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ABSTRACT
ObjeCtive
To quantify the cost effectiveness of a government 
policy combining targeted industry agreements and 
public education to reduce sodium intake in 183 
countries worldwide.
Design
Global modeling study.
setting
183 countries.
POPulatiOn
Full adult population in each country.
interventiOn
A “soft regulation” national policy that combines 
targeted industry agreements, government monitoring, 
and public education to reduce population sodium 
intake, modeled on the recent successful UK program. To 
account for heterogeneity in efficacy across countries, a 
range of scenarios were evaluated, including 10%, 30%, 
0.5 g/day, and 1.5 g/day sodium reductions achieved 
over 10 years. We characterized global sodium intakes, 
blood pressure levels, effects of sodium on blood 
pressure and of blood pressure on cardiovascular 
disease, and cardiovascular disease rates in 2010, each 
by age and sex, in 183 countries. Country specific costs 
of a sodium reduction policy were estimated using the 
World Health Organization Noncommunicable Disease 
Costing Tool. Country specific impacts on mortality and 
disability adjusted life years (DALYs) were modeled using 
comparative risk assessment. We only evaluated 
program costs, without incorporating potential 
healthcare savings from prevented events, to provide 
conservative estimates of cost effectiveness
Main OutCOMe Measure
Cost effectiveness ratio, evaluated as purchasing 
power parity adjusted international dollars (equivalent 
to the country specific purchasing power of US$) 
per DALY saved over 10 years.

results
Worldwide, a 10% reduction in sodium consumption 
over 10 years within each country was projected to avert 
approximately 5.8 million DALYs/year related to 
cardiovascular diseases, at a population weighted 
mean cost of I$1.13 per capita over the 10 year 
intervention. The population weighted mean cost 
effectiveness ratio was approximately I$204/DALY. 
Across nine world regions, estimated cost effectiveness 
of sodium reduction was best in South Asia (I$116/
DALY); across the world’s 30 most populous countries, 
best in Uzbekistan (I$26.08/DALY) and Myanmar 
(I$33.30/DALY). Cost effectiveness was lowest in 
Australia/New Zealand (I$880/DALY, or 0.02×gross 
domestic product (GDP) per capita), although still 
substantially better than standard thresholds for cost 
effective (<3.0×GDP per capita) or highly cost effective 
(<1.0×GDP per capita) interventions. Most (96.0%) of 
the world’s adult population lived in countries in which 
this intervention had a cost effectiveness ratio 
<0.1×GDP per capita, and 99.6% in countries with a 
cost effectiveness ratio <1.0×GDP per capita.
COnClusiOn
A government “soft regulation” strategy combining 
targeted industry agreements and public education to 
reduce dietary sodium is projected to be highly cost 
effective worldwide, even without accounting for 
potential healthcare savings.

Introduction
Excessive sodium consumption is common and linked to 
cardiovascular burdens in most countries. Overall, 181 
of 187 countries, representing 99.2% of the global adult 
population, have mean sodium intakes exceeding the 
World Health Organization recommended maximum of 
2 g/day.1  Based on this threshold, an estimated 1 648 000 
annual deaths from cardiovascular diseases worldwide 
were attributable to excess dietary sodium in 2010.2  
Accordingly, the 2013 United Nations’ Global Action 
Plan for the Prevention and Control of Noncommunica-
ble Diseases has prioritized sodium reduction as one of 
nine key targets for all member nations in 2013-20.3

A potential barrier for implementation of this recom-
mendation is cost. Many countries have limited 
resources for health interventions, requiring careful 
assessment of costs and cost effectiveness. Several 
countries now have national programs that include a 
specific aim of reducing population sodium intake; for 
instance, as of 2012, 29 European nations, consisting of 
all EU Member States as well as Norway and Switzer-
land, had salt reduction initiatives in place.4  Yet the 
cost effectiveness of such efforts globally is uncertain. 
While prior studies have estimated sodium reduction 

WhAT IS AlReAdy knoWn on ThIS TopIC
In prior research in a limited number of high income nations, national policies to 
reduce excess sodium intake have been estimated to be highly cost effective for 
reducing hypertension and cardiovascular disease
For most countries, the cost effectiveness of a national policy intervention to reduce 
sodium intake is unknown

WhAT ThIS STudy AddS
We found that a government “soft regulation” strategy combining targeted industry 
agreements and public education to reduce population sodium intake by 10% over 
10 years would be extremely cost effective in nearly all of 183 nations evaluated
This would result in an average cost effectiveness ratio (not accounting for potential 
healthcare savings from averted events) of I$204/disability adjusted life year
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policies to be highly cost effective, or even cost saving, 
in specific countries, the potential cost effectiveness of 
such strategies has been analyzed for only a handful of 
nations and regions, mostly focused on high income 
nations, and in ways that are not generally comparable.5-14

To address this key gap in knowledge, we assessed the 
cost effectiveness of sodium reduction strategies in 183 
nations, based on the most up to date available data on 
age specific and sex specific sodium intakes, blood pres-
sure levels, and cardiovascular disease burdens world-
wide, the dose-response effects of sodium on blood 
pressure and of blood pressure on cardiovascular disease, 
and nation specific costs for each component of the inter-
vention. Together, these allowed us to model and estimate, 
using comparable and consistent methods, the cost effec-
tiveness of sodium reduction strategies for every country.

Methods
sodium reduction intervention
We modeled the effects and costs of a 10 year government 
“soft regulation” policy to reduce population sodium 
consumption (see supplementary eTable 1 for details of 
the model assumptions). The intervention program was 
modeled on recent experience in the UK15 and included 
government supported industry agreements to reduce 
sodium in processed foods, government monitoring of 
industry compliance, and a public health campaign tar-
geting consumer choices. In the UK, for example, this 
intervention was based on collaboration between 
national government offices focused on nutrition (Food 
Standards Agency) and health (ministers of public 
health), together with non-governmental advocacy orga-
nizations (Consensus Action on Salt & Health). The pro-
gram applied sustained pressure on food manufacturers 
to pursue progressive reformulation, reinforced by food 
group specific targets, independent monitoring, and a 
sustained media campaign against excess salt intake. 
The program we modeled was thus more robust and 
costly than simple “voluntary reformulation.”

We assumed the intervention would scale up linearly 
over 10 years, with one 10th of the total sodium reduc-
tion in the first year, two 10ths in the second, and so on, 
reaching full efficacy in the final year. We recognized 
that alternative programs, such as mandatory regula-
tion, would likely have larger effects, reduce sodium 
consumption more quickly, and at lower cost, but may 
be less politically feasible in many countries.

intervention costs
Country specific resource needs and costs were derived 
using the WHO-CHOICE database,16  which includes 
detailed component specific estimates of inputs (ingre-
dients) required for each intervention stage for each 
country’s government and the estimated unit price for 
each input in that country including for example costs 
of human resources, training, meetings, supplies, 
equipment, and mass media (see supplementary 
eMethods). To facilitate comparisons between coun-
tries, we converted all costs to international dollars (I$) 
(see supplementary eMethods), which account for each 
nation’s currency as well as purchasing power parity.17 

One I$ in any given country can be interpreted as the 
funds needed to purchase the same amounts of goods 
or services in that country as one US$ would purchase 
in the US. For countries with lower incomes than the 
US, conversion of our findings from I$ to US$ would 
substantially increase the apparent cost effectiveness 
(ie, the cost in US$ per disability adjusted life year 
(DALY) saved would be much lower). We summed costs 
by year to calculate the total cost of the 10 year interven-
tion for each country, with 3% annual discounting.

We modeled only governmental intervention costs, for 
several reasons. First, this cost is most relevant to budget 
constrained governments, since the program cost must 
be borne directly and immediately. Second, net industry 
sector costs for product reformulation in each country 
would be difficult to determine because once the relevant 
reformulation has been undertaken in any single coun-
try, the knowledge of that reformulation can be extended 
with much less additional cost to other countries. For 
example, multinational companies transfer improved 
recipes and reformulation strategies across borders with 
no cost, as do food scientists moving between firms, and 
so on. Third, in contrast to recent US models,10 11  we did 
not include estimated healthcare savings or increased 
productivity from prevented cardiovascular disease 
events because such savings could, in theory, be partly 
offset by new downstream health events resulting from 
enhanced survival18 19 and because comparable health-
care and productivity costing data are available for a 
minority of countries globally. Because including such 
cost savings would be optimal according to many cost 
effectiveness guidelines, our results for overall cost effec-
tiveness should be considered a conservative estimate.

Heterogeneity in intervention costs and 
effectiveness
Though the WHO costing framework already accounted 
for some sources of variation by country in terms of 
resources required and nation specific costs, we recog-
nized that details of planning, development, and imple-
mentation might further vary from country to country 
beyond what is captured by the costing tool. We also 
recognized that achieved effectiveness would vary from 
country to country. Our base model assumed an average 
cost of this framework (already adjusted for in-country 
differences in resource use and costs, according to the 
WHO costing tool), and an average effectiveness. To 
understand the robustness of our findings to these 
assumptions, we tested widely varying costs—including 
variations in resource use and cost of between 0.25-fold 
and fivefold the base—and varying intervention effec-
tiveness, including 10% and 30% proportional reduc-
tions and 0.5 g/day and 1.5 g/day absolute reductions in 
sodium intake over 10 years. Plausible intervention 
effectiveness was informed by experiences in the UK, 
which achieved a 14.7% (0.6 g/day) reduction in popu-
lation sodium intake over 10 years,20  and Turkey, which 
reported a more rapid 16% (1.2 g/day) reduction over 
four years.21 Together, these findings provided a broad 
range of possible scenarios against which to evaluate 
the cost effectiveness of the intervention.
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intervention impact on DalYs
Using data on population demographics, sodium con-
sumption, blood pressure levels, and rates of cardiovas-
cular disease, each in 26 strata by age and sex within 
each country,2  we estimated the number of disability 
adjusted life years that would be averted by the inter-
vention in each country for each year between 2011 and 
2020. Risk reduction in each age-sex-country stratum 
was calculated from the effect of sodium reduction on 
systolic blood pressure, including variation in this 
effect by age, race, and hypertensive status; and the 
effect of blood pressure reduction on cardiovascular 
disease, including variation in this effect by age.2 The 
final comparative risk assessment model incorporated 
each of these sources of heterogeneity, as well as their 
uncertainty. Stratum specific effects, accounting for 
underlying demographics and baseline cardiovascular 
disease rates, were summed to derive national (or 
regional) effects (see supplementary eMethods for 
details on these inputs and their modeling).

While some prior observational studies suggest a 
J-shaped relation between sodium intake and cardiovas-
cular disease,22  this could be explained by potential 
biases of sodium assessment in observational studies (see 
supplementary eMethods).23  In extended follow-up of 
sodium reduction trials that overcame many of these lim-
itations, linear risk reductions were seen, including lower 
risk with intakes less than 2.3 g/day.24  We recognized that 
while the precise optimal level of sodium intake remains 
controversial, every major national and international 
organization that has reviewed all the evidence has con-
cluded that high sodium intake increases cardiovascular 
disease risk and that lowering sodium intake reduces 
such risk, with optimal identified intakes ranging from 
less than 1.2 g/day to less than 2.4 g/day.2  We used an opti-
mal intake of 2.0 g/day (WHO) for our main analysis. For 
any sodium reductions below this level, we modeled nei-
ther additional benefit nor risk, consistent with recent 
Institute of Medicine conclusions.25 In sensitivity analy-
ses, we also evaluated lower (1.0 g/day) and higher (3.0 g/
day) thresholds for optimal intake.

Our modeling further utilized known strengths of 
blood pressure as “an exemplar surrogate endpoint for 
cardiovascular mortality and morbidity.”26  Prospective 
cohort studies suggest log-linear associations between 
systolic blood pressure and cardiovascular disease 
events, down to around 110 mm Hg27 ; and randomized 
controlled trials indicate that benefits of blood pressure 
lowering interventions are largely proportional to the 
magnitude of blood pressure reduction, rather than the 
specific intervention, with similar proportional reduc-
tions in cardiovascular disease events down to pretreat-
ment blood pressures of around 110 mm Hg.27-29 In our 
model, we assumed a log-linear dose-response between 
blood pressure and cardiovascular disease until a sys-
tolic blood pressure level of 115 mm Hg, below which we 
assumed no further lowering of risk. Given the relatively 
rapid reductions in cardiovascular disease events in 
randomized trials of blood pressure lowering therapies, 
and the prolonged period of our intervention (10 years), 
we did not model any lag and assumed concurrent 

gradual benefits in both blood pressure reduction and 
cardiovascular disease.

Cost effectiveness ratios
To calculate the cost effectiveness ratio for each coun-
try, we divided the total effect on DALYs by the total cost 
of the intervention over 10 years. We compared these 
cost effectiveness ratios to WHO benchmarks, which 
define a cost effectiveness ratio <3×gross domestic 
product (GDP) per capita as cost effective, and <1×GDP 
per capita as highly cost effective.30  We appreciated the 
potential limitations of these WHO benchmarks31 
yet also their practicality for multinational studies such 
as this. To quantify statistical uncertainty, we used 
probabilistic sensitivity analyses based on 1000 Monte 
Carlo simulations to derive 95% uncertainty intervals, 
with varying inputs for sodium use, blood pressure lev-
els, effects of sodium on blood pressure, and effects of 
blood pressure on cardiovascular disease (see supple-
mentary eMethods).

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
developing plans for design or implementation of the 
study. No patients were asked to advise on interpreta-
tion or writing up of results. There are no plans to dis-
seminate the results of the research to study participants 
or the relevant patient community.

Results
Cost effectiveness of sodium reduction by national 
income level and region
Taking into account local prices, currencies, and pur-
chasing power, the relative contributions of each inter-
vention component to the total 10 year cost differed 
appreciably between countries (see supplementary 
eFigure 1). For instance, costs of supplies and equip-
ment, meetings, and training were uniformly low (aver-
aging I$0.01 per capita, I$0.01 per capita, and I$0.04 
per capita, respectively), whereas costs of human 
resources and mass media were much higher and more 
variable across countries. Globally, average purchasing 
power parity adjusted costs for human resources (per-
sonnel salaries) were I$0.27 per capita, but with a nine-
fold range comparing high income (I$0.93) with low 
income (I$0.10) countries. Human resources were most 
costly in Australia/New Zealand (I$1.26 per capita), 
Western Europe (I$1.03), and Canada/US (I$0.82); and 
lowest in South Asia (I$0.06). Mass media costs were 
generally the most expensive component of the inter-
vention: I$0.80 per capita globally, I$1.07 for high 
income nations, and I$0.44 for low income nations. 
They represented the most costly component of the 
intervention in every region except for Australia/New 
Zealand, Canada/US, and Western Europe, where 
human resources was the most costly component.

Globally, the estimated average cost effectiveness 
ratio of the 10 year intervention was approximately 
I$204 per DALY saved (95% uncertainty interval I$149 to 
I$322) (table 1). This did not include potential savings 
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from lower healthcare costs or higher productivity 
owing to averted cardiovascular disease events, which 
would each further improve the estimated cost effec-
tiveness. The estimated cost effectiveness ratio was low-
est (best) in lower middle income (I$111, I$81 to I$175) 
and upper middle income countries (I$146, I$109 to 
I$223), higher in low income countries (I$215, I$139 to 
I$400), and highest in high income countries (I$465, 
I$341 to I$724). By region, the lowest cost effectiveness 
ratios were in South Asia and East/Southeast Asia 
(I$116 and I$123, respectively). In Central Asia/Eastern 
and Central Europe, high intervention efficacy partly 
offset its higher projected cost, generating the next best 
cost effectiveness ratio (I$211, I$157 to I$324).

effectiveness, cost, and cost effectiveness by 
country
Across individual countries, the estimated intervention 
efficacy, in terms of DALYs averted per 1000 people, was 
highest in Kazakhstan (23.0, 95% uncertainty interval 
15.6 to 29.8), Georgia (21.6, 14.3 to 28.3), Belarus (19.8, 

12.8 to 26.9), Ukraine (19.0, 12.3 to 25.9), Mongolia (18.9, 
12.1 to 25.0), and Russia (18.8, 12.2 to 25.5) (see supple-
mentary eTable 3). The relative rankings of these 
nations should be considered in the context of the 
uncertainty in the estimates that preclude, for example, 
confirming statistically significant differences in effi-
cacy between Kazakhstan and Russia. Yet, the range of 
estimated efficacy across the 183 nations was large—for 
example, compared with the countries above, much 
lower in Jamaica (1.9, 1.1 to 2.7), Qatar (1.4, 0.8 to 1.9), 
Rwanda (1.3, 0.6 to 2.3), and Kenya (0.4, 0.2 to 0.7).

Per capita, estimated 10 year intervention cost was 
lowest in Myanmar, Vietnam, Democratic People’s 
Republic of Korea (each I$0.31), Thailand (I$0.33), 
Nepal (I$0.40), and Uzbekistan (I$0.41) (see supple-
mentary eTable 3). A total of 68 countries had estimated 
10 year intervention costs of less than I$1.00 per capita. 
For 84 countries, estimated costs were between I$1.00 
and I$9.99, for 19 countries, between I$10 and I$29.99, 
and for 12, greater than I$30.

Estimated national cost effectiveness ratios were cor-
respondingly variable (fig 1). Uzbekistan’s was lowest 
(best) at I$26.08/DALY (95% uncertainty interval 20.08 
to 39.02), followed by Myanmar (I$33.30, 25.10 to 50.46). 
Twenty eight countries had estimated cost effectiveness 
ratios below I$100/DALY, and 112 more, below I$1000/
DALY. Eleven nations, all small, had estimated cost 
effectiveness ratios between I$10 000 and I$30 000/
DALY (see supplementary eTable 3).

WHO benchmarks for cost effectiveness
In comparison with WHO benchmarks (cost effective-
ness ratio <3×GDP per capita is cost effective, <1×GDP 
per capita, highly cost effective),30  the 10 year sodium 
reduction intervention was estimated to be highly cost 
effective globally. Across all 183 countries, the esti-
mated cost effectiveness ratio of this policy intervention 
was >3×GDP per capita in only one nation (Marshall 
Islands: 4.7×GDP per capita), between 3×GDP per capita 
and 1×GDP per capita in six nations (Kenya, Tonga, Kiri-
bati, Samoa, Micronesia, Comoros), and highly cost 
effective in all other nations (fig 2 ). Indeed, in 130 coun-
tries, representing more than 96% of the world’s popu-
lation, the estimated cost effectiveness ratio was 
<0.1×GDP per capita, far below usual cost effectiveness 
thresholds. This included each of the world’s 20 most 
populous countries (fig 3).

Potential heterogeneity of effectiveness and costs
A national policy intervention to reduce sodium intake 
remained highly cost effective globally and by world 
region when we considered alternative effectiveness 
(proportional reduction of 30%, absolute reduction of 
0.5 g/day or 1.5 g/day); and alternative thresholds of 
optimal intake (the level at which further sodium reduc-
tion produces no further health benefits) of 3.0 g/day or 
1.0 g/day (table 2). Generally, achieving larger sodium 
reduction targets (eg, 30%, 1.5 g/day) was more cost 
effective (see supplementary eFigure 2), but even mod-
est achieved reductions (10% or 0.5 g/day over 10 years) 
were highly cost effective. Under any of these scenarios, 

30 100 800
Cost e�ectiveness ratio (I$/DALY)

5000 30 000

Fig 1 | Cost effectiveness (purchasing power adjusted i$/disability adjusted life year) by 
country of a national policy intervention to reduce sodium consumption by 10%

0.005 0.1 531
Cost e�ectiveness ratio (I$/DALY per national GDP)

Fig 2 | Cost effectiveness (purchasing power adjusted i$/disability adjusted life year (DalY) 
as a multiple of gross domestic product (gDP) per capita) by country of a national policy 
intervention to reduce sodium consumption by 10%
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the estimated cost effectiveness ratio was <0.05×GDP 
per capita in nearly every world region. In Sub-Saharan 
Africa, owing to generally low sodium intakes in that 
region, the estimated cost effectiveness ratio was 
<0.1×GDP per capita when the optimal intake threshold 
was 1.0 g/day or 2.0 g/day, but up to 6.0×GDP per capita 
when it was assumed to be 3.0 g/day.

As expected, cost effectiveness ratios were sensitive 
to variations in estimated intervention cost. We evalu-
ated the proportion of the world’s adult population liv-
ing in countries with a cost effectiveness ratio (I$/DALY) 
<0.05×GDP per capita and <0.5×GDP per capita, for 
varying intervention costs that were 25%, 50%, 150%, 
200%, or 500% of baseline cost estimates (see supple-
mentary eFigure 3). For a 10% reduction in sodium 
intake, under the base case scenario for cost estimates, 
89% of the global adult population would live in coun-
tries with a cost effectiveness ratio <0.05×GDP per cap-
ita. This decreased to 23% of the global adult population 
if costs were fivefold higher, 68% if costs were twofold 
higher, and 85% if costs were 1.5-fold higher. In con-
trast, 96% of the global adult population would live in 
countries with a cost effectiveness ratio <0.05×GDP per 
capita if costs were half as large, and 99% if costs were 
one quarter as large. For a 30% reduction in sodium 
intake, the corresponding figures for a benchmark of 
<0.05×GDP per capita were 85%, 92%, 96%, 98%, 
99.1%, and 99.3% of the global adult population based 
on intervention costs that were 500%, 200%, 150%, 
50%, or 25% of the baseline cost estimates, respectively. 
We also made comparisons against a cost effectiveness 
ratio benchmark <0.5×GDP per capita, still substan-
tially below the WHO criterion of 1×GDP per capita as 
highly cost effective. For a 10% reduction in sodium 

intake, even if the intervention costs were fivefold 
greater than the baseline estimate, 96% of the world’s 
population would live in countries with a cost effective-
ness ratio <0.5×GDP per capita; and for a 30% reduction 
in sodium intake, 99% would.

discussion
We found that a government “soft regulation” policy 
intervention to reduce national sodium consumption 
by 10% over 10 years was projected to be highly cost 
effective in nearly every country in the world (<1×gross 
domestic product (GDP) per capita per disability life 
year (DALY) saved), and remarkably cost effective 
(<0.05×GDP per capita per DALY) in most countries. 
Hundreds of thousands of deaths, and millions of 
DALYs, were estimated to be potentially averted annu-
ally, at low cost.

Comparison with other prevention strategies
These cost effectiveness ratios compare very favorably 
with other prevention strategies. For example, “best 
buy” pharmacologic interventions to reduce cardiovas-
cular disease in high income countries have much 
higher estimated cost effectiveness ratios, such as 
$21 000/DALY or more for primary prevention with sta-
tin drugs and $6000/DALY or more for secondary pre-
vention with β blockers.32 33  By contrast, for this 
national government supported intervention to reduce 
sodium intake by 10% over 10 years, we project an aver-
age cost effectiveness ratio of I$465/DALY in high 
income countries. Similarly, our projected cost effec-
tiveness ratio of I$143/DALY in low income and middle 
income countries compares favorably with an estimated 
cost effectiveness ratio of I$900/DALY for a cardiovas-
cular disease combination pill (“polypill”) targeted at 
high risk people in developing countries.34  Notably, 
most of these prior pharmacologic cost effectiveness 
ratios included estimated health savings from averted 
cardiovascular disease events, which produces substan-
tially more favorable cost effectiveness ratios than if esti-
mated health savings are omitted, as in our analysis.33 34

Our novel results, together with prior studies in 
selected countries,5-14  provide evidence that a national 
policy for reduction in sodium intake is highly cost 
effective, and substantially more so than even highly 
cost effective medical prevention strategies. This advan-
tage likely arises from several factors. This policy is rel-
atively inexpensive to implement, utilizing system wide 
“soft regulation” rather than provision of individual 
level medical care. It also decreases cardiovascular risk 
at a population level, such that even small changes in 
distributions of risk factors translate into large clinical 
benefits,35 as compared with more intensive strategies 
delivered only to a subset of people. Thus, there are 
meaningful “returns to scale” on both the cost side and 
the effect side. This suggests that a national reduction 
in sodium intake is a “best buy” for governments, 
deserving careful consideration for adoption by coun-
tries worldwide.

Despite differences in modeling methods, other stud-
ies of sodium reduction interventions in selected 
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Fig 3 | affordability of a national policy intervention to reduce sodium consumption by 10% 
in the world’s 20 most populous countries. each point represents the cost effectiveness of 
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country’s gross domestic product (gDP) per capita (i$), adjusted for purchasing power. the 
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nations have also found them to be extremely cost effec-
tive.5 9-11 13  Many of these prior analyses incorporated 
estimated health system savings from averted cardio-
vascular disease events, which generally rendered the 
interventions not only cost effective but also actually 
cost saving—that is, with dominant cost effectiveness 
ratios less than zero. For example, one analysis in the 
US estimated that a 0.4 g/day (about 11%) sodium 
reduction over 10 years would save from $4bn to $7bn 
in healthcare costs.10  Some analyses further accounted 
for productivity gains from reduced morbidity and mor-
tality from cardiovascular disease, further increasing 
cost savings. Investigations that, like ours, calculated 
only intervention costs and DALYs averted, without 
including any estimates of health system savings, 
arrived at similar cost effectiveness ratios for compara-
ble regions (eg, I$561 for western Europe36 versus our 
cost effectiveness ratio of I$477 in that region).

Our investigation builds on and substantially extends 
such prior analyses of potential sodium reduction inter-
ventions in several important respects. First, most 
included only a single high income nation.5 10 11 13  One 
prior analysis included 23 more varied nations but only 
estimated averted deaths, rather than DALYs,7 prevent-
ing comparison with other cost effectiveness ratios. In 
contrast with prior analyses, we also jointly incorpo-
rated heterogeneity in blood pressure effects of sodium 
reduction by age, race, and hypertensive status, provid-
ing more accurate estimates for the impact on cardio-
vascular disease. Additionally, our analysis of 183 
countries using consistent methods enabled us to 
explore sources of heterogeneity and sensitivity in esti-
mated cost effectiveness across diverse nations and 
regions.

sources of heterogeneity
Differences in intervention costs were one of the major 
drivers of varying cost effectiveness ratios. The large 
variation of human resource and mass media costs 
across countries suggests potential savings from multi-
national efforts to reduce sodium intake, which could 
benefit from economies of scale. For instance, the new 
European Union Salt Reduction Framework, which 
monitors national sodium reduction initiatives and 
supports implementation efforts across multiple mem-
ber nations,4  could be emulated elsewhere. Consistent 
with the relevance of scale, the 20 countries with high-
est per capita intervention costs all had national popu-
lations of less than 500 000 adults. The higher cost of 
mass media, compared with other intervention compo-
nents, further suggests a need for research on how best 
to target such resources. The recent finding37  that salt 
reduction in the UK arose largely from product reformu-
lation rather than changes in consumer choice suggests 
that, in countries where most dietary sodium comes 
from processed food (eg, 77% in the US38 ), the robust-
ness and compliance with industry targets may be more 
relevant than mass media components. On the other 
hand, public awareness of sodium in foods and health 
effects could be essential for generating sufficient pub-
lic and policy maker pressure on industry to meet stated 

targets. In nations with lower proportions of manufac-
tured food, industry focused efforts might lead to 
smaller absolute reductions in sodium intake. Yet many 
such countries also have lower baseline levels of 
sodium consumption,1 so that proportional reductions 
might be similar. In comparison, for certain Asian 
nations such as China, substantial amounts of sodium 
are added at home, making education and media efforts 
more relevant. Nevertheless, even with an up to fivefold 
increase in total costs, our multinational investigation 
suggests that a government supported program to 
reduce sodium intake would be highly cost effective for 
nearly every country in the world.

Our findings were robust to differing thresholds for 
optimal sodium intake. While the precise optimal level 
of sodium intake remains uncertain,25  to our knowledge 
ours is the first cost effectiveness analysis to evaluate 
the relevance of this uncertainty to policy. We found 
that this threshold influences relative cost effectiveness 
only in countries with the lowest intakes, with little 
effect in most others. For example, cost effectiveness 
ratios increase notably in Sub-Saharan Africa when the 
threshold is raised from 2.0 g/day to 3.0 g/day, but rela-
tively little in most other nations (table 2).

strengths and limitations of this study
Our analysis has several strengths. The model used 
comparable and consistent methods to estimate cost 
effectiveness in 183 countries, including contemporary 
data on age, sex, and nation specific distributions of 
sodium consumption, blood pressure, and rates of car-
diovascular disease. Blood pressure effects of sodium 
reduction were derived from meta-analysis of random-
ized trials, accounting for differences by age, race, and 
hypertension; and the cardiovascular effects of blood 
pressure lowering from pooled analysis of prospective 
studies, accounting for age. The modeled intervention 
included a realistic scale-up trajectory and target 
sodium reduction. The cost estimates incorporated 
country specific demographic, economic, and health 
data, together with results from cross country non-
traded input price regressions, to produce credible esti-
mates of national prices. We incorporated uncertainty 
in multiple input parameters (measures of sodium 
exposure, distributions of blood pressure, effects of 
sodium on blood pressure, effects of blood pressure on 
cardiovascular disease) by multi-way probabilistic 
Monte Carlo simulations, and additional uncertainty in 
intervention effectiveness and intervention costs by 
separate sensitivity analyses. 

Potential limitations should be considered. The esti-
mates of sodium consumption, blood pressure levels, 
and rates of cardiovascular disease were based on raw 
data covering most but not all of the global population, 
with hierarchical estimation of the remainder.1 39 40  Our 
estimates of health benefits accounted only for cardio-
vascular disease, whereas high sodium intake is also 
associated with vascular stiffness, renal dysfunction, 
and stomach cancer, independent of blood pressure lev-
els.41-43  We did not account for possible unintended con-
sequences of the intervention, such as changes in 
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population choices of overall foods consumed. We did 
not model health system savings from averted 
 cardiovascular disease events. Better cardiovascular 
health may produce compression of disease and costs 
into the last years of life, reducing overall morbidity and 
lifetime costs, but modeling such potential health tran-
sitions and treatment costs for every nation globally is 
not yet feasible. We did not evaluate potential effects on 
disparities within countries; for instance, food product 
reformulation to reduce sodium intake in England has 
been estimated to reduce socioeconomic inequalities in 
cardiovascular disease.44  Our models are based on a 10 
year intervention period including planning, develop-
ment, and staged implementation. Over the longer term, 
intervention costs may decrease, while lifetime health 
benefits might also increase. Thus, these findings 
should be considered a platform on which to base inter-
mediate term policies, recognizing that longer term 
effectiveness should also be evaluated. Our assumptions 
about intervention implementation may differ in various 
real world situations, producing larger or smaller costs 
and effect sizes. However, our analyses of the sensitivity 
of our findings to variations in costs and effectiveness 
demonstrated that overall cost effectiveness was highly 
robust to alternative assumptions. We did not evaluate 
other potential strategies to reduce sodium intake, such 
as mandatory quality standards, taxation, complemen-
tary state or community initiatives, or multi-component 
approaches, such as seen in Japan and Finland.45-47 
These might produce similar or even greater reductions 
in sodium intake at less cost, but are also perhaps less 
feasible in certain nations.

Conclusions
Even without incorporating potential healthcare sav-
ings from averted events, we found that a government 
supported, coordinated national policy to reduce popu-
lation sodium intake by 10% over 10 years would be 
cost effective in all and extremely cost effective in nearly 
all of 183 nations evaluated.
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