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Objective: Reducing dietary salt intake is an essential population strategy for cardiovascular disease (CVD) prevention, but evidence on healthcare costs and outcomes is limited in Japan. We aimed to conduct a pilot economic evaluation under hypothetical scenarios of applying the salt reduction policies of England to Japan.

Methods: We examined salt reduction policies in England: media health promotion campaigns, front-of-pack labeling, and voluntary and mandatory reformulation with best-case and worst-case policy cost scenarios. We assumed that these policies were conducted in Japan for 10 years from 2019. We used published data on epidemiology and healthcare expenditures in Japan and the costs and effects of salt reduction policies in England, and defined the benefits as a decrease in national medical expenditures on CVD. We developed a Markov cohort simulation model of the Japanese population. To estimate the annual net benefits of each policy over 10 years, we subtracted monitoring and policy costs from the benefits. We adopted a health sector perspective and a 2% discount rate.

Results: The cumulative net benefit over 10 years was largest for mandatory reformulation (best case) at 2,015.1 million USD (with costs of USD 48.3 million and benefits of USD 2063.5 million), followed by voluntary reformulation (net benefit: USD 1,895.1 million, cost: USD 48.1 million, benefit: USD 1,943.2 million), mandatory reformulation (worst case, net benefit: USD 1,447.9 million, cost: USD 1,174.5 million, benefit: USD 2,622.3 million), labeling (net benefit: USD 159.5 million, cost: USD 91.6 million, benefit: USD 251.0 million), and a media campaign (net benefit: USD 140.5 million, cost: USD 110.5 million, benefit: USD 251.0 million). There was no change in the superiority or inferiority of policies when the uncertainty of model parameters was considered.

Conclusion: Mandatory reformulation with the best-case cost scenario might be economically preferable to the other alternatives in Japan. In future research, domestic data on costs and effects of salt reduction policies should be incorporated for model refinement.
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Introduction

Cardiovascular disease (CVD) is the major source of healthcare expenditure worldwide (1–3). Excessive dietary salt intake increases the risk of CVD through elevated blood pressure, and it ranks among the top dietary risk factors for premature deaths and disability from CVD in many countries (4, 5). A reduction in population-wide salt consumption is promoted as one of the most cost-effective interventions for primary prevention of hypertension and CVD (6, 7). Lowering salt intake is expected to save the substantial healthcare costs associated with CVD events.

To assess the costs and effectiveness of dietary salt reduction policies, economic modeling studies have been conducted across or within countries (8–17). For example, in England, average salt intake has decreased considerably, partly owing to national salt reduction policies that have been conducted since the 2000s, including a national media campaign, voluntary and mandatory reformulation of processed foods, and front-of-pack labeling (18). Health economic evaluation studies have shown that these policies gained life-years and saved healthcare costs on CVD (19–21).

In Japan, mean salt intake in adults has decreased over the long term (22), but it remains high compared with other countries (23), at 10 g/day in 2019 (24). Heart disease and stroke accounted for approximately 22% of total deaths in 2021 (25), and CVD was responsible for 19% of national healthcare expenditure in 2020 (26). A few dietary salt reduction goals have been recommended to prevent CVD and attenuate the rise in national healthcare costs (27–29). However, the impact of salt reduction policies in Japan is poorly understood, partly because of the lack of accumulated data on program costs and effects. There has been only one simulation study conducted on future health and economic effects of salt reduction policies in Japan (30).

As part of the development of methods for health economic evaluations of nutrition policies in Japan, we aimed to create a simulation model on the costs and benefits of hypothetical scenarios involving the implementation of the salt reduction policies used in England. To build a Japanese prototype model, we utilized published data on policy costs and effects in England, and salt intake, CVD epidemiology, and healthcare costs in Japan.



Materials and methods


Salt reduction policy scenarios

We adopted four salt reduction policy scenarios examined in a previous study in England (20): a national media campaign; front-of-pack labeling of processed foods using a traffic light system; voluntary reformulation of processed foods by the food industry; and mandatory reformulation of processed foods with legislation. Details of these policies have been described elsewhere (18, 20). Briefly, the national media campaign was called Change4Life and utilized various media tools to improve public awareness of physical activity and healthy eating, including reducing consumption of foods high in salt. For front-of-pack labeling, food manufacturers and retailers were required to use a standardized traffic light system on all food packaging to inform consumers of the levels of fats, sugars, and salt in processed foods. In voluntary reformulation, the Food Standards Agency established salt targets for the reformulation of food products to be achieved by the food industry on a voluntary basis. In mandatory reformulation, legislation was imposed on food manufacturers to reduce salt contents in processed foods.



Modeling framework

We modeled the effects of the four salt reduction policies on the incidence and mortality of CVD and national healthcare expenditures. We defined CVD (I00–I99) by the International Classification of Diseases, 10th Revision codes. We developed a discrete-time Markov cohort macro-simulation model using TreeAge Pro Healthcare 2021 (TreeAge Software, Williamstown, Massachusetts, United States).

We obtained data for the input parameters from published survey reports, publicly available databases, and previous studies (Table 1). We used mean dietary salt intake published from the Japan National Health and Nutrition Survey in 2019 (24). This survey employed a stratified two-stage cluster sample design to ensure a nationally representative sample of the non-institutionalized Japanese population (38). Household representatives reported food intake of household members using a 1-day semi-weighted household dietary record. The Standard Tables of Food Composition in Japan 2015 (39) was applied to calculate salt intake of participants from their food intake records.



TABLE 1 Input parameters and data sources used in the simulation model.
[image: Table1]

We simulated a closed cohort of the total population of all ages in Japan in 2019 over 10 years. We selected 2019 as the baseline year for the simulation because it was the most recent year for which all required data were available for the input parameters. We limited the time horizon to 10 years to ensure the robustness of the study results, given the potential long-term social changes that might occur. We divided the simulation period into annual cycles and conducted the simulation from the perspective of the health sector.

The model consisted of four mutually exclusive health states: being healthy, acute CVD, chronic CVD, and death (Figure 1). The healthy state represented people who had no history of CVD. The acute state covered people who were admitted to hospital for CVD. The chronic state comprised survivors who continued treatment on an outpatient basis. The death state was an absorbing terminal state. We assigned national healthcare expenditures for inpatient care to the acute state and those for outpatient care to the chronic state.
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FIGURE 1
 State-transition diagram of the Markov model. The ovals represent the four health states. The direct arrows represent the directions of the transitions of the cohorts between health states. Circular arrows indicate the cohort remaining in each health state. Each arrow has a transition probability. CVD denotes cardiovascular disease.


At the beginning of the Markov process, the cohort members were split among the three states of being healthy, acute CVD, and chronic CVD on the basis of proportions determined by the incidence and prevalence of CVD (Supplementary Table S1). In each successive year, they moved among the four health states according to annual transition probabilities. We calculated the initial values of transition probabilities based on Supplementary Table S2. People in the healthy state either developed a first-ever CVD event, died from causes other than CVD, or maintained good health; they could not return to the healthy state after leaving with an occurrence of CVD. Acute patients moved to the chronic state if they survived to discharge for continuing outpatient care, or they entered the state of death if they died from the disease. Outpatients in the chronic state either experienced a recurrent event, died from other causes, or stayed in the same condition. We obtained transition probabilities by reviewing previous studies for CVD recurrence rates (40–44) and mortality from non-CVD causes among CVD patients (45–47).

The transition probabilities changed over time through the effects of salt reduction policies on the incidence and mortality of CVD. We followed the previous study (20) in setting the magnitude of the effects of policies on mean dietary salt intake over a decade (Table 1). Supposing that mean dietary salt intake decreased annually at a constant rate, we calculated annual reduction rates of mean dietary salt intake at 0.2% for the national media campaign and front-of-pack labeling, 1.5% for voluntary reformulation, and 2.0% for mandatory reformulation. To quantify changes in the incidence and mortality of CVD through decreased dietary salt intake, we applied relative risks estimated by meta-analyses (34, 35) (see Table 1). Mean dietary salt intake and cumulative risk reductions to be achieved over time are provided in Supplementary Table S3.

We made two assumptions to simplify the model according to previous studies. The first assumption was that mortality rates from other causes were equal among the healthy and chronic states (48). The probability of dying from non-CVD events was the same across individuals, regardless of whether or not they had ever had a CVD event. The second assumption is that the full effect of dietary salt reduction on CVD was achieved immediately, without any phase-in period, and last for the rest of the period (9, 10).



Costs and benefits

We defined the costs of interventions as the sum of policy costs and monitoring costs according to the previous study (20) (Supplementary Table S4). As it is difficult to estimate the exact cost of reformulation outside of natural product cycles for food manufacturers, we considered a best-case and worst-case cost for mandatory reformulation (20). The best-case cost assumes that there is no policy cost incurred to the industry and is equivalent to the cost for voluntary reformulation. The worst-case policy cost for mandatory reformulation was estimated by multiplying the average cost of reducing salt in processed food products (25,000 British pound sterling, GBP) by the target of 20,000 product lines. The policy cost for labeling was estimated as a product of the average cost of a stock control unit (GBP 1,000) and 20,000 product lines needed to change labels to a signaling system. We doubled the sum of the policy and monitoring costs because the total population of Japan (126,167,000 as of October 1, 2019 (31)) was approximately twice that of England and Wales (59,439,840 in mid-2019 (49)). Then, we divided the doubled total costs by 10 to obtain annual total costs, assuming that they were constant during the simulation period.

We defined the benefits of the interventions as a decrease in national healthcare expenditures for CVD through reductions in dietary salt intake. We estimated net benefits by subtracting costs from benefits. We compared the net benefits accumulated over 10 years among the four scenarios to determine a dominant policy. We converted the annual total costs in GBP and national healthcare expenditures in Japanese yen to US dollars (USD) according to the annual average exchange rates in 2019 published by the International Monetary Fund (GBP 0.783 per USD and 109.01 yen per USD) (37). We discounted both costs and benefits at 2% annually, according to the guidelines for economic evaluation of healthcare technologies in Japan (50).



Sensitivity analysis

We conducted multiple deterministic one-way sensitivity analyses to assess the impact of uncertainty surrounding model input parameters on the net benefits. The parameters examined in the sensitivity analyses were the discount rate (0–4%), the effects of policy interventions, and the incidence, prevalence, mortality, and relative risks of CVD (95% confidence intervals and ranges in Table 1).




Results


Costs, benefits, and net benefits of salt reduction policies

The projected costs, benefits, and net benefits of each salt reduction policy are shown in Figure 2. The cumulative 10-year cost was lowest for voluntary reformulation (USD 48.1 million), followed by mandatory reformulation with the best-case cost (USD 48.3 million), labeling (USD 91.6 million), a national media campaign (USD 110.5 million), and mandatory reformulation with the worst-case cost (USD 1,174.5 million). The cumulative 10-year benefit was largest for mandatory reformulation with the worst-case cost (USD 2,622.3 million), followed by mandatory reformulation with the best-case cost (USD 2,063.5 million), voluntary reformulation (USD 1,943.2 million), the national media campaign, and labeling (USD 251.0 million each). The cumulative net benefit was positive for all policies by the end of the simulation period. It was largest for mandatory reformulation with the best-case cost (USD 2,015.1 million), followed by voluntary reformulation (USD 1,895.1 million), mandatory reformulation with the worst-case cost (USD 1,447.9 million), labeling (USD 159.5 million), and the national media campaign (USD 140.5 million).
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FIGURE 2
 Projected cumulative costs, benefits, and net benefits from reducing mean dietary salt intake, by policy, for the period 2019–2029, in a closed cohort of the population of all ages in 2019. A: national media campaign; B: front-of-pack traffic light labeling; C: voluntary reformulation; D: mandatory reformulation with the best-case policy cost; E: mandatory reformulation with the worst-case policy cost.


By health state, chronic CVD accounted for approximately 80% of the benefits achieved by each policy (Figure 3). The costs were substantially greater than the benefits in the healthy state for all policies, except voluntary reformulation. Consequently, the net benefit was largest for chronic CVD and smallest for being healthy for all policies.
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FIGURE 3
 Projected cumulative costs, benefits, and net benefits from reducing mean dietary salt intake between 2019 and 2029, by health state and policy, in a closed cohort of the total population of all ages in 2019. Brown bars indicate costs; blue bars indicate benefits; and green lines indicate net benefits. CVD denotes cardiovascular disease. (A): national media campaign; (B): front-of-pack traffic light labeling; (C): voluntary reformulation; (D): mandatory reformulation with the best-case policy cost; (E): mandatory reformulation with the worst-case policy cost.




Sensitivity analyses

Figure 4 illustrates the results of the one-way sensitivity analyses. The modeled uncertainty in cumulative net benefits over 10 years was largest for the effects of policies on salt reduction, followed by the discount rate, and the relative risk for CVD incidence.
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FIGURE 4
 Results of the one-way sensitivity analyses of key input parameters on projected cumulative net benefits of preventing cardiovascular diseases, by policy, between 2019 and 2029 in a closed cohort of the population of all ages in 2019. The blue range plots with spikes indicate uncertainty ranges and the gray vertical lines indicate expected values. CVD denotes cardiovascular disease and RR denotes relative risk. (A): national media campaign; (B): front-of-pack traffic light labeling; (C): voluntary reformulation; (D): mandatory reformulation with the best-case policy cost; (E): mandatory reformulation with the worst-case policy cost.





Discussion

Our simulation results showed that all the salt reduction policies bring positive net benefits accumulated over 10 years. The majority of the net benefits were attributable to reduced outpatient medical expenses for chronic CVD. The net benefit was far greater for voluntary or mandatory reformulation of processed foods by food manufacturers than for media campaigns and labeling of packaged food. The net benefit of mandatory reformulation was estimated to substantially vary by the policy cost and surpass that of voluntary reformulation when there was no policy cost incurred to the industry. This finding partly supports previous studies showing that mandatory salt reduction policies might be more cost-effective or cost-saving than voluntary strategies (20, 51). Limitations of voluntary strategies have been shown in the United Kingdom (UK), where decreases in mean dietary salt intake slowed after implementation of the Public Health Responsibility Deal based on a voluntary agreement between the government and the food industry (52, 53).

The results of our simulation model based on the hypothetical scenarios do not suggest any decisive direction regarding the effects of salt reduction policies on the reduction of CVD-related healthcare costs in Japan. The significance of our study lies in demonstrating the specific steps for conducting simulation analyses by fitting Japanese data to predict future effects of nutrition policies on the reduction of healthcare expenditures.

In Western countries, including the UK, a major source of salt intake is processed foods such as bread, whereas in Japan and some other Asian countries, more than half of the salt intake comes from discretionary salt intake, or salt added during cooking and at the dining table (54). However, a previous study showed that younger generations in Japan consume a higher proportion of salt from processed foods and eating out than other age groups (55). In future simulation research in Japan, it would therefore be important to include different strategies such as salt substitutes examined in China (12), while continuing to analyze policies for lowering the sodium levels in processed foods as well. In March 2022, the Japan Ministry of Health, Labour, and Welfare has established the “Healthy and Sustainable Food Environment Strategy Initiative” and began collaborating with academia and industry to address nutrition and environmental issues, including excessive salt intake (56). The initiative aims to support food manufacturers and distributors in the development of products and merchandise displays to enable consumers to effortlessly reduce their salt intake. In this social context, it is urgent to establish health economic evaluation methods for nutrition policies, including salt reduction policies in Japan.

Globally, the World Health Organization (WHO) recommended that all member states reduce population salt intake by 30% between 2013 and 2025 (57), but the progress toward achieving this target has been slow despite efforts in an increasing number of countries (58). In 2021, the WHO established global benchmarks for sodium levels in foods across 18 food categories to facilitate reformulation of food products (59). Recently, the WHO published a report using Sodium Country Score Cards, which monitors each country’s progress in making national commitments and taking a multifaceted approach to implementing policies to reduce sodium intake (7). The report listed the following “WHO Best Buys” for preventing non-communicable diseases through reducing sodium intake as voluntary or mandatory measures: a mass media campaign to reduce sodium intake; public food procurement and service policies limiting salt or sodium-rich food; reformulation targets or maximum limits for sodium in food; and front-of-pack nutrition labeling that includes sodium. The scores ranged from 1 (the lowest) for a national policy commitment to reduce sodium intake to 4 (the highest) for multiple mandatory measures adopted for sodium reduction, and implementation of all related WHO Best Buys for tackling non-communicable diseases. The UK was given Score 3 with mandatory measures, specifically public food procurement and service policies. Japan was also given Score 3 with mandatory measures such as labeling of sodium chloride equivalent on all prepackaged food as well as public food procurement and service policies (60). The present study will be useful when Japan prioritizes the WHO Best Buys.

In future research, it is necessary to develop a model that is unique to salt reduction policies in Japan, using the model created in this analysis as a reference. To support this effort, the construction of a database on the effects and costs of programs for salt reduction is an urgent task. We were forced to use data from England for this simulation because virtually no data were available on the costs of Japan’s salt reduction policies. As a rare case, the budgets of a prefectural movement for salt reduction conducted from 2009 to 2018 were reported (e.g., approximately 6.2 million yen in 2016 and 6.3 million yen in 2017), but no further details on costs were disclosed (61).

Our study has limitations to note. First, our model is based on scenarios and data on salt reduction policies in England. Regarding the front-of-pack nutrition labelling, we examined only the traffic-light system and did not consider other effective schemes such as nutrient scores and warnings (62). Second, our model simulated total population and did not consider differences by sex and age in the levels of salt intake, epidemiological indicators of CVD, and medical expenses. Third, for simplicity, our model was based on the overall effect of salt reduction on CVD that included the intermediary effect of blood pressure. As the relationship between salt intake and blood pressure is well established (63), future models should explicitly incorporate blood pressure. Fourth, to simplify the model, we also assumed that the full effect of dietary salt reduction on CVD and stroke was achieved immediately without any phase-in period. It should be considered in future research that the effects on CVD outcomes may take longer to be observed. Fifth, the cost for voluntary reformulation includes only the monitoring cost, which might not necessarily be the case with Japan not having launched any policies for reducing salt content in processed foods. Voluntary approaches might not have the same costs as those for reformulation within natural product cycles. Finally, we defined the benefits as the reduced medical expenses for CVD, but did not consider disabilities and quality of life among survivors and potential increases in medical expenses for non-CVD diseases throughout the life extended by prevention of CVD.

In conclusion, as part of efforts to predict the future savings of social security costs related to nutrition policies in Japan, we created a simulation model of hypothetical scenarios involving the implementation of salt reduction policies used in England with published data on policy costs and effects. Japanese data on cardiovascular epidemiology and healthcare spending were partially incorporated to perform the simulation analyses. Thus, we demonstrated a reference model for conducting a simulation analysis by applying Japanese data. In future studies, it is necessary to refine the model for Japan while establishing a database network on the costs and effects of domestic salt reduction policies.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

NI and NN contributed to conception and design of the study and organized the database. NI, HY, and NN contributed to the acquisition and interpretation of data. NI, JH, HK, and NN performed the simulation analysis. NI wrote the first draft of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



Funding

This work was supported by Health and Labour Sciences Research Grants from the Ministry of Health, Labour, and Welfare of Japan (grant numbers 19FA1004 and 23FA1012).



Acknowledgments

We thank Amanda Fitzgibbons, PhD, from Edanz (https://jp.edanz.com/ac) for editing a draft of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1227303/full#supplementary-material



References

 1. Muka, T, Imo, D, Jaspers, L, Colpani, V, Chaker, L, van der Lee, SJ , et al. The global impact of non-communicable diseases on healthcare spending and national income: a systematic review. Eur J Epidemiol. (2015) 30:251–77. doi: 10.1007/s10654-014-9984-2 

 2. Wieser, S, Riguzzi, M, Pletscher, M, Huber, CA, Telser, H, and Schwenkglenks, M. How much does the treatment of each major disease cost? A decomposition of Swiss National Health Accounts. Eur J Health Econ. (2018) 19:1149–61. doi: 10.1007/s10198-018-0963-5 

 3. Blakely, T, Kvizhinadze, G, Atkinson, J, Dieleman, J, and Clarke, P. Health system costs for individual and comorbid noncommunicable diseases: an analysis of publicly funded health events from New Zealand. PLoS Med. (2019) 16:e1002716. doi: 10.1371/journal.pmed.1002716 

 4. GBD Diet Collaborators. Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet. (2019) 393:1958–72. doi: 10.1016/S0140-6736(19)30041-8 

 5. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2 

 6. World Health Organization. Tackling NCDs: 'best buys' and other recommended interventions for the prevention and control of noncommunicable diseases. Geneva: World Health Organization (2017).

 7. World Health Organization. WHO global report on sodium intake reduction. Geneva: World Health Organization (2023).

 8. Bibbins-Domingo, K, Chertow, GM, Coxson, PG, Moran, A, Lightwood, JM, Pletcher, MJ , et al. Projected effect of dietary salt reductions on future cardiovascular disease. N Engl J Med. (2010) 362:590–9. doi: 10.1056/NEJMoa0907355 

 9. Smith-Spangler, CM, Juusola, JL, Enns, EA, Owens, DK, and Garber, AM. Population strategies to decrease sodium intake and the burden of cardiovascular disease: a cost-effectiveness analysis. Ann Intern Med. (2010) 152:481–7. doi: 10.7326/0003-4819-152-8-201004200-00212 

 10. Martikainen, JA, Soini, EJ, Laaksonen, DE, and Niskanen, L. Health economic consequences of reducing salt intake and replacing saturated fat with polyunsaturated fat in the adult Finnish population: estimates based on the FINRISK and FINDIET studies. Eur J Clin Nutr. (2011) 65:1148–55. doi: 10.1038/ejcn.2011.78 

 11. Nghiem, N, Blakely, T, Cobiac, LJ, Pearson, AL, and Wilson, N. Health and economic impacts of eight different dietary salt reduction interventions. PLoS One. (2015) 10:e0123915. doi: 10.1371/journal.pone.0123915 

 12. Wang, M, Moran, AE, Liu, J, Coxson, PG, Penko, J, Goldman, L , et al. Projected impact of salt restriction on prevention of cardiovascular disease in China: a Modeling study. PLoS One. (2016) 11:e0146820. doi: 10.1371/journal.pone.0146820 

 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:e0173600. doi: 10.1371/journal.pone.0173600 

 14. Schorling, E, Niebuhr, D, and Kroke, A. Cost-effectiveness of salt reduction to prevent hypertension and CVD: a systematic review. Public Health Nutr. (2017) 20:1993–2003. doi: 10.1017/S1368980017000593 

 15. Webb, M, Fahimi, S, Singh, GM, Khatibzadeh, S, Micha, R, Powles, J , et al. Cost effectiveness of a government supported policy strategy to decrease sodium intake: global analysis across 183 nations. BMJ. (2017) 356:i6699. doi: 10.1136/bmj.i6699 

 16. Aminde, LN, Phung, HN, Phung, D, Cobiac, LJ, and Veerman, JL. Dietary salt reduction, prevalence of hypertension and avoidable burden of stroke in Vietnam: modelling the health and economic impacts. Front Public Health. (2021) 9:682975. doi: 10.3389/fpubh.2021.682975 

 17. Bertram, MY, Chisholm, D, Watts, R, Waqanivalu, T, Prasad, V, and Varghese, C. Cost-effectiveness of population level and individual level interventions to combat non-communicable disease in eastern sub-Saharan Africa and South East Asia: a WHO-CHOICE analysis. Int J Health Policy Manag. (2021) 10:724–33. doi: 10.34172/ijhpm.2021.37

 18. He, FJ, Brinsden, HC, and MacGregor, GA. Salt reduction in the United Kingdom: a successful experiment in public health. J Hum Hypertens. (2014) 28:345–52. doi: 10.1038/jhh.2013.105 

 19. Barton, P, Andronis, L, Briggs, A, McPherson, K, and Capewell, S. Effectiveness and cost effectiveness of cardiovascular disease prevention in whole populations: modelling study. BMJ. (2011) 343:d4044. doi: 10.1136/bmj.d4044 

 20. Collins, M, Mason, H, O'Flaherty, M, Guzman-Castillo, M, Critchley, J, and Capewell, S. An economic evaluation of salt reduction policies to reduce coronary heart disease in England: a policy modeling study. Value Health. (2014) 17:517–24. doi: 10.1016/j.jval.2014.03.1722 

 21. Alonso, S, Tan, M, Wang, C, Kent, S, Cobiac, L, MacGregor, GA , et al. Impact of the 2003 to 2018 population salt intake reduction program in England: a Modeling study. Hypertension. (2021) 77:1086–94. doi: 10.1161/HYPERTENSIONAHA.120.16649 

 22. Saito, A, Imai, S, Htun, NC, Okada, E, Yoshita, K, Yoshiike, N , et al. The trends in total energy, macronutrients and sodium intake among Japanese: findings from the 1995-2016 National Health and nutrition survey. Br J Nutr. (2018) 120:424–34. doi: 10.1017/S0007114518001162 

 23. Powles, J, Fahimi, S, Micha, R, Khatibzadeh, S, Shi, P, Ezzati, M , et al. Global, regional and national sodium intakes in 1990 and 2010: a systematic analysis of 24 h urinary sodium excretion and dietary surveys worldwide. BMJ Open. (2013) 3:e003733. doi: 10.1136/bmjopen-2013-003733 

 24. Ministry of Health. Labour and welfare. The National Health and nutrition survey in Japan, 2019. Tokyo: Ministry of Health, Labour and Welfare (2020).

 25. Ministry of Health, Labour and Welfare. Overview of the vital statistics of Japan in 2021 (final data) (2022) Available at: https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei21/index.html

 26. Ministry of Health, Labour and Welfare. Overview of national medical care expenditure in 2020 (2022) Available at: https://www.mhlw.go.jp/toukei/saikin/hw/k-iryohi/20/index.html

 27. Ministry of Health, Labour and Welfare. A basic direction for comprehensive implementation of National Health Promotion Tokyo: Ministry of Health, Labour and Welfare ; (2012) Available at: https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000047330.pdf

 28. Ito, S, and Sasaki, S. Dietary reference intakes for Japanese, 2020. Tokyo: Daiichi Shuppan Co (2020).

 29. Japanese Society of Hypertension. Japanese Society of Hypertension Committee for guidelines for the Management of Hypertension. Guidelines for the management of hypertension 2019. Tokyo: Japanese Society of Hypertension (2019).

 30. Ikeda, N, Yamashita, H, Hattori, J, Kato, H, Yoshita, K, and Nishi, N. Reduction of cardiovascular events and related healthcare expenditures through achieving population-level targets of dietary salt intake in Japan: a simulation model based on the National Health and nutrition survey. Nutrients. (2022) 14:3606. doi: 10.3390/nu14173606 

 31. Statistics Bureau of Japan, Ministry of Internal Affairs and Communications. Current population estimates as of October 1, 2019: Statistics Bureau of Japan, Ministry of Internal Affairs and Communications ; (2020) Available at: https://www.stat.go.jp/english/data/jinsui/2019np/index.html

 32. Ministry of Health. Labour and welfare. Overview of the vital statistics of Japan in 2019 (final data). Tokyo: Ministry of Health, Labour and Welfare (2020).

 33. Global Burden of Disease Collaborative Network. Global burden of disease study 2019 (GBD 2019) results Seattle, WA: Institute for Health Metrics and Evaluation (IHME) ; (2020) Available at: https://vizhub.healthdata.org/gbd-results/

 34. Wang, YJ, Yeh, TL, Shih, MC, Tu, YK, and Chien, KL. Dietary sodium intake and risk of cardiovascular disease: a systematic review and dose-response meta-analysis. Nutrients. (2020) 12:2934. doi: 10.3390/nu12102934 

 35. Poggio, R, Gutierrez, L, Matta, MG, Elorriaga, N, Irazola, V, and Rubinstein, A. Daily sodium consumption and CVD mortality in the general population: systematic review and meta-analysis of prospective studies. Public Health Nutr. (2015) 18:695–704. doi: 10.1017/S1368980014000949 

 36. Ministry of Health, Labour and Welfare. Overview of national medical care expenditure in 2019 Tokyo: Ministry of Health, Labour and Welfare ; (2021) Available at: https://www.mhlw.go.jp/toukei/saikin/hw/k-iryohi/19/index.html

 37. International Monetary Fund. (n.d.) IMF data access to macroeconomic & financial data. Available at: https://data.imf.org/?sk=388dfa60-1d26-4ade-b505-a05a558d9a42

 38. Ikeda, N, Takimoto, H, Imai, S, Miyachi, M, and Nishi, N. Data resource profile: The Japan National Health and nutrition survey (NHNS). Int J Epidemiol. (2015) 44:1842–9. doi: 10.1093/ije/dyv152 

 39. Ministry of Education, Culture, Sports, Science, and Technology. Standard tables of food composition in Japan - 2015. 7th ed. Tokyo: (2015).

 40. Hata, J, Tanizaki, Y, Kiyohara, Y, Kato, I, Kubo, M, Tanaka, K , et al. Ten year recurrence after first ever stroke in a Japanese community: the Hisayama study. J Neurol Neurosurg Psychiatry. (2005) 76:368–72. doi: 10.1136/jnnp.2004.038166 

 41. Suzuki, K. Akita Study: Prognosis after stroke. Jpn J Geriatr. (2008) 45:169–71. doi: 10.3143/geriatrics.45.169 

 42. Kitazono, T, Kamouchi, M, Nakane, H, Omae, T, Sugimori, H, Ago, T , et al. Clinical characteristics and outcome of acute ischemic stroke; the Fukuoka stroke registry. Jpn J Stroke. (2010) 32:566–71. doi: 10.3995/jstroke.32.566

 43. Yamagata Society in Treatment for Cerebral Stroke (YSTCS). Risk factors associated with stroke recurrence and death in patients with ischemic stroke of Yamagata prefecture in Japan. Jpn J Stroke. (2014) 36:425–31. doi: 10.3995/jstroke.36.425

 44. Takashima, N, Arima, H, Kita, Y, Fujii, T, Tanaka-Mizuno, S, Shitara, S , et al. Two-year recurrence after first-ever stroke in a general population of 1.4 million Japanese patients- The Shiga stroke and heart attack registry study. Circ J. (2020) 84:943–8. doi: 10.1253/circj.CJ-20-0024 

 45. Wada, J, Ueda, K, and Omae, T. Long-term outcome and recurrent episode of cerebral infarction:a 18-yr prospective study in Hisayama town. Jpn J Stroke. (1983) 5:124–30. doi: 10.3995/jstroke.5.124

 46. Goto, S, Ikeda, Y, Shimada, K, Uchiyama, S, Origasa, H, Kobayashi, H , et al. One-year cardiovascular event rates in Japanese outpatients with myocardial infarction, stroke, and atrial fibrillation. -results from the Japan thrombosis registry for atrial fibrillation, coronary, or cerebrovascular events (J-TRACE). Circ J. (2011) 75:2598–604. doi: 10.1253/circj.CJ-11-0378 

 47. Takashima, N, Arima, H, Kita, Y, Fujii, T, Miyamatsu, N, Komori, M , et al. Incidence, management and short-term outcome of stroke in a general population of 1.4 million Japanese — Shiga stroke registry. Circ J. (2017) 81:1636–46. doi: 10.1253/circj.CJ-17-0177 

 48. Nghiem, N, Wilson, N, and Blakely, T. Technical background to the cardiovascular disease model used in the BODE3 programme. Wellington, New Zealand: Department of Public Health, University of Otago (2015).

 49. Office for National Statistics. Population estimates for the UK, England and Wales, Scotland and Northern Ireland: Mid-2019 (2020) Available at: https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2019estimates#:~:text=The%20UK%20population%20was%20estimated,mid%2D2005%2C%20at%20722%2C000

 50. Fukuda, T, Shiroiwa, T, Ikeda, S, Igarashi, A, Akazawa, M, Ishida, H , et al. Guideline for economic evaluation of healthcare in Japan. J Natl Inst Public Health. (2013) 62:625–40.

 51. Cobiac, LJ, Magnus, A, Lim, S, Barendregt, JJ, Carter, R, and Vos, T. Which interventions offer best value for money in primary prevention of cardiovascular disease? PLoS One. (2012) 7:e41842. doi: 10.1371/journal.pone.0041842 

 52. Laverty, AA, Kypridemos, C, Seferidi, P, Vamos, EP, Pearson-Stuttard, J, Collins, B , et al. Quantifying the impact of the public health responsibility Deal on salt intake, cardiovascular disease and gastric cancer burdens: interrupted time series and microsimulation study. J Epidemiol Community Health. (2019) 73:881–7. doi: 10.1136/jech-2018-211749 

 53. MacGregor, GA, He, FJ, and Pombo-Rodrigues, S. Food and the responsibility deal: how the salt reduction strategy was derailed. BMJ. (2015) 350:h1936. doi: 10.1136/bmj.h1936 

 54. Bhat, S, Marklund, M, Henry, ME, Appel, LJ, Croft, KD, Neal, B , et al. A systematic review of the sources of dietary salt around the world. Adv Nutr. (2020) 11:677–86. doi: 10.1093/advances/nmz134 

 55. Asakura, K, Uechi, K, Masayasu, S, and Sasaki, S. Sodium sources in the Japanese diet: difference between generations and sexes. Public Health Nutr. (2016) 19:2011–23. doi: 10.1017/S1368980015003249 

 56. Ministry of Health, Labour and Welfare. Strategic initiative for a healthy and sustainable food environment (HSFE) Available at: https://sustainable-nutrition.mhlw.go.jp/en

 57. World Health Organization. Global action plan for the prevention and control of noncommunicable diseases 2013–2020. Geneva: World Health Organization (2013).

 58. Santos, JA, Tekle, D, Rosewarne, E, Flexner, N, Cobb, L, al-Jawaldeh, A , et al. A systematic review of salt reduction initiatives around the world: a midterm evaluation of Progress towards the 2025 global non-communicable diseases salt reduction target. Adv Nutr. (2021) 12:1768–80. doi: 10.1093/advances/nmab008 

 59. World Health Organization. WHO global sodium benchmarks for different food categories. Geneva: World Health Organization (2021). 2021 p.

 60. World Health Organization. (n.d.) Global database on the implementation of nutrition action (GINA) Available at: https://extranet.who.int/nutrition/gina/en/home

 61. Association NG. Advanced and excellent case studies towards the realization of a healthy nation (2019) Available at: https://www.nga.gr.jp/item/material/files/group/2/00_zentai_R1.7.pdf

 62. Song, J, Brown, MK, Tan, M, MacGregor, GA, Webster, J, Campbell, NRC , et al. Impact of color-coded and warning nutrition labelling schemes: a systematic review and network meta-analysis. PLoS Med. (2021) 18:e1003765. doi: 10.1371/journal.pmed.1003765 

 63. He, FJ, Li, J, and MacGregor, GA. Effect of longer term modest salt reduction on blood pressure: Cochrane systematic review and meta-analysis of randomised trials. BMJ. (2013) 346:f1325. doi: 10.1136/bmj.f1325 



OPS/images/fnut-10-1227303-t001.jpg
Input parameters

“Total population, all ages

Total deaths, all ages

Mean dietary saltintake,

age > 20years

CVD incidence rate, all
ages

CVD prevalence rate, all

ages

CVD mortality rate, all

ages

Data sources Value:

Population Estimates,
2019 31)

126,197,000 persons

Vital Statistics, 2019
(32)
National Health and

1,381,093 deaths.

10.1 g/day
Nutrition Survey in
Japan, 2019 (24)
Global Burden of
Disease Study 2019
33)

1,203 (1,128-1,283) per
100K

Global Burden of
Disease Study 2019
(33)

13,500 (12,956-14,064)
per 100K

Global Burden of
Disease Study 2019
3)

291 (231-326) per 100K

Changes associated with increases in daily sodium intake

CVD incidence
CVD mortality

National medical

expenditure®

Inpatient care
Outpatient care

Expected reduction of salt

intake over 10years

National media

campaign

Front-of:pack raffic
lightlabeling

Voluntary reformulation

Mandatory

reformulation

Literature (34) 6(1-11) per 1g

Literature (35) 1(0.2-1.7) per 10mmol

Estimates of National
Medical Care
Expenditure, 2019 (36)

34,549,123,934 USD
21,747,546,097 USD

Literature (20)

2% (range, 1-5)

2% (range, 1-5)

15% (range, 5-20)

20% (range, 10-32)

“The expenditures were converted from Japanese yen to USD according to the annual average
exchange rate in 2019 (109.01 JPY per USD) (37).

“Values in parentheses indicate the lower and upper bounds of 95% confidence intervals
unless otherwise noted. CVD, cardiovascular dis






OPS/images/fnut-10-1227303-g003.jpg
2
10 104
n j ]

-10- -10
Heay  AGteCVD  Chiome VD Hedlhy  Acte VD Chiome CVD

c D E
200 200 200]
150 150 150
100 100 100
50 50 504
o o 0-
-50 -50- -50
-100- -100- -100

Healty  Acute CVD Chronic VD Heathy  Acute CVD Chronic CVD Heahy  Acute CVD Chronic CVD





OPS/images/fnut-10-1227303-g004.jpg
Policy effect | F— Policy effect | F—
Discount rate - Discount rate -
RR for CVD incidence - RR for CVD incidence -{
CVDincidence -{ CVD incidence -{
CVD prevalence - CVD prevalence -
CVD mortality - CVD mortality |
RR for CVD mortality -{ RR for CVD mortality -{
0 1000 2000 3000 0 1000 2000 3000
Million USD Milion USD
D
Policy effect| Policy effect =
Discount rate H Discount rate — H
RR for CVD incidence -{ H RR for CVD incidence - H
CVDincidence -{ CVD incidence - L
CVD prevalence -{ CVD prevalence -{ 1]
CVD mortality - CVD mortality - ¥
RR for CVD mortality -{ RR for CVD mortality -{ |
0 1000 2000 3000 0 1000 2000 3000
Million USD Milion USD
Policy effect | ————————
Discount rate H
RR for CVD incidence —{ HH
CVDincidence -{
CVD prevalence -
CVD mortality -
RR for CVD mortality -

0 1000 2000 3000
Million USD





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Economic effects of dietary salt reduction policies for cardiovascular disease prevention in Japan: a simulation study of hypothetical scenarios



		Introduction



		Materials and methods



		Salt reduction policy scenarios



		Modeling framework



		Costs and benefits



		Sensitivity analysis









		Results



		Costs, benefits, and net benefits of salt reduction policies



		Sensitivity analyses









		Discussion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-10-1227303-g001.jpg
Dead





OPS/images/fnut-10-1227303-g002.jpg
500

1,000

Cumulative benefits and net benef

2020 2021 2022 2023 2024 2025
Year

[0 A, benefits [ B, benefits 7 €, benefits

1A, costs 1B, costs [7C, costs

A, net benefits -

B, net benefits

C, net benefits

1,500
2026 2027 2028 2029

D, benefits [0 E, benefits.

1D, costs [T E, costs

D, net benefits

Cumulative costs, million USD

E, net benefits





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Economic effects of dietary salt
reduction policies for
cardiovascular disease prevention
in Japan: a simulation study of
hypothetical scenarios












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






