not adopting EduSaltS

Implementation Degree to which the intervention activi-
ties were carried out as planned

Extent to which the students attended 
and/or completed online and offline 
activities

How students completed the health activi-
ties on schedule;
Roles of family and school during imple-
mentation;
How Efficient the mHealth measures were;
Influential issues in individual, family, 
school, and wider community for students 
to achieve the expected implementation;

Maintenance Likelihood of sustained program 
implementation at both the individual 
and organizational levels

Trends of completion rates from the first 
lesson to the final one;
Extent to which the efforts were made 
by governmental administration

Factors may hinder students’ capa-
bility to maintain the health effects 
after the completion of EduSaltS;
Opportunity and challenging issues 
for possibly scaling-up the program 
to larger population and settings
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a self-report questionnaire embedded in the "Health 
Cloud Classroom" was employed to evaluate educa-
tional effects before and after the program (Supplemen-
tary material, additional file 1). Standard knowledge and 
practice scores out of 100 were used to measure over-
all knowledge and practice enhancement. The relevant 
statistical indicators were calculated as the following 
equations:

Registration rate =
N of students registered in the Health Cloud Classroom

N of target students

Health knowledge awareness rate =
N of students who answered the question correctly

N of registered students

Health behavior adoption rate =
N of students who adopted health behaviour

N of registered students

Standard scores of knowledge and practice =
Knowledge question scores+practice questions core

N of questions
 , where the score 

for a single choice question was assigned 100 for correct 
answer and 0 for the incorrect, while the score for a 
multi-choice practice question was assigned 100 for the 
best behavior and 0 for the poorest, and an interval 
score = Ordinal number of the choice from the poorest to the best

N of the options−1

Adoption rate =
N of schools adopting EduSaltS

N of invited schools

Completion rates of health cloud courses =
N of students who completed the course

N of students who had registered

Table 2  Participant characteristics in the mixed methods evaluation

Quantitative methods Qualitative methods

Participants in 
education activities

Self-report questionnaire 
investigation

Individual interview Focus group

Sample size 54435 27542 23 80

Gender

  Female Not collected Not collected 16 40

  Male 7 40

Province, City

  Jiangxi, Ganzhou 34662 15928 11 40

  Jiangsu, Zhenjiang 19773 11614 12 40

Role

  CDC health expert - - 4 -

  Government official - - 6 -

  Principal - - 6 -

  Headteacher - - 7 -

  Parent - - 40, 4 groups

  Student 54435 27542 40, 4 groups

Program period Nov 2021 to Jul 2022 
and Oct 2022 to Jul 2023

Oct 2022 to Jul 2023 Nov 2021 to Jul 2022 and Oct 
2022 to Jul 2023

Oct 2022 to Jul 2023



Page 5 of 12Guo et al. BMC Public Health         (2024) 24:2261 	

Activity score: automatically calculated by and retrieved 
from the management website.

N of governmental administration activities: automati-
cally summarized by the management website.

Numeric data, including activity scores and the number 
of activities, were presented using frequency, median and 
Interquartile Range, or mean and 95% confidence inter-
vals. Analysis of variance was employed to assess statisti-
cal differences in the data. Categorical data were described 
in terms of frequency and percentage, with statistical dif-
ferences tested using chi-squared tests. The before-after 
effects were estimated via mixed-effects models with 
adjustment for clusters, i.e. class nested within school, 
and school within district. SAS Enterprise Guide 8.3 was 
utilized for data cleaning, management, and quantitative 
analysis.

Qualitative data collection and analysis
Qualitative research was carried out through individual 
face-to-face interviews and focus groups from May to 
Jun of 2023 right after the completion of the education 
courses delivered via the EduSaltS platform. Purposive 
sampling was employed to select CDC health experts, 
government officials, school principals, and headteach-
ers for individual interviews (n = 23), while students and 
parents were targeted for focus group discussions (n = 80, 
divided into eight groups).

Individual interviews primarily delved into the facilita-
tors and barriers encountered during project implemen-
tation, as well as elicited suggestions for addressing them. 
The group interviews aimed to gather insights on partici-
pants’ experiences, health benefits gained, and challenges 
faced throughout the project. The semi structured inter-
view outlines have been presented in the published pro-
posal [18].

The interviews took place before the project ends in 
each city. Individual face-to-face interviews were con-
ducted with one researcher leading the session, while 
another researcher recorded key points shared by the 
participants. On average, individual interviews lasted 
30 min (ranging from 25 to 40 min).

Focus groups were facilitated by one researcher lead-
ing the discussion, with another researcher recording 
key points and overseeing the process. These focus group 
sessions lasted an average of 50 min (ranging from 45 to 
60  min). All interviews were audio-recorded and tran-
scribed into text for analysis.

Participation rate of a health activity =
N of students who participated in a health activity atleast once

N of students who had registered

Researchers employed thematic analysis to code cru-
cial information from the transcripts based on the five 
domains of the RE-AIM framework [29]. Key points and 
relevant perceptions related to the research questions 
were coded and organized within the analysis frame-
work. The coded key information was then summarized 
to develop research themes, which were examined as 
research findings [30]. The analysis process and results 
were deliberated and reviewed by an expert panel to 
secure research quality. Qualitative data analysis was car-
ried out using NVivo Release 1.7.1.

Integration of qualitative and quantitative data analysis
The integration of qualitative and quantitative data used 
a triangulation protocol for mixed methods research [31]. 
Initially, the data were analyzed separately as described 
above and then integrated to identify similarities, incon-
sistencies or mutual remedies in the findings. The trian-
gulation of the results was presented at the theme level 
by cross-referencing the qualitative and quantitative 
results [32]. Eventually, comprehensive arguments were 
presented according to RE-AIM domains, which not only 
showed program implementation performance, but also 
demonstrated the facilitators and barriers.

Results
Reach ‑ student enrolment
A total of 54,435 students registered in this health edu-
cation program, representing 97.7% of all third-grade 
students (55,715) across all the 1,260 classes of 208 
schools selected by region from the participating cites. 
Parents demonstrated a willingness to participate in 
school-organized health activities, expressing trust in 
schools’ ability to enhance their children’s health. They 
also acknowledged successful registration in the "Health 
Cloud Classroom" under the supervision of headteach-
ers (Parent, Mingzhu Primary School): “Because this is a 
school project, we were glad to participate in. The head-
teachers contacted me through a WeChat group. They 
guided us to register a mobile application.” During the 
registration, a small number of students encountered 
challenges due to (Principal, Henshun Primary School, 
Zhenjiang): “parents’ lack of primary skills to operate 
applications on mobiles,” which potentially hindered the 
program from reaching all the students and their families 
through the mHealth approach.
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Effectiveness ‑ knowledge and practice improvement
As depicted in Table 3, the questionnaire results revealed 
a pre-post rise in awareness of salt reduction knowledge 
and the adoption of healthy behaviors. The standard 
scores for all knowledge and practice inquiries increased 
from 75.0 (95% CI: 74.7–75.3) to 80.9 (95% CI: 80.6–81.2).

Parents shared insights on their children’s enhanced 
health behaviors, noting that they were more attentive 
to nutrition labels when purchasing food and beverages, 
opting for healthier choices. Some students also dissemi-
nated health information from EduSaltS to their family 
members, including elderly relatives who typically con-
tend with noncommunicable diseases, to promote salt 
reduction (Parent, Mingzhu Primary School, Zhenjiang): 
“My son frequently checks nutrition labels and informs 
me about salt content. My child consistently reminds his 
grandmother to use less salt while cooking."

Parents affirmed the health benefits because of this 
program in their family. They developed cooking skills 
aimed at reducing salt and progressively reduced their 
intake of salted vegetables, a common dietary practice in 
their communities (Parent, Tianzhushan Primary School, 
Zhenjiang): “Before this project, I used to put much salt 
and soy sauce while stir-frying vegetables, but now I put 
just a little when cooking almost done. I use garlic instead 
of salt to increase taste.”

Furthermore, the entire family changed their dietary 
practices to reduce salt intake (Parent, Mingzhu Primary 

School): “We used to eat out often on Sundays, but now 
we eat out less frequently and order takeaway less."

The barrier to achieving greater salt reduction effects 
was the adverse influence of unhealthy off-campus envi-
ronments. Convenience stores and restaurants around 
schools are major sources of salt intake for students 
(Principal, Henshun primary school, Zhenjiang): “In 
accordance with certain regulations, our schools no 
longer host on-campus stores, although such stores still 
operate in the surrounding areas. Furthermore, adver-
tisements in the broader community entice students to 
consume heavily processed foods, particularly during 
their commute between home and school.”

School adoption and participation
Totally, 100% invited schools (208) agreed to participate 
in the health education program after a formal introduc-
tion meeting convened by local education bureaus, which 
was essential for program adoption. Furthermore, the 
informant emphasized that health needs pushed invited 
school adopted the education (Official, Danyang Edu-
cation Bureau, Zhenjiang): “the accumulation of health 
issues among students exerted considerable pressure 
on school health, urging schools to actively take health 
actions.” Meanwhile, School health education was high-
lighted by national health policies (Health expert, Zhenji-
ang CDC, Zhenjiang): “The Opinions on Comprehensive 
Improvement of School Health and Health Education in 

Table 3  Salt-reduction knowledge awareness, practice, and standard scores before and after education by the self-report 
questionnaire investigation

* Results have been adjusted because of the clusters, class level, which is nested within school, which in turn is nested within district

Before* After*

Awareness rate of health knowledge (%, 95%CI)

  Recommendation of salt for adults less than 5 g/day 35.0 (34.3–35.8) 48.6 (47.8–49.4)

  The primary component of salt is sodium chloride 84.5 (83.0–85.9) 89.8 (88.7–90.8)

  Significant cause of hypertension is salt 86.6 (86.0–87.1) 89.6 (89.2–90.1)

  Sichuan pepper contains the lowest sodium than soy sauce, bean sauce, monosodium 
glutamate

85.4 (84.5–86.2) 93.2 (92.7–93.6)

  Even if blood pressure is normal, it is necessary to reduce salt intake 84.5 (83.5–85.5) 91.2 (90.5–91.8)

  Sodium content on nutrition label shows the salt content in food 82.9 (81.3–84.4) 89.5 (88.4–90.5)

  Choose the lowest salt food among four options by analyzing the sodium content in 100 g 
food

53.5 (52.5–54.6) 58.4 (57.3–59.4)

Adoption rate of health behavior (%, 95%CI)

  Choose low or reduced-salt meals 34.9 (34.2–35.6) 45.2 (44.5–45.9)

  Consume salty snacks less than once a week 71.0 (69.7–72.3) 72.5 (71.2–73.7)

  Choose healthy snacks after checking nutrition board 88.8 (87.5–90) 93.4 (92.5–94.2)

Standard scores of knowledge and practice (Mean, 95%CI)

  In total 75.0 (74.7–75.3) 80.9 (80.6–81.2)

  Knowledge awareness 72.5 (72.1–72.9) 79.4 (78.9–79.8)

  Health practice adoption 79.4 (79.1–79.7) 83.5 (83.3–83.8)
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the New Era, issued by Department of Education, advo-
cated widening channels and innovatively integrating 
Internet technologies into health education.” This pol-
icy perfectly resonated with the intervention measures 
employed by the EduSaltS.

Schools need to improve students’ health, but the 
challenge is prioritizing health issues among students. 
Notably, during the COVID-19 pandemic, schools 

experienced lockdowns, and more attention was given to 
mitigating infection risks (Principal, Hengshun Primary 
School, Zhenjiang): “Schools hesitated to adopt EduSaltS 
to reduce salt intake at the initiative period, which seems 
not directly relevant to the pandemic response.”

Implementation
The school effectively executed a variety of health activi-
ties proposed by the EduSaltS with a high degree of 
fidelity. For students, average completion rate of the 20 
health cloud courses was 84.9%, and the rates fluctuated 
between 79.4% and 93.4% (Fig. 1). The participation rate 
for optional online activities, such as knowledge compe-
tition was 57.6%, and that for health materials self-learn-
ing was 81.1% (Table 4).

The average health activity score was 2353.6 (95% CI: 
2343.5–2373.7). Online health activities played a pre-
dominant role, and the average score was 1790.5 (95% CI: 
1784.9–1796.0).

In total, 1800 school activities were conducted by 162 
schools, with a median of 9.0, and 3999 class activi-
ties were conducted, with a median of 3.0 (Table 5). The 
results show that the required activities were more than 
optional activities at either the school or class level.

Fig. 1  Completion rate of health cloud classes

Table 4  Individual online activities

Completion rate of each health cloud  
course (%)

79.4 to 93.4

Completion rate of 20 per course per  
student (%)

84.9

Completion rate of at least one  
salt-reduction course (%)

99.4

Completion rate of at least 4 salt-reduction 
courses (%)

93.4

Completion rate of all 8 salt-reduction  
courses (%)

55.0

Utilization rate of knowledge competition (%) 57.6

Adoption rate of health materials  
self-learning (%)

81.1

Activity score (mean, 95%CI) 2353.6 (2343.5–2363.7)

Online activity score (mean, 95%CI) 1790.5 (1784.9–1796.0)
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The informants attributed successful implementation 
to the attractiveness of health activities (Health expert, 
Danyang CDC, Zhenjiang): "Health education activities 
are enjoyable for both parents and children." The parents 
also expressed that both the students and family mem-
bers were happy to perform the health activities together 
(Parent, Tianzhushan Primary School, Ganzhou): "My 
child and his father like doing knowledge competition 
together, finding it quite interesting, a valuable parent‒
child interactive experience.”

Moreover, to reduce the workload for all the rel-
evant individuals, the health cloud courses were 
issued automatically by “EduSaltS Manager” on Mon-
day. Meanwhile, EduSaltS provided the teachers with 
ready-to-use health materials which were developed 
by health professionals with input from health educa-
tion experts and can be downloaded from management 
websites. This approach gave teachers the flexibility to 
choose topics of interest for regular health education 
classes (Health expert, Danyang CDC, Ganzhou): “I 
looked through the health education materials in the 
app, and they’re quite interesting and professional. …. 
I can choose lecture content according to own educa-
tion needs.”

Another robust measure for implementation was 
real-time monitoring and evaluation. A school princi-
pal appraised the efficiency of the management applica-
tion (Principal, Mincheng Primary School, Zhenjiang): 
“Through ‘EduSaltS Manager’ and ‘Management Web-
site’, we can promptly check completion rates, rank 
health activities, and compare the progress between 
schools. The delay and incompletion were timely identi-
fied by headteachers and shared with parents.” Efficient 

information sharing between schools and families was 
frequently cited by the parents (Parent, Shahe Primary 
School, Ganzhou): “Appreciated the headteachers’ 
timely reminder for consistent engagement in the salt 
reduction activities.”

In this circumstance, headteachers played the piv-
otal role of intermediaries between the program and 
the target population. One example of the importance 
of headteachers was that a school with a newly trans-
ferred headteacher who missed program training expe-
rienced a sudden decrease in the completion rate of 
cloud health courses. To motivate headteachers in the 
implementation of health activities, schools developed 
incentive measures (Principal, Wenqinglu Primary 
School, Ganzhou): “The headteachers who successfully 
completed health activities were evaluated with higher 
teaching performance and priority of year reward or 
promotion.”

However, despite the boosters advancing the program, 
barriers from family may adversely affect the implemen-
tation. One common issue was (Teacher, Xincheng Pri-
mary School, Zhenjiang): “parents migrated from their 
poor hometown to affluent cities for better job oppor-
tunities.” Another barrier stems from the demanding 
schedule of parents, who are occupied by heavy work-
loads and constraints on the time available for their 
children (Parent, Shahe Primary School, Ganzhou): 
“We have our own jobs and responsibilities and might 
be overwhelmed by those school activities.” As a result 
(Teacher, Xincheng Primary School, Zhenjiang): “the 
children encountered difficulties in fulfilling health 
activities due to lack inspiration and support, typically 
provided by the parents.”

Table 5  Offline health activities

N of schools or 
classes

N of Activities Median Interquartile Range

School level activity 162 1800 9.0 5.0–14.0

Health theme activities (Required) 155 417 2.0 1.0–3.0

Putting up posters (Required) 151 724 5.0 3.0–6.0

Canteen chef health education (Required) 91 113 1.0 1.0–1.0

Health video playing (Optional) 66 228 3.0 2.0–4.0

Health audio broadcasting (Optional) 59 212 3.0 2.0–4.0

Evaluation and reward (Optional) 62 93 1.0 1.0–2.0

Class level activity 612 3999 3.0 2.0–8.0

Health theme activities (Required) 544 1212 2.0 1.0–2.0

Putting up posters (Optional) 286 532 1.0 1.0–2.0

Health lessons (Optional) 380 1736 3.0 1.0–6.0

Evaluation and reward (Optional) 264 519 1.0 1.0–2.0
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Maintenance and sustainability
As the health education program spans a school year, 
maintenance was acknowledged to be a challenge. The 
completion rates of health cloud courses experienced a 
decline, starting at a peak of 93.4% at the beginning of 
the first semester and reaching a lower rate of 79.4% by 
the end of the semester. Notably, nine completion rates 
of courses in the second school term remained below 
the average completion rate of whole program period 
(84.9%), only one was 86.2%.

To avoid a drop of completion rate and maintain fidel-
ity implementation, considerable governmental efforts 
were made. This includes 17 government directive and 
10 capability training events delivered by provincial or 
city education and health authorities. The local manag-
ers conducted 57 field supervisions and 60 online moni-
toring activities, particularly to target poorly performing 
schools and address implementing difficulties (Table 6).

Those governmental activities were smoothly con-
ducted because of bolstered intersectoral collaboration 
between local governments, as the informant expressed 
(Official, Zhanggong Health Committee, Ganzhou): 
“Establishment of clear responsibilities in conjunction 
with health authorities, wherein health sectors provided 
professional and technological support, while the educa-
tion sector took responsibility for motivating, organizing, 
and monitoring the schools to achieve project goals.” This 
articulated management mechanism holds promise for 
the scalable implementation of EduSaltS.

Along with governmental measures, the informants 
recognized that family active engagement and therefore 
positive feedback from schools, such as commendations 
for their children’s performance in the EduSaltS, sig-
nificantly motivated their participation in future school 
health programs (Parent, Heyang Primary School, Zhen-
jiang): “My child received praise and recognition from 
teacher. As parents, we are very happy and motivated to 
continue doing well.”

Despite those potential facilitators for maintenance, the 
completion rate still shown a drop according to quanti-
tative results, that means scaling-up salt reduction in 

schools also face challenges. The informants claimed that 
lack of essential policy environment may be one attribu-
tion (Official, Danyang Education Bureau, Zhenjiang): 
“Government should issue policy to require school caf-
eteria chefs to accept mandatory training for salt reduc-
tion.” Another informant mentioned (Health expert, 
Jiangxi CDC, Ganzhou): “a lack of guidelines will cause 
difficulties in the adoption and implementation of school 
salt reduction in the future.” Along with the policy sup-
port, another issue, financial support after the program 
officially end, were mentioned by the informants. Mainly, 
affordable maintenance should be made to keep this 
mHealth-based school health education system acces-
sible (Health expert, Danyang CDC, Zhenjiang): “The 
applications should be freely downloadable from mobile 
and website not only for the program participants 
but also for larger populations.” This further triggered 
another financial issue to update education materials to 
cater to other grades of students.

Discussion
This research evaluated the implementation process of the 
mHealth-based school salt reduction program and exam-
ined the factors for its implementation. The quantitative 
results show that the program achieved a high registration 
rate and completion rate of online health lessons. Through 
online and offline activities, the students improved their 
knowledge and practices related to salt reduction. Factors 
that promote individual and school participation include 
parents’ trust and students’ willingness to participate in 
school-organized health activities [33]. The schools them-
selves have an urgent need to improve students’ health 
[34]. The use of an online platform allows flexible student 
participation [35], and schools can organize and manage 
activities without additional resources. However, partici-
pating in the program required primary skills to operate 
smartphones and register in the Health Cloud Classroom, 
which increased the difficulty of participation for some 
caregivers, especially grandparents [16].

This evaluation illustrated the determinants that facili-
tate successful implementation: the attractiveness of 

Table 6  Governmental activities

Total provincial Ganzhou Zhenjiang

Government issued directive 17 2 4 11

field supervision 57 19 16 22

Online monitoring and management 60 23 9 28

capability training for health education 10 4 2 4

support school’s offline activities 5 0 1 4
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health activities, deep parental engagement, effective 
communication between schools and families, teachers’ 
dedication, a healthy school environment, and govern-
ment coordination [36].

Remarkably, EduSaltS was carried out and imple-
mented during the COVID-19 pandemic. The interven-
tion measures utilized mHealth technology, allowing 
the project’s main activities to be completed online even 
in strict lockdown areas [37, 38]. Furthermore, educa-
tion materials have been provided to schools through 
mHealth based application, which has reduced teach-
ers’ workload and led to additional efforts to develop 
education materials. This approach made it scalable for 
most schools, especially in  situations where resources 
and manpower were diverted to acute infectious disease 
control.

Several factors should be highlighted from the study 
findings to implicate scaling-up health programs. First, 
the high-salt dietary environment outside schools com-
promises the effects of salt reduction on students, as 
their taste preferences remain high due to continuous 
exposure to high-salt food from convenience stores and 
restaurants around school districts [39]. The food from 
off-campus sources made it challenging to achieve the 
expected reduction in salt intake [40, 41]. Therefore, 
expanding salt reduction to school surroundings and 
wider communities is crucial for the success of imple-
menting school salt reduction projects [42]. Meanwhile, 
the school is a relatively closed environment, and any 
promotional intervention through the school must first 
obtain the consent and support of the local education 
commission, which is a prerequisite. So, notices from the 
local education commission were formally issued to all 
the schools in the selected regions to help them under-
stand the project and make decision for the participation. 
However, we did not ask the local government to pro-
vide any other additional monetary or in-kind support. 
Moreover, legislative and regulatory measures developed 
by government can encourage commercial sectors, who 
were determinantal for health environment, to reduce 
sodium content in the products and prioritize positive 
health among children [43, 44].

Second, there was a contradiction in the allocation of 
resources between salt reduction activities and other 
health activities in school [45]. High salt intake as a 
daily dietary habit has not received as much attention 
as other issues, such as myopia prevention and obesity, 
which are prevalent among Chinese students. The bal-
ance between salt reduction and other student health 
problems is a challenge for schools, given their limited 
resources and time commitment [46]. Therefore, utilizing 
existing school resources is crucial for implementing the 
innovative EduSaltS project, which leverages school staff, 

facilities, and materials and avoids significant additional 
resource requirements [47].

Third, the project utilized WeChat on smartphones 
as a platform for health education and primary online 
health activities. WeChat is the most widely used 
mobile application in China, providing a solid foun-
dation for increasing the possibility of reaching. 
This platform does not require extra payment, which 
increases the acceptability of scaling-up. The con-
tinued accessibility of WeChat-based education and 
management functions was perceived as a premise for 
scaling-up. Moreover, real-time evaluation through 
management websites is essential for continually iden-
tifying and addressing off-track issues that may arise 
during project maintenance [48, 49].

Finally, this study found that the stability of the man-
agement structure is crucial for smooth implementation 
and long-term continuation. As a complex promotion 
project, excessive reliance on respected individuals to 
maintain operations was risky because changes in lead-
ership positions hindered the high-quality completion 
of school health activities. For schools, staff turnover 
was inevitable. Timely training of headteachers who just 
joined the project to qualify them for health education 
knowledge and skills was vital to prevent sudden drops 
in the completion rate of health activities [50, 51].

Strengths and limitations
Based on the RE-AIM theoretical model, the mixed 
methods process evaluation offered a comprehen-
sive framework to evaluate the facilitators and barriers 
encountered during the implementation of EduSaltS. 
Across five model dimensions, this study not only high-
lighted individual-level engagement and health benefits 
derived from school salt reduction initiatives but also 
examined factors influencing project implementation 
and sustainability at both school and societal levels. By 
gaining a deeper understanding of the determinantal fac-
tors in the implementation process, successful strategies 
from this program can be extrapolated to guide future 
health scaling-up programs.

In terms of limitations, this study did not delve into 
the detailed demographics of participants nor compare 
the characteristics of participants with non-participants. 
Particularly, the lack of gender-specific data limits the 
ability to understand differential impacts and adoption 
issues between male and female participants, which 
could affect program efficacy and implementation strate-
gies. However, as a scaling-up program aimed at trans-
lating experimental evidence into real-world benefits for 
larger populations, the focus was on recruiting as many 
attendees as possible rather than rigorously selecting 
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participants. A specially designed sampling survey tar-
geting 799 students and their parents from 30 schools 
will make up for its shortcomings, but the results will be 
reported in a separate article.

Conclusions
The process evaluation revealed that the EduSaltS pro-
gram attained high acceptability among participants and 
was widely adopted at the organizational level. Health 
activities were implemented with high fidelity, leading 
to improved health knowledge and practices in students 
and their families, particularly in reducing salt intake 
and enhancing overall well-being. These results offer evi-
dence of initial scalability due to practical educational 
tools, strong family involvement, effective institutional 
management, and a supportive policy environment. The 
program holds significant promise in curbing excessive 
salt consumption among broader populations in various 
settings, potentially delaying the onset of related diseases.
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