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verine,'° and phenoxybenzamine may possibly have a role in
diagnostic procedures for erectile dysfunction. None ofthe drugs,
however, should be recommended yet for general therapeutical
use.
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Blood pressure control during weight reduction in obese
hypertensive men: separate effects of sodium and energy
restriction

BJORN FAGERBERG, OVE K ANDERSSON, BJORN ISAKSSON, PER BJORNTORP

Abstract

The separate and combined effects of dietary energy
and sodium restriction on regulation of blood pressure
were4investigated.'in 30 middle aged obese men with
essential hypertension attending the outpatient depart-
ment. In, group I (n-15) a. basal period with no dietary
restrictioki *as followed by a period taking an energy
reduced. diet (51 MJ; 1230 kcal), the sodium intalke being
supplemented and hence unchanged (1:ErSn). In group 2
(n=-15) the. basal period-preceded 'a control period with
no intervention, which was followed by taking a diet
restricted in 'energy (5-1 Mj; 1220 kcal) and sodium
(2:ErSr). During period 1:ErSn ih'ere were reductions
in heart rate and urinary noradrenaline output but not
in systolic or diastolic blood pressure. Body weight
decreased- b.y 49-11-7 kg and urinary sodium -excretion
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did not change. In period 2:ErSr urinary sodium output
was reduced by 81-4 (SEM 17-8) mm,ol(mEq)/24 h and
there was a weight loss of 8'2 (SEM 0 7) kg. Systolic and
diastolic blood pressures fell significantly, as did the
heart rate and urinary noradrenaline excretion.

These' results show that in hypertensive obese'men a
moderate weight reducing diet decreases indices of
sympathetic nervous system activity. Reduction of blood
pressure to the normotensive range was observed only
when there was a concomitant restriction of sodium
intake..

Introduction

Reducing weight'by decreasing the energy intake lowers the
blood pressute in most obese hypertensive patients.'-8 Never-
theless, weight reduction has not been widely considered as a
possible alternative to drug treatment of hypertension, probably
owing to the disappointing long term results of weight reduction
in obesity.9 Also the concomitant decrease in dietary salt may
have been thought to be responsible for the hypotensive- effect
of weight loss.11 In recent years, however, several long term
studies"' 12 have shown a convincing effect of weight reduction
on blood pressure control in mild hypertension. In addition,
some suggest that the weight reduction by itself and not the
restriction of salt is the factor responsible for the blood pressure
lowering effect,' although this remains controversial.1' As an
alternative mechanism of reduction in blood pressure with
weight loss some authors have reported a hypotensive effect of
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low carbohydrate energy restricted diets, probably mediated
by decreased sympathetic nervous system activity.7 14 15
We set out to study two factors that might affect the mecha-

nisms by which diet induced weight loss decreases blood
pressure. The study was designed to separate the effects of
sodium and energy restriction on the expected hypotensive
response. Other factors which might influence blood pressure
regulation-namely, physical activity and alcohol consumption
-were controlled in order that they would remain unchanged.

Patients and methods

Thirty four middle aged men were recruited for the study. Criteria
for inclusion were that they were 20-40% overweight,'6 that their
diastolic blood pressure was above 94 mm Hg and below 115 mm Hg;
that they were not receiving medication for hypertension; and that a
standard clinical examination'7 showed no evidence of abnormality.
All patients gave informed consent, and the local ethical committee
approved the protocol. During the study the patients were repeatedly
instructed not to change their alcohol intake, smoking habit, or
physical activity.

Resting auscultatory blood pressure was recorded three times after
60 miinutes' supine rest with a cuff (16 x 36 cm) connected to a mercury
manometer, the diastolic pressure being recorded as phase V. Resting
intra-arterial blood pressure was measured with a pressure transducer
connected to a catheter in the left brachial artery and calculated as
the mean of three recordings which were obtained simultaneously
with the auscultatory assessments. Resting heart rate was calculated
from the electrocardiogram or by palpation of the radial pulse.
Body weight was measured at the end of each study period with a

level balance scale and with the patients wearing trousers. Body mass
index was calculated as body weight (kg)/height (m)2.'8 Body fat was
estimated from measurements of weight, height, total body water,
and total body potassium, as 'described.'9 The sodium and potassium
concentrations in blood and urine were determined by flame photo-
metry. Twenty four hour urinary noradrenaline output was deter-
mined by a method originally described by von Euler and Lishajko20
and calculated as the mean of two collections.
Means, standard error of the mean (SEM), and correlation co-

efficients (r) were calculated by standard methods. Differences in
means within and between groups were tested with Student's t test.
Statistical significance was accepted as p <0.05. Results are expressed
as means and SEM.

STUDY DESIGN

The patients were allocated at random to group 1 or group 2.
Initially both groups underwent a basal period (three to four weeks),
when they were asked not to change any of their habits. Body weight,
height, total body water, and total blood potassium were measured.
The subjects recorded their diet for four days. Four 24 hour col-
lections of urine were obtained for determination of electrolyte and
catecholamine concentrations. At the end of the period'the resting
heart rate and blood pressure were recorded. Subjects attended the
laboratory at 8 am after a small, standardised breakfast. Blood was
drawn from an indwelling cubital vein catheter for determination of
serum electrolyte concentrations. Finally, the patients answered
questionnaires on their alcohol intake and degree of physical activity
during the past month.

In group 1 a dietitian presoribed an energy restricted diet (Er)
with unchanged sodium intake ($S) for 12 weeks (period 1 :ErSn).
The dietary instructions were based on a standardised diet adjusted
to individual needs (15-20%' of energy taken as protein, 25-30% fat,
and 50-60% carbohydrates) and aimed at a weight reduction of 1 kg
a week.
The habitual daily sodium intake was judged from the mean of the

four previous 24 hour urinary sodium outputs plus 10 mmol (10 mEq)
for extrarenal loss.2' In order to maintain the salt intake at this level
the energy reduced diet was composed of low sodium foods. Table
salt in preweighed packets and sodium tablets (Natriumklorid 0 5 g;
ACO, Sweden) were added. The patients saw the dietitian every
two to three weeks. Adherence to the diet in each period was checked
by interview or four day dietary records and four 24 hour urine
sodium determinations. Patients' who had difficulty with the diet
had the instructions modified. At the end of the period the final
measurements of the basal period were repeated.
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The subjects in group 2 entered a control period (four weeks)
after the basal period, during which they continued with their normal
energy (En) and sodium (Sn) intake (period 2:EnSn). The same
measurements were performed as in period 1 :ErSn, with the excep-
tion that intra-arterial blood pressure was not recorded. Finally,
group 2 was advised on both energy (Er) and sodium (Sr) restriction
by the dietitian (period 2:ErSr) for nine weeks. The instructions
aimed at a dietary composition comparable to that in period 1 :ErSn
with the difference that sodium intake was restricted to below
100 mmol/24 h. The final measurements were identical with those of
the basal period.

Results

Four patients were excluded owing to non-compliance. The final
series consisted of 30 patients, with 15 in each group. For technical
reasons intra-arterial blood pressure was recorded in 13 patients in
group 1 and 10 in group 2. There were no differences between the
groups either in any clinical variable examined (table I) or in their
urinary excretion of sodium, potassium, or noradrenaline (table II).
Ten subjects in each group were judged to have stage 2 hyper-

tension and five to have stage 1 (WHO classification).22 Five subjects
in group 1 and seven in group 2 had a family history of hypertension.
Obesity in one or both parents was found in 10 patients in group 1
and 11 in group 2.

TABLE i-Clinical characteristics during basal period, when taking normal
diet. (Mean values expressed with SEM in parentheses)

Group 1 Group 2

No of subjects (all men) 15 15
Mean age (years) 51-4 (1-3) 50-8 (0 8)
Mean body weight (kg) 97-3 (2 5) 97 6 (2-3)
Mean body mass index (kg/m2) 30-6 (0-7) 30 9 (0-7)
Mean body fat (kg) 25-5 (2-0) 27-1 (1-5)
Mean energy intake (MJ/24 h) 9-82 (0 42) 9;78 (0-42)
Mean initial blood pressure (mm Hg):

Systolic 152-4 (2-2) 152-8 (2 6)
Diastolic 101-5 (1-3) 100-5 (1-3)

Mean heart rate (beats/min) 73-3 (1-8) 71-5 (1-7)
No with left ventricular enlargement (as

judged radiographically) 3 3
No with eye ground changes* 7 8
No with stage I/stage 2 hypertension (WHO

classification) 5/10 5/10

*Fundus hypertonicus I, diagnosed according to classification of Keith-Wagener.
Conversion: SI to traditional units-Energy intake: 4-18 MJ= 1000 kcal.

In period 1 :ErSn the weight loss ranged from 4 9 to 11-7 kg and
the urinary output of sodium and potassium remained unchanged as
compared with basal values (table II). The dietary histories showed a
daily energy intake of 5 1 (SEM 0.16) MJ (1230 (40) kcal), consisting
of 26-5 (SEM 11)o,' of energy being taken as fat and with a poly-
unsaturated to saturated fat ratio of 0-24 (SEM 0005). There were
no significant changes in blood pressure compared with prediet
measurements (table II) or values in the control group (period 2:EnSn).
Heart rate and urinary noradrenaline output, however, significantly
decreased (table II).

In group 2 during the control period (2':EnSn) there was a signi-
ficant reduction in systolic blood pressure but no other change
(table II). Simultaneous energy and salt restriction (2:ErSr) was
associated with a mean weight loss of 8-2 (0-7) kg (range 4-2-15-0 kg)
and a reduction in urinary sodium output of 81-4 (17.8) mmol/24 h
(table II). The urinary potassium excretion did not change, and con-
sequently there was a significant reduction of the sodium to potassium
ratio (table II). The daily energy intake was 5*1 (0.21) MJ (1220
(50) kcal) as judged from the dietary histories, which also showed
that fat provided 26-3 (1-2)% of the intake of energy with a poly-
unsaturated to saturated fat ratio of 0-24 (0-01), statistically not
significantly different from period 1 :ErSn.

Systolic and diastolic blood pressures fell by 7-1 (2-3 mm Hg
(p< 005) and 7-2 (2-5) mm Hg (p< 0 05) respectively. There were
also significant reductions in heart rate and urinary noradrenaline
excretion as compared with the control -period (table II). There
were no changes in the serum concentrations ofsodium and potassium.
The questionnaires disclosed a highly varying alcohol consumpton,
which did not, however, change significantly in any group duibing
the study. No changes in physical activity were recorded.

Auscultatory and intra-arterial systolic blood pressures showed a'
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high correlation (r=-094; p<0.001), but that for diastolic pressures
(r =0-84; p <0 01) was less (figure). The difference between auscul-
tatory and intra-arterial systolic pressures before dieting was -1-6
(1-6) mmHg and after dieting 4-3 (1-9) mm Hg (p<0 05), the
auscultatory pressure being somewhat overestimated after dieting.
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Comparison between intra-arterial and auscultatory blood pressures in
23 hypertensive obese men examined twice (solid line).
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groups. Regarding confounding factors, there is evidence that
an increase in polyunsaturated to saturated fat ratio in the
diet may lower blood pressure25 26 and that changes in alcohol
intake27 or physical activity may also affect blood pressure.28
We, however, found no suggestion of a differing intake of fat
when comparing the weight reducing diets of the two groups,
and examination of the questionnaires showed no differences in
alcohol intake or exercise within or between the groups.
The reduction in arm circumference during weight loss may

introduce an artefact in the auscultatory measurements of
blood pressure.29 We tried to overcome this by measuring
intra-arterial and auscultatory blood pressures simultaneously.
We found that after weight reduction the auscultatory recordings
tended to overestimate the systolic blood pressure, thus dis.
guising any hypotensive response to dieting. The auscultatory
diastolic blood pressure, on the other hand, was consistently
overestimated despite- the wide cuff used. The correlation
between intra-arterial and auscultatory recordings was high.
The same nurse performed the indirect blood pressure record-
ings throughout, thereby avoiding change in observer error,
which is important since some measurements included only
auscultatory recordings.

Blood pressure varies widely and may show a systematic

TABLE II-Changes in body weight, urinary excretion of electrolytes and noradrenaline, blood pressure, heart rate, and alcohol intake during energy
but not sodium restriction (1 :ErSn), normal energy and sodium intake (2:EnSn), and energy and sodium restriction (2:ErSr). (Values are means
(SEM in parentheses)

Group 1 (n = 15) Group 2 (n= 15)

Basal I :ErSn Basal 2 :EnSn 2 :ErSr

Body weight (kg) 97-3 (2-5) 88-6 (2-4)*** 97-6 (2-3) 97-5 (2-6) 89-3 (2-4)***
Urinary excretion:
Sodium (mmol/24 h) 196-3 (11-4) 194-6 (13-4) 186-1 (14-3) 176-9 (16-8) 95-5 (7-7)**i
Potassium (mmol/24 h) 70-2 (3-9) 70 9 (4-9) 81-9 (6 9) 71-0 (4 3) 68-9 (4 5)
Sodium:potassium ratio 2-91 (0-2) 2-86 (0-2) 2-90 (02) 2 50 (0-2) 1-45 (0-1)***
Noradrenaline (nmol/24 h) 374 7 (29-5) 288-8 (22-0)** 348-8 (23-0) 376-5 (30 9) 306-1 (32-3)*

Resting auscultatory blood pressure (mm Hg):
Systolic 151-7 (4-2) 148-3 (3-4) 155-5 (4-2) 145-9 (3-8)* 138-8 (3-4)*
Diastolic 98-7 (2 2) 94 6 (1-9) 101-3 (2-1) 97-7 (1 9) 90 5 (2-4)*

Intra-arterial blood pressure (mm Hg):
Systolic 151-1 (4-0) 146-6 (4-1) 151-1 (5 2) ND 138-0 (4 9)**
Diastolic 89-5 (2-1) 84 5 (1-6) 88-6 (3-1) ND 79 0 (2 5)***

Heart rate (beats/min) 61-1 (1 5) 57.7 (1-7)* 66-9 (2 6) 64-9 (2-5) 56-6 (1-6)***
Alcohol intake (g/four weeks) 418 (152) 232 (54) 274 (116) 137 (80) 133 (64)

ND = Not done.
Compared with previous value: *p<0 05; **p<0 01, ***p<0 001.

Conversion: SI to traditional units-Sodium and potassium: 1 mmol= 1 mEq. Noradrenaline: 1 nmol 170 ng.

The corresponding differences between auscultatory and intra-
arterial diastolic pressures were 8-0 (1-2) mm Hg and 9-5 (1-1) mm Hg
(NS).

In group 2 there were positive correlations between the decrements
in mean intra-arterial pressure and body weight (r=0-61; p<0 05)
and decrements in mean intra-arterial pressure and the decrease in
sodium output (r=0-73; p<0-01).

Discussion

Making valid conclusions from these results depends on the
comparability of the study groups, the subjects' adherence to
the dietary regimen, and the control of confounding factors.
The selection of similar study groups should be extended to
include hereditary factors, as there is increasing evidence of
genetic subgroups in hypertensive populations with respect to
a family history of high blood pressure and obesity.2. 24 In our

study the randomisation apparently resulted in an even distri-
bution for background variables. Hence the study groups were

comparable with regard to hereditary factors, age, body weight,
body fat, blood pressure, and distribution of organ damage
secondary to hypertension. Furthermore, the changes in body
weight, dietary records, and urinary sodium estimations
indicated good compliance with the dietary instructions in both

fall during the initial period of ambulatory supervision, which
may confound the assessment of response to treatment.80 31 It
has been shown that after one hour's supine rest blood pressure
decreases more than 20% compared with the initial casual
reading and that this resting blood pressure correlates better
with indices of hypertensive heart disease than do casual record-
ings.'2 This may suggest a smaller degree of variability but does
not exclude the influence of habituation and regression towards
the mean as factors that might bias the results in long term
intervention studies. Our measurements ofresting blood pressure
showed a reduction of systolic pressure during the control
period in group 2, which emphasises the importance of having
identical groups of subjects in studies of blood pressure control.
Our study shows that dietary induced weight loss is associated

with a reduction in blood pressure to the normotensive range
in hypertensive obese patients only if there is a concomitant
restriction of sodium intake. This accords with the results of a
smaller and uncontrolled study by Dahl et al, who investigated
patients in metabolic ward conditions with a regimen similar to
that used by us.'0 The often cited outpatient study by Reisin
and coworkers gave results conflicting with our own; they
suggested that reduced energy intake and weight loss by them-
selves lead to a reduction of blood pressure independent of
dietary sodium intake.' Their study, however, has been criticised
for insufficient control of sodium balance," and we find that
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conventional weight reducing diets with a proved hypotensive
effect are indeed reduced in sodium content.1r

Evidence suggests that severe energy restriction causes re-
duction of the- blood pressure, independent of sodium intake,
probably by an effect on the sympathetic nervous system
activity.7 14S These results, however, may not be contradictory
to our own, since in the cited studies the patients were receiving
semistarvation diets of 1-3-1-7 MJ (300-400 kcal) a day, pre-
sumably leading to adaptive mechanisms other than in our
patients, who ate 5 0 MJ (1200 kcal) a day. Interestingly, we
also found indications of diet induced reduction of sympathetic
nervous system activity, the urinary excretion of noradrenaline
and the heart ratedecreasing in both groups during low energy
intake. This, however, was associated with reduction of the
blood pressure only when sodium intake also was restricted.
A high potassium intake and a low urinary sodium to potas-

sium ratio is reportedly associated with a lowering of blood
pressure.34 31 During the period with sodium restriction and
blood pressure reduction our patients showed a decreased
sodium to potassium ratio. Although they did not increase their
potassium intake, we cannot exclude the possibility that this
altered ratio was related to the observed changes in blood
pressure.

Other studies have given conflicting results concerning the
effect of moderate sodium restriction on blood pressure control.31
Against that background it is impossible to conclude whether
our observation of a fall in blood pressure during weight re-
duction was an effect of sodium restriction only, or if the
concomitant decrease in sympathetic nervous system activity
had an additive effect on the hypotensive response; the latter,
however, seems reasonable.
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ONE HUNDRED YEARS AGO Few comforts are left the poor
who seek in their declining years the shelter of the workhouses; but
one, which is prized by long habit, is the old woman's cup of tea
made in her own teapot. From a recent police-court case, reported in
the daily journals, it seems that poor women under sixty years of age
are not allowed to have teapots and make their own tea. Even to have
a little tea in their possession, to be made into the comforting beverage
surreptitiously in drinking cans or any convenient vessel, is against
the iron rule, it seems, of St Luke's workhouse. Surely this is carrying
dietetic rules too far; "robbed of their beer," deprived of their tea,
limited in their meat-food,. the rule of the workhouse is made harder
perhaps than it need be; at;all events, we think the custom universally
adopted in hospitals might be allowed in workhouses, namely, iof
allowing each inmate to have his or her own little teapot and small
store of tea. To those who have lost all, even a small possession is of
great value, and to those who have been accustomed to live chiefly
on tea, the boiled beverage that goes by that name in workhouses
must be peculiarly -distasteful. We trust that the guardiahs of St
Luke's workhouse will relax their rules in this respect. (British Medical
journal 1884;i:24.)
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