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Abstract
Mediterranean populations have low incidence rates of cardiovascular disease and hypertension that
may be due, in part, to dietary factors, particularly a relatively high intake of monounsaturated fat as
olive oil. In this study, nutritional components (as grams per 4200 kJ) (1 kcal = 4.2 kJ) from three-
day food records were examined in association with resting blood pressure in a cross-sectional survey
of 76 sedentary middle-aged American men, aged 30 to 55 years, with resting blood pressures below
160/100 mm Hg. Systolic and diastolic blood pressures correlated significantly and inversely with
monounsaturated fat consumption. Polyunsaturated fat consumption also correlated inversely with
diastolic blood pressure; however, this relationship became nonsignificant when adjusted for an index
of regional adiposity that characterizes the male-type obesity pattern. Detailed analyses of specific
fatty acids showed that the correlations with monounsaturates were specific to oleic acid, and the
correlation with polyunsaturates was specific to linoleic acid. Multiple regression analysis suggested
that 18.2% of the variance in systolic blood pressure and 23.2% of the variance in diastolic blood
pressure were related to monounsaturated and polyunsaturated fat consumption and regional
adiposity. Thus, increased consumption of monounsaturated fat is related inversely to resting blood
pressure, although causality remains to be determined.

Introduction
Blood pressure control even among nonhypertensive men may promote reduced cardiovascular
risk. The final report of the Pooling Project Research Group [1], representing the combined
results of five longitudinal investigations on the incidence of coronary heart disease in middle-
aged white men, concluded that much of the excess in coronary heart disease associated with
blood pressure occurs at levels below clinically diagnosed hypertension (ie, 160/100 mm Hg).
Furthermore, pharmacologic management of “mild hypertension” (140 to 160/90 to 100 mm
Hg) carries considerable economic costs and potential for long-term toxic effects. Alterations
in diet, weight loss, and other blood pressure-related behaviors offer at an acceptable cost the
potential for addressing the excess cardiovascular risk associated with elevated blood pressure.
Weight loss, reduced intakes of sodium and potassium, and stress reduction have been studied
most extensively in this context.

Animal studies, cross-cultural comparisons, and human experiments suggest that
polyunsaturated fat may also have favorable hypotensive effects [2], possibly through
enhanced synthesis of vasodilating prostaglandins [3,4]. Less is known about the effects of
monounsaturated fat on cardiovascular risk factors than of either saturated or polyunsaturated
fat, despite the predominance of monounsaturated fat in the Western diet. It is speculated that
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the low incidence of coronary heart disease and the low blood pressure levels in the
Mediterranean region relative to central and northern Europe may be due in part to the greater
use of olive oil and monounsaturated fats in general [56]. Monounsaturates may exert no
adverse effect on [7], or may favorably reduce, atherogenic lipoproteins [8,9].
Monounsaturated fat is reported to have reduced blood pressure when added to the low-fat
diets of Indians in one study [10], however, its effect on blood pressure in the context of Western
diets has not been reported.

Cross-sectional blood pressure studies can complement experimental studies in several
respects. They provide a basis for generalizing the blood pressure-nutrient relationships
established experimentally under restricted, and perhaps unrepresentative, conditions to the
typical diets of free-living individuals. Moreover, by contrasting blood pressures over a
continuum of nutrient intake levels as typically consumed within a population, graphical
analysis of cross-sectional observations may be used to gain insight into the functional
relationship between blood pressure and nutrient intake. Cross-sectional studies also provide
an effective approach for examining a variety of nutrients for their potentially hypotensive
effects, and thereby provide direction for future experimentation.

In this report, we present evidence of a significant relationship between intake of
monounsaturated fat and both systolic and diastolic blood pressure when nutrient intakes from
three-day food records were compared with resting blood pressure levels in a cross-sectional
survey of 76 middle-aged American men. Polyunsaturated fat consumption also correlated with
diastolic blood pressure. This relationship became nonsignificant, however, when adjusted for
the waist-to-hip girth ratio, an index of regional adiposity that characterizes the male-type
obesity pattern [11,12].

Subjects And Methods
Subjects

Our report focuses on baseline dietary records and blood pressure measurements of 76
sedentary but otherwise healthy men, aged 30 to 55 years, who later participated in a one-year
exercise trial (five of the original 81 men who entered the exercise study at baseline are
excluded from this report because of incomplete diet or blood pressure measurements) [13].
The subjects were selected to be free of known cardiovascular disease or abnormalities, acute
illness or active systemic disease, or medication use likely to interfere with lipid metabolism
(including anti-hypertensive medication). We also required all participants to have resting
blood pressure below 160/100 mm Hg, body weight less than 140% of Metropolitan Life
Insurance Company's “ideal” weight [14], plasma total cholesterol level below 300 mg/dL (<
7.76 mmol/L), and plasma triglyceride concentrations below 500 mg/dL (< 5.65 mmol/L).

Laboratory Measurements
Subjects reported to our laboratory in the morning, having abstained for 12 to 16 hours from
all food and from any vigorous activity. Before venipuncture and exercise testing, three blood
pressure measurements were taken by trained auscultators after the participants had been seated
comfortably for five minutes. The average of the second and third measurements was used in
the statistical analyses, with systolic blood pressure taken as the first Korotkoff phase and
diastolic as the fifth Korotkoff phase.

Following the procedures described by Wilmore and Behnke [12], waist girth was measured
horizontally at the umbilicus, and hip girth was measured as the largest horizontal
circumference around the buttocks, with standard cloth tapes. Percent body fat was estimated
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by hydrostatic weighing, and maximal oxygen uptake (VO2max) was calculated from a graded
exercise test [13].

Nutritional Assessment
Three-day food records were completed on consecutive days. The starting day was assigned
randomly so as to ensure a proportional number of weekdays and weekend days. A trained
technician reviewed the written records and, if unclear, verified them with the participants.
Records were coded using the Nutrition Coding Center, Minneapolis, code book and rules.
Mean total calorie and nutrient intakes over the three days were determined using the
computerized food composition tables (version 9) of the Nutrition Coding Center and an
analysis program. In this report, all dietary variables are expressed in grams per 4200 kJ (1
kcal = 4.2 kJ) except dietary sodium, calcium, and potassium, which are expressed in
milligrams per day. Sodium levels do not include salt added to food during preparation or
discretionary use at the table.

Statistical Calculations
The relationships between blood pressure and other variables were measured by Pearson's
product-moment correlation coefficient and multiple regression analysis and graphically
displayed by robust locally weighted regression analysis (a scatterplot smoothing procedure
described by Cleveland [15]), using half of the data to smooth each point. The smoothing
procedure offers considerable flexibility over linear regression because it does not assume a
simple straight-line fit between variables and thus may reveal important nonlinear
relationships.

Partial correlation coefficients were used to adjust blood pressure-nutrient relationships for the
potentially confounding effects of adiposity. Because the assumption of multivariate normality
may not apply to our data, the standard estimates of significance and confidence intervals were
verified by permutation tests [16] and bootstrap re-sampling procedures [17], respectively. To
determine a nonparametric significance level, we obtained adjusted nutrient intake and adjusted
blood pressure levels from the residuals of separate regression equations that predict nutrient
intake and blood pressure from the adjustment variables. We then randomly permuted, 1000
times, the adjusted nutrients values among the adjusted blood pressure levels to obtain 1000
partial correlation coefficients under the null hypothesis of zero partial correlation. A two-
tailed nonparametric significance level for testing whether the observed partial correlation was
different from zero was then obtained by doubling the proportion of times that the correlations
for the permuted data exceeded the partial correlation of the original (unpermuted) data.

To determine a nonparametric 95% confidence interval for a partial correlation coefficient, we
constructed 1000 “bootstrapped” data sets by sampling 76 vector-valued observations (ie,
consisting of nutrient intake, blood pressure, and the adjustment variables) with replacement
from the original set of 76 observations. Partial correlations were calculated for the 1000
bootstrapped samples, which were then arranged in ascending order. The 25th and the 975th
largest correlations define a nonparametric 95% confidence interval, after adjustment by the
percentile method [17].

Results
The selection criteria resulted in a sample of middle-aged (45.9 ± 5.9 [SD] years) normotensive
men (systolic blood pressure, 110.8 ± 9.7 mm Hg; diastolic blood pressure, 72.9 ± 8.0 mm
Hg), who ate 39.3 ± 6.4 g/4200 kJ of protein, 95.0 ± 20.1 g/4200 kJ of carbohydrates, 16.7 ±
3.5 g/4200 kJ of saturated fat, 17.6 ± 3.8 g/4200 kJ of monounsaturated fat, 8.0 ± 2.6 g/4200
kJ of polyunsaturated fat, and 7.7 ± 8.2 g/4200 kJ of alcohol. These nutrient intakes correspond
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to typical American diets with 15.7% ± 2.5% of total energy intake from protein, 40.9% ± 6.6%
from fat, 38.0% ± 8.0% from carbohydrates, and 5.4% ± 5.7% from alcohol. The men were
slightly obese, as reflected by Quetelet index (24.6 ± 3.1 kg/m2), body fat (21.7% ± 5.7% of
total weight), and the waist-to-hip girth ratio (0.93 ± 0.05). Sixteen men smoked cigarettes.

Relationship of Blood Pressure to Age, Cigarette Use, Fitness, and Stress
We identified first those covariates that could potentially induce significant correlations
between blood pressure and nutrient measurements, before assessing their relationship directly.
Spurious blood pressure-nutrient relationships could arise through covariates that correlate
with both blood pressure and dietary intake. Age [18], physical activity [19], cigarette use
[20], stress [21], and adiposity [22,23] are all reputedly related to blood pressure. However,
the systolic and diastolic blood pressures of the participants in our study did not correlate
significantly with age (r =0.20 and r =0.18, respectively), aerobic capacity (VO2max: r = -0.16
and r = -0.22, respectively), or the number of cigarettes consumed per day (r =0.06 and r =
-0.08, respectively). Systolic and diastolic blood pressure were also unrelated to various
measures of stress: type A personality, as assessed by structured interview [24], hostility (Cook-
Medley hostility scale: r =0.11 and r =0.11, respectively) [25], anxiety (Thurstone activity
scale: r =0.01 and r =0.10; Spielberger trait anxiety inventory: r = -0.18 and r = -0.16) [26,
27], or depression (Minnesota Multiple Personality Inventory: r = -0.11 and r = -0.16) [28].
Nonsignificance and low values of these correlations suggested that age, aerobic capacity,
cigarette use, and stress were unlikely to induce spurious nutrient-blood pressure relationships
(partial correlation analyses are described below).

Relationship of Blood Pressure to Adiposity
We examined three adiposity measures for their relationships to blood pressure. The Quetelet
index is an indirect adiposity measure derived from height and weight, percent body fat is
estimated from the direct measurement of body density from hydrostatic weighing, and the
waist-to-hip girth ratio characterizes the male-type obesity pattern [11]. The less than perfect
correlations between waist-to-hip girth and percent body fat (r =0.50), the waist-to-hip girth
and Quetelet index (r =0.60), and percent body fat and Quetelet index (r =0.53) showed that
the three obesity measures were not redundant in their assessment of adiposity.

Table 1 displays correlation coefficients for blood pressure vs the three adiposity measures,
nonparametric 95% confidence intervals derived from the bootstrap re-sampling procedure,
and significance levels determined parametrically from normal theory and nonparametrically
from permutation analyses. Although all three measures of adiposity showed significant
relationships to blood pressure, the correlations were substantially greater for the waist-to-hip
girth ratio than for percent body fat or Quetelet index. The partial (adjusted) correlations of
Table 1 suggested, in fact, that the correlations between diastolic blood pressure and percent
body fat and Quetelet index may primarily reflect the association between diastolic blood
pressure and male-type obesity, since these correlations lose their significance when adjusted
for waist-to-hip girth. In contrast, adjustment for Quetelet index and percent body fat did not
eliminate the significance of the correlation between the waist-to-hip girth and diastolic blood
pressure (r =0.25, P ≤ 0.05). The primacy of male-type fat deposition was less certain in the
determination of systolic blood pressure because the correlation between waist-to-hip girth and
systolic blood pressure was much reduced when adjusted for Quetelet index or percent body
fat (from r =0.28 to r =0.14).

Robust locally weighted regression analysis was applied to assess the deterministic relationship
between blood pressure and the degree of male-type obesity. Diastolic blood pressure (Fig 1)
and systolic blood pressure (not displayed) were found to increase linearly throughout the range
of waist-to-hip girth ratios represented in these men.
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In the analyses of nutrient-blood pressure relationships that follow, we selected waist-to-hip
girth over Quetelet index and percent body fat as a covariate for adjustment because (1) the
correlations between blood pressures and waist-to-hip girth dominated the other blood
pressure-adiposity correlations, and (2) the percentage of total energy obtained from
polyunsaturated fat correlated significantly with waist-to-hip girth (r = -0.27, P ≤ 0.02), but
not percent body fat (r = -0.17) or Quetelet index (r = -0.13). Saturated and monounsaturated
fat intakes were not related significantly to any obesity measure.

Relationship of Blood Pressure to Diet
Table 2 displays the correlational analyses for blood pressure vs nutrient intake. Systolic and
diastolic blood pressure correlated significantly with monounsaturated fat intake, and diastolic
blood pressure correlated significantly with polyunsaturated fat consumption. The correlations
between monounsaturated fat consumption and blood pressure were not affected when adjusted
for waist-to-hip girth (Table 2) or other potentially confounding variables (age, VO2max,
cigarette use, stress, Quetelet index, and percent body fat; results not displayed). The
correlation between polyunsaturated fat and diastolic blood pressure, however, was made
nonsignificant when adjusted for waist-to-hip girth. The smooth scatterplot of Fig 2 suggests
that the inverse correlation between systolic blood pressure and monounsaturated fat
consumption was due primarily to lower blood pressure levels in men who consumed
monounsaturated fat in excess of 19 g/4200 kJ (equivalent to 12.6% of total energy intake).
The relationships of diastolic blood pressure to monounsaturated and polyunsaturated fat
consumption were primarily linear (regression curves not displayed).

Coffee intake (cups per day), total energy intake, and percentage of total energy derived from
alcohol, protein (total, plant, and animal), carbohydrates (total, sucrose, starch, and other
carbohydrates), and crude fiber were each unrelated to blood pressure levels. Intakes of sodium,
potassium, and calcium correlated weakly and nonsignificantly with blood pressure (Table 3).
These findings do not necessarily negate the relationships of these minerals to blood pressure
since the 95% confidence intervals for the correlation coefficients spanned a wide range of
possible values.

Correlation and regression analyses of specific fatty acids in relation to blood pressure did not
provide further resolution of the blood pressure-nutrient associations beyond that achieved for
the less specific classifications of fats by saturation level. The correlation of diastolic blood
pressure with the proportion of total energy from polyunsaturated fat (r = -0.29, P ≤0.01)
reflected primarily its correlation with linoleic acid (r = -0.29, P ≤ 0.01), its major component
(87.5% of total polyunsaturated fat intake). Diastolic blood pressure did not correlate
significantly with minor contributors to the total polyunsaturated fat intake, including linolenic
(9.3%), arachidonic (1.0%), and eicosapentaenoic (0.4%) acids (the correlations were < 0.10
in each case). Similarly, the correlations of systolic and diastolic blood pressure with the
proportion of total energy from monounsaturated fat (r = -0.33 and r = -0.28, respectively; P
≤ 0.01 for both) and oleic acid (r = -0.34 and r = -0.30, respectively; P ≤ 0.01) were comparable,
an expected result since oleic acid represented 91% of all monounsaturated fat consumed.
Blood pressure failed to correlate significantly with other monounsaturated fatty acids (P ≥
0.20) or with any specific saturated fatty acid (P ≥ 0.08). Since this more refined classification
of fats offered no further improvement in defining the nutrient-blood pressure relationships,
further analyses and discussion focus on the simpler classification of fats by saturation level.

Multivariate Analysis of Blood Pressure and Fat Consumption
Table 4 displays four multiple regression models that fit separate coefficients relating
monounsaturated fat intake, polyunsaturated fat intake, and waist-to- hip girth ratio to blood
pressure levels. When the waist-to-hip girth ratio was excluded from the model, the relationship
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of systolic blood pressure to monounsaturated fat intake was significant, independent of the
effects of polyunsaturated fat consumption (column 1). The relationships of diastolic blood
pressure to both monounsaturated and polyunsaturated fat were independently significant
(column 3). The independent relationships of these fats to blood pressure in the multivariate
model agreed with their unadjusted relationships in the univariate analysis (Table 2) because
monounsaturated and polyunsaturated fat intake were only weakly correlated with each other
(r = 0.20, P ≤ 0.09).

When the waist-to-hip girth ratio was included in the model, monounsaturated fat intake and
the ratio of waist-to-hip girth both showed significant independent relationships to blood
pressure (columns 2 and 4). Polyunsaturated fat did not relate significantly to diastolic blood
pressure, however, when adjusted for male-type adiposity. The addition of the waist-to-hip
girth ratio to monounsaturated and polyunsaturated fat increased the percentage variance
explained by the regression model from 12.4% to 18.2% for systolic blood pressure and from
13.5% to 23.2% for diastolic blood pressure.

Comment
Dietary Fat and Blood Pressure

The correlations presented in this report reveal a significant, and unexplained, association
between increasing levels of monounsaturated fat intake and decreasing levels of both systolic
and diastolic blood pressure. Monounsaturates are not recognized as precursors of
prostaglandins; a physiological explanation for lower blood pressure with higher
monounsaturated fat consumption is not immediately forthcoming. To our knowledge, this
inverse association has been reported previously only when monounsaturated fat supplemented
the low fat diet in Indians [10]. Our findings suggest that this isolated observation may indeed
apply in the context of the higher fat diets of American and other Western societies.

We also found that polyunsaturated fat correlated inversely with diastolic blood pressure. This
observation is consistent with much experimental evidence and many cross-cultural
comparisons. In rats, feeding high polyunsaturated fat diets reportedly inhibits the elevation
of mean systolic blood pressure [29] and the development of salt-induced hypertension [30,
31]. Trappist monks consume a greater proportion of their total fat from vegetables than
Benedictine monks, and this dietary difference may account for less hypertension among the
Trappists (12%) than the Benedictines (51%) [32]. Similarly, vegetarians are reported to have
lower blood pressure than nonvegetarian controls [33-34].

Puska and his colleagues [35] achieved significant decreases in both systolic and diastolic blood
pressure in Finnish couples who were prescribed low-fat diets with a high polyunsaturated-to-
saturated fat (P/S) ratio; significant increases in systolic and diastolic blood pressure levels
were achieved when these couples returned to their usual diets. The intervention diet reduced
both saturated and monounsaturated fat intake to approximately one third of their baseline
levels and increased polyunsaturated fat consumption slightly. Margetts et al [36], however,
failed to achieve significant blood pressure differences in a double-blind, randomized control
trial when total fat was kept constant, saturated fat reduced by about 25%, and polyunsaturated
fat increased by twofold to threefold, producing a P/S ratio above 1. Margetts and colleagues
attributed the differences between their results and those achieved by Puska et al to (1)
nutritional changes in the Finnish trial other than alterations in the P/S ratio (cholesterol
consumption and total energy intake were also reduced during the intervention period and
increased during the switchback period, and alcohol consumption varied over time), (2)
different methods of achieving a P/S ratio near 1 (ie, decreased saturated and total fat intake
in the Finnish study vs increased polyunsaturated fat intake with total fat held constant), and
(3) bias in the Finnish study accruing from the awareness by the observer of the group
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assignment of the participant. The discrepancy may also be due in part to the greater statistical
power of the Finnish study to detect blood pressure differences, since it included twice as many
subjects as the study by Margetts et al.

That polyunsaturated fat intake showed an inverse association with diastolic blood pressure,
but no apparent relationship with systolic pressure, is consistent with the observation by Rao
and colleagues [10] that supplementing polyunsaturated fat in the diets of Indians decreased
diastolic blood pressure without effecting a corresponding decrease in systolic blood pressure.
These results lend some support to the hypothesis that prostaglandins mediate the hypotensive
effects of polyunsaturated fat through reduced vasoconstriction or increased vasodilation, since
peripheral resistance is thought to be more directly associated with diastolic than systolic blood
pressure [37-39].

Previous epidemiologic surveys have generally not found associations between fat intake and
blood pressure. In Finns, mean arterial pressure was reported to be correlated significantly
cross-sectionally with the intake of saturated fat but not other fats [40], while other studies did
not reveal significant associations between blood pressure and any fats [41]. The questionnaires
regarding usual intake [40] or the one-day diet-recall questionnaires [41] used in these studies
may not assess nutrient intake with the precision required to discern their relationships with
blood pressure.

Regional Adiposity and Blood Pressure
When adiposity measures were screened along with other variables to identify covariates that
could potentially confound nutrient-blood pressure relationships, we found that the waist-to-
hip girth ratio was more strongly related to blood pressure levels than the other obesity
measures. The relationship of regional adiposity to blood pressure has been reported by others
[23,42]. Men tend to deposit fat abdominally whereas women tend to deposit fat in gluteal and
femoral regions, so that a high waist-to-hip girth ratio characterizes a male-type obesity pattern
[11]. In our study, approximately 14% of the variance in diastolic blood pressure was associated
with this ratio. Hypertension may be more prevalent in men than in women in part because
men have a greater tendency to gain abdominal fat, which appears to be metabolically distinct
from gluteal or femoral fat [11,43]. Experimental studies of polyunsaturated fat intake and
blood pressure usually rule out an obesity effect when total weight remains constant throughout
the intervention. Further control for change in regional adiposity may be required to
substantiate an effect due to polyunsaturated fat intake and blood pressure that is independent
of adiposity effects.

Other Nutrients and Blood Pressure
Hypertensive effects have been ascribed to sodium [44] and simple sugars [45], whereas
potassium [46], calcium [41,47], magnesium [47], and vegetable fiber [48] are reputedly
hypotensive. Alcohol has also been reported to be associated with elevated blood pressure
[49,50]. However, this relationship was most pronounced in older individuals [49], and the
oldest individuals in the present study were aged 55 years. In our data, neither systolic nor
diastolic pressures correlated significantly with the proportion of total energy from alcohol
(Table 2), sucrose (r =0.09 and r =0.06 for systolic and diastolic blood pressure, respectively),
or crude fiber (r = -0.12 and r = -0.16). Low intakes of fish (< 1% of total energy intake) and
eicosapentaenoic acid (< 1% of polyunsaturated fat intake) limited our ability to assess their
effects on blood pressure. The correlations we observed for blood pressure vs calcium,
potassium, and sodium intake were also not statistically significant (Table 3), but it is not
possible to negate their postulated relationships from our data, given the width of the confidence
intervals. The low-order correlation between sodium consumption and blood pressure levels
may reflect in part the fact that volitional salt use was not assessed (estimated to provide 20%
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to 40% of all sodium consumed [51]). Substantially greater correlations for systolic blood
pressure vs calcium (r =-0.60), potassium (r = -0.46), and sodium intake (r = -0.28) were
presented by McCarron et al [41] for the First National Health and Nutrition Examination
Survey nutritional data. They divided 10 419 participants into 25 to 30 strata and then correlated
the mean systolic level with mineral intake across the strata. Averaging blood pressure levels
within each category of mineral consumption produces a substantially smaller blood pressure
variance, so that the correlations obtained for the averages are necessarily larger than
correlations that contrast blood pressure and mineral intake among individuals.

Limitations and Caveats
Our analyses suggest that monounsaturated fat intake is inversely related to both systolic and
diastolic blood pressures. Polyunsaturated fat consumption also correlated with diastolic blood
pressure; however, this relationship became nonsignificant when adjusted for regional
adiposity. We emphasize caution in extrapolating these nutrient-blood pressure associations
to the general population, given the more selected nature and modest size of our sample. While
the statistical tests demonstrated that chance was an unlikely explanation of our findings, even
with this sample size, it is possible that the selection procedure produced a unique group of
individuals. The causality of the monounsaturated fat-blood pressure relationships in the
content of Western dietary patterns is not proved by these cross-sectional associations and
remains to be determined in controlled clinical trials.

Recent experimental results suggest that monounsaturates and polyunsaturates may be equally
effective for reducing plasma levels of total cholesterol and low-density lipoprotein cholesterol
[8]. Hypotensive properties of monounsaturated fat, if verified, could provide greater flexibility
in attaining more desirable cardiovascular risk factor profiles through diet.
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Fig 1.
Robust locally weighted regression of diastolic blood pressure vs waist-to-hip girth ratio (male-
type obesity index) in 76 middle-aged men. Plot shows that diastolic blood pressure increased
linearly with increasing waist girth relative to hip girth.
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Fig 2.
Smoothed scatterplot of systolic blood pressure vs monounsaturated fat intake after adjustment
for waist-to-hip girth ratio in 76 middle-aged men. Plot suggests that inverse correlation
between monounsaturated fat intake and blood pressure largely reflected lower blood pressure
levels in men who consumed monounsaturated fat in excess of 19 g/4200 kJ.
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Table 1

Cross-sectional Correlations Between Blood Pressure and Three Adiposity Measures in 76 Middle-aged Men

Systolic Blood Pressure Diastolic Blood Pressure

Unadjusted Adjusted for Waist-
to-Hip Girth Ratio

Unadjusted Adjusted for Waist-
to-Hip Girth Ratio

Quetelet index, kg/m2 0.21 0.06 0.24* 0.02

 95% Confidence interval† (0.03, 0.40) (-0.13, 0.27) (0.05, 0.42) (-0.15, 0.20)

 Significance‡ 0.08 0.58 0.04 0.85

Body fat, % of total mass 0.18 0.05 0.29§ 0.13

 95% Confidence interval† (-0.04, 0.37) (-0.17, 0.30) (0.08, 0.49) (-0.07, 0.35)

 Significance‡ 0.13 0.61 0.006 0.22

Waist-to-hip girth ratio 0.28§ … 0.38§ …

 95% Confidence interval† (0.04, 0.48) … (0.17, 0.54) …

 Significance‡ 0.024 … 0.002 …

*
P ≤ 0.05

†
Distribution-free 95% confidence intervals were determined from 1000 bootstrapped samples.

‡
Nonparametric significance levels were determined from 1000 permutations.

§
P ≤ 0.01
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Table 2

Partial Correlation Analyses of Blood Pressure vs Nutrient Intake (g/1000 kcal) in 76 Middle-aged Men

Systolic Blood Pressure Diastolic Blood Pressure

Unadjusted Adjusted for Waist-
to-Hip Girth Ratio

Unadjusted Adjusted for Waist-
to-Hip Girth Ratio

Total protein 0.04 0.03 0.02 0.01

 95% Confidence interval* (-0.18, 0.26) (-0.20, 0.25) (-0.24, 0.29) (-0.24, 0.25)

 Significance† 0.78 0.80 0.80 0.89

Total carbohydrates 0.13 0.14 0.15 0.18

 95% Confidence interval* (-0.12, 0.35) (-0.17, 0.38) (-0.06, 0.37) (-0.05, 0.39)

 Significance† 0.31 0.22 0.20 0.13

Saturated fat 0.01 -0.03 -0.03 -0.09

 95% Confidence interval* (-0.18, 0.21) (-0.23, 0.16) (-0.25, 0.17) (-0.29, 0.12)

 Significance† 0.89 0.59 0.78 0.39

Monounsaturated fat -0.33‡ -0.33‡ -0.28‡ -0.28‡

 95% Confidence interval* (-0.51, -0.12) (-0.52, -0.14) (-0.46, -0.08) (-0.49, -0.06)

 Significance† 0.004 0.004 0.008 0.02

Polyunsaturated fat -0.18 -0.11 -0.29‡ -0.21

 95% Confidence interval* (-0.42, 0.08) (-0.36, 0.12) (-0.53, -0.01) (-0.45, 0.10)

 Significance† 0.11 0.32 0.006 0.08

Alcohol 0.09 0.07 0.09 0.06

 95% Confidence interval* (-0.12, 0.30) (-0.17, 0.30) (-0.11, 0.27) (-0.13, 0.24)

 Significance† 0.42 0.55 0.45 0.60

*
Distribution-free 95% confidence intervals were determined from 1000 bootstrapped samples.

†
Nonparametric significance levels were determined from 1000 permutations.

‡
P < 0.01.
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Table 3

Cross-sectional Correlations of Blood Pressure vs Intakes of Sodium, Potassium, and Calcium in 76 Middle-aged
Men

Correlations With Blood Pressure

Mean ± SD Systolic Diastolic

Sodium, mg 3214.9 ± 1141.0 0.06 0.04

 95% Confidence interval* … (-.12, .27) (-.18, .26)

 Significance† … .56 .77

Calcium, mg 832.4 ± 383.1 0.10 0.01

 95% Confidence interval* … (-.15, .31) (-.17, .20)

 Significance† … .47 .96

Potassium, mg 2986.9 ± 788.7 0.03 -0.07

 95% Confidence interval* … (-.20, .24) (-.28, .14)

 Significance† … .82 .55

*
Distribution-free 95% confidence intervals were determined from 1000 bootstrapped samples.

†
Nonparametric significance levels were determined from 1000 permutations.
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Table 4

Multiple Regression Analyses of Blood Pressure vs Intakes of Monounsaturated and Polyunsaturated Fat and
Waist-to-Hip Girth Ratio in 76 Middle-aged Men

Systolic Blood Pressure Diastolic Blood Pressure

Waist-to-Hip Girth Ratio: Excluded Included Excluded Included

Coefficients

 Intercept 128.18* 78.85* 87.68* 34.76

 Monounsaturated fat -0.79† -0.79† -0.50‡ -0.50‡

 Polyunsaturated fat -0.44 -0.19 -0.75‡ -0.48

 Waist-to-hip girth ratio … 51.08‡ … 54.79†

% of Blood Pressure explained 12.4‡ 18.2† 13.5† 23.2*

*
P ≤ 0.001.

†
P ≤ 0.01.

‡
P < 0.05.
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