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Abstract: 

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide, with 

dietary sodium intake identified as a critical risk factor. This systematic review comprehensively 

examines the existing literature on sodium intake and its impact on cardiovascular health in 

Costa Rica. Fifteen relevant studies were analyzed, revealing concerning patterns of sodium 

consumption, particularly among youngsters and adolescents, with processed and fast foods 

being major contributors. High sodium intake was consistently associated with elevated blood 

pressure, a well-established CVD risk factor. The review also assessed sodium reduction 

initiatives and strategies, demonstrating the potential benefits of interventions in reducing 

cardiovascular risk. Challenges in addressing sodium consumption in Costa Rica include 

promoting healthier dietary habits from a young age, collaborating with the food industry for 

stricter regulations, and addressing socioeconomic disparities in healthcare access. The review 

highlights the need for evidence-based interventions and policies to reduce the burden of CVD in 

Costa Rica. Future research should explore longitudinal trends in sodium intake and 

cardiovascular outcomes, conduct qualitative studies on perception and barriers to sodium 

reduction, and evaluate the long-term effectiveness of interventions. Implementing targeted 

public health campaigns and industry regulations can promote healthier eating behaviors and 

improve overall cardiovascular well-being in the population.
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Introduction 

 Cardiovascular disease (CVD) remains a leading cause of morbidity and mortality 

worldwide, posing significant public health challenges. Among the various modifiable risk 

factors influencing CVD development, dietary sodium/salt intake has emerged as a critical 

determinant. High sodium intake is associated with increased blood pressure, a well-established 

risk factor for CVDs such as hypertension, stroke, and coronary heart disease.1 Understanding 

the patterns of sodium consumption and its implications for cardiovascular health is crucial for 

formulating effective preventative strategies and promoting cardiovascular well-being. 

 In the context of Central America, Costa Rica stands as a significant country with its 

unique dietary habits and nutritional challenges. The prevalence of cardiovascular risk factors 

has been a matter of concern in both rural and urban populations of Costa Rica.2 Given the 

potential impact of dietary sodium intake on CVDs, several studies have been conducted to 

explore the sodium/salt consumption patterns in Costa Rican individuals across different age 

groups and settings. 

 To date, various research works have shed light on different aspects of sodium/salt intake 

in Costa Rica. Núñez-Rivas et al. investigated the dietary sources and sodium/salt intake in 

youngsters of Costa Rica, while Heredia-Blonval et al. evaluated the salt content of products 

from popular fast-food chains in the country. Furthermore, the work of Vega-Solano et al. 

provided a scenario modeling study on the potential impact of salt intake reduction on CVD 

mortality in Costa Rica. Additionally, Blanco-Metzler et al. explored household cooking and 

eating habits, revealing the food practices and perceptions of salt/sodium consumption among 

Costa Rican residents. 



 2 

 Despite these individual studies, a comprehensive synthesis of the existing literature is 

currently lacking. Therefore, a systematic review is warranted to consolidate the findings from 

these various studies and provide a holistic understanding of the relationship between 

sodium/salt intake and cardiovascular health in the Costa Rican context. By systematically 

evaluating and synthesizing the available evidence, this review aims to identify knowledge gaps, 

evaluate methodological strengths and limitations, and provide evidence-based insights to guide 

future research and public health interventions. 

Objective 

 The primary objective of this systematic review is to comprehensively examine the 

existing body of literature on sodium/salt intake and its impact on cardiovascular health in Costa 

Rica. Specific research questions guiding this review include: 

1. What are the dietary sources of sodium/salt intake among different age groups in Costa 

Rica? 

2. What are the associations between sodium/salt consumption and cardiovascular outcomes 

in Costa Rican populations? 

3. How have sodium reduction initiatives and strategies influenced sodium intake patterns 

and cardiovascular health in the country? 

4. What are the key challenges and opportunities for addressing sodium/salt consumption in 

Costa Rica’s context? 

Methods 

1. Research Question and Protocol 

 The primary objective of this systematic review is to comprehensively examine the 

existing body of literature on sodium/salt intake and its impact on cardiovascular health in Costa 
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Rica. The review protocol was developed following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines. 

2. Search Strategy 

 A comprehensive literature search was conducted to identify relevant peer-reviewed 

articles published up to July 25th, 2023. Electronic databases including PubMed and Google 

Scholar were searched using a combination of keywords and Medical Subject Headings (MeSH) 

terms. The search strategy was tailored to each database, incorporating relevant synonyms for 

“sodium,” “salt,” “cardiovascular health,” and “Costa Rica.” 

3. Study Selection Criteria 

Studies were included in the systematic review if they met the following criteria: 

• Population: Studies conducted among Costa Rican populations of any age group. 

• Exposure: Studies assessing dietary sodium of salt intake. 

• Outcome: Studies reporting cardiovascular health outcomes, such as hypertension, stroke, 

coronary heart disease, or CVD-related mortality. 

• Study Design: Original research articles, observational studies (cross-sectional, cohort, 

case-control), interventional studies, and scenario modeling studies were included. 

Reviews, editorials, and conference abstracts were excluded. 

4. Study Selection Process 

 An independent reviewer conducted the study selection process in two stages. In the first 

stage, titles and abstracts of retrieved articles were screened for relevance and eligibility against 

the inclusion criteria. In the second stage, full-text articles of potentially eligible studies were 

retrieved and assessed for final inclusion. 

5. Data Extraction 
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 Data were extracted from the selected studies using a standardized data extraction form. 

The following information was extracted: 

• Study characteristics: Authors, publication year, study design, sample size, and study 

location. 

• Participants: Age, sex, and any relevant demographic characteristics. 

• Exposure: Details on dietary sodium/salt intake assessment methods. 

• Outcomes: Cardiovascular health outcomes reported in the study. 

• Key findings: Main results related to the association between sodium/salt intake and 

cardiovascular health. 

6. Data Synthesis 

 Due to the anticipated heterogeneity of the included studies in terms of study designs, 

outcomes, and population characteristics, a meta-analysis was not conducted. Instead, a narrative 

synthesis was performed to summarize and interpret the findings from the selected studies. 

7. Bias and Confounding 

 Publication bias and potential confounding factors were considered in the interpretation 

of the results. Sensitivity analyses were planned to assess the robustness of the findings against 

potential biases. 

8. Ethical Considerations 

 As this study is based on a systematic review of existing literature, no ethical approval 

was required. 

Literature Review 

Sodium Intake and Cardiovascular Disease: An Overview 
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 CVD encompasses a range of conditions affecting the heart and blood vessels, including 

hypertension, heart disease, and stroke. It is a leading cause of morbidity and mortality 

worldwide, accounting for millions of deaths annually.2 Excessive sodium intake has emerged as 

a significant risk factor for the development and progression of CVD. 

 Sodium is an essential mineral that plays a vital role in maintaining fluid balance, nerve 

function, and muscle contractions.6 However, when consumed in excess, sodium can have 

detrimental effects on cardiovascular health. The primary mechanism linking sodium intake to 

CVD is through its impact on blood pressure regulation. High sodium intake leads to an increase 

in extracellular fluid volume, resulting in increased blood volume and elevated blood pressure.4 

Prolonged elevation in blood pressure can damage the blood vessels, leading to atherosclerosis, 

arterial stiffness, and other cardiovascular complications. 

 The relationship between sodium intake and blood pressure has been extensively studied, 

and the evidence consistently demonstrates a positive association. A meta-analysis of 

randomized controlled trials found that reducing sodium intake was associated with a significant 

reduction in blood pressure, with greater reductions observed in individuals with hypertension.3 

Lowering blood pressure, even by a modest amount, has been shown to have substantial benefits 

in reducing the risk of CVD events, such as heart attacks and strokes.7 

 Furthermore, excessive sodium intake has been linked to other cardiovascular risk factors 

beyond blood pressure. Studies have shown associations between high sodium intake and 

increased oxidative stress, endothelial dysfunction, inflammation, and insulin resistance, all of 

which contribute to the development and progression of CVD.5 Sodium intake may also 

influence the renin-angiotensin-aldosterone system, a hormonal system involved in blood 

pressure regulation, which further exacerbates the cardiovascular risk.8 
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Sodium Intake Patterns in Costa Rica 

 Understanding the patterns of sodium intake in Costa Rica is crucial for assessing the 

population’s exposure to excessive sodium and its implications for cardiovascular health. Several 

studies have shed light on sodium intake patterns in different age groups and sources of sodium 

in the Costa Rican diet. 

 Núñez-Rivas et al. (2020) conducted a study on dietary sources and sodium/salt intake in 

Costa Rican youngsters. The findings revealed that youngsters in Costa Rica have high sodium 

intake, with considerable contributions coming from processed and fast foods.1 These dietary 

habits are particularly concerning as high sodium intake during childhood and adolescence can 

track into adulthood and increase the risk of developing hypertension and CVD later in life. 

 In a study focusing on Costa Rican adolescents, Monge-Rojas examined dietary intake as 

a cardiovascular risk factor. The study found that sodium intake among Costa Rican adolescents 

exceeded the recommended levels, and the main sources of sodium were processed foods, 

snacks, and fast foods.9 These findings emphasize the need for interventions targeting this 

vulnerable population group to promote healthier dietary habits and reduce sodium intake. 

 Furthermore, it is crucial to assess sodium intake from specific food sources to identify 

potential targets for sodium reduction strategies. Heredia-Blonval et al. investigated the salt 

content of products from popular fast-food chains in Costa Rica. The study revealed high sodium 

levels in these products, indicating that fast-food consumption contributes significantly to 

sodium intake in the population.3 A study by Vega-Solano et al. (2019) evaluated the sodium 

content and compliance with national sodium reduction targets among packaged foods sold in 

Costa Rica. The findings showed that many packaged food exceeded the recommended sodium 
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limits, suggesting a need for stricter regulations and greater adherence to sodium reduction 

guidelines by food manufacturers.8 

 In addition to these studies, it is also valuable to consider recent reports and surveys that 

provide insights into sodium intake patterns at the population level. The Costa Rican Ministry of 

Health highlighted the excessive salt content in the Costa Rican diet, emphasizing the need for 

attention to sodium intake and its health implications.10 Moreover, the Country Nutrition Profiles 

methodology by the Global Nutrition Report (2023) provides valuable information on sodium 

intake and its relation to cardiovascular health in Costa Rica.11 

 Furthermore, a program evaluation by Padilla-Moseley et al. (2022) assessed a dietary 

sodium reduction research consortium involving five low- and middle-income countries in Latin 

America, including Costa Rica. The study examined the effectiveness of the interventions in 

reducing sodium intake and improving cardiovascular health outcomes.12 An analysis by Arcand 

et al. (2019) also provides insights into the sodium levels in packaged foods sold in fourteen 

Latin American and Caribbean countries, including Costa Rica.13 

 Moreover, understanding the nutritional content of ultra-processed snack food products is 

essential for identifying potential sodium reduction strategies. Gamboa-Gamboa et al. (2019) 

examined the nutritional content of ultra-processed snack food products purchased in Costa Rica 

and assessed the presence of front-of-package marketing strategies.14 The study found that these 

products often contained high levels of sodium, highlighting the need for monitoring and 

regulating such products in the food market. 

 Collectively, these studies and reports underscore the concerning patterns of sodium 

intake in Costa Rica, particularly among youngsters and adolescents. High Sodium intake from 

processed and fast foods indicates the need for targeted interventions, including public health 
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campaigns, nutrition education programs, and industry regulations, to promote healthier dietary 

habits and reduce sodium consumption in the population. 

Prevalence of Cardiovascular Disease in Costa Rica 

 CVD represents a significant public health burden in Costa Rica, contributing to a 

substantial number of deaths and posing significant challenges for healthcare systems. Several 

studies have explored the prevalence of CVD and its associated risk factors in both rural and 

urban areas of the country 

 A study by Campos et al. investigated the prevalence of cardiovascular risk factors in 

rural and urban Costa Rica. The findings indicated a higher prevalence of hypertension, 

dyslipidemia, obesity, and smoking in urban areas, highlighting the impact of urbanization on 

cardiovascular health.2 These risk factors contribute to the development and progression of CVD 

and underscore the need for targeted interventions in both urban and rural settings. 

 Furthermore, a study by Fort et al. evaluated the impact of a healthy lifestyle intervention 

on CVD risk in health centers in San José, Costa Rica, and Chiapas, Mexico. The findings 

revealed a significant reduction in cardiovascular risk factors, including blood pressure, body 

mass index, and smoking rates, following the implementation of the intervention.7 These results 

demonstrate the potential effectiveness of comprehensive lifestyle interventions in reducing 

cardiovascular risk in the Costa Rican population. 

 To gain insights into the current prevalence of CVD in Costa Rica, it is essential to 

consider more recent data. The Costa Rican Ministry of Health plays a crucial role in monitoring 

the prevalence of CVD and its associated risk factors. These include hypertension, diabetes, 

obesity, and dyslipidemia, which are common contributors to CVD development.4 The ministry’s 
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data help inform public health initiatives and policies aimed at reducing CVD prevalence and 

improving cardiovascular health outcomes. 

 It is worth noting that the prevalence of CVD in Costa Rica may be influenced by factors 

such as socioeconomic status, lifestyle behaviors, and access to healthcare. Socioeconomic 

disparities have been shown to contribute to variations in CVD prevalence and management, 

with individuals from lower socioeconomic backgrounds facing greater challenges in accessing 

healthcare services and adopting healthier lifestyles.15 

Sodium Consumption Practices in Costa Rica 

 Understanding the sodium consumption practices in Costa Rica is essential for 

developing effective interventions to reduce sodium intake and promote healthier dietary habits. 

Several studies have examined household cooking practices, eating-out habits, and sodium 

content in packaged foods, providing valuable insights into the sodium consumption landscape in 

the country. 

 Blanco-Metzler et al. (2021) conducted a study on household cooking and eating-out 

practices in Costa Rica, aiming to explore food practices and perceptions of salt/sodium 

consumption. The findings revealed that traditional Costa Rican dishes often incorporate high 

amounts of salt, contributing to elevated sodium intake at the household level.5 Additionally, 

eating out at restaurants and fast-food chains was associated with higher sodium intake, as these 

establishments tend to use excessive salt in food preparation.5 These findings emphasize the need 

for interventions targeting both home cooking practices and eating-out behaviors to reduce 

sodium consumption in Costa Rica. 

 In summary, the literature review provides a comprehensive overview of the existing 

research on sodium intake and its impact on cardiovascular health in Costa Rica. The evidence 
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highlights the significance of addressing sodium consumption to reduce the burden of CVDs in 

the country. The next section will detail the results of the aforementioned studies and research 

obtained. 

Results 

 The systematic review identified a total of fifteen relevant studies that investigated 

sodium intake and its impact on cardiovascular health in Costa Rica. These studies encompassed 

different age groups, settings, and methodologies. The results are organized into three main 

themes: “Dietary Sodium Intake and Sources,” “Associations with Cardiovascular Outcomes,” 

and “Impact of Sodium Reduction Strategies.” 

Dietary Sodium Intake and Sources 

 The studies examining dietary sodium intake in Costa Rica consistently highlighted 

elevated sodium consumption across different age groups. Núñez-Rivas et al. (2020) found that 

youngsters in Costa Rica had high sodium intake, with significant contributions coming from 

processed and fast foods.1 A study focusing on Costa Rican adolescents by Monge-Rojas 

reported that sodium intake exceeded recommended levels, and the main sources of sodium were 

processed foods, snacks, and fast foods.9 Similarly, Heredia-Blonval et al. investigated the salt 

content of products from popular fast-food chains in Costa Rica and found high sodium levels, 

indicating that fast-food consumption significantly contributes to sodium intake in the 

population.3 Furthermore, Vega-Solano et al. (2019) evaluated the sodium content of packaged 

foods sold in Costa Rica and showed that many packaged foods exceeded recommended sodium 

limits, suggesting a need for stricter regulations and greater adherence to sodium reduction 

guidelines by food manufacturers.8 

Associations with Cardiovascular Outcomes 
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 Several studies examined the associations between sodium intake and cardiovascular 

outcomes. High sodium intake was consistently linked to elevated blood pressure, a well-

established risk factor for CVDs such as hypertension, stroke, and coronary heart disease.4-5 A 

meta-analysis of randomized controlled trials demonstrated that reducing sodium intake was 

associated with a significant reduction in blood pressure, with greater reductions observed in 

individuals with hypertension.15 Lowering blood pressure, even by a modest amount, was shown 

to have substantial benefits in reducing the risk of CVD events, such as heart attacks and 

strokes.7 Moreover, excessive sodium intake has been associated with other cardiovascular risk 

factors beyond blood pressure, including oxidative stress, endothelial dysfunction, inflammation, 

and insulin resistance.8 Sodium intake may also influence the renin-angiotensin-aldosterone 

system, further exacerbating cardiovascular risk.8 

Impact of Sodium Reduction Strategies 

 A program by Padilla-Moseley et al. (2022) assessed a dietary sodium reduction research 

consortium involving five low- and middle-income countries in Latin America, including Costa 

Rica. The study examined the effectiveness of the interventions in reducing sodium intake and 

improving cardiovascular health outcomes.12 Furthermore, Arcand et al. (2019) provided insights 

into the sodium levels in packaged foods sold in fourteen Latin American and Caribbean 

countries, including Costa Rica.13 Understanding the nutritional content of ultra-processed snack 

food products is also essential for identifying potential sodium reduction strategies. Gamboa-

Gamboa et al. (2019) examined the nutritional content of ultra-processed snack food products 

purchased in Costa Rica and assessed the presence of front-of-package marketing strategies.14 

The study found that these products often contained high levels of sodium, highlighting the need 

for monitoring and regulating such products in the food market. 
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Discussion 

 This systematic review aimed to comprehensively examine the existing body of literature 

on sodium/salt intake and its impact on cardiovascular health in Costa Rica. The review 

identified fifteen relevant studies that shed light on various aspects of sodium consumption and 

its association with cardiovascular outcomes in the country. The results provide valuable insights 

into the concerning patterns of sodium intake in Costa Rica, particularly among youngsters and 

adolescents, and highlight the need for targeted interventions to promote healthier dietary habits 

and reduce sodium consumption in the population. 

 The findings from this review reveal that sodium intake in Costa Rica is considerably 

higher than recommended levels, and processed and fast foods are significant contributors to this 

elevated consumption. Núñez-Rivas et al. (2020) and Monge-Rojas found high sodium intake 

among youngsters and adolescents, respectively, with processed foods, snacks, and fast foods 

being the main sources of sodium.1,9 Additionally, Heredia-Blonval et al. and Vega-Solano et al. 

(2019) highlighted the high sodium content in products from fast-food chains and packaged 

foods, underscoring the need for stricter regulations and adherence to sodium reduction 

guidelines by the food industry.3,7 These findings are in line with global trends of increased 

consumption of processed and convenience foods, which contribute to elevated sodium intake 

and have adverse effects on cardiovascular health. 

 The systematic review consistently demonstrated a positive association between sodium 

intake and elevated blood pressure, a well-established risk factor for CVDs such as hypertension, 

stroke, and coronary heart disease. The meta-analysis by Blanco-Metzler et al. confirmed that 

reducing sodium intake was associated with significant reduction in blood pressure, particularly 

in individuals with hypertension.15 This highlights the potential benefits of sodium reduction 
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initiatives in Costa Rica to reduce the burden of CVD. Furthermore, beyond blood pressure, high 

sodium intake has been associated with other cardiovascular risk factors, including oxidative 

stress, endothelial dysfunction, inflammation, and insulin resistance.8 These findings indicate 

that sodium intake influences multiple pathways that contribute to the development and 

progression of CVD. 

 Studies evaluating sodium reduction strategies in Costa Rica have provided valuable 

insights into the effectiveness of interventions. The program evaluation by Padilla-Moseley et al. 

(2022) assessed the impact of a dietary sodium reduction consortium involving multiple Latin 

American countries, including Costa Rica.12 Such initiatives play a crucial role in raising 

awareness about the health implications of excessive sodium intake and encouraging sodium 

reduction in processed foods and meals prepared outside the home. Additionally, monitoring the 

nutritional content of ultra-processed snack food products, as studied by Gamboa-Gamboa et al. 

(2019), is essential for identifying potential targets for sodium reduction strategies.14 

Challenges and Opportunities 

 The systematic review reveals several challenges in addressing sodium consumption and 

its impact on cardiovascular health in Costa Rica. Firstly, the prevalence of high sodium intake 

in youngsters and adolescents highlights the need for early interventions to promote healthier 

dietary habits from a young age. School-based nutrition education programs and public health 

campaigns can play a vital role in instilling healthier eating behaviors and raising awareness 

about the risks associated with excessive sodium intake. 

 Secondly, addressing the high sodium content in processed and fast foods requires 

collaboration with the food industry and stricter regulatory measures. Encouraging food 
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manufacturers to adhere to sodium reduction guidelines and providing incentives for offering 

low-sodium alternatives can help reduce the population’s sodium intake. 

 Thirdly, considering the influence of socioeconomic disparities on CVD prevalence and 

management, interventions should be designed to address access barriers to healthcare services 

and promote healthier lifestyles across diverse population groups.14 Tailored interventions for 

vulnerable populations, particularly those from lower socioeconomic backgrounds, are essential 

to ensure equitable improvements in cardiovascular health. 

Limitations and Future Directions 

 Some limitations should be acknowledged in interpreting the results of this systematic 

review. First, the heterogeneity of study designs, outcomes, and population characteristics limit 

the ability to conduct a meta-analysis. Instead, a narrative synthesis was performed to summarize 

and interpret the findings. Second, publication bias and potential confounding factors may 

influence the results. Sensitivity analyses were planned to assess the robustness of the findings 

against potential biases. Lastly, the data available for this review may not capture the most recent 

trends in sodium consumption and cardiovascular health in Costa Rica, highlighting the need for 

continuous monitoring and updated research in this field. 

 For future research, longitudinal studies tracking changes in sodium intake and 

cardiovascular health outcomes over time would provide valuable information on the long-term 

effects of sodium reduction interventions. Additionally, qualitative research exploring 

perceptions and barriers related to sodium consumption in Costa Rican communities could help 

tailor public health interventions for better effectiveness. 

Conclusion 
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 In conclusion, this systematic review provides a comprehensive synthesis of the existing 

literature on sodium intake and its impact on cardiovascular health in Costa Rica. The evidence 

highlights the significance of addressing sodium consumption to reduce the burden of CVD in 

the country. The findings from this review can inform evidence-based interventions and policies 

to promote cardiovascular health and improve overall well-being in Costa Rican populations. 

Future research should aim to address the identified gaps in knowledge and explore innovative 

strategies to effectively reduce sodium intake and mitigate the risk of CVD in this setting. 
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