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Our recent Veterans Administration Cooperative Study♥involving

683 hypertensive male patients♥showedthat a diuretic was more

effective than a beta blocker in controlling hypertension in most

respects. In addition, in this study we failed to find evidence that

thiazide-induced hypokalemia was associated with increased evi-

dence of cardiac arrhythmias in patients without overt heart dis-

ease. We are concernedthat the current desire to avoid hypokale-

mia at all costs mayresult in the prescription of ineffective dosages

of diuretics for the treatment of hypertension.

When chlorothiazide becameavailable forclinical trials in 1957, we knew

that it was a breakthrough drug [1]. It was a medication that seemed to

control blood pressure as well as the strictest no-salt diet, but it was much

better tolerated. The diuretics were important not only because they were

antihypertensive in themselves, but also because they enhanced the an-

tihypertensive activity of other drugs. Thiazide diuretics, therefore, soon

becamethe favored step-one agent and havelargely retained that posi-
tion ever since.

Hemodynamic studies revealed that thiazides caused a modest but

definite reduction in plasma volume and extracellular fluid volume; fur-

thermore, this reduction seemed to be involved in the antihypertensive

effect of the drug [2]. The early fall in blood pressure was associated with

a reduced cardiac output and relatively unchangedtotal peripheralresist-

ance[3]. After several weeks, however, cardiac output returned to normal

and total peripheral resistance decreased. This late homeostatic adjust-

ment does not seem to be dueto a direct vasodilator effect of the drug.

The mechanism is unknown but may involve poorly understood autoregu-

latory reactions. Interestingly, these hemodynamic reactions are the op-

posite of the changes that have been described in the developmentof

volume loading types of experimentally induced hypertension. In any

event, the hallmark of the antihypertensive action of diuretics is a reduc-

tion in volume that lasts for as long as the diuretic is given [4,5].

The two main characteristics of interest regarding any drug are thera-

peutic effectiveness and toxicity. Until recently there was no question

aboutthe position of the diuretics as the step-one treatment for hyperten-

sion. In recent years, however, their premier position has been chal-

lenged. There has been increasing concern that thiazide-induced hypo-

kalemia may contribute to cardiac arrhythmias and even to sudden death.

Onthe other hand, beta blockers have been somewhateffective in reduc-

ing the incidence of sudden death in patients who have already sustained

a myocardialinfarct. Therefore, some physicians♥particularly in Scandi-

navia♥have been using a beta blocker for step-one treatment and add-
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ing thiazide second. Furthermore, the thiazide is usually

added in smaller doses than in the past to minimize the

possibility of hypokalemia developing.

Whatis the relative effectiveness of thiazides versus

beta blockers as antihypertensive agents? That question

was the subject of a recent VA Cooperative Study, which

included 683 male patients with diastolic blood pressure

averaging 95 to 114 mm Hg [6]. They were randomly as-

signed double-blind to receive either propranololtitrated

from 40 to 320 mg twice a day or hydrochlorothiazide 25

to 100 mg twice a day.

After six months of treatment, hydrochlorothiazide low-

ered blood pressure by an average of 17.5/13.1 mm Hg as

compared with a lowering of 8.3/11.3 mm Hg by proprano-

lol. White patients respondedbetter than black patients to

propranolol and vice versa. Other indications of a some-

what greater effectiveness of the thiazide as compared

with propranolol! over the long term were as follows: (1)

with thiazide, a diastolic blood pressure <90 mm Hg was

achieved in 66 percent of the patients compared with 53

percent with propranolol; (2) among those taking the diu-

retic, fewer patients required termination for high blood

pressure;(3) the need totitrate to high doses with hydro-

chiorothiazide was less; (4) escape from blood pressure

control during treatment occurred less often with hydro-

chlorothiazide; and (5) after withdrawal of treatment, the

blood pressure remained lower over the ensuing two

weeksin those previously taking the diuretic.

None of these advantages of diuretics can be consid-

ered major; if beta blockers can be provedeffective in the

primary prevention of heart attack, this would outweighall

of the considerations cited and justify the use of beta

blockers as primary treatmentin all patients. The same

policy would applyif it could be proved that thiazidesin-

creasetherisk of life-threatening arrhythmias. However,
at present no definitive evidence exists to justify either of

these assumptions.

In considering the risks of hypokalemia,it is important to

differentiate between patients who have overt heart dis-

ease and those who do not. Obvious impairment of car-

diac function, particularly congestive heart failure, may be

associated with a reduced potassium content in myocar-

dial cells unrelated to diuretic treatment. In patients with

asymptomatic hypertension without overt heart disease,

the concentrations of potassium in their myocardial cells

are normal. The following discussion concerning hypoka-

lemic risk pertains to patients without overt heart disease.

Changesin the extracellular concentration of potassium

do notreliably reflect changes in the intracellular concen-

tration of potassium. Mostof the studies indicate that even

during long-term treatment with thiazide, losses of total

body potassium remain small, averaging 5 to 10 percent

in most reports [7,8]. Thus, the percentage reduction of

intracellular potassium is considerably less than the re-

duction in extracellular potassium.
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Recent studies from our clinic do not provide any evi-

dence that thiazide-induced hypokalemia leads to the

development of increased ventricular arrhythmias [9].

Hypertensive patients with no overt heart disease were

chosenfor study. All had hypokalemia while taking diuret-

ics, with plasma potassium concentrations of 3.2 mEq per

liter or less (average 2.8 mEq perliter). Holter monitoring

for 24 hours was carried out on each patient during the

hypokalemia, as well as after it was corrected with potas-

sium supplements and/or triamterene. There was no im-

provementin ventricular ectopy after correction of hypo-

kalemia. Ventricular ectopic activity improved in five

patients but worsened in 10. This responseis not too sur-

prising since the sensitivity of myocardial cells to disturb-

ancesin rhythm dependsuponthe relative concentrations

of potassium inside and outside the cell. An increase in

this ratio produced either by an increase in intracellular

potassium concentration or a decrease in extracellular

concentration results in a more negative resting mem-

brane potential, that is, the cell becomes moreresistant to

excitation [10]. This change should reduce rather than in-

crease the incidence of ventricular ectopy.

An additional concern has been the small but definite

increase in serum cholesterol that occurs with diuretic

treatment. Possibly, this could increase therisk of athero-

sclerosis over the long term.In the VAtrial [6], however,it

was found that the elevation did not persist, returning to

baseline after one year of treatment. Others have found

similar returns to baseline over the long term [11,12].

An important consideration in the choice ofinitial treat-

mentis the racial difference in response to diuretics as

compared with beta blockers. Although diuretics are defi-

nitely more effective in black people, beta blockers may

be as effective or more effective than diuretics in white

people. In a recent VA trial of the beta blocker nadolol

versus the diuretic bendroflumethiazide, nadolol! lowered

blood pressure to a greater extent in white people than did

the diuretic [13]. In the trial of propranolol versus hydro-

chlorothiazide, the reduction of diastolic blood pressure

was nearly the same with each drug in white people but

not in black people, in whom the diuretic was definitely

superior [6].

Are small dosesof thiazide diuretics equally as effective

as large doses? According to someofthe recent reports in

the literature theyare.It is currently popular, for example,

to give 25 mg hydrochlorothiazide or even less once daily

and not to increase the dose beyondthat point sinceit is

believed that the dose-response curve has already pla-

teaued. This does not agree with data from our VA Coop-

erative Study [6]. In two-thirds of 312 patients, a diastolic

blood pressure <90 mm Hg wasattained with hydrochlo-

rothiazidetitrated from 25 mg twice a day to 100 mg twice

a day. Of this number, goal diastolic blood pressure was

achieved in 50 percent with the 25 mg twice a day dose
(50 mg a day), in an additional 30 percent with 50 mg



twice a day, whereasin the remaining 20 percent 100 mg

twice a day was required. In a recent study by others,

doses as low as 6.25 mg a day have been given [14]. It

seems possible that no reduction of plasma volume or

extracellular volume would result from such a small dose.

A double-blind placebo-treated group would be required

to be certain that the decrease in blood pressure was due

to drug effects rather than to the gradual downwarddrift of

blood pressure that occurs with repeated visits to the
clinic.

In summary, diuretics lower blood pressure by reducing

plasma and extracellular fluid volume. This is a unique

mechanism that is shared by no other antihypertensive

agents. Our evidenceindicates that thiazide diureticsstill
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are the keystone of antihypertensive drug treatment not

only for primary treatment, but also in enhancing antihy-

pertensive effectiveness when combinedwith other drugs.

Becauseofracial differences in response, beta blockers
have a slight edge over diuretics forinitial treatment of

white patients, although diuretics are still the preferred pri-

mary treatment for black patients. Also, studies from this

clinic failed to find evidence that thiazide-induced hypo-

kalemia was associated with an increased incidence of

cardiac arrhythmias in patients without overt heart dis-

ease.It is possible that, because of the current desire to

avoid hypokalemia at all costs, doses of diuretics are

being reduced in some casesto below the effective thera-
peutic level.
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