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Abstract

:

The association between salt-related knowledge, attitude, behaviour (KAB) and actual salt consumption in Greek adults is uncertain. This study investigates the correlation between salt intake, gauged by 24-h urinary sodium excretion, with salt-related KAB. It further explores how socio-demographic factors influence these behaviors. Salt consumption was evaluated using a 24-h urinary sodium test, and compared to self-reported KAB data. Knowledge and behavior scores related to salt were computed. An overall cohort-adjusted model examined the relationship between daily salt consumption, knowledge and behavior scores, and certain covariates. Through the stratification by the cohort random effect, two models were established (Cohort I Adults; Cohort II Students) examining the same relationships of the overall cohort model. 463 Greek adults participated. The average salt intake was 9.54 g/day, nearly double the WHO recommendation. Significant differences in knowledge scores were noted based on sex, age, education, and BMI. A trend suggesting lower discretionary salt use with increased salt intake was observed (p = 0.06). However, comprehensive analysis revealed no direct correlation between salt intake and either knowledge (p = 0.562) or behavior scores (p = 0.210). The results emphasize the need for food product reforms by industry stakeholders and accelerated efforts towards reducing salt intake.
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1. Introduction


The overconsumption of salt is a well-established and significant determinant of blood pressure (BP), accounting for approximately 30% of hypertension prevalence worldwide [1]. Regardless of BP status, the evidence suggests an approximately linear association between dietary sodium intake and a decrease in both systolic and diastolic BP [2]. In the World Health Organization (WHO) Global Action Plan for the Prevention and Control of Noncommunicable Diseases (NCDs), the WHO Member States have agreed on the voluntary global target of a 30% relative reduction in mean population salt intake by 2025 [3]. In fact, even a modest reduction in salt intake can have beneficial effects on BP and considerable health benefits at the population level despite hypertensive status, sex, and ethnic group [4], and indirectly reduce overall mortality at a low cost [5].



The latest census in Greece has provided evidence of an increasing death rate from circulatory system diseases, rising from 10.0% in 1938 to 34.9% in 2020 [6]. The prevalence of hypertension among Greek adults is high [7,8] and varies significantly across different age groups within each sex [7]; furthermore, high blood pressure has also been reported among Greek children [9]. Regarding salt intake, both adults [10,11] and children [7] have a salt consumption well above the no more than 5 g of salt per day recommendation by WHO [12]. High blood pressure levels have also been reported in children [9]. However, data on salt intake estimated with the use of 24 h urine collection from a nationally representative sample in Greece is still lacking. The Hellenic National Nutrition and Health Survey (HNNHS) has assessed the contribution of salt from processed foods alone to total salt intake and found that the cereals group (processed cereals and bread) is a major driver of overall salt intake [11]. The contribution of discretionary salt to overall intake has not been estimated in Greece yet.



The Greek Salt Reduction Strategy, in line with the general EU strategy [13], has identified consumer education and awareness campaigns on salt intake and its implications as a key pillar. However, based on the latest available scientific evidence and in accordance with the country’s actual situation [14], it is imperative to prioritize specific salt-related initiatives to insure a cost-effective use of resources. While acknowledging the importance of consumers’ awareness, it is unclear to what extent salt-related knowledge and attitude can actually lead to a decrease in salt intake. In the review by Spronk et al. [15] on nutrition knowledge and dietary intake, most studies found some positive relationship between self-reported knowledge and dietary intake, which was later confirmed by more recent studies [16,17]. On the contrary, other research suggests that measured salt intake is inconsistent with people’s knowledge, attitude, and reported salt-related knowledge, attitude, and behaviour (KAB). Several scientific studies have focused on either salt intake or salt-related KAB (e.g., [18]), however, fewer have explored the association between these variables.



Therefore, the objective of this study was to evaluate the association between salt intake, assessed by 24 h urinary sodium excretion, and salt-related KAB among adults in central and northern Greece, and to analyze variations in salt-related KAB based on different socio-demographic characteristics.




2. Materials and Methods


2.1. Description of the Study—Study Population


The present used cross-sectional data on salt-related knowledge, attitude and be-haviour, and salt intake among adults in central and northern Greece. The dataset combined information from two cohorts: the first cohort encompassed the general pop-ulation in northern Greece, specifically the Thessaloniki greater metropolitan area (the salt intake data but not the KAB data from this cohort has been previously published [10]), while the second cohort comprised undergraduate students from the Aristotle University of Thessaloniki (Thessaloniki, Greece), the Alexander Technological and Educational Institute of Thessaloniki (Thessaloniki, Greece) and the Technological and Educational Institute of Thessaly (Karditsa, Greece). The same study protocol was applied to both cohorts to ensure uniformity. Data collection for the first cohort occurred from February 2015 to March 2016 and for the second cohort between April 2016 and February 2017. Notably, no urinary samples were collected during festive seasons; however, samples could be obtained on both working days and weekends.



Recruitment of volunteers in the first cohort was carried out at various sites and venues [10], whereas in the second cohort, recruitment was done exclusively at the premises of higher educational institutes/universities. In the first cohort, 252 individuals were included in the analyses (of which 52 were students from the Aristotle University of Thessaloniki). In the second cohort, following the same strict quality control procedures, 211 participants were eligible to be included in the analysis (a. Aristotle University of Thessaloniki (n = 81), b. International Hellenic University (n = 43) and c. the University of Thessaly (n = 87)). The total number of students in both cohorts was 263.



Pregnant and lactating women as well as individuals with a medical diagnosis of hypertension (whether on an anti-hypertensive treatment or not), diabetes mellitus as well as those with heart, liver, renal, gastrointestinal, or neoplastic diseases were excluded from the study.



Participation in this study was voluntary and anonymous. Participants were free to withdraw at any time. All participants provided informed consent and ethics approval was granted by the Ethics Committee of the Alexander Technological and Educational Institute of Thessaloniki [10] which is now merged with the International Hellenic University. No financial incentive was offered to participants.




2.2. Anthropometric Data and Salt Intake Estimation


Height and weight were measured in subjects wearing lightweight clothing and without shoes. Body weight measurements were obtained using a Tanita BWB-800S digital scale, and body height was measured using a stable stadiometer. Body mass index (BMI) was calculated as weight (kg)/height2 (m2). Waist circumference (cm) was measured around the midpoint between the costal margin and the iliac crest during expiration.



Salt intake in both cohorts followed exactly the same strict protocol [10] and validation criteria to avoid over and under urinary collections. Participants were provided with required equipment, along with verbal and written instructions, to facilitate the collection of the single 24-h urine sample. Urine collections were rejected if the participant admitted that a sample was missed from the collection or if the timing of the collection fell outside the range of 23–25 h. Urine collections were also suspected to be inaccurate if urinary volumes were <500 mL or if urinary creatinine (UCr) was less than 2 standard deviations from the sex-specific mean.



For each individual, the 24-h sodium excretion value was calculated as the concentration of sodium in the urine (mmol/L) multiplied by the urinary volume (L/day). In order to convert the urinary output to dietary intake, the urinary excretion of sodium values (mEq/day) was first converted to mg/day. Then, sodium values were multiplied by 1.05 to estimate sodium intake to allow for non-urinary sodium losses, as previously described [10].



Urine analyses in both cohorts were performed in the same lab by the same investigator. The urine volume of the 24-h collection was measured and a 10 mL aliquot was stored at −20 °C until analysis. Urinary sodium excretions were determined by ion-selective electrode potentiometry (ATVIA 1800 Siemens, ISE buffer Siemens AG, Munich, Germany) and by taking into account the exact 24-h adjusted urinary volume. Creatinine was measured using the Jaffe method (ATVIA 1800 Siemens AG, Munich, Germany).




2.3. Assessment of Knowledge, Attitude, and Behaviour Related to Salt


On the day the investigators collected 24-h urine samples, participants were asked to fill in a self-administered questionnaire regarding salt-related KAB, previously developed by the Hellenic Food Authority and used in a nationally representative sample of Greek adults in 2011 (Questionnaire) [19]. The original questionnaire included seventeen pre-coded questions. However, the statistical analyses in this study only included: five questions assessing salt-related knowledge (of which two had an additional open-ended sub-question), four questions in relation to attitudes towards salt, and four questions evaluating self-reported behaviour. Questions related to the presentation of salt/sodium content on the Nutrition Declaration Table were removed as they are no longer relevant. This study was conducted after the full implementation of the European Legislation (Regulation (EU) 1169/2011) which clearly specifies how the information on the salt content on food labels should be presented to consumers.




2.4. Score Calculations


In terms of knowledge assessment, a “knowledge score” was calculated by assigning a maximum of 5 points to each knowledge-related question. A total score of 5 points was allocated to participants who accurately identified the maximum daily salt intake recommended by experts, 3 points if they acknowledged the existence of recommendations but were unsure about the correct amount, and 0 points if they were unaware of the recommendations or believed that no recommendations existed. Regarding salt recommendations for children, 5 points were given if they indicated that children should consume less salt than adults, 3 points if they answered, “same amount as adults” and 0 points for “more salt” or “do not know”. In assessing the relationship between salt and sodium, 5 points were given for accurate knowledge of the relationship, 3 points for acknowledging the existence of a relationship without specifying it, and 0 points for lack of knowledge or denial of a relationship between salt and sodium. Regarding the association between high salt and serious health problems, 5 points were given for “Yes, there is an association” and 0 points for “No association” or “I do not know”. Lastly, regarding the association between high salt and in particular hypertension, 5 points were allocated for “high association”, 3 points for “possible association” and 0 points for “No association” or “I do not know”. Hence, salt-related knowledge scores ranged from 0 to 25 points.



In regard to salt-related behaviour, a score was calculated to assess the discretionary addition of salt. Five points were allocated if the participants “never” add salt during cooking, 3 points if they add salt “less than half of the meals”, 1 point if “more than half of the meals” and 0 if “always” or “I do not know/I do not cook”. Similarly, 5 points were allocated if “never” or “very rarely” add salt at the table, 3 points if this happens “less than half of the meals”, 1 point if “more than half of the meals” and 0 if “always”. The discretionary salt use score ranged from 0 to 10. The higher the score, the more consistent the knowledge and behaviour with national and international recommendations and policies.




2.5. Statistical Analyses


Categorical variables were presented as frequencies and percentages and continuous variables were given as mean with standard deviation. Univariate analyses were per-formed; the Kruskal-Wallis non-parametric test was used instead of ANOVA Test when the assumption of equal variance was violated. The multivariable mixed effect model was carried out to analyze the factors influencing the scores of salt-related knowledge and behavior by defining the random effects of the cohort. An overall cohort-adjusted model was calculated to assess the relation between salt consumption gr/day and knowledge, behavior scores, and such selected covariates (BMI; Sex and age in tertiles). Two models were created to investigate the same relationships as in the overall model, each stratified by a different random effect for cohorts: one for adults (Cohort I) and another for students (Cohort II). All descriptive statistics were analyzed using SPSS version 28.0, univariate and multivariable analyses were performed using R version 4.1.3. A p-value of <0.05 was considered statistically significant.





3. Results


3.1. Characteristics of Participants


The final sample comprised 463 participants from both cohorts: students from three universities/higher educational institutes and a general adult population (93% of the initial sample), of whom 268 (57.9%) were female. Figure 1 shows the quality control procedure carried out to ensure valid urine data in the analyses. The mean age was 35.1 years (SD ± 17.6), with a minimum and maximum of 18 and 76 years, respectively.



Table 1 provides the participant characteristics alongside salt intake distribution estimated from the 24-h urine collection.




3.2. Salt Intake Consumption


The mean salt intake estimated in this study, after combining data from two cohorts, was 9.54 g/day (10.94 g/day for males, 8.53 g/day for females). A small proportion of the samples (n = 61) (total: 13%, male: 6%, female: 19%) demonstrated compliance with the WHO recommendations of no more than 5 g of salt per day, with the majority of these individuals being female students (n = 43). In nearly half of the total sample (n = 218), daily salt intake ranged between 5.1 and 10 g per day (total: 47%, males: 44%, females: 49%), while in 40% of the total sample, salt intake was more than twice the WHO salt recommendations for adults (Table 1).




3.3. Sociodemographic Characteristics and Knowledge and Attitudes Scores


Only a minority of participants, specifically 55 individuals (11.9%), demonstrated accurate knowledge of the recommended salt intake for adults: 20 (10.3%) males and 35 (13.1%) females. In comparison to males, females were on average more knowledgeable presenting higher scores (34.17 ± 10.47 versus 31.57 ± 10.15; p = 0.009). The mean knowledge score was higher for people under 45 years old (33.37 ± 9.16 and 36.88 ± 9.89 compared to those who were 45 years old or older (28.91 ± 10.45) (p < 0.001). Considering the WHO standards for BMI categories, participants with a normal BMI (<25 kg/m2) had higher mean knowledge scores (34.57 ± 10.01) compared to those who were overweight (25.0–29.9 kg/m2) (31.0 ± 10.88) and obese (≥30.0 kg/m2) (31.43 ± 10.05), respectively (p = 0.002) (Table 2).



Regarding the behavior scores, a significant statistical difference was found between the age tertiles (p = 0.01). Participants between 22 to 44 years exhibited a higher mean behavior score than the age groups 45 years or older and under 21 years. There was no significant statistical difference between salt consumption and knowledge (p = 0.3) and behavior score (p = 0.06) (Table 2).



The findings of the mixed model analysis using salt consumption as a continuous dependent variable are presented in Table 3. According to the mixed model analysis, overall, there was a positive correlation between salt intake and BMI (β = 0.26; 95% CI: 0.17, 0.35; p < 0.001), suggesting that the higher their BMI, the more salt a person consumes. Additionally, compared to males, females demonstrated a significantly lower salt consumption (β = −2.1; 95% CI: −2.9, −1.4; p < 0.001). Regarding the salt consumption and knowledge (p = 0.562) and behavior scores (p = 0.210), no significant correlation was observed.




3.4. Attitude and Perception Regarding the Salt Content


Only 163 participants (35.6%) reported that salt reduction is “very important” for them, while 224 (48.9%) indicated “less importance” and 71 (15.5%) “no importance” regarding dietary salt intake (Table S1).



Approximately 45% of the participants held the belief that their salt intake was either lower or appropriate, while 24% perceived that their salt consumption was the recommended amount. Only 26.8% of the respondents thought that they consume more than the right amount and only 2.4% perceived their salt intake as “very high”.



The majority of participants (73.0%) stated that they made daily efforts to control their intake of salt intake. When they were asked to elaborate on these efforts, 32.2% indicated that they avoided or limited the consumption of processed foods, 42.5% reported that they did not add salt to their plates at the table, 16.4% reported that they used herbs or spices, and 24.0% of them desalted foods high in salt before eating them (Table S2). More than half of the participants (60.2%) agreed that the salt content of the food served in restaurants, taverns, and canteens was high or very high, but only a few (15.3%) claimed that one of the precautions they took to control their salt intake was to avoid eating out (Table S2).



Additionally, 35.2% of the participants claimed that they read the nutrition declaration table on food packaging more than half of the time or always, while approximately 25.5% of them stated that they never read the nutrition information on food labels (Table S1). Almost half of the participants (47.2%) indicated that they would like a clear, specific warning on high-salt foods (Table S2). Furthermore, 46.1% of the respondents also preferred an indication of the salt content of dishes on restaurant menus (Table S2). Among those who considered very important the reduction of salt in their diet, only 10.4% claimed that they always read, and 32.5% read more than half of the times the nutrition information on the food packaging (Table S1).





4. Discussion


This is the first study in Greece that investigated the association between salt intake based on a single 24 h urine collection and self-reported knowledge, attitude, and behaviour regarding salt. The primary observation of this study was that there was no correlation between salt intake and knowledge. Another important finding was that in nearly half of the total sample (n = 218), daily salt intake ranged between 5.1 and 10 gr/day, while in 40% of the total sample, salt intake was more than twice the WHO salt recommendations threshold for adults. Interestingly, only 26.8% of the respondents thought that they consume more than the right amount, only 2.4% perceived their salt intake as “very high”, and only 35.6% reported that salt reduction is very important for them.



In Europe and numerous high-income countries, a substantial proportion of sodium intake (70–80%) comes from the addition of salt during food manufacturing processes and food preparation in restaurants and mass catering establishments [1,20]. Our study suggests that current salt-related knowledge might be inadequate and insufficient to change behaviours and salt consumption. This highlights the need for prioritizing reformulation initiatives at the food industry and suppliers’ level, and establishing maximum salt content regulations, especially for processed foods that significantly contribute to overall dietary salt intake, which should come through in parallel with education programmes at a population level.



Food product improvement has been a priority in the European Union [21]. Recent studies have summarized the different strategies for reformulating foods to decrease salt content, highlighting the feasibility of reducing salt in processed items, such as bread and processed meats, without significantly affecting consumer acceptability [22,23]. However, in recent years there have been no revisions to the national Greek Food and Drink Code regarding the salt content of processed foods, primarily due to ongoing debate that prioritizes allocating resources towards consumer awareness initiatives. This study provides evidence supporting the need of accelerating food reformulation efforts, with the cereal-based products being of particular interest in the EU countries as showed in previous studies (e.g., [24]). A recent study [25] showed that reducing the salt content of bread, with or without dietary counseling, successfully reduced dietary salt intake without adversely affecting the dietary nutritional quality.



The results from our study are in accordance to previous studies in Greece [19,26], which showed that females appeared to have better salt-related knowledge than males. Surprisingly, this better knowledge did not translate into improved behavior regarding the use of discretionary salt. Students, university graduates, and people with lower BMI appeared to have more knowledge compared to other adults, and the same held true with respect to higher-educated individuals and people with lower BMI. However, only BMI had a positive correlation with salt intake. The positive correlation found between salt intake and BMI, albeit expected [27], is of great concern since obesity and high salt intake are two common risk factors strongly associated with non-communicable diseases, such as hypertension even in young adults [28].



Even though the majority of participants in this study consider making efforts on a daily basis to reduce salt intake, most do not seem to take concrete actions, which demonstrates the complexity of behaviour change and the difficulty of individuals to effectively control their salt intake. While various behavioural strategies to reduce salt (such as memory process strategy, gradual salt reduction strategy, and swap to low-salt food strategy) exist as described in a recent review by Nurmilah et al. [29], so far, such strategies have not been implemented at a population level in Greece. For example, most of the participants in this study reported that they did not limit the consumption of salt-rich processed foods and they did not buy low-salt food and low-sodium salt, although they were considering the reduction of salt consumption of importance. Therefore, since the intention to lower salt intake appears to exist, better labelling of the salt content of processed foods might be needed to facilitate and empower consumers to make healthier choices.



Less than half of the participants stated that they always or frequently read the nutrition information on the food labels. Interestingly, nearly half of the participants expressed the need to have clearer and more direct information regarding the food salt content, namely warnings on food packages (Front of Pack Nutrition Label, FOPNL) of foods high in salt, as well as salt content indications of the dishes in restaurants menus. Since the preference or understanding of different FOPNL schemes was not evaluated in this study, the preference of the study participants for warning symbol can only be viewed as participants’ preference to have a better labelling of nutrition information. So far, there is no consensus in the EU as to which FOP labelling system may be most effective.



During meal preparation, a minority of participants reported replacing salt with herbs or spices. Considering the trend observed in this study between discretionary salt use (behaviour score) and dietary salt intake, it is advisable to implement customized awareness initiatives aimed at promoting the substitution of salt with herbs, spices, and other sodium-free condiments in Greece. These awareness actions should be designed to target both household settings and mass catering establishments.



Although participants perceived meals provided in restaurants, taverns, and canteens as being high in salt content, the majority of participants stated they don’t refrain from dining out. In light of the increasing trend of consuming meals prepared outside of the home, especially through online food delivery services [30], which often provide energy-dense and high-in-salt meals, it is crucial to expedite awareness initiatives to reduce the salt content targeting those involved in mass catering, alongside food reformulation and effective regulations.



The main strength of this study was the use of 24-h urine sodium excretion to estimate salt intake. The association of salt intake with salt-related knowledge and self-reported behaviour was investigated for the first time in Greece, which could contribute together with other studies to the design of salt reduction policies and future actions. However, there are some limitations that should be acknowledged. Firstly, the sample was not nationally representative. The two cohorts included were from specific geographical areas of Greece (central and northern Greece) and included a large number of students. Consequently, our findings cannot be generalized to the whole country. Salt intake was estimated with the use of only one 24 h urine collection which is not expected to reflect the daily variation in salt intake and excretion in individual participants; however, it is the gold standard method for assessing salt intake at a population level. At present, there is no gold standard method for establishing a KAB score specifically pertaining to salt. Therefore, it is advisable that future research focuses on validating a salt-related KAB scoring system. Since the knowledge, attitude, and behaviour of participants were self-reported, the possibility of response bias due to social desirability cannot be ruled out. This study was based on a cross-sectional design and as a result, we were unable to detect causality between dietary knowledge/behaviour and salt intake assessed by 24 h sodium excretion. This may be due to lack of precision in characterizing an individual’s salt intake using a single 24 h urine collection because the intra-individual (day-to-day) variability in salt consumption often exceeds the between-individual (from person-to-person) variability in salt consumption [31]. Finally, we cannot exclude the possibility of other potential confounders which might have not been considered in this study.




5. Conclusions


The majority of participants had salt intakes well above the WHO recommendations, yet less than one-third considered salt reduction as highly important for their own health. Moreover, the participants’ limited salt-related knowledge suggested the potential for salt-related KAB improvement. Additionally, improving salt labelling on processed packaged food and the inclusion of salt content information for meals provided at restaurants and mass catering establishments, appeared to be preferred by many participants as a means to assist them in reducing their salt intake. These findings point to the need for food product reformulation by food industry and suppliers, alongside expediting measures and actions in this direction.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu15194114/s1, Questionnaire: Questionnaire on knowledge, attitude and behaviour with regard to salt; Table S1: Descriptive statistics of question 13, “Do you read the nutrition information on food packaging” and question 10, “How important is the reduction of salt in your diet” (in combination and separately); Table S2: Attitude and perception regarding the salt content.





Author Contributions


G.M.: Supervision, conceptualization, writing-original draft; A.M.D.: Writing—original draft; A.C.: Data curation, formal analysis; E.M.: Writing-original draft; E.V.: Writing—review & editing; L.K.: Writing—review & editing, C.T.: Writing-original draft; P.S.: Writing—review & editing; S.K.P.: Writing—review & editing; N.E.R.: Writing—review & editing; M.H.: Writing—review & editing; A.Z.: Writing—review & editing; F.P.C.: Writing—review & editing; J.B.: Writing—review & editing. All authors have read and agreed to the published version of the manuscript.




Funding


The WHO Regional Office for Europe provided financial support for the publication of this study. The authors alone are responsible for the content and views expressed in this publication, and they do not necessarily represent the decisions, policies, or views of the Hellenic Food Authority or of the World Health Organization.




Institutional Review Board Statement


Participation was voluntary and anonymous. Participants were free to withdraw at any time. All participants provided informed consent, and the Alexander Technological and Educational Institute of Thessaloniki Ethics Committee granted ethics approval [10]. No financial incentive was offered to participants.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on reasonable request from the corresponding author.




Acknowledgments


All authors would like to express their gratitude to the students involved in data collection (Arnaout Gulnaz, Alexandra Kostoula, Marios Papadimitriou, Triantafyllia Papadimitropoulou, Natalia Rozakou-Soumalia, Stylianos Vafeiadis) and to those contributing to this paper (Maria Francisca Gomes, Matilde Vicente, Raquel Henriques).




Conflicts of Interest


F.P.C. receives part of his salary through a research grant from the NIHR, is a technical advisor to the World Health Organization, an unpaid member of Action on Salt and WASSH and Past-President of the British and Irish Hypertension Society (2017-19). All other authors declare that they have no competing interests.




References


	



Campbell, S.M.; Sheaff, R.; Sibbald, B.; Marshall, M.N.; Pickard, S.; Gask, L.; Halliwell, S.; Rogers, A.; Roland, M.O. Implementing Clinical Governance in English Primary Care Groups/Trusts: Reconciling Quality Improvement and Quality Assurance. Qual. Saf. Health Care 2002, 11, 9–14. [Google Scholar] [CrossRef] [PubMed]

	



Filippini, T.; Malavolti, M.; Whelton, P.K.; Naska, A.; Orsini, N.; Vinceti, M. Blood Pressure Effects of Sodium Reduction: Dose-Response Meta-Analysis of Experimental Studies. Circulation 2021, 143, 1542–1567. [Google Scholar] [CrossRef] [PubMed]

	



WHO. Global Action Plan for the Prevention and Control of Noncommunicable Diseases: 2013–2020; WHO: Geneva, Switzerland, 2013; ISBN 978-92-4-150623-6.

	



He, F.J.; MacGregor, G.A. Effect of Modest Salt Reduction on Blood Pressure: A Meta-Analysis of Randomized Trials. Implications for Public Health. J. Hum. Hypertens. 2002, 16, 761–770. [Google Scholar] [CrossRef] [PubMed]

	



Webster, J.L.; Li, N.; Dunford, E.K.; Nowson, C.A.; Neal, B.C. Consumer Awareness and Self-Reported Behaviours Related to Salt Consumption in Australia. Asia Pac. J. Clin. Nutr. 2010, 19, 550–554. [Google Scholar] [PubMed]

	



Hellenic Statistical Authority (ELSTAT). Causes of Death: Year 2020. Available online: https://www.statistics.gr/documents/20181/7362cdf6-c0d0-ffd3-d27d-c042ddc4cd71 (accessed on 28 August 2023).

	



Magriplis, E.; Farajian, P.; Pounis, G.D.; Risvas, G.; Panagiotakos, D.B.; Zampelas, A. High Sodium Intake of Children through “hidden” Food Sources and Its Association with the Mediterranean Diet: The GRECO Study. J. Hypertens. 2011, 29, 1069–1076. [Google Scholar] [CrossRef]

	



Stergiou, G.S.; Menti, A.; Kalpourtzi, N.; Gavana, M.; Vantarakis, A.; Chlouverakis, G.; Hajichristodoulou, C.; Trypsianis, G.; Voulgari, P.V.; Alamanos, Y.; et al. Prevalence, Awareness, Treatment and Control of Hypertension in Greece: EMENO National Epidemiological Study. J. Hypertens. 2021, 39, 1034–1039. [Google Scholar] [CrossRef]

	



Karatzi, K.; Protogerou, A.D.; Moschonis, G.; Tsirimiagou, C.; Androutsos, O.; Chrousos, G.P.; Lionis, C.; Manios, Y. Prevalence of Hypertension and Hypertension Phenotypes by Age and Gender among Schoolchildren in Greece: The Healthy Growth Study. Atherosclerosis 2017, 259, 128–133. [Google Scholar] [CrossRef]

	



Vasara, E.; Marakis, G.; Breda, J.; Skepastianos, P.; Hassapidou, M.; Kafatos, A.; Rodopaios, N.; Koulouri, A.A.; Cappuccio, F.P. Sodium and Potassium Intake in Healthy Adults in Thessaloniki Greater Metropolitan Area-The Salt Intake in Northern Greece (SING) Study. Nutrients 2017, 9, 417. [Google Scholar] [CrossRef]

	



Mitsopoulou, A.V.; Magriplis, E.; Michas, G.; Micha, R.; Chourdakis, M.; Chrousos, G.P.; Roma, E.; Panagiotakos, D.B.; Zampelas, A.; Karageorgou, D.; et al. Micronutrient Dietary Intakes and Their Food Sources in Adults: The Hellenic National Nutrition and Health Survey (HNNHS). J. Hum. Nutr. Diet. 2021, 34, 616–628. [Google Scholar] [CrossRef]

	



WHO. Guideline: Sodium Intake for Adults and Children; WHO: Geneva, Switzerland, 2012; ISBN 978-92-4-150483-6.

	



European Commission. Implementation of the EU Salt Reduction Framework–Results of Member States Survey; Publications Office of the European Union: Luxembourg, 2012.

	



WHO. Global Status Report on Noncommunicable Diseases 2014: Attaining the Nine Global Noncommunicable Diseases Targets; a Shared Responsibility; WHO: Geneva, Switzerland, 2014; ISBN 978-92-4-156485-4. [Google Scholar]

	



Spronk, I.; Kullen, C.; Burdon, C.; O’Connor, H. Relationship between Nutrition Knowledge and Dietary Intake. Br. J. Nutr. 2014, 111, 1713–1726. [Google Scholar] [CrossRef]

	



Johnson, C.; Mohan, S.; Rogers, K.; Shivashankar, R.; Thout, S.R.; Gupta, P.; He, F.J.; MacGregor, G.A.; Webster, J.; Krishnan, A.; et al. The Association of Knowledge and Behaviours Related to Salt with 24-h Urinary Salt Excretion in a Population from North and South India. Nutrients 2017, 9, 144. [Google Scholar] [CrossRef]

	



Fan, F.; Li, Y.; Li, L.; Nie, X.; Zhang, P.; Li, Y.; Luo, R.; Zhang, G.; Wang, L.; He, F.J. Salt-Related Knowledge, Attitudes, and Behaviors and Their Relationship with 24-Hour Urinary Sodium Excretion in Chinese Adults. Nutrients 2022, 14, 4404. [Google Scholar] [CrossRef]

	



Al-Mawali, A.; D’Elia, L.; Jayapal, S.K.; Morsi, M.; Al-Shekaili, W.N.; Pinto, A.D.; Al-Kharusi, H.; Al-Balushi, Z.; Idikula, J.; Al-Harrasi, A.; et al. National Survey to Estimate Sodium and Potassium Intake and Knowledge Attitudes and Behaviours towards Salt Consumption of Adults in the Sultanate of Oman. BMJ Open 2020, 10, e037012. [Google Scholar] [CrossRef]

	



Marakis, G.; Tsigarida, E.; Mila, S.; Panagiotakos, D.B. Knowledge, Attitudes and Behaviour of Greek Adults towards Salt Consumption: A Hellenic Food Authority Project. Public. Health Nutr. 2014, 17, 1877–1893. [Google Scholar] [CrossRef] [PubMed]

	



Bhat, S.; Marklund, M.; Henry, M.E.; Appel, L.J.; Croft, K.D.; Neal, B.; Wu, J.H.Y. A Systematic Review of the Sources of Dietary Salt Around the World. Adv. Nutr. 2020, 11, 677–686. [Google Scholar] [CrossRef] [PubMed]

	



Council Conclusions on Food Product Improvement (OJ C, C/269, 23.07.2016, p. 21, CELEX). Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52016XG0723(01) (accessed on 28 August 2023).

	



Onyeaka, H.; Nwaiwu, O.; Obileke, K.; Miri, T.; Al-Sharify, Z.T. Global Nutritional Challenges of Reformulated Food: A Review. Food Sci. Nutr. 2023, 11, 2483–2499. [Google Scholar] [CrossRef] [PubMed]

	



Jaenke, R.; Barzi, F.; McMahon, E.; Webster, J.; Brimblecombe, J. Consumer Acceptance of Reformulated Food Products: A Systematic Review and Meta-Analysis of Salt-Reduced Foods. Crit. Rev. Food Sci. Nutr. 2017, 57, 3357–3372. [Google Scholar] [CrossRef] [PubMed]

	



Martini, D.; Strazzullo, P.; Serafini, M.; Porrini, M.; Pellegrini, N.; Angelino, D. SINU Young Working Sodium Content in Cereal-Based Products Sold in Italy: How Far Are We from the Global Benchmarks? Nutrients 2022, 14, 3088. [Google Scholar] [CrossRef] [PubMed]

	



Riis, N.L.; Lassen, A.D.; Bjoernsbo, K.; Toft, U.; Trolle, E. Dietary Effects of Introducing Salt-Reduced Bread with and without Dietary Counselling-A Cluster Randomized Controlled Trial. Nutrients 2022, 14, 3852. [Google Scholar] [CrossRef] [PubMed]

	



Marakis, G.; Katsioulis, A.; Kontopoulou, L.; Ehlers, A.; Heimberg, K.; Hirsch-Ernst, K.I.; Langerholc, T.; Adamska, H.; Matyjaszczyk, E.; Silva, K.D.R.; et al. Knowledge, Attitude and Behaviour of University Students Regarding Salt and Iodine: A Multicentre Cross-Sectional Study in Six Countries in Europe and Asia. Arch. Public. Health 2021, 79, 68. [Google Scholar] [CrossRef]

	



Jaime-Lara, R.B.; Franks, A.T.; Agarwal, K.; Nawal, N.; Courville, A.B.; Guo, J.; Yang, S.; Brooks, B.E.; Roy, A.; Taylor, K.; et al. No Significant Salt or Sweet Taste Preference or Sensitivity Differences Following Ad Libitum Consumption of Ultra-Processed and Unprocessed Diets: A Randomized Controlled Pilot Study. Chem. Senses 2023, 48, bjad007. [Google Scholar] [CrossRef]

	



Meher, M.; Pradhan, S.; Pradhan, S.R. Risk Factors Associated with Hypertension in Young Adults: A Systematic Review. Cureus 2023, 15, e37467. [Google Scholar] [CrossRef] [PubMed]

	



Nurmilah, S.; Cahyana, Y.; Utama, G.L.; Aït-Kaddour, A. Strategies to Reduce Salt Content and Its Effect on Food Characteristics and Acceptance: A Review. Foods 2022, 11, 3120. [Google Scholar] [CrossRef] [PubMed]

	



Keeble, M.; Adams, J.; Burgoine, T. Changes in Online Food Access during the COVID-19 Pandemic and Associations with Deprivation: Longitudinal Analysis. JMIR Public. Health Surveill. 2023, 9, e41822. [Google Scholar] [CrossRef]

	



Liu, K.; Dyer, A.R.; Cooper, R.S.; Stamler, R.; Stamler, J. Can Overnight Urine Replace 24-Hour Urine Collection to Asses Salt Intake? Hypertension 1979, 1, 529–536. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 15 04114 g001] 





Figure 1. Flow chart of study participants. 
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Table 1. Characteristics of the participants and the salt intake distribution by cohort, sex, and in total.
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Total (n = 463)

	
Cohort I Adults

(Excl. Students) (n = 200)

	
Students (Both Cohorts)

(n = 263)




	
Male

	
Female

	
Total

	
Male

	
Female

	
Male

	
Female




	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD






	
Age (years)

	
36.4 ± 17.7

	
34.2 ± 17.4

	
35.1 ± 17.6

	
52.3 ± 12.6

	
53.9 ± 11.1

	
21.7 ± 2.9

	
21.4 ± 1.8




	
Height (cm)

	
178.1 ± 7.2

	
164.2 ± 6.2

	
170.1 ± 9.6

	
176.9 ± 6.7

	
162.2 ± 6.5

	
179.3 ± 7.4

	
165.5 ± 5.7




	
Weight (kg)

	
82.1 ± 14.5

	
65.9 ± 12.7

	
72.8 ± 15.7

	
87.2 ± 13.3

	
73.4 ± 12.6

	
77.4 ± 13.9

	
62.1 ± 10.4




	
BMI (kg/m2)

	
25.8 ± 4.1

	
24.5 ± 4.9

	
25.1 ± 4.6

	
27.8 ± 3.7

	
27.9 ± 4.8

	
24.0 ± 3.6

	
22.3 ± 3.5




	
Waist Circumference (cm)

	
89.5 ± 13.4

	
76.9 ± 11.6

	
82.2 ± 13.9

	
97.4 ± 11.6

	
85.1 ± 12.4

	
82.5 ± 10.8

	
71.8 ± 7.3




	

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)




	
Daily Salt Intake (Tertiles)

	

	

	

	

	

	

	




	
I (≤7.54)

	
6.01

(2.0–7.5)

	
5.3

(1.2–7.5)

	
5.5

(1.2–7.5)

	
6.0

(2.0–7.4)

	
5.8

(2.1–7.4)

	
5.8

(2.8–7.5)

	
4.9

(1.2–7.5)




	
II (7.57–10.63)

	
9.3

(7.6–10.6)

	
8.9

(7.6–10.6)

	
9.1

(7.6–10.6)

	
9.4

(7.7–10.6)

	
9.05

(7.6–10.6)

	
9.1

(7.6–10.4)

	
8.9

(7.7–10.6)




	
III (≥10.64)

	
13.5

(10.6–28.5)

	
12.8

(10.6–21.6)

	
13.3

(10.6–28.5)

	
13.6

(10.6–28.5)

	
13.4

(10.6–21.6)

	
12.8

(10.8–27.3)

	
12.3

(10.7–19.6)




	

	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
N (%)




	
Level of education (%)

	

	

	

	

	

	

	




	
Secondary

(non-students)

	
44 (23%)

	
65 (24%)

	
109 (23%)

	
44 (47%)

	
65 (61%)

	

	




	
Students

	
101 (52%)

	
162 (61%)

	
263 (57%)

	

	

	
101 (100%)

	
162 (100%)




	
Tertiary (graduates)

	
50 (25%)

	
41 (15%)

	
91 (20%)

	
50 (53%)

	
41 (39%)

	

	











 





Table 2. Associations between Selected Sociodemographic Characteristics and Knowledge and Attitudes Scores.
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Knowledge Score

	
Behavio