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The relation between diet and cardio-
vascular disease has been the focus of
substantial investigative effort for sever-
al decades (I). The observed reduction in
cardiovascular death rates in the United
States over the past 30 years has been
attributed, in part, to changing dietary
patterns (I, 2). Nevertheless, hyperten-
sive cardiovascular disease remains the

in the United States and exposure to all
relevant nutrients in the diet. Second,
the hypothesized relation of nutrients
such as sodium (5, 6), potassium (7, 8),
cholesterol (9, 10), and calcium (/1, 12)
to the development of hypertensive car-
diovascular disease has yet to be con-
firmed in the United States. Third, spe-
cific nutrients, particularly the mineral

Summary. A data base of the National Center for Health Statistics, Health and
Nutrition Examination Survey | (HANES 1), was used to perform a computer-assisted,
comprehensive analysis of the relation of 17 nutrients to the blood pressure profile of
adult Americans. Subjects were 10,372 individuals, 18 to 74 years of age, who denied
a history of hypertension and intentional modification of their diet. Significant
decreases in the consumption of calcium, potassium, vitamin A, and vitamin C were
identified as the nutritional factors that distinguished hypertensive from normotensive
subjects. Lower calcium intake was the most consistent factor in hypertensive
individuals. Across the population, higher intakes of calcium, potassium, and sodium
were associated with lower mean systolic blood pressure and lower absolute risk of
hypertension. Increments of dietary calcium were also negatively correlated with body
mass. Even though these correlations cannot be accepted as proof of causation, they
have implications for future studies of the association of nutritional factors and dietary

patterns with hypertension in America.

principal cause of morbidity and mortal-
ity in America (/). Life-style factors,
particularly dietary patterns (3), have
been implicated as major contributors to
the continued prevalence of high blood
pressure in the United States.

The analysis of epidemiologic data
presented in this article was prompted by
three facts. First, a large data base of the
National Center for Health Statistics,
Health and Nutrition Examination Sur-
vey I (HANES I) (4), has not been
analyzed for possible associations be-
tween the demographics of hypertension
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ions, serve fundamental functions in the
regulation of both cardiac output and
peripheral resistance, the principal de-
terminants of blood pressure in humans.
Utilizing HANES I, we sought to ad-
dress these issues, recognizing that the
results do not prove causality, but do
provide valuable insight for future stud-
ies of the pathogenesis and treatment of
hypertensive cardiovascular disease.

Sample Composition

HANES 1 collected measures of
health and nutrition obtained from inter-
views and examinations of 20,749 per-
sons (4). The sample was scientifically
designed to be representative of the U.S.
civilian noninstitutionalized population 1
to 74 years of age.

Data tapes from HANES I were ob-

tained from the National Center for
Health Statistics. We used tape 4704 (24-
hour food consumption), tape 4701 (ver-
sion 2, dietary frequency and adequacy),
tape 4233 (medical examination), and
tape 4111 (anthropometry, goniometry,

* skeletal age, bone density, and cortical

thickness) for the analysis. HANES 1
data on nutrient intake were analyzed
with guidelines provided by Adams (/3)
and Pennington and Church (/4).

Data on blood pressure and nutrient
consumption were obtained in 20,749
persons for a 24-hour period. To form
the cohort used for our analysis, all
individuals under age 18 were excluded,
leaving 13,671 persons. Subsequently,
the following questions from the medical
history questionnaire were used to ex-
clude pregnant women and people with a
history of hypertension:

1) ““During the past 6 months, have
you used any medicine, drugs, or pills
for . . . high blood pressure?’’

2) ‘“‘Are you on a special diet? Low
salt?”’

3) ‘““‘Are you pregnant now?”’

Individuals answering affirmatively to
any of these questions were excluded
from the analysis, leaving 10,419 per-
sons. In addition, 47 individuals for
which data on one of the 17 nutrients
were missing were eliminated, leaving
10,372 subjects for the analysis.

In the course of our analysis, we used
three definitions to form hypertension
groups: (i) systolic pressure of 140
mmHG or above, (ii) systolic pressure of
160 mmHg or above, and (iii) the upper
10 percent of systolic pressures in age-,
sex-, and race-specific subgroups. Twen-
ty-four-hour nutrient consumption was
analyzed for calories, protein, fat, carbo-
hydrates, calcium, phosphorus, iron, so-
dium, potassium, vitamin A, thiamin,
riboflavin, preformed niacin, vitamin C,
saturated fats, olei¢ acid, linoleic acid,
and cholesterol. Average nutrient intake
was calculated for each blood pressure
group; for subgroups based on age, race,
sex, and body mass index; and for alco-
hol consumption patterns by using Sta-
tistical Programs for the Social Sciences
(SPSS). Additional SPSS programs for
regression analysis, analysis of variance,
and multivariate discriminant analysis
were used (15).

The demographic composition of the
10,372 subjects is shown in Table 1. The
age, race, and sex distribution was simi-
lar to the overall composition of the
HANES I population (/6). There was a
slight overrepresentation of women be-
cause there were more women volun-
teers than men.
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Nutrient and Caloric Intakes
Among Groups: Results

Table 2 shows mean intakes of 11
nutrients and of total calories for several
blood pressure groups. Percentage dif-
ferences in nutrient intake between
groups are also listed. Except as noted,
intakes were less in hypertensives.

When the definition of hypertension as
a systolic blood pressure of 160 mmHg
or above was applied (Table 2), 9.2 per-
cent of the population was classified as
hypertensive. Réported caloric intake
was 15.8 percent lower in individuals
who met the criterion for high blood
pressure. Only intakes of calcium and
linoleic acid were lower (19.6 and 21.2
percent, respectively) in the hyperten-
sives when compared to their 15.8 per-
cent reduction in total caloric intake. A
similar pattern was observed when the
more liberal definition of hypertension
(systolic blood pressure of at least 140
mmHg) was applied. Multivariate dis-
criminant analysis showed calcium to be
the nutrient whose intake was most pre-
dictive of hypertension (systolic pres-
sure of at least 160 mmHg) after control-
ling for age, race, and sex. In addition,
controlling for alcohol consumption pat-
terns (number of drinks per week) did
not change the observed relation be-
tween lower calcium intake and higher
blood pressures. Carbohydrates, vitamin
C, and linoleic acid were the nutrients
that entered the multivariate analysis af-
ter calcium.

The second comparison of nutrient
intake in Table 2 is based on the defini-
tion of hypertension as the upper 10
percent of systolic blood pressures for
the following age groups: 18 to 24, 25 to
34, 35 to 44, 45 to 54, 55 to 64, and 65 to
74 years. This definition adjusts for the
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Fig. 1. Standardized mean differences in nu-
trient intakes between hypertensives (= 160
mmHg) and normotensives.

increase in blood pressure with age in
our society (/7) and for those individuals
at greatest risk for cardiovascular com-
plications. Intakes of calcium, potassi-
um, vitamin A, and vitamin C were all
reduced (7.6, 7.1, 11.8, and 11.9 percent,
respectively) in subjects above the 90th
percentile. Linoleic acid, fat, and carbo-
hydtate were eliminated as nutrients that
were reduced in the hypertensives.

Because not only age but also sex and
race are correlates of blood pressure in
the United States (18), we defined hyper-
tension as the upper 10 percent of indi-
viduals, based on systolic blood pres-
sure, for their respective age, race, and
sex group. This analysis ensures that
identified differences in nutrient intake
are not simply related to demographic
characteristics. After inclusion of age,
race, and sex, it was found that potassi-
um, calcium, vitamin A, and vitamin C
were the nutiients whose intakes were
significantly lower in hypertensive sub-
jects, as determined by partial F tests
(P < 0.001 for potassium and vitamins A
and C and P < 0.003 for calcium).

With the epidemiologic technique of
direct rate standardization, we standard-
ized means for each nutrient for age,
race, and sex, using the entire subgroup
as the reference population. Figure 1
depicts the standardized differences on
the basis of the 160-mmHg cutoff. By
this calculation, calcium, potassium, vi-
tamin A, and vitamin C are the four
nutrients anticipated to be reduced the
most in individuals with high blood pres-
sure.

Body mass index (kilograms per
square meter) is a strong correlate of
blood pressure (19). Consequently, this
variable was added to age, race, and sex.
Intakes of calcium, potassium, vitamin
A, and vitamin C were all significantly
less (P < 0.001, partial F test) in the
hypertensive subjects with this final ad-
justment. Figure 2A -depicts total calo-
ries for the various blood pressure and
body mass index groups. Caloric intake
in both lean and obese hypertensive indi-
viduals was less than in the correspond-
ing normotensive groups. Figure 2B de-
picts the values for calcium intake for the
normotensive and hypertensive body
mass index groups. Two points are evi-
dent. First, none of the hypertensive
subgroups had a mean intake of calcium
equal to the current recommendation of
the National Academy of Sciences (800
mg/day) (20). Second, higher intake of
calcium was negatively correlated with
body mass index (R = —0.588). Calcium
intake decreased with increasing body
mass index.

Potassium intake (Fig. 2C) showed a
pattern similar to that of calcium, but
sodium intake (Fig. 2D) did not differ on
the basis of blood pressure or body mass
index. Neither cholesterol consumption
(Fig. 2E) nor phosphorus intake (Fig. 2F)
were consistently different among the

Table 1. Age, race, and sex distribution of subjects under various definitions of high blood pressure.

Lower 90th Upper 10th
Total < 160 mmHg = 160 mmHg percentile percentile
Subjects
Num- Per- Num- Per- Num- Per- Num- Per- Num- Per-
ber cent ber cent ber cent ber cent ber cent
18 to 24 2,066 20 2,054 99.4 12 0.6 1,895 92 171 8
25 to 34 2,322 22 2,297 98.9 25 1.1 2,117 91 205 9
35to 44 1,933 19 1,871 96.8 62 3.2 1,758 91 175 9
45 to 54 1,216 12 1,095 90 121 10 1,095 90 121 10
5SS to 64 838 8 705 84 133 16 762 91 76 9
65 to 74 1,997 19 1,472 74 528 26 1,783 89 214 11
Total 10,372 9,494 92 878 8 9,410 91 962 9
_ Race
White 8,645 83 7,997 84 648 74 7,856 84 789 82
Nonwhite 1,727 17 1,497 16 230 26 1,554 16 173 18
Sex
Male 4,170 40 3,742 39 428 49 3,776 40 394 41
Female 6,202 60 5,752 61 450 51 5,634 60 568 59
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Table 2. Average nutrient intakes in hypertensives and normotensives. Values for nutrients are means *+ standard deviations.

Linoleic
acid (g)

Vitamin
C (mg)
84 = 90

Choles-
terol (mg)
381 = 299
360 + 280

(({8)]

4894 + 8011

Vitamin A

Potassium
(mg)
2230 += 1200

Sodium
(mg)
2175 = 1414

(mg)
1172 + 648
985 + 506

(mg)
735 + 557

Calcium  Phosphorus
591 = 435

Carbohy-
drate (g)
210 = 107

Fat
(g
79 + 47

Protein
(@
76 + 41

Calories
(kcal)
1908 + 940
1606 + 737

Group

75+ 79
10.7%

5.5%

4723 * 7462
3.5%

1902 = 1012
14.7%

1916 *+ 1158
11.9%

16.0%
Adjusted for age

19.6%
728 + 550

176 = 87
16.2%

66 = 38
14.5% 16.5%

65 + 34

15.8%

Hypertensive (= 160 mmHg)
Difference

§ Normotensive (< 160 mmHg)

90 8476

84 +

4938 = 8089 379 + 297

2218 = 1190

1160 = 641

41 78 =47 208 x 106

75 =

1884 + 928

Normotensive (lower 90th

2156 = 1393

percentile)
Hypertensive (upper 10th

83 +6.7

88

74 =

383 = 303

4355 = 6738

673 = 538 1120 = 620. 2129 = 1423 2060 = 1174

202 + 104

42 7147

76 =

1872 = 923

1.0% 11.9% 1.2%

1.3% 7.1% 11.8%

2.9% 7.6% 3.4%
Adjusted for age, race, and sex

1.3%

1.3%

0.6%

percentile)
Difference

8.4 7.6

88

84 +

4948 + 8131

729 = 552 1164 £ 645 2162 = 1408 2220 *= 1196

41 78 £47 208 = 107

76 £

1893 + 935

Normotensive (lower 90th

380 + 297

percentile)
Hypertensive (upper 10th

=+

7.8

75 + 107

370 = 295

4206 * 6076

665 = 510 1079 = 578 2066 = 1276 2030 + 1107

194 = 98

39 7342

=+

72

1779 = 846

percentile)

6.7% 8.8% 7.3% 4.4% 8.6% 15.0% 2.6% 10.7% 7.1%

6.4%

5.3%

6.0%

Difference

various blood pressure and body mass
index groups.

Figure 3 shows the relation of daily
consumption of calcium, potassium, and
sodium to systolic blood pressure for the
entire cohort. For this analysis, the pop-
ulation was grouped by increments of 75
mg for calcium intake, 150 mg for potas-
sium intake, and 150 mg for sodium
intake. Mean systolic blood pressure
was then calculated for each group.
Standard deviations varied between 16
and 26 mmHg for calcium, 14 and 27
mmHg for potassium, and 11 to 20
mmHg for sodium intake, and increased
slightly in states of both extremes of
nutrient intake. The number of individ-
uals per stratum was not less than 60 for
calcium, 20 for potassium, and 31 for
sodium. For each of the three nutrients,
increased consumption was negatively
correlated with systolic blood pressure
(r = —0.604, —0.461, and —0.279 for cal-
cium, potassium, and sodium, respec-
tively).

The proportions of individuals with
systolic blood pressures above 160
mmHg for increments of reported calci-
um (75 mg), potassium (150 mg), and
sodium (150 mg) consumption are shown
in Fig. 4. The risk of being hypertensive
increased with decrements in the inges-
tion of each of these nutrients, including
sodium. Calcium intakes of less than 300
mg/day were associated with a risk of 11
to 14 percent, while intakes greater than
1500 mg carried a risk of 3 to 4 percent.
Potassium intakes under 900 mg carried
a risk of 12 to 14 percent and intakes
above 4200 mg/day a risk of 4 to 5
percent. Sodium intakes below 1600 mg
had an associated risk of 9 to 12 percent;
intakes above 4800 mg, 2 to 4 percent,
the lowest observed.

Figure 5A depicts an individual’s risk
of having a systolic blood pressure in the
upper 10 percent for his respective age,
race, and sex cohort on the basis of
calcium intake (75-mg increments). This
analysis controls for variability in the
prevalence of hypertension in different
age, race, and sex groups as well as for
variability in the calcium requirements of
different subgroups (such as premeno-
pausal and postmenopausal females).
For the entire population, the risk of
being above the 90th percentile was 3 to
4 percent if reported calcium intake was
1600 mg/day or greater. Below this con-
sumption level, an individual’s risk in-
creased in a roughly linear fashion. The
risk increased to 11 to 12 percent at
intakes below 300 mg/day. Results for
potassium are shown in Fig. SB. At a
potassium consumption level of 4600 mg
or greater, the risk was approximately 5

percent that, within a demographic sub-
group, an individual would be in the
upper 10 percent of the blood pressure
profile.

Table 3 shows the results of using
multivariate discriminant analysis with
U.S. government food groups to predict
hypertension (systolic pressure of at
least 160 mimHg) in subjects over 34
years of age. Ninety-six percent of all the
identified hypertensive individuals were
above this age. After controlling for age,
race, and sex, differences in dairy prod-
uct consumption proved to be the best
predictor of hypertension. The variables
listed correctly identified 79.6 percent of
all the individuals with a systolic blood
pressure of at least 160 mmHg.

Evaluation of HANES I Analysis

HANES I is a scientifically designed,
representative sample of the U.S. popu-
lation and its nutrition habits (4). Calci-
um, potassium, vitamin C, and vitamin A
are the nutrients that distinguish Ameri-
cans at greatest risk for hypertensive
cardiovascular disease from those with
lower pressures and thus less risk.

The HANES I data were intended to
provide useful epidemiologic insights
into relations among various nutrients,
demographic correlates, and measures of
wellness. The associations and correla-
tions of various nutrient intake patterns
with systolic blood pressure that
emerged in this analysis do not prove
causality (/5), but do suggest the relation
of a given nutrient to the blood pressure
profile of the United States and whether
the pattern of its consumption reflects or
predicts the demographics of high blood
pressure.

The sample size and the individual
medical histories allowed us to identify a
demographically representative popula-
tion of adult Americans free of known
hypertensive cardiovascular disease and
who denied intentional modification of
their dietary habits. Combining the medi-
cal data with the survey’s comprehen-
sive assessment of each individual’s diet
on the previous day provides a unique
opportunity to address the relation be-
tween diet and blood pressure in healthy
Americans. The 24-hour dietary recall
design used in HANES I is imprecise for
extrapolating to an individual’s lifetime
exposure to nutrients but is the best
technique for cross-sectional analyses
intended to identify differences among
specific populations (21).

We chose systolic blood pressure to
define our populations because the risk
of cardiovascular complications appears
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to be more closely associated with that
measure of arterial pressure than with
diastolic blood pressure (22, 23). The
three different definitions of hyperten-
sion allowed us to test whether the defi-
nition of blood pressure utilized influ-
enced the nutrients that would be identi-
fied and whether the differences that
emerged were predictive of hypertension
in those individuals at greatest risk for
cardiovascular disease, the upper 10 per-
cent of the U.S. population. By adjusting
the blood pressure groups so that the
hypertensive population was defined as
the upper 10 percent of individuals con-
trolled for age, race, sex, and body mass
index, we were able to determine which
nutritional variables were associated
with hypertension independent of these
demographic and anthropometric corre-
lates of blood pressure. In the younger
age ranges, the upper 10 percent defini-
tion results in some individuals being
classified as hypertensive even though
they do not meet an arbitrary definition
(such as = 140 mmHg). Nevertheless,
these individuals are likely to be in the
same high-risk population in the future
as the blood pressure profile increases
with age (/7).

Regardless of the definition of hyper-
tension applied to the population we
studied, and, in part, independent of the
effects of age, race, sex, body mass
index, or alcohol consumption, lower
consumption of four nutrients—calcium,
potassium, vitamin A, and vitamin C—
was statistically associated with hyper-
tension. Ackley et al. (12), in a study of
dairy products and blood pressure, also
noted that the association was indepen-
dent of these same variables.

Nutrition and Blood Pressure

Associations: Implications

Calcium. Calcium was the nutrient for
which reduced intake was most consist-
ent in hypertensive individuals, regard-
less of how that population was defined.
Furthermore, across the entire cohort of
10,372 subjects, increasing systolic
blood pressure was correlated most
strongly with decrements in daily calci-
um ingestion. The observed range of the
reduction in calcium intake in the hyper-
tensives (7.6 to 19.6 percent) is similar to
that in a recently reported diet survey
(11). In that survey, low intake of calci-
um was the nutritional factor that distin-
guished subjects with essential hyperten-
sion from those with normal blood pres-
sures. Our findings are also consistent
with epidemiologic observations (24-26),
spanning several decades, that have sug-

29 JUNE 1984

gested an association between adequate
exposure to calcium and protection
against various cardiovascular disorders.
In addition, recent clinical reports have
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tion at greatest risk for hypertensive
cardiovascular disease is significantly
less than the 800 mg/day recommended
by the National Academy of Sciences. In
addition, the calcium-depleting effects of
the high content of protein, phospho-
rous, sodium, and alcohol in the U.S.
diet may necessitate a calcium intake
above 800 mg/day in some individuals if
the current minimum daily requirement
is to be met (31).

Potassium. The relation of potassium
consumption to blood pressure was simi-
lar to that of calcium. However, the
observed differences in potassium intake
between hypertensives and normoten-
sives were consistently less than those
noted for calcium. Both epidemiologic
observations and animal studies have
suggested that an increased dietary po-
tassium intake is protective against the
development of hypertensive cardiovas-
cular disease (32).

Potassium may influence cell mem-
brane and intracellular mechanisms that
contribute to vascilar smooth muscle
cell regulation as well as humoral and
volume factors (33) that are functionally
important in cardiovascular regulation.
For calcium the putative mechanisms are
less certain. While the cation is essential
for smooth muscle contraction (33), a
membrane stabilization and vascular
smooth muscle relaxation effect (34, 35)

Percentile distribution of calcium intake
Normotensives

appears to be an equally important ac-
tion. The effect of calcium on cell mem-
branes may be related, in part, to inhibi-
tory actions on membrane-associated
calcium channels (36, 37). Whatever spe-
cific pathway is involved, it is apparent
that calcium contributes to both vascular
smooth muscle cell relaxation and con-
traction (33).

The observed relation between calci-
um and potassium intake and blood pres-
sure provides substantive evidence of
nutrient interactions. Dairy products,
which account for an individual’s princi-
pal exposure to both calcium (60 to 70
percent) and potassium (35 to 45 percent)
(38), were the food group whose con-
sumption best predicted whether an indi-
vidual over the age of 34 was hyperten-
sive. The greater an individual’s con-
sumption of dairy products, the less like-
ly it was that he or she was hypertensive.
Increased consumption of dairy products
would be associated with a correction in
potassium and calcium deficits.

Vitamins A and C. Intake of vitamins
A and C differed between the blood
pressure groups when the populations
were defined as the upper 10 percent and
lower 90 percent of systolic blood pres-
sures, as adjusted for demographic varia-
bles in the standardized analysis. With
the simpler definitions of hypertension
(= 140 or = 160 mmHg), a consistent
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Fig. 4. Proportion of individuals with systolic
blood pressures = 160 mmHg versus incre-
ments of daily (A) calcium, (B) potassium,
and (C) sodium consumption.

difference was less evident. A role of a
deficiency of either or both of these
vitamins in the pathogenesis of hyperten-
sion has not, to our knowledge, been
previously postulated. The lower intake
of these two vitamins in hypertensives
may reflect, in part, their close associa-
tion in the 'diet with calcium (vitamin A)
and potassium (vitamin C).

Sodium. Regardless of the definition
of hypertension and the demographic
variables controlled for, hypertensives
tended to consume less sodium than nor-
motensives. This conclusion is consist-
ent with a recent report from the Nation-
al Center for Health Statistics (39) that
identified an association of increased
salty snack food consumption and fre-
quent salt shaker use with lower blood
pressures in the HANES I data. Of all
the nutrients measured in the HANES 1
survey, sodium intake is subject to the
greatest underestimation. The dietary re-
call data do not account for discretionary
sodium added during food preparation
and at the table. Previous studies have
suggested that discretionary sodium ac-
counts for 20 to 40 percent of total sodi-
um consumption in the United States
(38). Other diet surveys indicate that an
individual’s discretionary sodium use
parallels the sodium content of the food
consumed (40, 41); still others have dem-
onstrated that dietary recall information
on sodium  consumption parallels 24-
hour urinary sodium excretion (42, 43).
Consequently, it seems likely that the
lower dietary sodium content of the hy-
pertensives in our study reflects reduced
intake of the nutrient among hyperten-
sives in general. Because the individuals
that formed our sample denied a history
of hypertension and intentional manipu-
lation of their diet, the lower sodium
intake reported by individuals at greatest
risk for hypertension-related cardiovas-
cular disease cannot be ascribed to
changes in dietary habits related to con-
cerns about hypertension and cardiovas-
cular disease. Earlier reports, based on
the HANES 1 data, that addressed the
relation of sodium intake to measures of
wellness suggested a similar inverse rela-
tion between dietary sodium and high
blood pressure in the United States (39—
41).

Previous attempts to establish the pu-
tative link between sodium consumption
and blood pressure in the United States
have failed (6, 44). The HANES I popu-
lation, however, was specifically identi-
fied so that observations based on its
analysis could be extrapolated to the
entire U.S. population (4). Unlike any
previous assessment of sodium’s relation
to blood pressure in more limited U.S.
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Table 3. Multivariate discriminant analysis of
food groups in subjects 35 to 74 years old and
having systolic blood pressures of < 160
mmHg or = 160 mmHg, controlled for age,
race, and sex.

. Standardized
Order of canonical
Food group variable  discriminant
entry function
coefficient
Dairy products 1 —0.1344
Fruit and -0.1017
vegetable juices
Nonsugar 3 —0.0738
beverages
Fats and oils 4 —0.0644
Organ meats 5 —0.0660
Mixed protein 6 —0.0564
dishes
Shellfish 7 -0.0555
Desserts 8 —0.0549

surveys, HANES I provides the oppor-
tunity to evaluate the association of
blood pressure with extremes of sodium
intake. With HANES I, sufficiently large
numbers of individuals can be identified
who spontaneously reported diets either
relatively low or relatively high in sodi-
um (Fig. 4C). While ‘‘salt-sensitive’’ in-
dividuals are not specifically identified,
it is evident that subjects reporting low-
sodium diets are at two to three times
greater risk of being hypertensive than
those who report a high sodium intake.
Such cross-sectional-dietary recall data
are not necessarily indicative of individ-
ual patterns but do indicate the charac-
teristics of the population as a whole.

The relation between greater sodium
consumption and lower blood pressure is
consistent with both nutritional and
physiological interactions of nutrients.
First, as mentioned above, dairy prod-
ucts are a significant source of sodium as
well as calcium and potassium. Second,
the actions of sodium are closely linked
to those of calcium and potassium at
both the cellular and organ levels (45—
47).

Cholesterol. Cholesterol consumption
and serum cholesterol concentration
have been considered concurrent risk
factors with high blood pressure for the
development of cardiovascular disease
in Western societies (3, 48). In our study
cholesterol intake did not differ consis-
tently between hypertensive and normo-
tensive individuals.

Obesity. The known link between obe-
sity and blood pressure has not been
explained by past investigations (18, 19,
49). Excessive sodium intake in the
obese subject was long thought to be a
contributing factor (50). However, con-
trolled clinical investigations in the past
few years have largely discounted that
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explanation (51, 52). Our analysis sug-
gests that obesity-related hypertension is
not associated with excessive sodium
consumption. Furthermore, the total ca-
loric intake of obese subjects was less
than that of lean individuals across the
HANES 1 population, a finding noted
previously (53). Hypertensives also re-
ported a lower caloric intake than nor-
motensives. This was evident principally
in the leanest and most obese subgroups
of hypertensives. It is unlikely that the
heavier subjects and hypertensive sub-
jects intentionally underreported their
caloric intake for several reasons. First,
the inverse relation between body mass
index and calories was strong and con-
tinuous, even within the leaner portion
of the population. Second, none of the
subjects perceived him or herself as hy-
pertensive. Third, the association be-
tween a significant reduction in calories

" and elevated blood pressure was appar-

ent even in the leanest 30th percentile of
the hypertensive population (Fig. 2A).

It appears that nutritional deficiencies
and not excesses are what distinguish
overweight or hypertensive individuals
from normal subjects in the United
States. Caloric restriction increases the
risk of further reducing an individual’s
exposure to nutrients that may be essen-
tial for maintaining normal mean arterial
pressures.

Conclusion

Our analysis of the HANES I survey
suggests the following:

1) There are predictable nutritional
differences between individuals with
high blood pressure and those with nor-
mal blood pressure.

2) Deficiencies rather than excesses
are the principle nutritional patterns that
characterize the hypertensive person in
America.

3) Reduced consumption of calcium
and potassium is the primary nutritional
marker of hypertension, with reductions
in vitamins A and C also being noted.

4) Dairy products are the food group
for which reduced consumption is most
closely related to high blood pressure in
the United States.

5) These observations are largely in-
dependent of age, race, sex, body mass
index, and alcohol consumption.

6) Diets low in sodium are associated
with higher blood pressures, while high-
sodium diets are associated with the low-
est blood pressures.

Implicit in the application of the nutri-
ent and blood pressure interactions we
have characterized from the HANES I
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Fig. 5. Proportion of the population with
systolic blood pressures in the upper 10th
percentile versus increments of daily (A) cal-
cium and (B) potassium intake.

data is a note of caution. Clinical use of
sodium- or cholesterol-restricted diets
for patients with high blood pressure or
cardiovascular disease must be moni-
tored closely to avoid inadvertent, simul-
taneous reduction in calcium and potas-
sium intakes below current recommend-
ed daily allowances (38). In addition,
these epidemiologic data raise the impor-
tant question of whether sodium restric-
tion is routinely advisable in many hy-
pertensives (6, 54). The identified ‘‘salt-
sensitive’’ patient and patients with com-
promised cardiac or renal function would
be the obvious exceptions.

It must be emphasized that these find-
ings do not prove causality. They simply
indicate potentially important relations
among nutrients and blood pressure reg-
ulation in humans. It is possible that low
consumption of dairy products (the ma-
jor source of calcium) serves as a marker
of hypertension; however, if the dietary
patterns of smokers and individuals with
sedentary or stressful life-styles involve
low intake of dairy products, one cannot
be sure from these findings which is the
cause and which the effect. Only future
clinical and basic laboratory investiga-
tions can ascertain the importance of
these correlations in the application of
health measures intended to reduce the
prevalence of hypertensive cardiovascu-
lar disease in adult Americans. If validat-
ed, our observations do not indicate that
it is routinely necessary to ingest any
nutrient, including calcium or potassium,
above the current recommended levels.
Rather, they suggest the consumption of
a diet balanced in all the essential nutri-
ents and appropriate for the individual’s
level of physical activity.
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Inherently Safe Reactors
and a Second Nuclear Era

Alvin M. Weinberg and Irving Spiewak

David Lilienthal, in his book Atomic
Energy, A New Start (1), was among the
first to call upon nuclear technologists to
design a reactor that was inherently safe.
He saw such a device as being necessary
for a new start in atomic energy. Without
such a forgiving reactor, Lilienthal
doubted that nuclear energy could regain
the public’s confidence, which had been
so badly shattered by the Three Mile
Island incident. The book appeared in
1980. At that time it was received with
skepticism by the reactor community.
The review of the book by one of us, for
example, suggested that it was easy
enough for a nontechnologist like Lilien-
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thal to call for an inherently safe reactor,
but that the fundamental characteristics
of ‘the fission process, in particular the
afterheat, made such a goal all but unat-
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We concluded that a serious study of
more forgiving, or perhaps even inher-
ently safe, reactors was a good idea, but
the study would have to begin by assess-
ing the safety of existing light-water re-
actors and of incremental improvements
to light-water reactors (3). Most of the
participants in the workshop believed
that such a reexamination would confirm
the widely held view that light-water
reactors were as safe as any reactors that
might compete economically with them.
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