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Introduction
A large body of evidence has linked higher intake of sodium 
with increased risk of chronic disease, most notably stroke and 
cardiovascular disease, and all cause death (Yang 2011). In 
recognition of this association, many initiatives have been launched 
globally to reduce dietary sodium intake most notably though the 
reduction of sodium content of processed foods (Henney 2010, 
van Vliet 2011, Webster 2011). !is article examines the evidence 
around sodium as a risk factor for cardiovascular disease and death, 
drawing on lessons learned from the beta carotene experience. 

In Europe, the current leader in sodium reduction initiatives, 
national programs have been launched in 19 countries, with 
reductions of up to 25% in sodium content of key foods, yielding 
reductions of approximately 1-3 g per day in per capita sodium 
intake (from a baseline of between 8-12 g per day) (Webster 
2011). !is has been paralleled by documented reductions of up 
to 60-80% in coronary artery disease and stroke mortality in 
Finland and Japan respectively: Finland launched a comprehensive 
cardiovascular disease prevention program in the 1970s and 
experienced a 65% decrease in cardiovascular mortality by 1995 
(He 2009, Laatikainen  2006, Puska 1998, Webster 2011). 
Likewise, according to the World Action on Salt and Health 
organization, Japan documented an 80% reduction in mortality in 
the wake of its salt reduction program (Iso 1999, WASH).  

Currently, sodium recommendations for healthy individuals 
(adequate intake) in Canada and the US are 1500 mg per day (van 
Vliet 2011), with a tolerable upper limit of 2300 mg (Henney 
2010), based on reference values set by the Institute of Medicine 

in 2005 (Henney 2010). !e American Heart Association further 
recommends a limit of no more than 1500 mg per day (AHA 
2011). Actual average daily intake during 2003–2006, estimated 
by the Institute of Medicine, was 3,614 mg/d (Henney 2010). 

Sodium and Risk of Death: Observational 
Evidence   
NHANES III, the third National Health and Nutrition 
Examination Survey (1988-2006) was a prospective cohort 
study of a nationally representative sample of US adults; Yang 
et al studied data from a subset of 12,267 subjects with available 
data for associations between sodium intake and mortality from 
all-causes, cardiovascular, and ischemic heart (IHD) disease 
(2011). Higher sodium intake was associated with significantly 
increased risk of all-cause mortality, hazard ratio HR 1.20 (95% 
confidence interval CI 1.03-1.41 per every 1000 mg/d increase), 
whereas higher potassium intake was associated with lower 
mortality risk (HR 0.80, 95% CI 0.67-0.94 per 1000 mg/d).  

Sodium and 
risk of death:

Villain or biomarker?
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Furthermore, those in the highest quartile sodium-potassium 
intake ratio compared to the lowest quartile also had significantly 
elevated risk: HR 1.46 (95% CI 1.27-1.67) for all-cause mortality; 
HR 1.46 (95% CI 1.11-1.92) for CVD mortality; and HR 2.15 
(95% CI 1.48-3.12) for IHD mortality.

Similar findings were reported based on data from the first 
NHANES study (He 1999). A total of 14,407 subjects were 
included, and dietary sodium and energy intake were estimated 
at baseline using a single 24-hour dietary recall method. Among 
overweight persons with an average energy intake of 7452 kJ 
(~1781 calories), a 100 mmol higher sodium intake was associated 
with a 32% increase (relative risk RR 1.32, 95% CI 1.07-1.64, P 
= .01) in stroke incidence; an 89% increase (RR 1.89, 95% CI 
1.31-2.74, P<.001) in stroke mortality; a 61% increase (RR 1.61, 
95% CI 1.32-1.96, P<.001) in cardiovascular disease mortality; 
and a 39% increase (RR 1.39, 95% CI, 1.23-1.58, P<.001) in 
mortality from all causes. However, in this study dietary sodium 
intake was not significantly associated with cardiovascular 
disease risk in non-overweight persons.

Such studies have also been conducted in Japan. Nagata et al 
(2004) investigated sodium intake and risk of death from stroke 
among 13,355 men and 15 724 women in Takayama City, Japan. 
In men, the highest compared with the lowest tertile of sodium 
intake was significantly positively associated with death from 
stroke (total from ischemic and hemorrhagic) after controlling 
for covariates, HR 2.33 ( 95% CI 1.23 -4.45). Significant 
positive associations were also observed between sodium intake 
and death from ischemic stroke (HR 3.22, 95% CI 1.22-8.53) 
as well as death from intracerebral hemorrhage (HR 3.85, 95% 
CI 1.16 -12.7). In women, a non significant association between 
sodium intake and death from stroke was found : HR 1.70, 95% 
CI, 0.96 -3.02 and HR 2.10, 95% CI 0.96 - 4.62, respectively.

Takachi  et al (2010) investigated the relationship between 
consumption of sodium and cancer and cardiovascular disease. 
Between 1995-1998, a total of 77,500 men and women aged 
45-74 years were enrolled, and followed until the end of 2004; 
4476 cases of cancer and 2066 cases of cardiovascular disease 
(CVD) were identified. Results showed that higher consumption 
of sodium was associated with a higher risk of CVD but not 
with the risk of total cancer: multivariate HR for the highest 
compared with lowest quintiles of intake were 1.19 (95% CI 
1.01-1.40; P trend 0.06) for CVD and 1.04 (95% CI 0.93-1.16; P 
trend: 0.63) for total cancer. 

Umesawa et al (Umesawa 2008) report a Japanese population 
study conducted between 1988 -1990 among 58,730 Japanese 
subjects aged 40-79 y with no history of stroke, coronary heart 

disease, or cancer. After 745,161 person-years of follow-up, 
986 deaths from stroke (153 subarachnoid hemorrhages, 227 
intraparenchymal hemorrhages, and 510 ischemic strokes) and 
424 deaths from coronary heart disease were documented. 
Sodium intake was associated with mortality from total 
stroke, ischemic stroke, and total cardiovascular disease. !e 
multivariable HR for the highest versus the lowest quintiles of 
sodium intake after adjustment for age, sex, and cardiovascular 
disease risk factors was 1.55 (95% CI  1.21- 2.00; P trend < 0.001) 
for total stroke; 2.04 (95% CI 1.41- 2.94; P for trend < 0.001) 
for ischemic stroke; and 1.42 (95% CI 1.20- 1.69; P for trend < 
0.001) for total cardiovascular disease. As with NHANES III, 
this study also found an inverse relationship between potassium 
intake and risk of death.

Strazzullo et al conducted a meta-analysis of 19 prospective 
cohorts examining the association between sodium intake and 
risk of stroke or cardiovascular disease (2009). !e analysis 
included 177,025 participants with follow-up between 3.5-19 
years, and over 11,000 vascular events. Higher salt intake was 
associated with increased risk of stroke (relative risk RR 1.23, 95% 
CI 1.06 -1.43; P=0.007) and cardiovascular disease (1.14, 0.99 
- 1.32; P=0.07). For cardiovascular disease, sensitivity analysis 
showed that the exclusion of a single study led to a significant 
result: RR 1.17 (1.02 - 1.34; P=0.02). !e associations observed 
were greater the larger the difference in sodium intake and the 
longer the follow-up. !e authors concluded: “high salt intake 
is associated with significantly increased risk of stroke and total 
cardiovascular disease. Because of imprecision in measurement 
of salt intake, these effect sizes are likely to be underestimated. 
!ese results support the role of a substantial population 
reduction in salt intake for the prevention of cardiovascular 
disease.”

The Beta Carotene Experience: A Harsh Lesson 
Learned in the Concept of Biomarker
With the emergence of well- constructed theories of the role 
of oxidant stress in the initiation of atherosclerosis (Ross 1993) 
and cancer (Cerutti 1991) came an explosion of research into the 
potential for a handful of antioxidant nutrients to prevent and 
treat “the big two” chronic degenerative diseases. !e landmark 
Basel study for many confirmed suspicions of the powerful ability 
of antioxidants to prevent such diseases; in an observational 
cohort of 4858 men followed for 12 years, Basel researchers found 
individuals in the lowest quintile of plasma beta carotene were at 
a 60% increased risk of developing cancer relative to individuals 
in the highest quintile of plasma beta carotene (Stahelin 1991). 
!e stage was set for large, multicentre, randomized control trials 
of intervention with antioxidant nutrients for the prevention and 
treatment of heart disease and cancer.
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An understatement is to call the outcomes of these intervention 
trials “disappointing”. Cochrane recently summarized 67 trials 
of antioxidant nutrients with 232,550 participants collectively 
(Bjelakovic 2008). !e reviewers found a 16% increased risk in 
all cause death from vitamin A supplementation (RR 1.16, 95% 
CI 1.10 to 1.24), a 7% increased risk in all cause death from beta 
carotene supplementation (RR 1.07, 95% CI 1.02-1.11), and a 4% 
increased risk in all cause death from vitamin E supplementation 
(RR 1.04, 95% CI 0.94-1.20). 

!e mechanistic basis upon which oxidant stress contributes to 
initiation and progression of heart disease and cancer remains 
sound. So what accounts for the lack of benefit, and marked 
detriment, from intervention with this selection of antioxidant 
nutrients?

!e concept of biomarker was quickly identified. Plasma 
determination of any one antioxidant nutrient does a poor job 
of providing insight into the biological impact of that specific 
nutrient. Instead, plasma determination of an antioxidant serves 
as an accurate biomarker of exposure to fruit and vegetables. 
!e collective conscious of nutritional scientists was quick to 
incorporate this important fact in interpretation of relevant 
evidence moving forward, and what has emerged is a new era of 
research into whole foods and intervention trials focused on diet 
modification as opposed to single nutrient intervention. 

Modern trials that intervene with diet counseling have come to 
rely on plasma determination of beta carotene for an important 
task; serving as an accurate marker of fruit and vegetable 
intake, assessment of plasma beta carotene objectively confirms 
compliance or lack thereof with diet instructions of the trial. A 
simple example is the use of beta carotene assessment by WHEL 
investigators, an intervention trial in 3088 breast cancer survivors 
with a mean follow- up of 7.3 years examining the impact of diet 
and lifestyle counseling on cancer- free survival, invasive breast 
cancer events, and all cause mortality (Pierce 2007). 

Is Sodium a Biomarker?
Very little sodium occurs naturally in foods, and it is widely 
recognized that processed foods are the major source of sodium 
in the Standard American Diet (SAD). In addition to sodium 
chloride, table salt, sodium may be added to food as the flavour 
enhancer monosodium glutamate, sodium benzoate, sodium 
bicarbonate, sodium citrate, sodium nitrite, and sodium acid 
pyrophosphate (Fischer 2009). !e Canadian Stroke Network’s 
website www.sodium101.ca states that over 70% of dietary 
sodium comes from processed foods (Figure 1).

In view of the beta carotene experience, the undeniable link 
between sodium intake and risk of death, and the fact that 
upwards of 70% of dietary sodium originates from processed 
foods, we posit that sodium intake may in fact function as a 
biomarker of the effect of processed foods. Since processed foods 
represent by far the predominant source of dietary sodium, the 
link between sodium intake and risk of death in these population 
studies may actually represent the relationship between intake of 
processed foods and death/ disease. Besides sodium, processed 
foods contain several other harmful substances such as nitrates, 

Figure 1: Sodium Sources

Canadians consume, as they make up over 70% of average 
daily sodium intake.

during cooking or at the table.

fresh cuts of meat contain very little sodium. The sodium 
“naturally” present in foods accounts for only 10-15% of our 
daily intake.

Adapted from the Canadian Stoke Network, www.sodium101.ca

Figure 2. Relative Contributions to Daily 
Dietary Sodium Intake

Source: Center for Disease Control, Salt: Sodium and Food Sources, 2010. 
Adapted from: Mattes, RD, Donnelly, D. Relative contributions of dietary sodium 
sources. Journal of the American College of Nutrition. 1991 Aug;10(4):383-393.

77% - Processed and 
restaurant foods
12% - Naturally Occurring
6% - While eating
5% - Home cooking
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Food Item Description Sodium Content (mmol/100g)

Beef Topside, roast, lean and fat 2.1

Corned beef, canned 41.3

Bran Bran, wheat 1.2

Bran flakes 43.5

Cheese Hard cheese, average 27.0

Processed cheese 57.4

Chick peas Dried, boiled in unsalted water 0.2

Canned, re-heated, drained 9.6

Crab Boiled 16.1

Canned 23.6

Cod Cod, in batter, fried in blended oil 4.3

Fish fingers, fried in blended oil 15.2

New potatoes Raw, boiled in unsalted water 0.4

Canned, re-heated, drained 10.9

Peanuts Plain 0.1

Dry-roasted 34.3

Roasted and salted 17.4

Peas Raw, boiled in unsalted water Trace

Canned, re-heated, drained 10.9

Potato chips (fries) Homemade, fried in blended oil 0.5

Oven chips, frozen, baked 2.3

Salmon Raw, steamed 4.8

Canned 24.8

Smoked 81.7

Sweet corn On-the-cob, whole, boiled in unsalted water Trace

Kernels, canned, reheated, drained 11.7

Tuna Raw 2.0

Canned in oil, drained 12.6

Canned in brine, drainted 13.9

saturated and trans fats, (sodium) benzoate, MSG, many 
other preservatives and flavoring agents, as well as possible 
byproducts of processing that are as yet unidentified. Processed 
foods are also typically quite calorie-dense, thus promoting 
obesity and its health consequences. Furthermore, high intake 
of processed foods is typically accompanied by low intake of 
fruit and vegetables, the primary source of dietary potassium, 
and this may help explain the additional predictive power of 
sodium: potassium ratio and mortality, as shown in the studies 
cited above. 

A recent Cochrane review examining the effect of 
intervention with low-sodium diets lends further support 
to this hypothesis (Taylor 2011). After pooling seven RCTs 
including 6489 participants with follow up of between seven 
months to 12.7 years, Taylor et al found no “strong benefit” 
from sodium restriction on mortality and cardiovascular 
morbidity (2011). Among patients who were normotensive, 
relative risk for all cause mortality at the end of the trial was 
RR 0.67 (95% CI 0.40-1.12, 60 deaths), and after the longest 
follow up, risk was RR 0.90 (95% CI 0.58-1.40, 79 deaths).  

Table 1. Sodium content of processed versus non-processed foods 
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1) Sodium has been linked to increased risk of several chronic 
disease. Several national and international initiatives have been 
implemented to reduce intake of sodium at a population level. 
Achievements include:
a. European initiative in 19 countries that achieved the reduced 
sodium content of key foods by up to 25%;
b. A comprehensive lifestyle and diet program in Finland 
incorporated sodium reduction as one of its goals, achieving 65% 
reductions in cardiovascular mortality; 
c. A Japanese program that has been attributed with a 80% 
reduction in mortality;
d. All of the above

2) Current sodium recommendations for healthy individuals are 
set at 1500 mg per day.
a. True
b. False

3) The following is true about the large NHANES III population 
based cohort study:
a. Higher sodium intake was associated with 20% increased risk 
of all-cause mortality per every 1000 mg/d increase;
b. Higher potassium intake was also associated with higher 
mortality risk
c. Higher sodium-potassium intake ratio compared to the lowest 
quartile had an 80% increased risk of death; 
d. All of the above

4) The first NHANES study found that among overweight 
persons 100 mmol higher sodium intake was associated with: 
a. 32% increase in stroke incidence; 
b. 89% increase in stroke mortality;
c. 39% increase in death from all causes;
d. All of the above

5) Strazzullo’s meta analysis found the following overall results:
a. Higher salt intake was associated with significantly increased 
risk of stroke (23%); 
b. Higher salt intake was assoicated with significantly increased 
risk of cardiovascular disease (14%);
c. Higher salt intake was associated with significantly increased 
risk of chronic renal disease (21%);
d. A and B

6) The Basel study was a landmark study in antioxidant research. 
It found that individuals with the lowest quintile of plasma beta 
carotene were at a 60% increased risk of developing cancer 
relative to individuals with the highest plasma beta carotene.
a. True
b. False

7) After several unsuccessful intervention trials using antioxidants 
for the prevention of cancer and cardiovascular disease, scientists 
realized:
a. The oxidative stress hypothesis as a cause of chronic disease 
was false.
b. The true value of an antioxidant should be determined 
through in vitro assays such as ORAC; 
c. Plasma determination of an antioxidant serves as an accurate 
biomarker of exposure to fruit and vegetables;
d. A and C

8) Over 70% of dietary sodium in the standard American diet 
comes from processed foods.
a. True
b. False

9) In addition to table salt, sodium may be added to food as: 
a. Monosodium glutamate 
b. Sodium bicarbonate
c. Sodium benzoate 
d. Sodium acid pyrophosphate
e. All of the above

10) Since processed foods represent by far the predominant 
source of dietary sodium, sodium may actually be acting as a 
biomarker of other harmful substances in processed foods. 
These include:
a. Nitrates; 
b. Saturated and trans fats; 
c. As yet unidentified byproducts of processing; 
d. Deficiency of fruits and vegetables;
e. All of the above
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