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Abstract. The effect on blood pressure of monounsa-
turated and (n-6)polyunsaturated fatty acids was
studied under strict dietary control in normotensive
subjects. For 17 days 31 women and 27 men received a
control diet providing 19:3% of energy as saturated
fat. Then subjects were randomized over two test diets:
one diet provided 15-1% of energy from monounsatur-
ated and 7-9% from polyunsaturated fatty acids
(‘mono diet’), and the other diet provided 10-8% from
monounsaturated and 12:7% from polyunsaturated
fatty acids (‘poly diet’). Saturated fat intake was now
12:8% on both diets.

Mean blood pressure at the end of the control period
was 116/69 mmHg for the mono group and i17/73
mmHg for the poly group. After 5 weeks on the test
diet, blood pressure was 115/67 mmHg for the mono
group and 117/72 mmHg for the poly group (differ-
ence in changes between the two diet groups was not
significant).

These findings suggest that at a high fat intake,
linoleic acid, when providing more than 7-9% of
energy intake, does not influence blood pressure
relative to oleic acid in normotensive women and men.

Keywords. Blood pressure, controlled trial, diet, man,
monounsaturated fat, polyunsaturated fat.

Introduction

Elevated levels of blood pressure and of serum total
cholesterol are both important causes of premature
coronary heart disease [1]. In addition, mild hyperten-
sion is a major risk factor for stroke in both men and
women [2]. To reduce serum cholesterol levels a
reduction in dietary total and saturated fat intake is
recommended. The type and amount of dietary fat,
however, may also influence blood pressure. Some
controlled trials suggested that a cholesterol-lowering
linoleic-acid-enriched diet reduces blood pressure,
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even in healthy, normotensive subjects [3,4]. Several
other studies, howewver, failed to confirm this [5,6]. On
the other hand, epidemiological studies did find a
negative association between the percentage of
polyunsaturated fatty acidsinadipose tissue and blood
pressure [7,8]. Even if certain diets rich in (n-6)polyun-
saturated fatty acids did lower blood pressure, it is not
possible to point out exactly the dietary factor respon-
sible for the hypotensive effect: in addition to an
increase in linoleic acid intake, the intake of other
nutrients like total fat, potassium, and fibre also
changed in the studies discussed above [3,4],

We have tested whether two diets differing in
unsaturated fatty acids but notin total fat had an eflect
on blood pressure in normotensive men and women.
Two alternatives Lo the high-saturated-fat diet that is
frequently eaten by affluent populations were com-
pared. One was high and the other moderately high in
linoleic acid; the diffTerence between the two diets was
made up with oleic acid, The intake of other nutrients
was kept constant throughout the study and could
therefore not have confounded the results.

Subjects and methods

Subjects

Volunteers were recruiled through a local newspaper,
througha university newspaper and through posters in
university buildings, Subjects were eligible if they (1)
had no history of atherosclerotic disease or hyperten-
sion, (2) had no anaemia, glycosuria, or proteinuria,
(3) were not using any prescribed medicine, (4) were
healthy as judged by a physician from a medical
questionnaire, and (5) expressed no dislikes for any of
the foodstuffs provided during the study., Out of 87
applicants, 83 subjects met these criteria. As we only
needed 60 people, we accepted all 28 men and three of
their spouses; we then added another 29 women by
chance. Nine women used oral contraceptives. Two of
the women and one man on the mono diet and two of
the women and two of the men on the poly-diet were

smokers. Table 1 shows some of their baseline charac-
teristics.
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Table 1. Age, height, weight, and body mass index (means 4+ SD) of the subjects 6 to 4 weeks before the
experiment, at the time they were eating their habitual self-chosen diets

Mono diet

Poly diet

Men (n=14)

Women (#=15)

Men (n=13) Women (n=16)

Age (years) 24:3+7-6 229437 259467 24-44-6-7
Height (cm) 182:9+5'3 169-445-3 184-84-5-5 170:1+74
Weight (kg) 731470 61:6+57 751478 623472
Body mass index (kg m?) 219423 21-5+2:1 22:0+42-1 212414

‘Mono’ and ‘poly’ refer to the diet groups into which subjects were randomized during the experiment,

Experimental protocol

The main purpose of the experiment was to compare
the effects of a diet rich in monounsaturated fatty acids
with a diet rich in polyunsaturated fatty acids on serum
lipids. Details of this study have been published [9}. All
subjects were studied simultaneously for 55 days from
4 October to 27 November 1987, The first part of the
study consisted of a 17-day control period, during
which all subjects received a diet high in saturated fatty
acids. The subjects were then categorized according to
sex, and females also according to use of oral contra-
ceptives. From each category one-half of the subjects
chosen at random received a diet rich in monounsatur-
ated fatty acids (‘mono diet’) for the next 36 days, and
the other half a diet rich in (n-6)polyunsaturated fatty
acids (‘poly dict’). On the mono diet 6-5% of energy
from saturated fatty acids was replaced by both
monounsaturated and polyunsaturated fatty acids,
and on the poly diet by polyunsaturated fatty acids
alone. The major difference between both diet groups
was the kind of oil used for preparing the food. For the
mono diet olive oil was used and for the poly diet
sunflower oil. In addition, both diet groups received a
diet margarine high in polyunsaturated fatty acids
instead of butter. In this way both diets represent
practical alternatives for a person who wishes to
reduce saturated fat inlake. During the study the
intake of other nutrients did not change.

Each diet consisted of conventional, mixed solid
foods, and menus were changed daily. The amount of
food necessary to meet each individual’s energy re-
quirement was weighed out. Body weights were
checked twice weekly, and energy intake was adjusted
when necessary. All food was provided, except for
some free-choice items, free from fat and cholesterol.
Free-choice items were accorded points corresponding
to their energy value, with I point equalling 41-8 kJ (10
kcal). Each subject was required to consume a constant
number of points per day, which varied with total
energy intake and corresponded with 8-9-10-3% of the
total energy intake. Typical choices were an apple (6
points), orange juice (5 points) or a glass of beer (8
points). In our experience, the {ree-choice system helps
subjects to reconcile the rigid requirements of partici-
pation in a trial with their social life and personal

preferences. The importance of not changing one’s
selection of free-choice items between periods was
repeatedly explained and stressed. Subjects recorded in
diaries their free-choice items, the amount of coffee
used, and any deviations from the protocol. For each
of the three diets, duplicate portions for one imaginary
participant with an energy intake of 10 MJ (2390 kcal)
per day were collected daily and stored at —20°C for
later analysis,

The design and execution of the study was explained
to the subjects and informed consent was obtained.
Prior approval was obtained from the medical ethical
committee of the department. Subjects were asked not
to change their smaoking habits, use of oral contracep-
tive, or their physical activity pattern during the study.

Measurements

Before the experiment subjects were asked to weigh
and record their food intake on three separate days,
including one weekend day. Foods were coded and the
composition of the dicts calculated using the 1985
edition of the Netherlands Nutrient Data Bank [10] to
enable us to estimate each subject’s energy and
nutrient intake. As it was known from our previous
studies that such records tend to underestimate actual
energy needs by some 15%, the starting levels of energy
intake were set at 15% over stated habitual intake.
Blood pressure was measured with an aulomatic
sphygmomanometer with recorder (Takeda Medical
UA-751; Adquipment Medical BV, Rotterdam, The
Netherlands), When used in parallel over a period of 3
months, the mean difference between 206 measure-
ments with a standard sphygomanometer and our
automatic device was 4-2 -+ 51 mmHg for systolic and
2-5+4+4-3 mmHg for diastolic blood pressure, without
any apparent change in time [11]. Blood pressure was
measured between 07.30 and 09.30 on two occasions
before the study and between 09.00 and 12.30 during
weeks 2 to 8 of the experiment. Blood pressure was also
measured 11 weeks after the experiment in all subjects,
except for one man from each group who werce
unavailable at that time. Systolic pressure was
recorded at Korotkoff phase I and diastolic pressure at
Korotkoff phase V. Subjects were asked not to per-



UNSATURATED FAT AND BLOOD PRESSURE

form physical activity or to eat or smoke for 1 hour
prior to the blood pressure measurements. Four
measurements were made at each session with the
subject in the sitting position in a quiet room, after
approximately 5 min of rest. Two trained investigators
performed the measurements. During the experiment
measurements on one subject were always made by the
same investigator with the same sphygmomanometer
and generally at the same time of the day. In this way,
effects of diurnal variation on blood pressure for a
subject would cancel out when the difference in blood
pressure between the test and control period was
calculated.

The fatty acid composition of serum cholesteryles-
ters was determined at the end of the saturated fat
period and again at the end of the test period as
described [12]. Serum total cholesterol was determined
as reported previously [9].

The duplicate portions, as collected daily for an
imaginary subject on the control diet, the mono diet
and the poly dict, were pooled and mixed thoroughly
per diet and then freeze-dried. The ash content and the
moisture level [13] were determined and then the
material was stored at —20°C. Aliquots were analysed
for protein [14] total fat [15), the proportions of
individual fatty acids [16)], dietary fibre [17], and
cholesterol [18]. Available carbohydrate was calcu-
lated by dilference. Sodium, potassium, calcium and
magnesium were determined by atomic absorption
spectrophotometry [19] in the freeze-dried material
after it had been wet-ashed and neutralized. The mean
composition of the dicts was calculated from the
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duplicate portion analysis plus the calculated contri-
bution of the free-choice items.

Statistical methods

The ﬁr_st blood pressure measurement of each session
was discarded and the other measurements were
averaged. The response of blood pressure to the mono
diet or to the poly diet was calculated for each subject
as the change from the end of the control diet period
(week 3) to the end of the test period (week 8). Thus
eaqh subject was studied on two different diets. Body
weights were averaged per week and the change
calculated as the difference between week 8 and week 1.
An unpaired r-test was used to examine differences in
effects on blood pressure of the two test diets, relative
to the uniform control diet. In addition, blood pres-
sures obtained 11 weeks after the completion of the
experiment were compared with week 8, and choles-
terol levels with pre-experimental values, using a
paired t-test. An analysis of variance was carried out to
check for possible time effects on blood pressure levels
dulring the test diet period [20]. All P-values were two-
tailed.

Results

Subjects

One woman and one man withdrew during the first
week of the study. The baseline characteristics of the
remaining 58 subjects are presented in Table 1.

Table 2. Energy intake and composition of the diets of the subjects before and during the experiment

Type of diet

Habitual* (1=>58)

Controlf (n=58)

Mono diet} (n=29) Poly diett (n=29)

Energy intake (MJ day™!)

101425
Protein (% cnergy) 143418
Fat (% energy) 358456
Saturated fatty acids 146429
Monounsatueated fatty acids 124422
Polyunsaturated fatty acids 63419
P/S ratiof 04502
Carbohydrates (% of encrgy)  48:6:£6:0
Alcohol (% of cnergy)}§ 1742:1
Cholesterol (mg MI~Y) 314412:6
Dietary fibre (g MJ 1) 31409
Sodium (mmol MJ 1) 12:3:423
Potassium (mmol MJ 1) 90419
Calcium (mmol MJ %) 36409

Magnesium (mmol MJI-")

117
131
3647
19-3
115
46
0-21
49-1
12
334
4.0
13-3
103
30
1-5

11-8 119
13-4 131
374 37:6
12:9 12:6
151 10-8
79 12:7
0-61 1-00
478 48-5
5 1-0
358 353
41 4-1
12:9 12:5
10:0 10-2
31 2:9
-5 1-5

* Values were caleulated from 3-day weighed inventories made by the subjects of F}}eir habitual food consumption, and
lable in the food composition table used.

they are means-+SD. No figurcs for magnesium are avai

1 Based on chemical analysis of duplicate diets. SDs for energ

y intake during the study needed to maintain weight were

2:7 MJ between the subjects on the control diet, 28 MJ on the mono diet, and 2-3 MJ on the poly diet.

I Ratio of polyunsaturated to saturated fatty acids,
§ During the control diet alcohol intake was [-3% fo
those randomized over the poly diet.

r subjects who were randomized over the mono diet and 1-1% for
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Inspection of the diaries showed that in the last 2 weeks
of the study, two men and one woman on the mono
diet and two men on the poly diet had been sick for 1-3
days. In addition, one man on the mono diet reported
that he had not always consumed the prescribed
amount of energy from the free-choice items.

Nutrient intake

Table 2 shows that the proportion of energy from
protein, fat, carbohydrates and alcohol was essentially
the same on the subjects’ habitual diets and during the
control period. However, the dietary fat composition
was different. Saturated fat intake increased from a
group average of 14-6% of energy on the habitual diets
to 19-3% during the control period, while the intake
from polyunsaturates decreased on average by 1:7% of
energy. This resulted in a decrease of the P/S-ratio
from 0-45 to 0-21. After the switch-over to the two
unsaturated fat diets, total fat, alcohol, cholesterol and
dietary fibre intake did not change. The intake of
saturated fat decreased by 6:5% of energy on both test
diets. This decrease was compensated for by an
increased intake of monounsaturated (3-5% of energy)
and polyunsaturated fatty acids (3-0%) on the oleic-
acid-rich diet and by polyunsaturates alone on the
linoleic-acid-rich diet. The intake of Na, K, Ca, and
Mg was constant throughout the study.

Dietary adherence

Weight changes did not exceed 2-5 kg over the 8 weeks
of the experiment, except for one man on the mono-
diet who lost 3-2 kg; there was an increase on average
0f0-2 1+ 1-3 in the mono group and of 0-2 4+ 1-0 kg in the
poly-group. Pearson’s correlation cocfficients were
calculated between changes in weight and changes in

blood pressure for each diet group and sex separately,
They ranged from —043 (P=0-14) for diastolic
pressure in men on the poly diet to 037 (P=0-19) for
systolic pressure in men on the mono diet. Coffee
consumption was not different between the two diet
groups and amounted on average to 2:6 cups per day
on the control diet and on the test diet for the mono
group; for the poly group coffee consumption on
average was 2+4 cups per day on the control diet and
2:6 cups on the test diet.

Dictary adherence was confirmed by the oleic/
linoleic acid ratio of serum cholesterylesters, which
decreased from 0334004 (mean + SD) to 0-:29 4-0-05
in the mono group, and from 0:33+0-04 to 0-21 +0-03
in the poly group (P<0:0001 for difference in change
between the two diet groups).

Serum cholesterol levels of the 56 subjects who were
also measured 11 weeks after the experiment, were
4-834+069 mmol 1-! before the experiment and
4-89 4078 mmol 17" 11 weeks after the experiment
(change: +0-0640-51 mmol 1!, NS). This suggests
that subjects had returned to their habitual dietary fat
intake.

Blood pressure

The blood pressure values obtained during the study
are shown in Fig. 1. Systolic blood pressure was the
same in the two diet groups and remained virtually
unchanged during the course of the experiment. Due o
higher innate levels, diastolic pressure in the poly
group was slightly higher at the end of the control
period and it remained so during the test period.
During the test period no trend in blood pressure
values with time was apparent (data not shown), Mean
blood pressures for the two diet groups are shown in
Table 3 for men and women separately. Changes in
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Figure 1, Mean systolic and diastolic blood pressure before, during, and after the experiment. Subjects were volunicers from the
general population who were consuming a diet high in saturated fat (week 3) followed by test diets high in either oleic acid (mono

group, n=29) or in linoleic acid (poly group, n=29).
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Table 3. Mean systolic and diastolic blood pressure (SD) before, during
normotensive volunteers from the general population who were consuming ’a

467

and after _the experiment (mmHg). Subjects were
diet high in saturated fat (week 3) followed by test

diets high in either oleic acid (mono group) or in linoleic acid (poly group)

Mono diet group

Poly diet group
Men (n=14) Women (n=15) All (n=29) Men (#=13) Women (n=16) All (n=29)
Systolic (mmHg)
Pre-experimental 119-4 102-5 110-6 1188 106-2 111-6
(10-4) ((2)! (12:2) (10-4) (11-2) (124)
Experimental
Control (week 3) 1230 108+4 1155 1224 117 1165
(8:3) 9-5) (11-5) (15-1) (11-1) (139
Test (week 8) 1226 107-2 1146 1200 1137 116-5
(10:7) 92) (12:5) 97 (10-9) 107
Change —-04 —-12 —0-8 24 2.0 00
(11-0) (7°3) 91 10:2) (76) (CAY)]
Post-experimental*  120-6 107:1 1134 12143 112-8 1164
77 (10:3) (11+4) (8-8) 91 (9-8)
Diastolic (nmHg)
Pre-experimental 69-6 673 684 659 69-8 681
(8-3) ©7 (74 (7-8) (7-6) (7-8)
Experimental
Control (week 3) 68-8 684 686 73'5 720 72-7
(74) (69) (70) 94 6-0) 9:0)
Test (week 8) 68-8 65'5 671 69-1 74-4 72:0
(12:0) (6-8) (9+6) (10-9) (8-6) (9-8)
Change +0:1 —29% —15 ~4:4 +2:4 —07
(7-5) (5+5) (6+6) 9-0) (8-4) 9-2)
Post-experimental* 735 68-7 709 724 742 734
9:0) (7°2) (83) 97 90 9-2)

* One man missing from each diet group,

1 Change on mono diet significantly different from change on poly diet: P<0-05.

systolic blood pressure from the saturated to the
unsaturated fat diets were slight; they varied from
—2:44+10-2 mmHg for men on the poly diet to
+2:04+7-6 mmHg for women on the poly diet. The
change in diastolic blood pressure of —2:9 mmHg for
women on the mono diet was significantly different
from that of +2-4 mmHg for women on the poly diet
(P=0-047, 95% confidence interval for difference in
response between the mono group and the poly group:
—10-5to —0-1 mmHg). This effect, however, was not
observed in men.

When post-experimental blood pressure levels were
compared with those obtained at the end of the
experiment, no difference in change between both diet
groups was observed.

Excluding the subjects who had fallen ill during the
experiment from the analysis (»=353) did not change
the results. The change in systolic blood pressure for
men on the mono diet (n=12) was now 1-6+10-2 and
in diastolic blood pressure 0-7+7-9 mmHg. These
changes were not significantly different from those of
—1-049-1 and —4-7+9-5 mmHg for men on the poly
diet (n=11). For women on the mono diet (n=14) the
change in systolic blood pressure was —1-1£7-6
compared with 2-0 + 76 mmHg for women on the poly

diet (n=16). The change in diastolic blood pressure of
—3:145-6 mmHg for women on the mono diet was
still greater than that of 4-2-448-3 for women on the
poly diet (P=0-045, 95% confidence interval: —10-9
to —0'1 mmHpg).

Discussion

In this study with healthy, normotensive subjects we
could not demonstrate a favourable effect on blood
pressure of linoleic acid, the major essential fatty acid
of the (n-6) family, relative to oleic acid when total fat
intake was 37%. The effect on diastolic pressure for
women was even more favourable on the mono diet
than on the poly-diet. This finding, however, may be
due to chance, as the direction of the change was
opposite to that expected and the effect was not
observed in men. The hypothesis to be tested in this
experiment was that blood pressure for the two sexes
combined would not be affected by linoleic acid
relative to oleic acid. This hypothesis could not be
rejected. With 26 subjects per diet group the statistical
power for detecting a true difference of 4 mmHg
between both diets in our study was 52%. To increase
the power to 80%, the true difference between both



468 R.P. MENSINK, A. M. STOLWIJK & M. B. KATAN

diets should have been 6 mmHg. It has been shown
that a decrease of 7 mmHg in systolic blood pressure is
possible in normotensive subjects by dictary modifica-
tion [21].

The intake of other dietary factors which might
influence blood pressure such as sodium, potassium,
calcium, magnesium, alcohol, and dictary fibre, was
kept constant throughout the study and, therefore,
cannot have confounded the results. Changes in weight
also cannot have affected blood pressure levels, as they
were small and not related to changes in blood
pressure, Blood pressure measurements were done
automatically to exclude observer bias, and partici-
pants did not know the possible changes in blood
pressure to be expected. Thus, results were not con-
founded by other factors known to affect blood
pressure.

Our results are in agreement with the results of Sacks
et al, [22], who also found no effect on blood pressure
in normotensive subjects when exchanging oleic acid
for linoleic acid. Margetts et al. (5] did not observe a
change in blood pressure when they increased the
dietary P/S ratio from 0-3 to 1-0 by replacing saturated
and monounsaturated by polyunsaturated fatty acids.
In another study it was shown that blood pressure was
not affected if polyunsaturated fat intake increased
from 3 to 19% of energy al the expense of a mixture of
saturated and monounsaturated fat [6). Dietary fat
intake in these studies [5,6,22] was about 40% of
energy; these results suggest that a high fat, linoleic-
acid-rich diet has no hypotensive effect in normoten-
sive subjects. Other studies, however, demonstrated a
decrease in blood pressure when linoleic acid intake
was increased at constant fat intake. Heagerty ef al.
[23] found in a double blind cross-over trial that a
supplement of 4 g of safflower oil per day decreased
supine systolic pressure in normotensive volunteers. A
decrease in both systolic and diastolic blood pressure
was reported when the dietary P/S ratio was increased
from 0-3 to 1-0, irrespective of whether fat intake was
25 or 43% of energy [24].

A possible explanation for the discrepancy between
the present and other studies is that both diets had the
same effect on blood pressure. The linoleic acid intake
was increased on both diets, and it is possible that the
relationship between linoleic acid and blood pressure
can only be demonstrated at lower intakes of linoleic
acid. However, blood pressure levels did not decrease
in either group upon switching from the high-satu-
rated-fat control diet to ecither unsaturated diet.
Although it cannot be ruled out that a downward
effect of both unsaturated diets was balanced by an
opposite upward drift, this explanation is unlikely:
drifts of blood pressure in time are usually downward
and not upward in experiments such as ours.

Another explanation for the absence of an effect of
linoleate on blood pressure in our study might be
attributed to the relatively low initial blood pressure
levels of the volunteers. Puska et ¢l. [4] indeed found a
more pronounced decrease in both systolic and diasto-

lic blood pressure on a low-fat, linoleic-acid-enriched
diet in hypertensives than in normotensives. Strazzullo
et al. [25], however, reported that saturated fat signifi-
cantly increased systolic pressure in subjects who had a
mean systolic pressure that was even lower than that in
our sample.

Our results show that two diets differing in the level
of unsaturated fatty acids but not in total fat do not
influence blood pressure in young normotensive men
and women. We conclude that at present there is no
conclusive evidence that dietary fat is involved in
blood pressure regulation in normotensive men and
women.
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