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A Prospective Study of Nutritional Factors
and Hypertension Among US Women

Jacqueline C.M. Witteman, MS, Walter C. Willett, MD, Meir J. Stampfer, MD,

Graham A. Colditz, MB, BS, Frank M. Sacks, MD, Frank E. Speizer, MD,
Bernard Rosner, PhD, and Charles H. Hennekens, MD

The relation of various nutritional factors with hypertension was examined prospectively among
58,218 predominantly white US female registered nurses, aged 34-59 years. In 1980, all women
completed an independently validated dietary questionnaire. During 4 years of follow-up, 3,275
women reported a diagnosis of hypertension; the validity of the self-report was shown in a
subsample. Age, relative weight, and alcohol consumption were the strongest predictors for the
development of hypertension. Dietary calcium and magnesium had independent and significant
inverse associations with hypertension. For women with a calcium intake of at least 800 mg/day,
the relative risk of hypertension was 0.78 (95% confidence interval, 0.69-0.88) when compared
with an intake of less than 400 mg/day. The relative risk for magnesium intake of 300 mg/day
or more compared with an intake of less than 200 mg/day was 0.77 (95% confidence interval,
0.67-0.88). For women with high intakes of both calcium and magnesium compared with those
having low intakes of both, the relative risk of hypertension was 0.65 (95% confidence interval,
0.53-0.80). No independent associations with hypertension were observed for intakes of
potassium, fiber, and saturated and polyunsaturated fatty acids. These prospective findings add
to the growing evidence to support the need for randomized trials to determine whether there
is a protective role of dietary calcium and magnesium in the regulation of blood pressure.
(Circulation 1989;80:1320-1327)

T he search for nonpharmacologic approaches
to prevent and control hypertension has led
to interest in the effects of diet. For several

decades, research has mainly focused on potentially
adverse effects of excess sodium intake.' Dietary
potassium has been inversely related to blood pres-
sure in some,2-4 but not all156 cross-sectional stud-
ies, and supplementation has yielded conflicting
results in clinical trials.7'8 Among other dietary
constituents of protective effects, calcium,3'4'6 fiber,9
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and polyunsaturated fatty acids'0 have been sug-
gested. Positive associations have been observed
between alcohol intake and blood pressure." The
relation of dietary magnesium with blood pressure
has received much less attention.
With few exceptions,12"13 epidemiologic studies

of diet and blood pressure have been cross-sec-
tional2-6'9'14 rather than prospective. Although most
studies excluded subjects on a prescribed diet,
these studies still might have included hyperten-
sive subjects who changed their diet after the
diagnosis. Furthermore, most studies used a 24-
hour recall to measure diet,3-5.9,14 which is gener-
ally a poor reflection of the usual intake of an
individual. 15

In 1980, information on dietary intake over the
preceding year was collected from a large cohort of
US women. In the present study, we examine
nutrient intake in relation to the development of
hypertension during 4 years of follow-up. In addi-
tion to providing a very large study population, the
potential for dietary change secondary to the diag-
nosis of high blood pressure is minimized in this
study because of the prospective design and exclu-
sion of persons with known hypertension at baseline.
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Methods
Nurses' Health Study
The Nurses' Health Study is a prospective inves-

tigation of major diseases among a cohort of female
registered nurses living in 11 states in the United
States. In 1976, 121,700 women (98% white) aged
30-55 years completed mailed questionnaires regard-
ing risk factors for cardiovascular diseases and
cancer16 as well as other major health conditions.
Follow-up questionnaires are sent biennially to
update information.

Measurement of Dietary Intake
In 1980, the mailing to participants included a

semiquantitative food frequency questionnaire that
contained 61 food items, including alcoholic bever-
ages. For each food, a commonly used portion size
was specified, and participants were asked about
their average frequency of use during the last year.
Nine possible responses were provided, ranging
from never to six or more times a day. Intake scores
for different nutrients were computed by multiply-
ing the reported frequency of each food by the
nutrient content of the specified portion; the fre-
quency of any food with a missing value was
counted as zero. The nutrients examined in this
study were total energy, dietary fiber, total fat,
saturated fat, linoleic acid, trans-unsaturated fatty
acids, calcium, magnesium, potassium, and alco-
hol. Calcium and magnesium intake were calculated
only from food sources because information on
their supplementation was not collected in 1980. We
did not attempt to measure sodium intake in this
study because of the relatively large and variable
contribution of salt added to processed food, in
cooking, and at the table. Extensive data on the
reproducibility and validity of the food frequency
questionnaire have been published elsewhere.17-19
Nutrient intakes assessed by the questionnaire are
reasonably reproducible, with correlations for inter-
vals of 3-9 months being in the range of 0.5-0.7 for
most nutrients. When compared with multiple weeks
of dietary records, correlations have ranged between
0.5 and 0.6 for most nutrients when adjusted for
total caloric intake (see below).

Diagnosis of Hypertension
Blood pressure status was defined by self-

reported responses to the questionnaires. In 1976,
participants were asked whether or not they ever
had a diagnosis of high blood pressure (excluding
during pregnancy). On subsequent biennial ques-
tionnaires, we inquired whether subjects had been
diagnosed as having high blood pressure during the
previous 2 years and, if so, the date of diagnosis.
The validity of self-reported diagnosis of hyperten-
sion was assessed in a separate study.20 Briefly, a
random sample of 100 nurses reporting a diagnosis
of high blood pressure on the 1982 questionnaire
were contacted again in 1983 to obtain permission

for review of their medical records. Records were
obtained for 51 subjects. All had recorded values of
blood pressure greater than 140/90 mm Hg, and for
39 women (77%), blood pressure was greater than
160/95 mm Hg. To investigate the likelihood of
false-negative responses, blood pressure was mea-
sured in an age-stratified sample of 194 nurses living
in the greater Boston area. Among the 161 women
without a previous self-report of high blood pres-
sure, 7% had a blood pressure level higher than
140/90 mm Hg, but none of these women had a
blood pressure greater than 160/95 mm Hg. Thus,
the self-reported diagnosis of elevated blood pres-
sure appeared to be a valid measure in this popula-
tion of registered nurses.

Population for Analysis
A total of 98,462 women returned the 1980 Nurses'

Health Study dietary questionnaire. Participants
with 10 or more blank food items (4%) or with an
implausibly high or low total food score (2.7%) were
excluded. From the remaining women, we excluded
those who reported one or more of the following
diagnoses on the 1980 or previous questionnaires:
high blood pressure (18,818), myocardial infarction
(611), angina pectoris (1,545), diabetes mellitus
(2,202), and all cancers except nonmelanoma skin
cancer (3,646). Participants indicating on the 1980
questionnaire that they currently used antihyperten-
sive medication (10,433), were on a special diet
(15,006), or had been pregnant for at least 6 months
since 1978 (1,578) were also excluded. The total
number of participants excluded for one or more
reasons was 38,262 so that the baseline population
consisted of 60,200 women.

Follow-up questionnaires were sent in 1982 and
in 1984 to all study participants. The 1,982 nonre-
spondents to both follow-up questionnaires (3.3%)
were excluded, leaving 58,218 women for analysis.
There were 3,275 incident cases of hypertension
reported on the 1982 or 1984 questionnaire.

Data Analysis
Exposure status for all variables was defined by

responses to the 1980 questionnaire. Nutrients were
adjusted for total caloric intake as described
elsewhere,17 by computing the difference between
the observed nutrient intake and expected nutrient
intake predicted by regressing the nutrient intakes
for the whole population on their total energy
intakes. Analyses of hypertension risk were based
on 4-year cumulative incidence rates. For each
calorie-adjusted nutrient, we specified five catego-
ries. Cutoff points were chosen before examining
the association of diet with hypertension to provide
similar increments in nutrient intake from one cat-
egory to the next and to include a reasonable
number of subjects in each category. The use of
even-interval cutoff points has appeal in evaluating
linear trends and in comparing different studies.
Age-adjusted partial correlation coefficients were
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FIGURE 1. Bar graph of 4-year cumulative incidence of
hypertension5 by age, among the Nurses' Health Study
cohort of 58,218 US women, 1980-1984.

calculated between pairs of exposure variables to
evaluate potential confounding effects (this correla-
tion matrix is available on request from the author).
Multiple logistic regression analysis with categori-
cal variables was used to control for confounding.
Relative risks of hypertension with 95% confidence
intervals were calculated by comparing each cate-
gory of intake to the lowest category. Linear trends
in risks over successive categories were evaluated by
entering indicators for each categorical level of expo-
sure, using the median values of each category.
Relative risks were calculated within strata of other
variables by combining the second with the third and
the fourth with the fifth category of the exposure to
obtain more statistically stable associations.

Results
The 4-year cumulative incidence of hypertension

rose sharply with age from 2.8% for women aged
34-39 years to 8.9% for women aged 55-59 years
(Figure 1). Quetelet's index and alcohol consump-
tion were also strongly associated with an increas-
ing risk of hypertension (Table 1). Nutrient intakes
were only weakly correlated with Quetelet's index
(all age-adjusted correlation coefficients less than
0.05) but were correlated more strongly with alco-
hol consumption (r up to 0.30). Therefore, we

controlled for age, Quetelet's index, and alcohol
consumption in all further analyses. Adjusted rela-
tive risks were only significant for intakes of cal-
cium, magnesium, potassium, and fiber (Table 2).
No effects were found for total and saturated fat,
linoleic acid, and trans-unsaturated fatty acids (Table
3). Adjustment for smoking, menopausal status,
and postmenopausal estrogen use did not alter the
observed associations.

Relatively high correlations were observed
between a number of different nutrients. Age-
adjusted correlation coefficients for the nutrients
presented in Table 1 varied widely and were 0.17 for
calcium and fiber, 0.27 for magnesium and fiber,
0.53 for magnesium and calcium, and 0.69 for
magnesium and potassium. When entered simulta-
neously in a multiple logistic model, only dietary
calcium and magnesium were independently asso-
ciated with risk of hypertension (Table 2). The
associations of dietary potassium and fiber with
risks of hypertension were practically eliminated
after controlling for dietary calcium and magnesium
(Table 2). The study was sufficiently large so that,
even in the multivariate analyses, the confidence
interval for potassium did not include any major
association; for high dietary fiber intake (>25 g/
day), the data were still compatible with a modest
protective effect, because the lower bound confi-
dence interval was 0.71.
We next examined dietary intakes of calcium and

magnesium from different food sources. Dairy prod-
ucts accounted for 61% of the calcium intake; the
main contributors to magnesium intake were fruits
and vegetables (27%), cereals (17%), and dairy
products (13%). Calcium from both dairy and non-
dairy sources and magnesium intake from cereals
and dairy foods, as well as from the remaining
foods, were each independently associated with
lower risks of hypertension (Table 4).

Associations of calcium and magnesium intake
with hypertension were examined within categories
of other variables that could modify the relation

TABLE 1. Relative Risks of Hypertension by Level of Quetelet's Index and Daily Intake of Alcohol

Category
Quetelet's index (kg/M2) <23 23-25 26-28 29-31 >32 X p
Cases (n) 1,002 939 579 391 364
Total (n) 30,660 16,102 6,081 3,167 2,208
Relative riskt 1.0 1.67 2.80 3.86 5.70 32 <0.001
95% Confidence interval (1.52-1.83) (2.50-3.13) (3.42-4.38) (4.99-6.49)
Alcohol (g/day) 0 0.1-9 10-19 20-29 >30
Cases (n) 1,062 1,291 516 151 255
Total (n) 17,488 26,560 9,174 2,124 2,872
Relative riskt 1.0 0.90 1.08 1.47 1.75 8.7 <0.001
Relative risk* 1.0 0.92 1.13 1.47 1.70 8.0 <0.001
95% Confidence interval (0.84-1.00) (1.01-1.26) (1.23-1.77) (1.46-1.98)

*X values for test of trend.
tModel includes age, Quetelet's index, and alcohol consumption.
tModel includes age, Quetelet's index, alcohol consumption, and intakes of calcium, magnesium, potassium, and fiber.
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TABLE 2. Relative Risks of Hypertension by Level of Energy-Adjusted Daily Intake of Calcium, Magnesium, Potassium, and Fiber

Category
Calcium (mg/day) <400 400-599 600-799 800-999 >1,000 p
Cases (n) 436 1,047 911 458 423
Total (n) 6,671 17,664 16,522 9,134 8,227
Relative riskt 1.0 0.90 0.83 0.77 0.79 3.8 <0.001
Relative riskt 1.0 0.92 0.86 0.81 0.84 2.7 0.007
95% Confidence interval (0.82-1.05) (0.76-0.98) (0.70-0.94) (0.71-0.99)

Magnesium (mg/day) <200 200-249 250-299 300-349 .350
Cases (n) 287 695 971 731 591
Total (n) 4,494 12,154 16,412 13,324 11,834
Relative riskt 1.0 0.86 0.88 0.81 0.72 4.5 <0.001
Relative riskt 1.0 0.91 0.93 0.85 0.78 2.2 0.03
95% Confidence interval (0.77-1.09) (0.77-1.12) (0.69-1.04) (0.62-0.98)

Potassium (mg/day) <2,000 2,000-2,399 2,400-2,799 2,800-3,199 .3200
Cases (n) 395 704 945 705 526
Total (n) 6,190 12,672 16,466 12,624 10,266
Relative riskt 1.0 0.86 0.89 0.85 0.77 3.3 <0.001
Relative riskt 1.0 0.93 1.02 1.05 1.05 1.1 0.26
95% Confidence interval (0.80-1.00) (0.86-1.21) (0.87-1.27) (0.85-1.30)

Fiber (g/day) <10 10-14 15-19 20-24 .25

Cases (n) 341 1,133 1,060 504 237
Total (n) 5,529 19,864 18,829 8,983 5,013
Relative riskt 1.0 0.94 0.92 0.90 0.76 3.1 0.002
Relative riskt 1.0 0.97 0.98 0.99 0.87 1.5 0.14
95% Confidence interval (0.85-1.11) (0.85-1.13) (0.84-1.16) (0.71-1.05)

*X values for test of trend.
tModel includes age, Quetelet's index, and alcohol consumption in addition to the specified nutrient.
*Model includes age, Quetelet's index, alcohol consumption, and intakes of calcium, magnesium, potassium, and fiber.

(see Table 5). Similar relations were found among
younger and older women. Weaker associations,
however, were observed among women with high
relative weight. Menopausal status did not substan-
tially alter the relations with dietary calcium and
magnesium. The inverse association of calcium
with hypertension was consistently seen among
postmenopausal women, regardless of their use of
estrogen supplements. An association of magne-
sium with hypertension, however, was not found
among past or current users of postmenopausal
estrogens. The relative risk of hypertension for
women with high magnesium intake was lower
among those who consumed over 20 g alcohol/day
than among those with lower intakes.
We also examined associations of hypertension

with calcium and magnesium intake expressed in
relation to the Recommended Dietary Allowance
(RDA) of these nutrients. For women with a cal-
cium intake of at least the RDA of 800 mg/day, the
relative risk of hypertension was 0.78 (95% confi-
dence interval [CI] 0.69-0.88) compared with those
in the lowest intake category (less than 400 mg/day)
after adjustment for age, Quetelet's index, and
alcohol consumption. The adjusted relative risk for
women above the RDA for magnesium intake of 300
mg/day was 0.77 (95% CI, 0.67-0.88) compared

with those in the lowest intake category of magne-
sium (<200 mg/day). The adjusted relative risk of
hypertension for women above the RDA for both
calcium and magnesium intake (n =11,248) com-
pared with those in the lowest category for both
nutrients (n=2,003) was 0.65 (95% CI, 0.53-0.80).

Discussion
Within this large cohort of women of whom 98%

were white, we observed independent inverse asso-
ciations for dietary calcium and magnesium with the
incidence of hypertension. These associations
remained after adjusting for age, relative weight,
and alcohol consumption, each significantly contrib-
uting to the development of hypertension. Adjust-
ing for calcium and magnesium intake eliminated
the observed crude inverse associations of dietary
potassium and fiber with risk of hypertension. No
associations were observed for intakes of saturated
fat and linoleic acid.

In this study, we relied on self-reported diagnoses
of hypertension. Although a direct measurement is
more objective, a single high blood pressure reading
may not always represent hypertension because of
the large within-person variability in measurements
over time.21 The validity of diagnosis of hyperten-
sion in this study is supported by several lines of
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TABLE 3. Relative Risks of Hypertension by Level of Daily Intakes of Energy-Adjusted Fatty Acids

Saturated fatty acids Category
(g/day) <20 20-23 24-27 28-31 >32 X P
Relative riskt 1.0 1.03 1.05 1.04 1.06 0.8 0.5
Relative risk* 1.0 1.01 1.02 0.99 0.99 0.4 0.7
95% Confidence interval (0.88-1.18) (0.89-1.18) (0.86-1.14) (0.86-1.16)
Linoleic acid (g/day) <5.0 5.0-7.4 7.5-9.9 10.0-12.4 >12.5

Relative riskt 1.0 1.0 0.99 1.05 1.03 0.4 0.7
Relative risk* 1.0 1.0 0.97 1.02 0.99 0.1 1.0
95% Confidence interval (0.89-1.11) (0.86-1.08) (0.89-1.18) (0.92-1.20)
Trans-unsaturated fatty
acids (g/day) <2.5 2.5-3.4 3.5-4.4 4.5-5.4 >5.5

Relative riskt 1.0 1.22 1.20 1.16 1.24 1.4 0.2
Relative risk* 1.0 1.18 1.14 1.08 1.14 0.1 1.0
95% Confidence interval (1.02-1.36) (0.99-1.31) (0.92-1.25) (0.96-1.34)
Total fat (g/day) <55 55-64 65-74 75-84 >85

Relative riskt 1.0 1.04 1.04 1.03 1.05 0.4 0.7
Relative risk* 1.0 1.02 0.99 0.95 0.93 1.4 0.2
95% Confidence interval (0.90-1.15) (0.88-1.11) (0.83-1.08) (0.80-1.08)

*X values for test of trend.
tModel includes age, Quetelet's index, and alcohol consumption.
*Model includes intakes of calcium and magnesium in addition to age, Quetelet's index, and alcohol consumption.

evidence. First, the accuracy of the measure was remained normotensive had a similar frequency of
shown in a subsample.20 Second, the age-specific doctor visits as reported on the 1978 questionnaire.
incidence rates of hypertension were nearly identi- Although comparison of the questionnaire data
cal to those observed in the Framingham study.22 with those from dietary records indicated a reason-
Third, a strong association between self-reported able level of validity,17-19 our measure of diet was
hypertension and risk of myocardial infarction has certainly not perfect. Because diet was measured
been observed prospectively in the Nurses' Health before diagnosis, it is reasonable to assume that
Study.23 Furthermore, detection bias is likely to be associations were relatively unbiased with respect
minimal in this analysis because women who sub- to hypertension status; in the event that knowledge
sequently developed hypertension and those who of borderline hypertension might have caused women

TABLE 4. Relative Risks of Hypertension by Level of Daily Calcium and Magnesium Intakes From Different Food Sources*

Category
Calcium (mg/day) <200 200-299 300-399 400-499 >500 Xt p
Dairy 1.0 0.96 0.95 0.91 0.85 3.3 0.001

(0.85-1.07) (0.85-1.06) (0.81-1.03) (0.77-0.93)
Nondairy 1.0 0.95 0.94 0.85 0.80 2.6 0.009

(0.86-1.05) (0.84-1.06) (0.73-0.98) (0.64-0.98)
Magnesium (mg/day) <30 30-39 40-49 50-59 .60
Fruits and vegetables 1.0 0.98 0.87 0.81 0.88 1.0 0.33

(0.82-1.25) (0.72-1.06) (0.66-0.98) (0.74-1.05)
Cereals 1.0 0.91 0.91 0.96 0.88 2.5 0.011

(0.82-1.01) (0.80-1.02) (0.83-1.11) (0.80-0.96)
Dairy 1.0 1.0 0.95 0.87 0.86 3.1 0.002

(0.90-1.11) (0.85-1.08) (0.75-1.00) (0.78-0.95)
Magnesium other
(mg/day) < 100 100-124 125-149 150-174 2 175

1.0 1.0 0.92 0.96 0.82 3.2 0.002
(0.90-1.10) (0.83-1.03) (0.85-1.08) (0.72-0.92)

*Model includes age, Quetelet's index, alcohol consumption, and intakes of calcium and magnesium from other food sources; 95%
confidence intervals are in parentheses.

tX values for test of trend.
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TABLE 5. Relative Risks of Hypertension by Level of Daily Calcium and Magnesium Intake, Within Strata of Other Variables*

Calcium (mg) Magnesium (mg)

Risk n <400 400-799 .800 <200 200-299 >300
Age (yr)
<=44 27,038 1.0 0.88 0.79t4l 1.0 0.86 0.81
>45 31,180 1.0 0.86 0.78411 1.0 0.88 0.75t41

Quetelet's index
(kg/iM2)
<23 30,660 1.0 0.84 0.77t§ 1.0 0.67§ 0.62*11
23-28 22,183 1.0 0.88 0.72t§ 1.0 0.90 0.78t§
.29 5,375 1.0 0.87 0.94 1.0 1.15 0.92

Menopausal statust
Before 33,995 1.0 0.89 0.75t§ 1.0 0.84§ 0.77411
After 23,607 1.0 0.84 0.80t§ 1.0 0.92 0.77t§

Postmenopausal
hormone use
Never 13,859 1.0 0.81 0.80 1.0 0.78 0.66t§
Past 5,320 1.0 0.82 0.80 1.0 1.20 0.99
Current 4,428 1.0 0.94 0.78 1.0 1.13 0.96

Alcohol use (g/day)
<0.1 17,488 1.0 0.94 0.78t§ 1.0 0.92 0.81f
0.1-19 35,488 1.0 0.82§ 0.76t§ 1.0 0.91 0.77t§
.20 4,996 1.0 0.81 0.79 1.0 0.60§ 0.62§

*Model includes age, Quetelet's Index, and alcohol consumption (except for data stratified by alcohol intake).
tMissing data on menopause for 616 women.
tSignificant trend (p<0.05); §p<0.05 for relative risk; l1p<0.01 for relative risk.

to change their diets, the direction of any change
would have been more likely to obscure relations
with calcium and magnesium than to create them.
For these reasons, the strength of observed associ-
ations probably represents an underestimation of
the true effects of diet. We did not attempt to
measure salt intake in this study; however, a rela-
tion between salt intake and hypertension has usu-
ally not been found in studies within populations as
reviewed elsewhere.' In a recent report from the
INTERSALT study,24 no significant association was
seen between diastolic blood pressure and urinary
sodium excretion, and only a 1.6-mm Hg change in
systolic pressure per 100 mmol Na was found (100
mmol approximately corresponding to the differ-
ence between the average US daily excretion and
that of isolated primitive populations in Africa and
South America). Because the associations between
sodium intake and calcium and magnesium intakes
are also not likely to be strong (these correlations
were both less than 0.05 after adjustment for total
caloric intake based on the mean of four 1-week diet
records provided by a sample of 173 women in our
population), sodium intake could not seriously dis-
tort the relations we observed.

Several cross-sectional studies of the relation
between calcium intake and blood pressure have
recently been published. McCarron et a13 reported
an inverse association of dietary calcium with blood
pressure in the National Health and Nutrition Exam-
ination Survey (NHANES) I study, but a reanalysis
of the NHANES I and the NHANES II investiga-

tions did not find such an association25; a major
limitation of the NHANES studies is that diet was
assessed with a single 24-hour recall. Other various
large-scale epidemiologic studies support the exis-
tence of an association of blood pressure with either
total dietary calcium6"12"3 or calcium from dairy
products.4'26'27 In trials of calcium supplement admin-
istration, blood pressure was reduced in subjects
with mild28 or more severe hypertension,29'30
although in some studies this was observed for only
a subset of the population.28 No effect of calcium
supplementation on blood pressure has been found
among normotensive subjects in several studies29-31;
however, Lyle et a132 have reported a modest reduc-
tion among normotensive men supplemented with
1,500 mg Ca/day.
The relation of dietary magnesium with hyperten-

sion has been examined in only a few studies. In a
recent analysis of data from the Honolulu Heart
Study,14 a low magnesium intake was found to be
the dietary factor most strongly associated with
high blood pressure. In two small case-control
studies, no associations were observed,33'34 although
an inverse trend was seen in one.33 The response to
short-term supplementation of magnesium, how-
ever, may be different from that related to long-term
dietary intake, which may inhibit a gradual rise in
blood pressure over many years. A blood pressure-
lowering effect of magnesium supplementation in
hypertensive subjects receiving diuretic treatment
has been observed,35 but this could not be con-
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firmed in another intervention study36 or in a short-
term trial among untreated hypertensive subjects.37
A protective effect of potassium has been found

in several cross-sectional studies,2-4,24 but no asso-
ciation has been observed in some others.5,6 A
reduction in blood pressure has been shown in one
trial of potassium administration7 but not in another.8
An association between fiber and blood pressure
could not be shown in several intervention studies
testing different types of fiber.38-40 In contrast, an
effect has been suggested by another intervention
study41 and one observational study.14 None of
these studies, however, controlled for the intake of
minerals.
An inverse relation of blood pressure with a high

ratio of dietary polyunsaturated fatty acids to satu-
rated fatty acids has been found in some interven-
tion trials10'42 and in one observational study12 but
not in others.3'11'14 No effect was observed in all
double-blind trials43-45 and in most of the unblinded
studies.38,46 To our knowledge, no studies have
been reported that examined the relation of trans-
unsaturated fatty acids with blood pressure in
humans.
We examined the possibility that other variables

might modify the observed associations of calcium
and magnesium intake with hypertension. The effects
of both nutrients were less among women in the
highest category of Quetelet's index. No effect was
shown for magnesium among past or present users
of postmenopausal hormones, which might be due
to estrogen-induced magnesium retention.47 A par-
ticularly strong effect of magnesium was observed
among subjects in the highest category of alcohol
intake, perhaps because alcohol consumption
increases urinary excretion of magnesium.48 The
finding of independent associations of calcium and
magnesium from different food sources provides
support that the observed effects are due to these
nutrients themselves. rather than being mediated by
some other factor in specific foods.

In summary, high relative weight and alcohol
consumption were the strongest predictors of hyper-
tension, and our data support the existing public
health recommendations for control of these
factors.49 Compared with the adverse impact of
overweight and alcohol intake, the protective effects
of dietary calcium and magnesium were modest.
However, as pointed out by Rose,50 even a small
reduction in the average blood pressure of a popu-
lation can result in major reduction in complica-
tions. The presence of significant trends and the
existence of plausible mechanisms of action28,32,51,52
indicate the need for further clinical trials to deter-
mine whether or not the observed associations
between intakes of calcium and magnesium and
blood pressure are causal. Such trials should also
address previous suggestions that other metabolic
factors may influence susceptibility to the effects of
low calcium and magnesium intake. A large portion
of our study population consumed less than the

RDA of calcium and magnesium and thus could
potentially benefit from a higher intake of these
nutrients. However, the relative advantages of
increasing intake by changes in diet or by supple-
mentation need to be carefully considered as would
the possible long-term consequences for other impor-
tant health-related outcomes.
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