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Published: 22 September 2026  carried out between August 2023 and August 2024 in Yishui County, Shandong
Province. All participants were asked to complete the blood and urine sample
collection, anthropometric measurement, questionnaires at the baseline and one-
year post-intervention survey, with dietary surveys conducted in a subset of
participants. A total of 485 hypertensive patients aged 35 to 69 years from 15
villages were recruited at the baseline and randomly allocated in a 1:1:1 ratio to the
control group, low-intensity intervention group, or high-intensity intervention
group. The control group received management according to the Basic Public
Health Service. The low-intensity intervention group received blood pressure
monitoring, salt-restriction spoons, and health education. The high-intensity
intervention group additionally received self-monitoring of salt intake and health
lectures. Final survey was conducted after one year. Results: A total of 471
participants completed follow-up assessments. Compared with the control group,
adjusted mixed linear model analysis showed that the systolic blood pressure
decreased by 8.45 mmHg (95% confidence interval —13.57 to —3.33) in the low-
intensity intervention group and 12.32 mmHg (—17.40 to —7.23) in the high-intensity
intervention group. The effects of the high-intensity intervention were more
pronounced, with salt intake decreasing by 2.98 g/d (—4.56 to —1.41) and spot urinary
sodium-to-potassium ratio decreasing by 1.16 (—1.93 to —0.38). The knowledge and
behaviors in intervention groups improved significantly. The intervention effect
interacted with baseline hypertension grade (p for interaction = 0.017), with high-
intensity intervention demonstrating greater blood pressure reductions in patients
with grade 2 or 3 hypertension. Conclusions: The urinary sodium-to-potassium ratio
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monitored intensive salt reduction intervention was effective in lowering salt intake
and blood pressure. Future efforts could integrate intensity salt reduction
interventions and urinary sodium-to-potassium ratio monitoring into the Basic
Public Health Service to improve health outcomes in hypertensive patients.

Keywords: community hypertension management; Intensive salt reduction
intervention; urine sodium-to-potassium ratio

1. Introduction

Excessive salt intake increases the risk of cardiovascular and cerebrovascular diseases [1-3]. Among all risk
factors contributing to disability-adjusted life years from cardiovascular diseases, dietary risk ranks second,
accounting for 32.3% [4]. In China, the cardiovascular disease mortality rate attributable to high sodium intake
reaches 40.91 per 100,000 population [5]. Western countries such as the United Kingdom [6], Australia [7], and the
United States [8], have reduced salt intake by decreasing sodium content in processed foods. In China, sodium intake
primarily comes from home cooking. Consequently, China has implemented multiple salt reduction initiatives,
including low-sodium salt substitutes [9], salt-restriction spoons [10], and comprehensive interventions [11,12],
which have effectively reduced salt intake.

Studies have shown a linear association between blood pressure levels and increased urinary sodium
excretion and decreased urinary potassium excretion, the trend observed in both 24-h urine [13] and spot urine
estimations [14]. The urinary sodium-to-potassium ratio demonstrates a stronger association with blood pressure than
urinary sodium alone, with each unit increase in the sodium-to-potassium ratio associated with greater changes in
systolic blood pressure (4.39 mmHg vs. 1.40 mmHg) and diastolic blood pressure (1.67 mmHg vs. 0.43 mmHg) [14].
The urinary sodium-to-potassium ratio is a better predictor of blood pressure thresholds [15] and is positively
correlated with salt sensitivity of blood pressure [16]. Twenty-four-hour urine collection is not suitable for large-
scale studies due to its cumbersome procedures. In recent years, spot urine specimens have gained attention as
alternative indicators. Studies have demonstrated that spot urinary sodium-to-potassium ratio can effectively
estimate population-level sodium-to-potassium ratios [17], and multiple measurements of this ratio are strongly
associated with blood pressure [18].

In China, salt reduction management primarily relies on the Basic Public Health Service (BPHS), which
incorporates salt reduction health education and follow-up assessments of salt intake for registered hypertensive
patients. The BPHS has increased blood pressure control rates by 13.99% [19], and reduced uncontrolled
hypertension by 30% [20]. However, Shandong Province, characterized by a high-salt diet, has residents with salt
intake far exceeding the recommended 5 g/d, contributing to 0.58 years reduction in life expectancy [21]. There is
an urgent need to explore more effective salt reduction models. Current salt reduction management within the
BPHS faces two major challenges. First, regarding effect evaluation, the lack of tools to assess salt intake makes
it difficult to evaluate the actual benefits of salt reduction in hypertension management. Based on evidence
regarding urinary sodium-to-potassium ratio, this indicator could be introduced to evaluate salt reduction effects
and sodium-potassium balance in hypertensive patients. Second, regarding intervention strategies, the BPHS
currently employs universal health education with uniform intensity, lacking a systematic salt reduction model.
Therefore, there is a need to develop personalized, stratified intensive intervention programs to improve
intervention precision.

Therefore, we conducted this study on intensive salt reduction interventions monitored by urinary sodium-
to-potassium ratio among community hypertensive patients. Participants received different intensities of salt
reduction interventions, and changes in their spot urinary sodium-to-potassium ratios were evaluated. To evaluate
the effectiveness of implementing intensity-stratified salt reduction interventions in salt reduction management.

2. Materials and Methods
2.1. Study Design

This cluster randomized controlled trial was conducted in Yishui County, Shandong Province. This region is
a high-salt diet area, with residents consuming and producing substantial amounts of pickled, resulting in high salt
intake. These conditions provided a realistic setting for implementing salt reduction interventions.

Fifteen villages were randomly selected from Yishui County and randomly assigned to the control group,
low-intensity intervention group, or high-intensity intervention group. Thirty-three eligible hypertensive patients
were selected from each village for inclusion in the study. Baseline surveys were conducted in August 2023,
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followed by a one-year intervention period. Final assessments were conducted in August 2024. This study was
approved by the Ethics Committee of the Shandong Center for Disease Control and Prevention (SDJK-2023-021-
01). All participants signed written informed consent forms and they could withdraw from the study at any time.

2.2. Study Participants

Hypertensive patients aged 35—69 years who were managed by the Basic Public Health Service and had been
local residents for over 6 months were eligible for inclusion in the study and outcome evaluation.

2.3. Sample Size Calculation

The sample size calculation was based on a mean systolic blood pressure of 142.3 mmHg among self-reported
hypertensive patients in Shandong Province in 2019, with an intra-cluster correlation coefficient of 0.03. Based on
this, we estimated that a sample size of 450 participants could provide a power of 80% (with a two-sided a of 0.05)
to detect a difference in systolic blood pressure >5 mmHg between groups. We took a 10% dropout rate of
participants into account. We ultimately enrolled 495 participants for outcome evaluation.

2.4. Randomization and Blinding

The 15 villages were randomized 1:1:1 to the control group, low-intensity intervention group, or high-intensity
intervention group using a computer-generated randomization sequence. Randomization took place after the baseline
survey. The local participants and investigators were unaware of the assignment until the intervention began.

2.5. Intervention Measures

The control group received salt reduction management according to the Basic Public Health Service. No
additional interventions were provided to this group.

The low-intensity intervention group received interventions included blood pressure monitoring, salt
reduction tools, establishment of a supportive environment, and health education. Village clinics measured
participants’ blood pressure every two weeks, assessed blood pressure control status and provided recommendations
based on the trend of blood pressure changes to encourage participants to strengthen or maintain salt reduction
behaviors. We provided salt-restriction spoons and instructions for use to participants and their household cooks.
A salt reduction environment was created by posting posters and promotional images, and village broadcast
systems were utilized for publicity. We distributed salt reduction brochures and provided participants and their
household cooks with education on salt reduction knowledge and guidance on cooking techniques for salt
reduction once a month. Based on the urinary sodium-to-potassium ratio measured during follow-up, we explained
the meaning of the ratio to participants in the intervention groups and provided tailored recommendations
according to its changing trend.

The high-intensity intervention group received additional interventions provided to the low-intensity group,
including self-monitoring of salt intake, gradual salt reduction goals, and health lectures. Participants completed a
3-day self-monitoring record of salt intake monthly using salt-restriction spoons. For participants with salt intake
exceeding 5g/d, we developed staged salt reduction goals and guided them in gradually reducing salt intake.
Additionally, salt reduction health lectures were organized every two months, covering topics including salt and
diseases, dietary sodium sources, cooking techniques, salt reduction misconceptions, low-sodium salt substitutes,
and interpretation of food nutrition labels, with opportunities for on-site questions and answers.

To ensure consistency in the implementation of the intervention across different villages and village doctors,
the following standardization measures were taken. Before the study began, we developed and uniformly
distributed salt reduction brochures, 2 g salt-restriction spoons, blood pressure monitoring record forms, self-
monitoring record forms for salt intake, and health lecture slides. All village doctors responsible for delivering the
interventions received standardized training covering the overall protocol, proper use of each tool, standard blood
pressure measurement procedures, and key points of health education, ensuring that each doctor fully understood
the intervention protocol. During the study period, the research team collected routine monitoring records
submitted by village doctors on a monthly basis, reviewed the implementation status of each intervention, and
promptly communicated with village doctors to correct any deviations, thereby ensuring that the intervention was
delivered uniformly according to the protocol.
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2.6. Data Collection

All participants were required to complete questionnaire surveys, physical measurements, and blood and urine
sample collection at baseline and at the final assessment. Dietary surveys were conducted on a subset of participants.
During the 3-month follow-up visits, blood pressure and urine samples were collected from all participants.

Information on salt reduction knowledge, attitude and practice (KAP), and lifestyle factors (e.g., smoking,
and alcohol drinking) were collected in face-to-face questionnaires administered by trained researchers.

The BP was measured three times by trained researchers using a validated automatic blood pressure
monitor (OMRON: HBP-1300) following the standard protocol. The mean of the last two BP measurements
was included in the analysis. All blood pressure measurements were independently obtained by trained research
staff. Height, weight, waist circumference, and hip circumference were measured by research staff using
standardized, calibrated instruments.

Trained research staff instructed participants to collect 5 mL random spot urine specimens on the survey day.
Urine samples were analyzed for sodium (Mindray: BS-2800M), potassium (Mindray: BS-2800M), creatinine
(Beckman: AU5800), and microalbumin concentrations (Mindray: BS-2800M). During follow-up, spot urine
specimens were collected from participants to calculate the urinary sodium-to-potassium ratio. Based on the
dynamic changes in this ratio, the effectiveness of salt reduction was assessed, and corresponding health education
on sodium reduction and potassium supplementation was provided. Fasting blood samples were collected to
measure fasting blood glucose (Beckman: AUS800) and lipid profile (Beckman: AU5800). All laboratory tests
included internal quality control and blinded external quality control.

Twenty percent of participants were randomly selected from each village. Dietary surveys using the weighing
method were conducted to measure consumption of salt and condiments over three consecutive days, from which
participants’ salt intake was calculated.

2.7. Definition of Indicators

Smokers were defined as participants answering “yes” to “Do you use tobacco daily?” Alcohol drinkers were
defined as participants answering “yes” to “Do you regularly consume alcoholic beverages?” Physical activity level
was categorized as low or moderate-to-high according to the Global Physical Activity Questionnaire (GPAQ)
guidelines. Diabetes was defined as having a history of diabetes or fasting plasma glucose (FPG) > 7.0 mmol/L.
Dyslipidemia was defined as having a history of dyslipidemia, or total cholesterol (TC) > 6.2 mmol/L, or triglycerides
(TG) = 2.3 mmol/L, or low-density lipoprotein cholesterol (LDL-C) > 4.1 mmol/L, or high-density lipoprotein
cholesterol (HDL-C) < 1.0 mmol/L. Medication status was categorized as taking or not taking antihypertensive
medication. Perceived salt taste preference was categorized as light, moderate, or salty (based on participants’
responses to “How would you describe your salt taste preference?” as “light”, “moderate”, or “salty”). The history of
cardiovascular diseases was defined as having one or more of angina, myocardial infarction, or stroke.

2.8. Outcomes

The primary outcomes included differences in changes in urinary sodium-to-potassium ratio, systolic blood
pressure, diastolic blood pressure, and salt intake from the baseline to the end of the trial between the control
group, low-intensity intervention group, and high-intensity intervention group. Secondary outcomes were the
differences in the changes from KAPs on salt reduction from the baseline to the end of the trial between the control
group, low-intensity intervention group, and high-intensity intervention group.

All outcome measures were objectively assessed by trained research staff using standardized protocols.

2.9. Statistical Analysis

The effect of intensive salt reduction intervention on the outcomes using a linear mixed model (individual-
level data were nested at the village level) combined with difference-in-differences methods. The independent
variables included group (control group, low-intensity intervention group, and high-intensity intervention group),
time (baseline and final assessment), and time x group interaction. The group X time interaction term represented
the net intervention effect from baseline to the final assessment. Models adjusted for potential confounding
variables, including age (years), body mass index (kg/m?), sex (male = 1, female = 2), education level (junior high
school and below = 1, high school and above = 2), smoking (non-smoker = 1, smoker = 2), alcohol consumption
(non-drinker = 1, drinker = 2), diabetes (non-diabetic = 1, diabetic = 2), dyslipidemia (no dyslipidemia = 1,
dyslipidemia = 2), medication status (not taking medication = 1, taking medication = 2), history of cardiovascular
diseases (no history of myocardial infarction, stroke, or angina pectoris = 1, presence of any of the above = 2), and
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perceived salt taste preference (light = 1, moderate = 2, salty = 3). Subgroup analyses were conducted to examine
intervention effects and interactions across different age groups, sexes, blood pressure control status, and
hypertension grades.

We used R (version 4.3.1) for data analysis. Continuous variables were described as means and standard
deviations (SDs) and presented as mean estimates and 95% confidence intervals (CI) in the inferential analyses.
Categorical variables were described as the frequencies and percentages, odds ratios (ORs) and 95% CI in the
inferential analyses. The Analysis of variance (ANOVA) and chi-square tests were used to assess between-group
differences. All analyses were two-sided, and p < 0.05 was considered significant.

3. Results
3.1. Baseline Characteristics of Participants

A total of 495 hypertensive patients were recruited in 15 villages. 10 respondents were excluded due to refusal
to participate. 485 participants completed a baseline survey. After randomization, 159 participants were allocated
to the control group, 162 to the low-intensity intervention group, and 164 to the high-intensity intervention group.
During the trial, 14 participants were lost to follow-up due to death, work-related inconvenience, or refusal to
continue, resulting in a total of 471 participants who completed the final assessment (Figure 1).

Table 1 shows the baseline characteristics of participants in the control group, low-intensity intervention
group, and high-intensity intervention group. The mean age of the 485 participants was 60.06 years, and 37.7% of
them were male. The mean BMI was 26.59 kg/m?, 30.9% had diabetes, 64.3% had dyslipidemia, and 28.0% self-
reported a salty taste preference. The three groups were well balanced in most parameters except age and physical
activity. The high-intensity intervention group had the highest mean age, and the low-intensity intervention group
had the lowest proportion of moderate-to-high physical activity. Baseline characteristics of the subset of
participants who underwent dietary surveys are presented in Table S1.

Table 1. Participants’ baseline characteristics.

Control Low-Intensity High-Intensity
Characteristics (n = 159) Intervention Intervention p-Value
(n=162) (n =164)
Age (year), Mean (SD) 58.94 (6.76) 60.36 (7.60) 60.86 (6.89) 0.044
BMI (kg/m?), Mean (SD) 26.97 (4.17) 26.22 (3.65) 26.59 (3.38) 0.206
Men, n (%) 63 (39.6) 68 (42.0) 52 (31.7) 0.134
Education status, n (%)
Primary school and less 107 (67.3) 112 (69.1) 125 (76.2) 0.435
Junior high school 37 (23.3) 36 (22.2) 26 (15.9)
High school and above 1509.4) 14 (8.6) 13(7.9)
Smokers, n (%) 27 (17.0) 34 (21.0) 19 (11.6) 0.072
Alcohol drinkers, n (%) 29 (18.2) 29 (17.9) 26 (15.9) 0.828
Moderate and above Physical activity, n (%) 68 (42.8) 39 (24.1) 49 (29.9) 0.001
Diabetes, n (%) 150 (30.9) 57 (35.8) 48 (29.6) 0.239
Dyslipidemia, n (%) 312 (64.3) 105 (66.0) 99 (61.1) 0.577
Salt taste preference, n (%) 0911
Low 138 (28.5) 44 (27.7) 50 (30.9)
Moderate 211 (43.5) 70 (44.0) 70 (43.2)
High 136 (28.0) 45 (28.3) 42 (25.9)
Take hypertension medication, n (%) 140 (88.1) 148 (91.4) 148 (90.2) 0.607
History of cardiovascular diseases, n (%) 55 (34.6) 42 (25.9) 45 (27.4) 0.191

3.2. Dynamic Changes in Blood Pressure Levels and Spot Urinary Sodium-to-Potassium Ratio

Figure 2 shows the trends in systolic blood pressure (A), diastolic blood pressure (B), and spot urinary
sodium-to-potassium ratio (C) during the trial. Systolic and diastolic blood pressure showed increasing trends in
the control group, while both intervention groups showed decreasing trends after a transient increase at the
November follow-up, with greater reductions in the high-intensity intervention group. The trend in urinary sodium-
to-potassium ratio was similar to that of blood pressure, remaining stable in the control group with the largest
decrease in the high-intensity intervention group.
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Figure 1. Flowchart of participants in the baseline and follow-up surveys.
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Figure 2. Dynamic changes in blood pressure levels and the spot urinary sodium-to-potassium ratio. (A). The
dynamic changes in systolic blood pressure. (B). The dynamic changes in diastolic blood pressure. (C). The
dynamic changes in spot urinary sodium-to-potassium ratio.

3.3. Intervention Effects on Salt Intake, Spot Urinary Sodium-to-Potassium Ratio, and Blood Pressure Levels

Tables 2 and S2 show the covariates-adjusted mixed linear model results of the spot urinary sodium-to-
potassium ratio, blood pressure levels, and salt intake. After the intervention, no significant changes were observed
in the urinary sodium-to-potassium ratio in the control group and low-intensity intervention group (p > 0.05), while
the high-intensity intervention group showed a decrease of 1.16 (95% confidence interval —1.93 to —0.38).
Regarding salt intake, the low-intensity intervention group decreased by 2.78 g/d (—4.30 to —1.26), and the high-
intensity intervention group decreased by 2.98 g/d (—4.56 to —1.41), slightly higher than that of the low-intensity
group. Blood pressure also decreased in two intervention groups, with greater decreases in the high-intensity
intervention group. The intervention effect for systolic blood pressure was —8.45 mmHg (—13.57 to —3.33) in the
low-intensity group and —12.32 mmHg (—17.40 to —7.23) in the high-intensity group. Diastolic blood pressure
exhibited the same trend as systolic blood pressure.

Tables 3 and S3 show the subgroup analysis results. No significant differences in the effect on blood pressure,
salt intake, or urinary sodium-to-potassium ratio between age groups and genders (p for interaction > 0.05). A
significant interaction was observed across participants with different hypertension grades (p for interaction =0.017),
patients with grade 2 or higher hypertension receiving high-intensity intervention showing greater reductions in
blood pressure. Regarding salt intake reduction, participants with controlled blood pressure showed greater salt
reduction effect in high-intensity intervention group (p for interaction = 0.038).

3.4. Intervention Effects on Salt Reduction Knowledge, Attitudes, and Behaviors

Table 4 shows the results for the knowledge, attitude, and behaviors of salt reduction in the baseline and at
the 12-month survey. Compared with the control group, there is a significant intervention effect on increasing the
proportion of participants aware of salt-restriction spoons in the high-intensity intervention group (odds ratio
31.55, 95% confidence interval 12.69 to 78.45). The low-intensity intervention group also showed increased
awareness of low-sodium salt substitutes (4.69, 1.84 to 11.95) and salt-restriction spoons (9.57, 4.43 to 20.65). No
significant difference was seen in the proportion of participants willing to choose a low-salt diet (p > 0.05). After
the intervention, the frequency of reducing salt in home cooking and decreasing consumption of pickled increased
in both intervention groups. Furthermore, improvements in the use of low-sodium salt substitutes (2.71, 1.25 to
5.90) and correct use of salt-restriction spoons (4.26, 1.17 to 15.45) were significant only in the high-intensity
intervention group.
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Table 2. Results for Salt intake, sodium-to-potassium ratio, and blood pressure from multivariable-adjusted models.
Control Low-intensity intervention High-Intensity Intervention
Baseline 12-Month Change from  Baseline 12-Month Change from Adjust Baseline 12-Month  Change from Adjust Difference *
Mean (SD) Mean (SD) Baseline Mean (SD) Mean (SD) Baseline Difference *  p-Value Mean (SD) Mean (SD) Baseline (8, 95% CI) p-Value
(n=159) m=156) ($,95%CI) (n=162) m=152) (B,95%CI)  ($,95% CI) (n=164) (m=163) (#,95% CI) ’
sodium-to- 3.61 3.17 —0.45 4.00 3.11 -0.92 —0.47 0.240 4.06 2.52 —-1.60 -1.16 0.004
potassium ratio (2.61) (2.08) (=1.00,0.11) (3.35) (2.41) (—1.48,-0.36)  (—1.25,0.31) ) (3.02) (1.36) (=2.15,-1.05) (=1.93,-0.38) )
Systolic blood pressure 146.14 149.64 3.49 142.73 137.71 —4.96 —8.45 0.001 143.65 134.90 —8.83 -12.32 <0.001
(mmHg) (20.49) (17.95) (=0.16,7.14) (18.19) (14.54)  (=8.62,-1.30) (-13.57,-3.33) ) (17.34) (11.76)  (-12.43,-5.22) (—17.40,-7.23) )
Diastolic blood pressure 84.74 87.52 2.67 82.07 80.01 -2.00 —4.67 0.002 84.40 80.84 -3.51 —6.18 <0.001
(mmHg) (12.55) (10.41) (0.62,4.72) (11.08) (8.37) (—4.06,0.06)  (=7.55,-1.79) ) (10.94) (6.70) (—5.54,-1.49) (—9.04, -3.32) )

Model-based change for Salt intake, sodium-to-potassium ratio, and blood pressure were adjusted for age, BMI, sex, education level, physical activity, drink status, smoke status, diabetes,
dyslipidemia, Salt taste preference, take hypertension medication and history of cardiovascular diseases. * Results were obtained from mixed linear model, the “Adjusted Difference” is the estimate

for the group X time interaction term, reflecting the net effect of the intervention from baseline to the final assessment.

Table 3. Results for sodium-to-potassium ratio and blood pressure from multivariable-adjusted models by subgroup.

Sodium-to-Potassium Ratio

Systolic Blood Pressure

Diastolic Blood Pressure

Intervention Effect * Intervention Effect *
(Low-Intensity (High-Intensity
Intervention Intervention vs. Control,
vs. Control, 8, 95% CI) £, 95% CI)

Intervention Effect * Intervention Effect *
(Low-Intensity (High-Intensity
Intervention vs. Control, Intervention vs. Control,
£, 95% CI) £, 95% CI)

Intervention Effect *
(High-Intensity
Intervention vs. Control,
£, 95% CI)

Intervention Effect *
(Low-Intensity Intervention
vs. Control, £, 95% CI)

Age (years)

<60 —7.55(-15.20, 0.11) —13.22 (-21.02, -5.42) —6.09 (—10.24, —1.95) —9.09 (-13.32, —4.86) —0.60 (—1.69, 0.49) —1.30 (—2.41,-0.19)
>60 —8.78 (—15.57,-1.98) —11.39 (-18.05, —4.74) -3.61 (=7.45,0.23) —4.43 (—8.18, —0.68) —0.22 (-1.32, 0.80) —0.88 (-1.96, 0.20)

p for interaction 0.873 0.729 0.367 0.112 0.617 0.602

Gender

Male —6.82 (—14.50, 0.87) —13.93 (-22.15,-5.71) —4.06 (—8.70, 0.58) —7.53 (—12.49, -2.57) -0.16 (-1.51, 1.18) -0.42 (-1.86, 1.01)
Female —9.57 (-16.20,-2.93) —11.64 (-17.97,-5.31) —5.13 (-8.70, —1.56) =5.74 (-9.15,-2.34) —0.66 (—-1.59, 0.27) —1.58 (—2.47,-0.69)

0.599 0.109

p for interaction

0.604 0.667

0.772 0.545

Good blood pressure control

No
Yes
p for interaction

~16.14(—21.19, ~11.10)
~7.80 (~12.64, —2.95)
0.027

~10.48 (—15.77, —5.20)
~7.89 (—12.63, -3.32)
0.438

—1.48 (—2.48, —0.49)
-0.73 (~1.91,0.46)
0.363

~0.44 (-1.49,0.61)
~0.66 (~1.80,0.48)
0.812

—8.18(—11.54, —4.83)
~3.45 (=6.90,0.01)
0.071

~7.33(-10.87, —3.80)
~2.33 (~5.65,0.98)
0.055

The degree of hypertension

Grade 1 hypertension

—7.78 (—12.23, -3.33) —10.62 (—15.01, —6.23)

—4.49 (—7.30,-1.69) —4.90 (—7.67,-2.13) ~0.80 (—1.65,0.05) —1.04 (—1.88,-0.21)

Grade 2 and Grade

~6.58 (~12.27, -0.90) ~12.47 (~18.24, —6.69) 0.70 (~1.06,2.47) ~1.70 (~3.50,0.10)

3 hypertension —12.56 (—-19.81, -5.31) —21.59 (—28.95,-14.23)

p for interaction 0.266 0.017 0.538
Model-based change for Salt intake, sodium-to-potassium ratio, and blood pressure were adjusted for age, BMI, sex, education level, physical activity, drink status, smoke status, diabetes,

dyslipidemia, Salt taste preference, take hypertension medication and history of cardiovascular diseases. * Results were obtained from mixed effect logistic regression model, the “Intervention

0.014 0.116 0.470

Effect” is the estimate for the group x time interaction term, reflecting the net effect of the intervention from baseline to the final assessment.
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Table 4. Results for knowledge, attitude and behaviors of salt education from multivariable-adjusted models.

Control Low-Intensity Intervention High-Intensity Intervention
Outcomes Baseline 121_\1/}2 gﬁth Change‘from B;;:::::e 121_\}[‘: ggth Change‘from Dif?:rjeunscte . B;;:::::e 12-Month Change.from ‘Adjust
Mean (SD) (SD) Baseline (SD) (SD) Baseline (OR, 95% p-Value (SD) Mean (SD) Baseline Difference *  p-Value
(n=159) (n = 156) (OR, 95% CI) (n=162) (n=152) OR, 95% CI) o) (n = 164) (mn=163) (OR,95% CI) (OR,95% CI)
Knowledge
Having the knowledge of 34 38 1.19 31 41 1.65 1.38 37 51 1.73 1.45
the recommended salt 0.428 0.354
intake of 5 g/d. (21.38) (24.36) (0.68,2.09) (19.14) (26.97) (0.94,2.89)  (0.63,3.06) (22.56) (31.29) (1.00,2.99) (0.66,3.18)
Having heard about a 25 33 1.49 13 48 6.99 4.69 0.001 30 67 4.20 2.81 0015
low-sodium salt substitute. (15.72) (21.15) (0.81,2.74) (8.02) (31.58) (3.42,14.29)  (1.84,11.95) ) (18.29) (41.1) (2.36,7.48) (1.22,6.49) )
Having heard 33 44 1.52 41 124 14.55 9.57 <0.001 43 153 47.98 31.55 <0.001
about salt spoon. (20.75) (28.21) (0.90,2.58) (25.31) (81.58) (8.30,25.50)  (4.43,20.65) ) (26.22) (93.87) (22.82,100.90)  (12.69,78.45) )
Having the ability to 7 12 1.86 12 35 5.10 274 2 49 3.24 1.75
identify salt content on 0.113 0.336
a food label. 4.4) (7.69) (0.71,4.88) (7.41) (23.03) (2.33,11.17)  (0.79,9.52) (13.41) (30.06) (1.78,5.92) (0.56,5.44)
Attitude
Willing to choose 151 148 0.99 149 149 4.62 4.66 0.068 148 158 3.67 3.70 0.083
low sodium diet. (94.97) (94.87) (0.36,2.76) (91.98) (98.03) (1.28,16.61)  (0.90,23.02) ) (90.24) (96.93) (1.30,10.36) (0.86,15.93) )
Practice
Reduce the amount of salt 72 78 1.22 85 122 3.86 3.17 0.001 81 141 7.21 5.92 <0.001
used in home cooking. (45.28) (50) (0.78,1.91) (52.47) (80.26) (2.30,6.48)  (1.60,6.30) ) (49.39) (86.5) (4.12,12.62) (2.89,12.15) )
Use low-sodium 32 34 1.12 39 50 1.63 1.46 0323 28 59 3.03 2.71 0012
salt substitute. (20.13) (21.79) (0.64,1.95) (24.07) (32.89) (0.97,2.71) (0.68,3.11) ) (17.07) (36.2) (1.76,5.20) (1.25,5.90) )
Correctly use salt spoon 12 14 1.24 6 16 3.72 2.99 0117 10 27 5.30 4.26 0.027
) (7.55) (8.97) (0.51,3.01) (3.7 (10.53) (1.33,10.45)  (0.77,11.64) ) 6.1) (16.56) (2.07,13.56) (1.17,15.45) )
Limit the intake 22 26 1.25 23 129 36.63 29.38 <0.001 33 134 19.86 15.94 <0.001
of pickled. (13.84) (16.67) (0.67,2.32) (14.2) (84.87)  (19.33,69.41) (12.05,71.67) ' (20.12) (82.21) (11.24,35.11) (6.86,37.02) )

Model-based change for Salt intake, sodium-to-potassium ratio, and blood pressure were adjusted for age, BMI, sex, education level, physical activity, drink status, smoke status, diabetes,

dyslipidemia, Salt taste preference, take hypertension medication and history of cardiovascular diseases. * Results were obtained from mixed effect logistic regression model, the “Adjusted

Difference” is the estimate for the group X time interaction term, reflecting the net effect of the intervention from baseline to the final assessment.
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4. Discussion

This study was a comprehensive salt reduction intervention study designed to reduce salt intake in rural areas.
With the one-year comprehensive intervention, the findings showed that the intervention did decrease the blood
pressure, salt intake, and urinary sodium-to-potassium ratio. Salt-related knowledge and behaviors improved
significantly following the intervention.

In China, up to 76% of salt intake comes from home cooking [22], necessitating targeted interventions. Among
previous comprehensive intervention programs, the SMASH study in Shandong Province implemented multi-setting
strategies in schools, restaurants, and communities, achieving a systolic blood pressure of 130.0 mmHg among
participants [11]. The SHRPP study in Zhejiang Province targeted household cooks through salt-restriction spoons
and health education, resulting in a systolic blood pressure reduction of 1.3 mmHg [23]. This study implemented
intensity-stratified salt reduction interventions among hypertensive patients managed by the BPHS, including blood
pressure monitoring, health education, salt-restriction spoons, and salt intake monitoring. After the intervention,
systolic blood pressure decreased by 8.45 mmHg and 12.32 mmHg in the low-intensity and high-intensity
intervention groups; diastolic blood pressure decreased by 4.67 mmHg and 6.18 mmHg, respectively; and salt intake
decreased by 2.78 g/d and 2.98 g/d, respectively. These findings are consistent with previous studies [24]. The
differences in intervention effects may be attributed to intervention intensity. First, frequent blood pressure
monitoring may have played a key role, which is consistent with meta-analysis findings [25]. Second, we used
fragmented contact time between patients and village doctors to deliver knowledge. Studies have shown that health
education for salt reduction significantly lowers blood pressure (systolic blood pressure: —8.1 mmHg; diastolic
blood pressure: —4.5 mmHg) [26]. Finally, we distributed salt-restriction spoons and guided participants in
monthly self-monitoring, enabling them to intuitively understand and control their salt intake. Research indicates
that individuals using salt-restriction spoons have significantly lower salt intake compared to non-users [10]. The
intervention effects showed an increasing trend in the high-intensity intervention group, suggesting that intensified
behavioral interventions can yield greater health benefits.

Our findings showed that salt intake decreased significantly in both the low-intensity and high-intensity
intervention groups, while the self-reported frequencies of daily fresh vegetable consumption and weekly fruit
consumption did not change significantly from baseline to post-intervention (p > 0.05). This indicates that the
urinary sodium-to-potassium ratio-monitored intensive salt reduction intervention can improve sodium-potassium
balance and subsequently affect blood pressure. Moreover, the reduction in urinary sodium-to-potassium ratio was
greater in the high-intensity intervention group than in the low-intensity group (1.16 vs. 0.47), which may be
attributed to its more systematic health education and salt intake self-monitoring. Self-monitoring can significantly
improve salt reduction behaviors. Studies have shown that salt meter monitoring can additionally reduce systolic
blood pressure by 4 mmHg compared to health education alone [27], and salt self-monitoring devices have been
shown to significantly lower systolic blood pressure by 4.4 mmHg [28]. In this study, we dynamically monitored
spot urinary sodium-to-potassium ratio and provided recommendations. This gave participants feedback on their
salt reduction effects, which may have facilitated behavioral change. Shimoyama showed that participants
achieved a reduction in salt intake of 1.9 g/d through self-monitoring of urinary sodium-to-potassium ratio [29].
Therefore, monitoring changes in the urinary sodium-to-potassium ratio may be an effective approach to enhancing
salt reduction effects. Future studies could consider using the urinary sodium-to-potassium ratio as a monitoring
indicator, to adjust and evaluate the implementation and effectiveness of salt reduction interventions.

Public awareness of the relationship between salt and blood pressure is positively associated with healthy
behaviors. In this study, participants’ knowledge, attitude, and behaviours improved significantly, particularly the
proportion of participants aware of low-sodium salt substitutes and salt-restriction spoons (p < 0.05). No significant
improvements were observed in knowledge of the recommended daily salt intake and sodium content on nutrition
labels, and the improvements were lower than those reported in intervention studies by Liu [12] and Zhang [30].
This may be because the study was conducted in an economically underdeveloped rural area, where participants
were predominantly older adults with low educational levels, who may have difficulty remembering this
information [31]. Behavioral change is more complex than knowledge. Given the local high-salt dietary pattern,
the intervention effectively increased the proportion of participants practicing home cooking with less salt and
reducing pickled (p < 0.05). Notably, a significant improvement in the correct use of salt-restriction spoons was
observed only in the high-intensity intervention group, which also showed greater reductions in salt intake and
blood pressure. This suggests that establishing complex behaviors requires intensive intervention. Therefore, salt
reduction interventions targeting rural hypertensive patients should, in addition to health education, strengthen
guidance on salt reduction behaviors and tool usage to facilitate the translation of knowledge into behavior.
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Subgroup analysis showed no significant differences in intervention effects across age and sex groups, indicating
that the intervention has broad applicability. An interaction between baseline hypertension grade and intervention effect
was observed in the high-intensity intervention group. This may be because patients with severe hypertension have
higher baseline blood pressure levels and thus greater potential for reduction. Existing evidence indicates that salt
reduction interventions have greater blood pressure-lowering effects in hypertensive populations [32]. Higher baseline
blood pressure is associated with larger reductions in systolic blood pressure among individuals consuming a low-
sodium diet [33]. The greater benefit in salt reduction observed among participants with well-controlled baseline
blood pressure may be related to their stronger health awareness and higher adherence.

This study found that low-intensity interventions, consisting of blood pressure monitoring, salt-restriction
spoons, and health education, effectively improved health status in hypertensive patients, with high-intensity
interventions demonstrating even greater effects. These findings provide evidence for optimizing salt reduction
management models within the Basic Public Health Service (BPHS). Based on subgroup findings and evidence
from urinary sodium-to-potassium ratio research, implementing salt reduction interventions in patients with grade
2 or 3 hypertension can achieve more significant effects. Therefore, in salt reduction management within the
BPHS, risk stratification based on urinary sodium-to-potassium ratio and blood pressure levels may be considered.
Patients with high urinary sodium-to-potassium ratio and grade 1 hypertension could be classified as low-risk,
while those with low urinary sodium-to-potassium ratio or grade 2 or higher hypertension could be classified as
high-risk. For low-risk populations, measures such as frequent blood pressure monitoring and guidance on salt-
restriction spoon usage could be integrated into routine BPHS activities. For high-risk populations, intensive
interventions should be implemented, including guidance on salt intake monitoring using salt-restriction spoons,
establishment of hypertension management groups, and utilization of urinary sodium-to-potassium ratio
monitoring results as a feedback tool for evaluating effects. This would facilitate the transition of salt reduction
management from a universal approach to a more precise and efficient strategy.

The strengths of this study are as follows. First, we implement different intervention intensities to confirm
the effectiveness of low-intensity interventions and greater benefits of high-intensity interventions, supporting
stratified salt reduction strategies. Second, we incorporated urinary sodium-to-potassium ratio monitoring enabled
dynamic assessment of participants’ sodium-potassium balance, supporting this indicator for evaluating large-
scale salt reduction effects. This study also has several limitations. First, the absence of post-intervention follow-
up made it difficult to assess the long-term maintenance of salt reduction behaviors. Second, because only spot
urine specimens were collected and spot urinary sodium and potassium have high intra-individual variability, we
could not accurately determine the respective contributions of sodium reduction versus potassium increase to the
change in the urinary sodium-to-potassium ratio. Furthermore, we did not collect detailed information on the types
or dose adjustments of antihypertensive and antidiabetic medications taken by participants during the study period.
Therefore, we could not accurately assess the potential impact of medication changes on the urinary sodium-to-
potassium ratio. Third, the study was conducted solely in Yishui County, limiting its representativeness. Larger-
scale studies in broader populations are needed to enhance generalizability.

5. Conclusions

The urinary sodium-to-potassium ratio-monitored intensive salt reduction intervention in community-
dwelling hypertensive patients effectively improved participants’ health status. In the future, stratified salt
reduction management can be integrated into Basic Public Health Services. For low-risk populations, health
education and salt-restriction spoons should be promoted; for high-risk populations, salt intake monitoring and
self-management groups should be implemented. The urinary sodium-to-potassium ratio can be used to assess
sodium-potassium balance, thereby comprehensively improving the cardiovascular health of hypertensive patients.
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