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Abstract 
Aim: The aim of this thesis was to analyze successful interventions to reduce salt 

intake and to assess the impact of an intervention using Salt Control H (innovative 

salt dosage equipment) on salt intake, eating behavior and blood pressure. 

Its specific objectives were: 1) to carry out a review of successful interventions to 

reduce salt intake in adults; 2) to assess the impact of an intervention using Salt 

Control H on urinary excretion of sodium, potassium and on the sodium-

potassium ratio; 3) to assess the impact of an intervention using Salt Control H 

on blood pressure; 4) to analyze changes in behavior and knowledge regarding 

salt after an intervention using Salt Control H and 5) to analyze changes in the 

main sources of salt intake after an intervention using Salt Control H. 

Methods: To carry out the review regarding successful interventions to reduce 

salt intake, a search was carried out in the PubMed, Web of Science and Scopus 

databases. Studies published in the last 10 years were included; randomized 

trials, pilot interventions without a control arm, or experimental studies; adult 

participants; and interventions that successfully reduced salt intake. Study quality 

was assessed. 

The impact of the intervention with Salt Control H to reduce salt consumption was 

evaluated through an 8-week randomized clinical trial with 114 workers at a public 

university. The participants were evaluated four times: first at baseline, then two 

times during the intervention (week 4 and week 8, at end of intervention) and 6 

months after the end of the intervention. The intervention group (n = 57) used the 

equipment to monitor and control the use of salt during cooking (Salt Control H) 

and the control group continued with the usual routine. The main outcome of this 

analysis was the 24-h urinary sodium excretion, which was used as a proxy for 

salt intake. Changes in 24-h urinary potassium excretion, sodium/potassium ratio 

and blood pressure were also analyzed. 

To assess knowledge and behavior in relation to salt, the WHO STEPwise 

questionnaire was used, and the main sources of salt were obtained from the 24-

hour dietary recall and 24-hour urinary sodium excretion. 
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Results: The review included 21 studies, 16 randomized and five non-

randomized studies. Eleven interventions described health and nutrition 

education, seven interventions described nutrition education plus other 

interventions, and three studies used salt meters to reduce sodium intake. 

In assessing the impact of the intervention with the Salt Control H to reduce salt, 

it was found that there was a decrease in sodium intake in the intervention group, 

but without statistical significance. When analyzing the results by sex and 

hypertension status, there was a reduction in sodium (−1009 mg (−1876 to −142), 

p=0.025) and in the sodium potassium (Na:K) ratio (−0.9 (−1.5 to −0.3), p=0.007) 

in hypertensive men within the intervention group. Diastolic blood pressure 

decreased in both groups. 

Regarding knowledge, attitudes and behaviors, after the intervention, participants 

in the intervention group reported a decrease in the addition of salt when cooking 

(p=0.037), avoided processed foods (from 54.2% to 83.3%, p=0.001), analyzed 

the amount of salt on food labels (from 18.8% to 39.6%, p=0.013), and bought 

low-salt food alternatives (from 43.8% to 60.4%, p=0.039). After the intervention, 

there were no statistically significant differences in the contribution of different 

food groups to salt consumption. Although in the intervention group, added salt 

decreased by 5%, in the salty snacks and pizzas group it decreased by 7% and 

in the meat, fish and eggs group it increased by 4%. 

Conclusions: Health and nutrition education alone, nutrition education as a 

complement to other interventions, and interventions that used salt meters to 

reduce sodium intake have all shown success in reducing salt intake in the review 

article. There is no evidence that one type of intervention analyzed is more 

effective than another in reducing salt consumption. It is fundamental to 

customize the intervention according to the individuals or subpopulations to 

optimize the results. 

Intervention with Salt Control H equipment to measure added salt during food 

preparation and cooking may be a valid approach in individual salt reduction 

strategies, especially in hypertensive men. 

Furthermore, with the use of the equipment, it is possible to change some 

consumer behaviors in relation to salt. 
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Resumo 
Objetivo: O objetivo desta tese foi analisar intervenções bem-sucedidas para 

reduzir a ingestão de sal e avaliar o impacto de uma intervenção usando o Salt 

Control H (um equipamento inovador para dosear o sal) no consumo de sal, no 

comportamento alimentar em relação ao sal e na pressão arterial. Os objetivos 

específicos foram os seguintes: 1) a realização de uma revisão com intervenções 

bem-sucedidas para reduzir a ingestão de sal em adultos; 2) avaliar o impacto 

de uma intervenção com o Salt Control H na excreção urinária de sódio, potássio 

e na relação sódio-potássio; 3) avaliar o impacto de uma intervenção com o Salt 

Control H na pressão arterial; 4) analisar alterações no comportamento e 

conhecimento em relação ao sal numa intervenção com o Salt Control H e 5) 

analisar as alterações nas principais fontes de sal após a intervenção com o Salt 

Control H. 

Métodos: Para a realização da revisão sobre intervenções com sucesso para 

reduzir a ingestão de sal procedeu-se a uma pesquisa nas bases de dados 

PubMed, Web of Science e Scopus. Foram incluídos estudos publicados nos 

últimos 10 anos; ensaios randomizados, intervenções piloto sem braço controle 

ou estudos experimentais; participantes adultos; e intervenções que reduziram 

com sucesso a ingestão de sal. A qualidade dos estudos foi avaliada.  

O impacto da intervenção com o Salt Control H para reduzir o consumo de sal 

foi avaliada através de um estudo clínico randomizado de 8 semanas com 114 

trabalhadores de uma universidade pública. Os participantes foram avaliados 

quatro vezes: na avaliação baseline, duas vezes durante a intervenção (semana 

4 e semana 8, no final da intervenção) e 6 meses após o final da intervenção. 

O grupo intervenção (n = 57) utilizou o equipamento Salt Control H para controlar 

o uso de sal durante a preparação e confeção de alimentos e o grupo controlo 

continuou com a sua rotina habitual. O resultado principal desta análise foi a 

excreção urinária de sódio de 24 h, que foi usada como proxy da ingestão de sal. 

Também foram analisadas as alterações na excreção urinária de potássio de 24 

h, na razão sódio/potássio (Na:K) e na pressão arterial.  
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Para avaliar o conhecimento e comportamento em relação ao sal foi utilizado o 

questionário STEPwise da OMS, e as principais fontes de sal foram obtidas pelo 

recordatório alimentar de 24 horas e a excreção urinária de sódio de 24 horas. 

Resultados: No estudo de revisão foram incluídos 21 estudos, 16 randomizados 

e cinco estudos não randomizados. Onze intervenções descreveram educação 

em saúde e nutrição, sete intervenções descreveram educação nutricional com 

o complemento de outras intervenções e três estudos usaram medidores de sal 

para reduzir a ingestão de sódio. 

Na avaliação do impacto da intervenção com o Salt Control H para reduzir o sal 

verificou-se que houve diminuição da ingestão de sódio após a intervenção, mas 

sem significância estatística. Ao analisar os resultados por sexo e estado de 

hipertensão, houve redução do sódio (−1009 mg (−1876 a −142), p = 0,025) e 

da relação Na:K (−0,9 (−1,5 a −0,3), p = 0,007) em homens hipertensos dentro 

do grupo intervenção. A pressão arterial diastólica diminuiu em ambos os grupos. 

Relativamente aos conhecimentos, atitudes e comportamentos, após a 

intervenção, os participantes do grupo de intervenção reportaram diminuição da 

adição de sal ao cozinhar (p=0,037), evitaram alimentos processados (de 54,2% 

para 83,3%, p=0,001), viram a quantidade de sal no rótulo dos alimentos (de 

18,8% a 39,6%, p=0,013) e compraram alternativas de alimentos com baixo teor 

de sal (de 43,8% a 60,4%, p=0,039). Após a intervenção não se verificou 

diferenças estatisticamente significativas no contributo para o consumo sal nos 

diferentes grupos de alimentos. Embora no grupo de intervenção, o sal 

adicionado diminuiu 5%, no grupo de snacks, salgados e pizzas diminuiu 7% e 

no grupo de carne, pescado e ovos aumentou 4%. 

Conclusões: Educação em saúde e nutrição, educação nutricional com o 

complemento de outras intervenções e intervenções que estimam a ingestão de 

sal mostraram sucesso na redução do consumo de sal no artigo de revisão. Não 

há evidências de que um tipo de intervenção analisado seja mais eficaz do que 

outro na redução do consumo de sal. É fundamental personalizar a intervenção 

de acordo com os indivíduos ou subpopulações para otimizar os resultados. 

A intervenção com o equipamento Salt Control H para dosear o sal adicionado 

durante a preparação e confeção dos alimentos pode ser uma abordagem válida 
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em estratégias individuais de redução de sal, especialmente em homens 

hipertensos.  

Com o uso do equipamento é possível mudar o comportamento do consumidor 

em relação ao sal. 

 

Palavras chave: redução de sal; mudança de comportamento; hipertensão; 

intervenção dietética; doença cardiovascular 
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CVD – Cardiovascular disease 

KAB – Knowledge, attitudes and behavior 

Na:K ratio – sodium potassium ratio 
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High blood pressure is one of the main causes of cardiovascular disease (CVD), 

by reducing salt consumption, it lowers blood pressure and therefore decreases 

CVD which is the main cause of morbidity and mortality worldwide [1]. 

In 2017, 3 million of deaths and 70 million of disability-adjusted life years were 

attributed to high salt intake. According to estimates obtained for Portugal, within 

the scope of the Global Burden of Diseases study, the risk factors that most 

contribute to disability-adjusted life years in the Portuguese population are 

inadequate eating habits (15.8%) [2]. Excessive salt (sodium chloride) 

consumption is estimated to be the avoidable food risk factor that most 

contributes to the loss of years of healthy life [3].  

In Portugal, in 2011/2012 the Portuguese Society of Hypertension evaluated the 

consumption of salt in a representative sample of Portuguese adults, concluding 

that the consumption was on average of 10.7g/day of salt, approximately double 

than that is recommended by the World Health Organization (WHO) [4]. 

According to data from the national food and physical activity survey, in 

2015/2016 added salt was the main source of dietary salt consumed by the 

Portuguese population [5]. 

In 2022, excessive salt consumption remains a public health problem and it is 

essential to find effective measures and strategies to control salt consumption. 

With this thesis we intend to contribute and be part of the solution to reduce salt 

consumption. 

The aim of this thesis was to review successful interventions to reduce salt intake 

and to assess the impact of an intervention using Salt Control H (innovative 

dosage device) on dietary salt intake, dietary behavior and blood pressure. 

Salt Control H is a patented device (INPI, No. 20191000033265)[6] that measures 

the doses of salt for cooking according to age and number of the consumers. 

 

The following studies are included in this thesis: 

I. Gonçalves, C.; Silva-Santos, T.; Abreu, S.; Padrão, P.; Graça, P.; Oliveira, 

L.; Esteves, S.; Norton, P.; Moreira, P.; Pinho, O. Innovative equipment to 

monitor and control salt usage when cooking at home: iMC SALT research 
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protocol for a randomised controlled trial. BMJ open 2020, 10, e035898, 

doi:10.1136/bmjopen-2019-035898. 

 

II. Silva-Santos, T.; Moreira, P.; Rodrigues, M.; Padrão, P.; Pinho, O.; Norton, 

P.; Ndrio, A.; Gonçalves, C. Interventions That Successfully Reduced 

Adults Salt Intake-A Systematic Review. Nutrients 2021, 14, 

doi:10.3390/nu14010006. 

 

III. Silva-Santos, T.; Moreira, P.; Pinho, O.; Padrão, P.; Abreu, S.; Esteves, 

S.; Oliveira, L.; Norton, P.; Rodrigues, M.; Ndrio, A.; Gonçalves, C. Impact 

of an Innovative Equipment to Monitor and Control Salt Usage during 

Cooking at Home on Salt Intake and Blood Pressure-Randomized 

Controlled Trial iMC SALT. Nutrients 2021, 14, doi:10.3390/nu14010008. 

 

IV. Silva-Santos, T.; Moreira, P.; Pinho, O.; Padrão, P.; Norton, P.; Gonçalves, 

C. Salt-related knowledge, attitudes and behavior in an intervention to 

reduce added salt.  (submitted, under review).  
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1. Salt in health and disease  
Sodium is an essential mineral nutrient for maintaining the body's homeostasis. 

The human population has demonstrated the ability to adapt and survive in 

extreme conditions in terms of sodium intake, from the consumption of 200mg of 

sodium per day by the Yanomami Indians in Brazil to 10300mg of sodium per day 

by the Japanese [7].  

Sodium is essentially consumed through salt, which is made up of 40% sodium 

and 60% chloride [1]. Salt or sodium chloride is the main osmotically active anion 

in the extracellular fluid, contributes to the maintenance of fluid and electrolyte 

balance, and is also an important constituent of gastric juice [1]. Most ingested 

sodium chloride is excreted in the urine (90 to 95%), except when sweating is 

excessive [8]. 

The human body needs a very small amount of dietary salt to maintain fluid 

balance and cellular homeostasis. Under normal conditions, the body adapts to 

different levels of sodium intake by changing the amount that is excreted through 

urine and/or sweat. However, with aging or the development of certain chronic 

diseases, the function of the renal system may decrease, limiting sodium 

excretion. Thus, in situations of excessive sodium consumption, plasma volume 

can increase, causing overload of the cardiovascular system and induction of 

hypertension [9].  

The WHO recommends a salt intake below 5g per day (2000 mg/day of sodium) 

[10] and a potassium intake above 3500mg/day [11]. The dietary reference 

intakes from institute of medicine indicate that adequate intake in adults is 3.75 

g/day of salt (1500 mg/day of sodium) and adequate potassium intake is 3400 

mg/day in men and 2600 mg/day in women [12]. 

The relationship between sodium intake and high blood pressure became a focus 

of investigation when Dahl in 1960 published a paper with extensive evidence of 

a positive relationship between sodium intake and high blood pressure during the 

20th century. Dahl compared this relationship in various populations and 

concluded that in societies that usually had a low-salt diet, approximately less 

than 5g per day, hypertension was not frequent. On the contrary, hypertension 
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was common in populations that ingested high amounts of salt, 10 to 15g per day 

[13]. 

 A vast and diverse body of evidence has consistently shown a causal 

relationship between salt intake and blood pressure [14]. Consequently, three 

million deaths were attributed to high salt consumption in 2017 [2]. 

The INTERSALT study, the first large international salt study evaluated 10,079 

adults from 32 countries using standardized methods for measuring blood 

pressure and collecting 24-hour urine. The study demonstrated a direct 

association between blood pressure and salt intake [15]. 

Another study evaluated more than 102,000 adults from 18 countries and showed 

that an increase of 1 g of sodium daily increased blood pressure by 2.11/0.78 

mmHg. It found that the positive association between sodium intake and blood 

pressure was stronger in elderly, hypertensive, and low-potassium intake 

subjects [16]. In the TOHP-II study, a sodium reduction study with 2382 

participants with 36 months of follow-up, the mean sodium intake achieved was 

3.1 g/day at 18 months and 3.2 g/day at 36 months, consequently, blood pressure 

values improved and the prevalence of hypertension in the intervention group 

decreased over time [17]. 

The relationship between blood pressure and salt consumption has been 

described by other large epidemiological studies [18,19] and several meta-

analyses of randomized trials of salt reduction [1]. Two highly successful 

examples demonstrating that reducing salt, even in small amounts, lowers blood 

pressure are the case of Finland and the United Kingdom [20,21]. In Finland, salt 

consumption in 1972 was 14 g/day and decreased to 9 g/day in 2002. Blood 

pressure decreased by 10 mmHg and cardiovascular mortality by 75%. During 

this period obesity and alcohol consumption increased, suggesting a key role for 

sodium restriction [21]. In the UK, salt consumption in 2003 was 9.5 g/day and 

decreased to 8.1 g/day in 2002. Systolic blood pressure decreased by 2.7 mmHg 

and mortality from stroke and ischemic heart disease decreased by 36% [20]. 

A recent meta-analysis found a significant linear relationship between sodium 

intake and the risk of CVD, for every 1 g of sodium intake, the risk of CVD 

increased by up to 6% [22]. Worldwide, a 10% reduction in salt consumption over 
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10 years is projected to avoid approximately 5.8 million DALYs per year related 

to CVD [23].  

In addition to CVD, there is evidence that excessive salt intake is associated with 

other health conditions, such as kidney disease, kidney stones, osteoporosis, 

obesity, stomach cancer, [1,14], dementia [24] and microbiota change [25]. 

Recent rodent data demonstrate that dietary sodium disrupts intestinal microbial 

homeostasis as the composition of the gut microbiota changes with manipulation 

of dietary sodium [25]. Also, some human and animal studies have found 

evidence of a link between high salt intake and cognitive impairment and 

Alzheimer's, either due to salt's effect on blood pressure or through blood 

pressure-independent mechanisms [24,26-28]. 

Excessive salt intake has been linked to many risk factors for chronic kidney 

disease, such as proteinuria, blood pressure, endothelial dysfunction and 

oxidative stress [29]. Reducing salt intake may slow the progression of chronic 

kidney disease [30]. A high salt intake also increases the risk of kidney stones by 

causing increased urinary calcium excretion [31]. 

In recent years sodium intake has been positively associated with obesity [32]. A 

high salt diet appears to increase fasting ghrelin in healthy subjects, which may 

be a new underlying mechanism of obesity [33]. In addition, salty food may be an 

addictive substance that stimulates the opiate and dopamine receptors at the 

center of reward and pleasure of the brain being "tasty", while the preference for 

salty foods, craving and hunger may be manifestations of opiates withdrawal [34]. 

Salt intake is also positively associated with body fat percentage and waist 

circumference [35]. A recent study concluded that salt intake assessed by urinary 

sodium excretion was associated with a higher body mass index (BMI), higher 

waist circumference and a higher prevalence of obesity and central adiposity [32]. 

Potassium has a protective effect on CVD. In 1928, Addison was the first to 

suggest that increasing potassium intake can lower blood pressure through its 

natriuretic effect [36]. The data from the INTERSALT study were very important, 

confirming that potassium intake was an independent determinant of blood 

pressure in the population. They found that a 30 mmol increase in potassium was 

associated with a mean reduction in systolic blood pressure of 2 to 3 mmHg [37]. 
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Lower potassium intake was associated with hypertension [37] and stroke [38]. 

Therefore, higher levels of consumption may be protective against these risk 

factors [39]. 

Elevated Na:K ratio in urine is an indicator of higher sodium intake and lower 

potassium intake [40,41]. Several epidemiological studies have shown that the 

Na:K ratio is associated with blood pressure [42]. The TOHP study reported a 

direct association between urinary Na:K ratio and CVD [43-45] and showed that 

a higher Na:K ratio was associated with a higher risk of CVD, which was higher 

than for Na or K alone [43]. The WHO recommends a Na:K molar ratio of 

approximately 1.00 based on recommendations for sodium and potassium intake 

[10]. 
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2. Salt consumption 
It is estimated that for several million years the diet of human ancestors contained 

less than 0.25g of salt per day. When the Chinese, about 5000 years ago, 

discovered that salt could be used to preserve food, allowing to preserve food 

during the winter, salt became a valuable commodity traded around the world, 

reaching the peak of consumption around 1870. After the industrial revolution 

with the invention of the refrigerator and freezer, salt consumption decreased, 

however in recent years with the increase in the consumption of highly processed 

foods and discretionary salt, salt consumption has increased to levels close to 

those of the year 1870, approximately 9 to 12 g per day [15,46]. 

There are populations that for generations have consumed foods without any 

added salt, namely the Eskimos, Northwest American Indians and African Masai 

Indians. When analyzing the diet of these populations, it was found that when 

consuming only food in its natural state, the maximum consumption of salt is less 

than 5g per day, with individuals consuming less than 1g per day, except in 

regions where drinking water has high salinity [13]. 

A systematic analysis of the 2010 Global Burden of Disease study with 187 

countries showed that the average salt intake in adults globally was 10.06 g of 

salt per day. In Western Europe, it was estimated that average sodium intake 

values ranged from 8.2 g per day (Denmark) to 11.1 g per day (Italy). In the 

Netherlands, Belgium, Germany and Iceland, consumption varied between 8.3 g 

and 9.0 g per day, in another 12 Western European countries, between 9.05 g 

per day (Switzerland) and 10.1 g per day (Spain) and in Cyprus, Luxembourg, 

Malta, Portugal and Italy between 10.15 to 11.1 g/day. In North Africa/Middle 

East, sodium consumption was estimated to range from 7.8 g per day (Lebanon) 

to 13.4 g per day (Bahrain). In sub-Saharan Africa, the highest estimated 

consumption was in Mauritius (13.6 g/day). In the United States the estimated 

average consumption was 9.0 g per day and in Canada 9.3 g per day [47]. 

A more recent review updated data from the Global Burden of Disease study, 

identifying studies that measured salt intake through 24-hour urinary excretion in 

a nationally representative population. Salt intake in the identified studies ranged 

from 6.75 g/d in Barbados to 10.66 g/d in Portugal. In seven countries, the 
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population's average salt intake has changed since the 2010 review. Average salt 

intake was lowest in Canada (-0.6 g/d), Barbados (-1.94 g/d), England ( -1.11 g/d) 

and Italy (-1.41 g/d)/d). On the other hand, mean salt intake was higher in Benin 

(2.96 g/d), Fiji (3 g/d) and Samoa (2.39 g/d). Estimates of salt consumption from 

the other remaining countries were similar, including Portugal. All countries had 

a level of salt intake above the WHO recommendations [48]. 

Although the practice of adding salt to foods is ancient, until relatively few 

centuries ago, its widespread use as a condiment was uncommon. Currently, the 

practice is widespread, and salt can be added before, during or after food 

processing, as well as being added at all stages of handling. The ancient 

appreciation of salt as a precious commodity may have contributed to the modern 

notion that it is necessary or even beneficial to add salt to food [13]. 

Sodium is found naturally in a wide variety of foods, such as milk, meat and 

seafood. Although it is found in greater amounts in processed foods and in many 

condiments, namely soy and sauces [10]. Processed foods contain high 

concentrations of sodium due to the addition of sodium as an additive during 

processing, and those that contain the greatest amount, mainly under the form of 

salt is charcuterie, hot dogs, canned vegetables, processed cheese, potato chips, 

and sauces such as beef broth, which are often used to enhance the flavor of 

foods [7]. The addition of salt in food is intended to improve the taste, however it 

can also have a functional role, for example, in bread making it is essential to add 

salt to the yeast dough, in addition to helping to control the growth of unwanted 

bacteria and mold [49]. Salt is also added to frozen foods to preserve texture and 

to decrease the water activity of foods, thus helping to control the growth of 

pathogenic bacteria. Other food additives that contain sodium, notably sodium 

benzoate, work as a preservative in processed foods to extend shelf life and 

control microbial growth [7]. 

A recent review of major sources of salt included thirty-three studies that 

contained information on discretionary salt intake. The average salt intake among 

adults in these studies ranged from 5.2 to 15.5 g/day. Countries that 

demonstrated that discretionary salt contributed more than 50% to total salt intake 

were populations in China, Brazil, Guatemala, Costa Rica, Mozambique, Japan, 

India, Romania, and Benin. Countries that demonstrated that discretionary salt 
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contributed between 25% and 50% of total intake were populations in Portugal, 

Jordan, Taiwan, South Korea, and Turkey. Populations of Australia, Canada, 

Austria, Finland, Denmark, the United Kingdom, New Zealand and the United 

States of America discretionary salt accounted for less than 25% of daily salt 

intake [50]. 

In Portugal, the national food and physical activity survey estimated in 2015/2016 

that added salt was the biggest contributor (29.2%) of the total daily sodium 

intake, followed by the group of cereals, derivatives and tubers (20.6%), the group 

of meat, fish and eggs (18.2%) and dairy products (8.5%)[5].These data are in 

agreement with several countries and continents, where the group of breads, 

bakery products, cereals and grains, the meat group and dairy products seems 

to be the most significant foods for the daily intake of salt  [50].  

The reduction of population salt consumption was identified as one of the five 

major priority interventions to prevent non-communicable diseases based on 

criteria such as health effects, cost-effectiveness, low implementation costs, and 

political and financial viability. The goal is to reduce world salt consumption to 

less than 5g (2000mg sodium) per person per day until 2025 [51].  

By 2014, 75 countries with national salt reduction strategies were identified, more 

than double the 32 reported in 2010. In all regions, consumer education was the 

most commonly used strategy. Educational interventions provide consumers with 

information, education, or skills to reduce salt intake changing salt-related 

behavior by strengthening salt knowledge and its effects and adverse abilities to 

help reduce salt intake. Most programs are multifaceted and also include industry 

involvement to reformulate products, setting salt content targets for foods, front-

of-pack labeling schemes, taxation on salty foods and interventions in public 

institutions [52]. 

In addition to interventions to reduce salt at the national level, there are others 

interventions that focus on individuals or communities. Interventions such as 

changing consumer behavior at an individual [53,54] or family level [55,56] and 

changing the environment, such as canteens or schools [57,58]. 

A review analyzed interventions to reduce salt in canteens. Interventions that 

reduced salt included changes to the menus, training of cooks (by a cook or 
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nutritionist), replacing added salt with spices, holding food education sessions for 

consumers and reducing the number of pre-packaged meals with a salt content 

above 200 mg/portion provided by canteens [57]. Also in the canteens, a pilot 

study used innovative equipment to gradually reduce the salt added to meals by 

30%. The intervention canteen achieved a reduction of more than 30% in salt 

added to the fish dish (-41.1% per 100 g), soup (-34.3% per 100 g) and meat dish 

(-48.0% per 100 g). In addition, there was a significant increase in satisfaction 

with the main dish and there was no decrease in consumer global satisfaction. 

No significant differences were found in food waste either. The use of equipment 

that allows the gradual reduction of salt seems to be a good strategy for adequate 

salt consumption in canteens [58]. 

At the family level, an educational intervention on the harmful effects of salt and 

how to reduce salt intake in regular school health education classes for children 

was successful in reducing salt consumption in children and their families. The 

intervention was carried out with children who had the mission of transmitting the 

message of salt reduction to their families. The mean effect on salt intake for 

intervention versus control group was -1.9 g/day in children and -2.9 g/day in 

adults [59]. 

In a study of 291 patients on antihypertensive treatment, the intervention to 

reduce salt was a low-sodium diet prescribed by a nutritionist. After two months, 

the intervention group showed a significant decrease in sodium excretion (from 

153.1 to 133.5 mEq/24h) and in systolic and diastolic blood pressure (from 134.16 

to 126.5 mm Hg and from 80. 59 for 75.9 ± 8.72 mm Hg, respectively) [53]. 

Individual dietary advice is another important strategy to reduce sodium intake. 

The health professional-patient encounter provides an opportunity for health 

professionals to promote changes in lifestyle and behavior. The effectiveness of 

the health professional in this role can be improved through their greater 

knowledge [60]. A cross-sectional analysis from the iMC SALT evaluated the 

association between adherence to the Mediterranean diet and excretion of 

sodium and potassium. In logistic regression analysis, urinary excretion tertiles 

of sodium, potassium, and Na:K ratio were not associated with adherence to the 

Mediterranean diet, even after adjusting for confounders. That is, high adherence 

to the Mediterranean diet was not associated with lower sodium excretion or high 
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potassium excretion, or their proportion [61]. This traditional healthy eating 

pattern recommended by health professionals does not seem to be the solution 

to reducing salt intake and increasing potassium intake. Hence the importance of 

health professionals having the knowledge to make recommendations based on 

evidence. 

The large and growing number of salt reduction strategies is encouraging, 

although an inconsistent assessment approach and methodology provides 

uncertainty about the elements most important to success. It is essential to find 

solutions on successful strategies and interventions with good methodological 

bases. 
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3. Aims 
The aim of this thesis was to review successful interventions to reduce salt intake 

and to assess the impact of an intervention using salt control H on dietary salt 

intake, eating behavior and blood pressure. 

 

This thesis is organized by studies according to the following specific objectives: 

I. To review of successful interventions to reduce adults salt intake (study 

2). 

II. To implement one randomized controlled trial to reduce salt intake through 

the use of one innovative dosing device during cooking at home (Salt 

Control H) (study 1) 

III. To assess the impact of the intervention on urinary excretion of sodium, 

potassium and sodium-to-potassium ratio (study 3). 

IV. To assess the impact of the intervention on blood pressure (study 3). 

V. To determine changes in behavior, attitudes and knowledge towards salt 

of the subjects with the intervention (study 4). 

VI. To analyze the main sources of salt before and after the intervention (study 

4).  
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Chapter II – Methods 
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1. Summary of the characteristics of the studies  
The characteristics of each study of this thesis are presented in Table 1. The complete description of the methods is presented in the 

corresponding article in the methods section. The description of the entire randomized controlled trial is described in study 1. 

Table 1. Summary of the characteristics of the studies integrated in the thesis. 

Study Type Main variables Sample size Age (years) Major statistics 
Study 1  
Innovative equipment to monitor 
and control salt usage when 
cooking at home: iMC Salt research 
protocol for a randomized controlled 
trial 

Protocol Not applicable Not applicable Not applicable Not applicable 

Study 2  
Review of successful interventions 
to reduce adults salt intake 

Systematic 
review 

Interventions that successfully 
reduced salt intake estimated by 

urinary measurements 

21 studies: 
16 randomized 
intervention trials  
5 nonrandomized 
intervention 
studies 

Adullts Not applicable 

Study 3 
Impact of an Innovative Equipment 
to Monitor and Control Salt Usage 
during Cooking at Home on Salt 
Intake and Blood Pressure-
Randomized Controlled Trial iMC 
SALT 

Randomized 
controlled 

trial 

One 24-hour urinary sodium and 
potassium excretion, Na:K ratio and 

blood pressure at baseline, during the 
intervention, at the end of the 
intervention, and at follow-up. 

57 Intervention 
group 

57 Control group 

47 ± 10 
49 ± 11 

Independent t test  
Mann-Whitney U test  
χ2 test for categorical 
Linear mixed models 

with an intention-to-treat 
approach 

A per-protocol analysis 

Study 4 
Salt-related knowledge, attitudes 
and behavior in an intervention to 
reduce added salt   

Randomized 
controlled 

trial 

WHO STEPwise tool, module salt 
One 24-hour urinary sodium excretion 
at baseline and two 24-hour urinary 
sodium excretion during intervention 

One 24-hour dietary recall at baseline 
and two 24-hour dietary recall during 

intervention 

48 Intervention 
group 

49 Control group 

46 ± 10 
50 ± 10 

Independent t test 
Mann-Whitney U test χ2 

test 
Wilcoxon test McNemar 

test 
Spearman's correlation 
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Study 1 – Innovative equipment to 
monitor and control salt usage when 
cooking at home: iMC Salt research 

protocol for a randomized controlled 
trial 

  



34 | Silva-Santos, T 
 

 
  



35 | Silva-Santos, T 
 

 

 



36 | Silva-Santos, T 
 



37 | Silva-Santos, T 
 



38 | Silva-Santos, T 
 



39 | Silva-Santos, T 
 



40 | Silva-Santos, T 
 



41 | Silva-Santos, T 
 

  



42 | Silva-Santos, T 
 

 

  



43 | Silva-Santos, T 
 

 

 

 

 

Chapter III - Results 
 

 

  



44 | Silva-Santos, T 
 

 

  



45 | Silva-Santos, T 
 

 
 
 
 

Study 2 - Review of successful 
interventions to reduce adults salt 

intake 

 

  



46 | Silva-Santos, T 
 

 

  



47 | Silva-Santos, T 
 

 



48 | Silva-Santos, T 
 



49 | Silva-Santos, T 
 



50 | Silva-Santos, T 
 

 

 

 

 



51 | Silva-Santos, T 
 

 

 

 



52 | Silva-Santos, T 
 



53 | Silva-Santos, T 
 



54 | Silva-Santos, T 
 



55 | Silva-Santos, T 
 



56 | Silva-Santos, T 
 



57 | Silva-Santos, T 
 

 

 



58 | Silva-Santos, T 
 



59 | Silva-Santos, T 
 



60 | Silva-Santos, T 
 



61 | Silva-Santos, T 
 



62 | Silva-Santos, T 
 



63 | Silva-Santos, T 
 



64 | Silva-Santos, T 
 



65 | Silva-Santos, T 
 



66 | Silva-Santos, T 
 



67 | Silva-Santos, T 
 



68 | Silva-Santos, T 
 



69 | Silva-Santos, T 
 



70 | Silva-Santos, T 
 



71 | Silva-Santos, T 
 

 

 

 

  



72 | Silva-Santos, T 
 

 

  



73 | Silva-Santos, T 
 

 
 
 
 

Study 3 - Impact of an Innovative 
Equipment to Monitor and Control Salt 
Usage during Cooking at Home on Salt 

Intake and Blood Pressure-Randomized 
Controlled Trial iMC SALT 

 

 

 

 

 

 

 

  



74 | Silva-Santos, T 
 

 

  



75 | Silva-Santos, T 
 

 



76 | Silva-Santos, T 
 



77 | Silva-Santos, T 
 



78 | Silva-Santos, T 
 



79 | Silva-Santos, T 
 



80 | Silva-Santos, T 
 



81 | Silva-Santos, T 
 



82 | Silva-Santos, T 
 

 

 

 



83 | Silva-Santos, T 
 



84 | Silva-Santos, T 
 

 

 



85 | Silva-Santos, T 
 



86 | Silva-Santos, T 
 

 



87 | Silva-Santos, T 
 



88 | Silva-Santos, T 
 



89 | Silva-Santos, T 
 

  



90 | Silva-Santos, T 
 

 

 

 

 

 

 

  



91 | Silva-Santos, T 
 

 

 

 

 

Study 4 – Salt-related knowledge, 
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to reduce added salt   
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Discussion 
The results of this thesis can contribute to being one more step closer to 

achieving salt intake values in accordance with the WHO recommendations, 

especially in populations where added salt is the main contribution to the 

consumption of salt. 

Reducing the population's salt consumption is a priority intervention for the 

prevention of non-communicable diseases and despite efforts around the world, 

progress remains slow and success is difficult. In this context, we tested an 

intervention with Salt Control H that measures the amount of salt for cooking. The 

intervention was successful in reducing salt intake and improving the Na:K ratio 

in the hypertensive men in the intervention group, and it lowered diastolic blood 

pressure and improved some salt behaviors in the intervention group. 

Intervention with Salt Control H had this positive impact even during a pandemic 

that had a profound impact on diet [62-66], with salt intake being reported to 

increase during and after lockdown [67], in addition to the difficulty of success in 

reducing salt consumption.  

This intervention is especially important because it reduces salt consumption and 

provides the consumer with knowledge of the proper amount of salt to add when 

cooking, gains awareness about their consumption of added salt and changes 

their behavior towards salt. Furthermore, it appears to be of particular importance 

in clinical populations such as hypertensives. Indeed, we found that post-

intervention salt behavior improved. More participants started looking at salt on 

food labels, bought food alternatives with less salt and avoided the consumption 

of processed foods. Interestingly, although participants after the intervention 

reduced their salt intake, more participants perceived that they consumed too 

much or far too much salt, which suggests that the participants became aware of 

the salt they added when cooking after using the equipment. Post-intervention 

participants also reported that they started to add less salt when cooking, which 

is in line with the analysis of salt sources which found that the intervention group, 

after the intervention, decreased added salt by 5%. The addition of salt at 

baseline in the intervention group, averaging 1.35 g of salt per meal, was low 

relative to previous existing data in Portugal [5,50]. After the intervention it 
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decreased to 0.95 g per meal (the equipment dosed 0.8 g per meal for adults). 

Still, participants lowered their salt addition with the equipment and lowered their 

total salt intake. After the intervention, there was also a decrease in the 

contribution of the salty snacks and pizzas group, which corroborates what they 

reported in the questionnaire, that more subjects avoided consuming processed 

foods. 

These data on behavior towards salt are very interesting especially because the 

intervention did not have information sessions, just some indications for cooking 

with less salt. This gives greater importance to the intervention with the 

equipment to reduce salt consumption because its use is capable of making 

subjects aware of the reduction of salt consumption. Consumer knowledge and 

awareness of their behavior towards salt is important for achieving sustainable 

change [68]. 

In the review study we identified 21 interventions that successfully reduced salt. 

The study provides evidence that interventions based on individual education 

alone, or together with other interventions or tools to estimate salt intake, have 

positive results in reducing salt intake. We analyzed the reason why other studies 

did not achieve success according to the defined criteria (p<0.05) or failed to 

reduce salt and we found that one of the reasons is related to the intervention not 

being adequate for the population that was intervened. For example, one 

intervention taught a group of diabetics to read and identify labels and was not 

successful in reducing salt consumption. However, with the same intervention in 

a group of free-living adults, there was a salt reduction of 0.9 g/day and 2.0 g/day, 

therefore, the same intervention is not suitable for all consumers. It is interesting 

to realize that it is very important to adapt interventions to the population we are 

going to intervene, which is in line with 4p medicine – predictive, preventive, 

personalized and participatory [69]. Consumers are different in each country and 

the way salt is consumed is also different.  

This review study showed us the importance of personalizing and adapting 

interventions to the populations, where to intervene and also some 

methodological designs that contribute to success. It was relevant later in the 

analysis of the results of the intervention study with the Salt Control H. 
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The WHO developed the SHAKE package to assist Member States in the 

development and implementation of a salt reduction strategy to help reduce 

population salt consumption. One of the strategies identified by the WHO is the 

surveillance, measurement and monitoring of salt use, which includes knowing 

salt consumption, knowledge, attitudes and behaviors related to salt and sources 

of salt in the diet [68]. In this thesis, a contribution is made to this information from 

a sample characterized by a high level of education. In addition to providing 

information on knowledge, attitudes and behavior in relation to salt, we also check 

what happened after an intervention, which is very important for the future to 

optimize this type of intervention based on our results, that is, to understand what 

we can change with this intervention and what in the future we can improve in a 

next intervention. 

Another strategy defined in the WHO SHAKE package is knowledge, education 

and communication to empower individuals to eat less salt. The intervention 

carried out in this thesis fits this strategy perfectly, since the Salt Control H can 

be used as an educational tool to empower consumers to use adequate doses of 

salt to cook, increasing their awareness of salt consumption. Indeed, this device 

educates individuals on the right amount of salt to cook for a given number of 

individuals and specific ages (adult or children). Consumers often hear that they 

should reduce their salt intake, but they don't know how much to reduce, and this 

equipment answers exactly that question. Consumer knowledge and awareness 

is essential to achieving sustainable changes in consumer behavior. 

This thesis also contributes to achieving the ODS 3 – good health and wellbeing 

of the United Nations Agenda. By 2030, it aims to reduce premature mortality 

from non-communicable diseases by one third through prevention and treatment 

[70]. This intervention with salt control H showed that with only the behavioral 

change in reducing the added salt it is possible to have an impact on blood 

pressure. Evidence shows that lowering blood pressure decreases the risk of 

cardiovascular disease and therefore mortality from non-communicable 

diseases. 

The Salt control H instrument has national and international application, and its 

potential use may modify food behaviors, making cooking healthier at home and 
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thus helping food policies to reduce salt consumption, improving the capacity of 

citizens and governments to reduce a major risk factor for chronic no 

communicable diseases. In the future, it would be interesting to test the 

equipment in other populations, such as in hypertensive patients or individuals 

with a lower level of education, to understand its potential in altering salt 

consumption in other populations. 
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Conclusions 
Interventions to successfully reduce salt intake should remain a priority until 

recommended levels of salt intake are reached and mortality rates by 

cardiovascular diseases decreases. This thesis contributes with a review article 

with successful interventions, including the target audiences in which these 

interventions were successful. It also contributes with an intervention with the 

innovative equipment Salt Control H to dose the amount of salt for cooking and 

its impact on the reduction of salt, blood pressure and knowledge and behavior 

in relation to salt.  

To conclude, it should be noted: 

I. Interventions based on consumer education alone or when combined with 

other strategies and tools for estimating salt intake are successful in 

reducing salt intake. 

II. It is critical to customize each intervention to individuals or subpopulations 

as it will lead to better outcomes. 

III. A device that delivers salt doses according to the number of subjects and 

their age, accompanied by written general cooking instructions, decreased 

sodium and improved urinary Na:K excretion in hypertensive men in the 

intervention group. 

IV. The intervention improved behaviors in relation to salt, namely, more 

subjects reported not consuming processed foods, looking for salt on food 

labels, buying food alternatives with less salt and adding less salt when 

cooking. Assessing the level of knowledge and behaviors during an 

intervention is important to personalize interventions and understand 

which dimensions need improvement. 

V. The main sources of salt were added salt, cereals group, cereal products 

and starchy tubers, the meat, fish and eggs group and the snack and pizza 

group. After the intervention, there was a decrease in added salt and in 

the salty snacks and pizzas group in the intervention group, although 

without statistical significance. 
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