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Long term reduction in sodium balance: possible additional
mechanism whereby nifedipine lowers blood pressure

Joe B Pevahouse, Nirmala D Markandu, Francesco P Cappuccio, Martin G Buckley,

Giuseppe A Sagnella, Graham A MacGregor

Abstract

Objective—To assess the changes in sodium
excretion and sodium balance after withdrawal of
long term nifedipine.

Design—Single blind, placebo controlled study
in patients receiving fixed sodium and potassium
intakes.

Setting— Blood pressure unit of a teaching hospital
in south London.

Patients—Eight patients with mild to moderate
uncomplicated essential hypertension who had been
taking nifedipine 20 mg twice daily for at least six
weeks.

Interventions—Withdrawal of nifedipine and
replacement with matching placebo for one week.

Main outcome measures—Urinary sodium
excretion and cumulative sodium balance, body
weight, plasma atrial natriuretic peptide concentra-
tions, plasma renin activity and aldosterone con-
centrations, and blood pressure.

Results—During nifedipine withdrawal there was
a significant reduction in urinary sodium excretion
(day 1: —62-7 mmol/24h; 95% confidence interval
—90-3 to —35-0) and each patient retained a mean of
146 (SEM 26) mmol sodium over the week of replace-
ment with placebo. Body weight and plasma atrial
natriuretic peptide concentrations increased during

the placebo period and seemed to be associated with
the amount of sodium retained. Systolic blood
pressure rose from 157 (9) to 165 (9) mm Hg (95%
confidence interval of difference —7-1 to 22-1) when
nifedipine was replaced with matching placebo, and
the rise seemed to be related to the amount of
sodium that was retained.

Conclusions —Nifedipine causes a long term
reduction in sodium balance in patients with essential
hypertension. This long term effect may contribute
to the mechanism whereby nifedipine lowers blood
pressure.

Introduction

Nifedipine is now widely used for the treatment of
both angina and hypertension.' Its blood pressure
lowering effect has been shown to be due to its
inhibition of calcium induced contraction of arteriolar
smooth muscle, which leads to peripheral vasodilata-
tion.? This effect on arteriolar smooth muscle has been
shown to be greater the higher the blood pressure.® An
early intravenous study with nifedipine showed that it
also caused a natriuresis and diuresis.* Later studies
confirmed that acutely nifedipine causes a loss of
sodium, which is independent of haemodynamic
changes,’” and one study detected a greater increase in
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sodium excretion in patients with hypertension than in
normotensive subjects.? It seems to have been generally
assumed, however, that this acute effect of nifedipine
on sodium excretion does not result in any long term
reduction in sodium balance.

There are considerable difficulties in measuring long
term changes in sodium balance as the small reduction
in total body sodium or exchangeable sodium that
might have occurred is difficult to detect with currently
available methods. Nevertheless, if nifedipine does
cause a reduction in sodium balance and treatment
with nifedipine is then stopped retention of sodium
should occur.

We decided to study patients with essential hyper-
tension who had been receiving long term treatment
with nifedipine and look at the changes in sodium
balance that occurred when the nifedipine was dis-
continued.

Patients and methods

Patients with essential hypertension referred to the
blood pressure unit by local general practitioners were
included in the study if no underlying cause for their
high blood pressure had been found. Patients with
renal failure (plasma creatinine concentration greater
than 140 umol/l), ischaemic heart disease, or cerebro-
vascular disease or who were taking a contraceptive pill
were excluded. The protocol was approved by the local
ethical committee.

Eight patients who gave informed consent entered
and completed the study. They were recruited on the
basis of their willingness to adhere to a prolonged
period (18 days) of controlled and fixed sodium and
potassium intake and to undergo metabolic investi-
gations including daily 24 hour urine collections.
There were four men and four women (five white,

“three black) and their mean age was 59 years (range 31-

74). All patients had been taking nifedipine (Adalat
Retard 20 mg twice daily) for at least six weeks before
the study. Their average blood pressure before
treatment had been 186/107 (SD 19/12) mm Hg. The
median duration of nifedipine treatment was 31-5
weeks (range 6-234). All patients continued with
nifedipine for a further month, observation being
made every two weeks. Their average supine blood
pressure at entry to the study and while still taking
nifedipine was 157/92 mm Hg. At the end of the run in
observation period each patient was placed on a
constant diet provided by the metabolic ward kitchen
which contained 150mmol sodium and 80 mmol
potassium daily. Patients took the diet throughout.
During the study each patient was closely supervised as
an outpatient. After 11 days of taking the control diet
patients had the nifedipine stopped and replaced with
matching placebo tablets twice daily in a single blind
fashion for seven days while continuing with the diet.
Throughout the study patients were allowed to go
about their normal activities but were discouraged
from vigorous exercise. They were not admitted to
hospital.

Patients were seen in the blood pressure unit at the
same time of day, by the same nurse, in the same room.

Blood pressure was measured on the same arm between
10am and noon with a semiautomatic ultrasound
sphygmomanometer (Arteriosonde)® with attached
recorder. The measurements were therefore free of
observer bias. Supine and standing blood pressures
were taken as the means of five readings at one to two
minute intervals with the patient in each position.
Supine blood pressure was measured before standing
blood pressure. Pulse rate was measured with a
Cambridge 3048 pulse monitor. Body weight was
recorded in the morning after voiding, the patients
wearing indoor clothing and no shoes.

Daily 24 hour urine collections were obtained
throughout the study for measurements of volume and
sodium, potassium, and creatinine concentrations.
Urinary electrolyte values were measured by flame
photometry. Fasting venous blood was sampled
without stasis after the patient had been sitting upright
for 10 minutes. Samples were taken between 10 am and
noon on day — 3 of the control period while the patient
was taking nifedipine and on days 1, 3, and 5 of the
placebo period. Variables measured were plasma
electrolyte, urea, and creatinine concentrations; packed
cell volume; total protein concentration; plasma
renin activity'; and plasma aldosterone' and atrial
natriuretic peptide concentrations. '

All results are given as means and SEM or 95%
confidence intervals. Sodium balance was calculated as
the cumulative sum of the differences between the
average urinary sodium excretion during the last four
days of the control period while taking nifedipine
and the daily urinary sodium excretion while taking
placebo.

Test for homogeneity of variance, repeated measure-
ments analysis of variance, and Student’s ¢ test for
paired observations were used for the statistical
analysis® with the statistical package for the social
sciences."

Results

During the control period with nifedipine and the
controlled diet urinary sodium excretion was stable
(table I) with an average value of 138 (5)mmol/24h
over the last four days. When nifedipine was stopped
and replaced with matching placebo for seven days
there was a significant fall in urinary sodium excretion
as compared with the control period with nifedipine
(F10,70=5-1; p<0-001) (table I, fig 1). On day 1 of the
placebo period urinary sodium excretion fell to 75
(9)mmol/24h (—62-7mmol/24h; 95% confidence
interval —90-3 to —35-0) (p<<0-001) (tables I and II). A
similar pattern was observed for the urinary volume
(F10,70=24; p<0-02) (tables I and II, fig 1). Average
urinary volume during treatment with nifedipine
was 1:57 (0-14)/24h over the last four days and
significantly decreased when nifedipine was stopped
and replaced with matching placebo (—0-411/24h;
95% confidence interval —0-81 to —0-01) (table II).
While taking placebo all patients were in positive
sodium balance (fig 2). During the seven days on
placebo each patient retained on average 146 (26) mmol
sodium over the entire period (F;¢ 70=21-4; p<0-001)

TABLE 1—Mean (SEM) urinary sodium, potassium, and creatinine concentrations, urinary volume, and cumulative sodium balance during long term nifedipine treatment and after
withdrawal in eight patients with essential hypertension receiving fixed sodium (150 mmol/day) and potassium (80 mmol/day) intakes

Cumulative sodium balance (mmol)

49(68) 2-1(82) 13(69) 0

Nifedipine Placebo
Day -4 Day -3 Day -2 Day -1 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Urinary sodium (mmol/24 h) 133(10) 141 (10) 139 (10) 139(12) 75 (9)*** 106 (11)* 123 (8)* 121 (6)* 127 (9) 144 (6) 121 (12)
Umaw potassium (mmol/24 h) 63 (6) 61(4) 54(5) 60 (5) 55(3) 63(6) 64 (5) 61(3) 60 (5) 68 (7) 64 (4)
Urinary creatinine (mmol/24 h) 12:3(1-4) 12-1(0-4) 11-5(0-5) 12:2(0-9) 11-4(0-8) 11-:5(0-9) . 11-9(0-6) 12-8(0-9) 11-7(0-5) 12:5(0-5) 12:3(1-0)
Urinary volume (/24 h) 1-51(0-17) 1-43(0-12) 1-65(0-20) 1-68(0-19) 1:16 (0-12)* 1-29 (0-13)** 1:43(0-14) 1-42(0-12) 1-37 (0-10) 1-55(0-10) 1-57(0-18)

62:7 (11:7)**94-2 (16:9)*** 109-3 (13-5)***125-7 (12-:0)*** 1363 (16-6)*** 129-6 (22-:2)*** 146-2 (25-8)***
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*p<0-05, **p<0-01, ***p<0-001. Compared with mean value during last four days of nifedipine treatment (paired  test).
One way analysis of variance for repeated measurements: urinary sodium F 70=51, p<0-001; urinary volume F 70=24, p=0-016; cumulative sodium balance F o 7o=21-4, p<<0-001.
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(table I, fig 3). No change was detected in either
urinary potassium excretion or urinary creatinine
excretion during the study (table I).

The mean plasma concentration of atrial natriuretic
peptide during the control period with nifedipine (day
—3) was 13:2 (1-3)ng/l. When nifedipine was dis-
continued and replaced with placebo the plasma
concentration increased to 21-0 (2:3) ng/l by the fifth
day (p<0-01) (fig 3). The increase in the plasma
concentrations of atrial natriuretic peptide paralleled
the increase in the amount of sodium retained after
nifedipine withdrawal (fig 3). Associated with the
sodium retention there was an average increase in body
weight of 0-8kg (Fj970=2'7; p=0-025) and a fall in
both total protein concentration and packed cell
volume (table III). Hence changes in indirect indices of
extracellular volume expansion were related to the
amount of sodium retained when nifedipine was
withdrawn.

Both plasma renin activity and the plasma aldo-
sterone concentration tended to decrease by the end of
the placebo period (fig 4), but the changes were not
significant.

During the placebo period supine blood pressure
rose whereas pulse rate fell (table III), although the
differences did not reach significance. The rise in

TABLE I1—Mean differences (95% confidence intervals) in urinary
sodium excretion and urinary volume during nifedipine withdrawal as
compared with mean values during last four days of nifedipine
treatment in eight patients with essential hypertension receiving fixed
sodium (150 mmol/day) and potassium (80 mmol/day) intakes

Day Urinary sodium (mmol/24 h) Urinary volume (/24 h)
1 —62:7(—90-3 10 —35-0) —0-41(—0-81t0 —0-01)
2 —316(—54-3t0 —8-8) —0-28(~0-40t0 —0-16)
3 —15-1(-28410-17) —0-14(—-0-45100-17)
4 —16:4(=27-9t0 —-5-0) —0-14(—0-34 10 0-05)
5 -106(—28:81t077) —0-20(—-0-42100-02)
6 67 (—14-410278) —0-02(—0-181t00-14)
7 —16:6 (—43-110 10-0) —0-01(—-0-32100-32)

Nifedipine Placebo

200

F=5:1; p<0-001

Urinary V/ ’

4 3 2 1 1 2 3 4 5 6 7
Days

FIG 1 —Mean urinary sodium excretion values and urinary volumes
during long term nifedipine treatment after withdrawal in eight
patients with essential hypertension receiving fixed sodium (150 mmol/
day) and potassium (80 mmol/day) intakes. Bars are SEM. (*p<<0-05,
**p<0-01, ***p<<0-001 Compared with mean value during last four
days of nifedipine treatment)

Nifedipine Placebo

300

200+

Cumulative
sodium

balance 100+
(mmol)

A0t+—T—T—T T rT T T T T T
4-3-2-1123 45867
Days
FIG 2—Individual plots of cumulative sodium balance during long
term nifedipine treatment and after withdrawal in eight patients with

essential hypertension receiving fixed sodium (150 mmol/day) and
potassium (80 mmol/day) intakes

Nifedipine Placebo
24
*%
20+
Atrial *
natriuretic ﬁ
peptide(ng/l)
121
2007 F=21-4; p<0-001
fT ey
R ok
150+
Cumulative
sodium .
balance 100
(mmol)
50—

Days
FIG 3—Mean plasma atrial natriuretic peptide and cumulative sodium
balance values during long term nifedipine treatment and after
withdrawal in eight patients with essential hypertension receiving fixed
sodium (150 mmol/day) and potassium (80 mmol/day) intakes. Bars
are SEM. (**p<0-01, ***p<0-001 Compared with mean value
during last four days of nifedipine treatment)

systolic blood pressure also seemed to parallel the
amount of sodium retained after nifedipine withdrawal
whereas the change in diastolic blood pressure did not.

No change was detected in plasma electrolyte, urea,
and creatinine concentrations during the study (data
not shown).

Discussion

This study clearly shows that in a group of patients
with essential hypertension receiving long term nifedi-
pine withdrawal of the nifedipine causes a significant
reduction in urinary sodium excretion and a positive
sodium balance. This sodium retention is accompanied

BM]J voLuME 301 22 SEPTEMBER 1990

yBuAdod Aq parosrold 1sanb Ag 20z [1dy 6 UO /w0 [wg mmm//:dny woly papeojumod "066T Joqueidas zz uo 085°2529°TOE IWa/9eTT 0T se paysiignd isiy :rINg


http://www.bmj.com/

rABLE 111 — E ffect of nifedipine withdrawal on selected variables in eight patients with essential hypertension recetving fixed sodium (150 mmol/day) and potassium (80 mmol/day)

intakes

Mean (SEM) during last

Placebo

Day 1

Day 3 Day 5

Mean difference

Mean difference Mean difference

four days of nifedipine Mean (SEM)  (95% confidence interval) Mean (SEM)  (95% confidence interval) Mean (SEM) (95% confidence interval)
Systolic blood pressure (mm Hg) 157-5(8-8) 160-1(5-9) 2:6(-12910182) 162-2(8-1) 47(-4:21013-7) 165-0 (8-6) 7-5(=7"11022°1)
Diastolic blood pressure (mm Hg) 92:0(26) 93-4(1-8) 1-4(-49107-6) 92:0(2:7) 0(—6-1106°1) 94-1(2-5) 2:1(=7-81012:0)
Pulse rate (beats/min) 79-6 (4-0) 780 (4-7) -1-6(=6-7103-5) 75-5(4-0) -41(-9-2101-0) 76:4(5-2) -3-2(—-89t024)
Body weight (kg) 68:4(2:3) 68:6(2:2) —0-2(-1:0tw01-4) 69:2(2-3) 0-8(-02101-8) 69-2(2:2)* 0-7(0to 1-6)
Packed cell volume 0-41(0-02) 0-40(0-02) —0-01(-0-03t00-01) 0-38(0-02)  —0-02(—0-04 10 0-01) 0-38 (0-02)*** —0-02 (—0-05 to —0-01)
Total protein (g/l) 75(2) 74 (1) ~06(-341023) 72(1)* -3:0(-5-710 -0-3) 70 (3) =53(=11'5t01-0)

‘p<0-05, ***p<0-001 Compared with value during last four days of nifedipine treatment.
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Nifedipine Placebo
20 800
Plasma 57 - 600
renin
activity Plasma
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FIG 4—Mean plasma renin activity and aldosterone mea Is

during long term nifedipine treatment and after withdrawal in eight
patients with essential hypertension receiving fixed sodium (150 mmol/
day) and potassium (80 mmol/day) intakes. Bars are SEM

by a parallel increase in both body weight and plasma
atrial natriuretic peptide concentration and by a parallel
decrease in packed cell volume and total protein
concentration, which are likely to be due to expansion
of extracellular volume. Furthermore, the amount of
sodium that was retained when nifedipine was stopped
seemed to be similar in magnitude to the amount of
sodium that was lost in the acute studies in which
nifedipine was given.® These findings taken together
strongly suggest that the acute loss of sodium that
occurs when nifedipine is started is maintained in the
long term and that when nifedipine is stopped the same
amount of sodium is retained as was lost initially.

The mechanisms responsible for the natriuresis
which occurs with nifedipine are not clear. Renal
micropuncture studies in animals suggest that a direct
tubular effect of dihydropiridines may be responsible
for the natriuresis recorded after acute administration'
in the absence of changes in the glomerular filtration
rate and renal blood flow. Similar studies looking at the
longer term effect on sodium and water excretion have
not been carried out, however, and it is not known
whether these tubular effects may also be responsible
for the prolonged natriuretic effect. One study in
humans employing the lithium clearance method for
assessing proximal and distal tubular sodium reabsorp-
tion failed to detect any significant change in either
plasma or extracellular fluid volume during prolonged
nifedipine treatment.' Nevertheless, a small reduction
in total body or exchangeable sodium would have been
difficult to detect with the methods used. Furthermore,
in that study the finding of enhanced proximal sodium
reabsorption in the absence of changes in both distal
and total sodium excretion supports the view of
nifedipine being associated with a negative sodium
balance and consequent changes in kidney tubular
function partly resembling those found during long
term treatment with diuretics.”

It is likely that the reduction in sodium balance that
occurs with long term nifedipine contributes along

22 SEPTEMBER 1990

with the arteriolar vasodilatation to the mechanism
whereby nifedipine lowers blood pressure. The
reduction in sodium balance may in part help to
explain why the blood pressure lowering effect of
nifedipine is not blunted by a high sodium intake'"
and, conversely, is not enhanced by adding a thiazide
diuretic.®* It is also possible that if nifedipine has
the same effect on sodium balance in patients with
ischaemic heart disease the loss of sodium that may
occur may also act as an additional mechanism along
with the vasodilatation to offset any negative inotropic
effect that nifedipine may have directly on heart
muscle.

Paradoxically, some patients when treated with
nifedipine develop oedema in the legs. This oedema
does not seem to be mediated by sodium and water
retention but is thought to be related to a change in
capillary haemodynamics with increased filtration of
fluid, particularly on standing.” Interestingly in this
regard anecdotal reports suggest that this oedema is not
sensitive to either diuretics or salt restriction.

Thiazide diuretics also cause a long term reduction
in sodium balance. The 150 mmol loss of sodium with
nifedipine is probably similar to the sodium loss seen
with a thiazide diuretic. In contrast with thiazide
diuretics, however, nifedipine does not seem to have
any deleterious metabolic effects. Possibly our results
might enhance further interest in the mechanisms
concerned as if this is a direct tubular effect mediated
by a specific receptor it is possible that more selective
drugs might be developed that could act as “diuretics”
without metabolic effects.
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rLipid screening: Is it enough to measure total cholesterol

concentration? //
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Abstract

Objectives—To determine whether measurement
of total cholesterol concentration is sufficient to
identify most patients at lipoprotein mediated risk of
coronary heart disease without measurement of
triglyceride and high density lipoprotein (HDL)
cholesterol concentrations.

Design—Cross sectional screening programme.

Serting— Six general practices in Oxfordshire.

Patients—1901 Men and 2068 women aged 25-59.

Main outcome measure— Cardiovascular risk as
assessed by fasting venous plasma concentrations of
total cholesterol, triglyceride, and HDL cholesterol.

Resulis—2931 Patients (74% of those screened)
had a total cholesterol concentration of <6-5 mmol/l.
If the triglyceride concentration had not been
measured in these patients isolated hypertrigly-
ceridaemia (=2-3mmol/l) would have remained
undetected in 185. Among these 185 patients,
however, 123 were overweight or obese and only 18
(0-6% of those screened) had an increased risk
associated with both a raised triglyceride concentra-
tion (=2-3mmol/l) and a low HDL cholesterol
concentration (<0-9 mmol/l). Conversely, in the 790
patients with predominant hypercholesterolaemia
(cholesterol concentration =6-5 mmol/l and tri-
glyceride concentration <2-3 mmol/l) measurement
of HDL cholesterol concentration showed that 348
(9% of those screened) had only a moderately
increased risk with a ratio of total to HDL cholesterol
of <4-5 and 104 had a low risk with a ratio of <3-5.

Conclusions—Fasting triglyceridle and HDL
cholesterol concentrations identify few patients at
increased risk of coronary heart disease if the total
cholesterol concentration is less than 6-5mmol/l.
HDL cholesterol and triglyceride concentrations
should, however, be measured in patients with a
total cholesterol concentration exceeding this value.
Total cholesterol concentration alone may over-
estimate risk in a considerable number of these
patients, and measurement of HDL cholesterol
concentration allows a more precise estimate of risk.
Measurement of the triglyceride concentration is
required to characterise the lipoprotein abnormality.
A patient should not be started on a drug that lowers
lipid concentrations without having had a full
lipoprotein assessment including measurement of
HDL cholesterol concentration.

Introduction

Hypercholesterolaemia is a major and modifiable
risk factor for coronary heart disease. Both dietary and

drug treatment can reduce morbidity and mortality
from cardiovascular disease, and several policy
statements have provided practical guidelines for
the management of hyperlipidaemias. The most widely
adopted guidelines in the United Kingdom are those of
the European Atherosclerosis Study Group® and the
British Hyperlipidaemia Association.® Although these
take account of high density lipoprotein (HDL) choles-
terol and triglyceride concentrations in making
recommendations for treatment, they do not specific-
ally recommend any measurement other than that of
total cholesterol concentration for screening.

Various protocols are used in practice; some are
restricted to random measurement of cholesterol
concentration, others include measurement of fasting
triglyceride concentrations, and some also include
measurement of HDL cholesterol concentrations.
These differences reflect the limitations of the available
data. The evidence for hypertriglyceridaemia as an
independent risk factor for coronary heart disease is
much less well established than that for hypercholes-
terolaemia,’® but the Framingham study suggests that
the risk of coronary heart disease is increased in people
with normal cholesterol concentrations, high trigly-
ceride concentrations, and low HDL cholesterol
concentrations.’ It is therefore important to know how
many patients at high risk might be missed if measure-
ments of HDL cholesterol and triglyceride concentra-
tions were restricted to patients with a total cholesterol
concentration exceeding a predetermined value. A
concentration of 6:2mmol/l is used in the United
States," and 6-5mmol/l has been suggested in the
United Kingdom." As prospective studies have shown
an inverse relation between plasma concentrations of
HDL cholesterol and the incidence of coronary heart
disease’ 2 "* it is also important to know what proportion
of patients with raised total cholesterol concentrations
can be shown by measurement of the HDL cholesterol
concentration to be at little or no excess risk of
coronary heart disease.

Our aim was to determine the extent of the mis-
classification of the risk of coronary heart disease
associated with a lipid screening protocol that measures
only total cholesterol concentration.

Patients and methods

Six general practices in Oxfordshire participated in
the study, which was part of a larger survey of the
distribution of plasma lipid concentrations and
prevalence of other risk factors for cardiovascular
disease.' Altogether 1912 men and 2094 women aged
25-59 were recruited either opportunistically when
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