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A controlled trial of a low sodium, low fat, high fibre diet
in treated hypertensive patients: the efficacy of multiple
dietary intervention
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Summary: An 8-week combination low sodium, low fat, high fibre diet was compared to the individual
components of this diet in a controlled trial using 193 patients already on treatment for essential
hypertension. No significant changes were observed in the high fibre group. The low sodium group showed a
decrease in systolic blood pressure which was close to significance. The low fat group showed a small but
significant decrease in seated diastolic blood pressure and weight. The combination group showed larger
and highly significant decreases in seated and standing systolic blood pressures, seated diastolic blood
pressure and weight, as well as a significant reduction in standing diastolic blood pressure.
We conclude that multiple dietary intervention in this case in the form of a low sodium, low fat, high

fibre diet, is more effective than any single dietary intervention and is useful in patients already on
medication.

Introduction

Numerous dietary factors have been suggested as
alternatives to drug therapy in the management of
hypertension. Comparing a number of studies a
low sodium diet has a moderate effect;' potassium
supplementation,2 a low fat intake3 and a vege-
tarian diet, possibly secondary to the high fibre
content,4'5 have also been shown to reduce blood
pressure. A combination of these factors in a low
sodium, low fat, high fibre diet was then shown to
be effective in lowering blood pressure in diabetic
subjects6-8 and in treated hypertensive patients.9'"0
However, it is not clear if a combination of dietary
factors reduces blood pressure more effectively
than any of the individual components. Further-
more, it is uncertain to what extent dietary factors
are useful in combination with anti-hypertensive
medication since most patients in these studies were
not receiving treatment for hypertension, and one
of the studies in treated patients was uncontrolled,9
although a more recent study was controlled.'°

Finally there is up to 80% variation in quantitative
assessment using different methods in well
motivated subjects" and many of the methods of
assessment, with the exception of the food fre-
quency interview," are not used in routine clinical
practice.
We have therefore assessed the effect of a low

sodium, low fat, high fibre diet compared to the
individual components of this diet in patients
already receiving drug treatment for hypertension,
using a food frequency interview to assess com-
pliance.

Subjects and methods

The 193 patients studied (aged 30-71) were already
on treatment for hypertension under the care ofthe
Royal Sussex County Hospital Hypertension
Clinic or their general practitoners.

Patients' blood pressure and pulse measure-
ments were taken by one observer on three
occasions initially at weekly intervals, using the
third visit values as the baseline, and after 8 weeks
in each of the study groups. An average of 3
readings of both seated blood pressure after 5
minutes and standing blood pressure after 30
seconds was taken using a Hawksely random zero
sphygmomanometer. Diastolic blood pressure was
measured to the 5th Korotkoff phase. One patient
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(in group C) required a large cuff. Since most
patients' initial blood pressures were well con-
trolled, the expected changes with dietary interven-
tion were small. Thus particular attention was paid
to reducing the variability in blood pressure
readings. As many patients showed a fall in blood
pressure within each clinic visit, to reduce the
variability resulting from this effect, the last 3 of 6
repeated measurements were taken. To limit the
artifact of anxiety if patients spontaneously ex-
pressed particular worries they were asked to
return a week later (this only applied to 3 patients
in group E, 1 in group A, and 1 in group D for the
week 8 visit). Following the blood pressure
readings a seated pulse measurement after 30
seconds was taken.

Dietary assessment was by a food frequency
interview" closely corresponding to the assessment
of routine clinical practice: this consisted of a
detailed and general history concerning the level
and frequency of consumption of all foods and
drink lasting approximately j - 1 hour, which,
combined with information from McCance and
Widdowson's food tables,'2 allowed a full
qualitative and quantitative picture of the patient's
diet. Since urinary sodiums were not used, discre-
tionary sodium (i.e. added at the table or in
cooking) was estimated using average UK figures,
that is approximately 12-16% of the total,'3-'5
combined with a simple patient estimation of low
('seldom or never'), moderate ('if needed after
tasting'), or high ('routinely before tasting') addi-
tion. There is a relatively good correlation (correla-
tion coefficient 0.65) between patient estimation
and recorded intake using this method and patient
variability is low allowing an acceptable relative
measurement of sodium intake.'6

After initial dietary assessment and weight
measurement (using Marsden balanced scales),
patients were allocated sequentially to one of the
following 5 study groups by the dietician thus
keeping the observer blind:
Group A - control: no change in diet (n = 40)
Group B - high fibre diet = 40-45 g soluble and
insoluble fibre per day (n = 38).
Group C - low sodium diet = 40- 50 mmol Na +
per day (n = 33).
Group D - low fat diet = 23-25% calories as fat
per day with no change to the polyunsaturated
(P)/saturated (S) or monounsaturated (M)/S
ratios (n = 41).
Group E - combination diet: low sodium, low
fat, high fibre diet = 40-45 g fibre,
40-50 mmol Na +, 23-25% calories as fat per
day (n = 41).
The dietary objectives in each group were based

on the combination diet used in previous
studies.6-0 Patients were asked not to change
alcohol consumption or smoking habits during the

trial. Patients already following one of the pro-
posed diets were excluded from that group.
Patients with renal impairment (creatinine
> 150 tmol/litre) and patients whose medication
had been altered during the previous 2 weeks or
during the study were excluded. These factors
together with patient drop-out, caused a dis-
crepancy in numbers in different groups (see Table
I). The patient characteristics for each group are
shown in Table II.
The patients were followed up for monitoring

and assessment of compliance by the dieticians
(with further food frequency interviews) at week 4
and week 8 of the diet. The compliance assessment
categories for groups B -D are shown in Table III.
For group E an average ofthe ratings for individual
components was taken. Seventy five per cent of
patients were seen initially by one dietician (GG)
who also saw all but 2% of the patients at some
time in the study, and liaised closely with the other
dieticians involved, thus increasing the com-
parability of the assessments. At the end of the
study patients were asked whether they found their
diet unpalatable, moderately palatable, or
palatable. Results were analysed by Student's t test.
The relationship between blood pressure changes
and weight changes were analysed by Pearson's
correlation coefficient.

Results

There were no significant changes in pulse in any of
the groups. The changes in seated and standing
blood pressure and weight measurements after an
8-week period in the control group and the changes
in the various dietary groups relative to the control
group and are shown in Table IV.
The high fibre group did not show any significant

changes in blood pressure. The low sodium group
showed a modest decrease in seated systolic pres-
sure (P< 0.07) and a significant decrease in weight
(P<0.05) when compared to the control group.
Small but significant decreases in seated diastolic
blood pressure (P<0.05) and weight (P<0.01)
occurred in the low fat group; the significant

Table I Allocation and exclusion of patients

Group
A B CD E

Initial allocation 45 40 36 42 44
Exclusion:

Medication changed 3 1
Renal impairment 1 1
(creatinine > 150 timol/litre)
Did not attend for follow-up 1 1 3 1 2

Final number 40 38 33 41 41

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.66.778.616 on 1 A

ugust 1990. D
ow

nloaded from
 

http://pmj.bmj.com/


618 P. LITTLE et al.

Table II Characteristics of patients in different study groups

Group
A B C D E

Number 40 38 33 41 41
Age (yrs) 57.7 (1.6)+ 57.4 (1.5)+ 58.4 (1.5)+ 59 (1.3)+ 57.6 (1.2)+
Sex 21m/19f 19m/19f 14m/19f 20m/21f 19m/22f
Number years 9.3 (1.1)+ 6.8 (1.0)+ 10.5 (1.8)+ 8.0 (1.2)+ 6.6 (1.0)+

hypertensive
Number of smokers 12 8 10 7 9
Alcohol (units/week) 4.5. (1.2)+ 5.2 (1.0) 4.4 (1.5)+ 4.9 (1.2)+ 5.3 (1.4)+
Medical history (*) 6 4 8 9 6
Family history (t) 19 19 17 27 26
Initial diet (pre-study)
Sodium intake (mmol/day)
low (60-80) 27 18 11 16 26
moderate (81-100) 11 16 19 23 15
high (> 100) 2 4 3 2 0
fibre intake (g/day)
low(<15) 15 15 15 18 16
moderate (16-30) 22 19 15 21 20
high (> 30) 3 4 3 2 5
fat intake (%cal fat/day)
low (30-35) 13 10 14 10 10
moderate (36-40) 24 27 18 27 27
high(>40) 3 1 1 4 4

Medication
Diuretics (D) 9 14 7 6 8
Blockers (B) 6 7 5 10 6

Vasodilators (V) 1 2 2 2 0
D+B 7 9 8 17 16
V+B 6 1 1 1 3
V+D 1 0 0 1 1
V+D+B 4 1 4 0 3
ACE inhibitors 1 0 1 1 2
Centrally acting 5 4 5 3 2
(e.g. methyldopa)

*Refers to patients with the complications of hypertension or disease predisposing to cardiovascular disease (e.g.
diabetes). tRefers to patients with first degree relatives affected by hypertension or the complications of hypertension.
+ SEM

Table III Compliance assessment categories for different groups (B-D)
B (gfibre/day) C (mmol Na + /day) D (% Cal as fat/day)

Compliance categories
Very good 40-45 40-50 23-25
Good 30-39 51-60 26-30
Fair 25-29 61-80 31-35
Poor 15-24 81-100 36-40
Very poor <15 > 100 >40

change in diastolic pressure was as much due to a
small rise in diastolic pressure in the control group.
The combination low sodium, low fat, high fibre
group showed larger and highly significant
decreases in seated systolic (P<0.001), seated
diastolic (P< 0.001), standing systolic (P <0.001)
blood pressures and weight (P< 0.001), as well as a

significant change in standing diastolic blood pres-
sure (P< 0.05). The changes ofblood pressure and
weight in the combination group were significantly
larger than in any single group (P<0.05). There
was no correlation between weight changes and
blood pressure changes across all the groups (cor-
relation coefficient 0.1).
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Compliance at week 8 and palatability assess-
ments after the end of the study are shown in
Table V. Only 3 patients in group A made any
change to their diet. Compliance was generally
good, with the majority of patients in the good or
very good categories in all groups. Similarly, most
patients found the diets palatable or moderately
palatable. Within this context compliance and
palatability ratings were worst for the combination
diet, followed by the low salt diet and the low fat
diet, with the high fibre diet achieving the best
ratings.

Discussion

Two main findings emerge in this study. Firstly,
single dietary modifications in treated hypertensive
patients cause modest changes in blood pressure
consistent with those observed in untreated
hypertensives.'-3 The exception appears to be
dietary fibre: this group showed a change in blood
pressure over the study period comparable to the
control group. Differences in protocol may partly
account for this; for example Wright et al.4 used
patients with a low fibre diet whereas some of the
patients in the high fibre group on this study
already had moderate fibre intake. Also dietary
fibre may differ in its effect in treated hypertensive
patients in that drug absorbtion may be altered.
Furthermore, a trial of fibre in normotensive
volunteers showed no effect on blood pressure;'3
the relevance of this to hypertensive patients is
unclear, but it does question the role ofdietary fibre
in blood pressure. The relatively small non-
significant effect seen with the low salt group may
well be an underestimate in view of the fact that
many patients had restricted their salt intake to
some extent (see Table II).
The second important finding is that a combina-

tion of dietary interventions in a low sodium, low
fat, high fibre diet causes a greater fall in both
systolic and diastolic blood pressures than any of
those interventions alone. This effect cannot be
explained by compliance since compliance was
marginally worse in the combination group (see
Table V). What is not clear is whether a low
sodium, low fat diet would be as effective as a low
sodium, low fat, high fibre diet, since a high fibre
diet alone was not effective in this group ofpatients.
A major issue with dietary intervention is

palatability and compliance. Even with well
motivated patients there is wide and often
systematic variation in quantitative assessment
using computerized food tables and different types
of dietary history;" it is not clear if this is due to
inherent inaccuracy of the methods, or an effect on
compliance, or both. Two issues follow from this:
firstly the accuracy ofquantitative assessment must
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Table V Compliance and palatability rating for the different groups (see Table II for
compliance assessment categories)

Group
B (n =38) C (n =33) D (n=41) E (n =41)

Compliance Very good 18 9 12 8
Good 14 12 19 17
Fair 5 9 7 12
Poor 3 3
Very poor 1
Not assessed 1 3

Palatability Not palatable 5 12 3 18
Moderately palatable 4 12 20 10
Palatable 29 9 18 13

inevitably be limited, hence an emphasis on the
detailed nature of the dietary history to ensure at
least a good qualitative assessment. Secondly, the
method of compliance assessment may affect com-
pliance. Thus in this study a food frequency
interview was used, most closely corresponding to
the assessment of routine clinical practice, per-
formed by dieticians as part of their normal clinical
work in a busy district general hospital, with the
result that the blood pressure changes should
represent what is possible in normal clinical prac-
tice. A similar argument applied to the use of
urinary sodium measurements since they are not
used in routine clinical practice. In addition, in this
particular study since the main aim was to compare
numerous dietary factors on an equal basis, it was
felt important not to give any one dietary factor a
different assessment bias and hence possibly
different compliance. Furthermore, the main aim
of comparing compliance to the various dietary
components would not be helped by a separate
more accurate method of assessment for just one
component such as sodium. The disadvantage of
the method used is that comparability of sodium
intake with other studies is difficult, and less
accurate in view of the difficulty of estimating salt
added at the table and in cooking, although the
error is probably less in this group ofpatients since
many had already reduced their discretionary
sodium intake. In absolute terms the figures quoted
in this study probably represent a relative under-
estimate: Dodson et al.'0 using a similar group of
patients found urinary sodiums of 90 mmol/day
compared to an estimated 70 mmol in both the low
sodium and the combination groups in this study.
Compliance assessment is limited by patient
honesty; however, it was emphasized that honesty
with the dieticians was more important than strict
compliance. Compliance was possibly increased by
motivating patients with a promised reduction in
antihypertensive medication if blood pressure was
well controlled at the end of one study. Many

patients found the combination diet unpalatable
and difficult to follow initially, but then gradually
became accustomed to it. Dodson et al., using the
combination diet,9 found that long term com-
pliance over a 4-year period was surprisingly good
and that blood pressure changes were well main-
tained; similarly Stamler et al. using sodium,
alcohol, and weight reduction, found that blood
pressure changes were well maintained at 4 years.'8
The mechanism of benefit of the combination

diet is uncertain. Part of the effect may be through
weight loss since larger and highly significant
changes in weight were observed in this group
compared to other groups. The relationship
between weight loss and hypertension is generally
accepted although when many studies are com-
pared at least part of this effect may be due to
sodium restriction.19 In diabetic patients on the
combination diet significant changes in blood
pressure have been observed without significant
changes in weight,6 though subsequent studies did
show significant changes in weight.7'8 However,
there was no correlation between blood pressure
and weight changes. In this study there was no
straightforward connection between weight loss
and changes in blood pressure as shown by a very
low correlation coefficient (0.1).

Ifa combination of factors is more effective than
a single factor, what further dietary suggestions can
be made in order to lower blood pressure?
Although a low fat diet generally is beneficial, a
mackerel diet rich in ecosapentanoic (EPA) and
docosahexanoic acids (DHA) reduced both systolic
and diastolic blood pressure in male patients with
essential hypertension,2 and in a double-blind
study MAXEPA, a fish oil rich in both EPA and
DHA, was shown to be effective in both normal
volunteers and patients on haemodialysis in reduc-
ing systolic blood pressure.2 Similarly, a double-
blind study showed that linoleic acid supplement
causes a significant reduction in systolic blood
pressure in normotensive volunteers,22 although
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the change is small. Potassium supplementation
reduces blood pressure,2 as does calcium supple-
mentation in about half of patients with essential
hypertension,23'24 and magnesium supplementation
is not only effective in lowering blood pressure in
hypertensive encephalopathy but also in patients
with essential hypertension.5 Increased calcium
and magnesium in the diet may be partly respons-
ible for the beneficial effect of a vegetarian diet.26
However, until the evidence for calcium and
magnesium is more consistent, routine supple-
mentation in patients with essential hypertension is
not indicated. Thus probably the most beneficial
diet for patients with essential hypertension would

be not only a low sodium, low fat, high fibre diet,
but also a diet rich in potassium, and in specific
polyunsaturated fatty acids (EPA, DHA).
We conclude that multiple dietary intervention

in routine clinical practice using a low sodium, low
fat, high fibre diet is more effective than any single
intervention in lowering blood pressure and is
useful in those already on treatment.
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