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Abstract: China has the highest mortality rate caused by diseases and conditions associated with
its high-salt diet. Since 2016, China has initiated a national salt reduction campaign that aims at
promoting the usage of salt information on food labels and salt-restriction spoons and reducing
condiment and pickled food intake. However, factors affecting individuals’ decisions to adopt
these salt reduction measures remain largely unknown. By comparing the performances of logistic
regression, stepwise logistic regression, lasso logistic regression and adaptive lasso logistic regression,
this study aims to fill this gap by analyzing the adoption behaviour of 1610 individuals from a
nationally representative online survey. It was found that the practices were far from adopted
and only 26.40%, 22.98%, 33.54% and 37.20% reported the adoption of labelled salt information,
salt-restriction spoons, reduced condiment use in home cooking and reduced pickled food intake,
respectively. Knowledge on salt, the perceived benefits of salt reduction, participation in nutrition
education and training programs on sodium reduction were positively associated with using salt
information labels. Adoption of the other measures was largely explained by people’s awareness of
hypertension risks and taste preferences. It is therefore recommended that policy interventions should
enhance Chinese individuals’ knowledge of salt, raise the awareness of the benefits associated with a
low-salt diet and the risks associated with consuming excessive salt and reshape their taste choices.

Keywords: salt; reduction; diet; adoption; label; China

1. Introduction

Over the past 40 years, people in China have been consuming, on average, 10 g of
salt per day per person [1], which is twice as much as the internationally recommended
intake [2]. The global mean salt intake would increase from 4.0 to 5.6 g/day if China was
not included in the calculation [3]. Individuals should consume the amount of salt that
is appropriate for their personal physiology [4], but high salt intake has been identified
as an important behavioural cause of raised hypertension, cardiovascular disease and
other diseases [5]. China has the highest mortality rate in the world caused by diseases
associated with a high-salt diet [6]. Salt reduction is therefore of the utmost importance to
cost-effectively combat these salt-induced health consequences [7].

China initiated a national salt reduction campaign in 2016, with the goal of reducing
per capita salt intake to 5 g/day by 2030 [8]. To achieve this goal, The Chinese Dietary
Guidelines (2016), which are official dietary guidelines in China, recommend four salt
reduction measures—reading salt information on food labels, using a salt-restriction spoon
to measure a single salt dose, adding less condiments (i.e., condiments in this study are
specified as soy sources and fish sources, although salt is one of the condiments) while
cooking and reducing pickled food intake [9]. Chinese people are increasingly consuming
processed foods (e.g., bacon, ham, salty snacks and instant noodles) [10].

In order to inform consumers of the exact amount of salt contained in foods and
assist them in choosing products with less salt, The General Rules for Nutrition Labeling of
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Pre-Packaged Food make it mandatory for food industries in China only to label sodium
content (i.e., milligram per serving or per 100 g/mL) on the packaging of all processed
foods [11]. Salt-restriction spoons, particularly those measuring an amount of two grams,
are utilized to calculate the amount of discretionary salt added in cooking or at the table.
Such spoons, distributed for free by the Chinese government in recent years, have been
proven to be effective in preventing cardiovascular diseases [12]. Moreover, condiments
(e.g., soy sources and fish sources), commonly used to flavour food in China [13], account
for 10.2% of total salt intake from home-cooked foods [14]. High-salt pickled foods (e.g.,
pickled vegetables, meat and seafood) are also traditionally consumed, usually together
with porridge in China [15]. Reducing the intake of condiments and pickled foods thus
plays an important role in achieving the goal of reducing salt consumption. Despite these
effective salt reduction measures, it remains largely unclear how Chinese people adopt them
and what the underlying factors are in shaping their adoption. Improved understanding of
the adoption behaviour is therefore highly policy-relevant, as it could inform the design of
policy interventions to incentivize the adoption and improve population health.

Existing studies on salt reduction practices mainly focus on labelling [10,16,17], while
less attention has been paid to other practices, except for a few attempts to assess the usage
of salt-restriction spoons [12,15], condiment use [18] and pickled food intake [14]. The
particular focus on labelling stems from the fact that processed foods are the main source
of dietary salt in developed countries [19]. In addition, there is no evidence that a specific
salt reduction intervention is more effective than a suite of strategies combined [20], as few
studies have assessed multiple practices in a comprehensive manner.

Previous studies have examined how the adoption of the above-mentioned salt reduc-
tion measures is influenced by: (1) sociodemographic characteristics such as gender [21],
age [22] and education [23]; (2) economic conditions such as employment status [24] and
income [24,25]; (3) living place [26]; and (4) health conditions such as weight status (over-
weight/obesity) [27]. In addition to these conventional factors, individual knowledge,
attitudes and practices regarding salt intake are found to influence adoption, such as
knowledge of salt consumption [28], awareness of hypertension [29], attitudes towards
a low-salt diet [28,30], taste preference [30] and participation in nutrition education and
sodium reduction training programs [31]. Adoption is also related to external/social
resources, such as whether there is a community-based education program(s) on salt re-
duction [15] and whether food advertisements increase salt intake [32]. Family history of
noncommunicable diseases, knowledge about healthy diets and dietary habits, as well as
peers’ noncommunicable disease status also play their roles in stimulating salt reduction
behaviour [12]. Furthermore, Zhang et al. [14] investigate the relationship between health
status and pickled food intake and suggest that poor health is associated with greater
pickled food consumption. How various factors, including those identified above, jointly
affect the adoption of multiple salt reduction practices in China has not been investigated,
a gap which our study seeks to fill.

The study employs a nationwide survey to explore the roles of a wide range of fac-
tors in shaping Chinese residents’ adoption of four key salt reduction measures, namely
reading salt information on food labels, using a salt-restriction spoon, adding less condi-
ments while cooking and reducing pickled food intake. Logistic regressions were used
to detect/establish possible linkages between various factors and the four salt reduction
measures, from which policy implications were drawn in order to promote their adoption
in the wider population. To the best of our knowledge, this is the first study of its kind
in China to empirically investigate the main salt reduction practices. The focus on China,
the largest country by population, further sheds light on enhancing the preventive man-
agement of noncommunicable diseases and the effectiveness of salt reduction strategies
that are already or soon to be implemented in other countries. This could contribute to
achieving a higher welfare goal through healthy diet, disease prevention and public health
intervention, at a global scale.
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2. Materials and Methods
2.1. Methods

To compare the results from variable selection made by the various forms of logistic
regression, the study sequentially applied logistic, stepwise logistic, lasso logistic and
adaptive lasso logistic regressions. Model performances were carefully compared and
evaluated to produce the best fit models and most robust results.

2.1.1. Logistic Regression

This study started with a binary logistic regression model, a statistical method to
predict a binary outcome using a collection of independent variables. The logistic function
is expressed as follows:

yi = ln
[

prob(yi = 1)
1− prob(yi = 1)

]
= αi + βiXi + εi (1)

where yi(i = 1, 2, 3, 4) denotes a binary variable for adoption decisions of labeled salt
information, salt-restriction spoons, reduced condiment use in home cooking and reduced
pickled food intake, respectively. yi = 1 if the respondent adopts the practice in ques-
tion, and yi= 0 otherwise. prob indicates the probability of the individual’s adoption
decision. Xi(i = 1, 2, . . . .., n) represents a vector of observed explanatory variables. βi is a
vector of parameters to be estimated and αi is the intercept. εi(i = 1, 2, . . . .., n) is an error
term.

2.1.2. Stepwise Logistic Regression

Stepwise logistic regressions based on the Akaike information criterion (AIC) were
performed next.

2.1.3. Lasso Logistic Regression

The lasso (least absolute shrinkage and selection operator) is a widely used shrinkage
and selection method for linear and nonlinear regressions [33]. Lasso logistic adds a penalty
term to Equation (2). The estimation of the vector βi is obtained by minimizing the negative
log-likelihood function:

β̂i = argmin {yi − ln [1 + exp(yi)] + λ|βi|} (2)

where λ|βi| is the penalty term that penalizes the estimates. The penalty term depends on
the positive tuning parameter λ, which controls the tradeoff between the data fitted to the
model and the effect of the penalty.

2.1.4. Adaptive Lasso Logistic Model

Adaptive lasso logistic adds 1
|β̂i|γ

(γ > 0) to different coefficients of |βi| in parameter

estimation. The estimation of the vector β́i is as follows:

β́ij = argmin

{
yi − ln [1 + exp(yi)] + λ

1∣∣β̂i
∣∣γ |βi|

}
(3)

In this article, the parameter estimation in the adaptive lasso logistic model is done by
means of least angle regression (LAR). It is noted that the adaptive lasso logistic regression
model has more advantages than the other three models mentioned above in terms of
parameter evaluation. This could be due to the fact that multicollinearity can lead to
bias in the estimation of logistic models [34], while random errors and uncertainties are
ignored during stepwise estimations in the locally optimal solutions [35]. Moreover, the
usual defects of lasso logistic regression—inconsistency and asymptotic non-normality of
parameter estimation [36]—are overcome by adaptive lasso logistic regression [37].
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The R software package for Windows, version 3.6 (this free package can be down-
loaded from http://www.r-project.org, Revolution Analytic, Mountain View, California,
United States of America), was used for the regression analysis and lasso logistic regression
was implemented using the R package glmnet. Prior to regression analysis, the Pearson
correlation test was used to test the linearity between potential independent variables and
then a Chi-square test was used to assess whether the difference was statistically significant
between respondent characteristics and each salt reduction practice. All characteristics
whose p-value of Chi-square statistic were statistically significant (p-value < 0.05) were in-
cluded as independent variables in subsequent regression models. The models mentioned
above were then compared to each other by means of the Akaike information criterion
(AIC) and Bayesian information criterion (BIC). The best performing model was identified
by the lowest AIC and BIC.

2.2. Data

This study developed a survey instrument containing 57 questions (see Supplementary
Materials A for details). The cross-sectional survey was conducted in China from 25 June to
15 July 2019 using stratified sampling. Participants aged over 15 years old were recruited to
complete an online survey from the China Cloud Panel of GMO E-Lab Marketing Research
(Shanghai) Co, LTD. GMO is one of the leading global companies specializing in online
data-intensive services (website: https://www.gmo-e-lab.com/cn/index.aspx). In order
to collect nationally representative samples, the study employed a proportionate stratified
sampling approach to select 230 individuals who were proportionally distributed across
age groups according to the age distribution among China’s population—17% for between
15 and 18 years, 24% for between 19 and 30 years, 23% for between 31 and 40 years, 20%
for between 41 and 59 years and 16% for 60 years or above—from each of China’s seven
geographical regions: East China, South China, North China, Central China, Southwest
China, Northwest China and Northeast China. This generated 1610 valid samples (i.e.,
230 samples × 7 regions) used for analysis.

3. Results

Table A1 from Appendix A presents the respondents’ characteristics. Of the 1610
respondents, 26.40%, 22.98%, 33.54% and 37.20% reported the adoption of labeled salt
information, salt-restriction spoons, reduced condiment use in home cooking and reduced
pickled food intake, respectively. Moreover, 66.02% of respondents’ education level was
junior college or undergraduate, with 48.14% being male and 26.58% at risk of noncommu-
nicable diseases.

It was found that there was no high correlation (<0.70) between 21 potential indepen-
dent variables. Moreover, the independent variables with a p-value < 0.05 were identified
as statistically significant determinants of the relevant salt reduction practice (see Supple-
mentary Materials B for details).

The results are shown in Tables A2–A5 from Appendix A, where the lasso method
does not present any p-value (see Supplementary Materials C for the estimation details of
lasso logistic regression and adaptive lasso logistic regression). The adaptive lasso logistic
regression models were identified as the best performing models as they demonstrated the
lowest AIC and BIC.

Table A2 from Appendix A presents estimation results for the adoption of labelled
salt information. Salt knowledge level, perceived benefits of salt restriction, participation
in nutrition education and training programs on sodium reduction, whose β coefficients
were 0.023, 0.272, 0.030, were identified as determining variables by adaptive lasso logistic
regression, suggesting a positive association between the adoption of labelled salt informa-
tion and these factors. Respondents who had a higher level of salt knowledge were more
likely to read the sodium content contained in food labels. People with perceived benefits
from salt restriction tended to believe that reducing salt intake can improve health [38].
Their health awareness motivated them to check labelled salt information in order to choose

http://www.r-project.org
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foods containing a lower salt level. Moreover, nutrition and health training and courses
can raise people’s awareness of healthy diets and willingness to make informed choices
of food products so as to reduce salt intake. Hence, people who attend the training and
courses are more likely to seek salt information from food labels.

Table A3 from Appendix A reports the estimation results for the adoption of salt-
restriction spoons. The adaptive lasso logistic model identified that the usage of salt-
restriction spoons is positively correlated with having relatives and friends with noncom-
municable diseases, hypertension awareness level, knowledge level of healthy diet and
having a better dietary habit, whose β coefficients were 0.064, 0.071, 0.113, 0.029, whereas
it was negatively correlated with preference for salty foods; most of these results are in line
with previous findings in Chen et al. [12]. For example, participants who understood how
a healthy diet can contribute to maintaining good health or improving poor health were
more motivated to use a salt-restriction spoon.

Table A4 from Appendix A shows the estimation results for reducing condiment
usage in home cooking. Age and hypertension awareness level, whose β coefficients
were 0.042 and 0.170, were found to play positive roles in reducing condiment usage.
Conversely, preference for salty food, whose β coefficient was −0.098, resulted in greater
use of condiments during cooking, mainly because such individuals were more accustomed
to a salty taste and dishes tasted bland to them with fewer condiments [13].

Table A5 from Appendix A presents the results for reducing pickled food intake. This
study confirmed earlier findings that older respondents and those with higher education
levels have a higher propensity to reduce pickled food intake [14,39]. Increased awareness
of hypertension also appeared to relate to reduced pickled food intake, as respondents who
were aware of their high blood pressure condition may have been informed that pickled
food could be detrimental to health. As expected, salt taste preference, whose β coefficient
was −0.041, increased people’s pickled food intake.

Finally, all variables identified by the adaptive lasso logistic models were used as
independent variables in the logistic regressions to predict the adoption of each salt re-
duction practice as a robustness check. As shown in Table A6, all independent variables
were statistically significant and the size of the estimated coefficients underwent minimal
changes compared to those from the adaptive lasso logistic models. This suggested that
the results were robust to the different regression models used.

These results reveal several interesting patterns regarding Chinese residents’ adoption
of the main salt reduction measures. The positive influence of hypertension awareness and
the negative impact of preference for salty foods were found to be statistically significant for
most measures except for using salt information on food labels. However, some variables
that significantly explained salt reduction practices in previous studies were not found
by our analysis, which were respondents’ demographic characteristics, such as gender
and health status. The study suggested that factors such as knowledge, perceived benefits,
awareness and belief regarding salt intake were more likely than demographic charac-
teristics to be the main determinants of adopting salt reduction measures. This finding
suggests that salt reduction strategies need to pay more attention to raising awareness
and improving knowledge of the relationship between salt intake and health among the
public [40].

4. Discussion

The strength of our study was its exploration of most explanatory factors that affect
residents’ adoption of salt reduction practices by adopting a series of logistic regression
models. However, there are some clear limitations to our study which we will address
in future research. For example, the absence of a clear association between salt reduction
practices and actual salt consumption suggests that focusing on practices alone may be of
limited efficacy [41]. It would be helpful to provide a detailed comparison of changes in
salt consumption through salt reduction practices. Secondly, only correct use of labelled
salt information and salt-restriction spoons can result in actual salt intake reduction [10,12].
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Thus, whether Chinese residents use labelled salt information and/or salt-restriction spoons
correctly or not, which was not discussed in our study, warrants further investigation.
Finally, it was difficult to quantitatively define “reduced” condiment or pickled food intake
due to lack of actual measuring scales in the online survey environment. These may lead to
subjective answers and subsequently increase the margin of error. Future research should
design easy-to-understand measuring instruments to obtain salt consumption quantities
from respondents.

The regression results suggest that few socioeconomic characteristics (e.g., age and
education) factored into salt reduction practices but high salt knowledge level and per-
ceived benefits of salt restriction could largely explain the use of labelled salt information.
Specifically speaking, salt information on food labels in China is usually presented in
the format of numbers and technical terminology (e.g., Nutrient Reference Values) and
therefore is not easily understood by people with limited numerical skills and background
knowledge [10]. Furthermore, a reasonable level of salt knowledge is needed to convert
sodium content to salt levels [16]. Thus, it would be useful to provide specific public
education aiming at reducing salt intake in China by improving the knowledge of salt
and raising awareness of low-sodium-related benefits. In addition, the remaining three
salt reduction practices were largely explained by having awareness of hypertension and
taste preference for salty foods. This highlights the need to further increase hypertension
awareness in China. It is important to enhance the public’s awareness of hypertension
and its relation to salt intake through integrating the hypertension–salt nexus into the
existing noncommunicable disease education programs. Moreover, awareness regarding a
low-salt diet has been found to affect the use of salt information on food labels [38]. It may
be difficult in the short term to adjust the taste preference for salty food among Chinese
people, particularly those from Northern China [40]. However, interventions are needed to
change taste choices towards reduced salt at the population level. A specific focus could be
children’s diets, as preferential changes among these cohorts can have long-lasting effects
on food healthfulness in future decades.

5. Conclusions

This study attempted to explore factors associated with Chinese residents’ adoption
of four salt reduction measures: labelled salt information, salt-restriction spoons, reduced
condiment usage in home cooking and reduced pickled food intake. Based on a large-scale
national representative online survey (N = 1610), this study employed multiple regression
modelling techniques, including an adaptive lasso logistic regression, to identify the key
determinants of adoption. The findings suggest that the majority of respondents did not
adopt these measures, resulting in fairly low adoption levels. (1) Adoption of labelled
salt information was positively correlated with salt knowledge level, perceived benefits
of salt restriction, participation in nutrition education and training programs on sodium
reduction. (2) Adoption of the salt-restriction spoon had positive linkages with relatives
and friends with noncommunicable diseases, having awareness of hypertension, knowing
about healthy diets and having better dietary habits, whereas taste preference for salty
foods was a barrier to implementation. (3) Adoption of reduced condiment usage in
home cooking was positively correlated with age and awareness of hypertension, but
taste preference for salty foods played a negative role. (4) Adoption of reduced pickled
food intake had a negative correlation with age, education and having awareness of
hypertension, but taste preference for salty foods posed a negative influence.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-460
1/18/2/445/s1, Supplementary Materials A: The questionnaire; Supplementary Materials B: Chi-
square test results of subgroups from adoption of salt reduction practices; Supplementary Materials
C: Estimation details; Supplementary Materials D: The online salt knowledge questionnaire.
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Appendix A

Table A1. Variables Description and Summary Statistics.

Variables Definition Samples Percentage %

Labeled salt information usage
0 = No 1185 73.60

1 = Yes 425 26.40

Salt-restriction spoon usage
0 = No 1240 77.02

1 = Yes 370 22.98

Less condiments added in home cooking
0 = No 1070 66.46

1 = Yes 540 33.54

Reduced pickled food intake
0 = No 1011 62.80

1 = Yes 599 37.20

Gender
0 = Female 835 51.86

1 = Male 775 48.14

Age

1 = from 15 to 18 years old 278 17.27

2 = from 19 to 30 years old 381 23.66

3 = from 31 to 40 years old 364 22.61

4 = from 41 to 59 years old 323 20.06

5 = 60 years old or above 264 16.40

Education

1 = Primary school or below 19 1.18

2 = Junior school 101 6.27

3 = Senior school or above 341 21.18

4 = Junior college or
undergraduate 1063 66.02

5 = Postgraduate or above 86 5.34

Employment
0 = No 656 40.75

1 = Yes 954 59.25

Individual annual income (Yuan)

1 ≤ 10,000 369 22.92

2 = 10,001–20,000 66 4.10

3 = 20,001–30,000 73 4.53

4 = 30,001–40,000 111 6.89

5 = 40,001–50,000 164 10.19

6 = 50,001–80,000 296 18.39
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Table A1. Cont.

Variables Definition Samples Percentage %

7 = 80,001–100,000 187 11.61

8 = 100,001–150,000 171 10.62

9 = 150,001–200,000 91 5.65

10 = 200,001–300,000 47 2.92

11 = 300,001–500,000 16 0.99

12 = 500,001–1,000,000 13 0.81

13 = 1,000,001–2,000,000 5 0.31

14 ≥ 2,000,000 1 0.06

Live in urban areas
0 = No 411 25.53

1 = Yes 1199 74.47

Self-rated physical health

1 = Very poor 6 0.37

2 = Poor 58 3.60

3 = general 619 38.45

4 = Good 666 41.37

5 = Very good 261 16.21

Overweight/obesity a
0 = No 1119 69.50

1 = Yes 491 30.50

Noncommunicable diseases
0 = No 1182 73.42

1 = Yes 428 26.58

Relatives and friends with noncommunicable
diseases

0 = No 1143 70.99

1 = Yes 467 29.01

Salt knowledge level b

1 = Low 303 18.82

2 = Medium 581 36.09

3 = High 610 37.89

4 = Very high 116 7.20

Having awareness of hypertension
0 = No 113 7.02

1 = Yes 1497 92.98

Knowledge about healthy diets c
0 = No 1108 68.82

1 = Yes 502 31.18

Positive attitudes towards a low-salt diet
0 = No 560 34.78

1 = Yes 1050 65.22

Concerned about salt in diet
0 = No 340 21.12

1 = Yes 1270 78.88

Perceive benefits of salt restriction
0 = No 1070 66.46

1 = Yes 540 33.54

Taste preference for salty foods
0 = No 1336 82.98

1 = Yes 274 17.02
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Table A1. Cont.

Variables Definition Samples Percentage %

Dietary habit d

1 = Very unhealthy 50 3.11

2 = unhealthy 473 29.38

3 = general 506 31.43

4 = healthy 326 20.25

5 = Very healthy 255 15.84

Participation in nutrition education and training
programs on sodium reduction

0 = No/Unknown 1222 75.90

1 = Yes 388 24.10

Community-based education on salt reduction
availability

0 = No/Unknown 1158 71.93

1 = Yes 452 28.07

Salt intake increase by food advertising
0 = No/Unknown 1591 98.82

1 = Yes 19 1.18
a A respondent is defined as overweight/obese if his/her BMI is ≥24. b Each respondent’s salt knowledge level was evaluated by the
twenty declarative knowledge questions that were included in the online questionnaire (see Supplementary Materials D for details). The
correct answer proportions of 0–25%, 26–50%, 51–75% and 76–100% indicate low level, medium level, high level and very high level,
respectively. c Whether respondents know about healthy diets or not was evaluated by five questions from The Chinese Dietary Guidelines [9].
These were included in the online questionnaire (see Supplementary Materials A for details). A respondent would be defined as knowing
about healthy diets if all the questions were answered as “Yes”, and “No” otherwise. d Each respondent’s level was evaluated by fourteen
questions designed by The Chinese Dietary Guidelines [9]. These were included in the online questionnaire (see Supplementary Materials A
for details). The proportions of “Yes” answers of 0–20%, 21–40%, 41–60%, 61–80% and 81–100% indicate very unhealthy, unhealthy, general,
healthy and very healthy, respectively.

Table A2. Results for Adoption of Labelled Salt Information.

The Various Forms of
Logistic Regression Logistic Regression Stepwise Logistic Regression

Lasso
Logistic

Regression

Adaptive Lasso
Logistic

Regression

Variables B
(SE)

OR
(95%CI) p-value β

(SE)
OR

(95%CI) p-value β β

Age 0.072
(0.056)

1.074
(0.962–1.199) 0.203 0.097

(0.048)
1.102

(1.004–1.210) 0.041 — —

Education 0.039
(0.100)

1.040
(0.854–1.265) 0.699 — — — — —

Employment 0.200
(0.165)

1.222
(0.884–1.687) 0.225 0.313

(0.127)
1.368

(1.066–1.755) 0.014 — —

Individual annual income 0.023
(0.030)

1.024
(0.965–1.086) 0.441 — — — 0.008 —

Live in the urban areas 0.077
(0.165)

1.081
(0.782–1.493) 0.639 — — — — —

Salt knowledge level 0.172
(0.079)

1.188
(1.017–1.388) 0.030 0.209

(0.075)
1.233

(1.064–1.428) 0.005 0.029 0.023

Having awareness of
hypertension

0.708
(0.337)

2.029
(1.049–3.926) 0.036 0.760

(0.334)
2.138

(1.110–4.118) 0.023 — —

Positive attitudes
towards a low-salt diet

0.051
(0.136)

1.052
(0.806–1.373) 0.708 — — — — —

Perceived benefits ofsalt
restriction

1.312
(0.122)

3.713
(2.923–4.717) 0.000 1.315

(0.122)
3.726

(2.935–4.732) 0.000 0.970 0.272

Participation in nutrition
education and training

program on sodium
reduction

0.305
(0.148)

1.356
(1.015–1.813) 0.039 0.356

(0.142)
1.427

(1.081–1.884) 0.012 — 0.030
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Table A2. Cont.

The Various Forms of
Logistic Regression Logistic Regression Stepwise Logistic Regression

Lasso
Logistic

Regression

Adaptive Lasso
Logistic

Regression

Community-based
education on salt

reduction availability

0.136
(0.144)

1.146
(0.864–1.521) 0.344 — — — — —

Constant −3.461
(0.499)

0.031
(0.012–0.083) 0.000 −3.360

(0.389)
0.035

(0.016–0.074) 0.000 −1.510 0.112

Observation 1610 1610 1610 1610

AIC 1695.1 1687.78 1668.4 1587.5

BIC 1759.7 1725.47 1733.0 1652.1

Optimal λ — — 0.040 —

Table A3. Estimation Results for Adoption of Salt-Restriction Spoons.

The Various Forms of
Logistic Regression Logistic Regression Stepwise Logistic Regression

Lasso
Logistic

Regression

Adaptive Lasso
Logistic

Regression

Variables β
(SE)

OR
(95%CI) p-value β

(SE)
OR

(95%CI) p-value β β

Age 0.040
(0.053)

1.041
(0.938–1.155) 0.453 — — — — —

Live in the urban areas 0.089(0.164) 1.093
(0.793–1.508) 0.586 — — — — —

Relatives and friends
with noncommunicable

diseases

0.416
(0.132)

1.516
(1.171–1.963) 0.002 0.450

(0.130)
1.569

(1.217–2.022) 0.001 — 0.064

Salt knowledge level 0.097
(0.081)

1.102
(0.940–1.291) 0.233 0.126

(0.074)
1.134

(0.980–1.311) 0.091 — —

Having awareness of
hypertension

0.942
(0.360)

2.567
(1.268–5.196) 0.009 0.946

(0.359)
2.576

(1.274–5.210) 0.008 — 0.071

Know about healthy diet 0.520
(0.139)

1.682
(1.281–2.207) 0.000 0.572

(0.135)
1.772

(1.360–2.308) 0.000 0.332 0.113

Taste preference for salty
foods

−0.484
(0.180)

0.616
(0.433–0.877) 0.007 −0.480

(0.180)
0.619

(0.435–0.880) 0.008 — −0.046

Dietary habit 0.181
(0.059)

1.199
(1.069–1.344) 0.002 0.194

(0.058)
1.214

(1.084–1.360) 0.001 0.056 0.029

Participation in nutrition
education and training

program on sodium
reduction

0.116
(0.150)

1.123
(0.837–1.508) 0.439 — — — — —

Community-based
education on salt

reduction availability

0.114
(0.145)

1.120
(0.842–1.490) 0.435 — — — — —

Constant −3.430
(0.435)

0.032
(0.014–0.076) 0.000 −3.320

(0.406)
0.036

(0.016–0.080) 0.000 −1.500 0.026

Observation 1610 1610 1610 1610

AIC 1658.5 1653.42 1640.2 1593.5

BIC 1717.7 1691.11 1699.4 1655.3

Optimal λ — — 0.043 —
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Table A4. Estimation Results for Adoption of Reduced Condiment Usage in Home Cooking.

The Various Forms of
Logistic Regression Logistic Regression Stepwise Logistic Regression

Lasso
Logistic

Regression

Adaptive Lasso
Logistic

Regression

Variables β
(SE)

OR
(95%CI) p-value β

(SE)
OR

(95%CI) p-value β β

Age 0.206
(0.050)

1.229
(1.114–1.355) 0.000 0.228

(0.042)
1.256

(1.157–1.365) 0.000 0.103 0.042

Education 0.134
(0.089)

1.143(0.960–
1.361) 0.132 0.190

(0.079)
1.210

(1.036–1.412) 0.016 — —

Employment 0.109
(0.146)

1.115
(0.837–1.485) 0.457 — — — — —

Individual annual income 0.014
(0.027)

1.014
(0.961–1.069) 0.611 — — — 0.016 —

Live in the urban areas 0.042
(0.147)

1.043
(0.782–1.391) 0.775 — — — — —

Relatives and friends
with noncommunicable

diseases

0.188
(0.120)

1.207
(0.954–1.527) 0.118 0.211

(0.119)
1.234

(0.978–1.559) 0.077 — —

Having awareness of
hypertension

1.155
(0.289)

3.173
(1.801–5.589) 0.000 1.179

(0.288)
3.250

(1.847–5.720) 0.000 0.450 0.170

Taste preference for salty
foods

−0.657
(0.158)

0.519
(0.381–0.706) 0.000 −0.648

(0.158)
0.523

(0.384–0.712) 0.000 −0.214 −0.098

Salt intake incrase by
food advertising

−0.893
(0.645)

0.409
(0.116–1.449) 0.166 −0.882

(0.646)
0.414

(0.117–1.467) 0.172 — —

Constant −3.010
(0.427)

0.049
(0.021–0.114) 0.000 −3.147

(0.415)
0.043

(0.019–0.097) 0.000 −1.458 0.069

Observation 1610 1610 1610 1610

AIC 1985.2 1981.11 1660.4 1590.9

BIC 2049.4 2018.79 1724.6 1644.7

Optimal λ — — 0.031 —

Table A5. Estimation Results for Adoption of Reduced Pickled Food Intake.

The Various Forms of
Logistic Regression Logistic Regression Stepwise Logistic Regression

Lasso
Logistic

Regression

Adaptive Lasso
Logistic

Regression

Variables β
(SE)

OR
(95%CI) p-value β

(SE)
OR

(95%CI) p-value β β

Age 0.193
(0.048)

1.213
(1.103–1.333) 0.000 0.223

(0.041)
1.250

(1.154–1.353) 0.000 0.106 0.043

Education 0.194
(0.087)

1.215
(1.025–1.440) 0.025 0.240

(0.077)
1.271

(1.092–1.479) 0.002 0.085 0.041

Employment 0.067
(0.142)

1.069
(0.810–1.412) 0.637 — — — — —

Individual annual income 0.008
(0.026)

1.008
(0.958–1.061) 0.757 — — — 0.109 —

Live in the urban areas 0.138
(0.142)

1.148
(0.870–1.516) 0.329 — — — 0.007 —

Having awareness of
hypertension

0.615
(0.240)

1.850
(1.155–2.963) 0.011 0.633

(0.240)
1.883

(1.177–3.012) 0.008 0.194 0.093

Positive attitudes
towards a low-salt diet

0.167
(0.114)

1.182
(0.945–1.479) 0.144 0.179

(0.114)
1.196

(0.956–1.495) 0.117 — —

Taste preference for salty
foods

−0.346
(0.145)

0.707
(0.533–0.939) 0.017 −0.335

(0.144)
0.715

(0.539–0.950) 0.020 −0.016 −0.041
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Table A5. Cont.

The Various Forms of
Logistic Regression Logistic Regression Stepwise Logistic Regression

Lasso
Logistic

Regression

Adaptive Lasso
Logistic

Regression

Constant −2.639
(0.387)

0.071
(0.033–0.152) 0.000 −2.736

(0.373)
0.065

(0.031–0.135) 0.000 −1.393 0.014

Observation 1610 1610 1610 1610

AIC 2081.3 2077.17 1630.4 1596.8

BIC 2129.8 2109.47 1699.0 1645.2

Optimal λ — — 0.027 —
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Table A6. Robustness Checks on the Estimation from Adaptive Lasso Logistic Model.

Salt Reduction Practices

Labeled Salt Information Usage Salt-Restriction Spoon Usage Reduced Condiment Usage
in Home Cooking Reduced Pickled Food Intake

β
(SE)

OR
(95%CI) p-value β

(SE)
OR

(95%CI) p-value β
(SE)

OR
(95%CI) p-value β

(SE)
OR

(95%CI) p-Value

Age — — — — 0.233
(0.041)

1.262
(1.164–1367) 0.000 0.218

(0.040)
1.243

(1.149–1.345) 0.000

Education — — — — — — 0.257
(0.076)

1.293
(1.113–1.502) 0.001

Relatives and friends with
noncommunicable diseases — — 0.464

(0.129)
1.591

(1.235–2.050) 0.000 — — — —

Salt knowledge level 0.222
(0.074)

1.249
(1.081–1.444) 0.003 — — — — — —

Having awareness of
hypertension — — 1.012

(0.357)
2.752

(1.366–5.543) 0.005 1.277
(0.285)

3.588
(2.051–6.276) 0.000 0.671

(0.239)
1.956

(1.225–3.121) 0.005

Know about healthy diet — — 0.621
(0.132)

1.862
(1.438–2.410) 0.000 — — — —

Perceived benefits of salt
restriction

1.397
(0.120)

4.043
(3.196–5.116) 0.000 — — — — — —

Taste preference for salty foods — — −0.487
(0.180)

0.614
(0.432–0.874) 0.007 −0.637

(0.157)
0.529

(0.389–0.719) 0.000 −0.336
(0.144)

0.715
(0.032–0.139) 0.020

Dietary habit — — 0.193
(0.058)

1.213
(1.083–1.358) 0.000 — — — —

Participation in nutrition
education and training program

on sodium reduction

0.371
(0.141)

1.449
(1.099–1.910) 0.009 — — — — — —



Int. J. Environ. Res. Public Health 2021, 18, 445 14 of 15

References
1. Tan, M.; He, F.J.; Wang, C.; MacGregor, G.A. Twenty-four-hour urinary sodium and potassium excretion in China: A systematic

review and meta-analysis. J. Am. Heart Assoc. 2019, 8, e012923. [CrossRef]
2. World Health Organization. Guideline: Sodium Intake for Adults and Children; World Health Organization: Geneva, Switzerland,

2012.
3. The Independent Expert Group of the Global Nutrition Report. 2020 Global Nutrition Report: Action on Equity to End

Malnutrition. Bristol, UK: Development Initiatives. Available online: https://globalnutritionreport.org/documents/566/2020
_Global_Nutrition_Report.pdf,2020 (accessed on 18 May 2020).

4. Felder, R.A.; White, M.J.; Williams, S.W.; Jose, P.A. Diagnostic tools for hypertension and salt sensitivity testing. Curr. Opin.
Nephrol. Hypertens. 2013, 22, 65–76. [CrossRef]

5. He, F.J.; MacGregor, G.A. Salt reduction lowers cardiovascular risk: Meta analysis of outcome trials. Lancet 2011, 378, 380–382.
[CrossRef]

6. Zhou, M.; Wang, H.; Zeng, X.; Yin, P.; Zhu, J.; Chen, W.; Li, X.; Wang, L.; Wang, L.; Liu, Y.; et al. Mortality, morbidity, and risk
factors in China and its provinces, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2019,
394, 1145–1158. [CrossRef]

7. World Health Organization. Global Action Plan for the Prevention and Control of Non-communicable Diseases 2013–2020. 2013.
Available online: https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf?sequence=1&isAllowed=y
(accessed on 18 May 2020).

8. Health China Action Promotion Committee. Health China Initiative (2019–2030). 2019. Available online: http://www.gov.cn/
xinwen/2019-07/15/content5409694.htm (accessed on 24 May 2020).

9. Chinese Nutrition Society. The Chinese Dietary Guidelines; People’s Medical Publishing House Co. LTD.: Beijing, China, 2016.
10. He, Y.; Huang, L.; Yan, S.; Li, Y.; Lu, L.; Wang, H.; Niu, W.; Zhang, P. Awareness, understanding and use of sodium information

labelled on pre-packaged food in Beijing: A cross-sectional study. BMC Public Health 2018, 18, 509. [CrossRef] [PubMed]
11. Ministry of Health(MoH), PRC. General Rules for Nutrition Labeling of Pre-Packaged Food; GB28050-2011; Ministry of Health(MoH),

PRC: Beijing, China, 2011.
12. Chen, J.; Liao, Y.; Li, Z.; Tian, Y.; Yang, S.; He, C.; Tu, D.; Sun, X. Determinants of salt-restriction spoon using behavior in China:

Application of the health belief model. PLoS ONE 2013, 8, e83262. [CrossRef]
13. Du, S.; Batis, C.; Wang, H.; Zhang, B.; Zhang, J.; Popkin, B.M. Understanding the patterns and trends of sodium intake, potassium

intake and sodium to potassium ratio and their effect on hypertension in China. Am. J. Clin. Nutr. 2014, 99, 334–343. [CrossRef]
[PubMed]

14. Zhang, J.; Wu, T.; Chu, H.; Feng, X.; Shi, J.; Zhang, R.; Zhang, Y.; Zhang, J.; Li, N.; Yan, L.; et al. Salt intake belief, knowledge, and
behavior a cross-sectional study of older rural Chinese adults. Medicine 2016, 95, e4404. [CrossRef]

15. Chen, J.; Tian, Y.; Liao, Y.; Yang, S.; Li, Z.; He, C.; Tu, D.; Sun, X. Salt-restriction-spoon improved the salt intake among residents
in China. PLoS ONE 2013, 8, e78963. [CrossRef] [PubMed]

16. Okuda, N.; Nishi, N.; Ishikawa-Takata, K.; Yoshimura, E.; Horie, S.; Nakanishi, T.; Sato, Y.; Takimoto, H. Understanding of
sodium content labeled on food packages by Japanese people. Hypertens. Res. 2014, 37, 467–471. [CrossRef]

17. Rodrigues, J.F.; Pereira, R.C.; Silva, A.A.; Mendes, A.O. Sodium content in foods: Brazilian consumers’ opinions, subjective
knowledge and purchase intent. Int. J. Consum. Stud. 2017, 41, 735–744. [CrossRef]

18. Nakadate, M.; Ishihara, J.; Iwasaki, M.; Kitamura, K.; Kato, E.; Tanaka, J.; Nakamura, K.; Ishihara, T.; Shintani, A.; Takachi, R.
Effect of monitoring salt concentration of home-prepared dishes and using low-sodium seasonings on sodium intake reduction.
Eur. J. Clin. Nutr. 2018, 72, 1413–1420. [CrossRef] [PubMed]

19. Grimes, C.A.; Kelley, S.; Stanley, S.; Bolam, B.; Webster, J.; Khokhar, D.; Nowson, C.A. Knowledge, attitudes and behaviours
related to dietary salt among adults in the State of Victoria, Australia 2015. BMC Public Health 2017, 17, 532. [CrossRef] [PubMed]

20. Hyseni, L.; Elliot-Green, A.; Lloyd-Williams, F.; Kypridemos, C.; O’Flaherty, M.; McGill, R.; Orton, L.; Bromley, H.; Cappuccio,
F.P.; Capewell, S. Systematic review of dietary salt reduction policies: Evidence for an effectiveness hierarchy? PLoS ONE 2017,
12, e0177535. [CrossRef] [PubMed]

21. Park, S.; Lee, J.; Kwon, K.; Kim, J.; Byun, J.; Kang, B.; Choi, B.Y.; Park, H. Early adulthood: An overlooked age group in national
sodium reduction initiatives in South Korea. Nutr. Res. Pract. 2014, 8, 719–723. [CrossRef] [PubMed]

22. Lee, J.Y.; Cho, D.S.; Kim, H.J. The effect of salt usage behavior on sodium intake and excretion among Korean women. Nutr. Res.
Pract. 2012, 6, 232–237. [CrossRef]

23. Agondi, R.F.; Gallani, M.B.J.; Rodrigues, R.C.M.; Corne’lio, M.E. Relationship between beliefs regarding a low salt diet in chronic
renal failure patients on dialysis. J. Ren. Nutr. 2011, 21, 160–168. [CrossRef]

24. Perin, M.S.; Cornélio, M.E.; Rodrigues, R.C.M.; Gallani, M.C.B.J. Characterization of salt consumption among hypertensives
according to socio-demographic and clinical factors. Rev. Lat. Am. Enferm. 2013, 21, 1013–1021. [CrossRef]

25. ChorniansyahIndriyanto, R.; Probo, D.Y.P.; Soerarso, R. Characteristics of salt intake in essential hypertensive patients regarding
socio-demographic factors. J. Hypertens. 2015, 33, e19. [CrossRef]

http://doi.org/10.1161/JAHA.119.012923
https://globalnutritionreport.org/documents/566/2020_Global_Nutrition_Report.pdf,2020
https://globalnutritionreport.org/documents/566/2020_Global_Nutrition_Report.pdf,2020
http://doi.org/10.1097/MNH.0b013e32835b3693
http://doi.org/10.1016/S0140-6736(11)61174-4
http://doi.org/10.1016/S0140-6736(19)30427-1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf?sequence=1&isAllowed=y
http://www.gov.cn/xinwen/2019-07/15/content5409694.htm
http://www.gov.cn/xinwen/2019-07/15/content5409694.htm
http://doi.org/10.1186/s12889-018-5396-7
http://www.ncbi.nlm.nih.gov/pubmed/29665806
http://doi.org/10.1371/journal.pone.0083262
http://doi.org/10.3945/ajcn.113.059121
http://www.ncbi.nlm.nih.gov/pubmed/24257724
http://doi.org/10.1097/MD.0000000000004404
http://doi.org/10.1371/journal.pone.0078963
http://www.ncbi.nlm.nih.gov/pubmed/24244395
http://doi.org/10.1038/hr.2013.149
http://doi.org/10.1111/ijcs.12386
http://doi.org/10.1038/s41430-017-0053-2
http://www.ncbi.nlm.nih.gov/pubmed/29321686
http://doi.org/10.1186/s12889-017-4451-0
http://www.ncbi.nlm.nih.gov/pubmed/28558745
http://doi.org/10.1371/journal.pone.0177535
http://www.ncbi.nlm.nih.gov/pubmed/28542317
http://doi.org/10.4162/nrp.2014.8.6.719
http://www.ncbi.nlm.nih.gov/pubmed/25489413
http://doi.org/10.4162/nrp.2012.6.3.232
http://doi.org/10.1053/j.jrn.2010.03.007
http://doi.org/10.1590/S0104-11692013000500002
http://doi.org/10.1097/01.hjh.0000469783.09586.95


Int. J. Environ. Res. Public Health 2021, 18, 445 15 of 15

26. Zhao, F.; Zhang, P.; Zhang, L.; Niu, W.; Gao, J.; Lu, L.; Liu, C.; Gao, X. Consumption and sources of dietary salt in family members
in Beijing. Nutrients 2015, 7, 2719–2730. [CrossRef]

27. Ortega, R.M.; Lo´pez-Sobaler, A.M.; Ballesteros, J.M.; Pérez-Farinós, N.; Rodríguez-Rodríguez, E.; Aparicio, A.; Perea, J.M.;
Andrés, P. Estimation of salt intake by 24 h urinary sodium excretion in a representative sample of Spanish adults. Br. J. Nutr.
2011, 105, 787–794. [CrossRef] [PubMed]

28. Lara, N.; Christelle, A.; Laila, A. Consumer knowledge, attitudes and salt-related behavior in the Middle-East: The case of
Lebanon. Nutrients 2014, 6, 5079–5102.

29. Jessen, N.; Santos, A.; Damasceno, A.; Silva-Matos, C.; Severo, M.; Padrão, P.; Lunet, N. Knowledge and behaviors regarding salt
intake in Mozambique. Eur. J. Clin. Nutr. 2018, 72, 1690–1699. [CrossRef] [PubMed]

30. 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. J. Behav. Nutr. Phys. Act. 2013, 10, 25.
[CrossRef] [PubMed]

31. Au, L.E.; Whaley, S.E.; Gurzo, K.; Meza, M.; Rosen, N.J.; Ritchie, L.D. Evaluation of online and in-person nutrition education
related to salt knowledge and behaviors among special supplemental nutrition program for women, infants, and Children
participants. J. Acad. Nutr. Diet. 2017, 117, 1384–1395. [CrossRef]

32. Wiecha, J.L.; Peterson, K.E.; Ludwig, D.S.; Kim, J.; Sobol, A.; Gortmaker, S.L. When children eat what they watch: Impact of
television viewing on dietary intake in youth. Arch. Pediatrics Adolesc. Med. 2006, 160, 436–442. [CrossRef]

33. Tibshirani, R. Regression shrinkage and selection via the lasso. J. R. Stat. Soc. Ser. B Stat. Methodol. 1996, 58, 267–288. [CrossRef]
34. Aldrich, J.H.; Nelson, F.D. Linear Probability, Logit, and Probit Models; The International Professional Publishers: Newbury Park,

London, 1984.
35. Greene, W.H. Econometric Analysis, 7th ed.; Prentice Hall Publishing: Upper Saddle River, NJ, USA, 2012.
36. Fan, J.; Li, R. Variable selection via nonconcave penalized likelihood and its oracle properties. J. Am. Stat. Assoc. 2001, 96,

348–1360. [CrossRef]
37. Zou, H. The adaptive lasso and its oracle properties. J. Am. Stat. Assoc. 2006, 101, 1418–1429. [CrossRef]
38. Grimes, C.A.; Riddell, L.J.; Nowson, C.A. Consumer knowledge and attitudes to salt intake and labelled salt information. Appetite

2009, 53, 189–194. [CrossRef]
39. Chen, S.; Shan, L.; Tao, W.; Lu, T.; Regan, Á.; Han, H.; Guo, L.; Deng, T.; Wall, P. A survey of Chinese consumers’ knowledge,

beliefs and behavioural intentions regarding salt intake and salt reduction. Public Health Nutrtion 2020, 23, 1–10. [CrossRef]
[PubMed]

40. Leyvraz, M.; Mizéhoun-Adissoda, C.; Houinato, D.; Baldé, N.M.; Damasceno, A.; Viswanathan, B.; Amyunzu-Nyamongo, M.;
Owuor, J.; Chiolero, A.; Bovet, P. Food consumption, knowledge, attitudes, and practices related to salt in urban areas in five
sub-saharan African countries. Nutrients 2018, 10, 1028. [CrossRef] [PubMed]

41. Land, M.; Webster, J.; Christoforou, A.; Johnson, C.; Trevena, H.; Hodgins, F.; Chalmers, J.; Woodward, M.; Barzi, F.; Smith, W.;
et al. The association of knowledge, attitudes and behaviours related to salt with 24-hour urinary sodium excretion. Int. J. Behav.
Nutr. Phys. Act. 2014, 11, 47. [CrossRef] [PubMed]

http://doi.org/10.3390/nu7042719
http://doi.org/10.1017/S000711451000423X
http://www.ncbi.nlm.nih.gov/pubmed/20969815
http://doi.org/10.1038/s41430-018-0125-y
http://www.ncbi.nlm.nih.gov/pubmed/29588530
http://doi.org/10.1186/1479-5868-10-25
http://www.ncbi.nlm.nih.gov/pubmed/23418906
http://doi.org/10.1016/j.jand.2016.12.013
http://doi.org/10.1001/archpedi.160.4.436
http://doi.org/10.1111/j.2517-6161.1996.tb02080.x
http://doi.org/10.1198/016214501753382273
http://doi.org/10.1198/016214506000000735
http://doi.org/10.1016/j.appet.2009.06.007
http://doi.org/10.1017/S1368980019003689
http://www.ncbi.nlm.nih.gov/pubmed/31928552
http://doi.org/10.3390/nu10081028
http://www.ncbi.nlm.nih.gov/pubmed/30087242
http://doi.org/10.1186/1479-5868-11-47
http://www.ncbi.nlm.nih.gov/pubmed/24708561

	Introduction 
	Materials and Methods 
	Methods 
	Logistic Regression 
	Stepwise Logistic Regression 
	Lasso Logistic Regression 
	Adaptive Lasso Logistic Model 

	Data 

	Results 
	Discussion 
	Conclusions 
	
	References

