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Abstract 

Background  A 12-month cluster randomized controlled trial (RCT) demonstrated the effectiveness of an application-
based education program in reducing the salt intake and systolic blood pressure (SBP) of schoolchildren’s adult family 
members. This study aimed to assess whether the effect at 12 months persisted at 24 months.

Methods  Fifty-four schools were randomly assigned to either the intervention or control group. All participants (594 
children in grade 3 and 1188 of their adult family members) who completed the baseline survey were contacted 
again 12 months after the trial. The primary outcome was the difference in salt intake change between the interven-
tion and control groups at 24 months versus baseline and 12 months, measured by the mean two consecutive 24-h 
urinary sodium excretions. The secondary outcome was the difference in the change of blood pressure and salt-
related Knowledge, Attitude, Practice (KAP) score.

Results  The difference in salt intake change in adults between the intervention and control groups after adjust-
ing for confounding factors was − 0.38 g/day at 24 months versus baseline (95% CI − 0.81 to 0.05, p = 0.09), fol-
lowing the − 0.83 g/day (95% CI − 1.25 to − 0.41, p < 0.001) at 12 months. The adjusted difference in SBP change 
was − 2.19 mm Hg (95% CI − 3.63 to − 0.76, p = 0.003) at 24 months versus baseline, following the − 1.80 mm Hg (95% 
CI − 3.19 to − 0.40, p = 0.01) at 12 months. The intervention group had a higher KAP score than the control group 
both at 12 months and at 24 months versus baseline. No significant changes were found in children.

Conclusions  The effect of the education program on adults’ salt intake faded, but the SBP lowering effect 
and the improvement of KAP score remained 12 months after the completion of the RCT. Continuous efforts are 
needed to maintain the salt reduction effects in real-world settings.

Trial registration  ChiCTR1800017553. Registered on August 3, 2018.
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Background
Excess consumption of salt is a well-established cause of 
raised blood pressure and increased risk of cardiovascu-
lar disease [1, 2]. This unhealthy dietary factor is associ-
ated with over 1.8 million deaths each year worldwide 
[3]. Reducing salt intake is regarded as one of the best 
cost-effective ways to improve health and save lives [4]. 
However, the global progress on salt reduction is barely 
satisfactory, partly due to the difficulty of changing peo-
ple’s salt intake behavior in particular for those countries 
where discretionary salt is widely used [5]. Innovative 
approaches are encouraged to facilitate the global action. 
School-based intervention has shown to be a promising 
strategy to improve health outcomes both in children and 
their families, as the children and the parents are mutu-
ally affected in terms of health behavior [6, 7]. Moreover, 
the digital health especially the mobile health (mHealth) 
interventions demonstrate great potential in supporting 
behavior change alongside the unprecedented coverage 
of intelligent mobile phones [8, 9]. A recent review indi-
cated that technology-supported behavior change inter-
ventions are effective in reducing salt intake and blood 
pressure [10].

By combining mHealth with school-based interven-
tions, one of our previous cluster randomized controlled 
trials (RCT) developed an innovative application (app) 
based education program to reduce salt intake in school-
children and their families in China (AppSalt) [11]. The 
process evaluation of AppSalt found a 97% retention rate 
of the AppSalt program and an 80% completion rate of 
the whole app-based salt reduction courses, indicat-
ing the feasibility and acceptability of the interventions 
[12]. The results of AppSalt showed that the app-based 
education program conducted through schoolchildren 
is effective in reducing the salt intake of their adult fam-
ily members by 0.82 g/day after a 12-month intervention, 
along with a 1.64-mm Hg drop of systolic blood pressure 
(SBP) [13]. However, the long-term effect after the RCT 
is still unknown.

Among the few reports on the long-term effects of 
salt reduction, three trials that examined the impact of 
salt reduction on blood pressure over a period of more 
than 6 months indicated a resurgence in both salt intake 
and blood pressure levels over time [14–16]. In contrast, 
three population-based studies from the UK, Finland, 
and Iran, which spanned several years, suggested that 
the changes in salt intake and blood pressure were not 
as consistent as those in trials, with population-wide salt 
reduction leading to a much greater fall in blood pres-
sure than that observed in intervention trials [17–19]. 
No relevant research was identified that addresses the 
enduring effects subsequent to the conclusion of the 
trial. This study aimed to evaluate whether the app-based 

intervention yielded sustained effects on the reduction of 
salt intake among children and their families following 
the termination of the intervention trial.

Methods
Study design and participants
This study (AppSalt) was designed upon a success-
ful RCT (School-EduSalt), which encouraged children 
to deliver the salt-related knowledge and skills learned 
from schools to their families [20]. Guided by the same 
behavior change theories including health belief model 
and social determinants of health, AppSalt integrated 
the traditional health education course and family salt 
intake monitoring task into a mobile app that could be 
installed in parents’ phones to facilitate the engagement 
of families. The details of the study design and interven-
tions have been described in previous publications [11, 
13, 21]. In summary, the study is a parallel, cluster rand-
omized controlled trial (RCT) carried out in 54 primary 
schools from three cities of China, with schools ran-
domly assigned to either intervention or control group 
(1:1). Randomization of schools (clusters) took place after 
baseline data collection, through a computer-generated, 
central randomization system, stratified by the location 
of schools (southern, central, or northern China). The 
participants and researchers who undertook recruitment 
and the baseline data collection were blinded of the allo-
cation until the intervention stage.

It was estimated that a sample size of 594 children from 
54 schools would provide 80% power (α= 0.05) to detect 
a mean difference of ≥ 26 mmol/day sodium (1.5 g/day of 
salt) between the two groups, assuming a standard devia-
tion of 85  mmol/day sodium and an intraclass correla-
tion coefficient of 0.05 and allowing for a 15% dropout 
rate. A total of 1188 adults were recruited by selecting 
two adults from each family [13]. As such, we randomly 
selected 11 children and 22 adult family members from 
one class in grade 3 (age 8–9  years) of each school for 
outcome assessments. The inclusion criteria included: (1) 
Children and the adult family members ate homemade 
meals at least four times per week. (2) One adult family 
member had a mobile device with internet access. (3) The 
two adult family members were selected in the order of 
grandparents, parents, and others (uncles and aunts) if 
more than two adults in a family were eligible. (4) Par-
ticipants had been residents in the local communities for 
more than 6 months. The exclusion for outcome assess-
ments were individuals who could not or refused to col-
lect 24-h urine samples.

Multifaceted interventions lasting 12 months (2 school 
terms) were carried out in all the grade 3 classes of the 27 
schools in the intervention group. The main components 
of the intervention were salt reduction education and 
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monitoring via the app-based platform. Children were 
asked to complete 9 lessons on salt reduction education 
and 12 health education lessons together with their adult 
family members via an app (AppSalt) installed in parents’ 
mobile phones. Each lesson was about 10  min followed 
by a quiz of 10 questions and a practical session (e.g., 
preparing foods with less salt at home or selecting lower 
salt products when shopping). Teachers would remind 
the completion of the online course and organize offline 
activities in classes including art and knowledge com-
petitions and health education class on salt reduction. 
Supportive environments were encouraged to be created 
on campuses such as putting up salt awareness posters 
in canteens and playing salt and health broadcast series 
during break times.

Procedures
A total of 594 children and 1188 adult family members 
were randomly selected for baseline evaluation in Sep-
tember 2018. The trial endline survey (the 12-month 
follow-up) was carried out in September 2019. The post-
trial evaluation (the 24-month follow-up) was originally 
considered and was introduced in the protocol of the 
Action on Salt China program, which included App-
Salt and other three RCTs targeting salt reduction in 
schoolchildren, home cook, communities, and restau-
rants, respectively [21]. All the health education materi-
als used for intervention are publicly available after the 
trial, but the schools were not obliged to conduct the 
interventions anymore. The 24-month follow-up evalu-
ation was conducted between September and Decem-
ber 2020, i.e., 12 months after the completion of the trial 
and at 24  months of the baseline. All participants who 
completed the baseline survey were contacted again 
at 24  months, regardless of their follow-up status at 
12 months.

Outcomes
The primary outcome was the difference in salt intake 
change between the intervention and control groups for 
children and for adults at 24 months versus baseline and 
12 months. The secondary outcome was the difference in 
SBP and diastolic blood pressure (DBP) change in adults 
and the change of salt-related Knowledge, Attitude, Prac-
tice (KAP) score in children and in adults at 24 months 
versus baseline and 12 months.

The same protocol as the trial was followed to collect 
the outcome data. Two consecutive 24-h urines were 
collected under a standardized procedure with the sup-
port of the electronic data collection system. Urine vol-
ume was measured by urine weight. Urinary sodium, 
potassium, and creatinine levels were tested in the cen-
tral laboratory of KingMed Diagnostics Center, using 

an ion-selective electrode method for the measurement 
of sodium and potassium, and an enzymatic method for 
creatinine. Salt intake (g/day) was estimated by urinary 
sodium excretion (mmol/24 h) by dividing 1000 and mul-
tiplying 58.5 g/mol. Trained researchers measured blood 
pressure, body weight, and height using the same meas-
urement tools and interviewed the same KAP questions 
as the trial following the standardized protocol.

Statistical analysis
According to previous studies, the urine samples meeting 
the following criteria had a great possibility of collecting 
incomplete 24-h urines: (1) the urine collection time was 
less than 20  h or more than 28  h; or (2) the 24-h urine 
volume was < 500 mL in adults or < 300 mL in children; or 
(3) the 24-h urinary creatinine was < 4.0 mmol in women 
or < 6.0  mmol in men, or lower than the 5th centile 
(< 2.33 mmol for girls and < 3.11 mmol for boys) [13, 20]. 
We excluded these possibly incomplete urine samples in 
the main analysis. For the included urine samples, we cal-
culated the 24-h urine volume (mL) as urine volume (mL) 
divided by duration of urine collection (hours) and mul-
tiplied by 24 h. The 24-h urinary sodium, potassium, and 
creatinine excretions were calculated by multiplying their 
urinary concentrations with 24-h urine volume. For KAP 
score, we adopted the definition for adults and children 
in reference to a previous analysis using the same ques-
tionnaires that were developed by the research team and 
were validated through the pilot study (Additional file 1: 
Table S1, S2) [22]. The score range is 0 ~ 10 for adults and 
0 ~ 6 for children. A higher KAP score indicates better 
awareness and practice related to salt.

Schools and participants were analyzed according to 
their randomly assigned groups following the intention-
to-treat principle. Mixed linear models were performed 
to test the effects of the intervention on outcomes. The 
models included random intercept and fixed effect. The 
hierarchical structure was reflected in random effect with 
three visits (baseline, 12 months, and 24 months) for each 
participant, at most 2 participants for each family only 
in the model for adults, and up to 11 families for each 
school. The fixed effect variables included groups, visits, 
and covariates. The potential confounding variables listed 
as covariates included age, sex, body mass index (BMI; 
body weight in children instead), outdoor temperature, 
and the highest education level of the adult participants 
in the family. In the models for blood pressure outcomes, 
the covariates also included physical activity and alcohol 
consumption for adults. Participants were considered 
physically active if they reported engaging in moder-
ate physical activity at least 3 times a week and at least 
30 min per time. The difference between the two groups 
at 24  months compared to baseline and 12  months was 
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estimated through designated LSMESTIMATE com-
mand in the models.

We performed subgroup analyses to separately evaluate 
salt intake and systolic blood pressure across subgroups 
of various factors. For both children and adults, we 
looked at differences by sex (Male and female), study site 
(Shijiazhuang, Yueyang, and Luzhou), and education lev-
els (the highest education in the family: secondary educa-
tion or lower, high school, and university or college). For 
adults exclusively, we also considered differences across 
the blood pressure status (normotensive and hyperten-
sive) and adults’ relationship with children (parents, 
grandparents, and other relatives).

We conducted three sensitivity analyses to examine 
the robustness of the results: (1) multiple imputation for 
salt intake and systolic blood pressure. Missing data were 
imputed using a sequential multiple imputation approach 
assuming missing at random. The covariates used for 
imputation were the same as those mentioned above. 
The imputation was done for each group separately and 
applied to 100 copies of the dataset. (2) included all par-
ticipants with possibly incomplete 24-h urine collections. 
(3) included only participants who completed all the 
three visits.

The statistical analyses were performed using SAS 
Enterprise Guide 8.3 (SAS Institute). All analyses were 
two-sided and P < 0.05 was considered significant.

Results
A total of 592 children and 1184 adults completed base-
line assessment in 2018. The mean age at baseline were 
8.6 years for children in both groups, and 46.8 (SD 13.1) 
years and 44.9 (SD 12.6) years for adults in intervention 
and control group respectively. At 24  months, 542 chil-
dren and 976 adults were followed up, accounting for 
91.6% and 82.4% of the participants, respectively. The 
follow-up rates in the intervention group and control 
group were 92.3% (274/297) and 90.8% (268/295) in chil-
dren and 81.1% (482/594) and 83.7% (494/590) in adults, 
respectively (Fig.  1). The baseline characteristics of par-
ticipants are shown in Table 1. In adults, the participants 
who lost to follow-up had a higher proportion of men 
compared to those who were followed up.

The line graph of unadjusted mean salt intake across 
the three visits showed that the average increased or pla-
teaued from 12 months visit to 24 months visit in adults 
and children in both the control group and the interven-
tion group, irrespective of the trend from baseline to 
12 months visit (Fig. 2). The mean salt intake at baseline, 
12  months, and 24  months can be also found in Addi-
tional file 1: Table S3. The mean difference in salt intake 
change in adults between the intervention and control 
groups after adjusting for confounding factors is − 0.38 g/

day at 24 months versus baseline (95% CI − 0.81 to 0.05, 
p = 0.09), and 0.45 g/day at 24 months versus 12 months 
(95% CI 0.01 to 0.85, p = 0.05), following 0.83  g salt 
reduction effect of the 12-month intervention (Table 2). 
The sample size for analysis can be found in Table S4.

The mean SBP in adults at 24  months was 118.4 (SD 
16.4) mm Hg and 120.7 (SD 16.6) mm Hg in the inter-
vention group and control group, respectively, despite 
that the SBP increased from 12 to 24  months in both 
groups (Fig. 2 and Additional file 1: Table S3). After the 
1.80 mm Hg decrease of SBP was observed at the end of 
the intervention, the mean difference in SBP change after 
adjusting for confounding factors is −2.19 mm Hg (95% 
CI − 3.63 to − 0.76, p = 0.003) at 24  months versus base-
line and − 0.40  mm Hg (95% CI − 1.86 to 1.07, p = 0.60) 
at 24 months versus 12 months. No significant difference 
was found in the change of salt intake and SBP in chil-
dren at 24  months versus baseline or 12  months in the 
final model adjusting for confounding factors, nor was 
the urinary potassium, sodium-to-potassium ratio, and 
DBP in adults and children (Table 2).

The KAP score increased with visits both in chil-
dren and in adults except that the children in the inter-
vention group scored the same at the two follow-up 
visits (Additional file 1: Table S3). After adjusting for con-
founding factors, the intervention group showed a sig-
nificantly higher KAP score than the control group both 
at 12  months and at 24  months versus baseline though 
the difference decreased from 0.81 (95% CI 0.62 to 1.00, 
p < 0.001) to 0.62 (95% CI 0.43 to 0.82, p < 0.001) in adults 
and from 1.25 (95% CI 1.04 to 1.46, p < 0.001) to 0.80 
(95% CI 0.59 to 1.01, p < 0.001) in children (Table 2).

Sensitivity analyses for salt intake and SBP in adults 
showed similar effects as those in the main analyses 
(Additional file  1: Table  S4–S6). The subgroup analyses 
of salt intake and SBP at 24 months versus baseline were 
mostly not significant, except that in adults the effect 
of salt intake was significantly different across the sub-
groups of education level (p for interaction = 0.04), blood 
pressure status (p for interaction = 0.002) and adult’s rela-
tionship with children (p for interaction = 0.01), among 
which only the mean effect for children’s parents showed 
statistical significance (− 1.18, 95% CI − 1.96 to − 0.39) 
(Additional file 1: Table S7–S8, Fig. S1).

Discussion
This study explores the persistent effect of salt reduction 
in schoolchildren and their families by following up the 
participants 1 year after the completion of a cluster RCT 
which implemented an app-based salt reduction pack-
age to families via primary schools over 12 months. The 
results showed that in adults, the salt reduction achieved 
over the intervention stage attenuated from 0.83  g/day 
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to 0.38 g/day, while the SBP maintained about 2 mm Hg 
reduction effect at the 24-month follow-up. In children, 
there were no significant effects in reducing salt intake 
and blood pressure across the 24  months, whereas the 
improvement of KAP score persisted both in children 
and in adults with a mitigated effect size.

The relapse of the intervention effect on salt intake 
in adults was due to the rebound of salt intake from 
8.9  g/day to 9.4  g/day in the intervention group while 
the mean salt intake in the control group stabilized 
at 9.8  g/day after the trial, in the context that the two 
groups both consumed 10  g/day of salt at baseline. 
These findings are not surprising, given the challenge 

that participants need to maintain a lower salt intake 
without further support from the research team. The 
application-based salt reduction interventions that 
were implemented during the RCT, including health 
education courses, target setting and self-monitoring, 
and communications with children and school teach-
ers, would motivate adults to reduce their salt intake 
[13, 23]. Once the motivation stopped, it would be 
hard for the participants to adhere to the new behavior, 
especially when the food environment is conducive to 
a high salt diet [5]. To a certain extent, the steady salt 
intake in the control group also indicates the standstill 
of the food environment.

Fig. 1  Flowchart of participants
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Previous studies have also shown that it is extremely 
difficult for individuals to maintain a lower salt intake 
for a long period of time without change of food 

environment. For example, the Trials of Hyperten-
sion Prevention Research showed that net changes in 
body weight, sodium excretion, and BP all gradually 

Table 1  Baseline characteristics of participants with 24-month follow-up status

Note: Chisq-test for categorical variables and t-test for continuous variables

Intervention Control

Characteristics Follow-up Drop-out p value Total Follow-up Drop-out p value Total

Cluster level n = 27 n = 0 n = 27 n = 27 n = 0 n = 27

No. (%) of schools by location

  Shijiazhuang 9 (33.3) 0 (0.0) 9 (33.3) 9 (33.3) 0 (0.0) 9 (33.3)

  Yueyang 9 (33.3) 0 (0.0) 9 (33.3) 9 (33.3) 0 (0.0) 9 (33.3)

  Luzhou 9 (33.3) 0 (0.0) 9 (33.3) 9 (33.3) 0 (0.0) 9 (33.3)

No. (%) of families 274 (100.0) 23 (100.0) 297 (100.0) 268 (100.0) 27 (100.0) 295 (100.0)

Outdoor temperature (°C), mean (SD) 18.8 (5.0) 19.3 (5.3) 0.63 18.8 (5.0) 19.8 (4.8) 17.4 (4.2) 0.02 19.6 (4.8)

Children level n = 274 n = 23 n = 297 n = 268 n = 27 n = 295

No. (%) of boys 140 (51.1) 12 (52.2) 0.92 152 (51.2) 141 (52.6) 15 (55.6) 0.77 156 (52.9)

Age (year), mean (SD) 8.6 (0.3) 8.7 (0.3) 0.44 8.6 (0.3) 8.6 (0.5) 8.8 (0.6) 0.02 8.6 (0.5)

Weight (kg), mean (SD) 30.4 (7.4) 31.8 (8.4) 0.38 30.5 (7.5) 29.6 (6.9) 31.9 (6.6) 0.11 29.8 (6.9)

BMI (kg/m2), mean (SD) 17.3 (3.1) 18.1 (3.4) 0.24 17.4 (3.1) 17.0 (2.8) 18.1 (3.3) 0.07 17.1 (2.9)

Physical activity, No. (%) 0.67 0.38

  No 132 (48.2) 10 (43.5) 142 (47.8) 135 (50.4) 16 (59.3) 151 (51.2)

  Yes 142 (51.8) 13 (56.5) 155 (52.2) 133 (49.6) 11 (40.7) 144 (48.8)

Highest education in the family, No. (%) 0.79 0.08

  Primary education 25 (9.1) 1 (4.3) 26 (8.8) 22 (8.2) 3 (11.1) 25 (8.5)

  Secondary education 67 (24.5) 5 (21.7) 72 (24.2) 46 (17.2) 9 (33.3) 55 (18.6)

  High school education 86 (31.4) 7 (30.4) 93 (31.3) 96 (35.8) 4 (14.8) 100 (33.9)

  College education 96 (35.0) 10 (43.5) 106 (35.7) 104 (38.8) 11 (40.7) 115 (39.0)

Adult level n = 482 n = 112 n = 594 n = 494 n = 96 n = 590

No. (%) of men 208 (43.2) 64 (57.1) 0.007 272 (45.8) 221 (44.7) 58 (60.4) 0.005 279 (47.3)

Relationship with children, No. (%) 0.05 0.04

  Parents 137 (28.4) 43 (38.4) 180 (30.3) 152 (30.8) 42 (43.8) 194 (32.9)

  Grandparents 214 (44.4) 37 (33.0) 251 (42.3) 226 (45.7) 34 (35.4) 260 (44.1)

  Other relatives 131 (27.2) 32 (28.6) 163 (27.4) 116 (23.5) 20 (20.8) 136 (23.1)

Age (year), mean (SD) 47.0 (12.9) 45.9 (14.0) 0.42 46.8 (13.1) 45.1 (12.8) 43.8 (11.7) 0.33 44.9 (12.6)

Weight (kg), mean (SD) 64.9 (12.7) 66.9 (12.3) 0.14 65.3 (12.6) 65.6 (12.7) 65.2 (12.8) 0.76 65.5 (12.7)

BMI (kg/m2), mean (SD) 25.0 (3.8) 25.3 (3.6) 0.51 25.1 (3.8) 25.1 (3.6) 24.7 (3.7) 0.25 25.1 (3.6)

Physical activity, No. (%) 0.71 0.99

  No 327 (67.8) 78 (69.6) 405 (68.2) 334 (67.6) 65 (67.7) 399 (67.6)

  Yes 155 (32.2) 34 (30.4) 189 (31.8) 160 (32.4) 31 (32.3) 191 (32.4)

Highest education, No. (%) 0.05 0.07

  Primary education 88 (18.3) 29 (25.9) 117 (19.7) 89 (18.0) 17 (17.7) 106 (18.0)

  Secondary education 125 (25.9) 36 (32.1) 161 (27.1) 110 (22.3) 30 (31.3) 140 (23.7)

  High school education 141 (29.3) 22 (19.6) 163 (27.4) 151 (30.6) 18 (18.8) 169 (28.6)

  College education 128 (26.6) 25 (22.3) 153 (25.8) 144 (29.1) 31 (32.3) 175 (29.7)

Alcohol drinkers, No. (%) 0.24 0.84

  Non-drinkers 275 (57.1) 54 (48.2) 329 (55.4) 283 (57.3) 52 (54.2) 335 (56.8)

  Occasional drinkers 172 (35.7) 48 (42.9) 220 (37.0) 170 (34.4) 35 (36.5) 205 (34.7)

  Regular drinkers 35 (7.3) 10 (8.9) 45 (7.6) 41 (8.3) 9 (9.4) 50 (8.5)

Self-reported hypertension, No. (%) 58 (12.0) 13 (11.6) 0.01 71 (12.0) 55 (11.1) 14 (14.6) 0.61 69 (11.7)
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diminished between 6 and 36 months, even though sev-
eral refresher sessions were offered to promote contact 
and adherence with the intervention [14]. Two other tri-
als found similar results, though the extent of attenua-
tion differs due to variations in participants and baseline 
sodium levels [15, 16]. Moreover, it was suggested that 
the emerging mHealth studies were privileged to sustain-
able intervention for healthy behavior by offering a cost 
and time-efficient solution in self-management and self-
monitoring [9] A scoping review on the nutrition Apps 
in people with chronic diseases indicated that 11 out of 
46 studies measured maintenance of health behavior 
change, of which 7 found sustained behavior change for 6 
to 12 months and 4 showed a decline in behavior change 
or discontinued app use [24]. Our study did not specifi-
cally encourage the adherent usage of the App after the 
12-month trial, which together with the discontinued 
motivation from schools and the unchanged food envi-
ronment, possibly resulted in the poor persistence of 
lower salt intake of the family.

The persistent reduction of SBP observed in adults 
does not appear in parallel with the attenuation of 
salt reduction. It is likely that the effect of salt reduc-
tion continued after the trial even with the fluctuation 
of the salt intake, as the salt intake in the intervention 
group was still moderately lower than that in the con-
trol group at 24 months. Moreover, with the adult par-
ticipants aging by 2 years, the SBP in the control group 
surpassed the baseline level, while the SBP in the inter-
vention group remained lower than that of the baseline 
level. The results were in line with other population-
based studies. For instance, the UK’s salt reduction 
program led to a reduction of 1.8  g/day in population 

salt intake, which was associated with a fall of approxi-
mately 3 mm Hg in population SBP from 2003 to 2014. 
Then the salt intake in the UK rebounded from 7.68 g/
day to 8.39 g/day from 2014 to 2018, whereas the SBP 
did not increase accordingly but plateaued during that 
period [17]. Similar findings were observed in the pop-
ulation-based studies in Finland and Iran [18, 19].

It was noteworthy that the maintenance phase of our 
study was right in the COVID-19 pandemic period. 
Most families were restricted at home, which contrib-
uted to the high follow-up rate even after 2 years of the 
baseline survey. However, the outbreak of COVID-19 
changed the lifestyles of populations to varying extents 
[25, 26], which, without being measured in this study, 
may also potentially contribute to the changes in salt 
intake and SBP.

Schools have been recognized as a key setting to 
deliver nutrition and other health interventions to chil-
dren and their parents. This school-based study did not 
find a significant reduction in salt intake or blood pres-
sure in children. However, like adults, children in the 
intervention group still performed better in salt-related 
KAP scores than those in the control group even 
12  months after the trial, indicating that the improve-
ment of knowledge appeared easier than lowering salt 
intake, which was in line with other studies [6, 27, 28].

The strengths of our study include: first, we con-
ducted the after-trial survey according to the standard-
ized protocol of the trial by visiting both intervention 
and control groups and collecting two 24-h urine sam-
ples for all participants. The consistent protocol 
ensured the comparison of the three rounds of evalua-
tions. Second, the follow-up rates were as high as 91.6% 

Fig. 2  Unadjusted average salt intake and systolic blood pressure by visit and group in adults and children



Page 8 of 12Li et al. BMC Medicine           (2025) 23:41 

Ta
bl

e 
2 

Sa
lt 

in
ta

ke
, 2

4-
h 

ur
in

ar
y 

m
ea

su
re

m
en

ts
, b

lo
od

 p
re

ss
ur

e,
 a

nd
 K

A
P 

ba
se

d 
on

 in
te

nt
io

n-
to

-t
re

at
 a

na
ly

si
s

In
te

rv
en

tio
n

Co
nt

ro
l

D
iff

er
en

ce
 in

 c
ha

ng
e 

(in
te

rv
en

tio
n 

vs
 c

on
tr

ol
)

Ad
ju

st
ed

 d
iff

er
en

ce
 in

 ch
an

ge
(in

te
rv

en
tio

n 
vs

 co
nt

ro
l)

Co
nt

ra
st

A
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I)a

p 
va

lu
e

A
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I)a

p 
va

lu
e

D
iff

er
en

ce
 (9

5%
 C

I)b
p 

va
lu

e
D

iff
er

en
ce

 (9
5%

 C
I)b,

c
p 

va
lu

e

Ch
ild

re
n

Sa
lt 

in
ta

ke
 (g

/d
ay

)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.0

1 
(−

 0
.3

1 
to

 0
.2

8)
0.

94
0.

28
 (−

 0
.0

0 
to

 0
.5

6)
0.

05
 −

 0
.3

4 
(−

 0
.7

2 
to

 0
.0

5)
0.

09
 −

 0
.2

9 
(−

 0
.6

8 
to

 0
.1

0)
0.

14

24
 m

on
th

s 
vs

 b
as

el
in

e
0.

41
 (0

.0
9 

to
 0

.7
2)

0.
01

0.
44

 (0
.1

3 
to

 0
.7

5)
0.

00
5

0.
07

 (−
 0

.3
2 

to
 0

.4
6)

0.
72

 −
 0

.0
4 

(−
 0

.4
2 

to
 0

.3
5)

0.
86

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

42
 (0

.0
8 

to
 0

.7
5)

0.
01

0.
16

 (−
 0

.1
5 

to
 0

.4
7)

0.
30

0.
41

 (0
.0

1 
to

 0
.8

0)
0.

04
0.

26
 (−

 0
.1

4 
to

 0
.6

5)
0.

21

Sy
st

ol
ic

 b
lo

od
 p

re
s-

su
re

 (m
m

 H
g)

12
 m

on
th

s 
vs

 b
as

el
in

e
0.

96
 (−

 0
.4

0 
to

 2
.3

2)
0.

17
1.

84
 (0

.5
5 

to
 3

.1
3)

0.
00

5
 −

 1
.2

3 
(−

 2
.9

6 
to

 0
.5

0)
0.

16
 −

 0
.8

8 
(−

 2
.6

5 
to

 0
.9

0)
0.

33

24
 m

on
th

s 
vs

 b
as

el
in

e
0.

54
 (−

 0
.8

7 
to

 1
.9

5)
0.

45
1.

03
 (−

 0
.3

8 
to

 2
.4

4)
0.

15
 −

 0
.0

1 
(−

 1
.7

7 
to

 1
.7

4)
0.

99
 −

 0
.4

9 
(−

 2
.2

6 
to

 1
.2

9)
0.

59

24
 m

on
th

s v
s 1

2 
m

on
th

s
 −

 0
.4

2 
(−

 1
.9

4 
to

 1
.1

0)
0.

59
 −

 0
.8

1 
(−

 2
.2

1 
to

 0
.6

0)
0.

26
1.

21
 (−

 0
.5

5 
to

 2
.9

8)
0.

18
0.

39
 (−

 1
.4

2 
to

 2
.1

9)
0.

67

D
ia

st
ol

ic
 b

lo
od

 p
re

s-
su

re
 (m

m
 H

g)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.1

6 
(−

 1
.3

3 
to

 1
.0

1)
0.

79
0.

90
 (−

 0
.2

1 
to

 2
.0

1)
0.

11
 −

 1
.3

0 
(−

 2
.7

9 
to

 0
.1

9)
0.

09
 −

 1
.0

6 
(−

 2
.5

9 
to

 0
.4

6)
0.

17

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 1
.6

0 
(−

 2
.8

1 
to

 −
 0

.3
8)

0.
01

 −
 1

.9
5 

(−
 3

.1
6 

to
 −

 0
.7

4)
0.

00
2

0.
57

 (−
 0

.9
4 

to
 2

.0
8)

0.
46

0.
36

 (−
 1

.1
7 

to
 1

.8
8)

0.
65

24
 m

on
th

s v
s 1

2 
m

on
th

s
 −

 1
.4

3 
(−

 2
.7

5 
to

 −
 0

.1
2)

0.
03

 −
 2

.8
6 

(−
 4

.0
7 

to
 −

 1
.6

4)
 <

 0
.0

01
1.

87
 (0

.3
5 

to
 3

.3
9)

0.
02

1.
42

 (−
 0

.1
3 

to
 2

.9
7)

0.
07

U
rin

ar
y 

so
di

um
 

(m
m

ol
/2

4 
h)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.3

4 
(−

 5
.3

8 
to

 4
.7

0)
0.

90
4.

74
 (−

 0
.0

5 
to

 9
.5

2)
0.

05
 −

 5
.7

3 
(−

 1
2.

3 
to

 0
.8

3)
0.

09
 −

 5
.0

8 
(−

 1
1.

7 
to

 1
.5

7)
0.

14

24
 m

on
th

s 
vs

 b
as

el
in

e
6.

92
 (1

.5
9 

to
 1

2.
26

)
0.

01
7.

69
 (2

.4
1 

to
 1

2.
97

)
0.

00
4

1.
21

 (−
 5

.4
5 

to
 7

.8
6)

0.
72

 −
 0

.7
7 

(−
 7

.4
1 

to
 5

.8
8)

0.
82

24
 m

on
th

s v
s 1

2 
m

on
th

s
7.

26
 (1

.5
5 

to
 1

2.
98

)
0.

01
2.

96
 (−

 2
.3

4 
to

 8
.2

5)
0.

27
6.

94
 (0

.2
3 

to
 1

3.
65

)
0.

04
4.

31
 (−

 2
.4

6 
to

 1
1.

07
)

0.
21

U
rin

ar
y 

po
ta

ss
iu

m
 

(m
m

ol
/2

4 
h)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.1

4 
(−

 1
.4

5 
to

 1
.1

7)
0.

83
 −

 0
.2

2 
(−

 1
.4

7 
to

 1
.0

3)
0.

73
0.

22
 (−

 1
.4

9 
to

 1
.9

3)
0.

80
0.

08
 (−

 1
.6

6 
to

 1
.8

2)
0.

93

24
 m

on
th

s 
vs

 b
as

el
in

e
1.

51
 (0

.1
5 

to
 2

.8
8)

0.
03

1.
72

 (0
.3

6 
to

 3
.0

8)
0.

01
0.

04
 (−

 1
.6

9 
to

 1
.7

8)
0.

96
 −

 0
.2

1 
(−

 1
.9

4 
to

 1
.5

3)
0.

82

24
 m

on
th

s v
s 1

2 
m

on
th

s
1.

65
 (0

.1
8 

to
 3

.1
3)

0.
03

1.
94

 (0
.5

7 
to

 3
.3

1)
0.

00
6

 −
 0

.1
8 

(−
 1

.9
3 

to
 1

.5
7)

0.
84

 −
 0

.2
8 

(−
 2

.0
5 

to
 1

.4
9)

0.
75

So
di

um
-t

o-
po

ta
s-

si
um

 ra
tio

12
 m

on
th

s 
vs

 b
as

el
in

e
0.

09
 (−

 0
.1

9 
to

 0
.3

7)
0.

53
0.

21
 (−

 0
.0

5 
to

 0
.4

7)
0.

12
 −

 0
.1

8 
(−

 0
.5

4 
to

 0
.1

9)
0.

34
 −

 0
.1

2 
(−

 0
.4

9 
to

 0
.2

4)
0.

51

24
 m

on
th

s 
vs

 b
as

el
in

e
0.

07
 (−

 0
.2

3 
to

 0
.3

6)
0.

65
 −

 0
.0

1 
(−

 0
.3

0 
to

 0
.2

8)
0.

95
0.

12
 (−

 0
.2

4 
to

 0
.4

9)
0.

51
0.

08
 (−

 0
.2

9 
to

 0
.4

4)
0.

68

24
 m

on
th

s v
s 1

2 
m

on
th

s
 −

 0
.0

2 
(−

 0
.3

4 
to

 0
.2

9)
0.

89
 −

 0
.2

2 
(−

 0
.5

1 
to

 0
.0

7)
0.

14
0.

30
 (−

 0
.0

7 
to

 0
.6

7)
0.

11
0.

20
 (−

 0
.1

7 
to

 0
.5

7)
0.

30



Page 9 of 12Li et al. BMC Medicine           (2025) 23:41 	

Ta
bl

e 
2 

 (C
on

tin
ue

d)

In
te

rv
en

tio
n

Co
nt

ro
l

D
iff

er
en

ce
 in

 c
ha

ng
e 

(in
te

rv
en

tio
n 

vs
 c

on
tr

ol
)

Ad
ju

st
ed

 d
iff

er
en

ce
 in

 ch
an

ge
(in

te
rv

en
tio

n 
vs

 co
nt

ro
l)

Co
nt

ra
st

A
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I)a

p 
va

lu
e

A
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I)a

p 
va

lu
e

D
iff

er
en

ce
 (9

5%
 C

I)b
p 

va
lu

e
D

iff
er

en
ce

 (9
5%

 C
I)b,

c
p 

va
lu

e

KA
P 

sc
or

e

12
 m

on
th

s 
vs

 b
as

el
in

e
1.

60
 (1

.4
5 

to
 1

.7
5)

 <
 0

.0
01

0.
35

 (0
.2

0 
to

 0
.5

1)
 <

 0
.0

01
1.

25
 (1

.0
4 

to
 1

.4
6)

 <
 0

.0
01

1.
25

 (1
.0

4 
to

 1
.4

6)
 <

 0
.0

01

24
 m

on
th

s 
vs

 b
as

el
in

e
1.

60
 (1

.4
5 

to
 1

.7
5)

 <
 0

.0
01

0.
80

 (0
.6

5 
to

 0
.9

5)
 <

 0
.0

01
0.

80
 (0

.5
8 

to
 1

.0
1)

 <
 0

.0
01

0.
80

 (0
.5

9 
to

 1
.0

1)
 <

 0
.0

01

24
 m

on
th

s v
s 1

2 
m

on
th

s
 −

 0
.0

0 
(−

 0
.1

5 
to

 0
.1

5)
0.

97
0.

45
 (0

.2
9 

to
 0

.6
0)

 <
 0

.0
01

 −
 0

.4
5 

(−
 0

.6
7 

to
 −

 0
.2

4)
 <

 0
.0

01
 −

 0
.4

5 
(−

 0
.6

6 
to

 −
 0

.2
3)

 <
 0

.0
01

A
du

lts
Sa

lt 
in

ta
ke

 (g
/d

ay
)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 1
.0

1 
(−

 1
.3

2 
to

 −
 0

.6
9)

 <
 0

.0
01

 −
 0

.1
8 

(−
 0

.4
8 

to
 0

.1
2)

0.
23

 −
 0

.8
8 

(−
 1

.3
0 

to
 −

 0
.4

7)
 <

 0
.0

01
 −

 0
.8

3 
(−

 1
.2

5 
to

 −
 0

.4
1)

 <
 0

.0
01

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.6

7 
(−

 0
.9

9 
to

 −
 0

.3
5)

 <
 0

.0
01

 −
 0

.2
9 

(−
 0

.6
1 

to
 0

.0
2)

0.
06

 −
 0

.3
5 

(−
 0

.7
7 

to
 0

.0
8)

0.
11

 −
 0

.3
8 

(−
 0

.8
1 

to
 0

.0
5)

0.
09

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

34
 (−

 0
.0

3 
to

 0
.7

1)
0.

07
 −

 0
.1

1 
(−

 0
.4

5 
to

 0
.2

2)
0.

51
0.

54
 (0

.1
1 

to
 0

.9
7)

0.
02

0.
45

 (0
.0

1 
to

 0
.8

9)
0.

05

Sy
st

ol
ic

 b
lo

od
 p

re
s-

su
re

 (m
m

 H
g)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 1
.3

5 
(−

 2
.4

0 
to

 −
 0

.2
9)

0.
01

0.
45

 (−
 0

.5
4 

to
 1

.4
5)

0.
37

 −
 2

.5
1 

(−
 3

.9
0 

to
 −

 1
.1

1)
 <

 0
.0

01
 −

 1
.8

0 
(−

 3
.1

9 
to

 −
 0

.4
0)

0.
01

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.8

8 
(−

 1
.9

3 
to

 0
.1

8)
0.

10
1.

32
 (0

.2
8 

to
 2

.3
6)

0.
01

 −
 2

.0
9 

(−
 3

.5
3 

to
 −

 0
.6

4)
0.

00
5

 −
 2

.1
9 

(−
 3

.6
3 

to
 −

 0
.7

6)
0.

00
3

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

47
 (−

 0
.7

7 
to

 1
.7

1)
0.

46
0.

87
 (−

 0
.2

5 
to

 1
.9

8)
0.

13
0.

42
 (−

 1
.0

4 
to

 1
.8

8)
0.

57
 −

 0
.4

0 
(−

 1
.8

6 
to

 1
.0

7)
0.

60

D
ia

st
ol

ic
 b

lo
od

 p
re

s-
su

re
 (m

m
 H

g)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 1
.0

0 
(−

 1
.7

2 
to

 −
 0

.2
8)

0.
00

7
 −

 0
.3

2 
(−

 0
.9

9 
to

 0
.3

6)
0.

36
 −

 1
.1

6 
(−

 2
.1

1 
to

 −
 0

.2
1)

0.
02

 −
 0

.6
8 

(−
 1

.6
4 

to
 0

.2
7)

0.
16

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.9

8 
(−

 1
.7

0 
to

 −
 0

.2
6)

0.
00

7
 −

 0
.4

2 
(−

 1
.1

3 
to

 0
.2

9)
0.

24
 −

 0
.4

6 
(−

 1
.4

5 
to

 0
.5

2)
0.

36
 −

 0
.5

6 
(−

 1
.5

4 
to

 0
.4

1)
0.

26

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

02
 (−

 0
.8

3 
to

 0
.8

6)
0.

97
 −

 0
.1

1 
(−

 0
.8

6 
to

 0
.6

5)
0.

79
0.

70
 (−

 0
.3

0 
to

 1
.6

9)
0.

17
0.

12
 (−

 0
.8

8 
to

 1
.1

2)
0.

81

U
rin

ar
y 

so
di

um
 

(m
m

ol
/2

4 
h)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 1
7.

2 
(−

 2
2.

6 
to

 −
 1

1.
8)

 <
 0

.0
01

 −
 3

.1
2 

(−
 8

.2
4 

to
 2

.0
0)

0.
23

 −
 1

5.
1 

(−
 2

2.
2 

to
 −

 8
.0

4)
 <

 0
.0

01
 −

 1
4.

1 
(−

 2
1.

3 
to

 −
 6

.9
5)

 <
 0

.0
01

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 1
1.

5 
(−

 1
6.

9 
to

 −
 6

.0
7)

 <
 0

.0
01

 −
 5

.0
3 

(−
 1

0.
4 

to
 0

.2
9)

0.
06

 −
 5

.9
0 

(−
 1

3.
2 

to
 1

.4
1)

0.
11

 −
 6

.4
4 

(−
 1

3.
8 

to
 0

.9
1)

0.
09

24
 m

on
th

s v
s 1

2 
m

on
th

s
5.

77
 (−

 0
.5

6 
to

 1
2.

10
)

0.
07

 −
 1

.9
2 

(−
 7

.6
3 

to
 3

.7
9)

0.
51

9.
22

 (1
.8

1 
to

 1
6.

63
)

0.
02

7.
69

 (0
.1

4 
to

 1
5.

24
)

0.
05

U
rin

ar
y 

po
ta

ss
iu

m
 

(m
m

ol
/2

4 
h)

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.4

9 
(−

 1
.7

6 
to

 0
.7

8)
0.

45
 −

 0
.5

3 
(−

 1
.7

2 
to

 0
.6

7)
0.

39
0.

11
 (−

 1
.5

4 
to

 1
.7

6)
0.

90
0.

03
 (−

 1
.6

5 
to

 1
.7

1)
0.

90

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.1

2 
(−

 1
.3

9 
to

 1
.1

4)
0.

85
 −

 0
.7

3 
(−

 1
.9

8 
to

 0
.5

2)
0.

25
0.

55
 (−

 1
.1

5 
to

 2
.2

5)
0.

53
0.

60
 (−

 1
.1

2 
to

 2
.3

3)
0.

49

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

37
 (−

 1
.1

2 
to

 1
.8

5)
0.

63
 −

 0
.2

0 
(−

 1
.5

4 
to

 1
.1

4)
0.

77
0.

44
 (−

 1
.2

9 
to

 2
.1

6)
0.

62
0.

57
 (−

 1
.2

0 
to

 2
.3

4)
0.

53

So
di

um
-t

o-
po

ta
s-

si
um

 ra
tio

12
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.3

2 
(−

 0
.4

7 
to

 −
 0

.1
6)

 <
 0

.0
01

 −
 0

.0
5 

(−
 0

.1
9 

to
 0

.1
0)

0.
55

 −
 0

.3
0 

(−
 0

.5
1 

to
 −

 0
.1

0)
0.

00
4

 −
 0

.2
7 

(−
 0

.4
8 

to
 −

 0
.0

6)
0.

01

24
 m

on
th

s 
vs

 b
as

el
in

e
 −

 0
.1

9 
(−

 0
.3

4 
to

 −
 0

.0
3)

0.
02

 −
 0

.0
7 

(−
 0

.2
2 

to
 0

.0
9)

0.
39

 −
 0

.1
0 

(−
 0

.3
1 

to
 0

.1
1)

0.
35

 −
 0

.1
2 

(−
 0

.3
3 

to
 0

.0
9)

0.
27

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

13
 (−

 0
.0

5 
to

 0
.3

1)
0.

16
 −

 0
.0

2 
(−

 0
.1

9 
to

 0
.1

4)
0.

81
0.

20
 (−

 0
.0

1 
to

 0
.4

1)
0.

07
0.

15
 (−

 0
.0

7 
to

 0
.3

7)
0.

18



Page 10 of 12Li et al. BMC Medicine           (2025) 23:41 

Ta
bl

e 
2 

 (C
on

tin
ue

d)

In
te

rv
en

tio
n

Co
nt

ro
l

D
iff

er
en

ce
 in

 c
ha

ng
e 

(in
te

rv
en

tio
n 

vs
 c

on
tr

ol
)

Ad
ju

st
ed

 d
iff

er
en

ce
 in

 ch
an

ge
(in

te
rv

en
tio

n 
vs

 co
nt

ro
l)

Co
nt

ra
st

A
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I)a

p 
va

lu
e

A
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I)a

p 
va

lu
e

D
iff

er
en

ce
 (9

5%
 C

I)b
p 

va
lu

e
D

iff
er

en
ce

 (9
5%

 C
I)b,

c
p 

va
lu

e

KA
P 

sc
or

e

12
 m

on
th

s 
vs

 b
as

el
in

e
1.

04
 (0

.9
1 

to
 1

.1
7)

 <
 0

.0
01

0.
23

 (0
.0

9 
to

 0
.3

6)
 <

 0
.0

01
0.

81
 (0

.6
2 

to
 1

.0
0)

 <
 0

.0
01

0.
81

 (0
.6

2 
to

 1
.0

0)
 <

 0
.0

01

24
 m

on
th

s 
vs

 b
as

el
in

e
1.

37
 (1

.2
3 

to
 1

.5
1)

 <
 0

.0
01

0.
75

 (0
.6

1 
to

 0
.8

9)
 <

 0
.0

01
0.

62
 (0

.4
3 

to
 0

.8
2)

 <
 0

.0
01

0.
62

 (0
.4

3 
to

 0
.8

2)
 <

 0
.0

01

24
 m

on
th

s v
s 1

2 
m

on
th

s
0.

33
 (0

.1
9 

to
 0

.4
7)

 <
 0

.0
01

0.
52

 (0
.3

8 
to

 0
.6

6)
 <

 0
.0

01
 −

 0
.1

8 
(−

 0
.3

8 
to

 0
.0

2)
0.

07
 −

 0
.1

9 
(−

 0
.3

9 
to

 0
.0

1)
0.

07

KA
P 

Kn
ow

le
dg

e,
 A

tt
itu

de
, a

nd
 P

ra
ct

ic
e,

 C
I c

on
fid

en
ce

 in
te

rv
al

a  C
om

pa
ris

on
 o

f t
he

 m
ea

ns
 b

et
w

ee
n 

ba
se

lin
e,

 1
2-

m
on

th
 fo

llo
w

-u
p,

 a
nd

 2
4-

m
on

th
 fo

llo
w

-u
p.

 P
os

iti
ve

 v
al

ue
s =

 in
cr

ea
se

s 
fr

om
 b

as
el

in
e 

to
 1

2/
24

-m
on

th
 fo

llo
w

-u
p;

 n
eg

at
iv

e 
va

lu
es

 =
 re

du
ct

io
ns

 fr
om

 b
as

el
in

e 
to

 1
2/

24
-

m
on

th
 fo

llo
w

-u
p

b  C
om

pa
ris

on
 b

et
w

ee
n 

in
te

rv
en

tio
n 

an
d 

co
nt

ro
l g

ro
up

s 
in

 th
e 

ch
an

ge
s 

fr
om

 b
as

el
in

e 
to

 1
2/

24
-m

on
th

 fo
llo

w
-u

p.
 P

os
iti

ve
 v

al
ue

s =
 th

e 
in

te
rv

en
tio

n 
gr

ou
p 

ha
d 

a 
gr

ea
te

r i
nc

re
as

e 
or

 le
ss

 d
ec

re
as

e 
fr

om
 b

as
el

in
e 

to
 1

2/
24

-
m

on
th

 fo
llo

w
-u

p 
th

an
 th

e 
co

nt
ro

l g
ro

up
; n

eg
at

iv
e 

va
lu

es
 =

 th
e 

in
te

rv
en

tio
n 

gr
ou

p 
ha

s 
a 

gr
ea

te
r d

ec
re

as
e 

or
 s

m
al

le
r i

nc
re

as
e 

fr
om

 b
as

el
in

e 
to

 1
2/

24
-m

on
th

 fo
llo

w
-u

p 
th

an
 th

e 
co

nt
ro

l g
ro

up
c  A

dj
us

te
d 

fo
r a

ge
, s

ex
, b

od
y 

m
as

s 
in

de
x 

(b
od

y 
w

ei
gh

t i
n 

ch
ild

re
n 

in
st

ea
d)

, o
ut

do
or

 te
m

pe
ra

tu
re

, s
tu

dy
 s

ite
, h

ig
he

st
 e

du
ca

tio
n 

le
ve

l i
n 

th
e 

fa
m

ily
; b

lo
od

 p
re

ss
ur

e 
va

lu
es

 w
er

e 
fu

rt
he

r a
dj

us
te

d 
fo

r p
hy

si
ca

l a
ct

iv
ity

 a
nd

 a
lc

o-

ho
l c

on
su

m
pt

io
n 

in
 a

du
lts

 o
nl

y



Page 11 of 12Li et al. BMC Medicine           (2025) 23:41 	

for children and 82.4% for adults even 24 months after 
the baseline, which would avoid potential bias caused 
by high drop-out rates.

Our study also has limitations. First, as we only col-
lected the measurements at 24  months rather than 
monitoring the trend of salt intake and blood pressure 
at multiple times, the one measurement may not fully 
reflect the change pattern of salt intake and blood pres-
sure. Second, we did not collect the intervention data 
after the completion of the trial, which might contribute 
to the difference between the two groups. However, the 
intervention packages were expected not to be adopted 
by schools of both intervention and control groups dur-
ing the COVID-19 pandemic, which were confirmed by 
several informal interviews with teachers when conduct-
ing the follow-up survey. Neither did we collect other 
confounding factors that might affect the dietary intake 
and blood pressure of the participants, such as the man-
agement of the blood pressure and the possible change of 
dietary and living habits under the COVID-19 pandemic. 
Third, the KAP questionnaire was self-reported, which 
may bring about information bias.

In summary, high blood pressure is an important pub-
lic health problem worldwide leading to an estimated 
10.8 million avoidable deaths every year [29]. The sus-
tained lower SBP found in this study showed the poten-
tial of the persistent effect of salt reduction intervention 
on the control of blood pressure, though further research 
is needed to explore the reason behind the persistence. 
The relapse of the salt intake suggested that more effort 
is warranted to maintain a lower salt intake in the pop-
ulation after intensive interventions stop. The findings 
from this study supported the importance of a healthy 
food environment in facilitating healthier dietary choices 
of individuals. With digital health evolving rapidly, the 
innovative intervention strategy could provide stronger 
support for continuous behavior change by integrating 
the behavior change model with advanced techniques. 
Moreover, potassium-enriched salt substitutes could 
serve as another feasible strategy to support salt reduc-
tion in the population along with behavior change inter-
vention through education [30].

Conclusions
In this 1-year follow-up after the cluster randomized 
clinical trial, the effect of the education program on 
adults’ salt intake faded, but the reduction of SBP and the 
improvement of KAP score remained 12 months after the 
RCT. There is potential for the lasting impact of the salt 
reduction intervention on blood pressure control. Efforts 
aimed at reinforcing a supportive environment, innova-
tive technology, and viable strategy are needed to main-
tain lower salt intake in real-world settings.
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