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ABSTRACT

Key words

Objective. Estimate the cost-utility ratio of an intervention to reduce dietary salt intake in
people over the age of 35 in Argentina.

Methods. The intervention consisted of reducing salt content in food by 5% to 25%. A
simulation model was used to measure the impact of policies on heart disease in order to predict
incidence, prevalence, mortality, and cost trends for heart and cerebrovascular disease in the
population aged 35-84. The intervention modeled the impact and costs of a 3-gram reduction
in dietary salt intake by reducing the amount of salt in processed food and salt added to food
by the participants themselves over a 10-year period. Changes in event occurrence during
this period and gains in quality-adjusted life years (QALY) were estimated in high- and low-
impact scenarios.

Results. The intervention generated a net savings of US$ 3 765 million and a gain of
656 657 QALY in the high-impact scenario and a savings of US$ 2 080 million and 401 659
QALY in the low-impact scenario. The result would be reductions in the incidence of heart
disease (24.1%), acute myocardial infarction (21.6%), and stroke (20.5%), as well as in
mortality from heart disease (19.9%) and all causes (6.4%). Benefits were observed for all age
groups and both genders.

Conclusions. Implementing this strategy to reduce salt intake would produce a very
positive health impact, both in QALY gains and savings in economic resources.

Sodium, dietary; cardiovascular diseases; cost-benefit analysis; Argentina.

1 National Ministry of Health, Buenos Aires, Ar-
gentina. Send correspondence to Daniel Ferrante,
dferrante@masl.gov.ar

2 Center for the Study of State and Society, Buenos
Aires, Argentina.

3 Division of General Internal Medicine, Department
of Medicine, University of California, San Francisco,
California, United States of America.

4 Division of General Internal Medicine, Department
of Medicine, Columbia University, New York, New
York, United States of America.

5 College of Physicians and Surgeons, Columbia
University, New York, New York, United States of
America.

Cardiovascular diseases have become
the leading cause of death and disability

In Argentina, 28.8% of the new cases
of heart disease in men and 27.3% of

in many developing countries (1, 2). In
Argentina, these diseases cause 32% of all
deaths and are one of the leading causes
of mortality. They are also responsible
for nearly half of the deaths that occur
during the productive age of life (3). In re-
cent years, prevalence of hypertension and
smoking has remained high in Argentina.
In addition, prevalence of diabetes, obesity,
and sedentary lifestyle has increased (4).

new cases in women (5) can be attributed
to hypertension. One important factor
that causes elevated blood pressure is
sodium intake. It is estimated that 25%
of the Argentine population always adds
salt to its food (4) and measurements of
urinary sodium excretion indicate that
approximately 10 g of salt are consumed
daily (6). Although this study has limita-
tions and direct national measurements
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of salt intake have not been performed,
there is a consensus that in Argentina
consumption is more than the 5 g daily
intake that is recommended as the maxi-
mum amount (6).

The World Health Organization
(WHO) recommends reduction of di-
etary salt as a cost-effective strategy that
can reduce morbidity and mortality due
to cardiovascular disease in developing
countries (7).

A linear relationship has been de-
scribed between reduced dietary salt and
lower blood pressure. According to some
studies, if salt intake were reduced by
3 g a day the decrease in blood pressure
achieved would be up to 5.6 mm Hg in
persons with hypertension and persons
over 65 years of age, and 3.5 mm Hg in
the general population (8, 9).

Initiatives to reduce the salt content of
processed food as well as communica-
tion and educational strategies to reduce
daily salt intake have been implemented
with successful results in industrialized
countries such as Great Britain and the
United States (10-12). The reduced salt
intake that can be achieved by imple-
mentation of national policies may be
greater than that attained as a result of
the advice given by health care profes-
sionals (13).

With the strong support of interna-
tional, academic, and nongovernmen-
tal organizations, Argentina is imple-
menting interventions that could have a
positive effect on health. The Argentina
Saludable (Healthy Argentina) national
plan, for example, includes three main
areas of population-based interventions:
control of tobacco consumption, healthy
diet, and active lifestyle (14). The Menos
Sal Mds Vida (Less Salt More Life) initia-
tive, which aims to reduce salt intake,
is one of the components of this plan.
However, the cost-utility ratio of this
intervention has not been calculated,
which is necessary for those responsible
for implementing health policies as well
as those in charge of decision-making
about this matter.

The objective of this study was to esti-
mate the cost-utility ratio of an interven-
tion that aims to reduce the dietary salt
intake of persons over 35 years of age in
Argentina.

MATERIALS AND METHODS
A cost-utility analysis was performed

in terms of the increase in quality-ad-
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justed life years (QALY) that would oc-
cur as a result of a 3 g daily reduction in
salt. This reduction, estimated through
simulation models, would be achieved
as a result of implementation of policies
that aim to reduce the salt content of
processed food and decrease the amount
of salt added by consumers (interven-
tion), compared to the current situation
(without intervention).

Description of the intervention

The intervention was based on agree-
ments recently reached with represen-
tatives of the Argentine food industry
so that—initially voluntarily and then
through regulations—the salt content
of their products is reduced by 5-25%
according to the food group the product
belongs to. These agreements, which
stipulate progressive reduction of salt
(or sodium) intake with initial goals of
reduction in 2-4 year periods, include
food categories that contribute a signifi-
cant percentage of the salt consumed in
the normal diet (e.g., bread products,
meat products, canned foods, soups,
dressings). The gradual reductions that
are planned take into account health im-
pact as well as technological feasibility
and consumer adaptation. The interven-
tion also includes mass media education
of the population in order to reduce the
amount of salt used in home-prepared
food (15).

Model of impact on heart disease and
cerebrovascular disease

In order to estimate the impact of in-
tervention, the Markov-based simulation
model of policy impact on heart disease
(16) adapted for Argentina was used.
With this system a model of incidence
of heart disease and cerebrovascular dis-
ease is developed. Prevalence, mortality,
and cost in the adult population are
also considered, and used to predict the
number of cases of heart disease in pre-
viously healthy persons and mortality
related to this disease as well as other
causes (11, 17). In order to estimate the
risk of heart disease according to infor-
mation from population-based surveys,
the 35-84 year old population was strati-
fied according to age, sex, and six risk
factors: systolic blood pressure (<130,
130-139, >140 mm Hg), tobacco con-
sumption (active smoker, non-smoker
exposed to second-hand smoke, non-
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smoker without exposure), HDL cho-
lesterol (<35, 35-49, >50 mg/dL), LDL
cholesterol (<100, 100-129, >130 mg/dL),
body mass index (<25, 25-29.9, >30 kg/
m?), and diabetes mellitus (yes or no).
These risk factors were combined with
each age and sex stratum and the risk of
developing heart disease was estimated
for each combination according to the
Framingham equations.

In the persons with heart disease the
initial event (cardiac arrest, acute myo-
cardial infarction, or angina pectoris)
and its sequelae during the next 30 days
were identified. Incidents after the initial
event, myocardial revascularization, and
mortality due to heart disease and other
causes in patients with coronary heart
disease were also calculated according to
age, sex, and history of previous events.
The annual cost and quality-of-life ad-
justment were calculated for each clini-
cal situation and cardiovascular event.

The population distribution, risk factor
prevalence rate, coefficients used, event
rate, mortality rate, cost, and quality-of-
life adjustment could be modified for the
simulations.

Data and assumptions used to estimate
impact

Population assumptions. The estimated Ar-
gentine population aged 35-84 years in 2010,
by age and sex, and the demographic fore-
casts by age group were obtained from the
National Institute of Statistics and Censuses
(INDEC), and used to calculate the number
of persons that would be included in the
model each year (18).

Risk factors. The risk factor prevalence rates
were obtained from the 2009 National Sur-
vey of Risk Factors (19) and the CARMELA
Study (20) conducted in the city of Buenos
Aires in 2005 with objective measurements
of factors such as blood pressure, choles-
terol, blood glucose, weight, and height.

Prevalence, incidence and case fatality.
The incidence of myocardial infarction was
obtained from the population registry for
these cases in the province of Buenos Aires
(21) and adjusted for the rest of the country
by direct standardization. The case fatality
rates for heart disease and cerebrovascular
disease were obtained from the hospital
data registries (22, 23) of the Office of
Health Statistics and Information of the
Argentine Ministry of Health (24) and the
information provided by scientific societ-
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ies. The prevalence rates for heart disease
and cerebrovascular disease were estimated
based on the rates reported for the United
States, which were adjusted for Argentina
according to the survey results (25, 26) and
expert opinions.

Mortality assumptions. The data on mortal-
ity due to specific causes by year, age, and
sex for the 1997-2010 period was obtained
from the Office of Health Statistics and
Information of the Ministry of Health (27).
For the Argentine version of the policy
impact on heart disease simulation model
the 10th edition of the International Statisti-
cal Classification of Diseases and Related
Health Problems (ICD-10) (28) was used,
particularly the codes for myocardial infarc-
tion (I21, 122), angina pectoris and other
forms of heart disease (120, 123-125), and
a fixed percentage of “ill-defined” cardio-
vascular causes that include fatal and non-
fatal events (I147.2, 149.0, 146, 150, 151.4, I51.5,
151.9 and 170.9). Codes 160-169 were used
for stroke. In order to correct the possible
underestimation of coronary mortality due
to use of the codes that refer to “ill-defined”
cardiovascular causes, the correction factors
described above were used (29).

Calculation of impact and utility. Utility,
measured in QALY, was estimated and
weighted for each year lived with each
health condition based on the values re-
ported in the literature (30). Since specific
weights with regard to the quality of life for
Argentina were not available, the standard
international values were used (30).

Cost and data on resource use. Only costs
from the perspective of the Ministry of
Health were considered. The costs are
shown in United States dollars (US$) with
an exchange rate of $4.40 (Argentine pesos)
per dollar.® It was estimated that the cost of
intervention would be equivalent to the cost
of program implementation—with the hu-
man resources and other inputs suggested
by WHO—plus the cost of social media cam-
paigns (7). It was calculated that the total
annual cost of intervention would be US$1.6
million, which would include the following:
56.0% for the mass media campaign, educa-
tion, meetings with representatives of the
food industry and other social actors; 41.5%
for the cost of human resources, the main
program, and local training and monitoring
actions; and 2.5% for inputs (Table 1).

¢ Banco Central de la Reptblica Argentina exchange
rate in February 2012 (http:/ /www.bcra.gov.ar).
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TABLE 1. Costs used for cost-utility ratio analysis

Cost concept Cost (US$)2
Cost of heart disease
Acute myocardial infarction 2018.00
Recent diagnosis of angina 1009.00
Chronic angina (annual cost) 500.00
Hospital admission due to cardiac insufficiency 1351.00
Revascularization surgery and coronary angiography 4.789.00
Coronary angioplasty 1539.00
Cost of intervention (annual)
Human resources® 655 789.00
Biochemical food analysis 39 474.00
Transport 13 158.00
Mass media campaign 900 000.00
Annual total (without reduction) 1608 421.00

2 United States dollars. Exchange rate: US$1.00 = $4.40 (Argentine pesos) according to Banco Central de
la Republica Argentina exchange rate in February 2012 (http://www.bcra.gov.ar).
b Includes coordinator, professionals, assistants, and inspectors.

The cost for the health sector was es-
timated based on previous studies (31),
databases (32), and the resources used
according to hospital registries, adminis-
trative data, and discharges from public
hospitals (24). In order to obtain the
total cost for the country, the estimated
cost was applied to the public sector,
obras sociales (umbrella organizations for
employed workers), and the private sec-
tor on a proportional basis according to
their participation in health coverage.
The estimates were adjusted for infla-
tion of the health sector according to the
historical series of the consumer price
index (33).

Data and assumptions used to
estimate program cost

Cost-utility ratio. The cost per QALY gained
was calculated by arithmetical division of
the difference in the cost of the strategies
analyzed compared to the current situation
(non-intervention), and the difference in the
resulting QALYs in each strategy.

Perspective of analysis. For expenditures,
the model was constructed from the per-
spective of the health care provider, taking
into account the three main subsectors in
Argentina (public, union, and prepayment).

Time horizon and reduction rate. The year
2010 was used as reference since it was the
last year in which vital statistics (mortality)
data was available. Model calculations were
performed for the next 10 years with a 3%
annual reduction rate

High-impact and low-impact scenarios. In
order to evaluate the stability of the conclu-
sions and the impact of the assumptions on

the results, the final impact of reduced salt
intake was modified. The high-impact sce-
nario was based on research that suggests
a 3 g reduction in daily dietary salt intake
of the entire population aged 35-84 years
would lead to a 5.61 mm Hg reduction in
systolic blood pressure in hypertensive per-
sons and persons over 65 years of age, and
a 3.51 mm Hg reduction in the rest of the
population. For the low-impact scenario it
was considered that the same reduction in
salt intake would have less impact in both
groups, with reductions in blood pressure of
3.60 mm Hg and 1.80 mm Hg, respectively
(11, 16, 34, 35).

Results report. The total estimated cost of
intervention, marginal cost (difference in
cost between situations with intervention
and without intervention), total impact of
intervention, and marginal effect (expressed
as the difference between QALYs with in-
tervention and without intervention) were
established. Calculation of the cost-utility
ratio of the strategy compared to the current
situation (without intervention), expressed
as the incremental cost-utility ratio (quotient
of marginal cost and marginal effect), was
planned. The additional cumulative cost
of each QALY gained during the 10 year
study period would be estimated based on
analysis of the incremental cost-utility ratio,
applying the reduction rate to the cost as
well as effects (36).

The total number of QALYs gained in
a 10 year period as a result of reduced
incidence and mortality of heart disease,
myocardial infarction, and stroke, as
well as deaths due to all causes were
predicted. The QALYs gained for each
of these events was estimated by age
and sex for the high- impact scenario. In
addition, a cost-utility ratio analysis was
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performed for the high- and low-impact
scenarios.

Although it was not the main objec-
tive of this study, the cardiovascular
events avoided annually were estimated,
including total events as well as events
by age and sex. In order to put this in-
tervention into perspective, the number
of events that would be avoided if all
patients with hypertension received ad-
equate treatment—rather than the 40%
that currently receive treatment—was
also estimated, assuming an average re-
duction of 15 mm Hg in blood pressure.

RESULTS

The total estimated cost of interven-
tion was US$14 million for the 10 year
period (approximately US$0.80 per cap-
ita for the population aged 35-84 years
in the study period), including the cost
of intervention and the communication
strategy (Table 2).

In the high-impact salt reduction sce-
nario—even considering the cost of pro-
gram implementation—the intervention
generated net savings of US$3 765 mil-
lion as a result of reduced events and
hospital admissions. The reduction in
salt intake was associated with a 656 657
gain in QALYs. In this case, interven-
tion would produce a net savings in
resources with a beneficial effect that,
according to the usual practice, does
not require additional analysis of the
incremental cost-utility ratio. For the
low-impact scenario, the net savings was
US$2 080 million, with a 401 659 gain in
QALYs (Table 2).

In the high-impact scenario, the net
savings that this intervention could gen-
erate would be equivalent to 0.7% of the
total health budget of Argentina.

In 10 years of intervention, applica-
tion of this series of measures could
reduce the annual number of new cases
of heart disease, myocardial infarction,
and stroke, as well as deaths due to
heart disease and total deaths, which
would lead to an increase in the QALYs
gained as a result of reduced salt intake
(Figure 1). The largest gain in QALYs in
the 10 year period was recorded in men
aged 55-64 years (135 127 QALYs) in the
high-impact scenario.

Also in the high-impact scenario,
the annual reduction in the number of
events analyzed was 24.1% for heart
disease, 21.6% for myocardial infarction,
20.5% for stroke, 19.9% for deaths as-
sociated with heart disease, and 6.4% for
deaths due to all causes.

With intervention, proportional re-
ductions in new cases of heart disease
and stroke were observed, regardless of
sex or age (Figures 2 and 3).

In general, in the high-impact scenario
22 800 cases of heart disease, 13 517 myo-
cardial infarctions, 13 118 cases of stroke,
5 867 coronary deaths, and 16 896 deaths
due to all causes would be avoided
(Table 3).

With implementation of these policies
the impact obtained would be slightly
less than that achieved if adequate and
timely treatment of all persons with
hypertension, rather than the 40% that
currently receive treatment, was guaran-
teed (Table 3).

DISCUSSION

This analysis showed that implemen-
tation of policies to reduce salt intake
would lead to a significant reduction
in the health care costs associated with
cerebrovascular disease. This reduction
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would be greater than the cost of in-
tervention and would represent a sig-
nificant gain in QALYs. The proposed
intervention could be beneficial for all
persons over 35 years of age. These
results would only be produced by the
impact of lower salt intake on reduced
blood pressure. Other factors that cause
hypertension or risk of the events stud-
ied were not modified. The results pre-
sented agree with the results found in
studies conducted in other countries
(10, 11, 37, 38).

Although a 3 g reduction in daily di-
etary salt would be highly beneficial for
health, this change is difficult to achieve
in the short term (39). In order to change
the lifestyle of the population, it is nec-
essary to resort to multidisciplinary in-
terventions that have an impact on all
aspects associated with the behavior that
is to be modified. The Less Salt More
Life initiative proposed jointly by the
Ministry of Health with other ministries
and social actors includes most of the
recommended elements: involvement of
different sectors of the society, mass me-
dia educational campaigns, and evalua-
tion and monitoring processes (7). In this
regard, mechanisms that monitor and
assess compliance with the agreements
with the food industry will still need
to be implemented. For this purpose,
the recommendations on this subject by
the regional group of experts should be
followed.

One of the limitations of the analysis
presented, like all cost-utility ratio stud-
ies, is that the information on cost and
impact is from secondary data sources
and assumptions. Therefore, it is suscep-
tible to information biases. Changes in
data magnitude or assumptions could
produce significant changes in the re-

TABLE 2. Cost-utility ratio analysis of salt reduction intervention in high-impact and low-impact scenarios according to 10 year model, Argentina

(2010-2020)
Marginal cost Marginal effect
(millions of US$) (QALY salt Incremental
Cost of Cost of Costs unrelated  (cost of salt reduction— reduction — QALY  cost-utility ratio
intervention? heart disease to heart disease total cost of current current situation)  (US$ per QALY)
Scenario (millions of US$)®  (millions of US$)  (millions of US$) situation) (1) QALY® 2 (1)/(2)
Current 0.00 17 931.00 120 594.00 0 169 993.822
With high-impact salt
reduction 14.00 16 001.00 118 759.00 -3765 169 650.479 656 657 NAd
With low-impact salt
reduction 14.00 16 693.00 119 752.00 —2 080 169 395.481 401 659 NA

2 Cost of 10 years of intervention (2010-2020) at annual rate of US$1.6 million with 3% annual reduction rate.
b United States dollars. Exchange rate: US$1.00 = $4.40 (Argentine pesos), according to Banco Central de la Republica Argentina exchange rate in February 2012 (http:/www.bcra.gov.ar).

¢ QALY: Quality-adjusted life years.
9 NA: Not applicable.
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FIGURE 1. Gain in quality-adjusted life years (QALY) by age group and sex according to 10 year

model, Argentina (2010-2020)
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FIGURE 2. Reduction in incidence of heart disease by age group and sex according to 10 year
model, Argentina (2010-2020)
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FIGURE 3. Reduction in incidence of cerebrovascular disease by age group and sex according
to 10 year model, Argentina (2010-2020)
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TABLE 3. Reduction in number of annual cardiovascular events in each scenario compared to
absence of intervention according to 10 year model, Argentina (2010-2020)

Acute
Cardiovascular ~ myocardial Coronary
Scenario disease infarction Stroke death Death
With high-impact sodium reduction 22 800 13517 13118 5867 16 896
With low-impact sodium reduction 14 641 8892 8 595 3861 10 327
Without sodium reduction and with
antihypertensive treatment? 27 360 16 220 17 053 7 040 19430

a Treatment of all patients with hypertension according to World Health Organization guidelines.

sults. The evidence that salt reduction is
associated with reduced blood pressure
is from systematic reviews and it may

not be applicable at the population
level, although this is a recommenda-
tion made by several authorities (12,
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40). Furthermore, in this study a linear
relationship between reduced salt in-
take and hypertension was assumed,
although some studies suggest that this
relationship may not be linear (35) and
that the impact of salt reduction may be
even greater.

Another possible limitation is related
to the method used to estimate per cap-
ita salt intake, since the specific studies
that are required have not been con-
ducted. Nevertheless, for simulation ac-
cording to this model it is not necessary
to have accurate information. Although
the policy impact on heart disease simu-
lation model was originally designed to
be used in the United States, it has been
adapted to other countries such as China
(41) and Argentina (5). Finally, although
it is not the result of specific validated
studies, the percentage of cardiovascu-
lar events that the model attributes to
hypertension in Argentina is compa-
rable to the percentage attributed by the
INTERHEART Latin American study
(42, 43) and comparisons with the bur-
den of disease suggest that it may be
valid for Argentina (5).

In spite of these limitations the simu-
lation showed that, even if it does not
reach the goal of 5 g of daily salt intake
proposed by WHO (44), reduced salt in-
take could have a very positive effect on
health in Argentina.

Reduction of the salt content of food,
supported by communication and edu-
cation strategies for the general popula-
tion, could be effective and feasible for
prevention and control of cardiovascular
disease in other countries of the Region
where inequalities in access to treatment
of hypertension (45) and increased salt
intake (2,4) have been observed.

This analysis shows that implementa-
tion of policies that reduce salt intake
could have benefits for public health at a
cost that is low enough so that it would
clearly compensate for the investment
required. This information, which was
obtained by careful evaluation, could be
useful to those responsible for decision-
making and promotion of health policies
that seek to control hypertension in the
population as a whole.
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RESUMEN

Relacion costo-utilidad de
la disminucidn del consumo
de sal y su efecto en la
incidencia de enfermedades

cardiovasculares en Argentina

Palabras clave

Objetivo. Estimar la relacion costo-utilidad de una intervencién dirigida a reducir el
consumo de sal en la dieta de personas mayores de 35 afios en Argentina.

Meétodos. La intervencion consistié en reducir entre 5% y 25% el contenido de sal en
los alimentos. Se utilizé el modelo de simulacién del impacto de las politicas sobre la
enfermedad coronaria para predecir la evolucién de la incidencia, la prevalencia, la
mortalidad y los costos en la poblacién de la enfermedad coronaria y cerebrovascular
en personas de 35 a 84 afios. Se model6 el efecto y los costos de una disminucién de
3 g de sal en la dieta, mediante su reduccién en alimentos procesados y en la afiadida
por los consumidores, por un periodo de 10 afios. Se estim6 el cambio en la ocurren-
cia de eventos en este periodo y la ganancia en afios de vida ajustados por la calidad
(AVACQ) en un escenario de efecto alto y otro de efecto bajo.

Resultados. La intervencién generé un ahorro neto de US$ 3 765 millones y una
ganancia de 656 657 AVAC en el escenario de efecto alto y de US$ 2 080 millones y
401 659 AVAC en el escenario de efecto bajo. Se obtendrian reducciones en la inciden-
cia de enfermedad coronaria (24,1%), infarto agudo de miocardio (21,6%) y accidente
cerebrovascular (20,5%), y en la mortalidad por enfermedad coronaria (19,9%) y por
todas las causas (6,4%). Se observaron beneficios para todos los grupos de edad y
sexo.

Conclusiones. La implementacién de esta estrategia de reducciéon del consumo de
sal produciria un efecto sanitario muy positivo, tanto en AVAC ganados como en
recursos econémicos ahorrados.

Sodio en la dieta; enfermedades cardiovasculares; analisis costo-beneficio; Argentina.
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