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Preface 
 
This thesis was developed in the scope of the research activities of the Epidemiology Research 
Unit (EPIUnit) and the Laboratory for Integrative and Translational Research in Population 
Health (ITR) from the Institute of Public Health at the University of Porto (ISPUP).  
The starting point for the topics chosen for the current study was based on the activities 
developed in ISPUP as a collaborative center of WHO. Additionally, we had the opportunity 
to collaborate with Prof. Dr. Maria João Gregório, Director of the National Programme for the 
Promotion of Healthy Eating of the Directorate-General of Health. Because this National 
Programme has focused on the implementation of salt reformulation policies, we thought we 
could take advantage of the current study to evaluate the current policies implemented in 
Portugal to guide the application of future policies. 
 
Initially we planned to evaluate salt policies in Southern European countries including 
countries such as Greece. However, as the main author, I have been a resident of Spain, 
Portugal and Italy, and I had a basic understanding of these three countries' cultural contexts 
and languages. Therefore, based on the fact that this could facilitate the research process (i.e. 
obtaining national data required a good level of each national language) and help to put the 
results into context for each country, we decided to study the impact on Spain, Portugal and 
Italy.  
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Important conversions  
5g salt (NaCl) = 2,000 mg Na+ = 87 mmol (or mEq) Na+ 

23 mg Na+ = 1 mmol (mEq) Na+  
Na+ = sodium; Cl- = chloride 
 
 
 
ABBREVIATIONS 
 
AESAN – Spanish Agency of Food Security and Nutrition (Agencia Española de Seguridad      
Alimentaria y Nutrición) - Spain 
ANIBES – Anthropometry, Intake and Energy Balance (Antropometría, Ingesta y Balance 
Energético en España) - Spain 
ARSC – Regional Administration of Health of Central Portugal (Administração Regional de 
Saúde do Centro - Portugal 
CV – Cardiovascular 
CVD – Cardiovascular Diseases  
DGS – Portuguese General Directorate of Health (Direção-Geral da Saúde) - Portugal 
FBS – Food Balance Sheets 
FFQ – Food Frequency Questionnaire  
EFSA – European Food Safety Authority 
EIPAS – Integrated Strategy for the Promotion of Healthy Eating (Estratégia Integrada para 
a Promoção da Alimentação Saudável) - Portugal 
ESC – European Society of Cardiology 
EU – European Union 
HBS –Household Budget Survey 
IAN-AF 2015-16 – National Food, Nutrition and Physical Activity Survey (Inquérito 
Alimentar Nacional e de Atividade Física) - Portugal 
IHD – Ischaemic Heart Diseases 
INE – Instituto Nacional de Estatística - Portugal; Instituto Nacional de Estadística - Spain 
INSA –National Institute of Health Dr. Ricardo Jorge (Instituto Nacional de Saúde Dr. Ricardo 
Jorge) - Portugal 
INSEF – National Health Examination Survey (Inquérito Nacional de Saúde com Exame 
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ISTAT – National Institute of Statistics (Istituto Nazionale di Statistica) - Italy 
MMM – May Measurement Month 
NAOS – Spanish Strategy for Nutrition, Physical Activity and Prevention of Obesity 
(Nutrición, Actividad Física y Prevención de la Obesidad) - Spain 
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Promoção da Alimentação Saudável) - Portugal 
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PRIME – Preventable Risk Integrated ModEL 
NCDs – Non-Communicable Diseases 
RR – Relative Risks 
SBP – Systolic Blood Pressure 
SDG – Sustainable Development Goals  
WHO – World Health Organization 
YLD – Years Lived with Disability 
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ABSTRACT 
Background and Objectives 
In Southern European countries, cardiovascular diseases (CVDs) and high systolic blood 
pressure are the main causes of death and disability. Excessive sodium consumption, common 
in these countries, has been positively associated with higher blood pressure, hypertension, and 
increased risk of CVDs, particularly stroke. Additionally, strong evidence supports that 
reductions in sodium intake lead to decreases in blood pressure. The implementation of public 
health policies focused on diminishing the population’s salt intake, namely through food 
reformulation, has been identified as effective to improve cardiovascular (CV) outcomes but 
the assessment of their impact in Southern European countries has been underexplored. This 
study aims to evaluate the impact of salt reduction public policies on CV mortality and 
hypertension in Spain, Portugal, and Italy, to ultimately guide food reformulation policies. 
 
 
Methods and analysis 
Based on data from each country, we identified the top five main contributors to salt intake. In 
Spain, a national survey (n=2009) using 3-day food diaries they were classified as (1) processed 
meats, (2) bread, (3) ready-to-eat meals, (4) cheese, and (5) fresh meat. In Portugal, data from 
the national dietary survey 2015-16 (n=5811) in two 24-h recalls categorised (1) bread, (2) 
vegetable soup, (3) charcuterie and other processed meats, (4) fresh fish, canned or dry and, 
(5) cheese. For Italy, a regional study using a food frequency questionnaire reported (1) bread 
and rolls, (2) processed meat, (3) pizza, crackers and salty snacks, (4) cheese and, (5) other 
vegetables (canned or preserved). For each country, salt content and daily consumption of each 
food were taken into account. Food availability/sales trend (2016-2020) from the foods targeted 
by policies was estimated from household budget surveys (Spain and Italy) or national food 
balance sheets and sales data (Portugal). The association and correlation between salt intake 
and systolic blood pressure and the standard deviation for blood pressure were extracted from 
the literature. Changes in salt intake were examined through five scenarios: (1) salt content 
reduction based on foods targeted by current policies assuming stable food consumption; (2) 
scenario 1 plus future policies targeting the top five food contributors; (3) change in food 
consumption based on the availability/sales trend assuming stable salt content in foods; (4) 
implementation of current and future policies and changes in food consumption based on the 
trend; (5) scenario 4 plus a reduction in added salt based on a public health campaign to “reduce 
1 pinch of salt a day”. The RR was estimated from linear regression coefficients that associated 
the increased sodium per unit and SBP. Potential Impact Fraction (PIF) was calculated using 
relative risk (RR) shift based on individual data for salt intake (Portugal) or aggregated data 
Spain and Italy). Data from the Portuguese national dietary survey 2015-16 was used to access 
the covariance of individual consumption for all countries in the CV morbidity model. Then, 
based on the incidence rate, the cases of hypertension prevented per year were calculated for 
each counterfactual scenario. Changes in CV deaths were estimated employing the Preventable 
Risk Integrated ModEl (PRIME-WHO). 
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Results 
Current reformulation policies implemented in Spain could lead to a decrease of -10.99% of 
hypertension incidence and -4.46% of CV deaths, and in Portugal -9.64% and -3.26%, 
respectively. Implementation of food policies alone (considering current regulations and 
application of future policies suggested by the current study) could reduce hypertension 
incidence and CV deaths by -11.85% and -4.80% in Spain, -14.53% and -3.95% in Portugal 
and, -8.39% and -4.48% in Italy, respectively. If taking into account the changes in 
consumption according to the availability/sales trend, hypertension incidence would increase 
by +14.68% and CV deaths by +5.58% CV deaths in Spain, +0.65% more hypertension cases 
and +0.04% more CV deaths in Portugal and, +0.10% more cases and +0.72% CV deaths in 
Italy.  The combination of salt reduction policies and changes in food consumption could lead 
to a reduction of -1.38%, -14.04% and -7.29% of hypertension in Spain, Portugal and Italy, 
respectively. Similarly, this scenario would lower deaths due to CVD by -0.62% in Spain, -
3.90% in Portugal and -4.29 in Italy. Lastly, the additional implementation of a public health 
campaign to decrease added salt would achieve a total reduction in new hypertension cases and 
deaths due to CVD of -7.41% and -2.86% for Spain, -20.23% and -6.88% for Portugal and, -
37.35% and -6.69% for Italy. 
 
 
Conclusions 
This study suggests that the application of salt reformulation policies is effective and necessary 
to prevent a higher incidence of hypertension and deaths due to cardiovascular diseases. Food 
availability/sales of the foods targeted by policies is increasing in the three Southern Countries 
indicating that if no policies are enforced, the incidence of hypertension cases would be 
expected to increase. Current policies in Portugal might be sufficient to mitigate the impact of 
this trend, however, in Spain and Italy, the application of future policies that target foods 
contributing the most to salt intake is needed. Additionally, by applying current and future salt 
content targets considering the changes in food consumption and the implementation of a 
public health campaign to reduce “1 pinch of salt a day”, a total of 2,029 deaths could be 
prevented per year in Spain, 1,536 in Portugal and, 6,626 deaths in Italy. 
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Background 

Cardiovascular diseases (CVDs) are the leading cause of death globally and are positioned 
among the main top four noncommunicable diseases (NCDs) causing premature deaths 
worldwide1,2. They could be easily prevented through public policies targeting four main risk 
factors – use of tobacco, harmful use of alcohol, unhealthy diets (high in salt, fat and sugar), 
and physical inactivity1. Together with these modifiable risk factors, hypertension has been 
identified as one of the leading causes of CVD2. 
Westernisation of our diet has been characterised by increased consumption of salt, sugar and 
trans-fat, also known as unhealthy diets3. This dietary shift was visible between the mid-1980s 
and the late 1990s when sodium intake in the United States increased by +55%4. Dietary 
patterns are changing and public health policies must adapt to the needs to prevent the NCD 
burden from getting worse.  
 
 

1. The Burden of Cardiovascular Diseases 
 
CVDs are the first cause of disability and deaths, mainly due to ischaemic heart disease (IHD) 
and stroke, affecting 485,620 individuals globally. At worldwide level, crude prevalent CVD 
cases, all-ages CVDs deaths and years lived with disability (YLD) have increased within the 
last three decades by +93%, +21.1% and by +94%, respectively, due to the increasing ageing 
population and other factors such as the obesity epidemic that have exacerbated the underlying 
problem5–7. However, when adjusting the results according to age and population growth, 
strong declines were found for death rates, disability-adjusted life years (DALYs) and years of 
life lost (YLL) while prevalent cases had modest reductions (See Figure 1). Age-standardised 
CVD deaths were reduced by -10.3% between 1980 and 2017. This was the consequence of 
implementing and/or improving primary prevention interventions (i.e. smoking termination 
and medical treatment) but the most recent results seem to indicate that decline in death rates 
has stabilised and is plateauing6–8. 
Similarly, CVDs are still the main cause of death in the European Union (EU) although CVD 
death rates have lowered by -17.76% between 1990 and 2019. Regarding disability, CVD 
ranked first in 1990 but after a strong decline of -31.83% in the DALYs rates, neoplasms have 
now taken the first position for DALYs 9. 
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Figure 1. Numbers and rates of Cardiovascular Diseases globally between 1990 and 2019. 

  
Source: Roth, GA. et al. (2020 Journal of the American College of Cardiology, 76(25), 2982–30217 
DALY= disability-adjusted life years; YLDs= years lived with disability; YLLs= years of life lost 

 
 

1.1. Cardiovascular Mortality in Southern European Countries 

Although efforts have been made in Southern European countries to reduce the burden of 
CVDs, they remain the main leading cause of death among their population. In 2019, IHD 
accounted for 18.17% of all deaths occurring in the European Union (EU) and 10.01% for 
stroke. Age-standardized mortality rates have lowered by -17.76% when comparing values 
from 1990 to 2019 with stronger declines in IHD (-28.35%) than ischemic stroke (-26.68%). 
In Europe, mortality CV rates adjusted by age and population corresponded to 389.44 deaths 
per 100,000 compared to 285.72 for Spain, 350.69 for Portugal and 392.13 for Italy. See Figure 
2 to understand the contribution of the diseases responsible for more deaths among the EU and 
Southern European Countries. Patterns of CVD deaths differed between countries, being IHD 
the most common cause of death in the EU, Spain and Italy, while for Portugal it is still stroke 

9. 
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Figure 2. Contribution of the five causes of death on total deaths in 2019 for the European Union, Spain, 
Portugal and Italy, respectively.    

 
CRC= colorrectal cancer; IHD = ischemic heart disease; COPD = Chronic Obstructive Pulmonary Disorder; HTN HD = hypertensive heart 
disease 
Adaptation based on data from Institute for Health Metrics and Evaluation (IHME). (2022). GBD 2019. University of Washington. 
 
 

In the Spanish population, CVD mortality declined by –7% among men and -10% among 
women between 1999 and 201310.	IHD is the leading cause of death for men and women with 
similar reductions (-23.22 and -19.91%, respectively) in death rates between 1990 and 2019. 
IHD mortality rates for both genders peaked in 1999, dropped intensely until 2013 and then 
slightly increased. Instead, for ischemic stroke, taking 1990 as a baseline, values decreased 
until 2013 and then, similarly, raised (See Figure 3)9.		
	
In Portugal, premature mortality due to CVDs for all ages decreased strongly by -22.47% 
between 1990 and 2019. Current trends indicate that although CVDs remain the first cause of 
death for women, neoplasms rank higher than CVDs for men. Each gender presents different 
patterns of CVDs being ischemic stroke more common among females and IHD for males. 
Public health campaigns to reduce these numbers were effective, achieving strong decreases of 
-36.98% and -24.75% of the death rates between 1990 and 2019 for stroke in women and IHD 
for men, respectively. Death rates achieved the lowest value in 2011 for IHD in men and 2014 
for stroke in women and, since then, both have increased mildly (See Figure 3)9,11.  
 
In Italy, CVD death rates reduced mildly (-1.67%) between 1990 and 2019 but currently, they 
still account for 34.8% of total mortality9,12. As in Spain, IHD is the first cause of death for 
both genders although, changes in mortality have been stronger in males (-15.12%) than in 
females (-0.13%). Similarly, for ischemic stroke, death rates lowered -by 14.38% and -30.79% 
for women and men, as they follow. Trends of IHD and ischemic stroke achieved the lowest 
death rate value in 2014 and have increased since then (See Figure 3)9.  
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Figure 3. Death rates for Cardiovascular Diseases in Spain, Portugal and Italy between 1990 and 2019. 

 
Source: Institute for Health Metrics and Evaluation (IHME). (2022). GBD 2019. University of Washington. 
 
 
 
 

1.2. Hypertension  

According to guidelines from the European Society of Cardiology, high blood pressure also 
known as hypertension is defined as systolic blood pressure ≥140 mmHg and/or diastolic blood 
pressure levels ≥90 mmHg. However, hypertension is often referred to as high Systolic Blood 
Pressure (SBP)13.	 
High SBP has been a recurrent public health challenge over the last decades, accounting for 
high rates of disability and deaths7. High SBP is an important risk factor for the development 
of IHD and stroke which explains the high burden of SBP. High SBP was ranked as the fifth 
leading risk factor worldwide in 1990 and escalated up to the first position by 2007, accounting 
for 10.4 million deaths and 218 DALYs worldwide in 2017. However, globally, age-
standardised DALY rates attributable to high SBP reduced by -25.8% between 1990 and 
201714.  
In the EU and Southern European countries, high SBP remains the main risk factor contributing 
to more deaths and among the top four risk factors contributing to more DALYs. Age-
standardized death and DALY rates lowered by -17.92% and -31.72% in Spain, -22.19% and 
-39.22% in Portugal and, -17.79% and -36.22% in Italy, respectively, between 1990 and 2019. 
Furthermore, the progression of high SBP across time follows a similar trend to the one 
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previously presented in Figure 3 for CVD mortality, with the lowest values in 2014 and then 
gradual increases up to 20199.  
 
Crude morbidity and mortality rates due to high SBP have increased from 154 to 235 million 
DALYs and from 6.79 to 10.8 million deaths between 1990 and 2019. However, age-
standardized rates indicate that DALYs, deaths and YLLs decreased during these 29 years. 
Therefore, these higher crude values can be justified by the consistent population growth and 
the increased proportion of those aged >70 years old7.   
Furthermore, it is important to consider that undiagnosed hypertension is common and thus, 
the prevalence of high SBP could be higher than the estimates reported. A study conducted in 
the United Kingdom estimated that the prevalence of undiagnosed hypertension among patients 
was close to 5% when considering the benchmarks from the ESC15. Aligned with the lack of 
screening programs, May Measurement Month (MMM) was created. MMM is an initiative 
developed at a global level to raise awareness about hypertension and as an opportunity to 
screen the population. In 2017, the MMM assessed the blood pressure levels of 1,128,635 
individuals from over 80 countries all over the globe. Results reported that 34.9% of 
participants examined worldwide had hypertension and 55% for Europe. Mean SBP was 
reported to be 120.6mmHg globally and 124.1mmHg for Europeans16. Based on data from the 
MMM conducted in 2019, global estimates remained stable (34%) while hypertension among 
Europeans lowered (43.6%). These values should be interpreted with caution and some 
estimates could be biased since the participants evaluated are not representative and a 
convenience sampling methodology is used17. 
 
In Spain, several studies have determined the burden of high SBP among their population. An 
early study published in 1998 studied a representative sample of 2,021 persons and estimated 
that 45.1% had hypertension18. A decade later, the ENRICA (Estudio de Nutrición y Riesgo 
Cardiovascular en España - Study on Nutrition and Cardiovascular Risk in Spain)19 conducted 
a physical examination of 11,957 individuals between 2010 and 2012 and, concluded that 
hypertension prevalence was 33.%. Similarly, a nationwide population-based study estimated 
that the prevalence of hypertension in Spain was 33.3% based on the results from a 2008-2010 
study that evaluated a sample of 11,957 individuals aged >18 years and representative of the 
national population19. 
The 2017 MMM in Spain evaluated 3,849 Spanish participants aged ≥18 and reported that 
39.4% of these were hypertensive. Furthermore, they estimated that age and sex-standardized 
mean was 120.6mmHg for SBP, similar to global values from the 2017 MMM and 3.5 mmHg 
lower than in Europe20.  
 
In Portugal, there are a variety of studies assessing the importance of hypertension among the 
Portuguese population. A study comparing the national health between 1990 and 2016 found 
that in 2016, approximately 226,000 years of life were lost due to high blood pressure levels 
and 41% of years of these YLL could have been avoided if behavioural risk factors, such as 
dietary risks, had been addressed11. 
Prevalence of hypertension in 2003 was estimated to be of 42.1% among the Portuguese 
population based on a representative sample of 5,023 individuals of ages 18 to 90, being more 
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common among the population aged >64 years old (79% for men and 78.7% for women)21. In 
2011-2012 the Portuguese HYpertension and SAlt (PHYSA) study22 conducted a similar study 
on a representative population of 3,720 individuals from 18 to 90 years old. Prevalence was 
estimated to be 42.2%, being higher in men than women (44.4% vs. 40.2%).  
The National Health Examination Survey (Inquérito Nacional de Saúde com Exame Físico - 
INSEF) 23 provides the most recent outcomes and was the first study to assess the health of a 
representative population both nationally and from the 7 Portuguese regions. A sample of 4,911 
adults with ages between 25 and 74 was evaluated and the prevalence of hypertension reported 
was 36%, higher in men than women (39.6% vs. 32.7%). These values are lower than previous 
studies mainly because the INSEF sample was younger and from all over the country. Mean 
SBP was 125.4mmHg, being 4.8mmHg higher than global 2017 MMM values and 1.3mmHg 
than Europe. 
 
In Italy, the prevalence of hypertension in the Italian population has been assessed through 
different studies. A study focused on the trends of blood pressure measurements from the 
World Hypertension Day, a similar imitative to MMM, found that prevalence remained stable 
over the period studied being 59% in 2004-2010, 56% in 2011-2012 and, 55.4% in 2013-
201424. The World Hypertension Day in 2015 assessed the CV health of 8,657 individuals 
finding that 36% had hypertension25. From 2017, Italy conducted the MMM which allowed to 
collect more data. The 2017 MMM measured the blood pressure of 10,076 participants aged 
over 18 years and found that 30.8% of the population had hypertension according to diagnostic 
criteria. Mean SBP was 129.7 mmHg being the highest from the Southern European countries 
studied in the current study, 9.1mmHg higher than worldwide levels and 5.6mmHg than 
Europeans26.  
Regarding other types of assessments, in 2013, Tocci et al.27 selected a large representative 
sample of general practitioners and assessed the prevalence of hypertension retrospectively 
analysing health data from 911,753 individuals. Results indicated that hypertension was 
prevalent in 25.9% of the individuals, being more common in females than in males (26.5% 
vs. 25.4%). Values from this latest report were lowered compared to those previously estimated 
by MMM however, this could be due to undiagnosed hypertension that was not considered for 
the analysis.  

 

2. Salt and its Health Impact 
 
Sodium is an essential metal for humans and we have developed physiological adaptations to 
survive on extreme intakes, however, excessive consumption is more common than the lack of 
it. After sodium has been ingested, it is fully absorbed in the intestine through active transport 
depending on the body’s ability to absorb the rest of the nutrients28. Then, approximately half 
of all the absorbed sodium is distributed in the extracellular fluid, about 45% in the bone and 
the rest in the intracellular compartment29.  
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Sodium is the most prevalent cation in the extracellular fluid and together with potassium, they 
are key for the homeostasis of the water content in the body. Furthermore, it is also crucial for 
the membrane potential of the cells, contributes to the never impulse transmission and 
contraction of the muscles28.  
Sodium concentrations in the body are strictly regulated mainly through excretion in form of 
urine, sweat and stools, in decreasing order. The kidneys play a key role in regulating the 
sodium content in the body and consequently its excretion. Renal function filters sodium out 
of which 99% is reabsorbed. On the one hand, depletion of sodium might be due to lack of 
consumption and/or excessive loss, producing symptoms like muscle cramps and low blood 
pressure. On the other hand, excessive sodium increases plasma osmolality and consequently, 
it enhances water renal retention, resulting in thirst28.  
Therefore, the elimination of sodium results from the cooperation of the renal function, 
hormonal regulation (i.e. antidiuretic hormone) and other systems, creating a highly efficient 
system that can adapt to a wide range of sodium intake28. However, an acute consumption of 
salt might produce salt sensitivity a phenomenon that reduces the ability to respond to salt. 
Consequently, metabolic changes occur, blood pressure can be affected and renal capacity to 
eliminate the sodium from the body can be limited30,31. Salt sensitivity may have a genetic 
predisposition making certain ethnicities (i.e. African-Americans) more susceptible to having 
it however, it is also common in the ageing process because renal function diminishes28.  
 
 
The impact of excessive salt intake has been studied extensively with most research focused 
on the effect on cancer and CVDs. High sodium intake might be associated with the 
development of gastric cancer32 however, the evidence describing the relationship between 
CVDs and salt is stronger. Excessive sodium consumption is associated with high blood 
pressure and hypertension32–36 and with a 1.12-fold increased risk of CVDs and 1.23-fold 
increased risk of stroke, respectively37. However, the impact that salt intake has on the 
increased risk of CVDs is thought to be mediated by high blood pressure and not described as 
a direct relationship32. Filippini et al.36 found that sodium intake was positively associated with 
the onset of hypertension through a linear relationship. Although previous studies had 
identified a J-shaped correlation, this was because they had included studies using 
methodologies to measure sodium intake more likely to be biased and inaccurate (i.e. food 
frequency questionnaires or 24-h recalls). However, Filippini et al. found that when using the 
less biased studies, the linear association was very similar to the one for the 24-h urinary 
excretion studies.  
There is strong evidence supporting that reductions in sodium intake lead to decreases in SBP 
and overall blood pressure35,37,38 with stronger effects among hypertensive subjects39–41.  
Furthermore, the sodium/potassium ratio has been the focus of recent investigations because 
potassium intake might affect the impact that sodium has on blood pressure. Research results 
indicate that low-sodium and/or high-potassium intake could help reduce blood pressure levels. 
Similarly, low-potassium and high sodium intake were associated with higher blood pressure 
levels33,42.  
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3. Assessment of Population Salt Intake 
 
Globally, a “diet high in sodium” is the third risk factor contributing to deaths among all 
behavioural risks and the first for those that are strictly dietary9.  In 2017, worldwide, it was 
estimated that the impact of high sodium diets corresponded to 3 million diet-related deaths 
and 70 million diet-related DALYs43. 
Similarly, dietary risk factors have still a strong weight on deaths among Southern European 
countries, accounting for 10%, 11% and 14% in Spain, Portugal and Italy, respectively. Among 
all dietary factors, “diet high in sodium” is in the top ten for the three countries for deaths and 
DALYs. However, deaths and DALYs attributable to high sodium diets have lowered 
significantly between 1990 and 2019 by -10% and -13.86% in Spain, -3.82% and -19.53% in 
Portugal and, -22% and -38.55% in Italy, respectively9.  
 
Sodium is naturally found in foods but is most commonly added as sodium chloride, also 
known as common salt but can be found in other forms such as glutamate salt, nitrate salt and 
others. Thus, sodium intake in the diet is complex to quantify. 
The scientific community has identified several methodologies to measure it. One of the 
strategies used to quantify micronutrients, in general, is quantifying food consumption of foods 
rich in that compound44. These nutritional assessments often rely on self-reporting 
methodologies that can either focus on i) identifying the frequency of how certain foods are 
consumed using Food Frequency Questionnaires (FFQ), or ii) collecting data on how foods are 
consumed daily with dietary recalls of either 24 hours or 3 day food diaries.  
Unfortunately, in general, dietary self-reporting methods are assumed to be biased due to recall 
or social desirability43,45. Additionally, measuring sodium in the diet is even more difficult to 
measure compared to other micronutrients, especially when we need to compare data from 
different periods and data across countries44. Therefore, the scientific community has identified 
sodium biomarkers to evaluate 24-h urinary excretion samples as the reference methodology 
to estimate salt intake among a national population46,47. Currently, it is considered the gold 
standard because it quantifies up to 93% of the sodium excreted44,46. According to the World 
Health Organization (WHO) recommendations, to estimate sodium intake with a 95% 
confidence interval (CI) and detect a fluctuation of 12 mmol/d, it is required to measure one 
24-h urinary sample of at least 100 to 200 individuals. If the sample size is larger, this will 
ensure greater precision48.  
 
Salt intake is different between countries and between individuals living in the same country. 
According to WHO recommendations, daily salt consumption should be £5 g/day to prevent 
CVDs47. However, salt intake across European countries ranges from 7 to 12g per day usually 
higher in men compared to women. Methodologies to assess consumption differ between 
European countries which makes it harder to compare the data. However, if only considering 
countries that used 24-h urinary sodium for the assessment, those with higher intake included 
Belgium, Hungary, Croatia and Slovenia, and those with lower were Cyprus and Latvia49. 
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In Spain, Ortega et al.50 conducted a study in 2009 focused on a representative sample of 418 
participants with ages 18 and 60 from different parts of the country. Based on 24h-urinary 
sodium excretion they estimated that the average salt intake was 9.8g/day, 11.5g/day for men 
and 8.4g/day in women, nearly doubling WHO recommendations. Moreover, in 2009, a report 
from the Spanish Agency of Food Security and Nutrition (Agencia Española de Seguridad 
Alimentaria y Nutrición – AESAN) estimated from two 24h recalls that in the Spanish diet 
approximately 72% of sodium comes from processed foods, 20% from added salt and 8% is 
present naturally in the foods51. Furthermore, the Anthropometry, Intake and Energy Balance 
(Antropometría, Ingesta y Balance Energético en España – ANIBES) study 52 estimated that 
based on 3-day self-reporting food diaries in 2013, salt intake among the Spanish population 
was around 5.06g/day, excluding discretionary salt.  
 
In Portugal, the PHYSA study22 published in 2014 reported that the average daily salt intake 
for adults of ages 18 to 90 years old was 10.7g/day per individual, measured in validated 24-
hour urinary samples. Later on, the National Food, Nutrition and Physical Activity Survey 
(Inquérito Alimentar Nacional e de Atividade Física - IAN-AF 2015-16)53 evaluated the salt 
intake among the Portuguese population from a sample of 6,553 individuals aged between 3 
months and 84 years old using two non-consecutive 24-hour recalls. The report estimated that 
the average salt consumption among the Portuguese population was 7.4 g of salt (2962 mg of 
sodium chloride), exceeding the 5 grams/day of salt recommendation. Intake was greater 
among men compared to women (8.58g/day vs. 6.37g/day) and regarding age groups, adults 
with ages 18 to 64 had the highest intake (7.77g/day). The proportion of non-compliance with 
the recommended intake was also higher in men than in women (88.9% vs. 63.2%), with male 
adults of 18 to 64 years old presenting the highest values (92.1%).  
Based on collected 24-hour urinary samples of a sub-sample of 95 adults aged 18 to 84 years 
old of the IAN-AF 2015-16, sodium excretion was estimated to be 4003 mg Na (10.01g of salt) 
and self-reported sodium from the same sample was 3,489mg (8.72g of salt). Therefore, 
reporting accuracy between the two 24-h recalls and the urinary sodium biomarkers was 
estimated to be 0.87 with a misreporting of 514mg of sodium (1.285g of salt) in the self-
reporting methods54. Even though the results from these different studies cannot be directly 
compared because of the differences in collection methods used and age groups considered in 
each study, we believe they are relevant to mention.  
 
In Italy, Malavolti et al.55 in 2005-2006 assessed salt intake in the northern Italian region of 
Emilia-Romagna using a validated semi-quantitative food frequency questionnaire. Sodium 
intake was estimated to be of 5.38g of salt/day (2.15 g of sodium/day).  
After a few years, the CUORE project, funded by the Ministry of Health, surveyed individuals 
from 10 different Italian regions between 2008 and 2012. Within the 2008-2012 CUORE 
survey, the MINISAL-GIRCSI Study and MENO SALE PIU’ SALUTE study 56 was 
responsible for the quantification of salt intake. Results indicated that from a sample of 1,858 
participants aged 35 to 74 years, the average age-standardized salt intake was 10.8g/day for 
men and 8.3g/day for women, with higher values among men and women aged 45 to 55 years 
old (11.24 g/day vs. 7.76 g/day) compared to other ages. One decade later, from 2018 until 
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2019, a second follow-up research was carried out on 1,977 individuals. Results showed a 
strong reduction of -12.55% in sodium excretion compared to the first study with a salt intake 
of 9.5g/day and 7.2g/day for men and women, respectively.  
 
 
 

4. Main Food Contributors to Salt Intake 
 
Main food contributors refer to those foods that are most responsible for the intake of salt 
among all foods in the diet. This, mainly occurs because of one of these three conditions:  

• The food product has a high salt content;  
• Foods consumed in great quantity and daily;  
• and combination of the two cases, foods that are consumed relatively often and have a 

medium-high salt content. 
 
According to the European Food Safety Authority (EFSA) and a cross-country study report, 
for most European countries 70-75% of all sodium intake comes from processed foods (i.e. 
ready-to-eat meals, bread, cheeses and processed meats), 10-15% is naturally present in 
unprocessed foods (i.e. fruits and vegetables) and discretionary sodium (table salt and added 
during cooking) accounts for 10-15% of total salt intake28,57. 
 
Regarding food consumption, two 24-h food recall has been identified as the most valid 
methodology to collect data on food intake that can be compared internationally44.  
A summary of the salt content and food consumption of the main contributors to salt intake 
can be seen in Table 1.  
 
Table 1. Main Food Contributors to Salt Intake: Salt Content and Daily consumption 

COUNTRY Contributor 
Salt Content (g 

salt/100g product) 

Daily consumption 
(g/day) 

Mean (SD) 

SPAIN 

Sausages and other processed meats 2.9858 40.5 (36.40) 52 
Bread 1.6458 75.0 (45.20) 52 
Ready-to-eat meals 1.3658 70.2 (77.60) 52 
Cheese 1.0459 18.0 (23.00) 52 
Fresh meat 0.1660 103.9 (73.80) 52 

PORTUGAL 

Bread and “tostas” 1.33 53 108.8 (84.21) 53 
Soup 0.31 53 38.0 (43.64) 53 
Charcuterie and other processed meats 4.38 53 20.8 (30.80) 53 
Fresh fish, dry or canned 1.29 53 46.1 (59.21) 53 
Cheese 1.94 53 20.9 (27.42) 53 

ITALY 

Bread and rolls 1.3455 78.3 (72.00) 55 
Processed meat 3.00 55 29.5 (24.90) 55 
Pizza, crackers and salty snacks 1.56 55 47.5 (34.20) 55 
Cheese 1.31 55 40.5 (33.90) 55 
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Other vegetables* 0.98 55 27.3 (20.00) 55 
*This food category includes processed vegetables such as canned or preserved. 
 
In Spain, the ANIBES Study52, previously mentioned, identified the main top five contributors 
to salt intake among the Spanish population using 3-day food diaries. These were (1) sausages 
and other processed meats (19.94%); (2) bread (19.77%); (3) ready-to-eat meals (12.93%); (4) 
cheese (7.41%); and (5) fresh meat (6.17%). Furthermore, another study from the ANIBES 
study population quantified the daily consumption of these main contributors (mean ± SD): 
sausages and other processed meats (40.5 g/day ± 36.4), bread (75.0 g/day ± 45.2), ready-to-
eat meals (70.2g/day ± 77.6), cheese (18.0g/day ± 23.0), fresh meat (103.9g/day ± 73. 8)61. 
Baseline values of salt content of the top five contributors were 1.04g salt/100g for sausages 
and other processed meats; 1.64g salt/100g for bread; 1.13g salt/100g of ready-to-eat meals58; 
1.04g salt/100g of cheese59; and 0.16g salt/100g for fresh meat60.  
In summary, sausages and other processed meats stand out because of their salt content. Bread 
together with ready-to-eat meals and cheese contain average salt content and are consumed in 
significant amount, except cheese which is consumed less. Lastly, fresh meat contains low 
amounts of salt but is consumed in large amounts.  
 
In Portugal, the IAN-AF 2015-16 provides data on the salt content and the food consumption 
of the main products of the Portuguese diet using two non-consecutive 24-h recalls. Based on 
the results, food categories are also classified based on their micronutrient contribution. Main 
contributors to sodium intake among the Portuguese population have been identified to be (1) 
bread (18%); (2) vegetable soup (8.2%); (3) charcuterie and other processed meats (7%); (4) 
fresh fish, canned or dry (5.5%); and (5) cheese (3.9%).  
The first two products, bread and vegetable soup, are part of the day-to-day Portuguese diet 
therefore, are consumed in great quantity daily (108.77 g/day and 145.90 g/day, respectively) 
however, their salt content is not one of the highest (1.33g salt/100g for bread and 0.31g 
salt/100g for soup). Charcuterie and other processed meats are not consumed so frequently 
(20.75 g/day) however, these food products, especially in Portugal, are very high in salt content 
(4.38g salt/100g of charcuterie products). Lastly, the fourth and fifth food category are relevant 
because of their salt content (1.29g salt/100g for fresh fish, dry or canned and 1.94g salt/100g 
for cheeses) and their consumption (46.09 g/day for the fourth and 20.85 g/day for the fifth)53.  
 
Malavolti et al.55 researched 719 individuals from the north of Italy to evaluate sodium content 
and conduct an overall assessment of Italian diet. They estimated average daily salt intake to 
be 2.15g/day but they acknowledge their limitations on quantifying discretionary salt. They 
used food consumption obtained data from a study of 2005-2006 that used a validated semi-
quantitative food frequency questionnaire and a study from 2016-2017 evaluating the salt 
content of food products. Based on these results, they reported that the main contributors to 
salt intake were (1) bread and rolls (20.21%); (2) processed meat (17.68%); (3) pizza, crackers 
and salty snacks (11.22%); (4) cheese (9.88%); and (5) other vegetables (4.69%). This last food 
category includes processed vegetables such as canned or preserved.  
Bread has an important role in the Italian diet and is consumed daily (78.3g/day) with average 
salt content (1.35g salt/100g of bread). Similarly to Portugal and Spain, although charcuterie 
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and processed meats are consumed in less quantity than bread, they stand out because of their 
high salt content (3.00g salt/100g of processed meats). The fourth and fifth category are 
consumed frequently (47.50g/day and 40.50g/day, respectively) and have average-high salt 
content (1.56g salt/100g of pizza, crackers and salty snacks; and 1.3g salt/100g of cheese). 
Lastly, other vegetables are consumed in less amount (27.30 g/day) and have moderate salt 
content (0.98g salt/100g other vegetables). 
 
 
 
 

5. Salt Reduction Policies  
 
WHO’s Best Buys  – most cost-effective interventions to prevent and control NCDs – to reduce 
unhealthy diets include sixteen measures among which, four focus on reducing salt intake1,62. 
Furthermore, policies targeting specific dietary risk factors such as sodium, might also be cost-
saving apart from cost-effective43. WHO’s Member States have approved a global NCDs target 
of reducing by 30% the population intake of salt to achieve a target of <5 grams of salt 
(equivalent to 2 g sodium) per day by 2025, and a voluntary global goal to reduce by 25% 
raised blood pressure by 202563. Similarly, among the Sustainable Development Goals (SDGs), 
nutrition has been considered “an important factor that crosses all the SDGs”64. Southern 
European Countries are performing poorly (Portugal positioned 20th, Spain 22nd and Italy 23rd 
out of 31 countries for the SDGs Index Rank) to achieve the 2030 SDGs65. Thus, policies 
focusing on reducing salt intake prevent and control NCDs and bring countries one step closer 
to accomplishing the SDGs. 
Literature shows the positive health impact of salt reduction policies among their population. 
For example, Breda et al.66 estimated that for Turkey, a 30% reduction in the salt consumption 
could have prevented 4,786 deaths in 2017. Additionally, a study conducted by the RIVM 
(National Institute for Public Health and the Environment in the Netherlands) and the WHO 
assessed the impact of a 30% reduction in salt intake among nine European countries, including 
Spain and Italy. Results were very promising, indicating that salt reduction policies could lead 
to significant improvement on the prevalence and mortality of CVD. Positive health impact 
was stronger for countries with higher blood pressure values compared to those with lower, 
which can be explained by the observation that “health benefits of salt reduction are mediated 
by systolic blood pressure”67. 
 

5.1. Salt Reduction Policies in Southern European Countries 

Sodium reduction policies in Spain, Portugal and Italy, have focused on establishing national 
initiatives, increasing consumer awareness, labelling and industry involvement47,68. 
Cooperation with the food sector is commonly done through “food reformulation and defining 
limit levels for salt content in foods and meals” which has been identified as one of WHO’s 
Best Buys to reduce salt intake1,62.  
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A summary of all the policies applied through can be seen in Annex II in tables A1, A2, A3 
and A4.  
 
In Spain, in 2004, the AESAN implemented the Spanish Strategy for Nutrition, Physical 
Activity and Prevention of Obesity (Nutrición, Actividad Física y Prevención de la Obesidad 
– NAOS). In the framework of the NAOS strategy, in 2005 the Ministry of Health established 
an agreement with the Bakers Association to reduce salt content in bread from 2.2g of salt per 
each 100 grams to 18 (determined by chlorides) in a four-year period69. 
AESAN as the monitoring agency conducted a study that was completed by mid-2008 and 
verified that in fact, the objective was overachieved and salt content in bread was 1.63g per 
100 grams of bread70. After several years, a follow-up evaluation determined that in 2014 the 
average salt content in common bread had remained stable since 200871. 
During 2016 and 2017, the Spanish Government arranged an agreement with the food industry 
to establish some salt content targets for the reformulation of several products. Considering 
2016 values as baseline, they defined reductions for 2020 for the following categories: -16% 
in charcuterie and other processed meats; -16% in sauces; -10% in ready-to-eat meals; -13,8% 
in salty snacks; and -6.7% in vegetable soups. Within these food categories more specific 
targets have been defined for specific groups (i.e. within sauces, -16% reduction was defined 
for mayonnaise, -10% for tomato sauce and -5% for ketchup)72. 
Additionally, after the previous success of the 26% decrease in salt on bread in 3 years, in 2019, 
the Spanish Government approved a regulatory restriction for salt content in bread. The 
legislation has been enforced in April 2022 requiring common bread to have a maximum of 
1.31g of salt per each 100 grams of product (with determination of chlorides)73.  
 
 
Portugal has several lines of action at the national level to lower salt intake but also at the 
regional level. The Regional Administration of Health of Central Portugal (Administração 
Regional de Saúde do Centro - ARSC) has been coordinating two projects at the central region 
of Portugal: “bread.eat” (pão.come) and “soup.eat” (sopa.come)47,74. The initiative pão.come 
implemented in 2007, involved around 900 bakeries of central Portugal with the aim to achieve 
the exigent objective of 1g of salt per each 100g of bread (defined afterwards for 2021) by 
201375. Later on, in 2009, the ARSC established the sopa.come to reach a lower content than 
0.5g of salt per soup portion (250ml) in restaurants and canteens by 2013, with intermediate 
phases to lower the salt concentration progressively74. On their latest report, the ARSC reported 
that pão.come reached 97% of the coverage rate in the central region while sopa.come achieved 
87% in the 1st, 2nd and 3rd grades of basic education; and they were expected to attain the 100% 
and 88% coverage, respectively, for their 2018-2020 plan 76. 
One of the most important national policies in Portugal was the 2009 legislation to reduce salt 
content in bread (≤1.4 g salt/100 g bread) by -16% (traditional and imported breads were 
exempt)47,77. Later on, in 2012, the Portuguese Government implemented the National Program 
for the Promotion of Healthy Eating (Programa Nacional para a Promoção da Alimentação 
Saudável – PNPAS) to prevent NCDs78. 
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In 2017, the Portuguese General Directorate of Health (Direção-Geral da Saúde - DGS) signed 
the Protocol with the National Institute of Health Dr. Ricardo Jorge (Instituto Nacional de 
Saúde Dr. Ricardo Jorge - INSA) and some associations from the bakery and pastry industry 
to further decrease salt content by 30% and achieve bread with ≤1 g salt/100 g bread by 2021. 
Assuming baseline levels in 2017, gradual changes were defined: 1.4 g of salt per 100 g of 
bread, 1.3 g per 100 g in 2018, 1.2 g per 100 g in 2019 and 1.1 g per 100 g in 202079.  
In December 2017, Portugal also implemented the Integrated Strategy for the Promotion of 
Healthy Eating (Estratégia Integrada para a Promoção da Alimentação Saudável - EIPAS), 
the first “health in all policies”, comprising seven different ministries to align their policies 
with the WHO European Food and Nutrition Action Plan 2015-2020 recommendations80. 
Aligned with the recommendations from the European Commission68, in 2019, the PNPAS and 
EIPAS signed an agreement with some actors from the food industry to reduce the sodium 
content in several processed foods. The pact committed enterprises to reformulate foods such 
as canned soups; ready-to-eat meals; pizzas; breakfast cereals; and other snacks81. The 
monitorization of this program is being conducted by an independent entity, Nielsen, in 
cooperation with INSA using as main indicators, the yearly average salt content per each food 
category and the total amount of salt reduced per year. Cooperation with the food industry will 
persist to promulgate the reformulation of the products considered the major contributors to 
salt intake that were not taken into account during the first phase of the strategy.  
Two Portuguese studies have modelled the impact of food reformulation on cardiovascular 
outcomes. Goiana-da-Silva et al.82 modelled the impact of reducing salt content by -16% in 
eight food categories (“tostas”, breakfast cereals; cheese; cookies and biscuits; potato chips and 
other snacks; processed meats (ham); ready-to-eat soups) and -30% in bread. They estimated a 
decrease in daily salt intake of 0.5 g and 650 deaths averted in 2016 if targets had been 
achieved. When assessing the impact of salt, sugar and trans-fats reformulation, they found 
that salt had the strongest impact in reducing NCD mortality. The second study was conducted 
by INSA, a “Health Impact Assessment of the Protocol” to reduce bread ≤1 g salt/100 g bread 
by 2021. Results reported that the effect would be modest and suggested future salt reduction 
policies should be mandatory and target additional categories83. 
 
 
In Italy, in 2007, the Ministry of Health approved the national plan “Gaining health: making 
healthy choices easier” (Guadagnare salute: rendere facili le scelte salutari) to promote 
healthy lifestyles for the prevention of NCDs 84. Although the Italian Government has not 
implemented any regulatory measure to limit salt content in their foods, efforts have focused 
on cooperating with the industry to establish agreements. 
Recently after the national plan was implemented, between 2009 and 2010, they established an 
agreement with several Baker Associations to reduce salt content by 10-15% in bread and rolls 
within 2 years. Subsequently, additional commitments have been taken by the industry to 
diminish by -10% the sodium in frozen foods, including ready-to-eat meals made with pasta or 
rice and soups 47,85–87. However, there is no published data on the effectiveness of this food 
reformulation products. 
Similarly to Portugal, the Emilia-Romagna region (Center-North of Italy) implemented the 
regional initiative of “Bread Less Salt” (Pane Meno Sale). The campaign started in 2013 to 
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reduce -15% of the salt content by establishing a maximum of 1.5 salt from the total weight of 
the flour 88. 
 
 
 

6. Justification of the Study  
 
A previous study estimated the impact of reductions in salt consumption on cardiovascular 
morbidity (prevalence of ischemic heart disease and stroke) and mortality in Spain and Italy. 
It focused on overall reductions (assuming a 30% reduction of the salt intake or a scenario 
where salt consumption is <5g/day) in salt intake and it did not identify the impact on 
hypertension, the main risk factor for cardiovascular outcomes67.  
In the case of Portugal, only one study assessed the impact of current policies however, it only 
evaluated the potential effect of salt reformulation in bread on blood pressure83.  
 
There is a gap in the literature of studies that evaluate specific food reformulation policies (i.e. 
targeting one specific food category) and their impact on CV outcomes. Furthermore, no 
studies have been found that take into account the “food consumption trend” (changes in 
availability or sales) of the main foods contributing to salt intake. This could be an important 
factor underestimated in previous assessments since salt intake depends on salt content but also 
on food consumption of that food. Therefore, the main aim of this study is to evaluate the 
impact that specific salt reformulation policies on CV morbidity (hypertension) and mortality 
in Spain, Portugal and Italy. We included national policies that have been already implemented 
and future interventions we are proposing focused on targeting the largest contributors to salt 
intake.  
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Methodology 

1. Sources 
The current study required to collect data from many different sources that we have classified 
according to the data they contained. Find a summary of all the sources used in Annex Table 
A4.  
 

1.1. Populational Salt Intake 

Data using 24-h urinary collection samples of >200 individuals was available for Spain and 
Italy. Although we prioritized the studies using these methodologies for baseline estimates of 
daily salt intake, some other factors were taken into account and we used another strategy for 
Portugal. Find below the studies chosen for each country. 

For Spain, we considered the study conducted by Ortega et al.50 on 418 individuals aged 18 to 
60 years considered to be a “representative sample of the Spanish young and middle-aged adult 
population” and found salt intake to be 9.8g/day. Fifteen different provinces (Spain's 
autonomous regions) were chosen through random sampling and residents from the region 
were then randomly selected and contacted through telephone. Included participants were 
healthy and lived at home (not hospitalized) thus, they were excluded if they had been 
diagnosed with pathologies such as diabetes or hypertension.  

For Portugal, as previously mentioned, the PHYSA study measured sodium excretion from a 
sample of 3,720 Portuguese, however, we lacked access to the data specific for age and gender 
which was necessary for the CV mortality model 22. Therefore, we decided to choose the self-
reporting estimates of 7.4g/day from the IAN-AF 2015-1653. Although, as previously 
mentioned, self-reporting methods often lead to under-reporting and 24-h urinary excretion is 
preferred over dietary intake data44, we considered a sensitivity analysis correction. The 
Portuguese National Dietary Survey collected 24-h urinary samples of 95 adults aged 18 to 84 
years old from all the IAN-AF 2015-16 sample. Based on the data from these 95 adults they 
were able to quantify salt intake (10.1g/day) and the accuracy between the two non-consecutive 
24-h dietary recall and the 24-h urinary sample54. We used these values to conduct a sensitivity 
analysis and correct individual self-reported salt intake data. 

The 2018-2019 CUORE project survey56 that estimated salt intake was 9.5g/day for men and 
7.2g/day for women, has been considered as the reference point for Italian data. They randomly 
selected age and sex-specific 24-h urinary sodium excretion samples of 100 men and 100 
women with ages between 35 and 74 in 10 different Italian regions. 
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1.2. Salt Content and Food Consumption of Foods 

The different counterfactual scenarios of this study considered reformulation for salt content 
in different food products depending on the country. Current policies in Spain already tackled 
60% of the main five food contributors for salt however, only 40% were targeted in Portugal 
and 0% in Italy (Table 3). 
 
Main food contributors to salt in the diet are calculated using data on the foods consumed and 
the salt content of that foods. Thus, for each country sources of information for contributors to 
salt intake included food consumption and salt content which can come from the same or 
different sources.  
 
For Spain, we considered results from several studies. Within the ANIBES research, we 
considered two reports, one for the main contributors to salt intake and a second one for 
evaluating the daily intake of these foods.  ANIBES is a cross-sectional study where data was 
collected from a representative sample of 2,009 individuals with ages between 9-75 years old 
from 128 sampling points in Spain in 2013. Participants were asked to compile a 3-day food 
diary (two working days and one weekend day) to evaluate their diet 61. 
Food consumption estimates of canned soup were not available from the ANIBES reports thus, 
we chose the Mercasa report89 which provided a yearly average intake for soups. In Spain, the 
category of soups included broths, soups and cream (soup of thicker consistency). 
Salt content from national reports that evaluate sodium content through food labelling and 
laboratory quantification were prioritized over food composition tables because they are more 
precise and have a better representation of the foods more consumed by the population. These 
national reports include those with higher sales and as many food categories and food 
companies involved in the agreement as possible. We considered the 2016 report for the salt 
content of processed meats, bread and ready-to-eat meals 90. However, for cheese, we used data 
from a 2012 report that quantified sodium using chloride determination 59.  
No data was available for fresh meat in the national reports thus, we decided to use data from 
a food composition table. We assumed the average sodium content in fresh meat corresponded 
to the average of sodium in all meats classified as fresh with equal representation60. 
Lastly, for salty snacks, sauces and canned soup we used results reported in the latest study 
published in 2020 that included salt content in 201672.  
 
 
In Portugal, the IAN-AF 2015-16 identified the main contributors and provided values of their 
daily consumption and salt content. The national dietary survey was conducted between 2015 
and 2016 and assessed the nutritional habits of 6553 individuals with ages between 3 months 
and 84 years old. Participants were selected randomly through multistage sampling from the 
Portuguese National Health Registry including a total of 99 health centres across the national 
territory. Data was collected through an electronic platform “You eAT&Move” that included 
three different modules, one of which is the module “eAT24”. eAT24 allowed to compile data 
on food consumption through two non-consecutive self-reported 24-h recalls on adults aged 
over 10. The platform was connected to food composition tables to use the estimates for 
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nutrient intake such as salt content 91. Thus, data on salt content and food consumption of the 
main contributors to salt intake was considered from the IAN-AF 2015-16. Furthermore, we 
used individual data from the dietary survey for the calculations53. However, the IAN-AF 
reports only salt content for the general category of “soup” thus, to quantify salt content in 
packaged soup we decided to consider a Portuguese study on the salt content available in the 
Portuguese market92. 
Salt content for other products such as breakfast cereals, pizzas, chips and salty snacks was 
considered from a report of the DGS published in 2022 93.  

 
 
In Italy, Malavolti et al.55 led a study that assessed the sodium content of the most common 
foods in the Italian diet. This research included two different interventions, one focused on 
evaluating the food consumption among the Italian population, and the second one evaluated 
the salt content of the foods identified. The first study was carried out in 2005-2006 in the 
Center-North Italian region of Emilia-Romagna where they evaluated the dietary intake of 719 
participants over the age of 18 years. The sample population was identified through random 
sampling from the Italian National Health Service Registry. They utilized FFQ used within the 
“European Prospective Investigation into Cancer and Nutrition” known as EPIC-FFQ adapted 
to the Italian Northern population. Although, as previously mentioned two 24-h recalls are the 
most preferred methods to evaluate food intake, the EPIC-FFQ is a validated semi-quantitative 
questionnaire that “assesses frequency and quantity of consumption over an entire year, and 
takes into account intakes of seasonal food, supporting its substantial validity and 
reproducibility for the assessment of dietary habits in the adult population”55.  
A second examination was conducted between 2016 and 2017 to evaluate food samples from 
food markets and grocery stores in Emilia-Romagna based on foods consumed more frequently 
in that region. Sodium concentrations from the samples were measured using a spectrometer. 
Results of salt content were considered as baseline values for our study55.  
 

1.3. “Food Consumption Trend” 

By “food consumption trend” we refer to the changes in availability or sales for several food 
categories over a period of 4 years. 
The methodology of the studies considered to estimate the “food consumption trend” at the 
national level differed between countries. To conduct the calculations for our study we only 
used these estimates to model a “food consumption trend”. Thus, although the methods for 
each country reported the results in different units, that was not an obstacle to our analysis. 
 
In Spain, the Household Budget Survey (HBS) published yearly by the Ministry of Consumer 
Affairs gives values on the domestic availability of several food products based on their 
expenditure. A sample of households (12,000 in 2016 and 12,500 in 2020) was chosen 
randomly across all the national territory and asked to record their purchases with a scanner. 
The results report the average annual food consumption (kg/person per year)94,95. 
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For the case of Portugal, we considered data from the National Food Balance Sheets (FBS), 
Balança Alimentar Portuguesa, published by the Instituto Nacional de Estatística (INE) on 
food availability of the main contributors to sodium intake in 2016 and 2020. Although there 
were HBS available, Inquéritos Orçamentos Familiares, the last report was published in 2015-
16 which was not ideal for the periods considered in our study. The FBS are published every 
5-years (the latest reports were in 2016 and 2020) with yearly estimates of food availability. 
Based on the annual values, they report results on all food products in g/person per day. The 
only specific food category to the main contributors to salt intake was cheese, for the other 
categories we assumed the overall classification. Changes in cereals were attributed to the 
category of bread and “tostas”; variation in meat to charcuterie and other processed meats; 
lastly, fresh fish, dry or canned was considered to follow the same trend as overall fish96. For 
soup and “ready-to-eat meals” we considered that availability was stable because we lacked 
data. However, for policies tackling breakfast cereals, pizzas, chips, and salty snacks we used 
sales reported by Nielsen IQ per year from 2018 to 202193. 
 
 
The National Institute of Statistics (Istituto Nazionale di Statistica – ISTAT) is the responsible 
body to conduct the HBS in Italy, Spese per consumi: Voce di spesa. Their more recent reports 
follow the European Classification of Individual COnsumption by Purpose (ECoicop) using an 
online personal interview. They collect data on the expenditure on goods such as the purchase 
of foods. Results indicate the average monthly expenditure by household in €. As in Portugal 
for all the food categories, except for bread, we assumed the food consumption of the most 
similar or broader category (i.e. for processed meat we considered the values of charcuterie, 
for cheese we considered values from cheese and dairy products)97. 
 
 

1.4. Incidence and Prevalence of Hypertension 

Incidence studies was our first choice because it allowed to calculate better the prevented new 
cases of hypertension in our CV morbidity model. However, incidence was only available for 
Portugal. In order to calculate an approximative incidence for Spain and Italy, we used the 
prevalence and incidence of Portugal and the correspondent prevalence in that country (Spain 
or Italy). This will be further explained in the statistical analysis part.  
 
For Spain, we considered a paper that had studied in 2008-2010 a representative sample of 
11,957 Spanish individuals aged over 18 years old. This nationwide population-based study 
recruited their participants through multistage clustered (municipalities and census) random 
sampling. Within each cluster, random telephone dialing was used and individuals were chosen 
according to the gender and age distribution of the Spanish population. A total of 3,983 
indviduals had hypertension which indicates a prevalence of 33.3% within this 
noninstitutionalised population19.  
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In Portugal, we used the incidence values from a population-based cohort (EPIPorto) on 796 
adults >18years old conducted in 1999-2003. Incidence rate among these non-hypertensive 
population was found to be 47.3 per 1000 persons-years98. Prevalence was taken from the 
National Health Examination Survey99, a cross-sectional study that assessed the health of 4,911 
individuals aged between 25 and 74 years and reported that the prevalence of hypertension 
among the Portuguese population was estimated to be 36%. Participants were selected by 
random sampling from the Portuguese National Health Service database. The survey included 
a health examination (including blood pressure measurements), a blood sample collection and 
an interview. 
 
Lastly, in Italy, the prevalence of hypertension was assessed through analysis of patient records 
from a representative sample of general practitioners distributed across all the Italian regions. 
General practitioners that agreed to participate in the study, input data measurements of their 
patients. A total of 911,753 patient records older than 20 years old were evaluated and 
hypertension was estimated to be prevalent in 26% of the population. Although, undiagnosed 
hypertension could have been high in this case because only those patients that had been 
previously diagnosed as hypertensive were included in the estimates27.  
 
 
 

1.5. Population and Mortality data 

The National Statistics Institution of each country (INE for Spain, INE for Portugal, and ISTAT 
for Italy) publish reports including the demographics of their population and mortality causes. 
We collected data from national censuses100–102 and causes of death classified according to the 
International Statistical Classification of Diseases and Related Health Problems, 10th revision 
(ICD-10). For the cardiovascular mortality model, we needed mortality data that was 
aggregated in the ICD-10 way considering the following categories I60-I69 cerebovascular 
diseases; I20-I25 Ischaemic heart diseases; I10-I15 hypertensive disease; I50 heart failure; I71 
aortic aneurysm; I26 pulmonary embolism and I05-I09 rheumatic heart disease.  However, 
Italian data was categorized using another coding and for some causes of death, data was 
aggregated in a different way. We could not assume deaths specific for these specific diseases 
(C23 – Gallbladder, I10-I15 – Hypertensive disease, I71 – Aortic aneurysm, I26 – Pulmonary 
embolism, I05-I09 – Rheumatic heart disease). Therefore, we estimated the deaths using data 
from Spain and made it proportional to the size of the Italian population103–105. 
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2. Counterfactual Scenarios  
 
In this study, we assessed the impact of five different counterfactual scenarios on both 
cardiovascular mortality and morbidity (Table 2).  

1) The first counterfactual scenario took only into account a reduction of the salt content 
based on the current national policies for food reformulation even if they did not target 
the main contributors to salt intake. Food consumption of the food categories targeted 
was assumed stable. This scenario was considered for Portugal and Spain but not for 
Italy (more details on the reason on the next point). Additionally for Portugal, for the 
current policies targeting breakfast cereals, pizzas, chips and salty snacks, we 
considered either the expected goal or the current content (if a category had 
overachieved the goals).  

2) The second counterfactual scenario considered not only the current policies but also 
proposed additional goals based on the EC recommendations106 for the top five salt 
contributors that had not been tackled by the policies. Food consumption of the food 
categories targeted was assumed stable. 

3) The third counterfactual scenario took into consideration that only consumption of the 
foods targeted by policies (either current or future proposed by the current study) 
changed based on the “food consumption trend” estimates (changes in availability or 
sales of food products) while maintaining salt content in all food products constant.  

4) The fourth counterfactual scenario considered the combination of the second and third 
scenarios in which both food reformulation and dietary intake differed according to 
current and future policies.  

5) The last counterfactual scenario corresponded to scenario four but with an additional 
public health campaign to reduce “1 pinch of salt less a day”. This would lead to a 
reduction of the added salt and to reduce discretionary salt overall.   

 
Table 2. Counterfactual Scenarios considered 

Counterfactual 
Scenario 

Salt reformulation based on 
Food consumption 
of food products Added salt 

Current Policies Future Proposed 
Policies 

1 Reduced based on 
goals defined 

Assumed stable Assumed stable Assumed stable 

2 Reduced based on 
goals defined 

Reduced based on 
goals defined 

Assumed stable Assumed stable 

3 Assumed stable  Assumed stable Changed according to 
“food consumption 
trend” estimations 

Assumed stable 
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4 Reduced based on 
goals defined 

Reduced based on 
goals defined 

Changed according to 
“food consumption 
trend” estimations 

Assumed stable 

5 Reduced based on 
goals defined 

Reduced based on 
goals defined 

Changed according to 
“food consumption 
trend” estimations 

Reduction of 1 pinch 
of salt (considering 
each pinch of salt to 
be of 0.36g) 

In yellow those categories that were not assumed stable. 
 
Regarding scenario 5, reductions in added salt were calculated based on decreases in 
discretionary salt. In Portugal, the IAN-AF 2015-16 study 53 estimated that discretionary salt 
intake was 29% of total salt intake. For Spain, results reported that approximately 72% of 
sodium comes from processed foods, 20% from added salt and 8% is present naturally in the 
foods51. However, this was not the case for Italy where data on discretionary salt intake is 
lacking. Based on the Portuguese and Spanish values, a baseline was estimated for Italy 
assuming that discretionary salt accounted for 20%, similarly to Spain. We recognize this might 
be an underestimation since for Portugal it was 29%, however, we preferred to have a more 
conservative approach. 
 
 

2.1. Policies Considered 

The food policies considered in the first and second scenario were different. The first 
counterfactual scenario considered food reformulation agreements/policies that had been 
already implemented even if they targeted food categories that were not among the top 
contributors to salt intake. For the second scenario, we proposed additional targets based on 
the recommendations from the High-Level Group on Nutrition and Physical Activity 
(Committee from the European Commission)106 to reduce by -16% the salt content of the main 
national contributors. This methodology was also used for some subgroups in the case of 
Portugal (charcuterie; fresh fish, dry or canned; and cheese) and Spain (cheese and fresh meat). 
Although agreements had been established with the industry in Italy, no monitoring data of the 
reformulation effectiveness has been published and the salt content study values from 2016 we 
considered were after the theoretical reformulation timeline (2010-2012). Therefore, because 
we did not know if the salt content in bread of 2016 is the result of the reformulation or if it 
had not happened yet, we assumed that the reformulation had not occurred and we did not 
consider the first scenario for Italy. In the second scenario for Italy, we proposed to target all 
food products considered as main contributors.  

To get a better overview of the foods targeted by current policies and the ones we are proposing 
see Table 3. 
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Table 3. Salt reduction policies considered for the counterfactual scenarios 

*Although specific salt targets have been defined for foods within these categories, this study considered the overall reduction proposed for the general food category.  
†Agreements have been established with the industry in Italy but no monitoring data of the reformulation effectiveness has been published and the salt content study we 
considered provides values from 2016 (after the theoretical reformulation timeline of 2010-2012). Because we did not know if the salt content in bread of 2016 is the result of 
the reformulation or not, we assumed that the reformulation had not occurred. Therefore, for Italy we only considered the proposed future policies.

 SPAIN PORTUGAL ITALY† 
 Defined by Food category Salt target  

(g salt/100g) 
Defined by Food 

category 
Salt target  
(g salt/100g) 

Defined by Food 
category 

Salt target  
(g salt/100g) 

Current 
Policies 

(Scenario 1) 

AECOSAN72 

Sausages and 
other processed 
meats -16% (2017-

2020) 

The 
government79 

Bread and 
“tostas” <1 (2021) 

- - - 

Sauces* 

PNPAS81 

Ready-to-eat 
meals <0.3 (2023) 

Canned soups -6.7% 
(2017-2020) Pizzas 

-10% (2019-
2022) Ready-to-eat 

meals 
-10% (2017-
2020) 

Breakfast 
cereals 

Salty snacks* -13.8% 
(2017-2020) Canned soups <0.3 (2023) 

Legislative 
change73 Bread <1.31 (2022) Chips and 

other snacks 
-12% (2019-
2022) 

Future 
Policies 

proposed 
(Scenario 2) 

Based on EC 
recommendati
ons106 

Cheese -10% (2016-
2020) 

Based on 
EC106  and 
former 
Spanish 
policies107 

Charcuterie 
and other 
processed 
meats 

-16% (2016-
2020) 

Based on EC 
recommendati
ons106 

Bread and 
rolls 

-16% (2016-
2020) 

Processed 
meat 
Pizza, 
crackers and 
salty snacks 

Fresh meat -10% (2016-
2020) 

Based on EC 
recommendati
ons106 

Fresh fish, dry 
or canned -16% (2016-

2020) 

Cheese 

Cheese Other 
vegetables 
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3. Statistical Analysis 
 
The methodological structure for this current study can be seen in Figure 4. The statistical 
analysis consisted of two parts. The first part was common for the CV morbidity model and 
the CV mortality Preventable Risk Integrated ModEL (PRIME). However, the second part was 
different for each model mainly because the PRIME had already been developed to estimate 
the impact on CV mortality, however, for CV morbidity we had to develop a new model.  
 
For a more detailed guideline of the data used for each counterfactual scenario see Table A5, 
A6 and A7 in the Annex.  
 
Figure 4. Methodology structure. 

 
SBP, systolic blood pressure; NCD, non-communicable diseases; PIF, potential impact fraction; CI, confidence 
intervals; CV, cardiovascular. 
 
 

3.1. The “Food Consumption trend” (2016-2020) 

In this first step used for both the CV morbidity and CV mortality model, we collected food 
availability/sales statistics from different points in time to ultimately model a “food 
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consumption trend” for all food products considered in scenarios 1 and 2. Then, this trend was 
used to simulate these changes in the food consumption of each product.  
 
In the case of Spain and Italy, to estimate the trend of the food products (𝜃), we used the data 
from food availability and sales in 2016 and 2020. In Portugal, for pizzas, breakfast cereals and 
chips and other snacks, we also calculated the trend based on sales data from 2018 and 2021. 
We adjusted the estimates for these three years for the four years of 2016-2020. However, the 
other food categories in Portuguese FBS already calculated the trend for the other food 
categories.  
(formula 1)  
 
 
 

3.2. Projected changes in Salt Intake 

We aimed to establish a baseline of salt intake based on food consumption and salt content 
data. We did not expect this calculation to match the national estimate of salt intake, because 
it only took into account those foods contributing the most to salt intake or were targeted by 
foods. However, this rough estimation allowed us to see how salt intake changes in each 
scenario (i.e. the increase/decrease of salt in each scenario respective to the baseline). 

Policies between countries were implemented in different years and food consumption and salt 
content studies also differed a lot. Fortunately, the “food consumption trend” from 2016 until 
2020 was available for all countries and nearly all food products. Thus, to harmonize the period 
of our study we defined 2016 as the baseline and 2020 as the final year. Meaning that if a study 
was conducted in 2013, we assumed the results in 2013 as the baseline for 2016. Similarly, we 
assumed that all policies would have been implemented by 2020, even if they were expected 
to be enforced after our study period.   

To estimate the projected individual salt daily intake if the targets were achieved fully (𝒚𝒊𝒅), 
we used the following formula where 𝒙𝒊𝒅𝒇 corresponds to the individual (i) daily consumption 
(d) of a certain food item (f) and 𝒄𝒇 refers to the salt content of the food item assuming salt 
targets are met.  

(formula 2)  
 

At baseline, daily consumption (𝒙𝒊𝒅𝒇) and salt content (𝒄𝒇)	values corresponded to data 
extracted from our source studies and assumed that it was representative for 2016. Then, 𝒚𝒊𝒅 
was considered as the projected daily salt intake in 2020.  

For each counterfactual scenario, we made the correspondent changes to the daily consumption 
(𝒙𝒊𝒅𝒇) and salt content (𝒄𝒇)	of each food, based on the assumptions described in Table 2 and 
estimated the daily salt intake (𝒚𝒊𝒅) in 2020. For scenarios 1 and 2 considering salt reduction 
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policies, we changed salt content (𝒄𝒇)	of each food according to the reduction expected if the 
target was achieved by 2020. For scenario 3, daily consumption (𝒙𝒊𝒅𝒇) was modified according 
to the “food consumption trend” calculated (i.e. if the “food consumption trend” of bread was 
expected to increase by +51%, we multiplied food consumption of bread by 1.51). Scenario 4 
included a combination of adjustments (reduction salt content and decrease/increased daily 
consumption) in salt content (𝒄𝒇)	and daily consumption (𝒙𝒊𝒅𝒇). Lastly, in scenario 5, we 
considered the same changes as counterfactual scenario 4 but with additional modifications in 
the daily consumption (𝒙𝒊𝒅𝒇) of discretionary salt. More specifically, for this last scenario, we 
assumed a reduction of “1 pinch of salt less a day” (1 pinch of salt = 0,36 of salt) of the 
discretionary salt for each country.  

After the necessary changes, we obtained the expected daily salt intake (𝒚𝒊𝒅) in 2020 for each 
scenario. We then proceeded to calculate the change in daily salt intake (∂) between the 
baseline (𝒚𝒊𝒅	𝒃𝒂𝒔𝒆𝒍𝒊𝒏𝒆) and each counterfactual scenario (𝒚𝒊𝒅	𝒔𝒄𝒆𝒏𝒂𝒓𝒊𝒐). 

 
(formula 3)  

 

When conducting the calculations, we believed it would be interesting to also consider 
additional baselines. The first was to evaluate the change between counterfactual 3 and 4  to 
the third, to represent in our results what would be the impact if no policies were applied, and 
food consumption changed according to the tendency. The second accounted for the 
differences between counterfactual 5 to the fourth to evaluate how would salt intake reduce if 
a public health campaign of “1 pinch of salt less a day” was implemented. Thus, scenario 3 and 
scenario 4 were considered as the baseline, respectively, for these two considerations. 

 

3.3. Modelling Data Analysis on Cardiovascular Mortality  

NCDs’ scenario models have been developed to estimate the effect of population-level 
interventions and help establish a priority criterion when considering the health impact of 
different strategies. In this case, we used the PRIME November 2017 version, an openly 
available NCD scenario model108. The PRIME modelling tool allows to evaluate the impact at 
the population level when changing specific NCD risk factors on the annual deaths from 
NCDs109. This tool has been developed by researchers at WHO Collaborating Centre on 
Population Approaches for NCD Prevention, Nuffield Department of Population Health, 
University of Oxford, to provide the WHO Europe Member States with some guidance on 
achieving the SDG 3.4 (by 2030 reduce by one-third pre-mature mortality from NCDs through 
prevention and treatment and promote mental health and wellbeing). The values that the model 
uses to estimate the changes in mortality proceeds from peer-reviewed meta-analyses. Users 
must input three sets of data (age and sex distribution of the population; NCD mortality rates 
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for a given year; risk factors) to then simulate different scenarios modifying one or more risk 
factors and obtain the predicted changes in the mortality of 24 NCDs.  
In this case, for each country, we provided data on the i) average daily intake of salt (g/d) for 
the population and standard deviation, ii) age and sex distribution of the population, and, iii) 
mortality rates for each disease per year. This salt intake was calculated using Eq. 1, 2 and 3, 
previously discussed. The only risk factor we modified between scenarios was salt intake thus, 
for the other modifiable factors (i.e. physical activity,  alcohol consumption) we assumed them 
stable. The result of our analysis was the number of deaths (due to several CVDs) averted per 
year if the targets defined for each counterfactual scenario were achieved (Table 3). The 
PRIME model can only compare a historical scenario with a counterfactual scenario and 
provide the predicted mortality for that same year thus, it cannot be used to predict future 
trends. 

The Monte Carlo analysis was used to provide a realistic 95% CI around the number of deaths 
averted by using relative risk values to estimate the expected changes in mortality. We ran the 
model 5000 times to consider the uncertainty of the deterministic result 108. 

 

3.4. Modelling Data Analysis On Cardiovascular Morbidity 
(Hypertension) 

To estimate the impact on new hypertension cases we established a model that quantified PIF 
and prevented cases based on changes in salt content and food consumption.  
The analysis was performed according to the presence of individual data (Portugal) or 
aggregated data (Spain and Italy). 
In the case of Portugal, the individual dietary intake data was changed directly according to 
each scenario. For this, we used individual dietary intake data from the Portuguese national 
dietary survey (IAN-AF 2015-16).  
In the case of aggregated (Italy and Spain) as a first step we simulated individual daily 
consumption from all food groups (𝒙𝒊𝒅𝒇) with the same sample size of the IAN-AF 2015-16 
sample using the mean and standard deviation of each country, obtained from literature 
assuming Multivariate Normal Distribution, with the same covariance matrix as the Portuguese 
sample. Nevertheless, when the food group did not exist in the Portuguese data, we assumed 
the covariance was zero.   
 
Then formula 2 was applied in order to obtain individual salt daily intake for each scenario 
(𝒚𝒊𝒅). A bootstrapping was performed with 100 replicas to obtain a PIF bootstrap confidence 
interval by quantiles. 
 
 
Estimating relative risk using a linear regression 
Regarding the study used for the correlation between sodium and blood pressure levels, 
previous studies assessing the impact of salt policies83,109 considered McGregor et al.110 as the 
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reference values for the association between SBP and sodium excretion. The report carried out 
a systematic review and meta-analysis of 34 trials (n = 3230) of at least 4 weeks of duration 
since it had been described that short-term experiments were not appropriate to estimate the 
long-term impact of reductions in salt intake. Results reported that a reduction in 100 mmol of 
24h urinary sodium leads to a drop of 5.8 mmHg of the SBP. For the current study we decided 
to choose a more recent publication from Huang et al.35 that included 133 studies (n=12197). 
They estimated that diminishing 50 mmol the 24h urinary sodium excretion resulted in a fall 
of the SBP by 1,1 mmHg. The duration of the interventions included, differed from <7 days up 
to >6 months, however, over 60% of total participants attended an intervention >30 days. 
Although, results from this study seem to indicate that length of the trial was not associated 
with the change in blood pressure, they did highlight that those interventions under <15 days 
could underestimate the impact of salt reduction in blood pressure. 
We decided to choose the values from Huang et al.35 because it includes a more recent estimate 
from more than half participants long-term interventions and additionally, the estimates are 
even more conservative than previous studies. 

Huang et al.35 reported that a reduction in 50 mmol of sodium (2.92g salt – change in salt 
excretion) leads to a reduction of 1.1 mmHg in SBP (change in SBP). We assumed a linear 
continuous regression between salt reduction and SBP levels. 
 
(formula 4) 
 
The interquartile range (IQR) for SBP was 135 and 114mmHg based on a Portuguese study111. 
We considered these IQR to estimate the standard deviation (s) based on the Cochrane 
Handbook112.  
 
(formula 5) 
 
where e refers to the correlation between SBP and dietary sodium intake which we considered 
0.47 from a Chinese sample population42. 
Eq. 6 was used to calculate b* based on a study from Norris et al.113: 
 
(formula 6)  
 
Lastly, based on the previous calculations we estimated the relative risk (RR): 
 
(formula 7) 
	
 
Estimating baseline and counterfactual values 
Based on the individual data of the IAN-AF 2015-16, we made changes to the salt content and 
food consumption of each food category for each different scenario.  
 
Calculating the potential impact fraction for each scenario 

𝛽 = 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑠𝑎𝑙𝑡	𝑒𝑥𝑐𝑟𝑒𝑡𝑖𝑜𝑛 ×
1

𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑆𝐵𝑃
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The potential impact fraction (PIF) was calculated by changing the relative risks but keeping 
the exposure to that category constant. Based on the “RR shift” calculation defined by 
Barendregt and Veerman114, we calculated the PIF: 
 
(formula 8) 
 
 
where RR and the RR* is the RR previously calculated and after the intervention, and P is the 
population distribution of exposure (in this case, the five scenarios of Table 2). 
 
For the RR function log-linear function, we used: 
 
(formula 9)  
 
 
For Portugal, incidence of hypertension was already available and therefore we did not have 
to calculate it and we skipped formula 11 for this case. However, because we did not have 
incidence data available for Spain and Italy, we used the Portuguese incidence (47.3 per 1000 
persons-years)98 and prevalence (36%)111 of hypertension to estimate the duration of 
hypertension as a diseases following the formula 11. Based on these calculations, the average 
duration of hypertension was 7.62 years based on the Portuguese data. Then, for Spain and 
Italy we estimated the incidence of hypertension (I) in these countries using the prevalence 
(P) from each country and the duration (d) previously calculated. 
 
(formula 10) 
 
To calculate the number of hypertension cases that would be prevented if the proposed targets 
were met (n), we used: 
 
(formula 11)  
 
where N is the number of individuals in the population >18 years old (obtained from census 
data) and I is the incidence calculated in formula 10. The approximate number of cases 
prevented (n) will be calculated for each counterfactual scenario separately.  
 
 
For the salt intake estimates of Portugal, we decided to choose the IAN-AF 2015-1654 self-
reported results, however, as previously mentioned, they can often be biased by errors. Thus, 
we performed a continuity correction using data from the IAN-AF 2015-16 subsample of 95 
adults that was used to validate the new software used for the national survey. 
 
(formula 12)  
 
Based on the results from Goios et al.54, estimated sodium intake from sodium excretion was 
4,003mg while self-reporting data reported 3,489mg. Therefore, using formula 12, there was a 
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misreporting of 514mg of sodium per day (1.285g of salt per day). Consequently, we added 
1.285g/day to all salt intake baseline values for Portugal (see Table A8 in the Annex).  

Results 

1. Salt Content in Foods 
 
Salt content changed according to either current policies or future policies proposed by the 
current study, baseline and expected salt content reductions due to reformulation can be seen 
in Table 4.  
Out of the top five contributors to salt intake for each country, three were targeted by salt 
reduction policies in Spain, two in Portugal and none in Italy. Therefore, for those main 
contributors that were not targeted, we proposed future policies to reduce their salt content by 
-16%.  
 
Three foods that were commonly targeted, either by current or future policies, in the three 
countries were (1) bread, (2) charcuterie and processed meats and, (3) cheeses. At baseline, the 
country with the highest content of salt for each food was (1) Spain for bread (2.08g salt/100g 
product), (2) for charcuterie and processed meats it was Portugal (4.38g salt/100g product), 
and (3) Italy for cheeses (1.3g salt/100g product). The Benchmark of salt in bread expected in 
2020 varied from 1g of salt/100g product in Portugal to 1.31g of salt/100g product in Spain, 
while targets in Italy would remain in the middle (1.13g of salt/100g product). Charcuterie and 
other processed meats in Italy and Spain would have similar salt limits (2.5 and 2.58g of salt 
/100g product) while Portugal would be higher at 3.68g salt/100g product, even after a strong 
reduction of -16%. Cheeses in Spain would have the lowest salt content compared to Italy and 
Portugal (0.87g salt/100g product vs. 1.09, 1.63, respectively).  
The main contributors that differed between countries and were considered for current food 
reformulation policies were a -10% salt content for ready-to-eat meals in Spain. 
 
As previously mentioned, some of the strategies currently used in Spain and Portugal aimed to 
reduce salt content also on foods that are not the highest contributors to salt intake. In Spain 
the categories affected included sauces, canned soups, and salty snacks, with salt reformulation 
targets to reduce from -6.7% up to -16%. Similarly in Portugal, products targeted were pizzas, 
breakfast cereals, ready-to-eat meals and chips and other snacks, with policies ranging from -
12% to -10%. Furthermore, in Portugal, although soups have been classified among the top 
five contributors to salt intake, salt policies have only targeted canned soups which itself is not 
among the top contributors. 
 
Furthermore, the future policies we suggested would suppose a -16% reduction of the salt 
content of fresh meat for Spain, fish for Portugal and in Italy pizza, crackers and salty snacks, 
and other vegetables.  
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2. “Food Consumption Trend” 
 
Table 4 shows estimates of the “food consumption trend” through changes in availability or 
sales for several food categories in 4 years. Overall, an increased availability/purchase of foods 
most contributing to salt was common for the three countries. Furthermore, some other 
similarities were found when comparing countries.  
Higher availability/sales of charcuterie and other processed meats and, cheeses, occurred in the 
three countries. For charcuterie and other processed meats, the growth was stronger in Spain 
compared to Portugal and Italy (+51% vs. +3.02%, +11.50%). Availability/sales of cheeses 
were very similar for all countries with mildly higher values in Italy compared to Spain and 
Portugal (+10.94% vs. +10%, +10.83%).  
A decrease in the availability/sales of bread was seen in all countries with a stronger intensity 
in Italy compared to Spain and Portugal (-5.39% vs. -5.00% and -2.86%). 
 
Other categories more specific to each country followed different trends. In Spain, availability 
increased for ready-to-eat meals (+23.00%), sauces (+19.00%) and canned soups (+2%). While 
it lowered in categories such as salty snacks (-17.00%) and fresh meat (-2.00%).  
In Portugal, sales of pizzas (+36.00%) and chips and other snacks (+10.00%) escalated. 
However, sales for breakfast cereals (-6.76%) and availability of fresh fish, dry or canned (-
3.72%) lowered.  
According to Italian data, sales of pizza, crackers and salty snacks reduced by -3.89%, and 
other vegetables (dry, processed and canned vegetables) increased by +6.44%. 
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Table 4. Baseline and projected values for salt content and “food consumption trend” (2016-2020) considered in the models for Spain, Portugal and Italy. 

Country Food Category 

Content  
(g salt/100g product or % salt reduction) “Food Consumption Trend” 

Baseline 
Policies 

Expected 
Average Annual Food 

Consumption/Availability 
(kg/pers/year)94,95 

Trend of 4 years (%) 
(2016-2020) 

2016 2020 2016 2020 

SPAIN 

Sausages and other 
processed meats 

2.9858 

AECOSAN 
2017-202072 

-16% 2.56 8.23 12.39 +50.55% 

Sauces+ 1.6572 -16% 1.39 2.60 3.09 +18.85% 
Canned soups 0.7572 -6.7% 0.70 99.80 101.60 +1.80% 
Ready-to-eat meals 1.36 58 -10% 1.17 13.70 16.85 +22.99% 
Salty snacks+ 1.66 72 -13.8% 1.43 1.84 1.53 -16.85% 
Bread 2.08115 From 202273 <1.66 1.66 34.65 32.78 -5.40% 
Cheese 1.0459 Proposed 2016-

2020106 -16% 
0.87 8.02 8.80 +9.73% 

Fresh meat 0.1660 0.13 37.11 36.20 -2.45% 
 

PORTUGAL 

 2016 Policies 2020 
Sale of Products (kg/year)93 Trend of 4 years (%) 

(2016-2020)96* 2018 2020 
Bread and “tostas” 1.3353 From 202181 ≤ 1g 1.00 - - -2.86% 
Canned soups 0.7092 

From 202381 
<0.3g 0.30 - - - 

Ready-to-eat meals - <0.9g 0.90 - - - 
Pizzas 1.7893 

2019-202281 
-10% 1.38 8,739,171 11,006,271 +36.00% 

Breakfast cereals 0.7193 -10% 0.60 16,503,001 14,633,223 -6.76% 
Chips and other snacks 1.2593 -12% 1.13 12,744,278 13,635,859 +10.08% 
Charcuterie and other 
processed meats 

4.3853 
Proposed 2016-

2020106,107 -16% 
3.68 - - +3.02% 

Fresh fish. dry or canned  1.2953 1.09 - - -3.72% 
Cheeses 1.9453 1.63 - - +10.83% 

 
ITALY  2016 Policies 2020 Monthly Family Expenditure (€)97† 
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2016 2020 
Trend of 4 years (%) 

(2016-2020) 
Bread and rolls 1.3455 

Proposed 
2016-2020106 

-16% 

1.13 23.02 21.78 -5.39% 
Processed meat 2.9855 2.5 23.21 25.88 +11.50% 
Pizza. crackers and salty 
snacks 

1.5455 1.29 5.66 5.44 -3.89% 

Cheese 1.3055 1.09 29.17 32.36 +10.94% 
Other vegetables 0.9755 0.81 15.52 16.52 +6.44% 

“Food consumption trend” refers to changes in availability or sales for the several food categories through time. In green, current policies, and in orange, future policies 
suggested by the current study. For Portugal, the changes of availability over the period of 2016-2020 was already provided by the food balance sheets for several foods (bread, 
charcuterie and other processed meats, fresh fish, dry or canned and, cheeses). Instead, for pizzas, breakfast cereals and chips and other snacks, based on sales data from 2018-
2021, we estimated the change in a four year period. * Data was only available for the difference between the two years. General categories were considered: (1) cereal grains, 
(3) meat, (4) fish, (5) cheeses. The food consumption of soup was not estimated because of lack of data on this specific dish and its importance in the Portuguese culture. Thus, 
for the calculations we assumed the soup consumption was stable during this period of time. †The following categories were considered: (1) Bread; (2) charcuterie; (3) the 
average trend was calculated from the two categories separately (pizza; cracker and salty snacks); (4) cheese and dairy products; (5) dry, processed or canned vegetables. 
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3. Population Salt Intake 
 
According to our results, policies currently implemented in Spain and Portugal could reduce 
salt intake by -11.1% and -11.2%, respectively, if they were achieved. Furthermore, if future 
policies were implemented tackling all the top five contributors to salt intake, salt could reduce 
even more to a maximum of -13.6% in the case of Portugal and -12.0% for Spain. However, 
scenario 3 shows that if no policies are applied, the food consumption/availability of the foods 
contributing to salt is likely to increase in the three countries by +12.4% in Spain, +0.1% in 
Portugal and +1.9% in Italy.  
 
The combination of implementing salt reduction policies and considering the “food 
consumption trend”, corresponding to scenario 4, would lower salt intake by -1.5% in Spain, -
13.4% in Portugal and -11.2% in Italy. Furthermore, if the public health campaign of “1 pinch 
of salt less a day” was promoted, salt intake from scenario 4 could even reduce by an extra -
5.7%, -6.9% and -8.5% for Spain, Portugal and Italy, as they follow. 
In summary, scenario 5 shows the impact that the overall combination of these factors would 
lead to, with the strongest impact in Portugal with a total of -24.00%, intermediate in Italy with 
-17.7% and the weakest in Spain with -7.1%. 
Additionally, in the Annex, table A8 describes how salt intake would change according to age 
and gender for each specific scenario.  
 
Table 5. Salt intake at baseline and expected percentual changes according to each scenario for the three 
countries. 

Country Scenario Scenario 
1 2 3 4 5 

Spain Compared to baseline -11.1% -12.0% +12.4% -1.5% -7.1% 
Compared to scenario 3    -12.4%  
Compared to scenario 4     -5.7% 

Portugal Compared to baseline -11.2% -13.6% +0.1% -13.4% -24.0% 
Compared to scenario 3    -13.5%  
Compared to scenario 4     -6.9% 

Italy Compared to baseline  -11.8% +1.9% -11.2% -17.7% 
Compared to scenario 3    -11.8%  
Compared to scenario 4     -8.5% 
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4. Potential Impact Fraction and Prevention of New 
Hypertension Cases 

 
Table 6 indicates how the incidence and cases of hypertension would be reduced for each 
scenario in each country. In countries where current policies are already implemented, the 
incidence of hypertension is expected to decrease strongly by -10.99% in Spain and -9.64% in 
Portugal, preventing 189,915 and 41,123 cases, respectively. Furthermore, the implementation 
of future policies that we proposed to target the main foods contributing to salt, would decrease 
the incidence by -8.39% in Italy (N=147,339) to -14.53% in Portugal (N=61,957).  
If we did not take into account the salt reduction policies and only considered the “food 
consumption trend”, scenario 3, both incidence and cases of hypertension would increase for 
all the countries. Spain would have the strongest impact worsening the incidence of 
hypertension by +14.68% and increasing 253,532 cases of hypertension per year. The 
significance would be lower in Portugal with a mild increase of +0.65% of the new cases and 
increasing 2,780 hypertension cases more, and in Italy with +0.10% and 16,777 cases more.  
However, the negative outcomes of the previous scenario are compensated by the 
implementation of salt reformulation policies. This mitigation is stronger in Portugal with 
hypertension reducing by -14.04% (N=59,867) compared to Italy, -7.29% (N=128,131), and 
lowest in Spain, -1.38% (N=2,381). Lastly, the implementation of a public health policy 
suggested in scenario 5 would have a relevant fall in the incidence and cases of hypertension 
prevented per year. The Italian population would benefit the most, with a decrease in incidence 
of -37.35% (N=655,989). Spain would have a smaller change in the incidence of hypertension 
compared to Portugal (-7.41% vs. -20.23%) but because of the size of the Spanish population, 
Spain would prevent 128,023 cases of hypertension per year and Portugal 86,240. 
 
Table 6. Impact in PIF and HT cases prevented by each scenario in the three countries. 

 

Country Scenario PIF Cases HT prevented 
2,50% 50% 97,5% 2,50% 50% 97,5% 

Spain Scenario 1 10.85% 10.99% 11.18% 187,334.60 189,915.20 193,030.40 
Scenario 2 11.69% 11.85% 12.04% 201,932.40 204,735.30 207,972.50 
Scenario 3 -15.10% -14.68% -14.34% -260,892.60 -253,532.20 -247,765.90 
Scenario 4 1.23% 1.38% 1.54% 21,218.80 2,381.90 26,516.60 
Scenario 5 7.20% 7.41% 7.66% 124,318.20 128,023.40 132,291.60 

Portugal Scenario 1 9.11% 9.64% 10.11% 38,846.40 41,123.30 43,100.80 
Scenario 2 13.92% 14.53% 15.11% 59,359.90 61,957.00 64,431.52 
Scenario 3 -0.80% -0.65% -0.05% -3,424.84 -2,780,24 -2,104.10 
Scenario 4 13.46% 14.04% 14.64% 57,379.08 59,867.10 62,408.95 
Scenario 5 19.39% 20.23% 21.25% 82,679.94 86,240.47 90,589.15 

Italy Scenario 1       
Scenario 2 8.27% 8.39% 8.49% 145,207.40 147,339.90 149,112.00 
Scenario 3 -1.00% -0.10% -0.09% -17,624.91 -16,777.24 -15,816.52 
Scenario 4 7.15% 7.29% 7.40% 125,617.80 128,131.70 129,971.50 
Scenario 5 37.04% 37.35% 37.63% 650,537.40 655,989.10 660,926.10 
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5. Total Deaths and CVD Deaths 
 
The impact of the five scenarios studied in this current study on CV mortality can be seen in 
Table 7 for Spain, Table 8 for Portugal and Table 9 for Italy. The PRIME methodology we 
used accounted only for changes in salt intake among specific risk factors correlated with 
NCDs. Furthermore, the model only considered the established association between salt and 
CV mortality, therefore for these specific results, the prevented total deaths correspond to 
prevented CV deaths.  
Results indicate that current salt reformulation strategies currently enforced in Spain and 
Portugal could be effective at reducing total deaths by -1.55% in Spain (N= 3,155 deaths) and 
-1.33% in Portugal (N= 728 deaths). Implementing the future policies that we suggested in 
scenario 2 would even have a stronger impact, preventing from 4,442 deaths in Italy (-3.11% 
of total deaths, -4.48% of CV deaths) to 3,397 in Spain (-1.67% of total deaths, -4.80% of CV 
deaths). Percentual changes in diseases such as rheumatic heart disease or pulmonary embolism 
might seem stronger than for CHD and stroke. However, this is because the baseline deaths are 
quite low for these diseases but if we look at the absolute number of deaths prevented, the main 
CVDs (CHD, stroke and heart failure) figures are much higher than for pulmonary embolism 
and rheumatic heart disease. 
The “food consumption trend” seems to indicate that all these Southern countries would 
increase their total deaths and CV deaths, especially those due to hypertensive diseases. Deaths 
due to CVD would increase by +5.18% for Spain (N= 3,671 deaths), +0.04% for Portugal (N= 
9 deaths) and +0.72% for Italy (N=715 deaths). Similarly, to the previous results in Tables 5 
and 6, the impact of the increasing “food consumption trend” of the main contributors to salt 
could be reduced by the implementation of policies considered in scenario 4. All countries 
would benefit from this scenario however, changes in Spain would be moderate, and CV deaths 
would decrease by -0.62% (N=439 deaths), compared to -4.29% (N= 4,250 deaths) for the 
Italian population. Aligned with the results from scenario 4, scenario 5 shows the most 
optimistic results with changes from -2.86% in CV deaths in Spain (N= 2,029 deaths) up to -
6.88% in Portugal (N=1.536 deaths) and -6.69% in Italy (N=6,626 deaths). 
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Table 7. Deaths averted and change expected compared to baseline in Spain 

SPAIN 
Baseline 
deaths 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Total 
Deaths -203,385 3,155 

(1,388-4,888) -1.55% 3,397 
(1,433-5,207) -1.67% -3,671 (-

5,797- -1,496) 1.80% 439 
(195-679) -0.22% 2,029 

(837-3,173) -1.00% 

<75 -64,918 677 
(292-1,056) -1.04% 730 

(726-1,130) -1.12% -804 (-1,262- 
-335) 1.24% 86 

(33-139) -0.13% 432 (172-683) -0.67% 

Male -108,098 1,433 
(631-2,224) -1.33% 1,542 

(1,533-2,369) -1.43% -1,651 (-
2,604- -671) 1.53% 203 

(91-312) -0.19% 922 (382-1,443) -0.85% 

Female -95,287 1,723 
(758-2,662) -1.81% 1,855 

(1,846-2,836) -1.95% -2,020 (-
3,184- -825) 2.12% 237 

(103-367) -0.25% 1,107 
(455-1,730) -1.16% 

Male <75 -43,628 488 
(210-763) -1.12% 527 (524-818) -1.21% -584 (-916- -

245) 1.34% 60 (22-99) -0.14% 311 (122-493) -0.71% 

Female <75 -21,290 189 (83-293) -0.89% 203 (202-313) -0.95% -220 (-346- -
91) 1.03% 26 (11-40) -0.12% 121 (50-190) -0.57% 

CVDs -70,828 3,155 
(1,388-4,888) -4.46% 3,397 

(1,433-5,207) -4.80% -3,671 (-
5,797- -1,496) 5.18% 439 

(195-679) -0.62% 2,029 
(837-3,173) -2.86% 

Coronary 
Heart Disease -29,654 726 

(321-1,139) -2.45% 782 
(331-1,215) -2.64% -808 (-1,277- 

-326) 2.72% 109 
(53-165) -0.37% 469 (196-735) -1.58% 

Stroke -25,810 655 
(282-1,042) -2.54% 706 

(290-1,105) -2.74% -764 (-1,207- 
-319) 2.96% 85 

(33-137) -0.33% 418 (166-669) -1.62% 

Heart failure -7,596 612 
(265-989) -8.11% 664 

(275-1,055) -8.74% -710 (-1,158- 
-289) 9.35% 84 

(36-135) -1.11% 395 (158-637) -5.20% 

Aortic 
aneurysm -1,511 60 (26-98) -3.98% 65 (27-105) -4.29% -69 (-114- -

28) 4.58% 8 (4-13) -0.54% 39 (15-63) -2.55% 

Pulmonary 
embolism -914 36 (11-70) -3.96% 39 (12-75) -4.27% -41 (-81- -13) 4.49% 5 (1-10) -0.54% 23 (7-45) -2.53% 

Rheumatic 
heart disease -379 20 (5-40) -5.21% 21 (6-42) -5.62% -22 (-45- -6) 5.91% 3 (1-5) -0.71% 13 (3-26) -3.33% 

Hypertensive 
disease* -4,964 1,042 

(467-1,588) 
-

20.98% 
1,120 

(479-1,687) 
-

22.57% 
-1,257 (-

1,981- -513) 25.32% 145 
(64-224) -2.93% 673 (278-1,041) -13.55% 

Values reported correspond to mean (95% CI) calculated running the Monte Carlo analysis 5000 times. CVDs, Cardiovascular Diseases. *Hypertensive disease as a cause of 
death corresponds to I10-I15 according to ICD-11 including primary hypertension, hypertensive heart disease, hypertensive renal disease, hypertensive heart and renal disease 
and, secondary hypertension116. 
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Table 8. Deaths averted and change expected compared to baseline in Portugal. 

PORTUGAL 
Baseline 
deaths 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Total Deaths -54,745 728 
(320-1,148) -1.33% 882 

(381-1,371) -1.61% -9 (-14- -3) 0.02% 871 
(373-1,361) -1.59% 1,536 

(663-2,359) -2.81% 

<75 -17,633 193 (84-302) -1.09% 234 
(100-363) -1.33% -4 (-6- -3) 0.02% 231 

(99-362) -1.31% 408 
(175-629) -2.31% 

Male -27,979 367 
(161-578) -1.31% 444 

(192-688) -1.59% -4 (-8- -1) 0.02% 439 
(189-686) -1.57% 772 

(335-1,187) -2.76% 

Female -26,766 361 
(159-572) -1.35% 438 

(189-680) -1.64% -4 (-6- -2) 0.02% 432 
(184-676) -1.62% 763 

(329-1,179) -2.85% 

Male <75 -11,744 141 (60-221) -1.20% 171 (73-265) -1.45% -4 (-5- -2) 0.03% 168 
(72-264) -1.43% 297 

(127-459) -2.53% 

Female <75 -5,889 52 (23-82) -0.89% 63 (27-98) -1.08% -1 (-1- 0) 0.01% 63 (27-98) -1.06% 110 
(47-171) -1.88% 

CVDs -22,329 728 
(320-1,148) -3.26% 882 

(381-1,371) -3.95% -9 (-14- -3) 0.04% 871 
(373-1,361) -3.90% 1,536 

(663-2,359) -6.88% 

Coronary Heart 
Disease -7,366 165 (74-260) -2.24% 200 (87-310) -2.71% 0 (-2- 3) 0.00% 197 

(86-309) -2.68% 348 
(151-538) -4.72% 

Stroke -11,732 258 
(111-412) -2.20% 314 

(134-493) -2.67% -5 (-9- -2) 0.04% 310 
(129-491) -2.64% 550 

(233-858) -4.68% 

Heart failure -1,827 133 (58-216) -7.30% 162 (66-260) -8.85% -1 (-2- -1) 0.08% 160 
(67-257) -8.74% 282 

(119-445) 
-

15.45% 
Aortic aneurysm -255 10 (4-16) -3.97% 12 (5-20) -4.81% 0 (0-0) 0.04% 12 (5-20) -4.76% 21 (9-35) -8.40% 
Pulmonary 
embolism -262 9 (3-18) -3.60% 11 (3-22) -4.37% 0 (0-0) 0.04% 11 (3-22) -4.32% 20 (6-38) -7.68% 

Rheumatic heart 
disease -49 2 (1-4) -3.96% 2 (1-5) -4.81% 0 (0-0) 0.04% 2 (1-5) -4.75% 4 (1-8) -8.45% 

Hypertensive 
disease* -838 150 (66-233) -17.87% 181 (79-278) -21.58% -2 (-3- -1) 27.30% 179 

(77-281) -21.32% 310 
(133-471) 

-
37.04% 

Values reported correspond to mean (95% CI) calculated running the Monte Carlo analysis 5000 times. CVDs, Cardiovascular Diseases. *Hypertensive disease as a cause of 
death corresponds to I10-I15 according to ICD-11 including primary hypertension, hypertensive heart disease, hypertensive renal disease, hypertensive heart and renal disease 
and, secondary hypertension116. 
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Table 9. Deaths averted and change expected compared to baseline in Italy. 

ITALY 
Baseline 
deaths 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Deaths 
averted % 

Total Deaths -210,584   4,442 
(1,978-6,848) -2.11% -715 (-1,144- -

295) 0.34% 4,250 
(1,818-6,611) -2.02% 6,626  

(2,893-10,314) -3,15% 

<75 -47,962   861 
(383-1,334) -1.80% -153 (-236- -70) 0.32% 824 

(347-1,290) -1.72% 1,290 
(557-2,008) -2,69% 

Male -101,758   2,377 
(1,065-3,645) -2.34% -366 (-592- -

143) 0.36% 2,275 
(982-3,529) -2.24% 3,537 

(1,556-5,484) -3,48% 

Female -108,790   2,065 
(908-3,198) -1.90% -349 (-549- -

153) 0.32% 1,975 
(841-3,086) -1.82% 3,089 

(1,342-4,814) -2,84% 

Male <75 -30,122   642 (284-994) -2.13% -116 (-179- -54) 0.39% 614  
(258-963) -2.04% 962 

(415-1,499) -3,19% 

Female <75 -17,840   219 (98-339) -1.23% -37 (-58- -16) 0.21% 210 (89-328) -1.18% 328 (142-510) -1,84% 

CVDs -99,098   4,442 
(1,978-6,848) -4.48% -715 (-1,144- -

295) 0.72% 4,250 
(1,818-6,611) -4.29% 6,626  

(2,893-10,314) -6,69% 

Coronary Heart 
Disease -32,588   1,390 

(627-2,144) -4.27% -189 (-321- -59) 0.58% 1,331 
(580-2,069) -4.08% 2,068 

(914-3,240) -6,35% 

Stroke -29,296   1,246 
(536-1,965) -4.25% -220 (-345- -

100) 0.75% 1,191 
(496-1,890) -4.06% 1,873 

(803-2,956) -6,39% 

Heart failure -58   4 (2-6) -6.69% -1 (-1- 0) 1.11% 4 (2-6) -6.40% 6 (2-9) -10,01% 
Aortic aneurysm† -8,078   251 (106-409) -3.11% -42 (-69- -18) 0.52% 240 (100-386) -2.97% 376 (161-604) -4,66% 
Pulmonary 
embolism† -4,224   66 (20-127) -1.57% -11 (-21- -3) 0.26% 63 (18-120) -1.50% 99 (30-190) -2,36% 

Rheumatic heart 
disease† -2,805   40 (11-78) -1.41% -7 (-13- -2) 0.23% 38 (10-75) -1.35% 60 (16-116) -2,12% 

Hypertensive 
disease* -22,049   1,445 

(652-2,219) -6.55% -246 (-388- -
107) 1.12% 1,383 

(594-2,129) -6.27% 2,143 
(937-3,283) -9,72% 

Values reported correspond to mean (95% CI) calculated running the Monte Carlo analysis 5000 times. CVDs, Cardiovascular Diseases. *Hypertensive disease as a cause of 
death corresponds to I10-I15 according to ICD-11 including primary hypertension, hypertensive heart disease, hypertensive renal disease, hypertensive heart and renal disease 
and, secondary hypertension. †Data for deaths due to aortic aneurysm, pulmonary embolism and rheumatic heart disease was not available thus, baseline values were calculated 
using Spanish data and making it proportional to the size of the Italian population116.
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Discussion 

Our results suggest that the application of food reformulation policies in Southern European 
countries is not only effective but necessary for the prevention of NCDs and reduction of 
overall deaths due to CVDs. The “food consumption trend” of the main contributors to salt 
intake is increasing in Spain, Portugal and Italy, indicating that if no policies are applied, 
incidence of hypertension is expected to get higher. However, this situation can be still reverted 
in all three countries by implementing regulations (including current and future policies) that 
limit salt content on the food products contributing the most to population salt intake. An 
important consideration is that current policies implemented in Portugal would be sufficient to 
mitigate the impact of the increasing “food consumption trend”, despite of the additional 
benefit that could be obtained by further policies oriented to the top food contributors to salt 
intake. However, for Spain the current policies would not be sufficient. 
 
Implementation of food policies alone (considering current policies and implementation of 
future policies suggested by the current study) without considering the “food consumption 
trend” could reduce hypertension incidence and CV deaths by -11.85% and -4.80% in Spain, -
9.64% and -3.95% in Portugal and, -8.39% and -4.48% in Italy, respectively. If taking into 
account the changes in consumption according to the trend, the impact would be -1.38% PIF 
and -0.62% CV deaths in Spain, -14.04% PIF and -3.9% CV deaths in Portugal and, -7.29% 
PIF and -4.29% CV deaths in Italy. Lastly, the additional implementation of a public health 
campaign to reduce added salt would achieve a total reduction in new hypertension cases and 
deaths due CVD of -7.41% and -2.86% for Spain, -20.23% and -6.88% for Portugal and, -
37.35% and -6.69% for Italy.  
 
Studies conducted in other countries, such as Finland, corroborate the impact of how salt 
reformulation of food products can improve the population health. The Finnish population had 
a strong decrease of about -30% in sodium excretion between the 1970s and the early 2000s 
which was aligned with a drop of -10mmHg lower in blood pressure, although causality has 
not been confirmed. Furthermore, other CV outcomes were reduced such as stroke and 
coronary heart disease mortality by 75% and 80%, respectively 4,117. Other modelling studies 
conducted in the United States and in Argentina indicated that the implementation of food 
reformulation policies (decreasing dietary salt intake by 3g/d, and -8% reduction of salt intake, 
respectively) could lead to substantial reductions of the total mortality (from -44,000 to -92,000 
of total deaths for the US and -19,000 for Argentina) mainly through lower stroke and 
myocardial infarction mortality118,119. Goiana-da-Silva et al.82 reported similar outcomes 
regarding the effectiveness of salt reformulation policies in Portugal. After assessing the impact 
of salt, sugar and trans-fat reformulation, they found that salt would have had the strongest 
impact in reducing NCD mortality.  
 
As previously mentioned, WHO Member States have committed to reducing their salt intake 
by 30% in 2025 with the aim of achieving <5g/d63. Hendriksen et al.67 assessed the impact of 
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these two scenarios i) a reduction of 30% on salt intake among all population, and 2) salt intake 
being <5 g/day on cardiovascular health, among different European Countries. They reported 
that in Italy, 103,000 deaths would be averted per year in the first case and 163,300 for the 
second. And Spain would have prevented 59,100 and 97,400 deaths, respectively67. However, 
the research did not include the “food consumption trend” of the main food products 
contributing to salt intake. 
Our research suggests that the availability/sales tendency must be taken into account since it 
might be increasing, and it will also help researchers model a better representation of the reality. 
Based on our results using a realistic scenario where the impact of policies is evaluated together 
with changes in consumption based on this trend, the objectives defined by the World Health 
Assembly of a 30% reduction, seem to be unattainable. Even with our most ambitious scenario 
that assumes effective reformulation, changes in food consumption and additionally a potential 
public health campaign to reduce “1 pinch of salt a day”, would result in a decrease of -6.1%, 
-24.0% and -17,7% of the salt intake in Spain, Portugal and Italy, respectively, far from the 
WHO target.  
Although these numbers are promising, they are unquestionably far from the targets defined. 
Instead, regarding the World Health Assembly target of reducing CV deaths and prevalence of 
hypertension by 25% in 2025. Our results suggest that the most optimistic scenario (scenario 
5) could diminish the incidence of hypertension strongly by -6.17% in Spain, -20.23% in 
Portugal and -37.35% in Italy which might be closer to the WHO goals.  
One aspect to take into consideration is that our current study only evaluated the impact of 
these strategies on a 4-year period, however, the World Health Assembly defined these targets 
in 2013 to be achieved by 2030. Therefore, achieving international goals to reduce the 
morbidity and mortality of CVD require timely and sustained policies because if applied too 
late, it is harder to reach the targets.  
 
 
When considering how to apply future policies, legislative changes might be a better choice to 
consider. Mandatory regulations for salt reformulation have been described as more effective 
than voluntary agreements120–122. However, national policies should work together with the 
food production industry to facilitate consumer acceptance, a key factor for food reformulation 
policies as it can become a limitation 3,117,123. For example, when reformulating cheeses to 
compensate the decrease in sodium, fat content has to be increased which represents an issue 
for consumers’ acceptability123. The WHO highlights the importance of considering countries 
that have active food reformulation policies as examples for others since they can be easily 
adapted to other contexts124. Additionally, for example, we recognise that for cheeses, 
additional guidelines have to be established according to subgroups and regional production. 
However, lowering salt content has been possible in the UK where benchmarks have been 
established for cheese subgroups and other countries worldwide125. Similarly, although 
producing charcuterie with lower salt content is challenging, processed meat in Portugal has 
the highest salt content out of the three countries. Previous Spanish policies have already 
tackled to reduce 16% of salt content in this food category thus, reinforcing that this is 
possible107. 
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Regarding the type of interventions, most research is focused on multiple upstream 
interventions (food reformulation, taxation, and food labelling) suggesting that the biggest 
changes would be achieved through the implementation of these. While downstream policies 
focused on individual changes (i.e. food labelling, health education, communication campaigns 
and promotion of healthy environments) are often thought to have less impact122. Some of these 
policies might include establishing benchmarks of salt content for products sold or prepared in 
canteens from settings such as hospitals, workplaces, or schools. However, these downstream 
strategies are not only effective at reducing national salt consumption, increasing knowledge 
of health risks, and changing behaviours related to salt consumption, but they are also 
recognised among WHO “Best Buys” to improve unhealthy diets62,124,126.  
The WHO recommends using comprehensive strategies that combine the two approaches to 
have a stronger impact on the salt intake of the population. Additionally, their guidelines also 
stress the importance of monitoring the population salt intake, salt content on foods and impact 
of salt reduction strategies, to evaluate future strategies63,124.  
 
The current study evaluated the impact of a public health campaign of “1 pinch of salt less a 
day” that we estimated could lead to a further decrease of the -5.9%, -6.9% and -8.5% of the 
salt intake in Spain, Portugal, and Italy, as they follow, compared to scenario 4. This initiative 
could be done through social marketing or promoted in specific settings at national level. For 
example, in the case of Portugal, soup is considered the second-highest contributor to salt 
intake and is part of the traditional Portuguese cuisine to have soup as the first dish. 
Furthermore, this product is mostly consumed “fresh” (not canned) at home, canteens or in 
restaurants. Therefore, policies do not intend to reduce consumption of soup, however, a policy 
could be proposed to reduce “1 pinch of salt less” when cooking or establishing salt content 
limits for soups in canteens of schools, workplaces, and hospitals. 
 
 
Strengths and Limitations 
The main strength of the current study relies on the fact that this is the first study to 1) evaluate 
the impact of current food reformulation policies implemented in Spain and Portugal; 2) assess 
the impact of specific policies on cardiovascular morbidity; 3) consider the “food consumption 
trend” and 4) consider the covariance between foods in their statistical models.  Furthermore, 
it aims to fill the lack of guidance on public health policies for salt intake in Southern European 
countries.  
 
Studies have been conducted in these countries to estimate the impact of policies after a salt 
target had been achieved (i.e. impact of the reduction of salt in bread in Portugal83) or assessing 
the impact of hypothetical overall salt reductions67. However, there is the need for more studies 
assessing the impact of regulations that target specific food categories. Additionally, previous 
research has mostly focused on estimating the weight on cardiovascular mortality but not 
morbidity (i.e. hypertension). 
Another strength of this study is that we used individual consumption data from Portugal to 
simulate a more realistic consumption distribution for specific foods in the CV morbidity 
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model. We assumed that consumption distribution and the covariances between foods for Spain 
and Italy were the same as for Portugal because although it is not representative for these two 
countries, we believed it was better than using average population estimation. 
 
The limitations of this study are mostly due to the weaknesses of comparing country estimates 
that have used different methodologies to obtain the necessary data of the current impact 
models. The salt intake was estimated from 24-hour urinary samples of large populations in 
Spain and Italy. In Portugal we had data from 24-h urinary sodium excretion from an IAN-AF 
2015-16 subsample of 95 adults. Therefore, although the sample was small, we corrected for 
the potential bias on the self-reported estimates adjusting for the misreporting of the real 
sodium excreted. 
 
Methodologies used to estimate the “food consumption trend” differed for each country, as 
previously mentioned. Two-point individual consumption data would have been the ideal 
method to estimate trends. However, since this data was not available for the countries, 
Household Budget Surveys (HBS) were an alternative preferred as opposed to the other 
sources. HBS were available for Spain and Italy but not for Portugal during the studied period. 
The strength of these two methods is that they are useful for inter-country comparability which 
is key for the aim of this study127. However, neither FBS nor HBS are a representation of the 
real consumption since no actual dietary intake is collected. Furthermore, although HBS are 
considered to be representative of available foods at family level (out-of-home food 
consumption was not accounted for most foods in Spain except for snacks, and for Italy it was 
unspecified if sales included it), the food categories considered were not standardised and we 
had to choose unclear categories for Italy (i.e. for processed meats, we chose the “salumi” 
category which only includes charcuterie, excluding other processed meats). Additionally, 
HBS in Spain and Italy differed since the latter indicated expenditure which does not only 
depend on the sales, but price of the food as well 97. For Portugal we considered FBS for the 
main contributors to salt intake (i.e. bread, processed meats, cheeses and fish)96 however, for 
specific categories (i.e. canned soups, snacks and chips) we used sales data from Nielsen IQ93. 
However, for Portugal we did not have available information from consumption/availability 
trend for canned soups and ready-to-eat meals (considered in polices) or for fresh vegetable 
soups (a main contributor of salt intake). Therefore, we assumed that the trend would be stable. 
 
Food consumption of the main contributors to salt intake was assessed differently between 
countries. In Spain reported estimates were based on a 3-day food diary61 however for main 
contributors of salt intake products identified differed from another study that had used a FFQ 

128. Unfortunately, because the food consumption data of the FFQ was not published, we lacked 
data and we decided to use the 3-day food diary study. For Portugal on two non-consecutive 
24-h recalls91 and Italy with a FFQ version more valid than the traditional ones55. Additionally, 
only in Portugal discretionary salt was estimated based on the individual consumption data (i.e. 
considering salt content in traditional recipes)53, a rough approximation was available for 
Spain51 and in Italy it was not assessed. Moreover, for those countries were current food 
policies targeted specific subcategories we considered the average salt content of all the 
subproducts and the average salt reduction proposed (i.e. in Spain different reductions were 
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applied to each type of sauce, -16% of salt for mayonnaise, -5% for ketchup). However, 
because these foods are not important contributors of the diet, we believe they do not 
compromise the quality of the current study.   
Regarding, the studies chosen for the prevalence of national hypertension, harmonisation of 
different factors was considered a priority, however, heterogeneity of methodologies was 
common. Among the main issues, we considered sampling strategy, sample size, ages of the 
participants and age representativeness of the sample to the age demography for that specific 
country. Considering these factors, ages included (Italy >18 years old vs. Spain >20 years old 
vs. Portugal 25-74 years old) and age representativeness (>75 years old: Italy 14% vs. Portugal 
0%) were the biggest differences27,99,129.  Another important aspect was the protocol used to 
measure blood pressure levels when assessing prevalence of hypertension. For Spain and 
Portugal, blood pressure was measured 3 times in 15 minutes in Spain and Portugal99,129. 
However, in Italy, hypertension was calculated retrospectively from health data of general 
practitioners, thus, number of measurements was not specified27.  
 
In our current study, we assessed the potential effectiveness of salt reduction interventions in 
the general population to ultimately reduce CVDs. The two models we used for the current 
study considered some disadvantages. In the case of CV mortality, the PRIME already provides 
estimates according to sex and age. However, the model used in the PRIME has a constraint 
because it only considers the impact of salt on CVD, ignoring the association with other NCDs 
such as cancer. Therefore, total deaths prevented will not be a representation of the reality. 
Furthermore, although “hypertensive diseases” as a cause of death has been defined by the 
ICD, we suspect that countries could have classified deaths for “hypertensive diseases” 
differently. Lastly, we lacked some mortality data from Italy that we had to estimate based on 
Spanish figures. 
For the CV morbidity estimations, we were not able to take into account factors such as age, 
gender, or baseline blood pressure levels, factors that have been identified as strong modifiers 
of the changes in blood pressure110. Several studies even suggest that individuals with a blood 
pressure under the 75th percentile might not have a significant drop in SBP thus, suggesting 
that these policies should mostly target people with high blood pressure, correspondent to the 
25th highest percentile of BP41. However, other epidemiologists do not agree with this 
assumption. Geoffrey Rose considered the example of the association between levels of blood 
pressure and coronary heart disease mortality to explain that “shifting the distribution curve of 
a single risk factor by a small amount in an entire population has a greater effect on death rates 
than does treating only people with high levels of that risk factor” 130. According to Rose, the 
groups with lower levels of blood pressure a lower risk CHD mortality could also be an 
important target for policies since they represent a higher proportion of the population. 
Therefore, this would suggest that CV deaths could also lead to strong decreases in CV 
mortality also in the population with a lower blood pressure.  
 
Another factor that we did not consider was food substitution in the “food consumption trend”. 
For example, if consumption of bread decreases, the consumption of another food is likely to 
increase to compensate it. In this study we did not consider food substitution models although 
we recognise, it is an important factor when estimating the health impact of a policy131. 
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Additionally, aligned with this weakness is that the period of this study considered partially 
coincided with the national lockdowns due to the Covid-19 pandemic. However, lockdowns 
only occurred during 2020 and thus, it only affected one quarter of our period of study. 
Although, the impact on dietary behaviours is still not clear132,133, we recognise that they should 
be taken into account for future studies. 
 
To estimate the preventable hypertension cases, we ideally needed the incidence for each 
country to have a better estimation of the new hypertension cases prevented. However, 
incidence was only available for Portugal. Therefore, for the estimates in the model of Portugal 
we used the incidence from a population-based cohort study conducted in the north of 
Portugal98. For Spain and Italy, we only had prevalence of hypertension values. Because from 
Portugal we had incidence98 and prevalence111 studies available, we decided to use them to 
calculate the duration of the disease. In this way, with the prevalence studies from each country 
(Spain and Italy) and the duration of disease calculated, we were able to estimate the incidence 
for that specific country. However, this strategy had some constraints. Despite the study 
assessing the incidence of hypertension in the Portuguese population is a population-based and 
included participants of wide age range, the age representativeness could be a limitation, since 
proportionally it included more elderly. This could result in a potential overestimation of the 
real hypertension incidence among the population98 and in an overestimation of our final 
results. On the other side, the prevalence study from Portugal was conducted at a national level, 
using a different population age-range sample compared to the incidence study. Therefore, the 
duration of the disease calculated based on the Portuguese studies could have been affected by 
the limitations of the studies used and the difference in the population samples used for each. 
 
Lastly, as mentioned in the methodology, this study assumed a study period from 2016 until 
2020 to facilitate the modelling process and the comparability of the results between countries. 
For food reduction policies it does not seem to be a big issue since over the period of four 
years, there is time to assume a gradual reduction. However, the limitation we do acknowledge 
is that we considered baseline numbers in 2016 for some studies (i.e. prevalence and food 
consumption) that had been carried out some years before. Thus, baseline for some categories 
might be inaccurate since no other data was available. Although we recognise the difficulty of 
having all the ideal necessary data to complete a study among different countries, the current 
study provides useful information for stakeholders to rethink and guide future policies. 
 
 
Considerations for Future Studies 
In the current study, for each country, we only had one point measurement of individual 
consumption data from a national representative sample. Then, based on food availability 
indicators we estimated the “food consumption trend”. For future studies, we believe that 
having at least two-point measurements of individual consumption data from national 
representative samples could improve the estimation of trends. Thus, highlighting the 
importance of having national consumption data at individual level using standardised 
methodologies and collected with reasonable periodicity. 
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Future modelling studies should try to distinguish between the effect that policies would have 
on normotensive and hypertensive individuals separately.  
 
As previously mentioned, our study period was not fully affected by the Covid-19 pandemic. 
Evidence on the impact the Covid-19 pandemic had on dietary patterns is mixed and unclear. 
With some studies indicating an increased consumption of junk food 134 and others suggesting 
a higher adherence to a Mediterranean dietary pattern increased during this period.132,133 Thus, 
we believe that future studies that take into account “food consumption trend” of foods, will 
need to evaluate the long-term dietary impact of the pandemic. Furthermore, statistical models, 
such as the one used in the current study, simplify the reality into scenarios that might not take 
into consideration aspects such as food safety/technical issues, substitution effect or pricing 
strategies when food reformulation occurs43. Therefore, we suggest that future studies try to 
take into consideration some of these factors that we were not able to consider.  
 
A priority for prospective studies might be including modifiers such as age, gender, ethnicity 
and blood pressure levels at baseline. This will allow to draw conclusions on a more realistic 
approach and define for which population groups will the policies be more effective. 
 
 
 



51 

Conclusions 

Salt reduction policies are an effective strategy to reduce the national salt intake among the 
population, prevent hypertension cases and CV deaths. However, if they do not target those 
foods that contribute more to sodium intake, they might be insufficient to achieve the targets 
defined.  
More importantly this study might be the first one to consider the “food consumption trend” of 
the foods contributing to salt intake. An increasing tendency has been identified in Spain, 
Portugal and Italy, which is important to identify to have a realistic evaluation of the impact of 
salt policies. This highlights that if food policies are not applied (in the case of Italy) or not 
applied to the right food categories (for Spain), salt intake will not decrease and might even 
increase. Although the current study focused mostly on the impact of food reformulation of 
foods, we also evaluated a public health campaign promoting to cook with “1 pinch of salt less 
a day”. Our results indicated that this strategy might help additionally reduce the salt intake 
and ultimately reduce the future burden of CVDs.  
 
 
Policy Implications 
This study supports with strong evidence that national policies implemented already in 
countries like Spain and Portugal are effective. However, because consumption of high-salt 
foods is increasing, they may not be sufficient if they do not target those food categories 
contributing the most to salt intake.  
Previous studies have not acknowledged the changes in availability and/or sales of the main 
contributors which might be crucial when assessing the health impact of food reformulation 
policies. Hence, the impact of future policies must be evaluated before their implementation to 
ensure that they will be the most cost-effective intervention. When establishing international 
targets such as the 30% reduction in salt intake defined by WHO, it is also important to evaluate 
if they are attainable. 
Future policies should consider: 1) targeting main contributors to salt intake and either trying 
to settle agreements with the food industry or establishing mandatory regulations to limit salt 
content in foods; 2) establishing effective surveillance of salt content in foods and intake of the 
population and 3) applying comprehensive strategies that combine both upwards and 
downwards approaches.  
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Annex I 
Table A 1. Salt reduction policies and studies evaluating salt content in Spain. 

Food category Salt 
 Year   

2009 2014 2016 2022 

Bread 
Policy -18% (2005-09)*   <1.6673 
Content  2.08115   

Charcuterie and 
other Processed 
meats 

Policy   -16% (2017-20)72  

Content   2,98  

Ready-to-eat meals 
Policy   -10% (2017-20)  
Content   1,36  

Salty snacks 
Policy   -13,8% (2017-20)  
Content   1,66  

Vegetable soups 
Policy   -6,7% (2017-20)  
Content   0,75  

Sauces 
Policy   -16 (2017-20)  
Content   1,65  
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Table A 2. Salt reduction policies and studies evaluating salt content in Portugal. 

Food category Salt 
Year 

2009 2013 2016 2018 2019 2020 2021 2023 

Bread 
Policy ≤ 1.4 (l) ≤ 175 -6,7% (2017-20) ≤ 1.3 ≤ 1.2 ≤ 1.1 ≤ 1 <0,3 (canned) 
Content  ≤ 0,274 0,75      

Soups 
Policy        <0,9 (canned) 

Content         

Ready-to-eat 
meals 

Policy         
Content         

Pizzas 
Policy     -10%(2019-22)    
Content     1,78    

Breakfast 
cereals 

Policy     -10%(2019-22)    
Content     0,72    

Chips & other 
snacks 

Policy     -12%(2019-22)    
Content         
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Table A 3. Salt reduction policies and studies evaluating salt content in Italy. 

Food category Salt 
Year 

2009 2013 2014 

Bread 
Policy -10%(2010-12) (v)   

Content    

Frozen ready-to-eat meals 
Policy  -10% (v) 

Content    
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Table A 4. Summary of sources of data considered 

SPAIN 
Source of … Study Results n Year 

conducted 
Ages Methods 

Prevalence of HT Achievement of Cardiometabolic Goals in 
Aware Hypertensive Patients in Spain 

A Nationwide Population-Based Study 

33.3% 3,983 2008-2010 >18 Y  

Sodium intake Estimation of salt intake by 24 h urinary 
sodium excretion in a representative 
sample of Spanish adults 

9,8g/day; SD 4.6 418 2009 18-60 Y 24-hour sodium 
excretion samples 

Main food contributors 
to salt intake 

Sodium Intake from Foods Exceeds 
Recommended Limits in the Spanish 
Population: the ANIBES Study (2019) 

1.Sausages and other processed meats 
(+51%) 
2.Bread (-5%) 
3.Ready-to-eat meals (+23%) 
4.Cheese (+10%) 
5.Fresh meat (-2%) 

2009 2013 9-75 Y 3-day food diaries 

Food consumption of 
main contributors 

Current Food Consumption amongst the 
Spanish  ANIBES Study Population 

Food 
consumption/availability 
trend 

Informe del Consumo de Alimentación en 
España 2016, 2020 

 2006:12000 
2020:12500 

2016, 2020 Households Household Budget 
Surveys 

Salt content of main 
contributors across 
several years 

Contenido de sal de los alimentos en 
España 2012 

Cheese 1,04g salt/100g - 2012 - Chloride analysis 

Tablas de Composición de Alimentos 
(Moreiras) 2013 

Fresh Meat 0,16g salt/100g -  - Laboratory analysis 

Informe del contenido en sal en los 
alimentos 2019 

Sausages and other processed meats  
2,98g salt/100g  
Bread 1,64g/100g 
Ready-to-eat meals 1,36g/100g 

-   - Food labelling 

PLAN de colaboración para la mejora de 
la composición de los alimentos y bebidas 
y otras medidas 

Appetizers 1.66g salt/100g 
Sauces and condiments  1.65g 
salt/100g   
Canned soup 0.75g salt/100g 

-  2020  Food labelling 

 
PORTUGAL 

Source of … Study Results n Year Ages Methods 
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conducted 
Prevalence of HT INSEF. Prevalence of Hypertension in 

Portugal: Results from the  First National 
Health Examination Survey 

36% 4911 2015 25-74 Y 14,5% sample: 25-
34Y 
23%: 35-44Y 
24%: 45-54Y 
38% : 55-75Y 
(% nao ponderada) 

Sodium intake 
 

IAN-AF (2015-16). Inquérito Alimentar 
Nacional e de Atividade Física 

10,7g/day 6553 2015-16 3m-84 Y self-reported 2x24h-
recalls 

Validation of a new software eAT24 used 
to assess dietary intake in the adult 
Portuguese population 

8.72g/day 95 2016 18-84Y 24-hour sodium 
excretion samples 

Main food contributors 
to salt intake 

IAN-AF (2015-16). Inquérito Alimentar 
Nacional e de Atividade Física 

1.Bread and "tostas" (-2,86%) 
2.Soup -- 
3.Charcuterie and other processed 
meats (+3,02%) 
4.Fresh fish, dry or canned (-3,72%) 
5.Cheese (+10,83%) 

6553 2015-16 3m-84 Y self-reported 2x24h-
recalls 

Food consumption of 
main contributors 
 

Food 
consumption/availability 
trend 

Balança Alimentar Portuguesa (2016-20) Sausages and other processed meats 
(+51%) 
Bread (-5%) 
Ready-to-eat meals (+23%) 
Cheese (+10%) 
Fresh meat (-2%) 

6553 2016, 17, 18, 19, 
20 

- Food Balance Sheets 

Salt content of main 
contributors across 
several years 

IAN-AF (2015-16). Inquérito Alimentar 
Nacional e de Atividade Física 

Bread and "tostas" 1,33g salt/100g 
Soup 0,31g salt/100g 
Charcuterie and other processed 
meats 4,38g salt/100g 
Fresh fish, dry or canned 1,29g 
salt/100g 
Cheese 1,94g salt/100g 

- 2015-16 - FoodEx2 

Redução Do Teor De Sal E Açúcar Nos 
Alimentos | Relatório Do Progresso Da 
Reformulação Dos Produtos Alimentares 
Em Portugal 2018-2021 

Ready-to-eat meals 0.9g salt/100g 
Chips and other salty snacks 1.25g 
salt/100g 
Breakfast cereals 0.71g salt/100g 
Pizzas 1.78 g salt/100g 

- 2018-2021 - Unspecified 
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Salt content in pre-packaged foods 
available in Portuguese market 

Canned soups 0.7 g salt/100g 
 

75 2018 - Food labelling 

 
ITALY  

Source of … Study Results n Year 
conducted 

Ages Methods 

Prevalence of HT 
Sodium intake 
 

Prevalence and control of hypertension in 
the general practice in Italy: updated 
analysis of a large database (2017) 

25.9% 911,753 2013 >20Y 12% sample: 20-29Y 
35%: 30-49Y 
38%: 50-75Y 
14%: >75Y 

Main food contributors 
to salt intake 

Trend of salt intake measured by 24-h 
urine collection in the Italian adult 
population between the 2008 and 2018 
CUORE project surveys (2021) 

2008-12: M.10.8g, W.8.3g 
2018-19: M.9.5g, W. 7.2g 

2008-12: 
1858 

2018-19: 
1977 

2008-2012 
2018-2019 

35-74Y 24-hour sodium 
excretion samples 

Food consumption of 
main contributors 
 

Sodium and Potassium Content of Foods 
Consumed in an Italian Population and the 
Impact of Adherence to a Mediterranean 
Diet on Their Intake (2021) 

1. Bread and rolls 
2. Processed Meat 
3. Pizza, crackers and salty snacks 
4. Cheese 
5. Other vegetables 

 
719 

2005-06 (food 
consumption) 

>18Y EPIC+FFQ 

Food 
consumption/availability 
trend 

Spese per consumi: Voce di spesa 
(Ecoicop) (2016-2020) 

 -  2016-2020 Households Household Budget 
Survey 

Salt content of main 
contributors across 
several years 

Sodium and Potassium Content of Foods 
Consumed in an Italian Population and the 
Impact of Adherence to a Mediterranean 
Diet on Their Intake (2021) 

Bread and rolls 1,34g salt/100g 
Processed Meat 2,98g salt/100g 
Pizza, crackers and salty snacks 1,54g 
salt/100g 
Cheese 1,3g salt/100g 
Other vegetables 0,97g salt/100g 

-  2016-17 -  Lab spectrometer 
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Table A 5. Modelling scenarios for Spain 

SPAIN Food Groups Mean salt content (g/100g) Food consumption Salt contribution from 
Baseline Baseline (2016) Mean SD Mean 

Main 
contributors to 
salt intake 

Salt added 99.84 1.96  1.96 

Sausages and other processed 2.9858 40.50 36.40 1.21 
Bread 2.08115 75.00 45.20 1.23 
Ready-to-eat meals 1.3658 70.20 77.60 0.95 
Cheese 1.0459 18.00 23.00 0.19 
Fresh Meat 0.1660 103.90 73.80 0.17 

      

Other foods 

Appetizers 1.6672 5.50 12.30 0.09 
Sauces and Condiments 1.6572 12.90 14.50 0.21 
Canned soup 0.7572 15.34  0.12 

    TOTAL 6.12 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 1 Expected (2020) Mean SD Mean 

Main 
contributors to 
salt intake 

Salt added 99.84 1.96  1.96 
Sausages and other processed 2.50 40.50 36.40 1.01 

Bread 1.6673 75.00 45.20 0.98 

Ready-to-eat meals 1.14 70.20 77.60 0.80 
Cheese 1.04 18.00 23.00 0.19 

Fresh Meat 0.16 103.90 73.80 0.17 
       

Other foods 

Appetizers 1.43 5.50 12.30 0.08 
Sauces and Condiments 1.39 12.90 14.50 0.18 

Canned soup 0.70 15.34  0.11 
    TOTAL 5.47 
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 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 2 Expected (2020) Mean SD Mean 

Main 
contributors to 
salt intake 

Salt added 99.84 1.96  1.96 

Sausages and other processed 2.50 40.50 36.40 1.01 
Bread 1.66 75.00 45.20 0.98 

Ready-to-eat meals 1.14 70.20 77.60 0.80 

Cheese  0.87  18.00 23.00 0.19 
Fresh Meat 0.13 103.90 73.80 0.17 

           

Other foods 

Appetizers 1.43 5.50 12.30 0.08 

Sauces and Condiments 1.39 12.90 14.50 0.18 

Canned soup 0.70 15.34   0.11 
    TOTAL 5.42 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 3 Expected (2020) Mean SD Mean 

Main 
contributors to 
salt intake 

Salt added 99.84 1.96  1.96 

Sausages and other processed 2.98 61.16 36.40 1.82 

Bread 2.08 71.25 45.20 1.17 
Ready-to-eat meals 1.36 86.35 77.60 1.17 

Cheese 1.04 19.80 23.00 0.21 
Fresh Meat 0.16 101.82 73.80 0.16 

       

Other foods 
Appetizers 1.66 4.57 12.30 0.08 
Sauces and Condiments 1.65 15.35 14.50 0.25 
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Canned soup 0.75 15.65  0.12 
    TOTAL 6.94 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 4 Expected (2020) Mean SD Mean 

Main 
contributors to 
salt intake 

Salt added 99.84 1.96  1.96 

Sausages and other processed 2.50 61.16 36.40 1.53 

Bread 1.66 71.25 45.20 0.93 
Ready-to-eat meals 1.14 86.35 77.60 0.99 

Cheese 0.87 19.80 23.00 0.17 
Fresh Meat 0.13 101.82 73.80 0.14 

       

Other foods 

Appetizers 1.43 4.57 12.30 0.07 
Sauces and Condiments 1.39 15.35 14.50 0.21 

Canned soup 0.70 15.65  0.11 
    TOTAL 6.10 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 5 Expected (2020) Mean SD Mean 

Main 
contributors to 
salt intake 

Salt added 99.84 1.60  1.96 
Sausages and other processed 2.50 61.16 36.40 1.53 

Bread 1.66 71.25 45.20 0.93 
Ready-to-eat meals 1.14 86.35 77.60 0.99 

Cheese 0.87 19.80 23.00 0.17 

Fresh Meat 0.13 101.82 73.80 0.14 
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Other foods 

Appetizers 1.43 4.57 12.30 0.07 
Sauces and Condiments 1.39 15.35 14.50 0.21 

Canned soup 0.70 15.65  0.11 
    TOTAL 6.10 
Categories in blue were assumed stable for that scenario. 
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Table A 6. Modelling scenarios for Portugal 

PORTUGAL Food Groups Mean salt content (g/100g) Food consumption Salt contribution from 

Baseline Baseline (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 2.42 1.78 2.42 

Bread and "tostas" 1.3353 108.77 84.21 1.45 
Canned soup* 0.792 37.96 43.64 0.27 
Charcuterie and other processed meats 4.3853 20.75 30.80 0.91 
Fresh fish, dry or canned 1.2953 46.09 59.21 0.60 
Cheeses  1.9453 20.85 27.42 0.40 

       

Other foods 

Ready-to-eat meals' - - - - 
Chips and other salty snacks 1.2593 2.21 10.13 0.03 
Breakfast Cereals 0.7193 7.27 18.35 0.05 
Pizzas 1.7893 8.05 37.76 0.14 

    TOTAL 6.04 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 1 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 2.42 1.78 2.42 
Bread and "tostas" 1.00 108.77 84.21 1.09 

Canned soup* 0.3 37.96 43.64 0.11 
Charcuterie and other processed meats 4.38 20.75 30.80 0.91 

Fresh fish, dry or canned 1.29 46.09 59.21 0.60 

Cheeses  1.94 20.85 27.42 0.40 
       
Other foods Chips and other salty snacks 1.13 2.21 10.13 0.02 
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Breakfast Cereals 0.60 7.27 18.35 0.04 
Pizzas 1.38 8.05 37.76 0.11 

    TOTAL 5.37 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 2 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 2.42 1.78 2.42 

Bread and "tostas" 1.00 108.77 84.21 1.09 
Canned soup* 0.3 37.96 43.64 0.11 

Charcuterie and other processed meats 3.68 20.75 30.80 0.76 
Fresh fish, dry or canned 1.09 46.09 59.21 0.50 

Cheeses  1.63 20.85 27.42 0.34 
       

Other foods 

Chips and other salty snacks 1.13 2.21 10.13 0.02 

Breakfast Cereals 0.60 7.27 18.35 0.04 
Pizzas 1.38 8.05 37.76 0.11 

    TOTAL 5.22 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 3 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 2.42 1.78 2.42 

Bread and "tostas" 1.33 105.66 81.80 1.41 
Canned soup* 0.7 37.96 43.64 0.27 

Charcuterie and other processed meats 4.38 21.38 31.73 0.94 

Fresh fish, dry or canned 1.29 44.37 57.00 0.57 
Cheeses  1.94 23.10 30.39 0.45 
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Other foods 

Chips and other salty snacks 1.25 2.43 10.83 0.03 

Breakfast Cereals 0.71 6.78 16.27 0.05 
Pizzas 1.78 10.95 41.11 0.19 

    TOTAL 6.05 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 4 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 2.42 1.78 2.42 

Bread and "tostas" 1.00 105.66 81.80 1.06 
Canned soup* 0.3 37.96 43.64 0.11 

Charcuterie and other processed meats 3.68 21.38 31.73 0.79 

Fresh fish, dry or canned 1.09 44.37 57.00 0.48 
Cheeses  1.63 23.10 30.39 0.38 

       

Other foods 

Chips and other salty snacks 1.13 2.43 10.83 0.03 

Breakfast Cereals 0.60 6.78 16.27 0.04 
Pizzas 1.38 10.95 41.11 0.15 

    TOTAL 5.23 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 5 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 2.06 1.42 2.06 

Bread and "tostas" 1.00 105.66 81.80 1.06 

Canned soup* 0.3 37.96 43.64 0.11 
Charcuterie and other processed meats 3.68 21.38 31.73 0.79 
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Fresh fish, dry or canned 1.09 44.37 57.00 0.48 
Cheeses  1.63 23.10 30.39 0.38 

       

Other foods 

Chips and other salty snacks 1.13 2.43 10.83 0.03 

Breakfast Cereals 0.60 6.78 16.27 0.04 
Pizzas 1.38 10.95 41.11 0.15 

    TOTAL 4.87 
Categories in blue were assumed stable for that scenario. 
'Data of salt content and food consumption was not available for ready-to-eat meals therefore, because it is not one of the top five contributors to salt intake we decided to not 
take it into account.  
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Table A 7. Modelling scenarios for Italy. 

ITALY Food Groups Mean salt content (g/100g) Food consumption Salt contribution from 
Baseline Baseline (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 1.26  1.26 

Bread and rolls55 1.35 78.30 72.00 0.89 
Processed meat 55  3.00 29.50 24.90 0.74 
Pizza. crackers and salty snacks55 1.56 47.50 34.20 0.62 
Cheese55 1.31 40.50 33.90 0.44 
Other vegetables55 0.98 27.30 20.00 0.22 

    TOTAL 4.74 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 2 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 1.26  1.26 

Bread and rolls 1.14 78.30 72.00 0.89 
Processed meat  2.52 29.50 24.90 0.74 

Pizza. crackers and salty snacks 1.31 47.50 34.20 0.62 
Cheese 1.10 40.50 33.90 0.44 

Other vegetables 0.82 27.30 20.00 0.22 
    TOTAL 4.18 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 3 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 1.26  1.26 
Bread and rolls 1.35 74.08 68.12 1.00 

Processed meat  3.00 32.89 27.76 0.99 
Pizza. crackers and salty snacks 1.56 45.65 32.87 0.71 
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Cheese 1.31 44.93 37.61 0.59 
Other vegetables 0.98 29.06 21.29 0.28 

    TOTAL 4.83 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 4 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 1.26  1.26 

Bread and rolls 1.14 74.08 68.12 0.84 
Processed meat  2.52 32.89 27.76 0.83 

Pizza. crackers and salty snacks 1.31 45.65 32.87 0.60 
Cheese 1.10 44.93 37.61 0.49 

Other vegetables 0.82 29.06 21.29 0.24 
    TOTAL 4.26 
      
 Food Groups 

Mean salt content (g/100g) Food consumption Salt contribution from 
Scenario 5 Expected (2020) Mean SD Mean 

Main contributors to 
salt intake 

Added salt 99.84 0.9  0.9 
Bread and rolls 1.14 74.08 68.12 0.84 

Processed meat  2.52 32.89 27.76 0.83 

Pizza. crackers and salty snacks 1.31 45.65 32.87 0.60 
Cheese 1.10 44.93 37.61 0.49 

Other vegetables 0.82 29.06 21.29 0.24 
    TOTAL 3.90 
Categories in blue were assumed stable for that scenario. 
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Table A 8. Projected daily salt intake (g/day) 

 COUNTRY 
Gender and 
age 

Salt intake (g/d) 

Baseline 
Baseline with 
Corrections Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Scenario 5 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

SPAIN50 

M&F 15-19 9.54 4.61     8.48 4.61 8.40 4.61 10.72 4.61 9.40 4.61 8.87 4.61 
M&F 20-24 9.54 4.61     8.48 4.61 8.40 4.61 10.72 4.61 9.40 4.61 8.87 4.61 
M&F 25-29 9.54 4.61     8.48 4.61 8.40 4.61 10.72 4.61 9.40 4.61 8.87 4.61 
M&F 30-34 10.11 4.61     8.99 4.61 8.90 4.61 11.36 4.61 9.96 4.61 9.40 4.61 
M&F 35-39 10.11 4.61     8.99 4.61 8.90 4.61 11.36 4.61 9.96 4.61 9.40 4.61 
M&F 40-44 10.46 4.79     9.30 4.79 9.21 4.79 11.76 4.79 10.30 4.79 9.72 4.79 
M&F 45-49 10.46 4.79     9.30 4.79 9.21 4.79 11.76 4.79 10.30 4.79 9.72 4.79 
M&F 50-54 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 55-59 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 60-64 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 65-69 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 70-74 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 75-79 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 80-84 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 85+ 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 

PORTUGAL 
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M15-19 8.50 2.40 9.79 2.40 8.69 2.40 8.46 2.40 9.80 2.40 8.47 2.40 7.44 2.40 
M20-24 8.90 2.40 10.19 2.40 9.05 2.40 8.80 2.40 10.20 2.40 8.82 2.40 7.74 2.40 
M25-29 9.10 2.50 10.39 2.50 9.23 2.50 8.98 2.50 10.40 2.50 8.99 2.50 7.89 2.50 
M30-34 9.20 2.50 10.49 2.50 9.31 2.50 9.06 2.50 10.50 2.50 9.08 2.50 7.97 2.50 
M35-39 9.30 2.50 10.59 2.50 9.40 2.50 9.15 2.50 10.60 2.50 9.17 2.50 8.05 2.50 
M40-44 9.30 2.50 10.59 2.50 9.40 2.50 9.15 2.50 10.60 2.50 9.17 2.50 8.05 2.50 
M45-49 9.30 2.50 10.59 2.50 9.40 2.50 9.15 2.50 10.60 2.50 9.17 2.50 8.05 2.50 
M50-54 9.10 2.50 10.39 2.50 9.23 2.50 8.98 2.50 10.40 2.50 8.99 2.50 7.89 2.50 
M55-59 9.00 2.50 10.29 2.50 9.14 2.50 8.89 2.50 10.30 2.50 8.91 2.50 7.82 2.50 
M60-64 8.70 2.40 9.99 2.40 8.87 2.40 8.63 2.40 10.00 2.40 8.65 2.40 7.59 2.40 
M65-69 8.40 2.40 9.69 2.40 8.60 2.40 8.37 2.40 9.70 2.40 8.39 2.40 7.36 2.40 
M70-74 8.10 2.40 9.39 2.40 8.34 2.40 8.11 2.40 9.40 2.40 8.13 2.40 7.13 2.40 
M75-79 7.70 2.20 8.99 2.20 7.98 2.20 7.77 2.20 9.00 2.20 7.78 2.20 6.83 2.20 
M80-84 7.20 2.10 8.49 2.10 7.54 2.10 7.33 2.10 8.50 2.10 7.35 2.10 6.45 2.10 
M85+ 7.20 2.10 8.49 2.10 7.54 2.10 7.33 2.10 8.50 2.10 7.35 2.10 6.45 2.10 
F15-19 6.80 1.80 8.09 1.80 7.18 1.80 6.99 1.80 8.09 1.80 7.00 1.80 6.15 1.80 
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F20-24 6.80 1.80 8.09 1.80 7.18 1.80 6.99 1.80 8.09 1.80 7.00 1.80 6.15 1.80 
F25-29 6.70 1.80 7.99 1.80 7.09 1.80 6.90 1.80 7.99 1.80 6.92 1.80 6.07 1.80 
F30-34 6.60 1.80 7.89 1.80 7.01 1.80 6.82 1.80 7.89 1.80 6.83 1.80 5.99 1.80 
F35-39 6.60 1.80 7.89 1.80 7.01 1.80 6.82 1.80 7.89 1.80 6.83 1.80 5.99 1.80 
F40-44 6.50 1.80 7.79 1.80 6.92 1.80 6.73 1.80 7.79 1.80 6.74 1.80 5.92 1.80 
F45-49 6.40 1.70 7.69 1.70 6.83 1.70 6.64 1.70 7.69 1.70 6.66 1.70 5.84 1.70 
F50-54 6.40 1.70 7.69 1.70 6.83 1.70 6.64 1.70 7.69 1.70 6.66 1.70 5.84 1.70 
F55-59 6.30 1.70 7.59 1.70 6.74 1.70 6.56 1.70 7.59 1.70 6.57 1.70 5.77 1.70 
F60-64 6.20 1.70 7.49 1.70 6.65 1.70 6.47 1.70 7.49 1.70 6.48 1.70 5.69 1.70 
F65-69 6.20 1.70 7.49 1.70 6.65 1.70 6.47 1.70 7.49 1.70 6.48 1.70 5.69 1.70 
F70-74 6.10 1.60 7.39 1.60 6.56 1.60 6.38 1.60 7.39 1.60 6.40 1.60 5.61 1.60 
F75-79 6.00 1.70 7.29 1.70 6.47 1.70 6.30 1.70 7.29 1.70 6.31 1.70 5.54 1.70 
F80-84 6.00 1.60 7.29 1.60 6.47 1.60 6.30 1.60 7.29 1.60 6.31 1.60 5.54 1.60 
F85+ 6.00 1.60 7.29 1.60 6.47 1.60 6.30 1.60 7.29 1.60 6.31 1.60 5.54 1.60 

ITALY56 

M15-19 9.53 3.88   8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88   
M20-24 9.53 3.88   8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88   
M25-29 9.53 3.88   8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88   
M30-34 9.53 3.88   8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88   
M35-39 9.53 3.88   8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88   
M40-44 9.53 3.88   8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88   
M45-49 9.82 3.71   8.67 3.71 10.01 3.71 8.72 3.71 8.08 3.71   
M50-54 9.82 3.71   8.67 3.71 10.01 3.71 8.72 3.71 8.08 3.71   
M55-59 9.59 3.53   8.46 3.53 9.77 3.53 8.51 3.53 7.89 3.53   
M60-64 9.59 3.53   8.46 3.53 9.77 3.53 8.51 3.53 7.89 3.53   
M65-69 9.53 3.47   8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47   
M70-74 9.53 3.47   8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47   
M75-79 9.53 3.47   8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47   
M80-84 9.53 3.47   8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47   
M85+ 9.53 3.47   8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47   
F15-19 7.12 2.76   6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76   
F20-24 7.12 2.76   6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76   
F25-29 7.12 2.76   6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76   
F30-34 7.12 2.76   6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76   
F35-39 7.12 2.76   6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76   
F40-44 7.12 2.76   6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76   
F45-49 7.24 2.76   6.39 2.76 7.38 2.76 6.43 2.76 5.96 2.76   
F50-54 7.24 2.76   6.39 2.76 7.38 2.76 6.43 2.76 5.96 2.76   
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F55-59 7.65 3.24   6.75 3.24 7.80 3.24 6.79 3.24 6.29 3.24   
F60-64 7.65 3.24   6.75 3.24 7.80 3.24 6.79 3.24 6.29 3.24   
F65-69 7.12 2.71   6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71   
F70-74 7.12 2.71   6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71   
F75-79 7.12 2.71   6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71   
F80-84 7.12 2.71   6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71   
F85+ 7.12 2.71   6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71   

Values in red were assumed as the previous/posterior category 
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Abstract  
 
The impact of salt reduction policies on cardiovascular outcomes in Southern Europe has been 
underexplored. This study assessed the effect of salt reformulation policies on hypertension 
and cardiovascular mortality in Spain, Portugal and Italy. For each country, foods most 
contributing to salt intake, its salt content, consumption and availability/sales trends in the 
period 2016-2020 were identified. Changes in salt intake were examined through five scenarios 
assuming other risk factors as stable: (1) salt content reduction based on current policies; (2) 
scenario 1 plus future policies targeting top five food contributors; (3) salt change by food 
consumption trend; (4) combination of scenario 2 plus scenario 3; (5) scenario 4 plus a 
reduction in added salt. Impact on hypertension was quantified using relative risk shift and 
assuming a continuous linear regression between salt intake and blood pressure. Changes in 
cardiovascular deaths were estimated using WHO-PRIME. Incidence of hypertension and 
cardiovascular deaths were expected to increase if no policies were implemented (scenario 3) 
in Spain (+14.68% and +5.18%), Portugal (+0.65% and +0.04%) and Italy (+0.10% and 
+0.72%). However, if policies had targeted top five contributors to salt intake (scenario 4), 439 
cardiovascular deaths per year could have been avoided in Spain, 871 in Portugal and 4,250 in 
Italy. This study suggests that current salt reduction policies in Spain and Portugal could be 
effective at reducing salt intake. However, for better outcomes, future policies need to tackle 
those foods identified as the highest contributors to salt intake to mitigate its increasing trend 
of consumption/availability. 
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Introduction 

In Southern European countries, cardiovascular (CV) mortality rates have declined over the 
last decades but they still remain as the leading cause of death(1–4). In 2019, stroke and 
ischaemic heart disease (IHD) accounted for 8.65% and 12.51% of all deaths in Spain, 14.34% 
and 11.16% in Portugal and, 10.48% and 15.75% in Italy, respectively(4). Aligned with this 
burden, high systolic blood pressure (SBP) is the main risk factor contributing to more deaths 
and among the top four risk factors contributing to more disability-adjusted life years (DALYs) 
in Spain, Portugal and Italy. Similarly, dietary risk factors, particularly “diet high in sodium” 
have still a strong weight on the disease burden among Southern European countries although 
reductions have occurred between 1990 and 2019(4). 
 
In Spain, prevalence of hypertension is estimated to be 33.3% based on the results from a 2008-
2010 study that evaluated a sample of 11,957 individuals aged >18 years and representative of 
the Spanish population(5). In Portugal, the National Health Examination Survey (INSEF)(6) 

assessed the health of a representative population of 4,911 adults with ages 25–74, finding that 
prevalence was 36%. In Italy, in 2013 data from 911,753 patients of a large representative 
sample of general practitioners was analysed retrospectively and results indicated that 
hypertension was prevalent in 25.9% individuals of the sample with ages ranging from 20 to 
>90 years old(7).  
 
Although salt is essential for humans, the impact of excessive salt intake has been studied 
extensively with most research focused on the effect on gastric cancer(8) and cardiovascular 
diseases (CVDs). Higher sodium consumption is associated with higher blood pressure and 
hypertension(9–12), with a 1.12-fold increased risk of CVD and 1.23 of stroke(13). However, the 
impact that salt intake has on the increased risk of CVD is thought to be mediated by the higher 
blood pressure and not described as a direct relationship(12).  
Strong evidence supports that reductions in sodium intake lead to decreases in SBP and overall 
blood pressure(11,13,14) with stronger effects among hypertensive subjects(15–17). Furthermore, 
potassium intake can change sodium/potassium ratio and modify the impact sodium has on 
blood pressure(9,18).  
 
For most European countries 70–75% of all sodium intake comes from processed foods (i.e. 
bread), 10–15% is naturally present in unprocessed foods and, discretionary sodium (table salt 
and added during cooking) accounts for 10–15%(19,20).  
To assess salt intake in the diet, the reference methodology is using sodium biomarkers in 24-
h urinary sodium excretion samples(21,22) over dietary self-reporting methods (i.e. 24-h recalls).  
In Spain, salt intake has been estimated to be of 9.8g/day, 11.5g/day for men and 8.4g/day in 
women, based on 24-h urinary sodium excretion of adults aged >18years old (23) while a study 
on a population with ages 9-75 years old using 3-day food diaries reported that it was around 
5.06g/day, excluding discretionary salt(24). In Portugal, a study conducted in 2011-12 collecting 
24-h urinary sodium samples from adults (25-74 years old) quantified sodium intake to be of 
10.7g/day(25). However, the National Food, Nutrition and Physical Activity Survey (IAN-AF 
2015-16)(26) using self-reported, in a sample from 3 months to 84 years, reported an average of 
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7.4g/day (8.6g/day in men vs. 6.4g/day in women) and highest (7.8g/day) for adults with ages 
18 to 64 years old. Afterwards, research evaluating a sub-sample of 95 adults estimated that 
sodium excretion in adults was 10.01g of salt using 24-h urinary excretion and based on self-
reported methods, the intake of salt was 8.72g per day(27). In Italy, a regional survey using 
validated semi-quantitative food frequency questionnaire estimated that salt consumption 
among adults aged over 18 years old was 5.38g/day(28). Later, using 24-h urinary excretion 
samples of adults, salt intake was estimated to be 10.8g/day for men and 8.3g/day for women 
in 2008–2012 and, 9.5g/day and 7.2g/day for men and women, respectively, in 2018–2019(29).  
 
Main food contributors to sodium intake were identified in the different countries using 
different sources. In Spain, foods were identified using 3-day diaries being (1) processed meats; 
(2) bread; (3) ready-to-eat meals; (4) cheese and (5) fresh meat(24). In Portugal, based on the 
two non-consecutive 24-h recalls employed in the IAN-AF 2015-16, food categories included 
(1) bread; (2) vegetable soup; (3) processed meats; (4) fish (fresh, dry or canned and (5) 
cheese(26). In Italy, they used a validated semi-quantitative food frequency questionnaire and a 
study evaluating the salt content of food products, reporting that the main contributors were (1) 
bread; (2) processed meats; (3) pizza and salty snacks; (4) cheese and (5) other vegetables (i.e. 
canned or preserved)(28).  
 
According to the WHO’s Best Buys to reduce unhealthy diets, policies focusing on reducing 
salt intake, prevent and control non-communicable diseases (NCDs)(30,31). Sodium reduction 
policies in Spain, Portugal and Italy, have focused on establishing national initiatives, 
increasing consumer awareness, labelling and industry involvement(22,32).  In Spain and 
Portugal a law has been enforced to reduce salt content in bread (<1.66g /100g bread from 
April 2022  in Spain (33) and ≤1 g/100g bread from 2021 in Portugal (34)) and an agreement was 
established between the Government and the food industry to reformulate certain foods. In 
Spain these included lowering salt content in charcuterie and other processed meats, sauces, 
ready-to-eat meals, salty snacks, and vegetable soups(35). And, in Portugal salt limits 
agreements were applied to canned soups, ready-to-eat meals, pizzas, breakfast cereals and 
other snacks(36). In Italy, agreements have been approved at regional level or with certain 
sectors (i.e.2009-10 an agreement with Baker Associations aimed to reduce salt content by 10–
15% in bread within 2 years) however, there has been no published data on the effective 
reformulation of these foods(22,37–39).  
 
Only one study has estimated the impact of overall salt intake reductions on CV morbidity 
(prevalence of ischaemic heart disease and stroke) and mortality in Spain and Italy but it did 
not identify the impact on hypertension, the main risk factor for CV outcomes(40). In the case 
of Portugal, only one study assessed the impact of current policies but it only evaluated the 
potential effect of salt reformulation in bread on blood pressure(41).  
There is a gap in the literature of studies that evaluate specific food reformulation policies (i.e. 
targeting one specific food category) and their impact on CV outcomes. Furthermore, no 
studies have evaluated the food availability/sales trend of the main foods contributing to salt 
intake. Therefore, the main aim of this study is to evaluate the impact specific salt reformulation 
policies on CV morbidity (hypertension) and mortality in Spain, Portugal and Italy. We 
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included national policies that have been already implemented and future interventions we are 
proposing to target the largest contributors to salt intake.  
 
 
Methodology 
 

1. Data Sources 
The current study required to collect data from many different sources. A summary of all the 
sources used can be found in Supplementary Table S1.  
 

1.1. Populational Salt Intake 

Data using 24-h urinary collection samples of >200 individuals was available for Spain and 
Italy. Although we prioritized the studies using these methodologies for baseline estimates of 
daily salt intake, some other factors were considered and we used another strategy for Portugal. 
Find below the studies chosen for each country. 

For Spain, we considered the study conducted by Ortega et al.(23) on 418 individuals aged 18 
to 60 years considered to be a “representative sample of the Spanish young and middle-aged 
adult population” and found salt intake to be 9.8g/day. Fifteen different provinces (considering 
as many Spain's autonomous regions as possible) were chosen through random sampling and 
residents from the region were then randomly selected and contacted through telephone. 
Included participants were apparently healthy and lived at home (not hospitalized) thus, they 
were excluded if they had been diagnosed with pathologies such as diabetes or hypertension.  

For Portugal, as previously mentioned, the PHYSA study measured sodium excretion from a 
sample of 3,720 Portuguese, however, we lacked access to the data specific for age and gender 
which was necessary for the CV mortality model (42). Therefore, we decided to include the self-
reporting estimates of 7.4g/day from the IAN-AF 2015-16(26). Although, as previously 
mentioned, self-reporting methods often lead to under-reporting and 24-h urinary excretion is 
preferred over dietary intake data(43), we considered a sensitivity analysis correction. The 
Portuguese National Dietary Survey collected 24-h urinary samples of 95 adults aged 18 to 84 
years old from all the IAN-AF 2015-16 sample. Based on the data from these 95 adults they 
were able to quantify salt intake (10.1g/day) and the accuracy between the two non-consecutive 
24-h dietary recall and the 24-h urinary sample(27). We used these values to conduct a sensitivity 
analysis and correct individual self-reported salt intake data (Table S2). 

The 2018-2019 CUORE project survey(29) which has been considered as the reference point for 
Italian data, estimated salt intake was 9.5g/day for men and 7.2g/day for women,. They 
randomly selected age and sex-specific 24-h urinary sodium excretion samples of 100 men and 
100 women with ages between 35 and 74 in 10 different Italian regions. 
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1.2. Salt Content and Food Consumption of Foods 

The different counterfactual scenarios of this study considered reformulation for salt content 
in different food products depending on the country. Current policies in Spain already 
effectively tackled 60% of the main five food contributors for salt however, only 40% were 
targeted in Portugal and 0% in Italy (Table 2). 
 
Main food contributors to salt in the diet are calculated using data on the foods consumed and 
the salt content of that foods. Thus, for each country sources of information for contributors to 
salt intake included food consumption and salt content which can come from the same or 
different sources.  
 
For Spain, we considered results from several studies. Within the ANIBES research (44), we 
considered two reports, one for the main contributors to salt intake and a second one for 
evaluating the daily intake of these foods.  ANIBES is a cross-sectional study where data was 
collected from a representative sample of 2,009 individuals with ages between 9-75 years old 
from 128 sampling points in Spain in 2013. Participants were asked to compile a 3-day food 
diary (two working days and one weekend day) to evaluate their diet. 
Food consumption estimates of canned soup were not available from the ANIBES reports thus, 
we chose the Mercasa report(45) which provided a yearly average intake for soups. In Spain, the 
category of soups included broths, soups and cream (soup of thicker consistency). 
Salt content from national reports that evaluate sodium content through food labelling and 
laboratory quantification were prioritized over food composition tables because they are more 
precise and have a better representation of the foods more consumed by the population. These 
national reports include those with higher sales and as many food categories and food 
companies involved in the agreement as possible. We considered the 2016 report for the salt 
content of processed meats and ready-to-eat meals (46). However, for bread we considered a 
study that evaluated salt content in 1,137 loaves of bread in 2014(47) and for cheese we used 
data from a 2012 report that quantified sodium using chloride determination (48).  
No data was available for fresh meat in the national reports thus, we decided to use data from 
a food composition table(49). We assumed that the average sodium content in fresh meat 
corresponded to the average of sodium in all meats classified as fresh with equal representation. 
Lastly, for salty snacks, sauces and canned soup we used results reported in the more recent 
study published in 2020 that included salt content in 2016(35).  
 
 
In Portugal, the IAN-AF 2015-16(50) identified the main contributors and provided values of 
their daily consumption and salt content. The national dietary survey was conducted between 
2015 and 2016 and assessed the nutritional habits of 6,553 individuals with ages between 3 
months and 84 years old. Participants were selected randomly through multistage sampling 
from the Portuguese National Health Registry including a total of 99 health centres across the 
national territory. Data was collected through an electronic platform “You eAT&Move” that 
included three different modules, one of which is the module “eAT24”(27). eAT24 allowed to 
compile data on food consumption through two non-consecutive self-reported 24-h recalls on 
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adults aged over 10. The platform was connected to food composition tables to use the 
estimates for nutrient intake such as salt content(51). Thus, data on salt content and food 
consumption of the main contributors to salt intake was considered from the IAN-AF 2015-16. 
Furthermore, we used individual data from the dietary survey for the calculations. However, 
the IAN-AF reports only salt content for the general category of “soup” thus, we considered a 
Portuguese study that quantified salt content in packaged soup available in the Portuguese 
supermarkets(52). Salt content for other products such as breakfast cereals, pizzas, chips and 
salty snacks was considered from a report of the DGS published in 2022 (53).  
 
 
In Italy, Malavolti et al.(28) led a study that assessed the sodium content of the most common 
foods in the Italian diet. This research included two different interventions, one focused on 
evaluating the food consumption among the Italian population, and the second one evaluated 
the salt content of the foods identified. The first study was carried out in 2005-2006 in the 
Center-North Italian region of Emilia-Romagna where they evaluated the dietary intake of 719 
participants over the age of 18 years. The sample population was identified through random 
sampling from the Italian National Health Service Registry. They utilized FFQ used within the 
“European Prospective Investigation into Cancer and Nutrition” known as EPIC-FFQ adapted 
to the Italian Northern population. Although, as previously mentioned two 24-h recalls are the 
most preferred methods to evaluate food intake, the EPIC-FFQ is a validated semi-quantitative 
questionnaire that “assesses frequency and quantity of consumption over an entire year, and 
takes into account intakes of seasonal food, supporting its substantial validity and 
reproducibility for the assessment of dietary habits in the adult population”(28).  
A second examination was conducted between 2016 and 2017 to evaluate food samples from 
food markets and grocery stores in Emilia-Romagna based on foods consumed more frequently 
in that region. Sodium concentrations from the samples were measured using a spectrometer. 
Results of salt content were considered as baseline values for our study(28).  
 

1.3. “Food Consumption Trend” 

In the current study, “food consumption trend” was considered as the changes in availability 
or sales for several food categories over a period of 4 years. 
The methodology of the studies considered to estimate the “food consumption trend” at the 
national level differed between countries. To conduct the calculations for our study we only 
used these estimates to model a “food consumption trend”. Thus, although the methods for 
each country reported the results in different units, that was not an obstacle to our analysis. 
 
In Spain, the Household Budget Survey (HBS) published yearly by the Ministry of Agriculture, 
Fishery and Food gives values on the domestic availability of several food products based on 
their expenditure. A sample of households (12,000 in 2016 and 12,500 in 2020) was chosen 
randomly across all the national territory and asked to record their purchases with a scanner. 
The results report the average annual food consumption (kg/person per year)(54,55). 
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For the case of Portugal, we considered data from the National Food Balance Sheets (FBS), 
Balança Alimentar Portuguesa, published by the Instituto Nacional de Estatística (INE) on 
food availability of the main contributors to sodium intake in 2016 and 2020. Although there 
were HBS available, Inquéritos Orçamentos Familiares, the last report was published in 2015-
16 which was not ideal for the periods considered in our study. The FBS are published every 
5-years (the latest reports were in 2016 and 2020) with yearly estimates of food availability. 
Based on the annual values, they report results on all food products in g/person per day. The 
only specific food category to the main contributors to salt intake was cheese, for the other 
categories we assumed the overall classification. Changes in cereals were attributed to the 
category of bread and “tostas”; variation in meat to charcuterie and other processed meats; 
lastly, fresh fish, dry or canned was considered to follow the same trend as overall fish(56). For 
soup and “ready-to-eat meals” we considered that availability was stable because we lacked 
data. However, for policies tackling breakfast cereals, pizzas, chips, and salty snacks we used 
sales reported by Nielsen IQ per year from 2018 to 2021(53). 
 
 
In Italy, the National Institute of Statistics (Istituto Nazionale di Statistica – ISTAT) is the 
responsible body to conduct the HBS in Italy, Spese per consumi: Voce di spesa. Their more 
recent reports follow the European Classification of Individual COnsumption by Purpose 
(ECoicop) using an online personal interview. They collect data on the expenditure on goods 
such as the purchase of foods. Results indicate the average monthly expenditure by household 
in €. As in Portugal for all the food categories, except for bread, we assumed the food 
consumption of the most similar or broader category (i.e. for processed meat we considered the 
values of charcuterie, for cheese we considered values from cheese and dairy products)(57). 
 
 

1.4. Prevalence of Hypertension 

According to guidelines from the European Society of Cardiology, high blood pressure also 
known as hypertension is defined as systolic blood pressure ≥140 mmHg and/or diastolic blood 
pressure levels ≥90 mmHg. However, hypertension is often referred to as high Systolic Blood 
Pressure (SBP)(58).  
Incidence studies were our first choice because it allows to calculate better the prevented new 
cases of hypertension in our CV morbidity model. However, incidence was only available for 
Portugal. In order to calculate an approximative incidence for Spain and Italy, we used the 
prevalence and incidence of Portugal and the correspondent prevalence in that country (Spain 
or Italy). This will be further explained in the statistical analysis section.  
 
For Spain, we considered a paper that had studied in 2008-2010 a representative sample of 
11,957 Spanish individuals aged over 18 years old. This nationwide population-based study 
recruited their participants through multistage clustered (municipalities and census) random 
sampling. Within each cluster, random telephone dialing was used and individuals were chosen 
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according to the gender and age distribution of the Spanish population. A total of 3,983 
indviduals had hypertension which indicates a prevalence of 33.3% within this 
noninstitutionalised population(5).  
 
In Portugal, we used the incidence values from a population-based cohort (EPIPorto) on 796 
adults >18years old conducted in 1999-2003. Incidence rate among these non-hypertensive 
population was found to be 47.3 per 1000 persons-years(59). Prevalence was taken from the 
National Health Examination Survey(60), a cross-sectional study that assessed the health of 
4,911 individuals aged between 25 and 74 years and reported that the prevalence of 
hypertension among the Portuguese population was estimated to be 36%. Participants were 
selected by random sampling from the Portuguese National Health Service database. The 
survey included a health examination (including blood pressure measurements), a blood sample 
collection and an interview. 
 
Lastly, in Italy, the prevalence of hypertension was assessed through analysis of patient records 
from a representative sample of general practitioners distributed across all the Italian regions. 
General practitioners that agreed to participate in the study, input data measurements of their 
patients. A total of 911,753 patient records older than 20 years were evaluated and hypertension 
was estimated to be prevalent in 26% of the population. Although, undiagnosed hypertension 
could have been high in this case because only those patients that had been previously 
diagnosed as hypertensive were included in the estimates(7).  
 

1.5. Population and Mortality data 

The National Statistics Institution of each country (INE for Spain, INE for Portugal, and ISTAT 
for Italy) publish reports including the demographics of their population and mortality causes. 
We collected data from national census(61–63) and causes of death classified according to the 
International Statistical Classification of Diseases and Related Health Problems, 10th revision 
(ICD-10). For the cardiovascular mortality model, we needed mortality data that was 
aggregated in the ICD-10 way considering the following categories I60-I69 cerebovascular 
diseases; I20-I25 Ischaemic heart diseases; I10-I15 hypertensive disease; I50 heart failure; I71 
aortic aneurysm; I26 pulmonary embolism and I05-I09 rheumatic heart disease.  However, 
Italian data was categorized using another coding and for some causes of death, data was 
aggregated in a different way. We could not assume deaths specific for these specific diseases 
(C23 – Gallbladder, I10-I15 – Hypertensive disease, I71 – Aortic aneurysm, I26 – Pulmonary 
embolism, I05-I09 – Rheumatic heart disease). Therefore, we estimated the deaths using data 
from Spain and made it proportional to the size of the Italian population(64–66). 
 
 
 

2. Counterfactual Scenarios  
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In this study, we assessed the impact of five different counterfactual scenarios on both 
cardiovascular mortality and morbidity (Table 1).  

1) The first counterfactual scenario took only into account a reduction of the salt content 
based on the current national policies for food reformulation even if they did not target 
the main contributors to salt intake. Food consumption of the food categories targeted 
was assumed stable. This scenario was considered for Portugal and Spain but not for 
Italy (more details on the reason on the next point). Additionally for Portugal, for the 
current policies targeting breakfast cereals, pizzas, chips and salty snacks, we 
considered either the expected goal or the current content (if a category had 
overachieved the goals).  

2) The second counterfactual scenario considered not only the current policies but also 
proposed additional goals based on the EC recommendations(67) for the top five salt 
contributors that had not been tackled by the policies. Food consumption of the food 
categories targeted was assumed stable. 

3) The third counterfactual scenario took into consideration that only consumption of the 
foods targeted by policies (either current or future proposed by the current study) 
changed based on the “food consumption trend” estimates (changes in availability or 
sales of food products) while maintaining salt content in all food products constant.  

4) The fourth counterfactual scenario considered the combination of the second and third 
scenarios in which both food reformulation and dietary intake differed according to 
current and future policies.  

5) The last counterfactual scenario corresponded to scenario four but with an additional 
public health campaign to reduce “1 pinch of salt less a day”. This would lead to a 
reduction of the added salt and to reduce discretionary salt overall.   

 
Regarding scenario 5, reductions in added salt were calculated based on decreases in 
discretionary salt. In Portugal, the IAN-AF 2015-16 study (26) estimated that discretionary salt 
intake was 29% of total salt intake. For Spain, results reported that approximately 72% of 
sodium comes from processed foods, 20% from added salt and 8% is present naturally in the 
foods(68). However, this was not the case for Italy where data on discretionary salt intake is 
lacking. Based on the Portuguese and Spanish values, a baseline was estimated for Italy 
assuming that discretionary salt accounted for 20%, similarly to Spain. We recognize this might 
be an underestimation since for Portugal it was 29%, however, we preferred to have a more 
conservative approach. 
 

2.1. Policies Considered 

The food policies considered in the first and second scenario were different. The first 
counterfactual scenario considered food reformulation agreements/policies that had been 
already implemented even if they targeted food categories that were not among the top 
contributors to salt intake. For the second scenario, we proposed additional targets based on 
the recommendations from the High-Level Group on Nutrition and Physical Activity 
(Committee from the European Commission)(67) to reduce by -16% the salt content of the main 
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national contributors. This methodology was also used for some subgroups in the case of 
Portugal (charcuterie; fresh fish, dry or canned; and cheese) and Spain (cheese and fresh meat). 
Although agreements had been established with the industry in Italy, no monitoring data of the 
reformulation effectiveness has been published and the salt content study values from 2016 we 
considered were after the theoretical reformulation timeline (2010-2012). Therefore, because 
we did not know if the salt content in bread of 2016 is the result of the reformulation or if it 
had not happened yet, we assumed that the reformulation had not occurred and we did not 
consider the first scenario for Italy. In the second scenario for Italy, we proposed to target all 
food products considered as main contributors.  

To get a better overview of the foods targeted by current policies and the ones we are proposing 
see Table 2. 

 
3. Statistical Analysis 

The methodological structure for this current study can be seen in Figure 1. The statistical 
analysis consisted of two parts. The first part, corresponding to the estimation of the food 
consumption and salt intake trends was common for the CV morbidity model and the CV 
mortality Preventable Risk Integrated ModEL (PRIME). However, the second part, on 
estimating the health impact, was different for each model mainly because the PRIME had 
already been developed to estimate the impact on CV mortality, however, for CV morbidity 
we had to develop a new model.  

3.1. The “Food Consumption” trend (2016-2020) 

In this first step used for both the CV morbidity and CV mortality model, we collected food 
availability/sales statistics from different points in time to ultimately model a “food 
consumption trend” for all food products considered in scenarios 1 and 2. Then, this trend was 
used to simulate these changes in the food consumption of each product.  
 
In the case of Spain and Italy, to estimate the trend of the food products (𝜃), we used the data 
from food availability and sales in 2016 and 2020. In Portugal, for pizzas, breakfast cereals and 
chips and other snacks, we also calculated the trend based on sales data from 2018 and 2021. 
We adjusted the estimates for these three years for the four years of 2016-2020. However, the 
other food categories in Portuguese FBS already calculated the trend for the other food 
categories.  
(formula 1)  
 
 
 

3.2. Projected changes in Salt Intake 

We aimed to establish a baseline of salt intake based on food consumption and salt content 
data. We did not expect this calculation to match the national estimate of salt intake, because 
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it only took into account those foods contributing the most to salt intake or were targeted by 
foods. However, this rough estimation allowed us to see how salt intake changes in each 
scenario (i.e. the increase/decrease of salt in each scenario respective to the baseline). 

Policies between countries were implemented in different years and food consumption and salt 
content studies also differed a lot. Fortunately, the “food consumption trend” from 2016 until 
2020 was available for all countries and nearly all food products. Thus, to harmonize the period 
of our study we defined 2016 as the baseline and 2020 as the final year. Meaning that if a study 
was conducted in 2013, we assumed the results in 2013 as the baseline for 2016. Similarly, we 
assumed that all policies would have been implemented by 2020, even if they were expected 
to be enforced after our study period.   

To estimate the projected individual salt daily intake if the targets were achieved fully (𝒚𝒊𝒅), 
we used the following formula where 𝒙𝒊𝒅𝒇 corresponds to the individual (i) daily consumption 
(d) of a certain food item (f) and 𝒄𝒇 refers to the salt content of the food item assuming salt 
targets are met.  

 

(formula 2)  
 

At baseline, daily consumption (𝒙𝒊𝒅𝒇) and salt content (𝒄𝒇)	values corresponded to data 
extracted from our source studies and assumed that it was representative for 2016. Then, 𝒚𝒊𝒅 
was considered as the projected daily salt intake in 2020.  

For each counterfactual scenario, we made the correspondent changes to the daily consumption 
(𝒙𝒊𝒅𝒇) and salt content (𝒄𝒇)	of each food, based on the assumptions described in Table 1 and 
estimated the daily salt intake (𝒚𝒊𝒅) in 2020. For scenarios 1 and 2 considering salt reduction 
policies, we changed salt content (𝒄𝒇)	of each food according to the reduction expected if the 
target was achieved by 2020. For scenario 3, daily consumption (𝒙𝒊𝒅𝒇) was modified according 
to the “food consumption trend” calculated (i.e. if the “food consumption trend” of bread was 
expected to increase by +51%, we multiplied food consumption of bread by 1.51). Scenario 4 
included a combination of adjustments (reduction salt content and decrease/increased daily 
consumption) in salt content (𝒄𝒇)	and daily consumption (𝒙𝒊𝒅𝒇). Lastly, in scenario 5, we 
considered the same changes as counterfactual scenario 4 but with additional modifications in 
the daily consumption (𝒙𝒊𝒅𝒇) of discretionary salt. More specifically, for this last scenario, we 
assumed a reduction of “1 pinch of salt less a day” (1 pinch of salt = 0,36 of salt) of the 
discretionary salt for each country.  

After the necessary changes, we obtained the expected daily salt intake (𝒚𝒊𝒅) in 2020 for each 
scenario. We then proceeded to calculate the change in daily salt intake (∂) between the 
baseline (𝒚𝒊𝒅	𝒃𝒂𝒔𝒆𝒍𝒊𝒏𝒆) and each counterfactual scenario (𝒚𝒊𝒅	𝒔𝒄𝒆𝒏𝒂𝒓𝒊𝒐). 
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(formula 3)  
 
 
 

3.3. Modelling Data Analysis on Cardiovascular Mortality  

To estimate the effect of population-level interventions related with salt intake on 
Cardiovascular mortality, we used the PRIME November 2017 version) an openly available 
NCD scenario model(69). The PRIME tool allows to evaluate the impact at the population level 
when changing specific NCD risk factors on the annual deaths from NCDs(70). This tool has 
been developed by researchers at WHO Collaborating Centre on Population Approaches for 
NCD Prevention, Nuffield Department of Population Health, University of Oxford, to provide 
the WHO Europe Member States with some guidance on achieving the SDG 3.4 (by 2030 
reduce by one-third pre-mature mortality from NCDs through prevention and treatment and 
promote mental health and wellbeing). The values that the model uses to estimate the changes 
in mortality proceeds from peer-reviewed meta-analyses. Users must input three sets of data 
(age and sex distribution of the population; NCD mortality rates for a given year; risk factors) 
to then simulate different scenarios modifying one or more risk factors and obtain the predicted 
changes in the mortality of 24 NCDs.  
In the current study, for each country, we provided data on the i) average daily intake of salt 
(g/d) for the population and standard deviation, ii) age and sex distribution of the population, 
and, iii) mortality rates for each disease per year. This salt intake was calculated using Eq. 1, 2 
and 3, previously discussed. The only risk factor we modified between scenarios was salt intake 
thus, for the other modifiable factors (i.e. physical activity, alcohol consumption) we assumed 
them stable. The result of our analysis was the number of deaths (due to several CVDs) averted 
per year if the targets defined for each counterfactual scenario were achieved (Table 2). The 
PRIME model can only compare a historical scenario with a counterfactual scenario and 
provide the predicted mortality for that same year thus, it cannot be used to predict future 
trends. 

The Monte Carlo analysis was used to provide a realistic 95% CI around the number of deaths 
averted by using relative risk values to estimate the expected changes in mortality. We ran the 
model 5000 times to consider the uncertainty of the deterministic result (69). 

 
For the salt intake estimates of Portugal, we decided to use the self-reported data form the 
national survey IAN-AF 2015-16(27) self-reported results, however, as previously mentioned, 
they can often be biased by errors. Thus, we performed a continuity correction using data from 
the IAN-AF 2015-16 subsample of 95 adults that was used to validate the new software used 
for the national dietary survey. 
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(formula 4)  
 
Based on the results from Goios et al.(27), estimated sodium intake from sodium excretion was 
4,003mg while self-reporting data reported 3,489mg. Therefore, using formula 4, there was a 
misreporting of 514mg of sodium per day (1.285g of salt per day). Consequently, we added 
1.285g/day to all salt intake baseline values for Portugal (see Table A10 in the Annex).  

3.4. Modelling Data Analysis on Cardiovascular Morbidity 
(Hypertension) 

To estimate the impact on new hypertension cases we established a model that quantified the 
potential impact fraction (PIF) and prevented cases based on changes in salt content and food 
consumption.  
The analysis was performed according to the presence of individual data (Portugal) or 
aggregated data (Spain and Italy). 
In the case of Portugal, individual dietary intake data was calculated according to the trend of 
each scenario. In the case of aggregated data (Italy and Spain) we simulated individual daily 
consumption of each food group (𝒙𝒊𝒅𝒇) considering the sample size of the IAN-AF 2015-16; 
the mean and standard deviation according to the consumption in each country, obtained from 
literature and Multivariate Normal Distribution with the same covariance matrix as the 
Portuguese sample. Nevertheless, when the food group did not exist in the Portuguese data, we 
assumed the covariance was zero.   
Then, formula 2 was applied in order to obtain individual salt daily intake for each scenario 
(𝒚𝒊𝒅). A bootstrapping was performed with 100 replicas to obtain a PIF bootstrap confidence 
interval by quantiles. 
 
 
Estimating relative risk using a linear regression 
Previous studies assessing the impact of salt policies(41,70) considered McGregor et al.(71) as the 
reference values for the association between SBP and sodium excretion. The report included 
34 trials of at least 4 weeks of duration since it had been described that short-term experiments 
were not appropriate to estimate the long-term impact of reductions in salt intake.  
For the current study we decided to choose a more recent publication from Huang et al.(11) that 
included 133 studies (n=12197). They estimated that diminishing 50 mmol the 24h urinary 
sodium excretion resulted in a fall of the SBP by 1,1 mmHg. The duration of the interventions 
included, differed from <7 days up to >6 months, however, over 60% of total participants 
attended an intervention >30 days. Although, results from this study seem to indicate that 
length of the trial was not associated with the change in blood pressure, they did highlight that 
those interventions under <15 days could underestimate the impact of salt reduction in blood 
pressure. 
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We decided to choose the values from Huang et al.(11) because it includes a more recent estimate 
from more than half participants long-term interventions and additionally, the estimates are 
even more conservative than previous studies. 

Huang et al.(11) reported that a reduction in 50 mmol of sodium (2.92g salt – change in salt 
excretion) leads to a reduction of 1.1 mmHg in SBP (change in SBP). We assumed a linear 
continuous regression between salt reduction and SBP levels. 
 
(formula 5) 
 
The interquartile range (IQR) for SBP was 135 and 114mmHg based on a national Portuguese 
survey in adults(6). We considered these IQR to estimate the standard deviation (s) based on 
the Cochrane Handbook(72).  
 
(formula 6) 
 
where e refers to the correlation between SBP and dietary sodium intake which we considered 
0.47 as previously proposed by Zhao et al.(18). 
Eq. 7 was used to calculate b* based on a study from Norris et al.(73): 
 
(formula 7)  
 
Lastly, based on the previous calculations we estimated the relative risk (RR): 
 
(formula 8) 
	
 
Estimating baseline and counterfactual values 
Based on the individual data of the IAN-AF 2015-16, we made changes to the salt content and 
food consumption of each food category for each different scenario.  
 
Calculating the potential impact fraction for each scenario 
The potential impact fraction (PIF) was calculated by changing the relative risks but keeping 
the exposure to that category constant. Based on the “RR shift” calculation defined by 
Barendregt and Veerman(74), we calculated the PIF: 
 
(formula 9) 
 
 
where RR and the RR* is the RR previously calculated and after the intervention, and P is the 
population distribution of exposure (in this case, the five scenarios of Table 1). 
 
For the RR function log-linear function, we used: 

𝛽 = 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑠𝑎𝑙𝑡	𝑒𝑥𝑐𝑟𝑒𝑡𝑖𝑜𝑛 ×
1

𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑆𝐵𝑃
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(formula 10)  
 
 
For Portugal, incidence of hypertension was already available and therefore we did not have to 
calculate it and we skipped formula 11 for this case. However, because we did not have 
incidence data available for Spain and Italy, we used the Portuguese incidence (47.3 per 1000 
persons-years)(59) and prevalence (36%)(60) of hypertension to estimate the duration of 
hypertension as a diseases following the formula 11. Based on these calculations, the average 
duration of hypertension was 7.62 years based on the Portuguese data. Then, for Spain and 
Italy we estimated the incidence of hypertension (I) in these countries using the prevalence (P) 
from each country and the duration (d) previously calculated.  
 
(formula 11) 
 
To calculate the number of hypertension cases that would be prevented if the proposed targets 
were met (n), we used: 
 
(formula 12)  
 
where N is the number of individuals in the population >18 years old (obtained from census 
data) and I is the incidence calculated in formula 11. The approximate number of cases 
prevented (n) will be calculated for each counterfactual scenario separately.  
  

𝐼 =
𝑃
𝑑	



17 

Results 
Table 3 shows salt content at baseline and expected if current policies or future policies 
proposed by the current study are implemented. It also portraits the “food consumption trend” 
through changes in availability or sales for the several food categories in 4 years. 
 
Out of the top five contributors to salt intake for each country, three were effectively targeted 
by salt reduction policies in Spain, two in Portugal and none in Italy. Therefore, for those main 
contributors that were not targeted, we proposed future policies to reduce their salt content by 
-16%.  
 
Three foods that were commonly targeted, either by current or future policies, in the three 
countries were (1) bread, (2) charcuterie and processed meats and, (3) cheeses. At baseline, the 
country with the highest content of salt for each food was (1) Spain for bread (2.08g salt/100g 
product), (2) for charcuterie and processed meats it was Portugal (4.38g salt/100g product), 
and (3) Italy for cheeses (1.3g salt/100g product). The Benchmark of salt in bread expected in 
2020 varied from 1g of salt/100g product in Portugal to 1.66g of salt/100g product in Spain, 
while targets in Italy would remain in the middle (1.14g of salt/100g product). Charcuterie and 
other processed meats in Italy and Spain would have similar salt limits (2.5 and 2.58g of salt 
/100g product) while Portugal would be higher at 3.68g salt/100g product, even after a strong 
reduction of -16%. Cheeses in Spain would have the lowest salt content compared to Italy and 
Portugal (0.87g salt/100g product vs. 1.09, 1.63, respectively).  
The main contributors that differed between countries and were considered for current food 
reformulation policies were a -10% salt content for ready-to-eat meals in Spain. 
 
As previously mentioned, some of the strategies currently used in Spain and Portugal aimed to 
reduce salt content also on foods that are not the highest contributors to salt intake. In Spain 
the categories affected included sauces, canned soups, and salty snacks, with salt reformulation 
targets to reduce from -6.7% up to -16%. Similarly in Portugal, products targeted were pizzas, 
breakfast cereals, ready-to-eat meals and chips and other snacks, with policies ranging from -
12% to -10%. Furthermore, in Portugal, although vegetable soups have been classified among 
the top five contributors to salt intake, salt policies have only targeted a small proportion these 
by reformulating canned soups since in the traditional Portuguese cuisine most soups are 
consumed fresh and not packaged. 
 
Additionally, future policies suggested in the current study would suppose a -16% reduction of 
the salt content of fresh meat for Spain, fish for Portugal and in Italy pizza, crackers and salty 
snacks, and other vegetables.  
 
 
Overall, an increased availability/purchase of foods most contributing to salt was common for 
the three countries. Furthermore, some other similarities were found when comparing 
countries.  
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Higher availability/sales of charcuterie and other processed meats and, cheeses, occurred in the 
three countries. For charcuterie and other processed meats, the growth was stronger in Spain 
compared to Portugal and Italy (+51% vs. +3.02%, +11.50%). Availability/sales of cheeses 
were very similar for all countries with mildly higher values in Italy compared to Spain and 
Portugal (+10.94% vs. +10%, +10.83%).  
A decrease in the availability/sales of bread was seen in all countries with a stronger intensity 
in Italy compared to Spain and Portugal (-5.39% vs. -5.00% and -2.86%). 
 
Other categories more specific to each country followed different trends. In Spain, availability 
increased for ready-to-eat meals (+23.00%), sauces (+19.00%) and canned soups (+2%). While 
it lowered in categories such as salty snacks (-17.00%) and fresh meat (-2.00%).  
In Portugal, sales of pizzas (+36.00%) and chips and other snacks (+10.00%) escalated. 
However, sales for breakfast cereals (-6.76%) and availability of fresh fish, dry or canned (-
3.72%) lowered.  
According to Italian data, sales of pizza, crackers and salty snacks reduced by -3.89%, and 
other vegetables (dry, processed and canned vegetables) increased by +6.44%. 
 
 
Table 4 shows the impact that the different scenarios would have on salt intake, PIF, 
hypertension and CV mortality.  
 
According to our results, policies currently implemented in Spain and Portugal could reduce 
salt intake by -11.1% and -11.2%, respectively, if they were achieved. Furthermore, if future 
policies were implemented tackling all the top five contributors to salt intake, salt could reduce 
even more to a maximum of -12.0% in the case of Spain and -13.6% for Portugal. However, 
scenario 3 shows that if no policies are applied, the food consumption/availability of the foods 
contributing to salt is likely to increase in the three countries by +12.4% in Spain, +0.1% in 
Portugal and +1.9% in Italy.  
The combination of implementing salt reduction policies and considering the “food 
consumption trend”, corresponding to scenario 4, would lower salt intake by -1.5% in Spain, -
13.4% in Portugal and -11.2% in Italy. Furthermore, if the public health campaign of “1 pinch 
of salt less a day” was promoted, salt intake from scenario 4 could even reduce by an extra -
5.7%, -6.9% and -8.5% for Spain, Portugal and Italy, as they follow. 
In summary, scenario 5 shows the impact that the overall combination of these factors would 
lead to, with the strongest impact in Portugal with a total of -24.00%, intermediate in Italy with 
-17.7% and the weakest in Spain with -7.1%. 
Additionally, in the Annex, table S2 describes how salt intake would change according to age 
and gender for each specific scenario, by country. 
 
In countries where current policies are already implemented, the incidence of hypertension is 
expected to decrease strongly by -10.99% in Spain and -9.64% in Portugal, preventing 189,915 
and 41,123 cases, respectively. Furthermore, the implementation of future policies that we 
proposed to target the main foods contributing to salt, would decrease the incidence by -8.39% 
in Italy (N=147,339) to -14.53% in Portugal (N=61,957).  
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If we did not take into account the salt reduction policies and only considered the “food 
consumption trend” (scenario 3) both incidence and cases of hypertension would increase for 
all the countries. Spain would have the strongest impact worsening the incidence of 
hypertension by +14.68% and increasing 253,532 cases of hypertension per year. The 
significance would be lower in Portugal with a mild increase of +0.65% of the new cases and 
increasing 2,780 hypertension cases more, and in Italy with +0.10% and 16,777 cases more.  
However, the negative outcomes of the previous scenario are compensated by the 
implementation of salt reformulation policies. This mitigation is stronger in Portugal with 
hypertension reducing by -14.04% (N=59,867) compared to Italy, -7.29% (N=128,131), and 
lowest in Spain, -1.38% (N=23,891). Lastly, the implementation of a public health policy 
suggested in scenario 5 would have a relevant fall in the incidence and cases of hypertension 
prevented per year. The Italian population would benefit the most, with a decrease in incidence 
of -37.35% (N=655,989). Spain would have a smaller change in the incidence of hypertension 
compared to Portugal (-7.41% vs. -20.23%) but because of the size of the Spanish population, 
Spain would prevent 128,023 cases of hypertension per year and Portugal 85,767. 
 
 
The PRIME methodology we used accounted only for changes in salt intake among specific 
risk factors correlated with NCDs. Furthermore, the model only considered the established 
association between salt and CV mortality, therefore for these specific results, the prevented 
total deaths correspond to prevented CV deaths.  
Results indicate that salt reformulation strategies currently enforced in Spain and Portugal 
could be effective at reducing total deaths by -1.55% in Spain (N= 1,388 deaths) and -0.58% 
in Portugal (N= 728 deaths). Implementing the future policies that we suggested in scenario 2 
would even have a stronger impact, preventing from 4,442 deaths in Italy (-2.11% of total 
deaths, -4.48% of CV deaths) to 3,397 in Spain (-1.67% of total deaths, -4.80% of CV deaths) 
and 882 deaths in Spain (-1.61% of total deaths, -3.95% of CV deaths).  
The “food consumption trend” seems to indicate that all these Southern countries would 
increase their total deaths and CV deaths, especially those due to hypertensive diseases. Deaths 
due to CVD would increase by +5.18% for Spain (N= 3,671deaths), +0.04% for Portugal (N= 
9 deaths) and +0.72% for Italy (N=715 deaths). Similarly, to the previous results in table 3 the 
impact of the increasing “food consumption trend” of the main contributors to salt could be 
reduced by the implementation of policies considered in scenario 4. All countries would benefit 
from this scenario however, changes in Spain would be moderate, and CV deaths would 
decrease by -0.62% (N=439 deaths), compared to -3.90% (N= 871 deaths) for the Portuguese 
population and -4.29% (N=4,250 deaths) for Italy. Aligned with the results from scenario 4, 
scenario 5 shows the most optimistic results with changes from -2.86% in CV deaths in Spain 
(N= 2,029 deaths) up to -6.88% in Portugal (N=1.536 deaths) with an intermediate change of 
-6.69% in Italy (N=6,626 deaths). 
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Discussion 
 
Our results suggest that the application of food reformulation policies in Southern European 
countries is not only effective but necessary for the prevention of NCDs and reduction of 
overall deaths due to CVDs. Food consumption/availability trend of the main contributors to 
salt intake is increasing in the three Southern Countries indicating that if no policies are applied, 
incidence of hypertension cases would be expected to increase. However, this situation can be 
still reverted in all three countries by implementing regulations (including current and future 
policies) to the salt content of the food products contributing the most to population salt intake. 
An important consideration is that current policies implemented in Portugal would be sufficient 
to mitigate the impact of the increasing “food consumption trend”, despite of the additional 
benefit that could be obtained by further policies oriented to the top food contributors to salt 
intake. However, for Spain the current policies would not be sufficient. 
 
Implementation of food policies alone (considering current policies and implementation of 
future policies suggested by the current study) without considering the “food consumption 
trend” could reduce hypertension incidence and CV deaths by -11.85% and -4.80% in Spain, -
9.64% and -3.95% in Portugal and, -8.39% and -4.48% in Italy, respectively. If taking into 
account the changes in consumption according to the trend, the impact would be -1.38% PIF 
and -0.62% CV deaths in Spain, -14.04% PIF and -3.9% CV deaths in Portugal and, -7.29% 
PIF and -4.29% CV deaths in Italy. Lastly, the additional implementation of a public health 
campaign to reduce added salt would achieve a total reduction in new hypertension cases and 
deaths due CVD of -7.41% and -2.86% for Spain, -20.23% and -6.88% for Portugal and, -
37.35% and -6.69% for Italy.  
 
Studies conducted in other countries such as Finland, the United States and Argentina, 
corroborate the impact of food reformulation policies on lowering blood pressure and reducing 
CV mortality significantly (75–78). Goiana-da-Silva et al.(79) reported similar outcomes regarding 
the effectiveness of salt reformulation policies in Portugal. After assessing the impact of salt, 
sugar and trans-fat reformulation, they found that salt had the strongest impact in reducing 
NCD mortality.  
 
As previously mentioned, WHO Member States have committed to reduce their salt intake by 
30% in 2025 with the aim of achieving <5g/d(80). Hendriksen et al.(81) assessed the impact of 
these two scenarios i) a reduction of 30% on salt intake among all population, and 2) salt intake 
being <5 g/day on cardiovascular health, among different European Countries. They reported 
that in Italy, 103,000 deaths would be averted in the first case and 163,300 for the second. And 
Spain would have prevented 59,100 and 97,400, respectively(81). However, the research did not 
include the food consumption/availability trend of the main food products contributing to salt 
intake. 
Our research suggests that food consumption of main contributors to salt intake is increasing 
and must be taken into account for a better representation of the reality. Based on our most 
ambitious scenario that assumes effective reformulation, changes in food consumption and 
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additionally a potential public health campaign to reduce “1 pinch of salt a day” would result 
in a -7.1%, -24.0% and -17,7% of the salt intake in Spain, Portugal and Italy, respectively. 
Although these numbers are promising, they are unquestionably far from the targets defined. 
However, regarding the World Health Assembly target of reducing CV deaths and prevalence 
of hypertension by 25% in 2025. Our results suggest that hypertension objectives might be 
more realistic since the optimistic scenario we previously mentioned could diminish the 
incidence of hypertension strongly by -6.17% in Spain, -20.23% in Portugal and -37.35% in 
Italy. 
One aspect to take into consideration is that our current study only evaluated the impact of 
these strategies on a 4-year period, however, the World Health Assembly defined these targets 
in 2013 for 2030. Therefore, reinforcing that achieving international goals to reduce the 
morbidity and mortality of CVD require timely and sustained policies because if applied too 
late, it is harder to reach the targets.  
 
When considering how to apply future policies, legislative changes might be a better choice to 
consider. Mandatory regulations for salt reformulation have been described as more effective 
than voluntary agreements(82–84). However, national policies should work together with the 
food production industry to facilitate consumer acceptance, a key factor for food reformulation 
policies as it can become a limitation (75,85,86). For example, when reformulating cheeses to 
compensate the decrease in sodium, fat content has to be increased which represents an issue 
for consumers’ acceptability(85). Additionally, we recognise that for cheese, additional 
guidelines have to be established according to subgroups and regional production as it was 
done in UK(87). Similarly, although producing charcuterie with lower salt content is 
challenging, Portugal has the processed meat with the highest values. And previous Spanish 
policies have already tackled to reduce 16% of salt content in this food category thus, 
reinforcing that this is possible(88). 
 
Regarding the type of interventions, most research is focused on multiple upstream 
interventions (food reformulation, taxation, and food labelling) suggesting that the biggest 
changes would be achieved through the implementation of these. While downstream policies 
focused on individual changes (i.e. food labelling, health education, communication campaigns 
and promotion of healthy environments) are often thought to have less impact(84). However, 
these downstream strategies are not only effective at reducing national salt consumption, 
increasing knowledge of health risks, and changing behaviours related to salt consumption, but 
they have been recognised by the WHO as “Best Buys” (31,89,90).  
The WHO recommends using comprehensive strategies that combine the two approaches to 
have a stronger impact on the salt intake of the population. Additionally, their guidelines also 
stress the importance of monitoring the population salt intake, salt content on foods and impact 
of salt reduction strategies, to evaluate future strategies(80,90). As suggested by the current 
results, the future strategies need to take into account the specificities and the different top food 
contributors to salt intake that could lead to a specific approaches in the different countries. 
  
The current study evaluated the impact of a public health campaign of “1 pinch of salt less a 
day” that we estimated could lead to a further decrease of the -5.7%, -6.9% and -8.5% of the 



22 

salt intake in Spain, Portugal, and Italy, as they follow, compared to scenario 4. This initiative 
could be done through social marketing or promoted in specific settings at national level. For 
example, in the case of Portugal, soup is considered the second-highest contributor to salt 
intake and is part of the traditional Portuguese cuisine to eat soup as a first dish. Furthermore, 
this product is mostly consumed “fresh” (not canned) at home, canteens or in restaurants. 
Therefore, policies do not intend to reduce consumption of soup, a policy could be proposed 
to reduce “1 pinch of salt less” when cooking or establishing salt content limits for soups in 
canteens of schools, workplaces, and hospitals.  
 
The main strength of the current study relies on the fact that this is the first study to 1) evaluate 
the impact of current food reformulation policies implemented in Spain and Portugal; 2) assess 
the impact of specific policies on cardiovascular morbidity; 3) consider the “food consumption 
trend” and 4) consider the covariance between foods in their statistical models. Furthermore, it 
aims to fill the lack of guidance on public health policies for salt intake in Southern European 
countries, that could also occur in other European countries. Studies have been conducted in 
these countries assessing the impact of hypothetical overall salt reductions(81). However, there 
is the need for more studies assessing the impact of regulations that target specific food 
categories. Additionally, previous research has mostly focused on estimating the weight on 
cardiovascular mortality but not morbidity (i.e. hypertension). 
Another strength of this study is that we used individual consumption data from Portugal to 
simulate a more realistic consumption distribution for specific foods for the CV morbidity 
model. Although consumption distribution and the covariances between foods could not be 
representative for Spain and Italy, Portugal is a Southern European country that shares some 
similarities with the other two. Thus, we believe using individual consumption data from the 
IAN-AF 2015-16 offers a better representation of the differences of consumption between 
individuals of a same population.  
 
The limitations of this study are mostly due to the weaknesses of comparing country estimates 
that have used different methodologies to obtain the necessary data of the current impact 
models. The salt intake was estimated from 24-hour urinary samples of large populations in 
Spain and Italy. In Portugal we had data from 24-h urinary sodium excretion from an IAN-AF 
2015-16 subsample of 95 adults. Therefore, although the sample was small, we corrected for 
the potential bias on the self-reported estimates adjusting for the misreporting of the real 
sodium excreted. 
 
Food consumption/availability trend methodologies differed for each country, as previously 
mentioned. At least two-point individual consumption data would have been the ideal method 
to estimate trends. However, since this data was not available for the countries, Household 
Budget Surveys (HBS) were an alternative preferred as opposed to the other sources but they 
were not available for Portugal during the studied period. Furthermore, although HBS are 
considered to be representative of available foods at family level (out-of-home food 
consumption was not accounted for most foods in Spain except for snacks, and for Italy it was 
unspecified if sales included it), the food categories considered were not standardised and we 
had to choose unclear categories for Italy (i.e. for processed meats, we chose the “salumi” 



23 

category which only includes charcuterie, excluding other processed meats). Additionally, 
HBS in Spain and Italy differed since the latter indicated expenditure which does not only 
depend on the sales, but price of the food as well (57). For Portugal we considered Food Balance 
Sheets (FBS) for the main categories(56) however, for specific categories (i.e. canned soups, 
snacks and chips) we used sales data from Nilsen IQ(53). However, for Portugal we did not have 
available information from consumption/availability trend for canned soups and ready-to-eat 
meals (considered in polices) or for fresh vegetable soups (a main contributor of salt intake). 
Therefore, we assumed that the trend would be stable.  
 
 
Food consumption of the main contributors to salt intake was assessed differently between 
countries. In Spain reported estimates were based on a 3-day food diary(44) however for main 
contributors of salt intake products identified differed from another study that had used a FFQ 

(91). Unfortunately, because the food consumption data of the FFQ was not published, we lacked 
data and we decided to use the 3-day food diary study. For Portugal we considered two non-
consecutive 24-hour recalls(92) and for Italy a FFQ version more valid than the traditional 
ones(28). Additionally, only in Portugal discretionary salt was estimated based on the individual 
consumption data (i.e. considering salt content in traditional recipes)(26), a rough approximation 
was available for Spain(68) and in Italy it was not assessed. Moreover, for those countries were 
current food policies targeted specific subcategories we considered the average salt content of 
all the subproducts and the average salt reduction proposed (i.e. in Spain different reductions 
were applied to each type of sauce, -16% of salt for mayonnaise, -5% for ketchup). However, 
because these foods are not important contributors of the diet, we believe they do not 
compromise the quality of the current study.   
Regarding, the studies chosen for the prevalence of national hypertension, harmonisation of 
different factors was considered a priority, however, heterogeneity of methodologies was 
common. Among the main issues, sample age ranges included was one of the biggest 
differences (Italy >18 years old vs. Spain >20 years old vs. Portugal 25-74 years old), followed 
by age representativeness (>75 years old: Italy 14% vs. Portugal 0%) and measurement of 
blood pressure (three times in Spain and Portugal vs. undefined in Italy) (7,60,93).  
 
The two models we used for the current study considered some disadvantages. In the case of 
CV mortality, the PRIME already provides estimates according to sex and age but only 
considers the impact of salt on CVD, ignoring the association with other NCDs such as cancer. 
Therefore, total deaths prevented will not be a representation of the reality. For the estimations 
of impact on hypertension, we were not able to take into account factors such as age, gender, 
or baseline blood pressure levels, factors that have been identified as strong modifiers of the 
changes in blood pressure(71). Although some studies suggest that normotensive individuals 
might not benefit from reductions in salt intake(15), according to Geoffrey Rose, small amounts 
of change in a large part of the population can lead to significant changes in death rates (94).   
In this study we did not consider food substitution models although we recognise, it is an 
important factor when estimating the health impact of a policy(95).  
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To estimate the preventable hypertension cases, we ideally needed the incidence for each 
country to have a better estimation of the new hypertension cases prevented. However, 
incidence was only available for Portugal. Therefore, for the estimates in the model of Portugal 
we used the incidence from a population-based cohort study conducted in the north of 
Portugal(59). For Spain and Italy, we only had prevalence of hypertension values. Because from 
Portugal we had incidence(59) and prevalence(6) studies available, we decided to use them to 
calculate the duration of the disease. In this way, with the prevalence studies from each country 
(Spain and Italy) and the duration of disease calculated, we were able to estimate the incidence 
for that specific country. However, this strategy had some constraints. Despite the study 
assessing the incidence of hypertension in the Portuguese population is a population-based and 
included participants of wide age range, the age representativeness could be a limitation, since 
proportionally it included more elderly. This could result in a potential overestimation of the 
real hypertension incidence among the population(59) and in an overestimation of our final 
results. On the other side, the prevalence study from Portugal was conducted at a national level, 
using a different population age-range sample compared to the incidence study. Therefore, the 
duration of the disease calculated based on the Portuguese studies could have been affected by 
the limitations of the studies used and the difference in the population samples used for each. 
 
Lastly, as mentioned in the methodology, this study assumed a study period from 2016 until 
2020 to facilitate the modelling process and the comparability of the results between countries. 
The limitation we do acknowledge is that we considered baseline numbers in 2016 for some 
studies (i.e. prevalence and food consumption) that had been carried out some years before. 
Furthermore, for some specific countries such as Spain, food consumption(44) and sodium 
intake(24) studies were considered in different populations and at different points in time. Thus, 
baseline for some categories might be inaccurate since no other data was available. Although 
we recognise the difficulty of having all the ideal necessary data to complete a study among 
different countries, the current study provides useful information for stakeholders to rethink 
and guide future policies. 
 
For future studies, we believe that having at least two-point measurements of individual 
consumption using standardised methodologies and collected with reasonable periodicity from 
national representative samples could improve the estimation of trends, especially accounting 
for the long-term dietary impact of the Covid-19 pandemic. Furthermore, future modelling 
studies should try to consider the impact of modifiers (i.e. age, gender, ethnicity and blood 
pressure levels at baseline) on blood pressure changes and take into consideration aspects such 
as food safety/technical issues, substitution effect or pricing strategies when food reformulation 
occurs(96).  
 
In conclusion, this study supports with strong evidence that national policies implemented 
already in countries like Spain and Portugal are effective. However, because consumption of 
high-salt foods is increasing, they may not be sufficient if they do not target those food 
categories contributing the most to population salt intake. This highlights that if food policies 
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are not applied at all (in the case of Italy) or not applied to the right food categories (for Spain 
and Portugal), salt intake will not decrease and might even increase. 
Previous studies have not acknowledged the changes in availability and/or sales of the main 
contributors which might be crucial when assessing the health impact of food reformulation 
policies. Hence, the impact of future policies must be evaluated before their implementation to 
ensure that they will be the most cost-effective intervention. When establishing international 
targets such as the 30% reduction in salt intake defined by WHO, it is also important to evaluate 
if they are attainable.  
Future policies should consider: 1) targeting main contributors to salt intake and either trying 
to settle agreements with the food industry or establishing mandatory regulations to limit salt 
content in foods; 2) establishing effective surveillance of salt content in foods and intake of the 
population and 3) applying comprehensive strategies that combine both upwards and 
downwards approaches.  
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FIGURES 
Figure 1. Methodology structure. 

 

SBP, systolic blood pressure; NCD, non-communicable diseases; PIF, potential impact fraction; CI, confidence 
intervals; CV, cardiovascular. 
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TABLES 
Table 1. Counterfactual Scenarios considered 

Counterfactual 
Scenario 

Salt reformulation based on 
Food consumption 
of food products Added salt 

Current 
Policies 

Future Proposed 
Policies 

1 Reduced based on 
goals defined 

Assumed stable Assumed stable Assumed stable 

2 Reduced based on 
goals defined 

Reduced based on 
goals defined 

Assumed stable Assumed stable 

3 Assumed stable  Assumed stable Changed according to 
“food consumption 
trend” estimations 

Assumed stable 

4 Reduced based on 
goals defined 

Reduced based on 
goals defined 

Changed according to 
“food consumption 
trend” estimations 

Assumed stable 

5 Reduced based on 
goals defined 

Reduced based on 
goals defined 

Changed according to 
“food consumption 
trend” estimations 

Reduction of 1 pinch 
of salt (considering 
each pinch of salt to 
be of 0.36g) 

In yellow those categories that were not assumed stable. 
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Table 2. Salt reduction policies considered for the counterfactual scenarios 

*Although specific salt targets have been defined for foods within these categories, this study considered the overall reduction proposed for the general food category. 
†Agreements have been established with the industry in Italy but no monitoring data of the reformulation effectiveness has been published and the salt content study we 
considered provides values from 2016 (after the theoretical reformulation timeline of 2010-2012). Because we did not know if the salt content in bread of 2016 is the result of 
the reformulation or not, we assumed that the reformulation had not occurred. Therefore, for Italy we only considered the proposed future policies.  
 
  

 SPAIN PORTUGAL ITALY 
 Defined by Food category Salt target  

(g salt/100g) 
Defined by Food 

category 
Salt target  
(g salt/100g) 

Defined by Food 
category 

Salt target  
(g salt/100g) 

Current 
Policies 

(Scenario 1) 

AECOSAN(35) 

Sausages and 
other processed 
meats -16% (2017-

2020) 

The 
government(34) 

Bread and 
“tostas” <1 (2021) 

- - - 

Sauces* 

PNPAS(36) 

Ready-to-eat 
meals <0.3 (2023) 

Canned soups -6.7% 
(2017-2020) Pizzas 

-10% (2019-
2022) Ready-to-eat 

meals 
-10% (2017-
2020) 

Breakfast 
cereals 

Salty snacks* -13.8% 
(2017-2020) Canned soups <0.3 (2023) 

Legislative 
change(33) Bread <1.31 (2022) Chips and 

other snacks 
-12% (2019-
2022) 

Future 
Policies 

proposed 
(Scenario 2) 

Based on EC 
recommendati
ons(67) 

Cheese -10% (2016-
2020) 

Based on 
EC(67)  and 
former 
Spanish 
policies(88) 

Charcuterie 
and other 
processed 
meats 

-16% (2016-
2020) 

Based on EC 
recommendati
ons(67) 

Bread and 
rolls 

-16% (2016-
2020) 

Processed 
meat 
Pizza, 
crackers and 
salty snacks 

Fresh meat -10% (2016-
2020) 

Based on EC 
recommendati
ons(67) 

Fresh fish, dry 
or canned -16% (2016-

2020) 

Cheese 

Cheese Other 
vegetables 
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Table 3. Baseline and projected values for salt content and “food consumption trend” (2016-2020) considered in the models for Spain, Portugal and Italy. 

COUNTRY Food Category Salt Content 
(g salt/100g product or %salt reduction) 

“Food consumption trend” 

Spain 

 Policy 
Baseline 
content Expected content Average Annual Food 

Consumption/availability (kg/pers/year) (54,55) Trend of 4 years 
(%) (2016-20) 2016 2020 2016 2020 

Sausages & other processed meats -16%(35) 2.98(97) 2.56 8.23 12.39 +50.55% 
Sauces+ -16%(35) 1.65(35) 1.39 2.60 3.09 +18.85% 
Canned soups -6.7%(35) 0.75(35) 0.7 99.80 101.60 +1.80% 
Ready-to-eat meals -10%(35) 1.36 (97) 1.17 13.70 16.85 +22.99% 
Salty snacks+ -13.8%(35) 1.66 (35) 1.43 1.84 1.53 -16.85% 
Bread <1.66(33) 2.08(47)  1.66 34.65 32.78 -5.40% 
Cheese 

-16%(67) 
1.04(48) 0.87 8.02 8.80 +9.73% 

Fresh meat 0.16(49) 0.13 37.11 36.20 -2.45% 

Portugal 

Food category Policy 
Baseline 
content Expected content Sale of products (kg/year) (53) Trend of 4 years 

(%) (2016-
2020)(56)* 2016 2020 2018 2020 

Bread and “tostas” ≤ 1g(34) 1.33(26) 1.0 - - -2.86% 
Canned soups <0.3g(36) 0.70(52) 0.30 - - - 
Ready-to-eat meals <0.9g(36) - 0.90 - - - 
Pizzas -10%(36) 1.78(53) 1.38 8,739,171 11,006,271 +36% 
Breakfast cereals -10%(36) 0.71(53) 0.60 16,503,001 14,633,223 -6.76% 
Chips and other snacks -12%(36) 1.25(53) 1.13 12,744,278 13,635,859 +10% 
Charcuterie and other processed meats -16%(67,88) 4.38(26) 3.68 - - +3.02% 
Fresh fish. dry or canned 

-16%(67) 
1.29(26) 1.09 - - -3.72% 

Cheeses 1.94(26) 1.63 - - +10.83% 

Italy 
Food category Policy 

Baseline 
content Expected content Monthly family expenditure (€)(57)† Trend of 4 years 

(%) (2016-
2020) 2016 2020 2016 2020 

Bread and rolls 
-16%(67) 

1.34(28) 1.14 23.02 21.78 -5.39% 
Processed meat 2.98(28) 2.5 23.21 25.88 +11.50% 
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Pizza. crackers and salty snacks 1.54(28) 1.29 5.66 5.44 -3.89% 
Cheese 1.30(28) 1.09 29.17 32.36 +10.94% 
Other vegetables 0.97(28) 0.81 15.52 16.52 +6.44% 

“Food consumption trend” refers to changes in availability or sales for the several food categories through time. In green, current policies, and in orange, future policies 
suggested by the current study. * Data was only available for the difference between the two years. General categories were considered: (1) cereal grains, (3) meat, (4) fish, (5) 
cheeses. The food consumption of soup was not estimated because of lack of data on this specific dish and its importance in the Portuguese culture. Thus, for the calculations 
we assumed the soup consumption was stable during this period of time. †The following categories were considered: (1) Bread; (2) charcuterie; (3) the average trend was 
calculated from the two categories separately (pizza; cracker and salty snacks); (4) cheese and dairy products; (5) dry, processed or canned vegetables. 
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Table 4. Impact in salt change, potential impact fraction (PIF), hypertension cases and cardiovascular mortality for each scenario in Spain, Portugal and Italy. 

Country  Change in salt 
intake* 

PIF Cases of HT prevented 
n (95% CI) 

CV deaths prevented 
N° of deaths prevented 

n (95% CI) 
% 

change† 
 

Spain Scenario 1 -11.09% 10.99% (10.85% – 11.18%) 189,915 (187,334 – 193,030) 3,155  (1,388-4,888) -4.46% 
Scenario 2 -11.96% 11.85% (11.69% – 12.04%) 204,735 (201,932 – 207,972) 3,397 (1,433-5,207) -4.80% 
Scenario 3 +12.40% -14.68% ( -15.10 – -14.34%) -253,532 (-260,892 – -247,765) -3,671 (-5,797- -1,496) +5.18% 
Scenario 4 -1.50% 1.38% (1.23 – 1.54%) 23,891 (21,218 – 26,516) 439 (195-679) -0.62% 
Scenario 5 -7.07% 7.42% (7.20% – 7.66%) 128,023 (124,318 – 132,291) 2,029 (837-3,173) -2.86% 

Portugal Scenario 1 -11.16% 9.64% (9.11% – 10.11%) 41,123 (38,846 – 43,100) 728 (320-1,148) -3.26% 
Scenario 2 -13.57% 14.53% (13.92% – 15.11%) 61,957 (59,359 – 64,431) 882 (381-1,371) -3.95% 
Scenario 3 0.12% -0.65% (-0.80% – -0.05%) -2,780 (-3,424 – -2,104) -9 (-14- -3) +0.04% 
Scenario 4 -13.40% 14.04% (13.46% – 14.64%) 59,867 (57,379 – 62,408) 871 (373-1,361) -3.90% 
Scenario 5 -23.99% 20.23% (19.39% – 21.25%) 86,240 (82,679 – 90,589) 1,536 (663-2,359) -6.88% 

Italy‡ Scenario 1      
Scenario 2 -11.75% 8.39% (8.27% – 8.49%) 147,339 (145,207 – 149,112) 4,442 (1,978 - 6,848) -4.48% 
Scenario 3 1.92% -0.10% (-1.00% – -0.09%) -16,777 (-17,624 – -15,816) -715 (-1,144 - -295) +0.72% 
Scenario 4 -11.23% 7.29% (7.15% – 7.40%) 128,131 (125,617 – 129,971) 4,250 (1,818 - 6,611) -4.29% 
Scenario 5 -17.73% 37.35% (37.04% – 37.63%) 655,989 (650,537 – 660,926) 6,626 (2,893 - 10,314) -6.69% 

Values reported correspond to mean (95% CI) calculated running the Monte Carlo analysis 5000 times. CVDs, Cardiovascular Diseases. *Salt intake change is the relative 
difference between salt intake at baseline and expected for each scenario. †Change in deaths refers to the relative difference between cardiovascular deaths at baseline and 
expected for each scenario. ‡Within cardiovascular deaths, Italian data for deaths due to aortic aneurysm, pulmonary embolism and rheumatic heart disease was not available 
thus, baseline values were calculated using Spanish data and making it proportional to the size of the Italian population(98) 
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SUPPLEMENTARY TABLES 

Table S1. Summary of data sources of data considered in the models 

Source for Spain Portugal Italy 

Prevalence of HT 

Achievement of Cardiometabolic Goals in Aware 
Hypertensive Patients in Spain: A Nationwide 
Population-Based Study(5) 

INSEF. Prevalence of Hypertension in Portugal: 
Results from the  First National Health Examination 
Survey(99) 

Prevalence and control of 
hypertension in the 
general practice in Italy: 
updated analysis of a 
large database (2017)(7) 

Sodium intake 

Estimation of salt intake by 24 h urinary sodium 
excretion in a representative sample of Spanish adults(23) 

IAN-AF (2015-16). Inquérito Alimentar Nacional e 
de Atividade Física(26) 

Trend of salt intake 
measured by 24-h urine 
collection in the Italian 
adult population between 
the 2008 and 2018 
CUORE project surveys 
(2021)(29) 

Main food contributors 
to salt intake 

Sodium Intake from Foods Exceeds Recommended 
Limits in the Spanish Population: the ANIBES Study 
(2019)(24) 

Validation of a new software eAT24 used to assess 
dietary intake in the adult Portuguese population(27) 

Sodium and Potassium 
Content of Foods 
Consumed in an Italian 
Population and the Impact 
of Adherence to a 
Mediterranean Diet on 
Their Intake (2021)(28) 

Food consumption of 
main contributors 

Current Food Consumption amongst the Spanish  
ANIBES Study Population(44) 

IAN-AF (2015-16). Inquérito Alimentar Nacional e 
de Atividade Física(26)  

Balança Alimentar Portuguesa (2016-20)(56) 
Food 
consumption/availability 
trend 

Informe del Consumo de Alimentación en España 2016, 
2020(54,55) 

Spese per consumi: Voce 
di spesa (Ecoicop) (2016-
2020)(57) 

Salt content of main 
contributors across 
several years 

Bread Cantidad de sal en el pan en Espana(33) Bread; (28)cuterie 
and other 
processed meats; 
fresh fish, dry or 
canned and c(49)es 

IAN-AF (2015-16). Inquérito 
Alimentar Nacional e de 
Atividade Física(26) 

Sodium and Potassium 
Content of Foods 
Consumed in an Italian 
Population and(48) Impact 
of Adherence to a 

Cheese Contenido de sal de los alimentos en 
España 2012(48) 

Fresh meat Tablas de Composición de Alimentos 
(Moreiras) 2013(49) 
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Sausages & 
other 
processed 
meats and 
ready-to-eat 
meals 

Informe del contenido en sal en los 
alimentos 2019(97) 

Pizzas, breakfast 
cereals, chips and 
other snacks 

Redução Do Teor De Sal E 
Açúcar Nos Alimentos | 
Relatório Do Progresso Da 
Reformulação Dos Produtos 
Alimentares Em Portugal 
2018-2021(53) 

Mediterranean Diet on 
Their Intake (2021)(28) 

Sauces, salty 
snacks and 
canned soups 

PLAN de colaboración para la mejora de 
la composición de los alimentos y 
bebidas y otras medidas(35) 

Canned soups Salt content in pre-packaged 
foods available in Portuguese 
market(52) 
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Table S2. Projected daily salt intake (g/day) 

 COUNTRY 
Gender and 
age 

Salt intake (g/d) 

Baseline 
Baseline with 
Corrections Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Scenario 5 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

SPAIN(23) 

M&F 15-19 9.54 4.61     8.48 4.61 8.40 4.61 10.72 4.61 9.40 4.61 8.87 4.61 
M&F 20-24 9.54 4.61     8.48 4.61 8.40 4.61 10.72 4.61 9.40 4.61 8.87 4.61 
M&F 25-29 9.54 4.61     8.48 4.61 8.40 4.61 10.72 4.61 9.40 4.61 8.87 4.61 
M&F 30-34 10.11 4.61     8.99 4.61 8.90 4.61 11.36 4.61 9.96 4.61 9.40 4.61 
M&F 35-39 10.11 4.61     8.99 4.61 8.90 4.61 11.36 4.61 9.96 4.61 9.40 4.61 
M&F 40-44 10.46 4.79     9.30 4.79 9.21 4.79 11.76 4.79 10.30 4.79 9.72 4.79 
M&F 45-49 10.46 4.79     9.30 4.79 9.21 4.79 11.76 4.79 10.30 4.79 9.72 4.79 
M&F 50-54 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 55-59 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 60-64 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 65-69 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 70-74 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 75-79 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 80-84 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 
M&F 85+ 9.51 4.46     8.46 4.46 8.37 4.46 10.69 4.46 9.37 4.46 8.84 4.46 

PORTUGAL 

(26) 

M15-19 8.50 2.40 9.79 2.40 8.69 2.40 8.46 2.40 9.80 2.40 8.47 2.40 7.44 2.40 
M20-24 8.90 2.40 10.19 2.40 9.05 2.40 8.80 2.40 10.20 2.40 8.82 2.40 7.74 2.40 
M25-29 9.10 2.50 10.39 2.50 9.23 2.50 8.98 2.50 10.40 2.50 8.99 2.50 7.89 2.50 
M30-34 9.20 2.50 10.49 2.50 9.31 2.50 9.06 2.50 10.50 2.50 9.08 2.50 7.97 2.50 
M35-39 9.30 2.50 10.59 2.50 9.40 2.50 9.15 2.50 10.60 2.50 9.17 2.50 8.05 2.50 
M40-44 9.30 2.50 10.59 2.50 9.40 2.50 9.15 2.50 10.60 2.50 9.17 2.50 8.05 2.50 
M45-49 9.30 2.50 10.59 2.50 9.40 2.50 9.15 2.50 10.60 2.50 9.17 2.50 8.05 2.50 
M50-54 9.10 2.50 10.39 2.50 9.23 2.50 8.98 2.50 10.40 2.50 8.99 2.50 7.89 2.50 
M55-59 9.00 2.50 10.29 2.50 9.14 2.50 8.89 2.50 10.30 2.50 8.91 2.50 7.82 2.50 
M60-64 8.70 2.40 9.99 2.40 8.87 2.40 8.63 2.40 10.00 2.40 8.65 2.40 7.59 2.40 
M65-69 8.40 2.40 9.69 2.40 8.60 2.40 8.37 2.40 9.70 2.40 8.39 2.40 7.36 2.40 
M70-74 8.10 2.40 9.39 2.40 8.34 2.40 8.11 2.40 9.40 2.40 8.13 2.40 7.13 2.40 
M75-79 7.70 2.20 8.99 2.20 7.98 2.20 7.77 2.20 9.00 2.20 7.78 2.20 6.83 2.20 
M80-84 7.20 2.10 8.49 2.10 7.54 2.10 7.33 2.10 8.50 2.10 7.35 2.10 6.45 2.10 
M85+ 7.20 2.10 8.49 2.10 7.54 2.10 7.33 2.10 8.50 2.10 7.35 2.10 6.45 2.10 
F15-19 6.80 1.80 8.09 1.80 7.18 1.80 6.99 1.80 8.09 1.80 7.00 1.80 6.15 1.80 
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F20-24 6.80 1.80 8.09 1.80 7.18 1.80 6.99 1.80 8.09 1.80 7.00 1.80 6.15 1.80 
F25-29 6.70 1.80 7.99 1.80 7.09 1.80 6.90 1.80 7.99 1.80 6.92 1.80 6.07 1.80 
F30-34 6.60 1.80 7.89 1.80 7.01 1.80 6.82 1.80 7.89 1.80 6.83 1.80 5.99 1.80 
F35-39 6.60 1.80 7.89 1.80 7.01 1.80 6.82 1.80 7.89 1.80 6.83 1.80 5.99 1.80 
F40-44 6.50 1.80 7.79 1.80 6.92 1.80 6.73 1.80 7.79 1.80 6.74 1.80 5.92 1.80 
F45-49 6.40 1.70 7.69 1.70 6.83 1.70 6.64 1.70 7.69 1.70 6.66 1.70 5.84 1.70 
F50-54 6.40 1.70 7.69 1.70 6.83 1.70 6.64 1.70 7.69 1.70 6.66 1.70 5.84 1.70 
F55-59 6.30 1.70 7.59 1.70 6.74 1.70 6.56 1.70 7.59 1.70 6.57 1.70 5.77 1.70 
F60-64 6.20 1.70 7.49 1.70 6.65 1.70 6.47 1.70 7.49 1.70 6.48 1.70 5.69 1.70 
F65-69 6.20 1.70 7.49 1.70 6.65 1.70 6.47 1.70 7.49 1.70 6.48 1.70 5.69 1.70 
F70-74 6.10 1.60 7.39 1.60 6.56 1.60 6.38 1.60 7.39 1.60 6.40 1.60 5.61 1.60 
F75-79 6.00 1.70 7.29 1.70 6.47 1.70 6.30 1.70 7.29 1.70 6.31 1.70 5.54 1.70 
F80-84 6.00 1.60 7.29 1.60 6.47 1.60 6.30 1.60 7.29 1.60 6.31 1.60 5.54 1.60 
F85+ 6.00 1.60 7.29 1.60 6.47 1.60 6.30 1.60 7.29 1.60 6.31 1.60 5.54 1.60 

ITALY(29) 

M15-19 9.53 3.88     8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88 
M20-24 9.53 3.88     8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88 
M25-29 9.53 3.88     8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88 
M30-34 9.53 3.88     8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88 
M35-39 9.53 3.88     8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88 
M40-44 9.53 3.88     8.41 3.88 9.71 3.88 8.46 3.88 7.84 3.88 
M45-49 9.82 3.71     8.67 3.71 10.01 3.71 8.72 3.71 8.08 3.71 
M50-54 9.82 3.71     8.67 3.71 10.01 3.71 8.72 3.71 8.08 3.71 
M55-59 9.59 3.53     8.46 3.53 9.77 3.53 8.51 3.53 7.89 3.53 
M60-64 9.59 3.53     8.46 3.53 9.77 3.53 8.51 3.53 7.89 3.53 
M65-69 9.53 3.47     8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47 
M70-74 9.53 3.47     8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47 
M75-79 9.53 3.47     8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47 
M80-84 9.53 3.47     8.41 3.47 9.71 3.47 8.46 3.47 7.84 3.47 
M85+ 9.53 3.47     8.00 3.47 9.71 3.47 8.46 3.47 7.84 3.47 
F15-19 7.12 2.76     6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76 
F20-24 7.12 2.76     6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76 
F25-29 7.12 2.76     6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76 
F30-34 7.12 2.76     6.28 2.76 7.26 2.76 6,32 2.76 5.86 2.76 
F35-39 7.12 2.76     6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76 
F40-44 7.12 2.76     6.28 2.76 7.26 2.76 6.32 2.76 5.86 2.76 
F45-49 7.24 2.76     6.39 2.76 7.38 2.76 6.43 2.76 5.96 2.76 
F50-54 7.24 2.76     6.39 2.76 7.38 2.76 6.43 2.76 5.96 2.76 
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F55-59 7.65 3.24     6.75 3.24 7.80 3.24 6.79 3.24 6.29 3.24 
F60-64 7.65 3.24     6.75 3.24 7.80 3.24 6.79 3.24 6.29 3.24 
F65-69 7.12 2.71     6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71 
F70-74 7.12 2.71     6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71 
F75-79 7.12 2.71     6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71 
F80-84 7.12 2.71     6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71 
F85+ 7.12 2.71     6.28 2.71 7.26 2.71 6.32 2.71 5.86 2.71 

M= Males; F=Females. Values in red were assumed as the previous/posterior category
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