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BACKGROUND: Hypertension is the leading risk factor for mortal-
ity worldwide. One-quarter of the adult Canadian population has
hypertension, and more than 90% of the population is estimated to
develop hypertension if they live an average lifespan. Reductions in
dietary sodium additives significantly lower systolic and diastolic
blood pressure, and population reductions in dietary sodium are rec-
ommended by major scientific and public health organizations.
OBJECTIVES: To estimate the reduction in hypertension preva-
lence and specific hypertension management cost savings associated
with a population-wide reduction in dietary sodium additives.
METHODS: Based on data from clinical trials, reducing dietary
sodium additives by 1840 mg/day would result in a decrease of
5.06 mmHg (systolic) and 2.7 mmHg (diastolic) blood pressures.
Using Canadian Heart Health Survey data, the resulting reduction in
hypertension was estimated. Costs of laboratory testing and physician
visits were based on 2001 to 2003 Ontario Health Insurance Plan
data, and the number of physician visits and costs of medications for
patients with hypertension were taken from 2003 IMS Canada. To
estimate the reduction in total physician visits and laboratory costs,
current estimates of aware hypertensive patients in Canada were used
from the Canadian Community Health Survey.

RESULTS: Reducing dietary sodium additives may decrease hyper-
tension prevalence by 30%, resulting in one million fewer hyperten-
sive patients in Canada, and almost double the treatment and control
rate. Direct cost savings related to fewer physician visits, laboratory
tests and lower medication use are estimated to be approximately
$430 million per year. Physician visits and laboratory costs would
decrease by 6.5%, and 23% fewer treated hypertensive patients would
require medications for control of blood pressure.

CONCLUSIONS: Based on these estimates, lowering dietary sodium
additives would lead to a large reduction in hypertension prevalence
and result in health care cost savings in Canada.
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L’évaluation des bienfaits de la réduction des
additifs alimentaires au sodium en population
générale sur ’hypertension et sur les cofits de
santé connexes au Canada

HISTORIQUE : Lhypertension est le principal facteur de risque de
mortalité dans le monde. Le quart de la population canadienne adulte fait
de ’hypertension, et on estime que plus de 90 % de la population se met a
en faire si elle vit une longévité moyenne. Les réductions aux additifs
alimentaires au sodium réduisent considérablement la tension artérielle
systolique et diastolique, et les principaux organismes scientifiques et de
santé publique recommandent des réductions de sodium alimentaire dans
la population.

OBJECTIFS : Evaluer la réduction de la prévalence d’hypertension et les
épargnes sur la prise en charge de ’hypertension associées a une réduction
des additifs alimentaires au sodium en population générale.
METHODOLOGIE : Daprés les données d’essais cliniques, une
diminution des additifs alimentaires au sodium de 1 840 mgfjour
favoriserait une réduction des tensions artérielles systolique de 5,06 mmHg
et diastolique de 2,7 mmHg. Au moyen des données de I’Enquéte
canadienne sur la santé cardiovasculaire, on a évalué la réduction sur
I’hypertension qui en résulterait. On a établi les cofits des tests de
laboratoire et des consultations de médecins d’apres les données du régime
d’assurance-maladie de 1'Ontario entre 2001 et 2003, et le nombre de
consultations de médecins et le cotlit des médicaments pour les patients
hypertensifs d’aprés IMS Canada en 2003. Pour évaluer la réduction du
total de consultations de médecins et des cotts de laboratoire, les
évaluations courantes du nombre d’hypertensifs connus au Canada
provenaient de 'Enquéte sur la santé dans les collectivités canadiennes.
RESULTATS : En limitant les additifs alimentaires en sodium, on peut
réduire la prévalence d’hypertension de 30 %, ce qui diminuerait de un
million le nombre d’hypertensifs au Canada et qui doublerait pratiquement
le taux de traitement et de controle. Les économies directes reliées au
moins grand nombre de consultations de médecins, de tests de laboratoire
et d'usage de médicaments sont évaluées & environ 430 millions de dollars
par année. Les consultations de médecins et les cofits de laboratoire
chuteraient de 6,5 %, et 23 % de moins d’hypertensifs traités auraient
besoin de médicaments pour contrdler I'hypertension.

CONCLUSIONS : Dapres ces évaluations, la diminution des additifs
alimentaires en sodium entrainerait une forte réduction de la prévalence
d’hypertension et assurerait des économies en santé au Canada.
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he World Health Organization (WHO) estimates hyper-

tension to be the leading risk factor for death in the
world (1). In part, this is because hypertension is common,
occurring in nearly one-quarter of the world’s adult popula-
tion, and because the management of hypertension is subop-
timal (2,3). A significant proportion of hypertensive patients
(42%) are unaware that their blood pressure (BP) is elevated,
and many of those who are aware are either untreated or
undertreated (3,4). As such, only a minority of hypertensive
patients are treated to recommended targets (3,4). The
WHO and many national scientific and public health organ-
izations have called for enhanced diagnosis, treatment and
control of hypertension as a cost-effective way to reduce
morbidity and mortality (5). Improving the management of
hypertension through better diagnosis, treatment and con-
trol, however, will require extensive resources and result in
significant costs, which may be unaffordable in many coun-
tries (6). These costs could be avoided if the prevalence of
hypertension was reduced.

Prevention of the development of hypertension by reducing
the mean BP in the population is another mechanism by
which the adverse health consequences of hypertension may
be reduced (5,7). Because the prevalence of hypertension is
predicted to substantially increase due to an aging and an
increasingly sedentary population, a focus on prevention is
now more urgent than ever (8,9). More than 90% of those 55 to
65 years of age with normal BP are estimated to develop hyper-
tension during their lifespans (10). National guidelines have
emphasized the importance of counselling for patients on
lifestyle modifications for both the prevention and manage-
ment of hypertension (11-14). However, despite the potential
of lifestyle modifications resulting in large BP reductions, even
within rigorous clinical trials with extensive resources for indi-
vidualized counselling, only modest improvements in BP have
been observed (15).

An alternative approach to individual counselling recom-
mended by international public health organizations involves
the creation of environments that support healthy lifestyles
(16,17). Although many environmental changes would
require long-term structural changes within our society,
changes to the processing of food may represent an opportunity
to more rapidly improve public health. In the past five to
10 years, major international and national scientific organiza-
tions have recommended reductions in dietary sodium by
reducing sodium additives to food. In 2003, the Scientific
Advisory Committee on Nutrition (United Kingdom) indi-
cated that “there is compelling evidence that this (a popula-
tion reduction in dietary sodium to 2400 mg/day) is an
effective and appropriate means to reduce the public health
burden of cardiovascular disease to society” (18). The WHO
used reduction in dietary sodium additives as one of very few
examples of ‘bold policies’ required to improve global health
(5). The American Medical Association, the American Public
Health Association and the American Heart Association have
developed policies calling for a 50% reduction in sodium addi-
tives to foods by 2012 (19-21).

In 2004, the National Academy of Sciences (United
States) was commissioned by the American and Canadian
governments to update nutritional recommendations for sodium
and other nutrients based on a comprehensive scientific
review. The report (22) recommended that adult dietary sodium
intake should be below 2300 mg/day, with 1200 mg/day to
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1500 mg/day being considered an adequate intake for optimal
health. More recently, the Canadian Hypertension Education
Program has also recommended dietary sodium intake of less
than 100 mmol (2300 mg) per day for the prevention of
hypertension (www.hypertension.ca). However, a recent sur-
vey found that adult Canadians consume on average
3100 mg/day of sodium, excluding the salt added in cooking
and at the table (22). Approximately 10% to 20% of dietary
sodium is added in cooking and at the table; therefore, adult
Canadians are likely consuming an average of approximately
3500 mg/day (23). Reducing dietary sodium by 1840 mg/day
is estimated to reduce BP by 5.06/2.70 mmHg in adult hyper-
tensive patients (24) and would result in sodium intakes close
to that recommended as adequate for Canadians by the
National Academy of Sciences (ie, 3500 mg/day -
1840 mg/day = 1660 mg/day). In the present study, we mod-
elled the impact of a population-wide reduction in dietary
sodium intake by 1840 mg/day in Canada on the prevalence
of hypertension, improvements in the awareness, treatment
and control rates for hypertension, as well as reductions in
costs for physician visits, antihypertensive medications and
laboratory services.

METHODS

The Canadian Heart Health Surveys

The Canadian Heart Health Surveys (CHHS) were used to deter-
mine the baseline prevalence of hypertension in Canada for the
present study (3,4,25). The CHHS took place between 1986 and
1992, and represent the last available actual measurement data on
hypertension prevalence, awareness, treatment and control in
Canada. For the CHHS, 29,855 individuals were randomly
selected as participants, 23,129 of whom participated. Details of
the study methodology have been published elsewhere (25,26).
BPs were measured by a trained nurse at the beginning and end of
each visit using a standardized protocol. Hypertension was defined
in the present study as a mean systolic BP (SBP) of 140 mmHg or
greater, or a mean diastolic BP (DBP) of 90 mmHg or greater, or a
patient having been prescribed antihypertensive medication.
Nonpharmacological treatment was not used in the present study
to define treatment status. Measurements were weighted to
account for the sampling design and therefore represent popula-
tion estimates. Individuals who reported having been told by a
physician or nurse that they had high BP, but were not treated
(with medications or with nonpharmacological advice), and who
had a normal mean BP were not included in the hypertension
group in the CHHS.

For the purposes of defining the prevalence of hypertension in
the present study, treated individuals who answered ‘yes’ to the
following questions were removed: “What were you told to do for
your high blood pressure? Go on a salt-free diet?” and, “What pro-
gram are you now following for your high blood pressure? Go on a
salt-free diet?” It was assumed that these individuals were already
on a sodium-restricted diet, which resulted in the removal of
14.9% of aware hypertensive patients.

Estimated BP reduction associated with sodium restriction

The effect of reducing dietary sodium intake by 1840 mg/day
(equivalent to 78 mmol or 4600 mg of sodium chloride) per 24 h
in individuals with elevated BP was obtained from a recently
updated Cochrane review meta-analysis (24). The meta-analysis
was based on 20 trials (n=802) and the mean reduction in BP was
-5.06 mmHg (95% CI -5.81 mmHg to —4.31 mmHg) in SBP and
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-2.70 mmHg (95% CI -3.16 mmHg to —2.24 mmHg) in DBP in
hypertensive adults. As such, it was assumed that if a population-
based intervention could reduce dietary sodium intake by
1840 mg/day, the mean SBP and DBP would be reduced by
5.06 mmHg and 2.7 mmHg, respectively, for each hypertensive
adult Canadian. This was used to determine new estimates of the
prevalence, awareness, treatment and control of hypertension in
the CHHS.

Estimates of the reduction in BP that would be expected from
the use of antihypertensive drugs were obtained from the meta-
analysis by Law et al (27). To estimate the reduction in antihyper-
tensive therapy that would be expected from lowering sodium
intake by 1840 mg/day, the following procedure was followed,
assuming that 60% of hypertensive patients were on a single anti-
hypertensive drug and that 40% of patients were treated with two
or more antihypertensive drugs (28). Given that the average
reduction in BP with one drug was 9.1 mmHg in SBP and
5.5 mmHg in DBP, and 14.6 mmHg in SBP and 8.6 mmHg in DBP
with two drugs, a weighted average using 60% on one drug and
40% on two drugs would result in an average decrease of
11.3 mmHg in SBP and 6.74 mmHg in DBP. This provided an
estimate of the increase in BP of those with ‘treated and con-
trolled’ hypertension if their antihypertensive therapy was with-
drawn. The average reduction in BP expected from a reduction in
sodium consumption (SBP 5.06 mmHg, DBP 2.7 mmHg) was
then subtracted to estimate how many patients would remain con-
trolled (ie, BP of less than 140/90 mmHg) on a sodium-restricted
diet alone. This resulted in adding 6.24 mmHg to the SBP and
4.04 mmHg to the DBP, and observing how many treated hyper-
tensive patients would still be controlled after withdrawing drug
therapy (23%) and computing the resulting savings only on these
individuals, assuming that the previously treated and controlled
individuals now uncontrolled would resume their drug therapy.

The Canadian Community Health Survey

Current estimates of aware hypertensive patients are available
from the Canadian Community Health Survey (CCHS, cycle 2.1).
This cross-sectional survey randomly sampled Canadians from all
provinces in Canada in 2003 (29,30). The CCHS did not measure
BP and, thus, the prevalence of actual hypertension; treatment
and control rates for hypertension also cannot be determined from
this survey. However, for the current cost reduction estimates in
the present study, the most recent prevalence of reported hyper-
tension from the CCHS (n=4,451,000, 18.7%) was used, reduced
by 14.9% (n=3,787,801) to take into account those who might
have already been on a sodium-restricted diet, as estimated from
the previous CHHS data.

National data on physician office visits

To determine the number of office visits made to office-based
physicians occurring on an annual basis for hypertension, and the
amount and costs of drugs used to control hypertension, data were
obtained from IMS Canada. IMS Canada collects data on office
visits based on a sample of physicians in different regions of
Canada. Physicians record the main reason for the office visit and
the indications for any drug prescriptions provided, but no patient
identification is recorded. Hypertension was the leading diagnosis
associated with office-based physician visits in 2003, accounting
for 20,365,000 visits (31). The cost of a routine office visit to a pri-
mary care physician (intermediate assessment A007) in 2003 was

$27.30 (32).
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TABLE 1
Potential direct cost savings* after sodium restriction of
1840 mg/day in Canadians with hypertension

Per cent reduction and estimated

cost reductions due to reduced
dietary sodium

No modification

Cost category Costs, $ % Cost reductions, $
Physician 555,964,000 6.5 36,138,000
Pharmaceuticals’ 1,684,561,000 23.0 387,449,000
Laboratory 92,422,000 6.5 6,007,000
Total 2,332,947,000 429,594,000

*Cost estimates rounded to the 1000; TData obtained from reference 37

Laboratory data

There is no published study that estimates the use of laboratory
services occurring as a result of the management of patients with
hypertension. As such, laboratory costs were estimated from
Ontario data as follows. Prevalent cases of hypertension for
patients 35 years of age and older were identified using the rule of
two Ontario Health Insurance Plan (OHIP) physician billings for
hypertension (International Classification of Diseases-9 code
401.x to 405.x) within a three-year period starting from April
1991 to March 2001 (33). Patients whose first OHIP bill appeared
in fiscal year 2001 were considered incident cases and were
excluded. To keep the analysis of laboratory test use to those
patients with uncomplicated hypertension, patients with diabetes
according to the Ontario Diabetes Database (34) and patients
with the comorbid conditions of myocardial infarction or angina,
heart failure, arrhythmias, renal disease, liver disease including
esophageal varices, transient ischemic attack or stroke, hyperthy-
roidism or migraines, according to the presence of an OHIP billing
code in the prior three years or Canadian Institute for Health
Information hospitalization discharge abstracts in the prior four
years were excluded. Patients who were hospitalized or died in the
fiscal year 2001 were also excluded.

Laboratory tests that were likely performed in the course of
outpatient management of patients with hypertension (eg, potas-
sium, sodium, creatinine, glucose, lipids, urinalysis, complete
blood count and electrocardiograms) were determined based on
OHIP billings for patients with uncomplicated hypertension as
noted above. OHIP includes claims data for laboratory tests per-
formed in all outpatient labs in Ontario, but excludes tests per-
formed in-hospital (35,36). Costs for tests were based on the
amount paid by OHIP.

Cost estimates

To estimate the potential cost savings that may result from a
population-based intervention to reduce sodium intake, the impacts
on direct health care costs were assessed, including physician visits,
antihypertensive drug use and laboratory costs, which were all
derived from data between 2001 and 2003, and are reported without
inflation. Because there were 20,365,000 physician visits at an esti-
mated cost of $27.30 per visit (2003 ), the total physician visits cost
estimate was $555,964,000 (Table 1). In the analysis, it was assumed
that drug-treated patients who became normotensive as a result of
sodium restriction (6.5%) would no longer visit a physician for
hypertension. While this may not be completely accurate in the
short-term, because patients may continue to visit their physicians
at similar rates, it is likely to be a reasonable assumption over the
longer term. Aware hypertensive patients who were not treated in
the primary analysis were not included, but the related cost was
included in the secondary analysis.
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TABLE 2

Estimated prevalence, awareness, and control of hypertension in Canada, before and after a hypothetical reduction in
sodium intake of 1840 mg/day based on the Canadian Heart Health Surveys

Absolute Relative
Hypertension category No modification, n* (%) With decreased sodium intake, n (%) Change, n change, % change, %
Prevalence 3,547,000 (19.4) 2,469,000 (13.5) —-1,078,000 -5.9 -30.3
Treated, controlled 412,000 (11.6) 531,000 (21.5) 119,000 9.9 84.8
Treated, not controlled 612,000 (17.3) 493,000 (20.0) -119,000 2.7 -15.6
Not treated, not controlled 796,000 (22.5) 500,000 (20.3) —296,000 2.2 -9.8
Not aware 1,723,000 (48.6) 945,000 (38.3) 778,000 -10.4 -21.3

Treatment defined as with drugs only; individuals reporting salt reduction were removed from the analyses. Figures may not add up due to rounding and may differ
from previous articles due to these restrictions. *Population estimates, rounded to the 1000

TABLE 3

Estimated prevalence and proportion of treated
hypertensive patients staying controlled after removing
drug treatment and applying a reduction in dietary sodium
of 1840 mg/day based on the Canadian Heart Health
Surveys

Still controlled with Proportion of

decreased sodium all treated
No intake, after removing hypertensive
Hypertension modification, drug treatment, patients staying
category n* (%) n (%) controlled,%
Treated, 412,000 (11.6) 235,000 (6.6) 23.0
controlled
All treated 1,023,000 (28.8)

hypertensive patients

Treatment defined as with drugs only; individuals reporting salt reduction were
removed from the analyses. Figures differ from previous articles due to these
restrictions. *Population estimates, rounded to the 1000

With respect to the potential cost savings on antihypertensive
drugs, first the direct costs of antihypertensive drug therapies in
Canada using IMS data were estimated, which are based on pre-
scription data obtained from approximately 70% of retail pharma-
cies in Canada (37). (The costs of drug therapies from IMS are
estimated dollar values of prescriptions dispensed from Canadian
retail pharmacies, which include markup and professional fees.)
Antihypertensive drug therapy is one of the most expensive cate-
gories. The total cost of BP-lowering therapy for an antihyperten-
sive indication in 2003 was estimated to be $1,684,561,000 (31).
To estimate the potential savings in drug therapy, this cost was
reduced by the proportion of treated hypertensive patients who
would remain normotensive with a lower sodium intake after stop-
ping their antihypertensive drugs (23%). As with physician costs,
these savings may not occur immediately, but would accrue over
time as physicians adjust antihypertensive drug therapy to reach or
maintain target BP levels.

To determine the total laboratory costs per year required in the
management of patients with hypertension, the average laboratory
costs per person per year were estimated for the OHIP patient
cohort noted above. Among the 813,233 prevalent cases of hyper-
tension 35 to 64 years of age and older identified in the OHIP
2001 hypertension cohort who did not have cardiovascular com-
plications, there were 241,900 electrocardiograms with
243,195 interpretations, 548,588 complete blood counts,
292,332 tests for urinalysis, 513,328 tests for glucose, 458,940 tests
for total cholesterol, 444,289 tests for triglyceride concentration,
409,769 tests for high-density lipoprotein cholesterol, and
345,335 sodium, 383,710 potassium and 524,505 creatinine blood
level measurements, for a total cost of $19,846,811/year, or
$24.40/hypertensive person/year. Total laboratory costs per year in
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Table 1 (3,787,801x$24.40) and cost reductions were therefore
estimated using the CCHS population of aware hypertensive
patients who would no longer have hypertension while following
a diet lower in sodium.

RESULTS
Changes in the prevalence of hypertension, awareness
treatment and control rates
Hypothetical changes in the actual prevalence, awareness and
control of hypertension as estimated in the CHHS after reduc-
ing sodium intake by 1840 mg/day are reported in Table 2. The
prevalence of hypertension would decrease by 30.3%, from
19.4% to 13.5%, resulting in 1,078,000 hypertensive patients
being removed from the hypertensive category.

The greatest relative gain would be in the treated and con-
trolled category, with an 84.8% relative increase (119,000
more individuals treated and controlled), from 11.6% to
21.5% of all hypertensive patients. The other hypertension
categories would also gain, and the percentage of unaware
hypertensive patients would decrease by 21.3%. Among aware
hypertensive patients (total of 1,820,000), the additional
119,000 hypertensive patients being controlled (6.5%) would
no longer require the current level of physician visits and lab-
oratory tests. This percentage (6.5%) was used to estimate the
cost savings among aware hypertensive patients (Table 1).

Table 3 reports the estimated prevalence and proportion of
hypertensive patients staying controlled after hypothetically
removing drug treatment and applying a reduction in dietary
sodium intake of 1840 mg/day. As noted above, after removal
of the antihypertensive medications, mean BP would increase
by 6.24 mmHg (systolic) and 4.04 mmHg (diastolic). Despite
this relative increase, 235,000 individuals would remain in the
treated and controlled category, without requiring drugs. This
may result in 23% of all treated and controlled hypertensive
patients being taken off therapy.

Cost savings associated with dietary sodium restriction

The estimated direct cost savings after a sodium intake reduc-
tion of 1840 mg/day in individuals with hypertension are pre-
sented by cost category in Table 1. The direct costs of
managing hypertension in Canada, due to physician visits,
pharmaceutical and laboratory costs were estimated to be
approximately $2.33 billion/year. The estimated savings that
may result from a population-based intervention of sodium
intake restriction would be approximately $430 million/year
(18% decrease). An additional $108 million cost savings could
be achieved through reduced physician visits and laboratory
costs if it is assumed, from the CHHS, that the 16.3% of aware
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hypertensive patients who were not treated and became con-
trolled after sodium intake reduction did not require further
laboratory tests and physician visits. Savings on antihyper-
tensive medications constitute the majority of cost savings

(90%).

DISCUSSION

The present study shows the potential to substantially reduce
the prevalence of hypertension, improve the management of
hypertension and reduce health costs in Canada by reducing
average population dietary intakes of sodium. The reduction in
daily sodium intake of 1840 mg is estimated to result in more
than one million fewer Canadians with hypertension, an 85%
improvement in the rate of treated and controlled hyperten-
sion in Canada, 1.3 million fewer physician office visits for
Canadians per year (a 6.5% reduction), and a cost savings from
drugs, office visits and laboratory testing directly related to
hypertension of approximately $430 million per year, or more
than half a billion Canadian dollars per year if we also include
aware but not treated hypertensive patients in our estimates.
The extent of reduction in dietary sodium that is necessary to
result in these benefits is consistent with dietary recommenda-
tions adopted by Health Canada (22).

Approximately 77% of the sodium in Canadian diets is
added during processing by the food industry, 11% occurs nat-
urally in food and 12% is added by Canadians in cooking or at
the table (23). Because of the difficulty in reducing dietary
sodium intake through individual counselling (38) or policies
relying on voluntary compliance by companies, the WHO has
indicated that government regulation to reduce the amount of
sodium added to food by food industries is the most effective
mechanism (5). A reduction in dietary sodium intake of more
than 40% was achieved in Finland (39) by a combination of
regulation, policies, and health care professional and public
education. The WHO-advocated approach to reducing dietary
sodium through a reduction in sodium additives to food has
been supported by many public health and scientific bodies
(18-21,40).

While our study presents some convincing data, there are
several limitations. The estimates of hypertension prevalence,
treatment and control rates were based on the CHHS data (4).
These 10 provincial surveys were conducted between 1986 and
1992, and may not be totally relevant to the current situation.
Unfortunately, more recent data on BP measurements in
Canada do not exist. We also removed from our estimates of
hypertension prevalence those individuals who mentioned
being advised to reduce their dietary sodium intake, regardless
of whether they actually did. We did not include those patients
who used exclusively nonpharmacological treatment as treated
individuals. This conservative approach resulted in different
and lower prevalence estimates than previous publications
(4,3), but was necessary to reduce other potential biases. Our
data also likely represent underestimates of the impacts of
reducing dietary sodium intake in Canada, because newer
Canadian and American data have shown increases in the
prevalence, treatment and diagnosis of hypertension (30,41).
It is therefore likely that our study has underestimated the
number of cases of hypertension that would be reduced or pre-
vented by a reduction in dietary sodium and has subsequently
underestimated the associated cost savings.

Our study estimated the reduction in BP from the 2006
Cochrane Collaboration meta-analysis (24). This estimate of
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reduction in BP (5.06/2.7 mmHg) is similar to the estimate in
the recent National Institute for Clinical Evaluation (NICE)
meta-analysis (—4.7/-2.5 mmHg) (15). However, the data are
from clinical trials and may not represent the effects of sodium
reduction at a population level. Nevertheless, in Finland (39),
a comprehensive program resulted in systematic reductions in
dietary sodium, and subsequently, large reductions in popula-
tion BP and cardiovascular disease were observed. The popula-
tion decreases in BP in Finland were more than 10 mmHg
(systolic and diastolic) while dietary sodium intake was
reduced by 2400 mg/day. In a meta-analysis of randomized con-
trolled trials (42), an average reduction of sodium by
2400 mg/day reduced BP by an average of 11.2/6.4 mmHg.

The true magnitude of cost savings associated with reduc-
tion in sodium intake may vary based on a number of factors
that are presently uncertain. Therefore, it should be acknowl-
edged that these are estimates, with some unknown degree of
variation to be expected. Limitations of our costing analysis
include the assumption that a reduction in the prevalence of
hypertension and its treatment would result in a linear reduc-
tion in physician visits, antihypertensive drug use and labora-
tory costs. Furthermore, some laboratory and physician visit
costs that we attributed to hypertension may occur in patients
with normal BP and, hence, would not be avoided by becom-
ing normotensive. However, if dietary sodium had historically
been 1840 mg/day lower than it currently is, our study indi-
cates that there would be 1,078,000 fewer hypertensive
patients in Canada who would not have the incurred costs
associated with the diagnosis and management of hyperten-
sion. In our primary analysis, we conservatively only consid-
ered the cost savings associated with fewer visits to physicians
by 119,000 patients who were on drug therapy, but could have
been controlled by reducing sodium intake alone. Costs avoided
by reduced visits in patients aware of their hypertension but
who were not on drug therapy and became normotensive dur-
ing reduced sodium intake were not included in the primary
analysis; inclusion of such patients could have increased our
estimate of cost savings by more than $100 million/year. We
also excluded the higher laboratory costs associated with the
initial diagnosis of hypertension and in testing those with
hypertension and comorbidity. Of note, the present study esti-
mated only the direct consequences and costs associated with
the reduction in hypertension related to a reduced dietary
sodium intake. Patients diagnosed with hypertension may feel
less well and have increased work absenteeism (43), and if BP
is not well-controlled, those with hypertension will have an
increase in cardiovascular events (44). Additional potential
cost savings that may be substantive but were not included in
our analysis are the costs of managing premature illnesses that
occur as a result of hypertension. Therefore, our estimates of
cost savings are likely to be conservative. We had not estimated
the potential cost of implementing a population-based
approach to reducing sodium additives to food. The cost of
counselling patients to avoid sodium additives could be con-
siderable and has limited effectiveness (38). Therefore, many
scientific and public health organizations recommend that
population changes in sodium intake be implemented by
imposing regulations and policies affecting the addition of
sodium to foods by the food sector, coupled with public educa-
tion programs (5,18,19).

There is concern that individual variation in BP response
to reduction in sodium intake (sodium sensitivity) makes
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population reductions in dietary sodium inappropriate. In very
short-term studies, only a small proportion of those with nor-
mal BP have a substantive reduction in BP with reduced
dietary sodium (45). While a full discussion of sodium sensitiv-
ity is beyond the scope of the present article, the issue has been
reviewed in the creation of health policy by many well-
established scientific and public health organizations
(18,19,22). Meta-analyses (15,24,46) have found reductions in
average BP in clinical trials involving normotensive infants,
children and adults, and hypertensive adults when dietary
sodium intake is lowered. While there is clear individual vari-
ability in the reduction in BP, this reduction is normally dis-
tributed, and much of the variability is explained by the
intrinsic variation in BP with ‘nonresponders’ to sodium on
one assessment often responding when reassessed (22,47).
Although not clinically intuitive, seemingly small population
changes in BP are associated with large, beneficial changes in
cardiovascular events because there is a reduction in cardio-
vascular risk in the normotensive population (7,48). For exam-
ple, a 5 mmHg reduction in SBP in a population is predicted to
result in a 14% reduction in stroke death, a 9% reduction in
coronary artery disease-related death and a 7% reduction in
total mortality (7). Larger reductions in dietary sodium addi-
tives result in larger reductions in BP (24), suggesting that the
lack of response to sodium reduction in some individuals is in
part related to the extent sodium additives reduced in the diet.
Sodium sensitivity is topical in basic and genetic hypertension
research. However, the implications of ‘sodium sensitivity’, as
currently defined and understood, are not viewed as having
public health or clinical importance by major scientific and
public health organizations (18,19,22).

It has also been hypothesized that the increases in BP asso-
ciated with sodium additives are safe and not associated with
increased cardiovascular events (49). However, increased BP is
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