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Background
Noncommunicable chronic diseases (NCD) represent 
the leading cause of death worldwide. Among NCDs, 
cardiovascular diseases (CVD) are the leading cause of 
death globally accounting for about 33% of total deaths in 
2019 [1]. In the same year, high blood pressure (HBP) was 
identified as the leading risk factor of death, with a global 
prevalence of 1,280  million among adults aged between 
30 and 79 years [2, 3]. High sodium intake has been iden-
tified as among the main risk factors for the development 
of HBP and CVD, accounting for 9.2% of all CVD deaths 
worldwide, according to the Global Burden of Disease 
(GBD) study [3].
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Abstract
Background  Cardiovascular diseases (CVD) represent the main cause of death in Mexico, while high blood pressure 
is suffered by about half of the adult population. Sodium intake is one of the main risk factors for these diseases. The 
Mexican adult population consumes about 3.1 g/day, an amount that exceeds what is recommended by the World 
Health Organization (WHO) < 2 g sodium/day. The objective of this study was to estimate the impact of reducing 
sodium intake on CVD mortality in Mexico using a scenario simulation model.

Methods  The Integrated Model of Preventable Risk (PRIME) was used to estimate the number of deaths prevented 
or postponed (DPP) due to CVD in the Mexican adult population following the following sodium intake reduction 
scenarios: (a) according to the WHO recommendations; (b) an “optimistic” reduction of 30%; and (c) an “intermediate” 
reduction of 10%.

Results  The results show that a total of 27,700 CVD deaths could be prevented or postponed for scenario A, 13,900 
deaths for scenario B, and 5,800 for scenario C. For all scenarios, the highest percentages of DPP by type of CVD are 
related to ischemic heart disease, hypertensive disease, and stroke.

Conclusions  The results show that if Mexico considers implementing policies with greater impact to reduce sodium/
salt consumption, a significant number of deaths from CVD could be prevented or postponed.
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These global trends are particularly critical among low 
and middle-income countries, such as Mexico. In 2019, 
CVD accounted for 23% of total NCD deaths in Mexico, 
while HBP was identified as the second leading risk fac-
tor of mortality in the country [3], with a prevalence of 
50% in the adult population [4]. A diet high in sodium 
is estimated to account for about 9,000 deaths from car-
diovascular causes, of which 14.7% were for hypertensive 
heart diseases, 10.7% for stroke and 8.5% for ischemic 
heart disease [3].

NCDs are projected to cost more than US $30 trillion 
dollars by the end of this decade (2030), which could 
represent close to 50% of the world’s Gross Domestic 
Product (GDP) [5]. In Mexico, the treatment of NCDs 
represents an economic burden of approximately US 
$2  billion dollars to the federal health system each year 
[6] and just CVDs alone represent 4% of the total spend-
ing on medical care (close to US$ 6.1  million per year) 
[7].

The World Health Organization (WHO) recommends 
that sodium intake be less than 2 g per day [8], based on 
scientific evidence on the direct relationship between 
sodium intake and the risk of hypertension and CVD 
[9]. Global mean sodium intake is 3.9 g per day [10], and 
between 3.4 and 4.1 g per day in Latin America [11]. In 
Mexico, sodium intake was estimated to be 3.1 g per day 
among adults, with 64% of the adult population consum-
ing amounts above the WHO recommendations [12].

The reduction of sodium intake at the population level 
has been suggested as one of the most cost-effective strat-
egies to reduce the risk of CVD´s and premature deaths 
[13, 14]. Different strategies to reduce sodium consump-
tion – behavior change counseling, food taxes, communi-
cation campaigns, front-of-package labeling of foods, and 
reformulation of industrialized foods - have been imple-
mented in different contexts [15]. In addition, WHO has 
designed the SHAKE package as a tool for developing 
countries to design, implement and monitor evidence-
based sodium reduction strategies [16]. The SHAKE 
package is based on “best buy” interventions for reduc-
ing population sodium consumption and aims to support 
countries in achieving the global goal of 30% reduction in 
sodium intake by 2025 [17].

In Latin America, different countries have imple-
mented strategies to reduce sodium intake. For example, 
Brazil, Chile, and Argentina have implemented refor-
mulation standards for foods with high sodium content 
[18–20]. Argentina stands out as the first country in the 
Americas to develop this as a mandatory regulation [21]. 
Additionally, Costa Rica and Colombia have developed 
communication campaigns to increase population aware-
ness of the harmful effects of high sodium consumption 
on health [22, 23] and several Latin American countries 
(Chile, Uruguay, Peru, Argentina, Mexico, and Brazil) 

have implemented front-of-package labels that signal the 
presence of excessive amounts of sodium in foods prod-
ucts [21, 24–28].

In order to implement public policies or strategies it is 
necessary to estimate the impact of such interventions 
on health, including modelling the economic impacts or 
benefits of the sodium/salt reduction [29–31]. Brazil has 
estimated that reducing the average intake to the WHO 
recommendation could prevent 46.6 thousand CVD 
deaths [29], while Costa Rica estimated that a 15% reduc-
tion in sodium intake during 2013 (4  g per day) would 
prevent 4% of CVD deaths [30]. In addition, in Brazil up 
to US $102 million dollars could be saved if sodium con-
sumption was cut to 2 g per day [32].

Data obtained through health modeling method-
ologies can support policy decisions by estimating and 
comparing the potential impact of health interventions 
[33]. However, few studies have been conducted on the 
impact of dietary interventions and policies, as well as 
evidence on the epidemiological burden of dietary risk 
factors, such as sodium intake on CVD in Mexico. Given 
the context of Mexico, it is deemed important to assess 
the impact of a sodium reduction intervention on health. 
Therefore, the objective of the present study was to esti-
mate the impact of reducing sodium intake on CVD 
mortality in Mexico using a comparative risk assessment 
model for the year 2018.

Methods
Simulation model
The Preventable Integrated Risk Model (PRIME) [34, 
35] was used to estimate the impact of CVD deaths that 
would be prevented or postponed in the Mexican adult 
population by reducing total sodium consumption in 
the country, complying with the recommendation of the 
WHO (< 2 g/day).

PRIME is a comparative risk assessment model 
designed to perform macrosimulation analyses for esti-
mating the impact of different behavioral risk factors 
(including dietary risk factors such as sodium consump-
tion) on NCD mortality, based on Microsoft Excel [34]. 
The model uses the changes in the prevalence of the risk 
factors on the population attributable fraction comparing 
the baseline data to counterfactual scenarios to estimate 
the impact on deaths associated to the NCD risk factors, 
using relative risk from meta-analysis of previously pub-
lished epidemiological studies. As its main inputs, the 
model requires sociodemographic data of the population, 
such as the distribution of the population and deaths for 
each NCD stratified by age and sex, and the means and 
standard deviations of the risk factors of interest for the 
baseline and hypothetical (counterfactual) scenarios.

For the purposes of the model, sodium intake was con-
verted into the equivalent salt intake and specifically for 
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this study, we have only modeled the changes in sodium 
intake and assumed all other risk factors remained 
unchanged. PRIME estimations are based on the ratio-
nale that changes in sodium intake impact systolic blood 
pressure, which then impacts the risk of CVD mortality, 
which are parametrized in the model. Model parametri-
zation involves, firstly, generating a log-linear distribution 
of salt consumption at baseline and in the counterfactual 
scenario using the population and the mean salt con-
sumption and its standard deviation to estimate the prev-
alence of salt consumption for discrete intervals for 
5-year age groups for the population over 20 years of age 
for both sexes. Then, the relative risks of changes in salt 
intake on blood pressure are linked to the relative risk of 
changes in blood pressure and for each CVD outcome. 
Finally, the prevalence of salt intake is used together with 
the parametrized relative risks to estimate the population 
attributable fraction (PAF) for changes in salt intake and 
CVD outcomes for each CVD considering the salt intake 
intervals for each age and sex group. The PAFs are then 
used to estimate the attributable deaths from each CVD. 
The PRIME model is a free and open application available 
by its developers [34].

Baseline scenario
Sodium intake was based on a previous study that used 
information from the National Health and Nutrition 
Survey 2016 (ENSANUT 2016) [36]. This study esti-
mated mean sodium intake by population groups from 
24-hour food recall questionnaires using the Mexican 
Food Database [36]. Information on CVD related deaths 
was obtained from the General Management of Health 
Information (DGIS, by its Spanish acronym) of the Mexi-
can Ministry of Health for the year 2019 [37]. Mortality 
data were based in the WHO International Classification 
of Diseases (ICD) [38]. For this study, we considered the 
following CVDs: ischemic heart disease, stroke, hyper-
tensive disease, heart failure, aortic aneurysm, pulmo-
nary embolism, and rheumatic heart disease. All the data 
inputs for the model were stratified by sex and age in 
5-year intervals starting at 20 years of age (S1 Table 1).

Counterfactual scenarios
First, we modeled the impact on mortality associated 
with a per capita intake of less than 2 g of sodium /day for 
the whole Mexican adult population.

Furthermore, as more realistic mid-term policy scenar-
ios, we proposed two scenarios of sodium reduction: (A) 
an intermediate scenario where mean sodium intake per 
day is reduced by 10% of baseline consumption and (B) 
an optimistic scenario with a 30% reduction in the base-
line mean sodium intake, as the WHO goal for 2025 [39] 
(Table  1). The standard deviations for each counterfac-
tual scenario were estimated assuming that the propor-
tion of the standard deviation to the mean at baseline was 
maintained in the alternative scenarios.

Population demographics and health inputs
Demographic information for 2020 was obtained from 
data of the National Institute of Statistics and Geogra-
phy (INEGI, by its Spanish acronym) [40]. Diet informa-
tion (such as energy, fruit, fiber and fat intake), sedentary 
lifestyle and Body Mass Index (BMI) were obtained from 
the ENSANUT 2016 [41]. All information was strati-
fied by sex and age and remained unchanged across the 
counterfactual scenarios for modeling only the effect of 
changes in sodium intake. The summary of the informa-
tion sources can be seen in Table 2.

Uncertainty analysis
The uncertainty analysis using Monte Carlo simulation 
is incorporated into the PRIME model to calculate 95% 
probabilistic uncertainty intervals (95% UI) for all model 
outputs, based on 5,000 draws from specified proba-
bilistic distributions constructed on the model input 
variables. The uncertainty analysis additionally incor-
porates the usual random error of the relative risks (RR) 
and sodium intake, to add the other potential sources of 
uncertainty such as the extrapolation from a source to a 
target population [45].

Results
At baseline in Mexico, in 2019, a total of 550,629 deaths 
occurred due to CVDs (S1 Table  2); 52% of them were 
among men. If the average sodium intake of the Mexican 
adult population was less than 2 g/day, as recommended 

Table 1  Baseline and counterfactual scenarios for sodium intake 
in Mexico (g/day/person)

Baseline Counterfactual Scenarios
Sex WHO 

recommendation
Intermedi-
ate
Scenario A

Opti-
mistic
Sce-
nario B

Men 3.4 (1.4) 1.1 (0.4) 3.1 (1.3) 2.4 (1.0)

Women 2.9 (0.9) 1.2 (0.4) 2.6 (0.8) 2.0 (0.6)
Data represents mean and standard deviation

WHO, World Health Organization

Table 2  Summary of the key model inputs and sources for 
health modeling
Model input Source
Demographics INEGI [42]

Salt consumption ENSANUT 2016 [36]

Deaths from CVD DGIS [43]

Workforce characteristics ENSANUT 2016 [44]

Diet ENSANUT 2016 [44]
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by the WHO, approximately 27,700 deaths from CVDs 
could be prevented or postponed per year (Table 3).

Most deaths prevented or postponed (DPP) from 
reducing sodium consumption to less than 2 g/day would 
be among men (60%) and half would be among people 
under 75 years of age. The major causes of death from 
CVDs attributable to excessive sodium intake would be 
ischemic heart disease (49%), hypertensive disease (28%) 
and stroke (19%).

Table 4 shows estimates of the number of CVD deaths 
that would be prevented or postponed under the two 
sodium reduction scenarios for more feasible mid-
term goals. Approximately 5,800 CVDs deaths could be 

prevented under the intermediate scenario (10% reduc-
tion), compared to 13,900 under the stricter optimistic 
(30% reduction).

Table  5 shows the deaths that could be prevented or 
postponed according to the type of CVD for each sodium 
reduction scenario. According to our estimates, among 
the total prevented deaths from CVD, most were associ-
ated with ischemic heart disease, hypertensive disease, 
and stroke, for both scenarios. Following, a lower per-
centage of deaths from other causes would be prevented 
or postponed, including heart failure, aortic aneurysm, 
pulmonary embolism, and rheumatic heart disease.

Discussion
This modeling study is the first to show the potential 
health impacts of reducing sodium intake at the popula-
tion level in Mexico. This study shows that 15% of deaths 
attributed to CVDs could be prevented or postponed if 
dietary sodium intake decreased as recommended by the 
WHO (< 2 g/day). Among CVDs, a higher percentage of 
deaths prevented or postponed are observed for ischemic 
heart disease, hypertensive disease, and stroke regardless 
of the proposed sodium reduction scenarios.

The results are in line with the other modeling studies 
conducted in Latin America (Costa Rica and Brazil), also 
using comparative risk assessment models to estimate 
the health impact of sodium reduction at the popula-
tion level. Both studies showed that deaths prevented or 
postponed from reducing sodium intake are mostly from 
ischemic heart disease, hypertensive diseases, and stroke 
[30, 47].

Table 3  Cardiovascular disease deaths prevented or postponed 
if population sodium consumption was reduced to less than 
WHO recommendation (2 g/day), Mexico 2019

Deaths prevented or 
postponed
(95% UI)

Total 27,700 (12,489 − 41,822)

Sex
  Male 16,700 (7,554 − 25,078)

  Female 11,000 (4,959 − 16,726)

Under 75 years 14,000 (6,365 − 21,093)

  Male 9,600 (4,373 − 14,407)

  Female 4,400 (1,996-6,690)

Cause
  Ischemic heart disease 13,600 (6,056 − 20,817)

  Hypertensive disease 7,800 (3,602 − 11,450)

  Stroke 5,200 (2,238-7,887)

  Others* 1,100 (457-1,779)
DPP, deaths prevented or postponed

* Others: Heart failure, aortic aneurysm, pulmonary embolism, and rheumatic 
heart disease

Table 4  Cardiovascular deaths prevented or postponed 
according to scenarios of sodium intake reduction, Mexico 2019

Deaths prevented or postponed 
(95% UI)
Intermediate1 Optimistic2

Total 5,800 (2,007-8769) 13,900 
(5,915 − 21,807)

Sex
  Male 3,100 (1,170-5,443) 7,900 

(3,371 − 12,502)

  Female 2,100 (839-3,326) 6,000 
(2,544-9,307)

Under 75 years 2,600 (1,012 − 4,473) 7,000 
(2,974 − 10,934)

  Male 1,800 (673-3,144) 4,600 
(1,942-7,205)

  Female 800 (337-1,331) 2,400 
(1,032 − 3,736)

1 Scenario A: Sodium intake reduction by 10% (3.0 ± 1.2 g/day)
2 Scenario B: Sodium intake reduction by 30% (2.4 ± 1.0 g/day) - WHO goal for 
2025 [39]

Table 5  Cardiovascular deaths prevented or postponed 
according to scenarios of sodium intake reduction by type of 
cause1, Mexico 2019

Intermediate2 Optimistic3

DPP (95% 
UI)

% 
DPP

DPP (95% UI) % 
DPP

Total (CVD) 5,200 
(2,007–8,769)

100 13,900 
(5,915 − 21,807)

100

  Ischemic heart disease 2,400 
(936-3,944)

46.2 6,600 
(2,811 − 10,388)

47.5

  Hypertensive disease 1,600 
(616-2,927)

30.8 4,200 
(1,756-6,399)

30.2

  Stroke 1,000 
(371-1,583)

19.2 2,600 
(1,092 − 4,064)

18.7

  Others * 200 
(73–342)

3.8 500 (200–910) 3.6

1 The codes within brackets correspond to the International Classification of 
Diseases codes [46]
2 Scenario A: Sodium intake reduction by 10% (3.0 ± 1.2 g/day) for a 2171 kcal/
day intake
3 Scenario B: Sodium intake reduction by 30% (2.4 ± 1.0 g/day) for a 2171 kcal/day 
intake- WHO goal for 2025 [39]

DPP, deaths prevented or postponed

* Others: Heart failure, aortic aneurysm, pulmonary embolism, and rheumatic 
heart disease
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Our study shows that the deaths prevented or post-
poned would be higher among men if sodium intake was 
reduced, in all scenarios. This can be partially explained 
by the fact that Mexican men consume more sodium 
than women do (3.4  g/day vs. 2.9  g/day), and more of 
them did not meet WHO’s sodium intake recommenda-
tions in comparison with women (68.0% vs. 60.9%) [36]. 
Additionally, more men die from CVDs compared to 
women [48, 49].

Modeling studies represent useful ex ante policy evalu-
ation tools by simulating changes in risk factors, includ-
ing sodium consumption, by estimating the burden of 
disease and the potential impacts of policy options com-
pared to business-as-usual scenarios.

Although this study did not measure the cost-effec-
tiveness of reducing sodium intake, scientific evidence 
has shown that reducing sodium intake at the popula-
tion level is one of the most cost-effective strategies to 
help reduce CVD risk [13, 50]. Despite the fact that direct 
and indirect policy measures have been implemented 
in Mexico to reduce sodium consumption in the popu-
lation (including front-of-package labelling, prohibit-
ing salt shakers at the tables in restaurants, and sodium 
reduction in bakery products) [51–53], excessive sodium 
intake continues to represent an important risk factor for 
CVD in the country. In this regard, our study showed that 
reducing sodium intake, regardless of the policy scenario, 
could contribute to significantly reduce CVD mortality in 
the country.

In Mexico, the main dietary sources of sodium are pro-
cessed and ultra-processed products, which contribute 
between 39 and 50% of total sodium consumption [36]. 
The purchases of these foods have increased in the Mexi-
can population during recent decades [54], therefore 
strategies to mitigate the problem, such as promoting 
food reformulation, restricting sales and publicity of high 
sodium foods and other initiatives should be considered.

Food reformulation for sodium reduction is considered 
a best buy in terms of cost-effective strategies to prevent 
cardiovascular disease and many countries have set tar-
gets for sodium content in industrialized foods [55, 56]. 
For example, in the US, a reduction of 25% sodium con-
tent in the top 10 food groups that contribute to sodium 
intake would represent an 8.7% reduction of the total 
sodium consumption of the adult population [57]. Also, 
achieving the voluntary sodium targets proposed by the 
Food and Drug Administration could prevent or post-
pone 13 to 35 thousand deaths from CVD in US over the 
20-year simulation period [58].

Additionally, in Brazil the voluntary strategy to gradu-
ally reduce the sodium content in industrialized foods 
achieved an 8 to 34% reduction of the sodium content 
in target products 6 years after the implementation of 
the first sodium targets, although this contributed to 

a modest 0.1  g/day Reduction in the average sodium 
intake in the country [59, 60]. Even though, this volun-
tary reduction strategy was estimated to prevent or post-
pone approximately 110 thousand CVD cases and 2,600 
deaths from CVD over a 20-year period [61]. However, 
the adoption of regulatory measures and more stringent 
targets could prevent more than threefold the impact 
of actual food reformulation [62, 63]. Similarly, a recent 
study modeling the dietary and health impact of full com-
pliance with WHO sodium reference values in Australia 
showed that it could reduce the average sodium intake 
of adults by 404 mg/day, corresponding to a 12% reduc-
tion. This reduction showed that it could prevent about 
1,770 deaths/year (UI95%: 1,168-2,587), corresponding to 
3% of all deaths from cardiovascular disease, chronic kid-
ney disease and stomach cancer in Australia, and prevent 
about 6,900 (UI95%: 4,603-9,513) new cases, and 25,700 
(UI95%: 17,655 − 35,796) disability-adjusted life years/
year in the country [64].

Likewise, Argentina firstly set voluntary sodium targets 
for key food categories, but later transitioned to manda-
tory targets, with stronger enforcement mechanisms, 
and, as a result, more than 90% of the food products met 
the established goals for sodium reduction within by year 
2018 [21, 65].

It is therefore likely that implementing food reformu-
lation targets could help reduce sodium consumption in 
Mexico so that sodium intake is reduced to levels close to 
the intermediate scenario of this study and thereby pro-
duce positive health outcomes for the population.

Based on the existing sodium reduction targets in 
many countries, the WHO has proposed a set of global 
benchmarks for food groups that contribute the most to 
sodium intake [55]. Similarly, the Pan American Health 
Organization (PAHO) has updated and expanded its 
regional sodium targets, which are important references 
for planning and implementing national food reformula-
tion targets [56].

Recently in Mexico, a front-of-package nutritional 
labeling system has been implemented through a warning 
system based on the Chilean design [66] and the PAHO 
nutritional profile for nutrient thresholds [67]. Because 
this regulation is recent, there is no available evalua-
tion of the results of this policy yet; however, it has been 
observed that, before entering into force, different food 
companies already reformulated their foods by reducing 
the sodium content [68, 69], and popular brands devel-
oped reduced- or low-sodium options for the Mexican 
market [70]. Likewise, in Chile, the evaluation of labeling 
policy proposed that the warning labels had frequently 
induced the reformulation of high-sodium products 
[71]. However, despite the implementation of front-of-
package labels in Mexico, it has been proven that reduc-
ing sodium consumption in the country requires multiple 
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component strategies to produce greater impacts and 
achieve its main policy objectives [15, 72].

Based on the results of this study, it is important that 
decision makers consider the implementation of a set of 
sodium reduction policies in Mexico. For example, coun-
tries that have implemented multiple coordinated strate-
gies to reduce sodium consumption, such as the United 
Kingdom and Finland, have shown impacts on health 
outcomes, particularly on reducing blood pressure at the 
population level and reducing the burden of CVD, such 
as ischemic diseases and cerebrovascular accidents, and 
even improving life expectancy in 5 to 6 years [73–75].

This study has some strengths and limitations. The 
strengths of this study include the use of nationally rep-
resentative data from administrative records and national 
surveys. Also, the comparative risk assessment method-
ologies estimations are based on country-specific data 
and robust meta-analysis for the relative risks of dietary 
risk factors, such as sodium. These macrosimulation 
approaches provide estimations that allow inter-country 
and regional comparisons and can be applied to other 
years or periods of years from data commonly available 
national and international databases.

The main limitations of the study are as follows. 
Sodium intake was estimated indirectly from 24-hour 
food recalls in a national survey, which likely underesti-
mates sodium consumption at the population level and, 
furthermore, it was not designed to identify total sodium 
intake [76]. For example, only salt in preparation was 
measured and not added table salt). These limitations 
may result in underestimation of deaths prevented or 
postponed (DPP) Future studies could consider measur-
ing sodium intake through a more accurate method, like 
24-hour urine collection, in order to provide more accu-
rate inputs for epidemiological and economic modeling. 
Additionally, the modeled estimates in this study were 
based on sodium intake data from the ENSANUT 2016 
due to the lack of information published in more recent 
surveys. This may have lowered the DPP estimates when 
contrasting them with the mortality information from 
more recent official records (2019). However, accord-
ing to GBD data, the percentage of total CVD deaths 
was similar between the years 2016 and 2019 (22.63% vs. 
22.69%, respectively) [3]. In addition, despite using t the 
most recent nationally representative data available in 
the country on sodium, sodium intake of Mexican adults 
may have changed between 2016 and 2019.

Another limitation of this study is that the PRIME 
model is based on a cross-sectional approach and does 
not consider longitudinal analyses and lag-times between 
changes in risk exposures and health outcomes. How-
ever, the model has been used by several studies in 
different countries [77] because of its adaptability to dif-
ferent settings and its capability of estimating the direct 

impact of dietary changes on mortality and incorporat-
ing the uncertainty of data inputs through Monte Carlo 
simulations.

Finally, the counterfactual scenarios have failed to 
include the effects of several important dietary sources 
of sodium despite. Of particular importance most of the 
sodium in the diets of Mexicans comes from processed 
and ultra-processed foods. Therefore, an appropriate 
design of future studies is to focus on the health effect of 
simulated interventions in the reduction of sodium con-
sumption in these food groups in Mexico and on more 
detailed analyses that consider age and sex differences in 
the population.

Conclusions
Our findings show that regardless of the setting, a large 
number of deaths could be prevented if reductions in 
sodium intake were achieved. Therefore, it is important 
to promote interventions to reduce the consumption of 
this nutrient, since CVDs are largely preventable. Inter-
national organizations suggest the implementation of 
multiple components (mandatory food reformulation, 
front-of-pack labeling, nutritional advice, and media 
campaigns) to achieve more significant impacts on pop-
ulation-level sodium intake and CVD outcomes. Mexico 
could consider the implementation of comprehensive 
strategies that involve different components to reduce 
the sodium intake of the population.
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bdc_defunciones_gobmx.html) and diet and workforce characteristics are 
available from the National Health and Nutrition Survey – ENSANUT 2016 
(https://ensanut.insp.mx/encuestas/ensanut2016/index.php) The PRIME 
Model is available by request to its developers.

http://dx.doi.org/10.1186/s12889-023-15827-0
http://dx.doi.org/10.1186/s12889-023-15827-0
https://www.inegi.org.mx/temas/estructura/
https://www.inegi.org.mx/temas/estructura/
http://www.dgis.salud.gob.mx/contenidos/basesdedatos/bdc_defunciones_gobmx.html
http://www.dgis.salud.gob.mx/contenidos/basesdedatos/bdc_defunciones_gobmx.html
https://ensanut.insp.mx/encuestas/ensanut2016/index.php


Page 7 of 8Vargas-Meza et al. BMC Public Health          (2023) 23:983 

Declarations

Ethics approval and consent to participate
Not applicable (based on secondary data from publicly available national 
datasets).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 November 2022 / Accepted: 5 May 2023

References
1.	 Insitute for Health Metrics and Evaluation (IHME). Global burden disease 

compare data visualization. Seattle, WA: IHME; 2019.
2.	 Organización. Mundial de la Salud. Hipertensión. 2021.
3.	 Insitute for Health Metrics and Evaluation (IHME). Global burden disease 

compare data visualization. Seattle, WA: IHME; 2019.
4.	 Campos-Nonato I, Hernández-Barrera L, Oviedo-Solís C, Ramírez-Villalobos D, 

Hernández B, Barquera S. Epidemiología de la hipertensión arterial en adultos 
mexicanos: diagnóstico, control y tendencias. Ensanut 2020. Salud Publica 
Mex. 2021;63(6).

5.	 Secretaría de Salud. Enfermedades no transmisibles. Situación y propuestas 
de una acción: una perspectiva desde la experiencia de México. México; 
2018. p. 232.

6.	 Senado de la República. Celebran en el Senado de la República el Día Mun-
dial del Corazón. 2016.

7.	 World Heart Federation. World congress of Cardiology & Cardiovascular 
Health. Junio. 2016.

8.	 Organización M, de la Salud OMS. Ingesta de sodio en adultos y niños. 
Geneva Switzerland; 2013.

9.	 Grillo A, Salvi L, Coruzzi P, Parati G. Sodium Intake and Hypertension Nutrients. 
2019;11(9):1–16.

10.	 Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S, Engell RE, et al. 
Global sodium consumption and death from cardiovascular causes. N Engl J 
Med. 2014;371(7):624–34.

11.	 Carrillo-Larco RM, Bernabe-Ortiz A. Sodium and Salt Consumption in Latin 
America and the Caribbean: A Systematic-Review and Meta-Analysis of 
Population-Based Studies and Surveys. Nutrients. 2020 Feb;12(2).

12.	 Vargas-Meza J, Cervantes-Armenta MA, Campos-Nonato I, Nieto C, Marron-
Ponce JA, Barquera S, et al. Dietary sodium and potassium intakes: data 
from the Mexican National Health and Nutrition Survey 2016. Nutrients. 
2021;14(2):81.

13.	 Hope SF, Webster J, Trieu K, Pillay A, Ieremia M, Bell C, et al. A systematic 
review of economic evaluations of population-based sodium reduction 
interventions. PLoS ONE. 2017;12(3):e0173600.

14.	 He FJ, Tan M, Ma Y, MacGregor GA. Salt reduction to prevent hypertension 
and Cardiovascular Disease: JACC State-of-the-art review. J Am Coll Cardiol. 
2020;75(6):632–47.

15.	 Hyseni L, Elliot-Green A, Lloyd-Williams F, Kypridemos C, O’Flaherty M, McGill 
R, et al. Systematic review of dietary salt reduction policies: evidence for an 
effectiveness hierarchy? PLoS ONE. 2017;12(5):e0177535.

16.	 World Health Organization (WHO). The SHAKE Technical Package for Salt 
Reduction [Internet]. Geneva, Switzerland. ; 2016. Available from: https://
www.who.int/dietphysicalactivity/publications/shake-salt-habit/en/.

17.	 World Health Assembly 66. Follow-up to the Political Declaration of the 
High-level Meeting of the General Assembly on the Prevention and Control 
of Non-communicable Diseases. [Internet]. 2013 [cited 2022 Jan 3]. Available 
from: https://apps.who.int/iris/handle/10665/150161.

18.	 Augusto E, Nilson F, Jaime PC. Iniciativas desarrolladas en Brasil para reducir 
el contenido de sodio en alimentos procesados. Rev Panam Salud Publica. 
2012;(Informe Especial):34–9.

19.	 Escobar MC. Estrategia Nacional para la reducción del consumo de sal en 
Chile. 2010.

20.	 Gobierno de Argentina. Ley 26.905. 2013.

21.	 Gobierno de Argentina. Ley 26.905. 2013.
22.	 Madriz K, Ramos E, Blanco-Metzler A, Saavedra L, Nilson E, Tiscornia V et al. 

Policy brief: El desafío de reducir el consumo de sal/sodio en la dieta de la 
población latinoamericana. Proyecto - IDRC 108167 Escalando y evaluando 
políticas y programas de reducción de sal en países de América Latina. 
2016–2019. Tres Ríos, Costa Rica; 2020.

23.	 Ministerio de Salud de Colombia. ESTRATEGIA NACIONAL PARA LA REDUC-
CION DELCONSUMO DE SAL/SODIO EN COLOMBIA 2012–2021. 2015.

24.	 Congreso Nacional de Chile. Ley 20.606 SOBRE COMPOSICIÓN NUTRICIONAL 
DE LOS ALIMENTOS Y SU PUBLICIDAD. 2015;4–6.

25.	 Ministerio de Industria y Mineria. Decreto No 272/018: Criterios para definir 
exceso de sodio, azúcares y grasas saturadas. Uruguay: Montevideo; 2020.

26.	 El Peruano. Ley No 30021, Ley de promoción de la alimentación saludable 
para niños, niñas y adolescentes, y su Reglamento aprobado por Decreto 
Supremo No 017-2017-SA. Normas Legales. 2018;58–63.

27.	 Secretaría de Economía. MODIFICACIÓN a La Norma Oficial Mexicana 
NOM-051-SCFI/SSA1-2010, Especificaciones Generales de Etiquetado Para 
Alimentos y Bebidas No Alcohólicas Preenvasados-Información Comercial y 
Sanitaria, Publicada El 5 de Abril de 2010. México. Marzo. 2020.

28.	 Agência Nacional de Vigilância Sanitária ANVISA. Relatório Preliminar de 
Análise de Impacto Regulatório sobre Rotulagem Nutricional. Brazil: Brasiia; 
2018.

29.	 Nilson EAF, Metzler AB, Labonte ME, Jaime PC. Modelling the effect of com-
pliance with WHO salt recommendations on cardiovascular disease mortality 
and costs in Brazil. PLoS ONE. 2020;15(7):e0235514.

30.	 Vega-Solano J, Blanco-Metzler A, Madriz-Morales K, Fernandes-Nilson EA, 
Labonté ME. Impact of salt intake reduction on CVD mortality in Costa Rica: a 
scenario modelling study. PLoS ONE. 2021;16(1):e0245388.

31.	 Nilson EAF, da Silva EN, Jaime PC. Developing and applying a costing tool for 
hypertension and related cardiovascular disease: Attributable costs to salt/
sodium consumption. Journal of clinical hypertension (Greenwich, Conn). 
2020/02/28. 2020 Apr;22(4):642–8.

32.	 Nilson EAF, da Silva EN, Jaime PC. Developing and applying a costing tool for 
hypertension and related cardiovascular disease: Attributable costs to salt/
sodium consumption. Journal of clinical hypertension (Greenwich, Conn). 
2020/02/28. 2020 Apr;22(4):642–8.

33.	 Tanuseputro P, Arnason T, Hennessy D, Smith B, Bennett C, Kopec J et al. 
Simulation modeling to enhance population health intervention research 
for chronic disease prevention. Canadian journal of public health = Revue 
canadienne de sante publique. 2018/07/23. 2019 Feb;110(1):52–7.

34.	 Scarborough P, Harrington RA, Mizdrak A, Zhou LM, Doherty A. The prevent-
able risk Integrated ModEl and its use to Estimate the Health Impact of Public 
Health policy scenarios. Scientifica (Cairo). 2014;2014:748750.

35.	 WHO Regional Office for Europe. Modelling the impact of national policies 
on noncommunicable disease (NCD) mortality using PRIME: a policy scenario 
modelling tool NCDprime [Internet]. Copenhagen, Denmark. ; 2019. Available 
from: http://www.euro.who.int/pubrequest.

36.	 Vargas-Meza J, Cervantes-Armenta MA, Campos-Nonato I, Nieto C, Marron-
Ponce JA, Barquera S, et al. Dietary sodium and potassium intakes: data 
from the Mexican National Health and Nutrition Survey 2016. Nutrients. 
2021;14(2):81.

37.	 Dirección. General de Información en Salud. Secretaría de Salud. Defunciones 
(Mortalidad) Cubos dinámicos. 2019.

38.	 World Health Organization. ICD-11 for Mortality and Morbidity Statistics (ICD-
11 MMS). 2022.

39.	 World Health Assembly 66. Follow-up to the Political Declaration of the 
High-level Meeting of the General Assembly on the Prevention and Control 
of Non-communicable Diseases. 2013.

40.	 National Institute of. Statistics and Geography. Demography and society. 
2020.

41.	 Instituto Nacional de Salud Pública. Encuesta Nacional de Salud y Nutrición - 
MC 2016. 2016.

42.	 National Institute of. Statistics and Geography. Demography and society. 
2020.

43.	 Dirección. General de Información en Salud. Secretaría de Salud. Defunciones 
(Mortalidad) Cubos dinámicos. 2019.

44.	 Instituto Nacional de Salud Pública. Encuesta Nacional de Salud y Nutrición - 
MC 2016. 2016.

45.	 Steenland K, Armstrong B. An overview of methods for calculating the bur-
den of disease due to specific risk factors. Epidemiology. 2006;17(5):512–9.

46.	 World Health Organization. ICD-11 for Mortality and Morbidity Statistics (ICD-
11 MMS). 2022.

https://www.who.int/dietphysicalactivity/publications/shake-salt-habit/en/
https://www.who.int/dietphysicalactivity/publications/shake-salt-habit/en/
https://apps.who.int/iris/handle/10665/150161
http://www.euro.who.int/pubrequest


Page 8 of 8Vargas-Meza et al. BMC Public Health          (2023) 23:983 

47.	 Nilson EAF, Metlzer AB, Labonté ME, Jaime PC. Modelling the effect of com-
pliance with WHO salt recommendations on cardiovascular disease mortality 
and costs in Brazil. PLoS ONE. 2020;15(7):e0235514.

48.	 Braverman-Bronstein A, Camacho-García-Formentí D, Zepeda-Tello R, Cudhea 
F, Singh GM, Mozaffarian D et al. Mortality attributable to sugar sweetened 
beverages consumption in Mexico: an update. International journal of obe-
sity (2005). 2020 Jun;44(6):1341–9.

49.	 Bowen KJ, Sullivan VK, Kris-Etherton PM, Petersen KS. Nutrition and Cardiovas-
cular Disease—an update. Curr Atheroscler Rep. 2018;20(2):8.

50.	 He FJ, MacGregor GA. Salt and sugar: their effects on blood pressure. Pflugers 
Arch. 2015 Mar;467(3):577–86.

51.	 Campos-Nonato I, Vargas-Meza J, Barquera S. Consumo de sal/sodio en 
México y experiencias en Latinoamérica. 1st ed. Cuernavaca, México; 2022. p. 
49.

52.	 Campos-Nonato I, Vargas-Meza J, Nieto C, Ariza AC, Barquera S. Reducing 
Sodium Consumption in Mexico: a strategy to decrease the Morbidity and 
Mortality of Cardiovascular Diseases. Front Public Health. 2022;10:857818.

53.	 Pan American Health Organization (PAHO). Mapping dietary salt/sodium 
reduction policies and initiatives in the Region of the Americas. Washington, 
DC; 2021.

54.	 Marrón-Ponce JA, Tolentino-Mayo L, Hernández-F M, Batis C. Trends in 
ultra-processed food purchases from 1984 to 2016 in mexican households. 
Nutrients. 2019;11(1):1–15.

55.	 World Health Organization (WHO). WHO global sodium food for different 
benchmarks categories. Geneva; 2021.

56.	 Organizacion Panamericana de la Salud. Metas regionales actualizadas de la 
OPS para la reducción del sodio [Internet]. 2021 [cited 2022 Feb 16]. Available 
from: https://iris.paho.org/handle/10665.2/54971.

57.	 Dunford EK, Poti JM. Simulating the impact of sodium reduction from pack-
aged foods on population sodium intake in US adults and children. Public 
health nutrition. 2019/09/30. 2020 Feb;23(3):488–95.

58.	 Pearson-Stuttard J, Kypridemos C, Collins B, Mozaffarian D, Huang Y, Bandosz 
P, et al. Estimating the health and economic effects of the proposed US Food 
and Drug Administration voluntary sodium reformulation: Microsimulation 
cost-effectiveness analysis. PLoS Med. 2018 Apr;15(4):e1002551.

59.	 Nilson EAF, Spaniol AM, Gonçalves VSS, Moura I, Silva SA, L’Abbé M et al. 
Sodium reduction in processed foods in Brazil: Analysis of food categories 
and voluntary targets from 2011 to 2017. Nutrients. 2017;9(7).

60.	 Nilson EAF, Spaniol AM, Gonçalves VSS, Oliveira ML, Campbell N, L’Abbé M, et 
al. The impact of voluntary targets on the sodium content of processed foods 
in Brazil, 2011–2013. J Clin Hypertens. 2017;19(10):939–45.

61.	 Nilson EAF, Pearson-Stuttard J, Collins B, Guzman-Castillo M, Capewell S, 
O’Flaherty M, et al. Estimating the health and economic effects of the volun-
tary sodium reduction targets in Brazil: microsimulation analysis. BMC Med. 
2021;19(1):1–10.

62.	 Nilson EAF, Spaniol AM, Santin R, da Silva C. Strategies to reduce the con-
sumption of nutrients critical to health: the case of sodium. Cadernos de 
Saúde Pública. 2021;37(suppl 1):1–12.

63.	 Nilson EAF, Pearson-Stuttard J, Collins B, Guzman-Castillo M, Capewell S, 
O’Flaherty M et al. Quantifying the health and economic benefits of different 
salt reduction strategies in Brazil: a microsimulation analysis. J Epidemiol 
Commun Health. 2022.

64.	 Trieu K, Coyle DH, Rosewarne E, Shahid M, Yamamoto R, Nishida C, et al. Esti-
mated Dietary and Health Impact of the World Health Organization’s global 
sodium benchmarks on packaged Foods in Australia: a modeling study. 
Hypertension. 2023 Mar;80(3):541–9.

65.	 Allemandi L, Tiscornia MVMMV, Guarnieri L, Castronuovo L, Martins E. 
Monitoring sodium content in processed foods in Argentina 2017–2018: 
compliance with national legislation and regional targets. Nutrients. 
2019;11(7):E1474.

66.	 Secretaría de Economía. MODIFICACIÓN a La Norma Oficial Mexicana 
NOM-051-SCFI/SSA1-2010, Especificaciones Generales de Etiquetado Para 
Alimentos y Bebidas No Alcohólicas Preenvasados-Información Comercial y 
Sanitaria, Publicada El 5 de Abril de 2010. México. Marzo. 2020.

67.	 World Health Organization (WHO). WHO global sodium food for different 
benchmarks categories. Geneva; 2021.

68.	 El CEO. Empresas encuentran en reformulación la forma de librarse del nuevo 
etiquetado. 2020.

69.	 Forbes México. Lala está lista para el nuevo etiquetado con reformulación en 
sus productos. 2020.

70.	 Forbes México. La reinvención de los alimentos. Marzo. 2021.
71.	 Reyes M, Smith Taillie L, Popkin B, Kanter R, Vandevijvere S, Corvalán 

C. Changes in the amount of nutrient of packaged foods and bever-
ages after the initial implementation of the chilean law of food labelling 
and advertising: a nonexperimental prospective study. PLoS Med. 2020 
Jul;17(7):e1003220.

72.	 Ángel RDommarcoJ, Arantxa Colchero M, Luis Fuentes M, González de Cosío 
Martínez T, Aguilar Salinas CA, Hernández Licona G, et al. La obesidad en 
México: Estado de la política pública y recomendaciones para su prevención 
y control. Instituto Nacional de Salud Pública, editor. Cuernavaca, Morelos. 
México;; 2018.

73.	 Scarborough P, Nnoaham KE, Clarke D, Capewell S, Rayner M. Modelling the 
impact of a healthy diet on cardiovascular disease and cancer mortality. Jour-
nal of Epidemiology and Community Health. 2012 May;66(5):420 LP – 426.

74.	 Pietinen P, Männistö S, Valsta LM, Sarlio-Lähteenkorva S. Nutrition policy in 
Finland. Public Health Nutr. 2010;13(6A):901–6. 2010/06/01.

75.	 Laatikainen T, Critchley J, Vartiainen E, Salomaa V, Ketonen M, Capewell 
S. Explaining the decline in Coronary Heart Disease Mortality in Finland 
between 1982 and 1997. Am J Epidemiol. 2005 Oct;162(8):764–73.

76.	 McLean RM. Measuring population sodium intake: a review of methods. 
Nutrients. 2014;6(11):4651–62.

77.	 Saha S, Nordstrom J, Gerdtham UG, Mattisson I, Nilsson PM, Scarborough 
P. Prevention of Cardiovascular Disease and Cancer Mortality by Achiev-
ing Healthy Dietary Goals for the Swedish Population: A Macro-Simulation 
Modelling Study. Vol. 16, Int J Environ Res Public Health. 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://iris.paho.org/handle/10665.2/54971

	﻿Modelling the impact of sodium intake on cardiovascular disease mortality in Mexico
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Simulation model
	﻿Baseline scenario
	﻿Counterfactual scenarios
	﻿Population demographics and health inputs
	﻿Uncertainty analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


