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The best available evidence strongly supports population-wide sodium reduction as a means 

to prevent cardiovascular disease and stroke. Excess sodium intake raises blood pressure, the 

leading preventable cause of mortality worldwide. Well-controlled trials have documented a 

direct progressive relationship of sodium intake with blood pressure. On average, as sodium 

intake is lowered, so is blood pressure, both in hypertensive and non-hypertensive 

individuals. By lowering blood pressure, sodium reduction should prevent cardiovascular 

disease. Given that elevated blood pressure is a global pandemic affecting 1.4 billion people 

worldwide1 and that cardiovascular risk is elevated at blood pressure levels below drug 

treatment thresholds, the critical issue is not whether, but how to lower sodium intake in the 

general population. Any such strategy must start with knowledge of the dietary sources of 

sodium.

The study by Harnack and colleagues,2 published in this issue of the journal, provides such 

information, updating a highly cited but relatively small study published in 1991 by Mattes 

and Donnelly,3 who documented that 77% of sodium is added outside the home during food 

processing.4 In contrast to western societies, the majority of sodium is added at home in 

some regions of Asian countries. For example, in Guangxi, China, over 80% of sodium is 

added during home cooking.4 Differences in sodium sources have important policy 

implications because strategies to reduce sodium in the food supply are distinct from those 

aimed at reducing sodium added at home.

In the study by Harnack and colleagues, 450 adults were recruited in three geographic 

locations in the U.S.: Birmingham, Alabama; Palo Alto, California; and Minneapolis-St. 

Paul, Minnesota. Equal numbers of women and men from each of four race/ethnic groups 

(African American, Asian, Hispanic, and non-Hispanic whites) were enrolled. Four 24-hour 

dietary recalls over 11 days were collected from each participant using special procedures, 

which included the collection of duplicate samples of salt added to food at the table and in 
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food preparation. Harnack and colleagues implemented the same methodology for 

categorizing sodium sources developed by Mattes and Donnelly. Overall, sodium added 

during food manufacturing and processing was the leading source of sodium, accounting for 

71% of total sodium intake. Sodium inherent to food was the next highest contributor 

(14.2%), followed by salt added in home food preparation (5.6%), and salt added to food at 

the table (4.9%). Home tap water consumed as a beverage and dietary supplement and non-

prescription antacids each contributed <0.5%. These findings are virtually identical to those 

of Mattes and Donnelly (Table 1).

Several other findings were notable. First, sodium added during food manufacturing and 

processing was the leading contributor for all subgroups examined, including Asians. This is 

an important observation that supports reducing the content of commercially processed and 

prepared foods as a broadly effective strategy for reducing sodium intake in the U.S. If 

sodium added at home had been the leading source, or even a larger contributor, such a 

finding would necessitate a different approach to population-wide sodium reduction. 

Second, the percent (and amount) of sodium added during home preparation increased with 

age from 3.7% in those aged 18–29 to 8.7% in those aged 60–75. Whether these findings 

result from secular trends or from age-associated reductions in sensory perception is unclear. 

Third, total sodium intake was higher in a few subgroups, specifically, in those with less 

education and in those from the Alabama site. It is reasonable to speculate that differences in 

sodium intake might account, at least in part, for the higher risk of stroke in these subgroups. 

Fourth, in a subsample (n=150), mean urinary sodium excretion was similar to mean 

estimated intake from the dietary recalls. This finding documents the accuracy of multiple 

record-assisted 24-hour dietary recalls and supports their utility in the National Health and 

Nutrition Examination Survey.

Other issues were not specifically addressed in this paper, but hopefully will be addressed in 

forthcoming publications from this study. For example, the study did not report the anion 

that accompanied sodium. While it is assumed that 95% or more of sodium is consumed as 

sodium chloride and <5% from non-chloride forms, particularly from preservatives, there are 

no contemporary data from national surveys. Second, the authors did not report the percent 

of sodium consumed at home and outside of the home at restaurants and other venues. Third, 

the study did not report intra- and inter-individual variability in sodium intake or excretion. 

Such data would be useful in informing the number of collections needed to reliably 

estimate individual-level intake, as opposed to average group intake which can be estimated 

from just a single collection. Because of the high intra-individual variability of sodium 

intake and excretion, it has been estimated that as many as 10–15 separate measurements are 

needed to estimate an individual’s usual sodium intake.5

Finally, the authors did not report the sodium density of food consumed. Total sodium intake 

is the product of sodium density (mg of sodium per kilocalorie) times kilocalorie intake. The 

authors did, however, provide total energy intake from which we calculated mean sodium 

density (Table 2). Mean sodium density (~1.8 mg of Na per kcal) was similar to the highest 

level tested in the DASH-Sodium trial, while the range in subgroups varied from 1.6 to 2.1 

mg of Na per kcal.6 In those with less education and those residing in Alabama, high sodium 

intake reflected higher sodium density rather than higher calorie intake.
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This study has several important strengths, including rigorous assessment of sodium intake 

with four 24-hour dietary recalls, as well as special efforts to understand sodium intake from 

the water supply and pills. The population was large and diverse, with men and women from 

a broad age range (18 – 74), in 4 race-ethnic groups in 3 geographic regions. Still, some 

subgroups were small, resulting in limited statistical power to detect significant differences, 

e.g., differences by age and hypertensive status. Further, because race-ethnicity differed by 

site, e.g., 75% of African Americans came from the Alabama site, it is unclear whether some 

differences were related to site or race-ethnicity. Another limitation was the generalizability 

of the study population, sampled in large part from university employees in the 3 urban 

locations. Total intake and sources of dietary sodium of individuals residing in rural and 

lower socioeconomic status areas might differ from the estimates in this paper, especially 

given higher blood pressure and higher stroke mortality in these high-risk groups.7

This study has implications for patients, physicians, and policy. About half of adults report 

trying to reduce their sodium intake.8 Given the prevailing food supply, patients attempting 

to lower their sodium intake must focus on product selection. In some instances, it is 

possible to identify (and swap) higher sodium products for alternative products lower in 

sodium. However, in many other settings, particularly restaurants, such information is not 

routinely available. Resources to assist consumers are available from organizations such as 

the American Heart Association.9 Patients also have an escalating role in advocating for 

changes to the food supply.9 Physician advice to reduce sodium is associated with patients 

taking action to reduce sodium, yet only about a quarter of patients report having received 

such advice from their doctor.8

Physicians should emphasize product selection with their patients as a primary means to 

reduce dietary sodium. Concurrently physicians can encourage their patients to limit use of 

the salt shaker, but such advice will have minimal impact on its own. Importantly, special 

efforts are needed to target younger persons, given their high calorie intake and hence their 

high sodium intake.

For policy makers, this study reinforces recommendations of the Institute of Medicine, 

which highlighted, as a principal strategy, targets for industry to reduce the sodium content 

of commercially prepared foods.10 The Food and Drug Administration has released draft 

voluntary targets for reducing sodium in commercially processed and prepared food.11 If 

short-term reduction goals were met, sodium intake would be reduced by about 400 mg per 

day, which would have a large impact on cardiovascular health at the population-level.12 

Even if it were possible to eliminate salt use at the table and in cooking, the maximum 

reduction that could be reached is about 400 mg per day, and such a reduction would be very 

difficult to achieve. Meanwhile, other countries with a similar pattern of dietary sodium 

sources have successfully implemented voluntary sodium reduction targets and have reduced 

blood pressure and cardiovascular disease mortality.13

In conclusion, sodium added during food manufacturing and processing remains the leading 

source of sodium, accounting for 71% of total intake. This finding was consistent across 

population subgroups. Efforts to reduce the sodium content in our food supply have 

tremendous potential to lower blood pressure and prevent cardiovascular disease. As 
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highlighted in two presidential statements from the American Heart Association,14,15 now is 

the time for action.
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Table 1

Comparison of Two Studies Assessing Sources of Dietary Sodium Intake in United States Adults.

Mattes and Donnelly (1991)3 Harnack, et al (2017)2

Sample characteristics

Sample size (n) 62 450

Female (%) 74 50

Race/ethnicity Category (%) Category (%)

Black 23 African American 22

White 71 Non-Hispanic White 34

Native American 5 Asian 22

Unknown 2 Hispanic 22

Age Mean years (SD) Category (%)

30.1 (9.0) 18–29 27

30–44 23

45–59 30

60–74 21

Hypertension (%) 0 24

Study design

Inclusion criteria Normotensive, not adhering to any therapeutic 
diet

Free from chronic kidney disease or diabetes 
insipidus

Sites Philadelphia, PA Birmingham, AL; Palo Alto, CA; Minneapolis-St. 
Paul, MN

Diet measurement Food records over 7 consecutive days Four record-assisted telephone 24-hour dietary recall 
interviews over 11 days

Measurement of salt added in 
cooking and at the table

Pre-weighed salt shakers Collection of duplicate samples

Validation of sodium intake 24-hour urines on days 5, 6, 7 24-hour urines on 4 days in a subset of participants 
(n=150)

Reliability of sodium sources Procedures repeated 8 and 25 weeks later 
among a subset of participants (n=20)

Not assessed

Mean sodium intake (mg Na/
day)

3938 3501

Sodium sources (%)

Processing-added 77 71

Inherent 12 14

Cooking 6 6
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Mattes and Donnelly (1991)3 Harnack, et al (2017)2

Table 5 5

Water <1 <1

Dietary supplements or non-
prescription antacids

Not assessed <1
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Table 2

Mean Total Sodium Intake, Energy Intake, and Sodium Density by Demographic and Health Characteristics.

Total sodium intake
(mg Na/day)

Energy intake
(kcal/day)

Na density
(mg Na/kcal)

Sex

 Female 3123 1762 1.77

 Male 3886 2191 1.77

Age

 18–29 3551 2080 1.71

 30–44 3545 1990 1.78

 45–59 3510 1998 1.76

 60–74 3383 1840 1.84

Race/ethnicity

 Asian 3551 1936 1.83

 African American 3798 2023 1.88

 Hispanic 3138 1843 1.70

 Non-Hispanic White 3503 2105 1.66

Highest education

 High school graduate or less 3854 1874 2.06

 Some college or technical school 3809 2088 1.82

 College and above 3302 1964 1.68

Site

 Alabama 3899 1907 2.04

 California 3247 1955 1.66

 Minnesota 3346 2068 1.62

History of hypertension

 Yes 3715 1994 1.86

 No 3402 1964 1.73

Body weight status

 Normal or underweight 3254 1905 1.71

 Overweight 3439 2002 1.72

 Obese 3805 2022 1.88
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