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Nutrition literacy and salt
reduction measures: a mediating
role of salt reduction intention

Xiaoting Hu, Yuhui Sun, Xi Tian and Huaging Liu*

School of Public Health, Bengbu Medical University, Bengbu, Anhui, China

Background: Excessive salt intake is a public health issue, posing considerable
risks to individuals’ health. Various salt reduction strategies are being
implemented globally. Nutrition literacy (NL) enables people to make well-
informed food decisions that impact their well-being. Individual's behavior
is primarily shaped by their intentions, which, in turn, are influenced by their
knowledge and attitudes regarding the action. The current study aims to estimate
the relationships between NL and salt reduction measures and examine whether
the intention to reduce salt intake mediates these relationships.

Methods: This is a cross-sectional study conducted among adults in Bengbu,
China. NL was assessed using a twelve-item short-form NL scale. Salt reduction
measures and intention were identified through questionnaires. A binary
logistic regression model was applied to calculate the odds ratio (OR) and 95%
confidence interval (C/) for this association.

Results: Overall, 50.7% of participants indicated implementing salt reduction
measures, with 32.5% indicating a strong intention to do so. NL showed a
significant positive association with the salt reduction intention (OR = 1.07, 95%
Cl:1.06-1.09) and measures (OR = 1.06, 95% C/:1.04-1.07). This association was
particularly evident in checking nutritional labels for sodium content (OR = 1.08,
95% Cl: 1.05-1.10), using low-sodium salt (OR = 1.06, 95% C/: 1.04-1.08), and
using salt-restriction tools (OR = 1.05, 95% CI: 1.03-1.07). And, the salt reduction
intention (mediation effect ratio = 66.7%) mediated the relationship between NL
and salt reduction measures.

Conclusion: NL is positively associated with salt reduction measures, and
salt reduction intention partially mediate their associations. These findings
underscore the need for NL-targeted interventions or programs that enhance
individuals’ intention to adopt salt reduction measures within the Chinese
population.

KEYWORDS

nutrition literacy, salt reduction measures, salt reduction intention, adults, mediation
analysis

1 Introduction

Salt, primarily composed of sodium, is universally used worldwide. Sodium is a critical
electrolyte that affects fluid balance, immunometabolism, cellular functions, and muscle
contraction (1-3). Nevertheless, the pervasive global consumption of salt has reached alarming
levels. In 2017, the global average daily salt intake was 15 g/d (4). Excessive consumption of
sodium has been related to numerous human health issues such as elevated blood pressure,
stroke, cognitive impairment, and an increased burden of chronic kidney disease, all of which
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pose substantial public health challenges (5-7). Notably, excessive
sodium consumption was identified as one of predominant risk
factors of dietary-related mortality, directly accounting for 3.2 million
deaths (8).

The WHO has advocated for a 30% decrease in the average
population’s salt consumption by 2025 (9). Diverse strategies for salt
reduction are being implemented globally. The United States Dietary
Guidelines recommend ‘avoiding excessive sodiunm’ by adopting several
measures such as cooking with minimal salt, adding little or no salt at
the table, limiting the consumption of salty foods, and reading food
labels (10). In Nigeria, there is a proposal to engage industries in
reformulating their products to reduce sodium content, improving
product labeling, and rolling out numerous educational initiatives across
sectors to diminish sodium consumption (11). China has introduced
food labeling and is offering low-sodium salt and salt restriction tools
through community-based primary health care centers (12). Despite
these efforts, recent studies have suggested that most populations across
the globe exceed the recommended daily salt consumption (13-15).

Dietary behaviors are primarily influenced by social and cultural
factors, as well as population characteristics such as age, education
level, and income. However, modifying these aspects within a short
term poses significant challenges (16). It is believed that knowledge
and intention play a role in influencing the consumption of salt,
moreover, these factors are regarded as modifiable mediators (17, 18).
The Knowledge- Attitude-behavior (KAB) theory is a widely accepted
framework for behavioral intervention. The KAB model suggests that
exposure to new information can enhance knowledge acquisition,
alter attitudes, and ultimately lead to the adoption of healthier dietary
habits (19). Several studies suggest that knowledge and attitude could
predict consumers’ salt-related behaviors (20, 21). Evidence from an
intervention study showed that hypertensive patients achieved
improvements in both knowledge and salt-related dietary behaviors
following educational intervention (22). However, results have been
inconsistent. Despite some individuals being aware of the health risks
linked to excessive salt consumption, this knowledge does not always
translate into a reduction in intake. For instance, Kolsom observed no
significant association between knowledge toward salt intake and
reduced consumption (23). Moreover, another cross-sectional survey
reported that among participants who are aware of salt reduction
interventions, less than half actively engaged in their implementation
(24). Hence, it needs to identify key factors that impact salt reduction
efforts for the development of tailored and effective interventions.

Nutrition literacy (NL) is a concept rooted in health literacy (25),
referring to the extent to which individuals are equipped with the ability
to obtain, process, and understand nutrition-related information,
alongside the competencies necessary for informed nutritional decision-
making (26). NL goes beyond merely acquiring knowledge about
nutrition; it also encompasses application, assessing an individuals
capability to independently address nutrition-related problems (27). It
empowers individuals to make correct health-influencing dietary
choices and plays a pivotal role in shaping dietary quality and dietary
behaviors (27, 28). From the standpoint of public health, NL could be a
vital potential factor in promoting salt reduction strategies. To date,
however, their relationship remains underexplored. Drawing on existing
evidence, we propose the hypotheses that NL impacts salt reduction
intention, which subsequently influences salt reduction measures. This
study aims to comprehensively evaluate the associations between NL
and salt reduction measures, as well as the potential mediating role of
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salt reduction intention among Chinese adults, providing a scientific
foundation for developing strategies to enhance salt reduction measures
in the prevention and control of related chronic diseases.

2 Materials and methods
2.1 Study design and participants

The cross-sectional survey, conducted between May and July
2023, aimed to investigate the association between NL and health in
individuals aged 18 and older in Bengbu, China. A stratified multi-
stage randomized sampling method was applied to select participants,
ensuring a representative sample. More details have been described in
previous research (29). A structured questionnaire was used to gather
data on demographic characteristics, lifestyle, NL, salt reduction
measures, and salt reduction intention. All participants voluntarily
took part in the study and provided written informed consent. Ethical
approval for the study was granted by the Ethical Review Commission
of Bengbu Medical University Initially (2021-099).

To ensure the integrity of the questionnaire survey, trained
investigators conducted one-on-one interviews following standardized
protocols. Additionally, inspectors review and correct errors in the
on-site questionnaires. A total of 2,279 respondents initially completed
the interview. Respondents with missing data, contradictory answers,
and clear repetitions (n = 17) were excluded. As a result, 2,262 adult
individuals were finally included in this study.

2.2 NL assessment

A 12-item short-form NL assessment tool was utilized to assess
participants’ NL (30). This tool provides a comprehensive evaluation
of NL across six dimensions: knowledge, understanding, obtaining,
applying, interactive and critical skills, and exhibits acceptable validity
in Chinese adults (30-32). The NL scale employs a 5-point Likert scale
for each item, and the total NL score is calculated based on the 12
items, with higher scores indicating higher levels of NL.

2.3 Salt reduction intention and measures

Salt reduction measures were determined by the question: “Do
you adopt any salt reduction measures?” Response included “yes” and
“no” Those who responded affirmatively were subsequently question
about the specific methods they employ for salt reduction, including
“checking nutritional labels for sodium content,” “eat less salt-rich foods,”

» <

“cooking with less salt;

» <«

no extra salt at the table,” “using low sodium
salt, and “using salt-restriction tools.” Salt reduction intention was
determined by responses to the following question: “How strong is your
salt reduction intention?” The possible responses were: no intention at

all, no intention, neutral intention, strong intention, very strong intention.

2.4 Other variables

We accounted for potential confounding effects by adjusting for the
following covariates: age/years (18-44, 45-64 or 65 and above), gender
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(male or female), residence (urban or rural), marital status (married or
other), BMI/kg/m* (<18.5, 18.5-24, 24-28, >28), educational
attainment (primary and below, junior high school and above),
occupational status (farmers, separated/retired staff, or others), monthly
salary/RMB (< 3,000 or >3,000), drinking (yes or no), smoking (yes or
no), exercise (yes or no), and chronic diseases (yes or no).

2.5 Statistical analysis

The sample size and the percentage of respondents were employed
to outline the participants’ characteristics and salt reduction measures,
and the difference was verified by the y” test. As a continuous variable,
NL is presented as means + standard deviations, and the Kruskal-Wallis
H test was used to evaluate the significance of differences in NL between
two groups: ‘yes’ and ‘no’ for salt reduction measures. After controlling
for age, gender, occupational status, marital status, BMI, educational
attainment, residence, monthly salary, smoking, drinking, exercise, and
chronic diseases, the association between NL and salt reduction
measures was evaluated through binary logistic regression model by
computing the odds ratio (OR) and its 95% confidence interval (CI).

A model-based causal mediation analysis was conducted using a
hypothetical model to assess the mediation of the effect of salt
reduction intention on the association between NL and salt reduction
measures (Figure 1). The average direct effect (ADE) quantified the
impact of NL on salt reduction measures, while the average causal
mediation effect (ACME) represented the effect mediated by salt
reduction intention. The mediation effect ratio mediated by intention
was estimated as ACME/ [ADE + ACME] *100%.

The research employed SPSS 23.0 for statistical data processing,
with mediation analysis performed using the ‘mediation’ package in
R 4.4.2, based on 1,000 bootstrap repeated samples, and a two-sided
significance level of p < 0.05.

3 Results
3.1 Participant characteristics
The baseline characteristics of the participants are shown in

Table 1. Of the total sample of 2,262 individuals, 50.7% of participants
had adopted salt reduction measures, 32.5% had a strong intention to

10.3389/fnut.2025.1603835

adopt them, and 5.5% had a very strong intention. The percentages of
participants aged 18-44, 45-64, and 65 years and above were 17.1,
30.9, and 52.0%, respectively. 61.5% of participants were female, 48.5%
had completed no higher than primary school, 77.9% were married,
and 31.2% were farmers, 54.2% lived in rural areas, and 40.5% had
normal BMI. Most participants (71.0%) earned a monthly salary
below 3,000 RMB. In addition, 72.7% of participants did not smoke,
64.0% of participants did not drink, 29.9% of participants did not
engage in regular physical exercise, and 71.4% of participants had one
or more chronic diseases.

The univariate analysis revealed significant differences in salt
reduction measures based on factors such as gender, occupational
status, marital status, educational attainment, residence, monthly salary,
smoking, drinking, exercise, and salt reduction intention (Table 1).
However, no signiﬁcant variation in salt reduction measures was
observed across different age groups, BMI categories, or chronic diseases.

3.2 Specific salt reduction measures and
their combinations

As shown in Figure 2A, 50.7% (1,146) of participants reported
adopting salt reduction measures. Among the salt reduction measures,
31.6% used salt-restriction tools, 32.5% used low-sodium salt, 85.3%
avoided adding extra salt at the table, 94.8% used less salt when
cooking, 79.6% ate less salty foods, and 27.1% read the sodium content
in the nutrition label when purchasing processed foods.

Among participants who adopted salt reduction measures, 82.4%
of the respondents reported implementing three or more strategies
concurrently. About a third (36.8%) of them reported adopting three
different strategies concurrently (Figure 2B). Nearly one-tenth (9.7%)
reported using six-combined strategies.

3.3 Nutrition literacy level according to salt
reduction intention and measures

Table 2 showed the NL level according to salt reduction intention
and measures. A significantly higher mean score of NL was observed
in individuals with salt reduction measures or with very strong salt
reduction intention (p < 0.05). This trend was also found on all
six dimensions.

Salt reduction intention

Indirect effect (ACME)= a*b

Total effect: ¢

»

Nutrition Literacy

FIGURE 1

Direct effect(ADE): ¢’

Model of salt reduction intention mediating the association between NL and salt reduction measures. a = direct effect of independent variable (IV) on
mediator (M). b = direct effect of mediator on dependent variable (DV). ¢ = total effect of IV on DV. ¢’ = direct effect of IV on DV.

—b

Salt reduction measures
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TABLE 1 Salt reduction measures according to participants’ characteristics.

Variables N (%) Salt reduction measures n (%) 7 p
Total 2,262 (100.0) 1,146 (50.7)

Age group (years) 1.68 0.433
18-44 376 (17.1) 181 (16.2)
45-64 679 (30.9) 355 (31.9)
65— 1,143 (52.0) 578 (51.9)

Gender 4.22 0.040
Male 872 (38.5) 418 (36.5)
Female 1,390 (61.5) 728 (63.5)

Residence 21.66 <0.001
Urban 1,036 (45.8) 580 (50.6)
Rural 1,226 (54.2) 566 (49.4)

BMI (kg/m?) 0.40 0.941
<185 60 (2.7) 28 (2.5)
18.5-23.9 911 (40.5) 461 (40.4)
24-27.9 889 (39.5) 452 (39.6)
>28 392 (17.4) 199 (17.5)

Educational attainment 24.09 <0.001
Primary and below 1,096 (48.5) 497 (43.4)
Junior high school and above 1,162 (51.5) 647 (56.6)

Marital status 10.07 0.002
Married 1,762 (77.9) 924 (80.6)
Others 500 (22.1) 222(19.4)

Occupational status 13.68 0.001
Farmers 704 (31.2) 339 (29.7)
Separated/retired staff 734 (32.6) 413 (36.2)
Others 816 (36.2) 390 (34.2)

Monthly salary 7.07 0.008
<3,000 RMB 1,591 (71.0) 779 (68.5)
>3,000 RMB 651 (29.0) 359 (31.5)

Smoking 4.35 0.037
No 1,644 (72.7) 855 (74.6)
Yes 618 (27.3) 291 (25.4)

Drinking 5.35 0.021
No 1,448 (64.0) 760 (66.3)
Yes 814 (36.0) 386 (33.7)

Exercise 25.08 <0.001
No 676 (29.9) 288 (25.2)
Yes 1,582 (70.1) 856 (74.8)

Chronic diseases 2.03 0.155
No 648 (28.6) 313 (27.3)
Yes 1,614 (71.4) 833 (72.7)

Salt reduction intention 925.86 <0.001
No intention at all 295 (13.1) 29 (2.5)
No intention 332 (14.7) 25(2.2)
Neutral intention 770 (34.1) 337(29.5)
Strong intention 734 (32.5) 633 (55.4)
Very strong intention 125 (5.5) 118 (10.3)
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Using salt-restriction tools

Using low-sodium salt

No extra salt at the table 85.3

Cooking with less salt 94.8

Eating fewer salt-rich foods

Checking nutritional labels for
sodium content

0 20 40 60 80

Percentage

1
100

FIGURE 2

measures’ combinations.

B

Specific salt reduction measures and their combinations. (A) The percentage of specific salt reduction measures. (B) The percentage of salt reduction

One-combined strategy
Two-combined strategies
Three-combined strategies
Four-combined strategies
Five-combined strategies

Six-combined strategies

Percentage

TABLE 2 The level of nutrition literacy by salt reduction intention and measures.

Variables Salt reduction measures Salt reduction intention
None Yes H \[o) \[o) Neutral Strong Very
intention intention intention intention strong
at all intention

Nutrition

3581+832 | 39.42+834 | —1024%%% 3477 +10.32 34.81 +7.55 37.90 + 7.59 38.87 +7.90 4299+ 10.52 | 120.63%**
Literacy
Knowledge 7.60 £ 1.59 8.14+ 141 —8.36%** 7.65 +1.98 7.32 £ 1.50 7.75+1.39 8.14 + 1.34 9.07 + 3.04 164.84%%*
Understanding 579 +2.19 6.25+224 | —6.01%%k 572 +2.62 548 +1.97 6.23 +1.99 6.13 +2.16 7.10 + 3.04 59,814k
Obtaining skills 520 +2.03 5794216 = —6.53%%% 4.72 +2.46 517 + 1.87 5.70 + 1.85 5.64+2.07 6.03 +2.96 68.417%
Applying skills 4.83+1.84 552 +1.98 —8.67% 4.45+2.10 4.66 +1.68 540+ 1.78 5.44 +1.96 542 +237 98,38
Interactive skills | 6.53 + 1.72 717 +1.71 —9.3] 6.41+228 6.51+1.54 6.68 + 1.56 7.16 + 1.55 8.04 +2.10 12731
Critical skills 586 +1.77 6.45+ 1.81 —7.78%k 5.82+2.22 6.13 +1.59 6.35+1.71 7.34+232 6.16 + 1.81 86.65%

#p <0.05, #¥p < 0.01, *#*p < 0.001.

3.4 Association of nutrition literacy with
salt reduction intention and measures

As presented in Table 3, after controlling for age group, gender,
occupation, marital status, BMI, educational attainment, residence,
monthly salary, smoking, drinking, exercise and chronic diseases, NL
was significantly and positively linked to salt reduction measures in
adults (OR = 1.06, 95% CI: 1.04-1.07). This positive relationship was
present in the dimension of knowledge (OR =1.26, 95% CI: 1.18-
1.34), understanding (OR = 1.10, 95% CI: 1.05-1.16), obtaining skills
(OR =1.13, 95% CI: 1.07-1.19), applying skills (OR = 1.18, 95% CI
1.12-1.25), interactive skills (OR = 1.20; 95% CI: 1.14-1.27) and
critical skills (OR = 1.18, 95% CI: 1.12-1.24). NL was also associated
with salt reduction intention (OR = 1.07, 95% CI: 1.06-1.09); and, this
association was observed in the six dimensions of NL.

Significant associations were also found between NL and checking
nutritional labels for sodium content (OR = 1.08, 95% CI: 1.05-1.10),
low-sodium salt use (OR=1.06, 95% CI: 1.04-1.08), and salt-
restriction tools use (OR = 1.05, 95% CI: 1.03-1.07). This relationship
was also observed across knowledge, understanding, obtaining,
applying, and critical skills. Although interactive skills were not
significantly associated with these salt reduction measures, it was
significantly associated with eating less salt-rich foods (OR=1.17,
95% CI: 1.07-1.28), cooking with less salt (OR = 1.20, 95% CI: 1.02-
1.40), and no extra salt at the table (OR = 1.12,95% CI: 1.01-1.24).

Frontiers in Nutrition 05

3.5 Mediation analysis of salt reduction
intention between NL and salt reduction
measures

Our mediation analyses indicated that salt reduction intention
explains the partial association between NL and salt reduction
measures. To be specific, for NL and salt reduction measures, the
mediating effect estimate (mediation effect ratio) was 0.004 (66.7%)
for salt reduction intention. Further intermediary role analysis showed
that salt reduction intention partially mediated the relationship
between knowledge, applying skills, interactive, critical skills and salt
reduction measures, with mediation effect ratio of 71.9, 61.1, 67.6, and
67.6%, respectively (Table 4). Additionally, the effects of understanding
NL and obtaining skills on salt reduction measures were fully
mediated by salt reduction intention.

3.6 Subgroup analysis stratified by chronic
diseases

As illustrated in Figure 3A, a positive association was observed
between NL and salt reduction intention both in people with chronic
disease (OR =1.08, 95% CI =1.06 to 1.09) and in those without
chronic disease (OR = 1.07, 95% CI = 1.04 to 1.09). This association
also applied to NL and salt reduction measures (Figure 3B). Further
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TABLE 3 Association of nutrition literacy with salt reduction intention and measures.

10.3389/fnut.2025.1603835

Variables Salt Specific measures for salt reduction (n = 1,146) Salt
reduction . . . . . reduction
EREUITES Che_c'klng Eating Cgoklng No extra Using Usmg sglt- T e
nutritional less salt- with less salt at the low- restriction
labels for rich salt table sodium tools
sodium foods (n=1,086) (n=978) salt (n =362)
content (n =912) (n = 373)
(n = 311)
OR (95% OR (95% OR (95% OR (95% OR (95% OR (95% OR (95% OR (95%
Cl) Cl Cl) Cl) Cl) (@)} Cl) Cl)
Nutritional 1.06 1.08 1.02 1.01 1.06 1.05 1.07
0.99 (0.95,1.03)
literacy (1.04,1.07)% (1.05,1.10)%% (0.99,1.04) (0.99,1.04) (1.04,1.08)*** | (1.03,1.07)%%* (1.06,1.09)
1.26 1.17 1.12 1.10 118 118 135
Knowledge 1.13 (0.94,1.36)
(1.18,1.34)%# (1.04,1.30)%* (1.01,1.25)* (0.97,1.25) (1.06,1.31)%* (1.06,1.30)%* (1.28,1.43)%%
1.10 1.19 0.98 0.98 1.16 1.14
Understanding 0.87 (0.75,1.00)* 1.08 (1.01,1.16)*
(1.05,1.16)%** (1.10,1.28) (0.91,1.06) (0.90,1.07) (1.08,1.25) (1.09,1.19):
1.13 1.23 0.99 1.03 112 1.17
Obtaining skills 0.87 (0.756,1.00) 1.10 (1.02,1.18)*
(1.07,1.19)5 (1.14,1.34)%5% (0.91,1.08) (0.93,1.13) (1.04,1.21)% (1.12,1.23)%
1.18 1.48 1.01 0.95 1.24 1.19 1.19
Applying skills 0.93 (0.80,1.09)
(1.12,1.25)%#x (1.35,1.61)%* (0.92,1.10) (0.86,1.05) (1.14,1.33)%#% | (1.10,1.28)%* (1.13,1.24) %
1.20 117 112 1.07 127
Interactive skills 0.98 (0.90,1.07) 1.20 (1.02,1.40)* 1.05 (0.97,1.14)
(1.14,1.27)%#x (1.07,1.28)%% (1.01,1.24)* (0.98,1.16) (1.20,1.33)%3%
1.18 1.23 1.05 1.10 1.24 121 1.23
Critical skills 0.98 (0.83,1.14)
(1.12,1.24)%#3 (1.13,1.35)%# (0.96,1.15) (0.99,1.22) (1.14,1.34)%5% | (1.12,1.32)%% (1.17,1.23) %%

#p < 0.05, #*p < 0.01, #*¥p < 0.001. OR represents the odds ratio, 95% CI represents 95% confidence intervals. The OR (95% CI) was calculated using binary logistic regression when adjusting

for age group, gender, occupational status, marital status, BMI, educational attainment, residence, monthly salary (RMB), smoking (yes/no), drinking (yes/no), exercise (yes/no), and chronic

diseases (yes/no).

TABLE 4 Mediation analysis of salt reduction intention between nutrition literacy and salt reduction measures.

Indirect effect (ACME)
(a*b)

Variables

Estimate 95% ClI Estimate

Direct effect (ADE) (c')

Mediation
effect ratio
(VA

Total effect (c)

95% ClI Estimate 95% ClI

Nutritional literacy 0.004 (0.003,0.010) %3 0.002 (0.000,0.001 )% 0.006 (0.005,0.010) %3 66.7
Knowledge 0.023 (0.017,0.030)*#* 0.009 (0.001,0.010)* 0.031 (0.029,0.030) 7 71.9
Understanding 0.016 (0.009,0.020)*7#* 0.009 (—0.001,0.020) 0.024 (0.014,0.030) 7 64.0
Obtaining skills 0.020 (0.013,0.030)*#* 0.009 (—0.001,0.020) 0.030 (0.018,0.040)*#* 69.0
Applying skills 0.022 (0.016,0.030)*#* 0.014 (0.005,0.020)** 0.036 (0.027,0.040)*#* 61.1
Interactive skills 0.023 (0.017,0.030)*#* 0.011 (0.002,0.020)* 0.034 (0.026,0.040)*#* 67.6
Critical skills 0.023 (0.016,0.030)*#* 0.011 (0.001,0.020)* 0.034 (0.024,0.040)*#* 67.6

#p < 0.05, #*p < 0.01, #*¥p < 0.001. 95% CI represents 95% confidence intervals, mediation effect ratios = ACME/ [ADE + ACME] * 100%.

analysis of the intermediary role showed that in the population with
chronic disease, salt reduction intention partially explained the
association between NL and salt reduction measures (Figure 3C).
Similarly, a similar phenomenon was observed in the population
without chronic disease (Figure 3D).

4 Discussion

It is the first study to explore the association of NL with salt
reduction intention and measures. Findings showed that only half of
adults had adopted salt reduction measures, with approximately one
third having a strong intention to reduce salt intake. This evidence
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indicated that the awareness of the necessity to reduce salt intake
remains relatively low. Therefore, there is a pressing need to bolster
existing salt reduction measures. NL was positively associated with
salt reduction measures; moreover, the intention to reduce salt intake
partially mediates this association among Chinese adults, suggesting
that interventions focused on NL could bolster the intention to reduce
intake the
reduction measures.

salt and encourage implementation of salt

This study found that 94.8% of participants who implemented salt
reduction measures adopted the practice of “cooking with less salt,”
the most prevalent among all practices. Conversely, only 27.1%
checked nutritional labels for sodium content, suggesting a lack of

awareness about the importance of this practice when purchasing
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FIGURE 3
Subgroup analysis stratified by chronic diseases. (A) Association of nutrition literacy with salt reduction intention. (B) Association of nutrition literacy with salt
reduction measures. (C) Mediating effect in populations without chronic diseases. (D) Mediating effect in populations with chronic diseases. a = direct effect
of independent variable (IV) on mediator (M). b = direct effect of mediator on dependent variable (DV).*p < 0.05, **p < 0.01, ***p < 0.001.

processed foods. In China, unlike developed countries (33), the
primary source of sodium intake is salt added when cooking (12)
rather than from processed foods. The utilization rates of “salt-
restriction tools” and “low-sodium salt” were found to be relatively
low at 31.6 and 32.5%, respectively. Notably, 36.8% of individuals who
adopted salt reduction measures implemented three different
strategies concurrently. These findings suggest the need for enhanced
promotion of salt reduction measures, especially emphasizing the
importance of “checking nutritional labels for sodium content,” “using
low-sodium salt} and “using salt-restriction tools” Adopting a
combination of these measures could potentially improve the overall
effectiveness of reducing salt intake.

A significant positive relationship between NL and salt reduction
measures was observed in our study, indicating that NL, beyond mere
theoretical knowledge, plays a crucial role in translating that
knowledge into practice (28). Adequate NL is conducive to fostering
nutritional cognition, encouraging the practice of nutritional skills,
and promoting healthier eating behaviors (34, 35). Specifically,
individuals with higher NL (encompassing knowledge, understanding,
obtaining skills, and applying skills) were more inclined to adopt
beneficial salt-reduction practices such as checking nutritional labels
for sodium content, using low-sodium salt, and employing salt-
restriction tools. However, the analysis revealed no significant
correlation between NL and eating less salt-rich foods, cooking with
less salt, or not adding extra salt at the table. This could be attributed
to the Chinese government’s ongoing efforts to elevate public
consciousness about the detrimental effects of excessive consumption
of salt, the recommended maximum salt consumption, and various
salt reduction measures (12). The high adoption rate of these basic
measures suggests widespread acceptance and ease of implementation
in daily life, factors that may not be significantly influenced by
NL. Furthermore, critical skills demonstrated a positive correlation
with practices like checking nutritional labels for sodium content,
using low-sodium salt, and utilizing salt-restriction tools. These skills
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enhance an individual’s analytical capabilities and understanding of
measures, thereby facilitating the adoption of informed, health-
conscious actions (31, 36). Interestingly, a relationship was observed
between interactive skills and measures such as eating less salty foods,
cooking with less salt, and not adding extra salt at the table. Previous
research has suggested that interactive skills positively influence
improved eating habits (36), with interactions within the family
setting appearing to be particularly effective in regulating salt intake
behaviors (23). These findings highlight the significance of increasing
NL in public health salt reduction interventions. Furthermore, public
health interventions that focus on the improvement of nutrition
literacy may assist individuals in converting their knowledge into
relevant healthy dietary habits—ultimately leading to effective
promotion and implementation of salt reduction.

Our findings reported a significant positive relationship between
NL levels and salt reduction intention among adults. This suggests that
an individual who is of high NL may have a strong inclination to
reduce salt consumption. Consistent with previous studies, diet-
related knowledge, attitudes, and behaviors play a pivotal role in
promoting healthy diet at an individual level (37). Furthermore, the
study revealed that the intention to reduce salt intake partially
mediates the relationship between NL and actual salt reduction
measures, indicating that this intention can elucidate and impact the
effect of NL on such measures. These findings supported the KAB
theoretical model. The KAB model holds that dietary behavioral
changes is the result of three successive processes: knowledge
acquisition, belief generation, and behavior formation (38). The core
of this theory is the individual’s knowledge and attitudes toward the
action, which primarily shape their intention, thus affecting their
behavior (19, 37, 39). Previous research has consistently shown that
an individual who is of high NL is more likely to have great health
awareness and is more motivated to adopt nutritionally appropriate
behaviors (28, 40, 41). Notably, participants in this study who
indicated an intention to reduce salt intake were more likely to
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demonstrate optimal salt control behavior (17). Moreover, the study
underscores the significance of salt reduction intention in various
aspects of NL that influence salt reduction measures.

The relationship between understanding, obtaining skills and
implementing salt reduction measures was found to be fully mediated
by salt reduction intention. Intention is regarded as a fundamental
prerequisite for both adopting and performing a behavior (18). Thus,
the findings suggest that even if an adult has achieved a high level of
understanding and obtaining skills, they may not implement
appropriate salt reduction measures without a sufficient intention to
do so. In other words, salt reduction intention serves not only as an
external motivator but also as a powerful mediating factor that
strengthens the linking of understanding, obtaining skill with the
implementation of salt reduction measures. To encourage salt
reduction practices among adults, it is necessary to implement
interventions that focus on enhancing NL and fostering a strong
intention to reduce salt intake. Additionally, there is a pressing need
to underscore the significance of holistic interventions that address
both NL and salt reduction intentions comprehensively (18).

The present study pioneers an assessment of the relationship of
NL with salt reduction intention and measures, establishing a
pathway from NL to salt reduction intention and subsequently to
salt reduction measures. However, our study has some limitations.
First, it is a cross-sectional study, therefore, relationships between
NL and salt reduction intention and measures cannot be used to
make firm inferences regarding causality. Secondly, the evaluation
of salt reduction awareness and related measures was dependent on
subjective questioning. As such, participants may have
overestimated their own choices, a tendency that is susceptible to
inherent recall and reporting biases. Future research should
consider employing objective measurements to mitigate these
biases. Finally, this study did not adjust for family history of
diseases, as no such data was collected. It could potentially affect
the results.

5 Conclusion

This study highlighted a positive correlation between NL and the
adoption of salt reduction measures, with this trend consistently
observed across six further domains of NL. As NL increases, so too
does the intention to reduce salt intake, partially mediating the
relationship between NL and salt reduction actions. Specifically, NL
plays a pivotal role in promoting behaviors such as checking
nutritional labels for sodium content, using low-sodium salt, and
utilizing salt-restriction tools. Interpersonal skills are crucial for
implementing interventions aimed at reducing the consumption of
salt-rich foods, cooking with less salt, and avoiding the addition of
extra salt at the table. Findings underscore the need for NL-targeted
interventions that enhance individuals' intention to adopt salt
reduction measures within the Chinese population.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Nutrition

10.3389/fnut.2025.1603835

Ethics statement

The studies involving humans were approved by the Ethical
Review Commission of Bengbu Medical University (2021-099). The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

XH: Conceptualization, Writing — original draft. YS: Writing -
review & editing, Data curation, Software. XT: Writing — review &
Data
Conceptualization, Writing - review & editing.

editing, curation, Investigation. HL: Supervision,

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was funded
by the Natural Science Foundation of the Anhui Provincial
Educational Committee (grant nos. KJ2019A0302 and
2022AH040217). The funding agency had no role in the study.

Acknowledgments

The authors gratefully acknowledge the contributions and
collaboration of all participants in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1603835
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Hu et al.

References

1. Bergeron ME. Muscle cramps during exercise-is it fatigue or electrolyte deficit? Curr
Sports Med Rep. (2008) 7:S50-5. doi: 10.1249/JSR.0b013e31817f476a

2. Miyauchi H, Geisberger S, Luft FC, Wilck N, Stegbauer J, Wiig H, et al. Sodium as
an important regulator of Immunometabolism. Hypertension. (2024) 81:426-35. doi:
10.1161/HYPERTENSIONAHA.123.19489

3. Noda M, Matsuda T. Central regulation of body fluid homeostasis. Proc Jpn Acad
Ser B. (2022) 98:283-324. doi: 10.2183/pjab.98.016

4. Afshin A, Sur PJ, Fay KA, Cornaby L, Ferrara G, Salama JS, et al. Health effects of
dietary risks in 195 countries, 1990-2017: a systematic analysis for the global burden of
disease study 2017. Lancet. (2019) 393:1958-72. doi: 10.1016/S0140-6736(19)30041-8

5. Faraco G. Dietary salt, vascular dysfunction, and cognitive impairment. Cardiovasc
Res. (2024) 120:2349-59. doi: 10.1093/cvr/cvae229

6. Soh YC, Yap KH, McGrattan A, Yasin S, Reidpath D, Siervo M, et al. Protocol for a
systematic review assessing the measurement of dietary sodium intake among adults with
elevated blood pressure. BMJ Open. (2022) 12:€052175. doi: 10.1136/bmjopen-2021-052175

7. Liu W, Zhou L, Yin W, Wang J, Zuo X. Global, regional, and national burden of
chronic kidney disease attributable to high sodium intake from 1990 to 2019. Front Nutr.
(2023) 10:1078371. doi: 10.3389/fnut.2023.1078371

8. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH. Global, regional,
and national comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks for 195 countries and territories,
1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet.
(2018) 392:1923-94. doi: 10.1016/S0140-6736(18)32225-6

9. WHO. Guideline: Sodium intake for adults and children. Geneva: World Health
Organization (2012).

10. Loria CM, Obarzanek E, Ernst ND. Choose and prepare foods with less salt:
dietary advice for all Americans. J Nutr. (2001) 131:5365-51S. doi: 10.1093/jn/131.2.536S

11. Ojo AE, Alfa VO, Huffman MD, Ojji DB. Nigeria sodium study 2023 policy
meeting on dietary sodium reduction in Nigeria. BMC Proc. (2024) 18:18. doi:
10.1186/512919-024-00303-3

12. Shao S, Hua Y, Yang Y, Liu X, Fan J, Zhang A, et al. Salt reduction in China: a state-
of-the-art review. Risk Manag Healthc Policy. (2017) 10:17-28. doi: 10.2147/RMHP.S75918

13. Kwong EJL, Whiting S, Bunge AC, Leven Y, Breda J, Rakovac I, et al. Population-
level salt intake in the WHO European region in 2022: a systematic review. Public Health
Nutr. (2023) 26:56-s19. doi: 10.1017/S136898002200218X

14. He Q Du X, Wang L, Fang Y, Zhong J, Hu R. Taste preference for salt predicts salt
intake in a Chinese population. Nutrients. (2024) 16:2090. doi: 10.3390/nu16132090

15. Afroza U, Abrar AK, Nowar A, Akhtar ], Mamun MAA, Sobhan SMM, et al. Salt
intake estimation from urine samples in south Asian population: scoping review.
Nutrients. (2023) 15:4358. doi: 10.3390/nu15204358

16. Lallukka T, Laaksonen M, Rahkonen O, Roos E, Lahelma E. Multiple socio-
economic circumstances and healthy food habits. Eur J Clin Nutr. (2007) 61:701-10. doi:
10.1038/sj.ejcn.1602583

17. Sarmugam R, Worsley A, Wang W. An examination of the mediating role of salt
knowledge and beliefs on the relationship between socio-demographic factors and
discretionary salt use: a cross-sectional study. Int ] Behav Nutr Phys Act. (2013) 10:25.
doi: 10.1186/1479-5868-10-25

18. Webb TL, Sheeran P. Does changing behavioral intentions engender behavior
change? A meta-analysis of the experimental evidence. Psychol Bull. (2006) 132:249-68.
doi: 10.1037/0033-2909.132.2.249

19. Kang K, Bagaoisan MAP. Research status of the knowledge-attitude-practice theory
model in gastric Cancer prevention. Cureus. (2024) 16:¢64960. doi: 10.7759/cureus.64960

20. Baharudin A, Ambak R, Othman F, Michael V, Cheong SM, Mohd. Zaki NA, et al.
Knowledge, attitude and behaviour on salt intake and its association with hypertension
in the Malaysian population: findings from MyCoSS (Malaysian community salt survey).
] Health Popul Nutr. (2021) 40:6. doi: 10.1186/s41043-021-00235-0

21. Nasreddine L, Akl C, Al-Shaar L, Almedawar M, Ismaeel H. Consumer knowledge,

attitudes and salt-related behavior in the middle-east: the case of Lebanon. Nutrients.
(2014) 6:115079-102. doi: 10.3390/nu6115079

22. Mourouti N, Michou M, Lionis C, Kalagia P, Ioannidis AG, Kaloidas M, et al. An
educational intervention to improve health and nutrition literacy in hypertensive
patients in Greece. ] Educ Health Promot. (2023) 12:234. doi: 10.4103/jehp.jehp_14_23

Frontiers in Nutrition

09

10.3389/fnut.2025.1603835

23. Khoram K, Asghari-Jafarabadi M, Ebrahimi-Mamagani M, Shokrvash B, Hariri-
Akbari M. The magnitude of salt intake behaviors and its predictors among Sagez urban
population of Kurdistan District in Iran: A cross-sectional study. Int ] Hypertens. (2022)
2022:1-9. doi: 10.1155/2022/8439517

24.Du X, Fang L, Xu ], Chen X, Bai Y, Wu J, et al. The association of knowledge,
attitudes and behaviors related to salt with 24-h urinary sodium, potassium excretion
and hypertensive status. Sci Rep. (2022) 12:13901. doi: 10.1038/541598-022-18087-x

25. Smith SK, Nutbeam D, McCaffery KJ. Insights into the concept and measurement
of health literacy from a study of shared decision-making in a low literacy population.
] Health Psychol. (2013) 18:1011-22. doi: 10.1177/1359105312468192

26. Krause C, Sommerhalder K, Beer-Borst S, Abel T. Just a subtle difference? Findings
from a systematic review on definitions of nutrition literacy and food literacy. Health
Promot Int. (2016) 33:daw084-389. doi: 10.1093/heapro/daw084

27.Tang H, Wang R, Yan P, Zhang W, Yang F, Guo S, et al. Dietary behavior and its
association with nutrition literacy and dietary attitude among breast cancer patients
treated with chemotherapy: a multicenter survey of hospitals in China. Patient Prefer
Adherence. (2023) 17:1407-19. doi: 10.2147/PPA.S413542

28. Gibbs HD, Ellerbeck EF, Gajewski B, Zhang C, Sullivan DK. The nutrition literacy
assessment instrument is a valid and reliable measure of nutrition literacy in adults with
chronic disease. ] Nutr Educ Behav. (2018) 50:247-257.el. doi: 10.1016/j.jneb.2017.10.008

29.DuJ, Cui Y, Yang L, Sun Y, Tian X, Hu X, et al. Associations between nutrition
literacy and possible sarcopenia among older adults in Bengbu, China. Br ] Nutr. (2024)
132:1377-85. doi: 10.1017/5000711452400268X

30. Gao T, Duan Y, Qi Q, Mo G, Han S, Liu H, et al. Nutrition literacy differs based on
demographics among university students in Bengbu, China. Front Public Health. (2023)
11:1113211. doi: 10.3389/fpubh.2023.1113211

31.Yang L, Cui Y, Du J, Liu Z, Duan Y, Qi Q, et al. Association between nutritional
literacy and nutrition label use in Chinese community residents. Front Nutr. (2024)
11:1380310. doi: 10.3389/fnut.2024.1380310

32. Zhang Y, Sun Q, Zhang M, Mo G, Liu H. Nutrition literacy measurement tool with
multiple features for Chinese adults. Food Nutr Bull. (2022) 43:189-200. doi:
10.1177/03795721211073221

33.Reeve B, Magnusson R. Food reformulation and the (neo)-liberal state: new
strategies for strengthening voluntary salt reduction programs in the UK and USA.
Public Health. (2015) 129:351-63. doi: 10.1016/j.puhe.2015.01.007

34. Al Banna MH, Hamiduzzaman M, Kundu S, Sultana MS, Seidu A-A, Brazendale
K, et al. Association between nutrition literacy and Bangladeshi adults” healthy eating
behaviors: evidence from the nutrition literacy study 2021. Healthcare. (2022) 10:2508.
doi: 10.3390/healthcare10122508

35. Monteiro M, Fontes T, Ferreira-Pégo C. Nutrition literacy of Portuguese adults—A
pilot study. Int ] Environ Res Public Health. (2021) 18:3177. doi: 10.3390/ijerph18063177

36.Qi Q, Sun Q, Yang L, Cui Y, Du J, Liu H. High nutrition literacy linked with low
frequency of take-out food consumption in chinese college students. BMC Public Health.
(2023) 23:1132. doi: 10.1186/512889-023-16078-9

37. Asmelash D, Fasil A, Tegegne Y, Akalu TY, Ferede HA, Aynalem GL. Knowledge,
attitudes and practices toward prevention and early detection of COVID-19 and
associated factors among religious clerics and traditional healers in Gondar town,
Northwest Ethiopia: a community-based study. Risk Manag Healthc Policy. (2020)
13:2239-50. doi: 10.2147/RMHP.S277846

38. Ma X, Zhang Q, Jiang R, Lu J, Wang H, Xia Q, et al. Parents’ attitudes as mediators
between knowledge and behaviours in unintentional injuries at home of children aged
0-3 in Shanghai, eastern China: a cross-sectional study. BMJ Open. (2021) 11:e054228.
doi: 10.1136/bmjopen-2021-054228

39. Ajzen 1. The theory of planned behavior. Organ Behav Hum Decis Process. (1991)
50:179-211. doi: 10.1016/0749-5978(91)90020-T

40. Taylor MK, Sullivan DK, Ellerbeck EF, Gajewski BJ, Gibbs HD. Nutrition literacy
predicts adherence to healthy/unhealthy diet patterns in adults with a nutrition-related
chronic  condition.  Public =~ Health  Nutr. (2019)  22:2157-69.  doi:
10.1017/51368980019001289

41. Luo P, Zhang F, Li X, Wan J, Bian W. Exploring the factors influencing nutritional
literacy based on the socioecological model among patients with age-related macular
degeneration: a qualitative study from China. BMJ Open. (2024) 14:¢081468. doi:
10.1136/bmjopen-2023-081468

frontiersin.org


https://doi.org/10.3389/fnut.2025.1603835
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1249/JSR.0b013e31817f476a
https://doi.org/10.1161/HYPERTENSIONAHA.123.19489
https://doi.org/10.2183/pjab.98.016
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1093/cvr/cvae229
https://doi.org/10.1136/bmjopen-2021-052175
https://doi.org/10.3389/fnut.2023.1078371
https://doi.org/10.1016/S0140-6736(18)32225-6
https://doi.org/10.1093/jn/131.2.536S
https://doi.org/10.1186/s12919-024-00303-3
https://doi.org/10.2147/RMHP.S75918
https://doi.org/10.1017/S136898002200218X
https://doi.org/10.3390/nu16132090
https://doi.org/10.3390/nu15204358
https://doi.org/10.1038/sj.ejcn.1602583
https://doi.org/10.1186/1479-5868-10-25
https://doi.org/10.1037/0033-2909.132.2.249
https://doi.org/10.7759/cureus.64960
https://doi.org/10.1186/s41043-021-00235-0
https://doi.org/10.3390/nu6115079
https://doi.org/10.4103/jehp.jehp_14_23
https://doi.org/10.1155/2022/8439517
https://doi.org/10.1038/s41598-022-18087-x
https://doi.org/10.1177/1359105312468192
https://doi.org/10.1093/heapro/daw084
https://doi.org/10.2147/PPA.S413542
https://doi.org/10.1016/j.jneb.2017.10.008
https://doi.org/10.1017/S000711452400268X
https://doi.org/10.3389/fpubh.2023.1113211
https://doi.org/10.3389/fnut.2024.1380310
https://doi.org/10.1177/03795721211073221
https://doi.org/10.1016/j.puhe.2015.01.007
https://doi.org/10.3390/healthcare10122508
https://doi.org/10.3390/ijerph18063177
https://doi.org/10.1186/s12889-023-16078-9
https://doi.org/10.2147/RMHP.S277846
https://doi.org/10.1136/bmjopen-2021-054228
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1017/S1368980019001289
https://doi.org/10.1136/bmjopen-2023-081468

	Nutrition literacy and salt reduction measures: a mediating role of salt reduction intention
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 NL assessment
	2.3 Salt reduction intention and measures
	2.4 Other variables
	2.5 Statistical analysis

	3 Results
	3.1 Participant characteristics
	3.2 Specific salt reduction measures and their combinations
	3.3 Nutrition literacy level according to salt reduction intention and measures
	3.4 Association of nutrition literacy with salt reduction intention and measures
	3.5 Mediation analysis of salt reduction intention between NL and salt reduction measures
	3.6 Subgroup analysis stratified by chronic diseases

	4 Discussion
	5 Conclusion

	References

