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Reducing the Public Health Burden From Elevated Blood Pressure Levels
in the United States by Lowering Intake of Dietary Sodium

| Stephen Havas, MD, MPH, MS, Edward J. Roccella, PhD, MPH, and Claude Lenfant, MDElevated blood pressure lev-
els are a major cause of heart
disease and stroke. Healthy
People 2010 established ob-
jectives to reduce mortality
from these diseases by 20%
and to reduce the major causal
factors associated with these
elevated levels, such as ex-
cess sodium intake. The Amer-
ican public consumes far more
sodium than is needed, most
of which is added by food man-
ufacturers and restaurants. 

In November 2002, the
American Public Health Asso-
ciation adopted a policy reso-
lution calling for a 50% re-
duction in sodium in the
nation’s food supply over the
next 10 years. Such a reduc-
tion would greatly enhance
the chances of attaining the
Healthy People 2010 objec-
tives and would save at least
150 000 lives annually. This
issue warrants public health
intervention. (Am J Public
Health. 2004;94:19–22)

CARDIOVASCULAR DISEASES
are responsible for 40% of all
deaths in the United States. Each
year more than 725000 Ameri-
cans die of heart disease, the lead-
ing cause of death in the United
States; most of these deaths are
due to coronary heart disease
(CHD).1 More than 160000 peo-
ple die each year of stroke, the
third leading cause of death.1 Of
special concern, age-adjusted
death rates for CHD and stroke
among Blacks are approximately
50% and 80% higher, respec-
tively, than among Whites.

Healthy People 2010 set two
important goals: (1) increasing
quality of life and years of life
and (2) eliminating health dispar-
ities.2 In line with these goals,
Healthy People 2010 established
objectives to reduce age-adjusted
CHD and stroke mortality rates
by 20% among individuals of all
races by 2010.2

High blood pressure levels—
systolic levels above 120 mm Hg
and diastolic levels above 80 mm
Hg—are one of the major causes
of cardiovascular disease. The re-
lationship between blood pres-
sure level and risk of developing
cardiovascular disease is strong,
continuous, graded, consistent,
independent, and etiologically
significant. The risks of heart at-
tack, congestive heart failure,
stroke, and end-stage renal dis-
ease increase progressively as
blood pressure rises above opti-
mal levels.3–6

Hypertension, defined as a
systolic blood pressure of
140 mm Hg or higher and a di-

astolic blood pressure of 90 mm
Hg or higher (or taking medica-
tion to control the condition), af-
fects about 50 million US
adults.7,8 The prevalence of hy-
pertension rises dramatically
with age. By the age of 80 years,
more than 70% of the popula-
tion is hypertensive, as compared
with fewer than 10% of individu-
als aged 30 to 39 years.7 Blacks
have about a 40% higher preva-
lence rate of hypertension than
Whites7; this increased preva-
lence represents one of the major
reasons for their higher cardio-
vascular disease incidence and
mortality rates.7

Most hypertension is uncon-
trolled, and nearly half of patients
with hypertension do not receive
treatment.9 The Healthy People
2000 goal of 50% of people with
hypertension having their blood
pressure controlled to a level less
than 140/90 mm Hg was not
met9,10; instead, only about 25%
of adults with hypertension have
their blood pressure controlled to
this extent.9 A similar goal for im-
proving hypertension control by
the year 2010 was established in
Healthy People 2010.2

In addition, roughly 20 million
adults have systolic blood pres-
sure levels between 130 and
139 mm Hg or diastolic levels of
between 85 and 89 mm Hg,
placing them at significantly in-
creased risk for developing heart
disease and stroke. Recent data
from the Framingham Heart
Study show that individuals at
such blood pressure levels have a
1.5 to 2.5 times greater risk of

experiencing a heart attack, a
stroke, or heart failure in 10
years than those whose blood
pressure level is below 120/
80 mm Hg.11 The adverse effects
of such levels are found among
men and women of all ages, and
especially among those aged 65
years or older.

NEED FOR PUBLIC
HEALTH INTERVENTIONS

Effective public health inter-
ventions that will lead to popula-
tion-wide reductions in blood
pressure are necessary if the
Healthy People 2010 goals and
objectives noted earlier are to be
met. Moreover, as a result of ele-
vated blood pressure levels, arte-
rial disease and target organ (e.g.,
kidneys, eyes, heart) damage
often occur before the onset of
hypertension. Antihypertensive
medications can be costly, and
many patients fail to take medica-
tions as prescribed. Moreover, al-
most all antihypertensive medica-
tions carry the potential for
adverse effects. Primary preven-
tion of hypertension provides an
attractive opportunity to interrupt
and prevent the continuing costly
cycle of managing hypertension
and its complications.12,13

National guidelines recom-
mend 5 approaches to preventing
hypertension: (1) reduction of
sodium intake; (2) an eating plan
that is rich in fruits, vegetables,
and low-fat dairy products and
reduced in saturated fat, total fat,
and cholesterol; (3) prevention
and reduction of excess body
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weight; (4) regular physical activ-
ity; and (5) moderation of alcohol
intake.13 These approaches also
are effective in treating hyperten-
sion and reduce the need for
medications. Efforts by public
health practitioners to address
weight control, dietary composi-
tion, physical activity, and alcohol
consumption have been ongoing
for a number of years, and these
difficult but important issues must
continue to be addressed.

IMPORTANCE 
OF REDUCING
CONSUMPTION 
OF SODIUM

The goal of decreasing sodium
consumption has received some-
what less attention. Yet, because
it can be accomplished by
changing the population’s expo-
sure to sodium in the food sup-
ply, it represents the challenge
most amenable to a public
health solution.

There is a clear relationship be-
tween habitual sodium intake and
blood pressure levels. In their
meta-analysis of 32 randomized
clinical trials, Cutler et al.14 con-
cluded that a daily decrease in
sodium intake corresponding to
100 mmol (about 2300 mg) low-
ers (systolic/diastolic) blood pres-
sure by 5.8/2.5 mm Hg among
individuals with hypertension and
by 2.3/1.4 mm Hg among those
without hypertension. In addition,
within-population studies have
shown that lowering sodium in-
take by 100 mmol a day—from
170 mmol (about 3800 mg) to
70 mmol (about 1500 mg)—is
associated with a reduction of 3
to 6 mm Hg in systolic blood
pressure.15

Randomized clinical trials
have demonstrated that reducing
sodium intake decreases blood
pressure among people both with

and without high blood pressure.
One such trial, the Dietary Ap-
proaches to Stop Hypertension
(DASH) Sodium Study, reported
decreases in blood pressure asso-
ciated with reduced sodium in-
take, with the greatest reductions
being seen with the lowest
sodium intakes.16,17 Participants
were randomized either to the
DASH eating plan or to the usual
American diet. Individuals con-
sumed their respective diets at
3 random-order sodium levels:
(1) high level (142 mmol per
day, about 3300 mg), (2) inter-
mediate level (107 mmol per
day, about 2400 mg), or (3) low
level (65 mmol per day, about
1500 mg).

Sodium reduction alone from
a high level to a low level re-
duced blood pressure by 8.3/
4.4 mm Hg among individuals
with hypertension and by 5.6/
2.8 mm Hg among those without
hypertension; the greatest reduc-
tions in blood pressure were seen
in 2 groups at high levels of risk
for developing hypertension,
Blacks and older persons. The
combination of this amount of salt
reduction and the DASH diet
lowered blood pressure levels by
11.5/5.7 mm Hg and 7.1/3.7 mm
Hg, respectively, among those
with and without hypertension.
These findings reaffirm the bene-
fit of recommending that sodium
be limited to 2400 mg or less
per day; they suggest that limit-
ing sodium intake further to
1500 mg per day is feasible and
would result in additional reduc-
tions in blood pressure levels
without adverse effects.

Blood pressure reductions
such as those just described
would have major effects on
mortality and morbidity. For ex-
ample, a 5 mm Hg decrease in
mean population systolic blood
pressure levels would result in

14% fewer deaths from stroke,
9% fewer deaths from CHD, and
7% fewer deaths overall.18

Higher sodium intakes have
negative effects in addition to that
of increasing blood pressure lev-
els. The National Health and Nu-
trition Examination Survey Epide-
miologic Follow-up Study showed
that, among participants aged 25
to 74 years who were overweight,
a 100-mmol increase in intake of
sodium was associated with an in-
crease in relative risk of coronary
heart disease mortality of 61%,
an increase in stroke mortality of
89%, and an increase in all-cause
mortality of 39%. Moreover,
these effects were found after ad-
justment for blood pressure, age,
body mass index, and other im-
portant variables.19 Given that
more than 50% of adults are now
considered to be overweight,20

this study has major implications
in regard to the importance of re-
ducing sodium intake above and
beyond concerns about blood
pressure.

SOURCES OF SODIUM 
IN THE AMERICAN DIET

Data from the 1994 through
1996 Continuing Survey of Food
Intakes by Individuals indicated
an estimated average dietary
sodium intake among US adults
aged 20 years or older of ap-
proximately 142 mmol per day
(3300 mg) per 2000 calories.21

This estimate does not include
discretionary sodium use, such as
salt added at the table. Adding in
discretionary sodium use results
in an average increase in daily
intake of about 15%.22 Thus, the
average American adult ingests
nearly 170 mmol per day
(4000 mg) of sodium, far ex-
ceeding the current recommen-
dation of no more than 2400 mg

per day (approximately 6 g of
sodium chloride).7

Approximately 75% of the
daily sodium intake of the US
population comes from salt
added by food manufacturers
and restaurants; only 10% comes
from foods’ natural content.22,23

High dietary salt intakes thus
normally result from a large por-
tion of daily calories consisting of
processed foods. This makes it
extremely difficult for consumers
to follow a low-sodium diet.
Many canned and frozen foods
contain 1000 mg or more of
sodium in an 8-oz (224-g) serv-
ing. Consumers must read food
labels very carefully to select
lower sodium products, espe-
cially breads, cereals, canned
foods, frozen meals, cheese, and
processed meats; often such
products are difficult to find or
cost more. Restaurant meals,
which are not labeled, may con-
tain 4000 mg or more of
sodium, added without the con-
sumer’s knowledge.24

Conversely, the DASH eating
plan, which is rich in fruits, veg-
etables, and low-fat dairy prod-
ucts and reduced in sodium, sat-
urated fat, total fat, and
cholesterol, is associated with
lower blood pressure levels.16,25

This eating plan is also consistent
with current public health recom-
mendations, including the 2000
US federal government dietary
guidelines for Americans.

In the United Kingdom, organi-
zations have been successful in
working with food manufacturers
to reduce the overall sodium con-
tent of processed foods. For exam-
ple, a UK supermarket chain
(Sainsbury’s) has reduced salt con-
tent in its store brand products.
The company’s aim is to reduce
salt content by 10% to 15% with-
out affecting quality or safety.26

To date, it has removed the equiv-
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alent of more than 400 tons of
salt per year across a broad range
of its products, including ready-
made meals, sausages, and bread.
The company did not advertise
this salt reduction, and judging
from the lack of customer com-
ments, the salt seems not to have
been missed.

Evidence of the efficacy and
safety of a dietary sodium intake
of no more than 2400 mg per day
was reviewed and affirmed in
1989 by the National Academy of
Sciences and in 1993 by the Na-
tional High Blood Pressure Educa-
tion Program Working Group on
Primary Prevention. The 2400-mg
recommendation has also been
carefully reviewed and approved
by the National Heart, Lung, and
Blood Institute’s National High
Blood Pressure Education Pro-
gram Coordinating Committee,
which includes representatives
from 45 professional health-re-
lated agencies. The evidence was
reaffirmed in the Sixth Report of the
Joint National Committee on Preven-
tion, Detection, Evaluation, and
Treatment of High Blood Pressure
(JNC VI)9 and by a 1999 work-
shop on sodium and blood pres-
sure sponsored by the National
Heart, Lung, and Blood Institute.27

These reviews support the as-
sertion that lowering Americans’
daily dietary sodium intake to no
more than 2400 mg would re-
duce the mean blood pressure of
the US population. Healthy
adults living in a temperate cli-
mate can maintain a normal
sodium balance with as little as
115 mg of dietary sodium per
day. Given the wide variation in
Americans’ physical activity and
climatic exposure, a level of
500 mg of sodium intake per
day is considered safe.28 Data
derived from animal experi-
ments, observational studies, and
randomized clinical trials have

shown no long-term adverse ef-
fects associated with substantial
reductions in habitual daily
sodium intakes.12

A CALL FOR ACTION

Attainment of lower sodium
levels in the general population
represents an important public
health opportunity and chal-
lenge. Healthy People 2010 has
established an objective to in-
crease the percentage of the pop-
ulation that meets the standard
of 2400 mg or less of daily
sodium intake from 21% to 65%
by the year 2010.2 Gradually re-
ducing the amount of sodium
added in the manufacturing and
commercial preparation of food
is a prudent and safe public
health intervention and the
single most effective means of at-
taining this objective.

This reduction will also make
a substantial contribution to
meeting the Healthy People 2010
objective of 50% of individuals
with hypertension having their
blood pressure under control, as
well as the objective of a 20%
reduction in mortality rates from
heart disease and stroke. Meeting
these objectives can play a major
role in making progress toward
the 2 overarching goals of
Healthy People 2010.

Furthermore, such an action
will meet the growing consumer
demand for products lower in
sodium. Consumer education and
product availability must go hand
in hand. If they do, the benefits
reaped will be substantial.

Recognizing the importance of
action on this issue, the Ameri-
can Public Health Association
adopted a policy resolution at its
November 2002 annual meeting
calling for a 50% reduction in
sodium in processed and restau-
rant foods over the next 10

years.29 New JNC VII guidelines
have endorsed this resolution.30

We estimate that, when fully im-
plemented, this reduction will re-
sult in at least a 5 mm Hg de-
crease in systolic blood pressure
levels, a 20% reduction in the
prevalence of hypertension, and
150000 fewer deaths.

Follow-up activities will be
necessary to ensure that the food
industry follows through with the
recommendations included in the
American Public Health Associa-
tion’s policy resolution. The pub-
lic health of Americans will be
significantly improved by this
critical means of preventing and
controlling hypertension.
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Social Science and Health Research: 
Growth at the National Institutes of Health

| Christine A. Bachrach, PhD, and Ronald P. Abeles, PhDPrograms within the Na-
tional Institutes of Health (NIH)
have recently taken steps to
enhance social science contri-
butions to health research.

A June 2000 conference
convened by the NIH Office of
Behavioral and Social Sci-
ences Research highlighted
the role of the social sciences
in health research and devel-
oped an agenda for advancing
such research. The conference
and agenda underscored the
importance of research on
basic social scientific con-
cepts and constructs, basic
social science research on the
etiology of health and illness,
and the application of basic
social science constructs in
health services, treatment,
and prevention research.

Recent activities at NIH sug-
gest a growing commitment to
social science research and its
integration into interdiscipli-
nary multilevel studies of
health. (Am J Public Health.
2004;94:22–28)

THE NATIONAL INSTITUTES OF
Health (NIH) has had a long and
growing commitment to behav-
ioral and social scientific research
relevant to health. Although this
commitment at times has been
tenuous and even perhaps reluc-
tant, it has grown in magnitude
and strength over the past 30
years. In fiscal year 2002, about
$2.64 billion (10% of the NIH
total budget) was devoted to be-
havioral and social sciences re-
search and training. Almost all
NIH institutes and centers have
played a role. For example, fol-
lowing President Lyndon John-
son’s call in the 1960s to apply
research to the alleviation of so-
cial and public health problems,
the National Institute of Mental
Health established various topi-
cal research centers to focus on
issues such as crime and delin-
quency, suicide, metropolitan
problems, mental health and
aging, minority group mental

health, and substance abuse and
alcoholism.

During the 1960s and 1970s
the National Heart, Lung, and
Blood Institute developed a pio-
neering extramural program on
health and behavior, and the Na-
tional Institute on Child Health
and Human Development and
the National Institute on Aging
(NIA) both established broad-
ranging programs in support of
basic and applied behavioral and
social research. Other institutes,
including the former constituent
parts of the Alcoholism, Drug
Abuse, and Mental Health Ad-
ministration (ADAMHA), also
played significant roles in foster-
ing such research. For example,
ADAMHA joined forces with
NIH in 1979 to commission the
landmark study by the Institute
of Medicine (Health and Behav-
ior: Frontiers of Research in the
Biobehavioral Sciences) that sub-
sequently gave direction to

NIH’s expanding activities in
the behavioral and social sci-
ences, especially when
ADAMHA rejoined NIH more
than a decade ago.1

Historically, the behavioral
sciences have been better repre-
sented than the social sciences
at NIH. By the late 1990s, the
behavioral sciences were gener-
ally recognized as having a firm
place at NIH. However, many
observers within and outside of
NIH believed that the actual
and potential contributions of
the social sciences had not yet
been fully recognized. Conse-
quently, the NIH Office of Be-
havioral and Social Sciences Re-
search (OBSSR) convened a
committee, with representatives
from most NIH institutes and
centers and from 3 nongovern-
mental social science organiza-
tions, to consider the contribu-
tions of the social sciences to
health research and the rele-


