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The case for low dose diuretics in hypertension: comparison of
low and conventional doses of cyclopenthiazide

Gary McVeigh, David Galloway, Dennis Johnston

Abstract
In a double blind placebo controlled randomised
parallel study the antihypertensive activity and
adverse biochemical effects of three doses of cyclo-
penthiazide were evaluated in patients with mild
essential hypertension that had been recently
diagnosed or was being treated with a single drug.
After a four week placebo washout period 53 patients
with diastolic blood pressures between 90-110 mm
Hg were randomly assigned to 50, 125, or 500 Ftg
cyclopenthiazide or matching placebo for an eight
week period of treatment. Blood pressure was
measured in the patients' homes by the same observer
every two weeks. Serum urea, electrolytes, urate,
and creatinine concentrations and 24 hour urinary
sodium excretion were monitored every four weeks
and serum magnesium concentration and plasma
renin activity at the end ofthe washout and treatment
periods. After eight weeks of treatment systolic and
diastolic blood pressures were significantly reduced
in patients taking 125 and 500 tg cyclopenthiazide
when compared with those taking placebo. The
decrement in serum potassium concentration (0.6
mmol/l) and increase in serum urate concentration
(0.06 mmol/l) were greatest with the 500 [tg dose, the
increase in serum urate concentration alone being
significant. No change in serum magnesium con-
centration or 24 hour urinary sodium excretion was
noted with any dose of cyclopenthiazide. Only the
500 ig dose of cyclopenthiazide significantly in-
creased the mean plasma renin activity (1.8 (95%
confidence interval 0*2 to 3.4)-5-4 (3.9 to 6.8) nmol
angiotensin I/l/h); the other doses like the placebo
had no effect.

Cyclopenthiazide 125 Fg, a dose lower than is
currently marketed, produced a similar hypotensive
response to 500 tg of the drug without upsetting the
biochemical profile.

hypertension. The original observations of Cranston
et al clearly indicated, however, that these drugs
showed a flat dose-response relation in reducing arterial
blood pressure and that increased doses caused greater
upset to the biochemical profile.7 Equivalent diuretic
doses of each of the drugs had similar antihypertensive
effects. Much evidence suggests that the attenuation of
the hypotensive response to an increasing dose of
diuretic is mediated through a reactive rise in plasma
renin activity and angiotensin II concentration to try to
maintain blood pressure in the face ofincreased sodium
and water depletion.8'0
Many deleterious metabolic effects have been

associated with the use of thiazide diuretics." 12 The
relation with hypokalaemia in particular has provoked
much debate since publication of the results of the
multiple risk factor intervention trial.'3 Analysis of the
data suggested that a subgroup of patients requiring
special intervention care were at increased risk of
sudden death; such patients were taking high doses of
diuretics and had minor baseline electrocardiographic
abnormalities. These findings continue to cause con-
cern, even though they have not been substantiated'4
and are questionable because the analysis of the results
for the subgroup lacked statistical power. '" The results
of the previous studies suggest that the adverse effects
may be minimised by reducing the dose of these
drugs.I16 7

Cyclopenthiazide is the most popular thiazide
diuretic for the treatment of essential hypertension in
the United Kingdom. The aims of this community
based study were to define the lowest dose of drug
showing significant antihypertensive activity and to
monitor the effect ofreducing the dose on the metabolic
profile. In addition, in measuring 24 hour urinary
excretion of sodium we tried to relate the natriuretic
effect of the various doses to their antihypertensive
efficacy.
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Introduction
Benzothiadiazine diuretics have remained a popular

treatment for arterial hypertension since their intro-
duction into clinical practice in 1957.' They are a
cheap, effective, well tolerated, and once daily treat-
ment and in combination potentiate the hypotensive
activity of other first line agents. All the large scale
clinical trials of mild hypertension have used thiazide
diuretics as part of their treatment regimens.2-5
Analysis ofthese studies confirms a small but consistent
benefit of treatment, with a reduction in the incidence
of known complications of hypertension.
The antihypertensive mechanism of action of these

drugs is still debatable, although achieving a negative
sodium balance with an attendant reduction in plasma
and extracellular fluid volume seems to be important.6
Perhaps for this reason most clinical trials continue to
use high doses of diuretic drugs to control essential

Patients and methods
Patients in whom hypertension had been newly

diagnosed and those with hypertension receiving a
single treatment-for example, a [1 blocker, thiazide
diuretic, calcium antagonist, and so on-who were
willing to alter their treatment for the purposes of the
trial were recruited from general practices in the
Belfast area. With the general practitioners' permission
patients with hypertension were identified from repeat
prescription books and disease indices or referred
directly after consultation with their family doctor.
Letters were then circulated to each patient explaining
the nature of the project. If patients were willing to
participate in the study an acknowledgement slip was
returned in the stamped-addressed envelope provided.
These patients were screened in the department of
therapeutics and the study protocol was explained in
detail. Possible secondary causes of hypertension were
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excluded by a full history and examination, which
included chest radiography and electrocardiography.
Reasons for exclusion from the study included impor-
tant cardiac, hepatic, renal, cerebrovascular, or ocular
(grade III-IV retinopathy) disease; previous sensitivity
to thiazide diuretics; abuse of drugs or alcohol; and a
history ofgout or diabetes mellitus. Ifat any time during
the trial the diastolic blood pressure exceeded 110 mm
Hg the patient's original treatment was restarted and his
or her general practitioner contacted. Informed verbal
consent was obtained from suitable patients who
entered into a four week single blind placebo washout
and compliance period.
Throughout the trial patients were seen in their own

homes every two weeks by the same investigator. Blood
pressure readings were taken at the same time of day,
for each patient, on every occasion. Recordings were
taken from both arms initially, but subsequent
measurements were taken from the arm with the highest
diastolic pressure. A Hawksley random zero sphygmo-
manometer was used to measure arterial pressure to the
nearest 2mm Hg. The cuffand bladder size were 14 x 90
cm and 12 5 x 22 cm, respectively. Readings were taken
once only while the patients were seated and after they
had rested for 10 minutes. The arm was supported at the
level ofthe heart during the procedure. 18 Disappearance
of the Korotkoff sounds (phase V) was taken as a
measure of diastolic blood pressure. The arterial
pressure reading against which the effects of treatment

TABLE I-Clinical data on patients who completed trial

Dose of cyclopenthiazide ()g)
Placebo 50 125 500 Total

Noofpatients 12 13 15 13 53
No of men 7 5 5 5 22
No ofwomen 5 8 10 8 31
Mean age (range) (years) 58 (47-70) 59 (47-70) 56 (45-73) 55 (45-72) 57 (45-73)
Mean (SD) weight (kg):
Men 75 (5-8) 81 (5-8) 77 (5 8) 72 (5-2) 76 (5-8)
Women 71 (5-4) 66 (4 9) 70 (5 3) 66 (4-8) 68 (5 2)

TABLE II-Mean (SD) sitting blood pressure (mm Hg) at each assessment by dose ofcyclopenthiazide

Dose of cyclopenthiazide ([ig)
Placebo (n= 12) 50 (n= 13) 125 (n= 15) 500 (n= 13)

Assessment
(weeks) Systolic Diastolic Systolic Diastolic Systolic Diastolic Systolic Diastolic

0 157 (17) 94 (3) 167 (19) 99 (3) 169 (23) 99 (6) 164 (18) 95 (4)
2 155 (16) 92 (6) 161 (20) 97 (6) 155 (18) 90 (7) 152 (16) 88 (5)
4 155 (20) 94 (5) 163 (21) 96 (4) 157 (17) 91 (7) 152 (18) 89 (8)
6 155 (16) 93 (4) 158 (21) 96 (5) 158 (23) 90 (7) 149 (19) 88 (9)
8 156 (17) 93 (5) 159 (19) 94 (7) 149 (22)* 88 (9)* 140 (20)* 85 (8)*

*p<0 05 as compared with placebo.
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were measured was that at the end of the four week
placebo run in period. Patients who had diastolic blood
pressures between 90 and 110 mm Hg at this time
entered into the eight week phase of active treatment.

Such patients were randomly allocated in a double
blind fashion to one of four regimens of treatment
incorporating 50 rig, 125 .tg, and 500 [tg cyclo-
penthiazide or a placebo that looked identical. Ran-
domisation was achieved with a balanced block design.
At each home visit each patient received a supply of
capsules in excess ofthe amount required. A count ofthe
number of capsules remaining in the container at the
subsequent visit provided an estimate of compliance to
the treatment regimen. A questionnaire about symp-
toms was completed and adverse reactions documented
at each visit, whether or not they were thought to be a
consequence of drug treatment.

Height and weight (to the nearest 0 1 kg) were
recorded on entry to the trial, and weight was measured
at the end of the washout and active periods of
treatment. On entry and after four, eight, and 12 weeks

venous blood samples were taken for estimating urea,
electrolyte, urate, and creatinine concentrations. At the
end of the placebo washout and active periods of
treatment, samples of venous blood were taken for
estimating serummagnesium concentration and plasma
renin activity. The sample for plasma renin activity was
withdrawn after the patient had been resting supine for
an hour. It was collected in a tube that had been
previously cooled and was immediately centrifuged at
4°C. Plasma renin activity was measured by the
radioimmunoassay of generated angiotensin I, with a
generation time of90 minutes at pH 6. '9 The intra-assay
and interassay coefficients of variation were 7 and 6%,
respectively. Twenty four hour urine samples were
collected every four weeks during the trial, and the
sodium content of the samples was estimated by flame
photometry.

Statistical methods-A 10 mm Hg drop in diastolic
blood pressure with treatment was considered to be a
clinically relevant effect. To detect such a difference
between groups (at the 5% alpha level and with 80%
power) with a standard deviation of 5 mm Hg, six or
more patients were required in each group.20An analysis
of variance (Anova) was used to determine differences
with treatment in each variable, and Neuman-Keuls
multiple range test2' was applied to determine between
which treatments these occurred only if the overall
probability ofan effect with dose was less than 10%. The
level of significance was chosen at the 5% level. The
differences between the values at week 0 (end of the run
in period) and week 8 (end of the active period of
treatment) were compared with the differences between
the corresponding values for the placebo at weeks 0 and
8. Results are expressed as means (SD).

Results
Eighty three patients with presumed mild essential

hypertension entered the study, and 53 fulfilled the
criteria for entry into the active phase of treatment of
the trial. This represented a drop out rate of 36%
overall. Twenty two patients were found to be normo-
tensive (diastolic blood pressure <90 mm Hg) at the
end of the four week placebo washout period. Of the
remaining eight patients who withdrew from the
study, three were unable to tolerate the placebo, two
were admitted to hospital with low back pain, and one
developed unacceptable ankle oedema. The blood
pressure exceeded 240 mm Hg systolic in one patient
and 110 mm Hg diastolic in another so the original
treatment was restarted. Table I shows the clinical
data on the patients who completed the study. The
31 women and 22 men were similar for age and weight.

Table II shows the effect on blood pressure of
the various doses of cyclopenthiazide. After eight
weeks of treatment both systolic and diastolic blood
pressure fell significantly (p<005) in patients taking
125 and 500 [ig of cyclopenthiazide when compared
with those taking placebo. The decrements in blood
pressure produced by the two doses were not signifi-
cantly different from each other. The hypotensive
effect was evident by two weeks and maximal after
eight weeks of treatment. The 50 Ftg preparation
showed no useful antihypertensive activity. The figure
shows the change in diastolic blood pressure plotted
against dose of cyclopenthiazide after eight weeks of
treatment; a similar curve was found for systolic blood
pressure.
No significant change in body weight or packed cell

volume was noted with any dose of cyclopenthiazide
during the trial. The 500 Ftg dose produced a greater
reduction in serum potassium concentration (0-6
mmol/l) than the other doses. The effect of the drug on
serum urate concentration with the 500 [tg dose was
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significantly different from that produced by the 50
and 125 tg doses after eight weeks of treatment
(p<005) (table III). No dose related effects on serum
magnesium concentration or 24 hour urinary sodium
excretion were found during the study. The mean
plasma renin activity increased from 1-8 (95% con-
fidence interval 0-2 to 3 4) to 5 4 (3-9 to 6-8) nmol
angiotensin I/l/h with the 500 Fg dose of cyclo-
penthiazide (table IV). This change was significantly
different from that with the 50 and 125 Ag doses
(p<005).

Table V shows the reported adverse reactions. The

TABLE III-Mean (SD) serum potassium and urate concentrations and urinary sodium excretion at weeks 0
and 8 by dose ofcyclopenthiazide-

Dose of Potassium (mmol/l) Urate (mmol/l Urinary sodium (mmol/24 h)
cyclopenthiazide
(Ftg) Week 0 Week 8 Week 0 Week 8 Week 0 Week 8

Placebo (n=12) 4-2 (0 4) 4-1 (0-4) 0-34 (0 07) 0-31 (0 09) 165 (44) 162 (48)
50 (n= 13) 4-1 (0 4) 4-2 (0 4) 0-36 (0 09) 0-34 (0-07) 162 (56) 167 (56)

125 (n= 15) 4-2 (0 3) 4-0 (0-3) 0-33 (0-07) 0 33 (0 08) 160 (48) 166 (57)
500 (n= 13) 4-2 (0-4) 3-6 (0-3) 0-32 (0-06) 0-38 (0-07)* 126 (61) 159 (65)

*p<005 as compared with placebo.

TABLE IV-Mean (SD) plasma renin activities (nmol angiotensin Ill
h) at weeks 0 and 8 by dose of cyclopenthiazide

Dose of cyclopenthiazide (,ug)

Week of treatment Placebo 50 125 500

0 0 9 (0 5) 0-8 (0 4) 1-2 (0-6) 1-8 (1-3)
8 1 1(05) 09(06) 1-2(08) 5-4(41)*

*p<O05 as compared with placebo and 50 and 125 [sg cyclopenthiazide.

TABLE v-Reported adverse reactions during treatment. Values are
numbers ofpatients*

Dose of cyclopenthiazide (Qg)
Placebo 50 125 500

Adverse reaction (n= 12) (n= 13) (n= 15) (n= 13)

Nausea 1
Diarrhoea 3 3 1
Constipation 1 2
Rashes 1
Headache 1 4 2 4
Ringing in ears 1
Impotence
Joint pains 1
Dizziness 2 1 2 1
Tiredness 2 2 2 1
More frequent micturition 2 2 1

Total 9 13 13 8

*Some patients had multiple complaints.

incidence of side effects was not different between the
four groups, and the side effects were generally minor
as no patient receiving treatment with cyclopenthiazide
or placebo failed to complete the study. Interestingly,
two patients who had had treatment with 200 mg
labetalol daily to control their blood pressure ex-
perienced headache, tremor, restlessness, anxiety, and
palpitations for 2-3 days on discontinuing treatment
with labetalol. These withdrawal symptoms have been
seen with abrupt cessation of both selective and non-
selective Pi blockers in patients with hypertension.2223
Compliance with the treatment regimen as assessed by
'counting of pills was more than 90% for all patients.

Discussion
Our results show that in a subgroup of patients

with mild essential hypertension both the 125 and 500
ig preparations of cyclopenthiazide produced clinic-
ally relevant decrements in blood pressure averaging
20/11 mm Hg and 24/10 mm Hg, respectively, after

eight weeks of treatment. These reductions in blood
pressure are in a range previously documented for
thiazide diuretics.24 No useful antihypertensive activity
was apparent with the 50 Ftg dose of cyclopenthiazide
at any stage during the trial.

Increasing the dose of chlorthalidone, a diuretic like
the thiazides above 25 mg/day has been shown to
confer little added hypotensive effect.25 26 Materson et
al examined a lower range of doses of chlorthalidone in
their between patient study.27 Each group was randomly
assigned to receive 12 5, 25, 50, or 75 mg chlorthali-
done or matching placebo for 12 weeks. All doses
lowered blood pressure, and no significant difference
was detected in the hypotensive response to treatment
in any group, although the lower dose was regarded as
being slightly less efficacious than the other treatments.
A later trial showed, however, a decrease in mean
blood pressure of 25/13 mm Hg with 12-5 mg chlor-
thalidone in patients with hypertension who were
treated for three months.28 A similar pattern has been
defined for hydrochlorothiazide, with no added anti-
hypertensive activity seen on increasing the dose from
12-5 to 50 mg daily.29 From these data it could be
argued that the lowest amount of a thiazide diuretic
capable ofproducing a clinically relevant antihyperten-
sive effect remains to be established as the dose
response curve was already flat at the lower doses. Our
results clearly define the lower end of the antihyper-
tensive dose response curve for cyclopenthiazide.
The biochemical abnormalities produced by the 500

.tg preparation of cyclopenthiazide reflect the well
known changes incurred and accepted by doctors when
these drugs are used at conventional doses. The decline
in serum potassium concentration occurred early,
being largely complete by four weeks, with little
further effect seen later. This finding agrees with the
observations of other workers.30 Changes in serum
potassium and urate concentrations related to dose of
drug have been documented when thiazide diuretics
were used to control hypertension.3' 32 In a comparative
low dose study using 12-5 mg hydrochlorothiazide and
2-5 mg bendrofluazide in patients with hypertension
no change was noted in the serum potassium concen-
tration, although both doses significantly raised serum
urate concentration.32 Debate continues about the
effect of these asymptomatic biochemical abnormali-
ties induced by drugs and their potential threat to
health.33-35 Our findings suggest that lower doses of
cyclopenthiazide will cause less upset to the bio-
chemical profile.
No relation was noted between the dose of cyclo-

penthiazide given and 24 hour urinary sodium excre-
tion during the trial. The 500 Rg preparation produced
a noticeable increase in plasma renin activity that was
not obvious with the other doses or placebo. Few
studies have examined the effect of low dose treat-
ment with diuretic drugs on plasma renin activity in
essential hypertension. When it has been measured the
amount of drug prescribed was sufficient to stimulate
renin secretion.2536 To our knowledge, this is the first
time a clinically relevant antihypertensive effect has
been documented with a thiazide diuretic, without any
concomitant increase in plasma renin activity being
evident. The mechanisms whereby thiazides increase
renin activity are complex and incompletely under-
stood,37 but the production of a negative sodium
balance and constriction of plasma and extracellular
fluid volumes undoubtedly have an important role.38
The initial and longer term antihypertensive mech-

anism of action of thiazide diuretics are known to
differ.39 Some authorities suggest that the long term
antihypertensive effect is seen with continued doses
of drug below the threshold required for effective
saluresis.'I Our results seem to lend further support for
this concept. Early work with cyclopenthiazide in
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normal volunteers suggested that 125 [tg of the drug
had a small, but measurable, natriuretic effect. As
cyclopenthiazide is estimated to be 70 times more
potent than hydrochlorothiazide in promoting natri-
uresis,4' about 9 mg of hydrochlorothiazide would
produce an equivalent natriuretic response.
The finding that one quarter of patients were

normotensive after discontinuing treatment for four
weeks requires explanation. This rate certainly seems
higher than that found in comparable studies of mild
hypertension.2729 Measuring the blood pressure at
home may have contributed to these findings. It is
recognised that blood pressure readings taken at home
are generally lower than and more closely related to
average 24 hour ambulatory pressure than measure-
ments taken in the clinic.42 43 This may be important as
cardiovascular complications in essential hypertension
are determined by the average value ofarterial pressure
throughout the day.444 Although a four week washout
period would be standard in trials of this nature, it may
be insufficient to ensure that no antihypertensive effect
induced by drug treatment persists, especially if
patients had been taking a ( blocker29 or chlor-
thalidone.28 In our study 12 patients had been pre-
viously treated with a 3 blocker and none had received
chlorthalidone. In addition, in many patients treatment
was started before recommendations about measuring
blood pressure became widely appreciated.4 This may
have resulted in the inappropriate prescribing of
antihypertensive treatment at the first medical consul-
tation. Whatever the reasons these data highlight that
care and accuracy in monitoring blood pressure is
required in mild essential hypertension to avoid
instituting unnecessary treatment. We documented
unwanted side effects, which were few, and found no
relation between the dose of cyclopenthiazide and the
prevalence of adverse effects.
Our results indicate that the 125 [tg preparation of

cyclopenthiazide has a place in treating mild essential
hypertension. Furthermore, they confirm previous
observations that selecting the lowest possible dose of
diuretic for each patient can successfully decrease
blood pressure with minimal upset to the metabolic
profile. This policy would be especially prudent for
elderly patients, who are particularly susceptible to the
pharmacological actions of conventional doses of

47diuretic drugs.
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