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Influence of non-steroidal anti-inflammatory drugs on
diuretic treatment of mild to moderate essential
hypertension
P P KOOPMANS, TH THIEN, F W J GRIBNAU

Abstract

In an open triple crossover study in 10 patients with mild
to moderate essential hypertension the influence was
investigated of adding indomethacin 50 mg, naproxen
250 mg, or sulindac 200 mg, each twice daily for four
weeks, to diuretic treatment with hydrochlorothiazide
50 mg a day.
After two weeks' treatment with indomethacin a slight

increase in blood pressure was observed, whereas both
sulindac and naproxen tended to enhance the anti-
hypertensive effect of hydrochlorothiazide. After treat-
ment for four weeks, however, the effects of all three
drugs on blood pressure appeared to be blunted. Further-
more, body weight increased significantly during treat-
ment with indomethacin but not during treatment with
naproxen or sulindac. No significant changes were found
for various biochemical variables, including concentra-
tions of plasma electrolytes and serum creatinine and
albumin, plasma renin activity, plasma aldosterone
concentration, and 24 hour urinary excretion of sodium
and potassium, with the exception, however, of an
increase in plasma potassium concentration during
treatment with indomethacin.
These observations suggest that the interaction of

indomethacin, naproxen, and sulindac with diuretic
treatment in mild to moderate essential hypertension is
transient and of minor clinical importance.

Introduction

Although several investigations have shown that inhibition of the
synthesis of prostaglandins in the kidney by non-steroidal anti-
inflammatory drugs can blunt the natriuretic response during
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diuretic treatment, particularly in states of high angiotensin II
concentrations,'-6 published findings have agreed less on
whether non-steroidal anti-inflammatory drugs can influence, in
a clinically important way, the antihypertensive effect of thiazide
diuretics. Several authors have reported attenuation of the effect
of thiazide diuretics and other antihypertensive drugs on blood
pressure as a result of indomethacin treatment in patients with
hypertension.'-" For instance, when indomethacin was added
to various antihypertensive drugs an increase of 14/6 mm Hg in
supine blood pressure was observed8 and even of 13/9 mm Hg in
patients treated with only thiazide diuretics.7 On the other hand,
Steiness found only a slight (and not significant) increase in blood
pressure during treatment with indomethacin but an additional
decrease during treatment with sulindac.1" As sulindac is
supposed to have less effect on renal prostaglandin synthesis
than any other non-steroidal anti-inflammatory drug,13 14 it might
have advantages in hypertensive patients receiving diuretics who
need non-steroidal anti-inflammatory drugs for osteoarthritis or
other rheumatic diseases.
Here we report the results of the treatment of 10 patients with

essential hypertension with hydrochlorothiazide alone and
hydrochlorothiazide in combination with indomethacin, nap-
roxen, or sulindac.

Patients and methods

Ten patients (eight men, two women), aged 21-65 (mean (SD) 48 4
(113)) years, with essential hypertension, were selected from the
outpatient clinic for study. We included patients with untreated supine
diastolic blood pressure greater than 85 mm Hg. None of the patients
had secondary hypertension, signs or symptoms of congestive heart
failure, aortic valve dysfunction, or history of peptic ulcer. All patients
gave their informed consent, and the local ethics committee approved
the protocol.
The trial was designed as an open triple crossover study lasting for

28 weeks. After a washout period of four to eight weeks, in which all
other antihypertensive treatment was stopped, treatment with hydro-
chlorothiazide 50 mg a day was started. Then, successively, indo-
methacin 50 mg twice daily, naproxen 250 mg twice daily, and sulindac
200 mg twice daily were added for four weeks in random sequence,
and always with an intermediate washout period of four weeks in which
hydrochlorothiazide alone was continued.

Every two weeks the patients visited the outpatient clinic for
measurement of supine and standing blood pressure, pulse rate, and
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body weight. Every four weeks a venous blood sample was drawn for

determining concentrations of plasma electrolytes, serum creatinine,

serum albumin, and plasma aldosterone and plasma renin activity.

Furthermore, the patients were asked to collect 24 hour samples of

urine for measuring the excretion of sodium, potassium, and creatinine

at the end of each period of treatment. Blood pressure was measured in

patients, when supine, on the right arm at intervals of two minutes

over 25 minutes with the arteriosonde 1217. For evaluation, means of

all readings were calculated leaving out the first two and the last

readings. At the end of the automatic measurements blood pressure

was determined twice with a legallv stamped sphygmomanometer on

the left arm both in supine and standing positions. Phase V of the

Korotkoff sounds was considered to be the diastolic blood pressure.

The mean arterial pressure was calculated as the sum of the diastolic

blood pressure and one third of the pulse pressure.

Patient compliance was established by pill counts every two weeks,

which showed a mean of 99OO for both hydrochlorothiazide (range

86-100"(,) and non-steroidal anti-inflammatory drugs (range

89-100",). Plasma aldosterone concentration and renin activity were

determined by radioimmunoassay.15 1i
Statistical analysis was performed with an analysis of variance for a

three period Latin square design; p< 005 was considered to be signifi-

cant. All data are presented as means (SD) unless indicated otherwise.

Results

Mean supine blood pressure, as measured by sphygmomanometer,
fell during the initial period of treatment with hydrochlorothiazide

alone (weeks 1-4) from a baseline value of 143 0/98 5 (12/7) mm Hg to

133/93 (12/7) mm Hg at week 4; the values for the arteriosonde

measurements were, however, 136-2/98-5 (11/8) mm Hg and 127/91-7

(13/7) mm Hg, respectively. During all the subsequent phases of

treatment with hydrochlorothiazide alone the mean blood pressure,

measured either by sphygmomanometer or by arteriosonde, remained

within 2 or 3 mm Hg of the values reported in the first period. In

addition there were no significant differences between the values

measured at week 2 and at week 4 of each period.

Mean body weight decreased from 73-6 (12-0) kg initially to 72-5

(12 0) kg at week 4 and was not statistically different in the phases with

hydrochlorothiazide alone. Figure 1 shows the mean supine blood

pressure, measured by sphygmomanometer and arteriosonde, and the

mean proportional (0,) change in body weight, as compared with

baseline values, during treatment with indomethacin, sulindac, and

naproxen in addition to hydrochlorothiazide, with the values at the

end of their preceding phases of treatment with hydrochlorothiazide

alone. Compared with hydrochlorothiazide alone, concomitant treat-

ment with indomethacin tended to increase blood pressure at weeks 2

and 4 and treatment with either sulindac or naproxen showed slight

decreases. At week 2 significantly higher values for indomethacin

(p<0-05), when compared with either sulindac or naproxen, were

observed for supine blood pressure. At week 4, however, no significant

differences were observed; instead mean blood pressure values for all

combination treatments tended to revert to values at the end of the

phases with hydrochlorothiazide alone. Furthermore, a significant

increase in body weight was observed during treatment with indo-

methacin both after two and four weeks (p<0-005), whereas naproxen

and sulindac induced no significant changes in body weight.

Figure 2 shows the individual mean arterial pressures measured by

sphygmomanometer during the different phases of treatment. A

considerable variation in mean arterial pressure response was observed,

but overall blood pressure increased in most (seven) patients during

indomethacin treatment for two weeks, but fell or showed no response
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FIG 1-Mean (SD) supine blood pressure (mm Hg) measured by sphygmo-
manometer o and arteriosonde O and proportional changes in body weight,
compared with baseline values, in 10 patients during treatment with indo-
methacin, sulindac, and naproxen in addition to hydrochlorothiazide at two
and four weeks. Mean blood pressure at week 4 during preceding period of
treatment with hydrochlorothiazide alone is also shown.
* 0-05 compared with hydrochlorothiazide alone.
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FIG 2-Mean arterial blood pressure for each patient during weeks 2 and 4 of
treatment with indomethacin, naproxen, and sulindac in combination with
hydrochlorothiazide, and mean arterial blood pressure during preceding
period of treatment with hydrochlorothiazide alone.

with either sulindac or naproxen in six and seven patients respectively.
At week 4 blood pressures tended to revert to their initial values,
although they remained variable.
The table shows plasma potassium concentration, plasma aldo-

sterone concentration, plasma renin activity, serum albumin concen-
tration, endogenous creatinine clearance, and 24 hour urinary excretion
of sodium and potassium at the start of the study, at the end of each
phase with combination treatment, and at the end of each preceding
phase with hydrochlorothiazide alone. Compared with values at the
start of the study plasma potassium concentration decreased signifi-
cantly (p<0-005) and plasma aldosterone concentration increased
significantly (p <0-05), as did plasma renin activity (p <001; Wilcoxon

Mean (SD) variables measured in 10 patients before and during treatment with hydrochlorothiazide 50 mg a day alone or in combination with one of three
non-steroidal anti-inflammatory drugs

During treatment with hydrochlorothiazide:

Before treatment Alone + Indomethacin Alone + Sulindac Alone + Naproxen

Plasma potassium (mmol/1) 3-96 (0-32) 3-22 (0 36)*** 3 47 (0 31)t 3-27 (031)*** 3-32 (0-46) 3-28 (0-36)*** 3-38 (0-29)
Plasmaaldosterone (nmol/l) 0 28 (0-11) 0-54 (0 12)* 0-5 (0-33) 0-7 (0 3)* 0-48 (0-27) 0-69 (0-43) 0-39 (0-24)
Plasma renin activity (ng/ml/h) 1-98 (0 69) 5-45 (3-7)** 3-5 (2-0) 4 08 (1 78)** 5-4 (4-56) 5 9 (606)*** 4-0 (2-11)
Endogenous creatinine clearance (ml/min) 114 4 (25) 111 6 (24) 107-9 (32) 114 8 (33) 110 2 (27) 115-7 (27-4) 116 9 (31)
Serum albumin(g/l) 42-3 (19) 41 5 (1 4) 43 (1-8) 41-7 (2-9) 42-4 (2-7) 42 2 (2 7) 41 (2-4)
Urinary sodium (mmol/24 h) 186-3 (61-5) 184 (75-4) 165 (69-8) 218 (82-7) 200 (102-8) 182-1 (62 5) 160 (50-6)
Urinary potassium (mmol/24 h) 68 2 (17 9) 85-4 (32-1) 86 4 (29-0) 81-7 (18-3) 78-8 (24-4) 78 (32-6) 79-5 (32-2)

*p 0-05;**-00-01; **i 0-005 compared with values before treatment. tp< 0-05 compared with preceding period of hydrochlorothiazide alone.
Conversion: SI to traditional units-Potassium: 1 mmol/l 1 mEq/1. Aldosterone: 1 nmol/l 36 ng/100 ml. Sodium: 1 mmol/lz 1 mEq/1.
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test) after treatment with hydrochlorothiazide alone. No significant
differences in albumin concentration, endogenous creatinine clearance,
or 24 hour urinary excretion of sodium and potassium were observed.
Moreover, significant changes were found in none of the variables
during treatment with any of the non-steroidal anti-inflammatory
drugs compared with values during treatment with hydrochlorothia-
zide alone, with the exception of an increase in plasma potassium
concentration (p <0 05) during treatment with indomethacin.

Discussion

In this three way crossover study we found that addition of a
non-steroidal anti-inflammatory drug, such as indomethacin,
naproxen, or sulindac, did not influence in a clinically important
way the antihypertensive effect of hydrochlorothiazide. Our data
contradict the results of some other studies.7 8 17 Several factors
could be responsible for this difference, for instance differences
in study design, time effects, dosages, or methods of measuring
blood pressure.
An increase in blood pressure has previously been observed

when indomethacin was added for one week to diuretic treatment
in hypertensive patients.14 Longer periods of up to six weeks7 8
have also been used to show an interaction between diuretics and
non-steroidal anti-inflammatory drugs. We therefore chose in
our three way crossover study to give each non-steroidal anti-
inflammatory drug for four weeks; on the one hand this time
span had been confirmed to be sufficiently long and on the other
this could also elicit a temporary interaction. Moreover, wash-
out periods, also consisting of four weeks, were used to prevent
carry over effects and to provide for similar blood pressure values
at the beginning of each period of treatment with non-steroidal
anti-inflammatory drugs.
Our results may indeed suggest a transient interaction: the

addition of indomethacin for two weeks induced a slight increase
(6/3 mm Hg) in blood pressure and that of naproxen or sulindac
tended to enhance the antihypertensive effect of hydrochloro-
thiazide, but, after four weeks' treatment with any of the three
non-steroidal anti-inflammatory drugs their effects appeared to
be blunted, for blood pressure values reverted to baseline. In
agreement with other investigators,7 17 we also observed con-
siderable individual variations in blood pressure during treat-
ment with non-steroidal anti-inflammatory drugs.

In accordance with published findings, adding indomethacin
to diuretic treatment increased body weight and attenuated the
decrease in plasma potassium concentration by hydrochloro-
thiazide. 5- No other significant changes were observed for
various biochemical variables.
One disadvantage of this study may have been its open

character, as compared with some double blind placebo con-
trolled studies.7 8 In contrast to these, however, we used a
strictly prospective design and we measured blood pressure in
each period of four weeks on two occasions with both a sphygmo-
manometer (the subjective method), and an arteriosonde (the
objective method), being a blind method. Moreover, we em-
phasise that these values gained by arteriosonde were means of
eight readings per patient on each occasion.
We cannot exclude that higher dosages of the three non-

steroidal anti-inflammatory drugs might have shown an

important interaction with hydrochlorothiazide. An increase in
blood pressure, however, has been shown with a dosage of indo-
methacin similar to that used here.7 Conversely, the dosages of
the three non-steroidal anti-inflammatory drugs were usual for
the treatment of osteoarthritis and arthritic disorders. Thus
higher dosages would not have been appropriate for the purpose
of this study, which was to investigate whether non-steroidal
anti-inflammatory drugs influence the treatment of hypertension
when these drugs are necessary for concomitant locomotor
diseases.
From a theoretical point of view sulindac might be preferred

as the non-steroidal anti-inflammatory drug of choice in patients
treated with thiazides as it showed possibly minor effects on
renal prostaglandin synthesis"3 14 18 compared with indomethacin
and naproxen.' This study, however, did not establish the clinical
relevance of this difference as addition of all three non-steroidal
anti-inflammatory drugs to hydrochlorothiazide resulted only in
marginal and transient effects on blood pressure.

We thank Mrs G Wessel for preparing the manuscript. This study
was supported by a grant from Merck Sharp and Dohme, Haarlem,
The Netherlands.

This paper is dedicated to Professor E J Ariens on the occasion of
his retirement.
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