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Objective: Excessive salt intake is causally associated with an increased risk of cardiovascular disease. Salt-reduction strategies have been rapidly deployed across China since 2017. This study aimed to investigate the association of salt-reduction knowledge and behaviors and salt intake in Chinese population.

Study Design: This study was a national cross-sectional study in China.

Methods: This cross-sectional study was based on data collected during a Chinese adult chronic disease and nutrition surveillance program in 2018 with 7,665 study participants. Salt intake was assessed by calculating 24 h urine sodium from morning urine samples. Logistic regression and mean impact value (MIV) based on the back propagation (BP) artificial neural network were used to screen the potential influencing factors.

Results: A total of 7,665 participants were included in the analysis, with an average age of 54.64 ± 13.26 years, and with men accounting for 42.6%. Only 19.3% of the participants were aware of the Chinese Dietary Guidelines, and only 7.3% of them could accurately identify the level of salt intake recommended in the Chinese Dietary Guidelines. Approximately 41% of the participants adopted salt-reduction behaviors, among whom the number of participants who used less salt when cooking was the highest, and the number of participants who used low sodium salt was the lowest. In the logistic regression, only “No extra salt was added at the table” group showed the effect of salt-reduction, the odds ratio (OR) being 0.78 (95% confidence interval [CI]: 0.64–0.95). The MIV result based on the BP neural network showed that the most important salt-reduction behavior was using less salt when cooking, while reducing eating-out behavior and using salt-limiting tools were the least important.

Conclusion: The research shows that the popularization of salt-reduction knowledge and behaviors can reduce the population's salt intake. However, there is still considerable scope for promoting salt-reduction knowledge and behaviors, while the promotion of salt-reduction tools and low-sodium salt still needs to be strengthened.
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INTRODUCTION

Salt, namely sodium chloride, is a common and important condiment in people's daily lives. Sodium is a very important nutrient that participates in many important physiological processes. A large number of epidemiological evidences illustrate that excessive salt intake is harmful to health, and with mean systolic blood pressure increasing by 2.86 mmHg per 1 g increase in mean sodium intake, it is not surprising that the occurrence of hypertension is closely related to it (1–5). Hypertension is a major risk factor for cardiovascular disease, chronic kidney damage, and death (6–8). In the 2015 Global Burden of Disease Study (9), high dietary sodium intake was identified as one of the top 10 risk factors leading to global disability-adjusted life years (DALY).

The World Health Organization (WHO) argues that the population nutrient intake goal for salt should be no more than 5 g/day (10). In China, the Chinese Nutrition Society recommends a salt intake of no more than 6 g/day based on the characteristics of Chinese adults (11), but Chinese residents traditionally have a high salt diet. According to the INTERMAP study, the salt intake of the Chinese population reached 13.3 g/day (12), causing the Chinese government to declare reducing salt intake as a goal in health policy in China. In 2017, the State Council set a goal of reducing the national salt intake by 20% by 2030 (13–15). Salt-reduction strategies have been rapidly implemented across China. Local governments such as those in Beijing, Shanghai, and Shandong also organized salt-reduction projects in many of their provinces and cities (16, 17).

With the constant promotion of salt-reduction projects in China, salt intake has been declining in many provinces, with the concept of salt-reduction being accepted by the public. This study aimed to study the effects of salt-reduction projects in Henan Province, China and to evaluate the association between salt-reduction knowledge and behaviors and salt intake.

As we all know, there is a complicated association between behavioral factors and salt intake that is difficult to evaluate with conventional statistical methods. The artificial neural network (ANN), however, is characterized by non-linearity, self-adaptation, and parallel processing (18), while mean impact value (MIV) is considered to be one of the most reliable tools for evaluating variable correlation in neural networks. We suggest that the ANN model can reveal the complex relationship between salt-reduction behaviors and salt intake by ranking salt-reduction behaviors.



METHODS


Study Population

This study was a cross-sectional study. Data was collected from the China Adult Chronic Disease and Nutrition Surveillance Program in Henan province, a program conducted from November 2017 to June 2019. Between 2015 and 2019, the National Health Commission launched a new round of chronic disease and nutrition surveillance of Chinese residents in 31 provinces across the country. 8,710 people were investigated in Henan Province. The subjects of this survey were permanent residents in the monitoring sites, with “permanent residents” being defined as Chinese residents who had lived in the monitored area for more than 6 months in the 12 months before the survey. The inclusion criteria for the study included adults aged between 18 and 79 years with an estimated glomerular filtration rate (eGFR) of at least 60 ml/min per 1.73 m2. Individuals with the following conditions were excluded: (1) those with severe chronic kidney diseases such as nephritis, diabetic nephropathy, hypertensive renal damage, and polycystic kidney; (2) female participants who were pregnant; and (3) residents with cognitive impairment, serious illness, or disability that could affect the investigation. The final analysis sample included 7,665 respondents. All participants provided written informed consent.



Sample

A multi-stage stratified cluster sampling method was used to sample from 14 monitoring points in 12 cities in Henan Province. In the first stage, within the monitoring points, a systematic sampling of population size ranking was conducted, with 3 townships randomly selected. In the second stage, among the randomly selected townships, a systematic sampling according to population size was conducted, with 2 villages (residential committees) randomly selected. In the third stage, a simple random sampling method was used to collect 1 villager group, which consisted of 60 or more families from the 2 villages that were randomly selected. In the fourth stage, 45 families were selected from the selected villager groups to participate in the survey.



Data Collection

Data were collected by a personal questionnaire, by physical measurement, and in laboratory examination. The questionnaire mainly included the participants' personal information, their awareness of dietary salt intake, their salt-reduction behaviors, and their eating habits. Respondents were asked to fast for 8 to 12 h. The measurement methods were in line with the requirements of the China Health Monitoring Body Measurement Methods industry standard (WS/T424-2013). Height measurement was taken with the TZG sitting height meter (Hongya, Wuxi/China), while the body weight measurement was performed with the TC-200K electronic weight scales (G&G, Changshu/China). The same instruments, used in all monitoring sites, had been inspected by the quality inspection department. All the investigators participated in similar training and examination sessions, and only those who passed the sessions were able to participate in the survey work. Respondents were asked to provide 5 ml of morning urine, by collecting it in the urine cup provided in advance and returning it to the investigator while filling the personal questionnaire. The collected urine was tested by a qualified central laboratory that had passed the quality assessment of the national project working group. Urine creatinine was tested using the enzyme-coupled sarcosine oxidase method, while urine sodium was tested using the ion-selective electrode method.



Salt Intake Assessment

Salt intake assessment methods included 24-h diet recall, completion of a food frequency questionnaire, and urine assessment. The 24-h urinary sodium (24-hUNa) method is the widely-accepted gold standard for evaluating individual dietary salt intake (19). It is difficult to perform a complete 24-h urine collection, so this study used the simple estimation method developed by Professor Kawasaki (20) in 1993 to estimate 24-hUNa excretion using morning urine specimens. The formula estimates 24-hUNa excretion based on spot urinary sodium (spot Na), spot creatinine (spot Cr), and prediction creatinine (Pre Cr). Pre Cr was calculated based on height, weight, and age of participants. Salt intake was calculated using the 24-hUNa. This estimation method has been validated in the Chinese population and has the advantage of smaller deviations compared to other estimation methods in predicting the dietary salt intake of a population (21, 22).
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Statistical Analysis

Continuous variables were described by mean ± standard deviation, while categorical variables were described by percentage. The t-test was used to compare the difference of salt intake between the participants, according to salt-reduction awareness, knowledge, and behaviors, respectively.Participants were divided into two groups according to their salt intake.The high intake group was >10.5 g/day, and the low intake group was ≤ 10.5 g/day. The association between salt-reduction behaviors and salt intake was explored by logistic regression. The MIV based on the BP artificial neural network was used to evaluate the impact of each test behavior on salt intake. Statistical analysis was performed using IBM SPSS21. All analyses were two-tailed, and a p-value of <0.05 was considered statistically significant. Based on the MATLAB (MathWorks, Natick, MA), the ANN prediction model was established, and each input neuron's MIV could be calculated.




RESULTS

The baseline characteristics of participants are shown in Table 1. A total of 7,665 participants were included in this study, including 3,269 males, accounting for 42.6% of all surveyed populations, and 4,396 females, accounting for 57.4% of all surveyed populations. The average age of the participants was 54.64 ± 13.26 years, and the average BMI was 25.36 ± 3.67. Most of the participants were of Han nationality, accounting for 98.7% in total. Most participants' education reached junior high school and high-school status, accounting for 55.8%. Most participants were married or living with partners, accounting for 93.0% of all surveyed participants. Between high intake and low intake groups, there were significant differences in gender, age, BMI, and education level (all p < 0.05). More details are available in Table 1.


Table 1. Characteristics of the participants (n = 7,665).

[image: Table 1]


Salt-Reduction Knowledge, Behavior, and Salt Intake Status

Among the participants, only 1,481 (19.3%) had heard of the Dietary Guidelines for Chinese Residents. Their average salt intake was 11.89 ± 3.14 g/day, which was lower by 0.72 g/day than those who had not heard of the guidelines. Only 560 participants could correctly identify the recommended salt intake, accounting for 7.3% of all study populations. Their average salt intake was 11.76 ± 3.14 g/day, which was lower by 0.76 g/day than the participants who answered wrongly or who did not know what the recommended level was. The difference is statistically significant. Among the roughly 41% of participants who adopted different salt-reduction behaviors, the salt intake was 12.18 ± 3.17 g/day, while of the 59% of participants who adopted no salt-reduction behaviors, the salt intake was 12.67 ± 3.21 g/day. The salt intake of the participants who adopted any salt-reduction behavior was significantly lower than that of the participants who did not. More details are available in Table 2.


Table 2. Salt reduction knowledge, behavior, and salt intake status.
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The Relationship Between Salt-Reduction Behaviors and Salt Intake

The study analyzed the association between salt-reduction behaviors and salt intake through logistic regression and MIV based on the BP neural network. In the logistic regression, it was only meaningful that “No extra salt was added at the table,” with the odds ratio (OR) being 0.78 (95% confidence interval [CI]: 0.64–0.95). Other variables were not included in the model. As is clear in Table 4, the result of MIV showed that the most important salt-reduction behavior was using “Less salt when cooking,” which was different from the logistic regression outcome. The second most important behavior was “No extra salt was added when eating,” while “Use salt-restriction spoon” and “Reduce eating out” were the least important. More details are available in Tables 3, 4.


Table 3. Logistic regression between salt reduction behaviors and salt intake.
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Table 4. MIV between salt reduction behaviors and salt intake.
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BP Artificial Neural Networks Analysis

Finally, the BP artificial neural network consisted of one input layer with 8 neurons, one hidden layer with 160 nodes, and one output layer with 1 neuron (Figure 1). The good fitness of the final network was apparent, indicated by the following three values: 0.2029 for mean squared error (MSE), 0.0022 for the magnitude of the gradient, and 0 for the number of validation checks. The network performance was considered to be a good pattern when the network contained eight risk factors (Table 4). According to the absolute value of MIV, the most important eight risk factors in rank order were as follows: less salt when cooking (MIV = −0.0236), no extra salt was added when eating at the table (MIV = −0.0227), eat less high salt foods (MIV = 0.0134), note the salt on the food labels (MIV = −0.0042), use salt-restriction spoon (MIV = −0.0038), restrict consumption of processed foods (MIV = −0.0029), reduce eating out (MIV = −0.0024), and use low-sodium salt (MIV = 0.0024) (Table 4).


[image: Figure 1]
FIGURE 1. The configuration of the finel BPANN. The final establishment BPANN model consisted 1 input layer with 8 neurons (8 salt-reduction behaviors), 1 hidden layer with 160 nodes, and 1 output layer with 1 node (group of salt intake). BPANN indicates backpropagation artificial neural network.





DISCUSSION

This study showed the current status of salt-reduction awareness, salt-reduction behaviors, and salt intake of Chinese residents. It showed that only a small number of participants had salt intake-related knowledge or any awareness of salt-reduction behaviors. The salt intake of participants who adopted salt-reduction behaviors was significantly lower than that of participants who did not. In logistic regression and MIV, the effect of salt-reduction behaviors on salt intake was different. The study also showed that low-sodium salt and the salt-restriction spoon still needed better promotion. These results will inform the development of salt-reduction projects in China.

Only 560 participants, 7.3% of all survey populations, correctly identified the recommended salt intake level of the Chinese Dietary Guidelines. Similar to other studies, the vast majority of participants are not sure that they can recall or recognize the recommended salt intake level correctly (23–25). Their salt intake is significantly higher than that of participants who know the guidelines. This suggests that the promotion of nutrition and salt-related knowledge can help to reduce salt intake. Some studies believe that knowledge and behavior present a significant correlation (26); therefore, salt intake-related knowledge should be continuously promoted to raise the public's awareness of salt-reduction. Public awareness campaigns, which have always been one of the components of successful salt-reduction initiatives (27, 28), were among the several strategies recommended by the WHO for achieving population-based salt intake reduction. The awareness of the need for salt-reduction causes people to accept salt-reduction strategies to improve the health of the population and inclines them to adopt the corresponding salt reduction behaviors to actively reduce their own salt intake (29).

In the logistic regression results, only “No extra salt was added when eating at the table” had the effect of reducing salt intake. Unlike in Western countries, where much salt intake comes from processed foods (26, 30), the salt intake of Chinese residents mainly comes from the salt added to family cooking (31–33). The taste preference of Henan residents is for saltiness, although various salt-reduction campaigns have made Chinese residents aware of their source of salt and inclined them to reduce their family's salt addition during cooking (34). Unfortunately, for some people this means an unpalatable taste to their food, which means they will then add extra salt to their meal when eating. Only those who do not add extra salt can eventually reduce their salt intake. At the same time, 73.8% of participants chose to reduce their eating out, possibly due to the perception that the meals in restaurants are generally oily and salty, and that it is more difficult to control salt intake there compared with eating at home. Among people who adopted salt reduction behaviors, the percentage of participants who paid attention to food labels, used a salt-restriction spoon, or used low-sodium salt was <50%, respectively. This may be related to their inability to interpret the salt content information on food labels. Most food labels only indicate the sodium content, and most participants cannot accurately calculate the relationship between sodium and salt, and hence ignore food labels (35). Use of salt-restriction spoons and low-sodium salt are very effective ways to reduce salt intake in the population (33, 36). Low-sodium salt is a good substitute for salt, adds potassium, and reduces sodium intake. The small number of residents in Henan, China, who adopted these two behaviors indicates that more attention should be paid to promoting the use of salt-restriction spoons and low-sodium salt.

This study used logistic regression and the MIV based on the BP neural network to evaluate the association between salt-reduction behaviors and salt intake. In the logistic regression, “Only no extra salt was added when eating at the table” had the effect of reducing salt intake. It should be noted that the effect of this salt-reduction project is limited.This result may be related to the selected study population, or to dividing the groups by an intake of 10.5 g/day. MIV based on the BP neural network is a method that can be used to evaluate the importance of salt intake. With outcomes different from the logistic regression, the most important two factors were “Less salt when cooking food” and “No extra salt was added when eating at the table.” The results of these two variables were similar. The salt intake of Chinese residents mainly comes from cooking practices in the family, so the government and salt-reduction organizations should strengthen the salt intake propaganda related to family cooking. The last two factors in MIV were “Use low-sodium salt” and “Reduce eating out.” The result for “Use low-sodium salt” may be related to the small number of people adopting the behavior, such that its impact on overall salt intake is less than those behaviors widely adopted by the population. According to the results of other studies (36), however, the influence is obvious. Policymakers have already required salt-reduction project personnel to strengthen the promotion of salt-restriction tools and low-sodium salt (37), and to improve salt-reduction strategies in order to reach the salt-reduction goals of China and the WHO.

In this study, we used MIV to explore the importance of different salt-reduction behaviors and salt intake. The limitations of our study are mainly as follows. First, we used morning urine to estimate 24-hUNA instead of using the gold standard of multiple 24-hUNa to evaluate salt intake, which may attract some criticism. Second, our strategy of dividing the high-salt group and the low-salt group by 10.5 g/day instead of the 6 g/day recommended in China's dietary guidelines still needs validation.



CONCLUSION

The popularization of salt-reduction knowledge and behaviors significantly reduces the salt intake of the population. In Henan, however, there is still considerable scope for the popularization of salt-reduction knowledge as there are still many people who have no awareness of the need for salt-reduction or of behaviors to achieve it.
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