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Thiazide-type diuretics have enjoyed a consider-
able success in the management of hypertension. 
These drugs have assumed a standard-of-care 
position in the minds of many health care pro-
viders; however, a number of questions remain 
unresolved in relation to their use. Such ques-
tions include issues of mechanism of action, 
comparability to loop-diuretics in their actions, 
class-effect, and the basis for their additivity with 
non-diuretic antihypertensive medication classes. 
Understanding these issues is important to the 
effective use of these compounds.  
(J Clin Hypertens. 2004;6:661–664)  
©2004 Le Jacq Communications, Inc.

Thiazide-type diuretics have been employed in 
the treatment of hypertension for nearly a 

half-century. Despite the considerable treatment 
experience with these compounds, a number of 
uncertainties remain concerning their use. Of the 
unanswered questions concerning thiazide-type 
diuretics, several are worthy of comment: 1) what 
is the mechanism of action of a thiazide-type 
diuretic and to what degree is a persistent reduc-

tion in extracellular fluid (ECF) volume a prereq-
uisite for continuing blood pressure (BP) reduction 
with these compounds? 2) do thiazide-type diuret-
ics provide BP reduction in excess of that seen with 
loop diuretics? 3) are all thiazide-type diuretics 
the same in their BP-reducing effect? and 4) with 
which drug classes do thiazide-type diuretics addi-
tively reduce BP?

ECF VOLUME CHANGES WITH  
THIAZIDE-TYPE DIURETICS
The precise means by which a thiazide-type diuret-
ic lowers BP is undecided. The effect of a thia-
zide diuretic on BP may be separated into three 
chronological phases: 1) acute; 2) subacute; and 3) 
chronic, which correspond to periods of roughly 
1–2 weeks, several weeks, and several months, 
respectively.1 In the acute response phase, the 
BP-lowering effect of a diuretic is coupled to a 
reduction in ECF volume and a related fall in 
cardiac output. The early response (first 2–4 days 
of treatment) to a thiazide-type diuretic, in the set-
ting of a “no salt-added” diet (100–150 mmoL/d), 
results in a net sodium (Na+) loss of from 100–300 
mmoL, which amounts to a 1–2 L (or an approxi-
mate 12% decrease) in ECF volume.2 There is a 
similar reduction in plasma volume with a thiazide 
diuretic, which indicates that this acute volume 
loss arises proportionally from both the plasma 
and interstitial compartments.3 This decrease in 
plasma volume both reduces venous return and 
diminishes cardiac output, thereby the basis for the 
initial BP fall with a thiazide diuretic.4

This change in plasma volume with a diuretic 
can stimulate both the sympathetic nervous system 
and the renin-angiotensin-aldosterone system. The 
degree to which these systems activate governs 
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the magnitude of the acute BP decrease with both 
diuretic monotherapy and diuretics given in com-
bination with agents that interrupt the renin-angio-
tensin-aldosterone system.4 In due course, the effect 
of a thiazide-type diuretic on volume and cardiac 
output lessen in importance, although BP remains 
lowered. During the subacute phase of a treatment 
response (first few weeks), plasma volume returns 
to slightly less than pretreatment levels, despite the 
continued administration of a diuretic.3 This sub-
acute response phase is a transitional period during 
which both volume and resistance factors contribute 
to the BP reduction with thiazide-type diuretics.4–5

In the chronic response phase of therapy the 
vasodepressor influence of a diuretic emerges as a 
process driven by a reduction in total peripheral 
resistance (TPR), which is inadequately explained 
mechanistically. The decrease in TPR during pro-
longed diuretic therapy has been ascribed to sever-
al factors: including changes in the ionic content of 
vascular smooth-muscle cells, altered ion gradients 
across smooth-muscle cells and/or potassium-chan-
nel activation, changes in membrane-bound ade-
nosine triphosphatase activity, and/or a process of 
autoregulation, which adjusts for the low cardiac 
output by vasodilation, and hence restores cardiac 
output to normal.

The ability of thiazide-type diuretics to reduce 
BP seems to be linked to the presence of function-
ing renal tissue; thus, these drugs will not reduce 
BP in hemodialysis patients.6

A mechanistic understanding of both diuretic 
action and the countervailing forces triggered by 
diuresis is needed for a well-reasoned approach 
to the treatment of hypertension. The early action 
of diuretics to reduce ECF volume is optimized if 
dietary Na+ is limited at the start of therapy. This 
limits the repercussions of the braking phenom-
enon, which is a common occurrence with unin-
terrupted diuretic use.7 Some limitation in dietary 
Na+ intake may also be relevant to how diuretics 
chronically reduce TPR. It is thought that adjust-
ments in Na+/Ca2+ balance in vascular smooth 
muscle cells take place with the acute volume 
contraction seen during the first several days of 
thiazide diuretic therapy. How this phenomenon 
of volume contraction specifically translates into 
a reduction in TPR remains unclear.1–2 Whatever 
the mechanism, it can be quite long-lived, because 
a residual BP reduction can be seen several weeks 
after the withdrawal of thiazide diuretics (even 
without interposing nonpharmacologic treatments 
for maintenance of BP control)8–9; however, this 
residual BP-reducing effect of thiazide-type diuret-

ics has not been carefully compared with that 
observed with other antihypertensive medication 
drug classes.9

Another consideration in the chronic BP reduc-
tion with a diuretic relates to the duration of a 
natriuretic response. For example, when long-term 
responses to hydrochlorothiazide (HCTZ) and 
furosemide are compared in hypertensive patients, 
systolic and less so diastolic BP are more consis-
tently reduced with HCTZ.10–11 This difference 
has been attributed to the more gradual and pro-
longed diuresis with a thiazide diuretic (with a less 
profound braking phenomenon) compared with 
the brisk and early diuretic response with a loop 
diuretic (more significant braking phenomenon). 
In the end, during the acute phase of response a 
thiazide diuretic may be able to maintain a mild 
state of volume contraction more effectively than 
a loop diuretic.7 It is thought that this pattern of 
volume removal with a thiazide-type diuretic lends 
itself to a greater downward shift in TPR. A direct 
vasodilator effect of HCTZ had been postulated 
but when studied is quite small and only occurs at 
high, local concentrations when infused into the 
human forearm.12

DIURETIC CLASS EFFECT
The concept of “class effect” has been applied to 
both loop diuretics and thiazide-type diuretics in 
respect to the management of hypertension. In 
this regard, loop diuretic effect on BP is a function 
of at least two processes: 1) the manner in which 
volume removal occurs; and 2) the ability of these 
compounds to independently decrease TPR. It has 
been observed that small doses of the long-act-
ing loop diuretic torsemide may cause significant 
BP reduction in essential hypertensives, a process 
(one not demonstrable with sub-diuretic doses of 
furosemide) that seems to be independent of the 
observed degree of diuresis.13 Of note, furosemide 
does not directly dilate human forearm arterial 
vessels even at supratherapeutic concentrations14; 
however, furosemide, given in bioequivalent doses 
to stage II–III chronic kidney disease patients, 
is equally effective as torsemide in reducing 24-
hour ambulatory BP.15 Until comparison studies 
amongst loop diuretics are carried out in diverse 
populations, it is premature to presume that loop 
diuretics are distinguishable (independent of vol-
ume removal) in their BP-reducing ability.

The idea of class effect for thiazide-type diuret-
ics is one promulgated by many, but with minimal 
experimental support.16 Much of the recent debate 
on thiazide-type diuretic-class effect has focused 
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on the similarities (or not) between chlorthalidone 
and HCTZ.17 The concept of class effect with 
thiazide-type diuretics needs to be considered in 
two ways: 1) BP fall; and 2) event-rate reduction. 
These two compounds are fundamentally different 
diuretics in that chlorthalidone has a considerably 
longer duration of diuretic action than HCTZ; 
however, this does not imply that chlorthalidone is 
a superior antihypertensive compound. It is likely, 
though, that the longer duration of diuretic action 
with chlorthalidone makes it a milligram-to-mil-
ligram stronger antihypertensive compound than 
HCTZ. The exact dose equivalence between these 
two compounds is a matter of some debate and one 
that will not be easily resolved. As to the issues of 
outcomes, chlorthalidone has had a more consis-
tent pattern of favorable outcomes than is the case 
with HCTZ.17–20 Although it is tempting to assume 
that chlorthalidone is a better outcomes drug than 
HCTZ, until this has been prospectively studied, 
this can only be viewed as an assumption.

ADDITIVITY WITH NONDIABETIC 
ANTIHYPERTENSIVE DRUG CLASSES
BP can be readily controlled by a carefully selected 
prescription of two drugs without the necessity 
for high doses of either drug. For example, drug 
classes, which interfere with sympathetic nervous 
system activity (e.g., clonidine or a β blocker) may 
incite salt and water retention with the ensuing 
plasma volume expansion, returning BP values 
toward pretreatment values. Under these circum-
stances, BP control may be restored by the addition 
of a diuretic. In turn, patients having been success-
fully treated with diuretics can occasionally see BP 
control lapse because of the tendency for diuretics 
to activate the renin-angiotensin-aldosterone sys-
tem and/or the sympathetic nervous system. Excess 
activity in these systems can be effectively reduced 
by adding a compound, such as an angiotensin-
converting enzyme inhibitor, a β blocker, or an 
angiotensin receptor blocker, which reduces activ-
ity in the renin-angiotensin-aldosterone axis and 
helps to reestablish BP control. Finally, the reper-
cussions from nonspecific vasodilator therapy (e.g., 
hydralazine or minoxidil) include salt-and-water 
retention, tachycardia, and variable activation 
of the renin-angiotensin-aldosterone axis. These 
are maladaptive responses, which are effectively 
fended off by combination therapy with diuretics 
and β blockers.21

It has been suggested that thiazide-type diuretic 
therapy has an additive effect on BP reduction with 
all drug classes other than calcium channel block-

ers (CCBs).22–23 It was believed that the natriuretic 
effect of CCB therapy effectively replaced that of a 
thiazide-type diuretic; thus, if both drug classes were 
to be given together, the volume/vasodilator axis 
would be redundantly interrupted.24 This has not 
proven to be the case and a significant number of 
trials have shown that thiazide-type diuretic therapy 
is additive with verapamil,25–27 diltiazem,28–30 and 
dihydropyridine CCBs.31–32

In assessing the additivity of a thiazide-type 
diuretic with a CCB, it should be appreciated 
that a sequence effect may exist. When a CCB is 
added to a diuretic, there is a potentiation of the 
antihypertensive effect.26–27,33 When the order 
of administration is reversed, potentiation is less 
so.22,26 This observation suggests that the BP-
lowering effect of long-term thiazide-type diuretic 
therapy can be reenforced by the natriuretic and 
vasodilator actions of a CCB.24,34 Alternatively, 
this sequence effect may simply reflect the lesser BP 
reduction seen with a diuretic, allowing a greater 
relative reduction to occur with a comparably 
more potent CCB.35

CONCLUSIONS
Diuretic therapy remains a vital cog in the manage-
ment of hypertension; either as monotherapy or in 
combination with other antihypertensive classes. 
However, maximizing the antihypertensive effect of 
a diuretic is as much an art as it is a science. Of the 
questions concerning diuretic therapy: class effect, 
mechanism of action, and additivity with other 
medication classes are noteworthy issues. The man-
ner in which thiazide-type diuretics reduce BP in the 
long term does not involve a “daily” diuresis. An 
appreciation of this is important since “diuresis” is 
an important tool in resistant hypertensives, even 
for those receiving a thiazide-type diuretic.

REFERENCES
 1 Roos JC, Boer P, Koomans HA, et al. Haemodynamic 

and hormonal changes during acute and chronic diuretic 
treatment in essential hypertension. Eur J Clin Pharmacol. 
1981;19:107–112.

 2 van Brummelen P, Man in’t Veld AJ, Schalekamp MA. 
Hemodynamic changes during long-term thiazide treat-
ment of essential hypertension in responders and non-
responders. Clin Pharmacol Ther. 1980;27:328–336.

 3 Tarazi RC, Dustan HP, Frohlich ED. Long-term thi-
azide therapy in essential hypertension. Circulation. 
1970;41:709–717.

 4 Conway J, Lauwers P, Hemodynamic and hypoten-
sive effects of long-term therapy with chlorothiazide. 
Circulation. 1960;21:21–27.

 5 Shah S, Khatri I, Freis ED. Mechanism of antihypertensive 
effect of thiazide diuretics. Am Heart J. 1978;95:611–618.

 6 Bennett WM, McDonald WJ, Kuehnel E, et al. Do 
diuretics have antihypertensive properties independent of 

The Journal of Clinical Hypertension (ISSN 1524-6175) is published monthly by Le Jacq Communications, Inc., Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2004 by Le Jacq Communications, Inc., All rights reserved. No 
part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing 
from the publishers. The opinions and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please 
contact Sarah Howell at showell@lejacq.com or 203.656.1711 x106.



THE JOURNAL OF CLINICAL HYPERTENSION VOL. VI  NO. XI  NOVEMBER 2004664

natriuresis? Clin Pharmacol Ther. 1977;22:499–504.
 7 Sica DA, Gehr TW. Diuretic combinations in refractory 

edema states: pharmacokinetic-pharmacodynamic relation-
ships. Clin Pharmacokinet. 1996;30:229–249.

 8 Nelson MR, Reid CM, Krum H, et al. Short-term predic-
tors of maintenance of normotension after withdraw-
al of antihypertensive drugs in the second Australian 
National Blood Pressure Study (ANBP2). Am J Hypertens. 
2003;16:39–45.

 9 Levinson PD, Khatri IM, Freis ED. Persistence of normal 
BP after withdrawal of drug treatment in mild hyperten-
sion. Arch Intern Med. 1982;142:2265–2268.

 10 Holland OB, Gomez-Sanchez CE, Kuhnert LV, et al. 
Antihypertensive comparison of furosemide with hydro-
chlorothiazide for black patients. Arch Intern Med. 
1979;139:1015–1021.

 11 Araoye MA, Chang MY, Khatri IM, et al. Furosemide 
compared with hydrochlorothiazide. Long-term treatment 
of hypertension. JAMA. 1978;240:1863–1866.

 12 Pickkers P, Hughes AD, Russel FG, et al. Thiazide-induced 
vasodilation in humans is mediated by potassium channel 
activation. Hypertension. 1998;32:1071–1076.

 13 Dunn CJ, Fitton A, Brogden RN. Torasemide. An update 
of its pharmacological properties and therapeutic efficacy. 
Drugs. 1995;49:121–142.

 14 Pickkers P, Dormans TP, Russel FG, et al. Direct vas-
cular effects of furosemide in humans. Circulation. 
1997;96:1847–1852.

 15 Vasavada N, Saha C, Agarwal R. A double-blind random-
ized crossover trial of two loop diuretics in chronic kidney 
disease. Kidney Int. 2003;64:632–640.

 16 Chobanian AV, Bakris GL, Black HR, et al. Seventh 
Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood 
Pressure. Hypertension. 2003;42:1206–1252.

 17 Carter BL, Ernst ME, Cohen JD. Hydrochlorothiazide ver-
sus chlorthalidone: evidence supporting their interchange-
ability. Hypertension. 2004;43:4–9.

 18 Mortality after 10 1/2 years for hypertensive participants 
in the Multiple Risk Factor Intervention Trial. Circulation. 
1990;82:1616–1628.

 19 Prevention of stroke by antihypertensive drug treatment in 
older persons with isolated systolic hypertension: results 
of the Systolic Hypertension in the Elderly Program 
(SHEP). SHEP Cooperative Research Group. JAMA 265: 
3255–3264, 1991.

 20 Major outcomes in high-risk hypertensive patients ran-
domized to angiotensin-converting enzyme inhibitor or 
calcium channel blocker vs diuretic: the Antihypertensive 
and Lipid-Lowering Treatment to Prevent Heart Attack 
Trial (ALLHAT). JAMA. 2002;288:2981–2997.

 21 Sica DA. Rationale for fixed-dose combinations in the 
treatment of hypertension: the cycle repeats. Drugs. 
2002;62:443–462.

 22 Nicholson JP, Resnick LM, Laragh JH. Hydrochlorothiazide 
is not additive to verapamil in treating essential hyperten-
sion. Arch Intern Med. 1989;149:125–128.

 23 Weinberger MH. The relationship of sodium balance 
and concomitant diuretic therapy to blood pressure 
response with calcium channel entry blockers. Am J Med. 
1991;90:15S–20S.

 24 Adebayo GI, Coker HA, Fagbure F. Renal effects of nifedip-
ine in healthy normotensive volunteers. Effects of dose, for-
mulation, duration of treatment, and chlorothiazide admin-
istration. Fundam Clin Pharmacol. 1988;2:541–549.

 25 Letzel H, Bluemner E. Dose-response curves in antihyper-
tensive combination therapy: results of a controlled clinical 
trial. J Hypertens. 1999;8(suppl):S83–S86.

 26 Holzgreve H, Distler S, Michaelis J, et al. Hydrochlorothiazide 
and verapamil in the treatment of hypertension. The 
Verapamil Versus Diuretic (VERDI) Trial Research Group. 
J Cardiovasc Pharmacol. 1991;18(suppl 6):S33–S37.

 27 Chrysant SG, Fox AA, Stimpel M. Comparison of moexi-
pril, a new ACE inhibitor, to verapamil-SR as add-on 
therapy to low-dose hydrochlorothiazide in hypertensive 
patients. Am J Hypertens. 1995;8:418–421.

 28 Burris JF, Weir MR, Oparil S, et al. An assessment of diltia-
zem and hydrochlorothiazide in hypertension. Application 
of factorial trial design to a multicenter clinical trial of 
combination therapy. JAMA. 1990;263(11):1507–1512.

 29 Pool PE, Applegate WB, Woehler T, et al. A randomized, 
controlled trial comparing diltiazem, hydrochlorothiazide, 
and their combination in the therapy of essential hyperten-
sion. Pharmacotherapy. 1993;13:487–494.

 30 Manning G, Joy A, Mathias CJ, et al. Double-blind, paral-
lel, comparative multicentre study of a new combination 
of diltiazem and hydrochlorothiazide with individual com-
ponents in patients with mild to moderate hypertension. 
J Hum Hypertens. 1996;10:443–448.

 31 Glasser SP, Chrysant SG, Graves J, et al. Safety and efficacy 
of amlodipine added to hydrochlorothiazide therapy in 
essential hypertension. Am J Hypertens. 1989;2:154–157.

 32 Hallin L, Andren L, Hansson L. Controlled trial of nife-
dipine-bendroflumethiazide in hypertension. J Cardiovasc 
Pharmacol. 1983;5:1083–1085.

 33 Chrysant SG, Chrysant C, Trus J, et al. Antihypertensive 
effectiveness of amlodipine in combination with hydrochlo-
rothiazide. Am J Hypertens. 1989;2:537–541.

 34 Pevahouse JB, Markandu ND, Cappuccio FP, et al. Long 
term reduction in sodium balance: possible additional 
mechanism whereby nifedipine lowers blood pressure. 
BMJ. 1990;301:580–584.

 35 Damasceno A, Caupers P, Rafik A, et al. The additional 
efficacy of the nifedipine-diuretic combination depends 
on the potency of the drug administered first and not 
on the sequence of administration. A double blind study 
in salt-sensitive black hypertensives. Rev Port Cardiol. 
1999;18:9–19.

The Journal of Clinical Hypertension (ISSN 1524-6175) is published monthly by Le Jacq Communications, Inc., Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2004 by Le Jacq Communications, Inc., All rights reserved. No 
part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing 
from the publishers. The opinions and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please 
contact Sarah Howell at showell@lejacq.com or 203.656.1711 x106.


