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Abstract: High salt intake, one of the modifiable unhealthy eating habits, causes 
important health problems such as hypertension, cardiovascular diseases, cancer, 
osteoporosis, and kidney diseases. The objective of this study is to examine the 
impact of educational intervention on university students' salt-related knowledge, 
attitudes, and practices (KAP). This intervention study was carried out at Selcuk 
University in Türkiye. A total of 30 students were included in this intervention 
study carried out using the pretest-posttest control group experimental model. The 
educational intervention consisting of 14 sessions was completed in six weeks. The 
salt intake of male students in the experimental group in the pre-test and the 
control group in the pre-test and post-test was found to be significantly higher than 
that of female students (p <0.05). The mean daily salt intake in the experimental 
group compared to the pre-test decreased by about 1,834 mg after intervention (p> 
0.05). There was a significant difference (p <0.05) between the knowledge and 
attitude pre-test and post-test scores of the experimental group students. The 
intervention study positively affected the students' salt-related KAP. In order for 
this effect to continue for a lifetime, educational interventions should be 
reproducible and sustainable. 
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INTRODUCTION 
 

 
Non-communicable diseases (NCDs) are considered the biggest health problem threatening the global 

population. Cardiovascular diseases account for the majority of NCD deaths worldwide, followed by cancers, 
chronic respiratory diseases, and diabetes. The vast majority of these deaths occur in low- and middle-income 
countries. Tobacco use, harmful use of alcohol, physical inactivity, and unhealthy diet are modifiable 
behavioral risk factors that increase the risk of NCDs.1 

High salt and sodium intake is an unhealthy diet that is associated with many diseases and deaths, such 
as hypertension, cardiovascular diseases, stroke, chronic kidney diseases, osteoporosis, stomach cancer, and 
obesity.2 Globally, in 2017, excessive sodium intake was the leading dietary risk factor associated with 3 million 
deaths and 70 million disability-adjusted life-years worldwide.3  

The World Health Organization (WHO) recommends <2,000 mg/day sodium and <5 g/day salt intake 
for adults.4 Despite WHO recommendations, daily sodium and salt intakes are well above recommended 
amounts in many countries.5 The global mean sodium intake of adults is estimated to be 4,310 mg/day 
(equivalent to 10.78 g/day salt).6 According to the results of studies conducted in Türkiye, the average daily 
salt intake was 18 g in 20087, 15 g in 20128, and 9.9 g in 20179. In addition, it was found that the daily salt intake 
was 10.2 grams in the Türkiye Nutrition and Health Survey 2017 data10. According to this, the mean salt intake 
in Türkiye and around the world is much higher than the physiological requirement and more than twice the 
WHO recommendations. 
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Reducing salt intake is one of the most cost-effective ways to improve health and reduce the burden 
of NCDs. In 2013, WHO member states committed to reducing salt intake by 30% by 2025 for the prevention 
and control of NCDs.6 

On the other side, the transition to university is a critical period in which irregular and unhealthy eating 
habits are formed or developed.11 Students' eating habits may change for many reasons, such as rapid 
changes in their sociocultural environment during university limited cooking opportunities and skills. Most 
university students have unhealthy eating behaviors, such as a high intake of fast foods, snacks, soft drinks, 
and sweets.12 University students who eat foods prepared outside the home, in cafes and restaurants, whose 
exact ingredients they do not know, and who frequently consume fast foods and packaged snack products 
are at risk of excessive salt intake.  
Various intervention studies have been conducted for diverse groups in relation to salt in the world.13-19 In a 
study conducted with university students in the United Arab Emirates, it was underlined that educational 
intervention has a positive effect on salt-related knowledge, attitudes, and practices (KAP). 13 A study 
conducted with nursing students in Thailand revealed that a program to reduce sodium intake could be 
effective in knowledge level and behavior. 14 However, it has been seen in the literature that the number of 
studies conducted with trial models to reduce salt intake in Türkiye remains limited. This research, therefore, 
was conducted to determine the effect of salt reduction intervention on university students' salt 
consumption status and KAP about salt. 

 
MATERIALS AND METHODS 
 

The study was designed as an experimental using the two-group pre-test post-test control group 
trial model on a sample of undergraduates from the Selcuk University in Türkiye during the academic year of 
2019/2020. Before conducting the study, approval was obtained from Selcuk University, Faculty of Health 
Sciences, Non-Interventional Clinical Research Ethics Committee, with the decision dated 31.03.2022 and 
numbered 2019/480. 
 
Participants  

 
Some criteria were determined for students to be included in this study. Students, who did not have 

any disease diagnosed by a doctor, did not use medication constantly, did not follow a special nutrition 
program, liked salty foods, thought the amount of salt they consumed daily was too much, added extra salt 
to their meals, and volunteered to participate in the research, were included in the study.  

The study started with a total of 40 students: 20 in the experimental group (EG) and 20 in the control 
group (CG). However, there was a loss of participants due to reasons, such as some students not wanting to 
continue the study, not attending the educational sessions, and not receiving feedback on issues related to 
the study. Therefore, the study was completed with a total of 30 students, 15 in each of the EG and CGs. The 
flow of the participants and the study is depicted in Figure 1. 
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Figure 1. The flow of the participants and the study 

 
Data Collection 

 
A questionnaire form was developed by the researchers to be used before and after the 

intervention. Sociodemographic characteristics, body weight, height, frequency of food consumption, salt-
related KAP, calculation of label information on food products, 24-hour dietary recalls, and 24-hour 
retrospective food consumption records were questioned using the questionnaire form. The data were 
obtained through a questionnaire using a face-to-face interview.  

 
Pre-Post Test Implementation and Intervention  

 
At the beginning of the study, the questionnaire was applied to the students in the EG and CGs as a 

pre-test. Then, educational sessions aimed at reducing salt intake were held with the students in the EG. At 
the end of this intervention, the questionnaire form was applied again to the students in both the EG and 
CGs, and these data were evaluated as the post-test.  

The educational intervention consisted of 14 sessions and was completed in six weeks. During the 
educational sessions attended by the students in the EG, information was given about salt and sodium, salt 
types, sodium functions and balance in the body, salt and sodium sources, salt and sodium labeling, salt intake 
reduction, recommended daily intake of salt and sodium, excessive salt intake and associated diseases, the 
importance of iodized salt, and ways to reduce salt intake. At the same time, the labels of various food 
products were examined so that the participants could have an idea about the amount of sodium and salt 
contained in ready-made foods. By examining food labels, it was aimed to understand and use the 
information on salt and sodium on the labels. A practical application was made to prepare food with low salt 
content, and in the last session of the intervention, the importance of nutrition and physical activity for a 
healthy life was mentioned.  

 
Data Analysis 

 
The 24-hour retrospective food consumption record data were evaluated using Nutrition 

Information System (BEBIS) 8.2. BEBIS is a software program consisting of data banks in which the content 
of nutrients is analyzed and calculated. In this way, the participants' mean intake of sodium was determined 
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regarding their food consumption. The daily sodium (mg) intake obtained with this program was multiplied 
by 2.5 to calculate the daily salt (mg) intake of the participants.  

In addition, the SPSS 22 (Statistical Package for Social Science) statistical program was utilized to 
statistically evaluate the data obtained as a result of the research. Number (n), percentage (%), minimum 
(min), maximum (max), mean (x)̄, and standard deviation (SD) were used for descriptive statistics of the data. 
Since the number of participants in the groups was small, non-parametric analysis methods were applied. In 
data analysis, the significance level was accepted as p<0.05. 
 
RESULTS 
 

The study group consisted of a total of 30 undergraduate students, and equal numbers of students 
were assigned to the EG (n:15) and CG (n:15). The mean age (x±̄SD) of these students was 20.07±1.14 years. 
While the mean BMI value of the students in the EG was 21.35 kg/m2, the mean BMI value of the students in 
the CG was 22.45 kg/m2. The sociodemographic characteristics of the participants are shown in Table 1. 

 
Table 1. Sociodemographic Characteristics of the Participants 

 EG CG 

 Total (n) Percentage (%) Total (n) Percentage (%) 
Gender     

Male 6 40.0 5 33.3 
Female 9 60.0 10 66.7 

Place of residence     
Family home 3 20.0 2 13.3 
Student home with friends - - 3 20.0 
Home alone 1 6.7 2 13.3 
Public dormitories 7 46.7 7 46.7 
Private dormitories 4 26.7 1 6.7 

 
The salt intake of the students in the pre-test and post-test was examined, and it was seen that the 

mean daily salt intake of the students in the EG after the intervention decreased by 1,834.44 mg compared 
to the before the intervention, while the mean daily salt intake of the students in the CG increased by 1,731.83 
mg in the post-test compared to the pre-test. Despite this change observed in both groups, these differences 
were not statistically significant in both groups (p>0.05). Table 2 shows the daily sodium and salt intake status 
of the students in the EG and CGs.  
 

Table 2. Daily Sodium and Salt Intake of Students in the EG and CGs 

 EG (n:15) CG (n:15) 

 
Pre-Test 
(x ̄±SD) 

Post-Test 
(x ̄±SD) 

P 
Pre-Test 
(x ̄±SD) 

Post-Test 
(x ̄±SD) 

P* 

Sodium 
(mg) 

3,565.14±1642.59 2,831.37±805.72 0.140 3,666.95±2195.38 4,359.68±1561.27 0.078 

Salt (mg) 8,912.86±4106.48 7,078.42±2014.30 0.140 9,167.36±5488.46 10,899.19±3903.18 0.078 
*: Wilcoxon signed-rank test  

 
Daily salt intake of the students participating in the research was examined according to gender in 

Table 3. It was determined that the salt intake of male students in the EG before the intervention was 
significantly higher than that of the female students (p<0.05), and after the intervention, there was no 
significant difference between salt intake and gender (p>0.05). 
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Table 3. Examination of Daily Salt Intake of Students in the EG and CGs by Gender 
  Gender Total (n) Mean Rank Sum of Rank U P* 

EG (n:15) 
Pre-Test 

Female  9 5.78 52.00 
7.00 0.018 

Male 6 11.33 68.00 

Post-Test 
Female  9 6.67 60.00 

15.00 0.157 
Male 6 10.00 60.00 

CG (n:15) 
Pre-Test 

Female  10 5.60 56.00 
1.00 0.003 

Male 5 12.80 64.00 

Post-Test 
Female  10 5.80 58.00 

3.00 0.007 
Male 5 12.40 62.00 

*: Mann Whitney U Test 
 

Table 4 reveals the comparison of knowledge and attitudes about salt of the students in the EG 
before and after the intervention. While the pre-test mean scores of the students in the EG regarding salt 
knowledge were 62.93±15.23, the post-test scores were 84.53±8.26. The difference between the pre-test and 
post-test knowledge score means of the students in the EG about salt was found to be statistically significant 
(p<0.05). While the average salt-related attitude score of the students in the EG was 3.96±0.54 in the pre-
test, it increased to 4.26±0.37 in the post-test. The attitudes of the students in the EG about salt changed 
positively in the post-test, and this change was uncovered to be statistically significant (p<0.05). However, 
the changes in the knowledge levels and attitudes of the students in the EG after the intervention were not 
statistically significant (p>0.05). On the other hand, the knowledge and attitudes of the students in the CG 
about salt did not differ statistically in the pre-test and post-test (p>0.05).  
 

Table 4. Comparison of Students' Knowledge and Attitudes about Salt in the EG Pre-Test and Post-Test 

EG  n x ̄ SD Min Max P* 

Knowledge questions 
about salt 

Pre-Test 15 62.93 15.23 32.00 84.00 
0.001 

Post-Test 15 84.53 8.26 68.00 96.00 

Attitude questions 
about salt 

Pre-Test 15 3.96 0.54 1.00 2.60 

0.020 
Post-Test 15 4.26 0.37 1.20 2.40 

*: Wilcoxon signed-rank test  
 

Table 5 exhibits the changes in the salt-related behaviors of the students in the EG before and after 
the intervention. Before the intervention, 13.3% of the students in the EG stated that they rarely paid attention 
to the warning messages about salt on food labels, and 46.7% stated that they did not pay any attention. 
After the intervention, the rate of those who rarely paid attention to the warning messages about salt on 
food labels increased to 26.7%, while the rate of those who never paid attention decreased to 33.3%. 

 
Table 5. Changes in Salt-Related Behaviors of Students in the EG Pre-Test and Post-Test 

EG (n:15) 
Always 

(%) 
Often        

(%) 
Sometimes 

(%) 
Rarely 

(%) 
Never 

(%) 
Total 
(%) 

Paying attention to the salt 
and sodium content of 
purchased foods 

Pre-Test - 6.7 20.0 13.3 60.0 100.0 

Post-Test - 26.7 20.0 - 53.3 100.0 

Paying attention to the 
warning messages about salt 
on food labels 

Pre-Test - 13.3 26.7 13.3 46.7 100.0 

Post-Test - 13.3 26.7 26.7 33.3 100.0 

Buying low-salt foods that 
have warning messages about 
salt on food labels 

Pre-Test 6.7 20.0 40.0 13.3 20.0 100.0 

Post-Test 13.3 40.0 26.7 6.7 13.3 100.0 

 
According to Table 5, students in the EG stated that 6.7% always, 20.0% often, 40.0% sometimes, and 

13.3% rarely bought low-salt foods with salt warning messages on food labels before the intervention, and 
20.0% never bought them. After the intervention, it was observed that the frequency of students stating that 
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they always and frequently bought low-salt foods increased, while the frequency of those who never took 
low-salt foods decreased. 

The type of salt the students used in their daily diet was also questioned in the pre-test and post-test. 
Before the intervention, it was determined that 66.7% of the students in the EG used iodized table salt in their 
daily diet, while 26.7% used non-iodized table salt and 6.7% used rock salt. After the intervention, the 
frequency of students using iodized salt in the EG increased to 86.7%, while there was no change in those 
using rock salt. 

Students in the EG stated that before the intervention, 60.0% of them stored salt at home in a light-
colored glass container, 33.3% in a plastic container, and 6.7% in a nylon bag. After the intervention, the 
container in which the salt was stored at home had not changed. 

The place where the students stored the salt before the intervention was examined, and 33.3% of the 
students in the EG stated that they kept the salt in a cupboard close to the stove that is not exposed to 
sunlight, 40.0% stated that they stored it in a cupboard away from the stove that is not exposed to sunlight, 
and 26.7% stated that they stored it next to the stove. At the end of the intervention, 53.3% of the students in 
the EG started to store the salt in a cupboard away from the stove and away from sunlight. 

In the research, a sample food label was given, and three questions were asked to evaluate reading 
the label and interpreting the information contained on the label. The education given to students in the EG 
included applications for reading and calculating label information. 

Table 6 displays the situations of students in the EG to calculate the label information on food products 
in the pre-test and post-test. To the question of how many servings of product, 26.7% of the students in the 
EG gave the correct answer before the intervention, and 80.0% of the students in the EG gave the correct 
answer at the end of the intervention. This change after the intervention was found to be statistically 
significant (p<0.05). The question asked (How many grams of salt are in two portions of this product?) in the 
study was answered correctly by 33.3% of the students in the EG before the intervention and 93.3% after the 
intervention. This change in the calculations of students before and after the intervention was statistically 
significant. In addition, the question "How many grams of salt are in the whole product?" was answered 
correctly by 26.7% of the students in the EG before the intervention and 60.0% after the intervention. While 
the number of students who correctly answered this calculation question about salt on the sample food label 
increased after the intervention, this change was not found to be statistically significant (p>0.05). 

 
Table 6. The Situations of the Students in the EG to Calculate the Label Information on Food Products in the  

Pre-Test and Post-Test 
 
 

EG 
P* 

Pre-Test          Post-Test 
 n % n %  
How many servings is this product?      
Correct answer (36 servings) 4 26.7 12 80.0 

0.008 
Wrong answers 11 73.3 3 20.0 
Total 15 100.0 15 100.0  
      
How many grams of salt are in two portions of 
this product? 

    
 

Correct answer (2.7 g) 5 33.3 14 93.3 
0.004 

Wrong answers 10 66.7 1 6.7 
Total 15 100.0 15 100.0  
      
How many grams of salt are in this entire 
product? 

     

Correct answer (48.6 g) 4 26.7 9 60.0 
0.125 

Wrong answers 11 73.3 6 40.0 
Total 15 100.0 15 100.0  
*: Mc Nemar       

The column percentage has been taken, and each of the incorrect answers has been collected into a single heading. 
 
DISCUSSION 

  
Although the daily sodium and salt intake decreased in the EG after the intervention, the current 

sodium and salt intake was still found to be much higher than the WHO recommendations (sodium intake <2 
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g/day, salt intake 5 g/day). In this respect, educational intervention has not been fully effective in reducing 
salt intake. This may be due to students' unhealthy food choices and eating habits, such as fast food snack 
food consumption, as well as their inability to take an active role during the preparation and cooking of the 
foods they consume and their inability to control the amount of salt added to food. On the other hand, the 
sodium and salt intakes of the students in the CG increased slightly in the post-test compared to the pre-test. 
This situation is probably related to inappropriate eating habits, such as the consumption of snacks, 
processed foods, and fast food, which are common among university students.  

Similar to the results obtained from the study, in a study conducted for students and adults in China, 
salt intake decreased in the intervention group at the end of the intervention, while an increase occurred in 
the control group.15 In an intervention study conducted for homemakers in Japan, where there is excessive 
salt intake, salt intake in the pre-test was 10 g in the control group and 9.57 g in the intervention group; salt 
intake in the post-test was 10.30 g in the control group and 8.95 g in the intervention group. The study also 
suggests that the effects of cooking classes focusing on salt reduction for homemakers could be transferred 

to other family members.16 On the other hand, in a study conducted with children aged 10-12 in Portugal, at 
the end of the educational intervention, the average salt intake decreased by 0.4 g in the control group, 0.6 
g in the theoretical group, and 1.1 g in the application group.17 Continuous and effective interventions that 
involve the entire society starting from an early age can help reduce salt intake. 

In this current study, the researchers found that the daily salt intake of male students was 
significantly higher than that of female students. This situation is similar to the results of some studies 
conducted in Türkiye.8,9 In another study on the subject, it was determined that the sodium intake of young 
adults and male gender was higher.20 A systematic analysis covering 187 countries between 1990 and 2010 
also found that men's salt intake was 10% higher than women's.21 This may be due to the fact that women pay 
more attention to issues related to nutrition and health. On the other hand, there was no significant 
difference between salt intake and gender after the intervention. This may be an indication that intervention 
is effective in male students regarding salt intake. It may result from differences in motivation regarding 
education. 

After the intervention, the knowledge levels of the students in the EG about salt increased 
significantly, and their attitudes about salt changed positively. A four-week sodium intake reduction program 
applied to nursing students also significantly increased their knowledge levels about sodium.14 Similarly, a 
study conducted on university students in the United Arab Emirates exhibited a significant increase in 
students' knowledge and positive attitudes about salt after the educational sessions.13 In another study, 
significant improvements were observed in the post-intervention knowledge scores and some salt-related 
attitudes and behaviors of student pharmacists who participated in the salt education program.18 In an 
intervention study conducted in China, a one-year intervention significantly improved salt-related knowledge 
and attitudes, although the average effect of salt intake did not produce a significant change in the 
intervention group compared to the control group.19 As such, educational interventions can improve 
individuals' and society's nutritional knowledge and attitudes. These results are consistent with the findings 
of this current study. The rich content of the educational sessions in this intervention study may have been 
effective in the development of students' knowledge and attitudes about salt. 

When the effect of salt intake reduction intervention on practices was examined, positive changes 
were observed in the salt-related practices of the students in the EG. After the intervention, it was 
determined that the students in the EG paid more attention to the salt and sodium content of the foods they 
purchased and the warning messages about salt, and they more often purchased low-salt foods with warning 
messages about salt on the food labels. In this study, before the intervention, 6.7% of the students in the EG 
were paying frequent attention to the salt and sodium content of the foods they purchased. Similarly, 
another study conducted in Türkiye found that 5.7% of the participants frequently checked the salt/sodium 
content information on food labels during shopping, while about half did not check it at all.22  

In a study conducted with approximately 12.000 people in Italy, it was determined that less than 50% 
of the participants read the salt content on nutrition labels and purchased less salty food products.23 Similar 
to these studies, in this current study, it was observed that after the intervention, less than 50% of the 
students in the EG paid attention to the information about salt and sodium on the labels of the foods they 
purchased, and nearly 50% did not read this information on the labels. On the other hand, in this current study, 
after the intervention, more than 50% of students in EG stated that they always bought and often bought 
low-salt foods with warning messages about salt on food labels. Nevertheless, these changes in salt-related 
behavior of students in EG after the intervention are indicative of the positive effect of the intervention on 
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behaviors. Habits and food preferences that are ongoing and difficult to change in a short time, the idea that 
more time is needed to read food labels, and the fact that messages about salt on food labels do not attract 
enough attention may be the difficulties in university students to perform these behaviors. The limited variety 
of products with low salt content and the fact that these products are not very common may be obstacles to 
changing behavior. 

Additionally, in this current study, after the intervention, the frequency of those who paid attention 
to the warning messages about salt on food labels increased, while the frequency of those who did not do 
so decreased. However, labels in different formats, such as the traffic light label added to the front of the 
package regarding the sodium and salt content of the product, will help consumers distinguish between low 
and high-sodium products.24 The development and use of simple, effective, and consumer-friendly labeling 
models that enable consumers to easily understand the salt content of processed products may be effective 
in this regard. 

While 66.7% of the students in the EG used iodized salt in the pre-test, these values were found to be 
67.2% and 75.6%, respectively, in two studies conducted on university students in Türkiye. 25, 26 Although the 
majority of students in the EG used iodized salt, more than half of them stored the iodized salt in 
inappropriate conditions before the intervention. In fact, incorrect practices regarding the use of iodized salt 
at home and storage conditions cause iodine loss. The intervention provided in this respect and the sharing 
of information on the preservation and use of iodized salt has partially improved the practice. In the post-
test, approximately half of the students in the EG started to keep the salt in a cupboard away from the stove 
and away from sunlight to prevent iodine loss. Focusing on the importance of iodine and iodized salt in the 
intervention study helped to demonstrate correct behavior regarding the use and storage of iodized salt by 
increasing awareness about iodine. 

Therefore, it can be concluded that intervention had positive effects not only on knowledge, 
attitude, and salt-related practices but also on students' label reading and calculation skills. The rate of those 
who answered correctly to the three calculation questions asked after the intervention increased. 
Nevertheless, this increase was found to be statistically significant except for one question. As such, 
interventions focusing specifically on label information and calculations will help consumers make healthier 
food choices. Thus, consumers will be able to eat healthier by choosing foods containing less salt, sugar, fat, 
and energy. 

 
CONCLUSION 
  

This study showcased that the intervention given to reduce salt intake was effective in increasing 
university students' level of knowledge about salt and developing positive attitudes, as well as improving 
their ability to read food labels.  

Increases in knowledge and attitude levels were not fully reflected in practice. Despite the positive 
changes in practice, the expected decrease in students' daily salt intake after the intervention did not occur. 
This study reveals that intervention alone may not be sufficient to reduce salt intake and that effective and 
versatile practices that will encourage behavioral change should be continued. Changing eating habits and 
practices can be achieved by applying long-term behavior modification methods. Education should, thus, be 
sustainable to increase mindful awareness.  

On the other hand, in the food industry, reducing the salt content of processed foods, making special 
labels for people to make healthy food choices, taxing high-sodium foods, and conducting community-based 
education studies in special groups may be effective in achieving the targets recommended by WHO.  
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