
Commentaries

Critique of the Clinical Importance of Diurectic-Induced
Hypokalemia and Elevated Cholesterol Level

One of the disappointing conclusions of the antihyperten-
sive drug trials is that, while most morbid events were

prevented by treatment, the incidence ofdeath from coronary
heart disease (CHD) was notsignificantly reduced. As origi-
nally emphasized in the Veterans Administration trial☂ and in
most subsequenttrials, treatment hasnot resultedin a signif-
icant reduction in myocardial infarction (MI) and sudden
death.

 

See also pp 2648 and 2677.
 

Various hypotheses have been advanced to explain the lack
of benefit in the prevention of complicationsofcoronary heart
disease, including the following:(1) critical reduction of blood
flow in the coronary arteries by lowering blood pressure too
far with antihypertensive drugs; (2) initiation of treatment
too late in patients with extensive coronary artery atheroscle-
rosis; (3) failure to reduce otherrisk factors, such as diet and
cigarette smoking; (4) inadequatelength of follow-up to de-
tect differences; and (5) use of drugs that may increase the
risk ofCHD complications.

Thelast of the above hypotheses proposed that thiazides,
which were used in all of the clinical trials, may increase the
incidence of complicationsrelated to CHD. This hypothesisis
based, on the one hand, on the assumption that thiazide-
induced hypokalemia predisposes to severe and sometimes
fatal arrhythmias☝ and on the other hand that long-term
elevation of cholesterol level by thiazides aggravates and
accelerates coronary atherosclerosis. Thefirst supposition is
based mostly on two types of evidence:(1) primarily retro-
spective data from a few selected clinical trials and (2) a
minority of the studies concerned with monitoring of the
electrocardiographic (ECG) changes after the use of diure-
tics. The second, or cholesterol, argumentalso is based on a
selected and incomplete review of the relevant literature.
The intracellular concentration of potassium normally is

many times higher than the extracellular concentration be-
cause of cell-membrane metabolic pumps that actively ex-
trude sodium but retain potassium inside the cells.☁ There-
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fore, the extracellular concentration may bear little
relationship to the intracellular potassium content. Further-
more, factors other than thiazide treatment, including alkalo-
sis and, especially, catecholamines, also may produce extra-
cellular hypokalemia.

Thiazide-induced hypokalemiareflects only the extracellu-
☁far and notthe intracellular concentration ofpotassium. After
reviewing theliterature, Kassirer and Harrington☁ concluded
that after short-term or long-term treatment with thiazide
diuretics, less than 5% of intracellular potassium is lost from
the body, which is physiologically unimportant. The loss of
body potassiumis not progressive, as intake and output come
back into balance after a few days despite continued treat-
mentwith diuretics.*

Theelectrical potential across a cell membraneis governed
largely by the Nernst equation, which relates the electromo-
tive force (voltage) to the ratio of the concentrationof single
types of positive ions inside the cell to that outside. Low
potassium ion concentration in the extracellular fluid in-
creases the negativity of the resting membrane potential
(hyperpolarization), which acts as a stabilizer and reduces
membraneexcitability.☂ Theoretically, therefore, except pos-
sibly in the presence of digitalis☂ and reduced magnesium,
whichinfluence the sodium-potassium membrane pump,diur-
etics should increase the electrical stability of heart muscle
cells and thus decreasethe incidence of cardiac arryhthmias.
The hypothesis that fatal CHD is induced by diuretics has

been advanced by several reviewers☂☝ (see below). If so, the
evidence from most clinical trials should indicate that the
incidenceoffatal CHD amongthiazide-treated patients would
be greater than that in those given other treatments. If such
an excess of fatal CHD is not found in the diuretic-treated
patients, then this-is good evidence that thiazide-induced
hypokalemia is not the cause of fatal MI or sudden death.

Thusfar, in hypertension, 12 multiclinie morbidity-mortal-
ity trials have been published in which a thiazide diuretic was
used eitheraloneor aspartofone ofthe therapeutic regimens
(Table 1). Only 3 of the 12 trials observed a higher CHD
mortality with diuretic treatment than with alternative regi-
mens. Ofthese 3 trials, the most. quotedis a subgroup of the
Multiple Risk Factor Intervention Trial (MRFIT).*
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All CHD Events Fatal CHD
No. of

Trial Patients Diuretic & Dose, mg Thiazide Other Thiazide Other

_ Trials Associating Thiazides With Increseed CHD Risk
MBAFIT (ECG abnormat)° 2476t Chiorthalidone,; a 29.2¢ 17.7

hydrochiorothiazide, 50

Oslo trial'* 747 Hydrochiorothiazide, 50 20§ 13 6§ 2

Maphy'* 9234 Hydrochlorothiazide, 50-100; ee tee 43} 36
bendrofiumethiazide, 5-10

Trials indicating Thiazides Do Not Increase CHD Risk
EWPHE® 840 Hydrochlorothiazide, 25-50; tee 12§ 23

triamterene, 50-100

MRC☂* 17354 Bendroflumethiazide, 10 5.2§ 5.5 2.5§ 2.3

Veterans Administration 380 Hydrochlorothiazide, 100 1149 13 64 "1

(90-114 mm Hg diastolic)'

Australian 3427 Chlorothiazide, 500-1600 704 68 24 8

Public Health Service☝ 785 Hydrochlorothiazide, 50 at 7 244 2

HDFP? 109408 Chiorthalidone, 25-100 a a 1319 146]

HAPPHY" 6569 Bendroflumethiazide, 5; 9.5§ 10.6 41 44

hydrochlorothiazide, 50

IPPPSH= 6372 ; a tt see see wee

MPPCD(Helsinki, Finland) 1203 Hydrochlorothiazide, 50 a a ee .. ft   
*MAFIT indicates Multiple Risk Factor Intervention Trial; ECG, electrocardiogram; MAPHY, Metoprolol Atherosclerosis Prevention in Hypertension study (a

subgroup of the Heart Attack Primary Prevention in Hypertension [HAPPHY} trial; see text for details); EWPHE, European Working Party on High Blood Pressure
in the Elderty; MAC, Medica! Research Council of Great Britain, HDFP, Hypertension Detection and Follow-up Program; |PPPSH,International Prospective Primary
Prevention Study in Hypertension; and MPPCD, Muttifactorlal Primary Prevention Trial of Cardiovascular Disease In Middle-Aged Men.
{Subgroup with baseline ECG abnormality among 12 688 total patients.
$Per 1000 patients.

§Per 1000 person-years of observation.
[Total of deaths due to myocardial infarction plus other ischemic heart disease.
{Numberof events.
# Total patients. See text for anatysis of subgroups with and without resting ECG abnormalities.
**Randomized to receive placebo or oxprenolol, but diuretics were soon added In 67% of the oxprenolol group and 82% of the placebo group.
t {Numerical data were not given, but ☜no significant association . . . between diuretic usage and cardiovascular events."
$tCorenary events tended to be accumulated in subgroups treated with B-blocking agentsor clofibrate but there were few in those receiving probucolordiuretics.

CRITIQUE OF MRFITSUBGROUP STUDY

For the study group as a whole, there was no essential
difference in CHD mortality between the special intervention
group, who received more thiazides, and the usual care (UC)
group, whoreceived less diuretics. It was only when sub-
groups were analyzed that were not part of the original
randomization schemethat differences appeared between the
special intervention and usual care groups. It is well known
that retrospective, multiple subgroup analyses often lead to
spurious results. The particular subgroup that cast suspicion
on the diuretics consisted of the patients who exhibited minor
resting ECG abnormalities on admission, The authors them-
selves were reserved in commenting on tKeir findings. They
pointed out some of the weaknesses of this kind of evidence
and noted that the difference in CHD mortality even in the
subgroup was notstatistically significant and should be re-
garded only as a working hypothesis.
Other problems with the MRFIT data relating to this sub-

Ject include the following: diuretics were prescribed in both
the special intervention group and the usual care control
group. Either chlorthalidone or hydrochlorothiazide was pre-
scribed for 56% of the patients in the special intervention
group and for 33% of those in the usual care group. Thus,
nearly two thirds as many controls receiving usual care as
patients in the experimental special intervention group were
receiving diuretics. The MRFIT investigators explained this
discrepancy by noting that the doses of hydrochlorothiazide
used in the usual care group averaged less than that in the
special intervention group. However, 53% of those taking
diuretics in the usual care group were receiving 50 mg of ~
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hydrochlorothiazide per day, a dose that is not considered
small by today☂s standards. Also, in the patients with ECG
abnormalities in the special intervention group, there was no
trend toward greater mortality with the higher doses of
diuretic than with the lower doses, nor was there any associa-
tion in the special intervention group betweeriCHD mortality
and hypokalemia.In fact, such a relationship was not found in
any of the publishedtrials.
Another paradoxic aspect of the MRFIT subgroup with

baseline resting ECG abnormalities is the distribution of risk
between the special intervention and usual care groups.It is
well known that the risk of CHD eventsis greater in hyper-
tensive patients with ECG abnormalities than in those with
normal ECGs. This difference was seen in the hypertensive
patients in the special intervention group, where those with
ECG abnormalities exhibited almost twice as many CHD
deaths (29.2 pér 1000) as those with normal baseline ECGs
(15.8 per 1000). ☁
Amongthe patients receiving usual care, however, the risk

was not as expected. As pointed out by Papademetriou," the
hypertensive patients with baseline resting ECG abnormali-
ties in the usual care group had a lower risk (17,7/1000) than
did the patients with normal ECGsin the usual care group
(20.7/1000). Both of the usuat☂care subgroupsreceived essen-
tially the same medical managementby outside physicians,
and,therefore, the favorable result in the usual care groups
with ECG abnormalities could not be ascribed to differences
in treatment.Indeed, there is no apparent explanation for the
abnormally low incidence of CHDevents in the patients with
resting ECG abnormalities in the usual care group. Thus, the
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difference between the special intervention and usual care
subgroups with ECG abnormalities was not due so much to an
unexpectedly high rate of CHD deaths among the special ©
intervention group as it was to an unexpectedly low rate
among the usual care subgroup and, therefore, probably was
not due to a toxic effect of the diuretic among patients receiv-
ing special intervention.

Furthermore,in the retrospgctive exercise ECGsubstudy
of MRFIT,☝ the results were☁opposite to those of the retro-
spective resting ECG abnormalities substudy, An abnormal
exercise ECG also suggests underlying CHD.Patients in the
usualcare group with exercise ECG abnormalities exhibited a
57% higher rate ofCHD deaths than occurredin patients with
_similar exercise ECG abnormalities in the special interven-
☁tion group (P= .002). This highly significant and opposite
difference was in contrast to the baseline resting ECG abnor-
malities subgroup, in which the difference was not statisticai-
ly significant.

Rautaharju and Neaton☂ subjected the ECG records of
MRFIT to computer analysis. The priticipal findings were
similar to those obtained by visual inspection, that is, there
was higherrisk of CHD mortality in the men with resting
ECG abnormalities in the special intervention group than in
the usual care group. They again found a significant increase
in mortality among men in the usual care group showing
positive ischemic exercise ECG responses. The computer
analysis, therefore, contributed little new information to the
original report.

Kuller et al☝ presented the nonfatal incidence of MI in
MRFIT. Among those with baseline resting abnormalities,
the rates were 61 per 1000 in the special intervention group
and 50 per 1000 in the usual care group, ie, no essential
difference, They also found no relationship to dose of diuretic
or to mostrecent level of serum potassium. In addition, they☝
reviewed the relationship between serum potassium level and
CHD mortality. As expected, serum potassium levels were
lower in men in the special intervention group than in the
usual care group. However, contrary to expectation, special
intervention participants who died of CHD had higher aver-
age serum potassiumlevels at their last visit to the clinie than
did surviving participants at comparable visits. After review-
ing the MRFITdatain general, Kulleret al concluded that the
evidence implicating the diuretics was still incomplete and
further work was needed.

Cohenet al☝ found an increasein the frequency of ventricu-
lar premature contractions (VPCs) associated with reduced
serum potassium levels. These results are open to question,
however, because they were based on readings of the brief
recordings of the routine ECG. This method is no longer
considered valid for assessing arrhythmic activity and has
been replaced by the much morereliable 24- and 48-hour
monitor methods.

OTHER TRIALS CONFIRMING MAFIT

The Oslo (Norway) trial☜ reported a higher death rate in
the thiazide-treated patients than in the non-thiazide-treated
patients (Table 1). This was a small study that had 747 pa-
tients randomized andonly six deaths due to CHD. Becauseof
the small number of CHD events, these results must be
regarded with caution. The Oslo group also reported their
incidence of CHD events in the even smaller numberof pa-
tients with minor baseline ECG abnormalities." Nonfatal
CHDevents, such as nonfatal MI and angina pectoris, were
included. The actual incidence of combined CHD morbidity
and mortality among patients with baseline resting ECG
abnormalities was eight patients with CHD events in the
thiazide-treated group compared with five in the placebo
group. The difference was not significant, and with such alow
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incidence of events, any interpretation with respect to treat-
ment effects becomes questionable.
The MAPHY (Metoprolol Atherosclerosis Prevention in

Hypertension) study☝ reported a higher CHD mortality with
thiazide diuretics than with B-blocker. Over a median follow-
up of 4.2 years, the investigators found a significantly lower
total mortality in.metoprolol tartrate~ compared with thia-
zide-treated patients, mostly due to fewer deaths from CHD
and stroke, The problemiin interpreting these results, howev-
er, is that the patients in the MAPHYstudy were a subgroup
of those in the HAPPHY (Heart Attack Primary Prevention

ypertension) trial (see below), Participating centers in
the HAPPHYtrial were divided into two groups. One group
gave metoprolol, the other atenolol. Both groups could give
either bendroflumethiazide or hydrochlorothiazide as the
compared regimen. The HAPPHYtrial☝ found nodifference
in mortality in either fatal or nonfatal CHD events between
diuretie-treated patients and those receiving one of two 6,-
blockers, metoprolol or atenolol. The incidence of CHD
events was, in fact, slightly higher in the total B-blocker
group. Although the metoprolol subgroup (MAPHYtrial)
continued for an additional 18 months, the data indicated that
for at least 6 years before the end of the study there was
significantly greater protection against CHD events with the
fi-blocker (P<.06) than with the diuretic. The differing re-
sults of the parent (HAPPHY)and subgroup (MAPHY})trials
can only be explained by a higher incidence of CHDevents
and strokes in the atenolol subgroup as compared with thia-
zides to counterbalance the results of the MAPHY or meto-
prolol subgroup. However, results in the atenolol subgroup
were not described separately. Until this discrepancyis clari-
fied, the conclusions ofthe MAPHYstudy that B-blockers are
moreeffective than thiazides must be regarded with reserve.

TRIALS FAILING TO CONFIRM MRFIT

The remaining nine trials demonstrated either essentially
the sameor an actual decreasein the incidenceoffatal MI and
sudden death among the thiazide-treated patients (Table 1).
In the study of the European Working Party on High Blood
Pressure in the Elderly,☝ the numberofdeaths due to CHD in
the hydrochlorothiazide-treated, patients was approximately
half that found in the controls. These patients also received
triamterene, and soit is possible that the favorable result may
have been associated with prevention of hypokalemia. How-
ever, this seems doubtful because, as was referred to above,
no association between CHD mortality and hypokalemia has
been observedin any of the trials. The other studies reported
below did not routinely prescribe potassium supplements.
The large Medical Research Council of Great Britain

(MRC)trial randomized patients into three groups, to receive
thiazides, propranolol hydrochloride, and placebo. They re-
ported an essentially equal numberof events due to CHD in
the thiazide and placebo groups.☝ The incidence of stroke,
however, was reduced 69% in the thiazide-treated patients
and 27% in the propranolol-treated patients compared with
the placebo-treated patients. Propranolol failed to reduce
overall CHD eventssignificantly except in nonsmokers. The
International Prospective Primary Prevention Study in Hy-
pertension (IPPPSH)trial (described below) found a similar
positive relationship between cigarette smoking and eardiac
events among smokers in menreceiving B-blockers but with
an opposite trend in women.☝ However, the HAPPHYtrial
did not find a difference in the effect of B-blockers compared
with diuretics in cigarette smokers as opposed to non-
smokers.☝
The original Veterans Administration trial☂ exhibited a

trend toward lower CHD mortality among thiazide-treated
patients than placebo-treated patients that was not signifi-
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cant, although the incidence was small.' There was also a
trend for the incidence of fatal MI to be lowerin the diuretic-
treated patients in the Australian trial.☝ In the Public Health
Service Hospitals trial,☝ the incidence of MI was small but
was the samein the thiazide and placebo groups. The Hyper-
tension Detection and Follow-up Program (HDFP)had the
highestincidence ofcoronary deathsofany trial.☝ There were
51 fatal CHD events in the thiazide-treated, stepped-care
patients as compared with 69 in the referred care group, that
is, the incidence of fatal CHD wasless in the stepped-care,
thiazide-treated than in referred-care patients. The control
group of this trial was managed similarly to that of the
MRFIT; someofthese patients received diuretics after being
referred to outside medicalfacilities while others did not.
The three most recent trials also lend no support to the

MRFITclaim of possible thiazide cardiotoxic effects. As de-
scribed above, the HAPPHYtrial☝ involving 6669 random-
ized patients divided between diuretic and B-blockers found
that morbidity and mortality rates for CHD were nearly
identical for the total diuretic and total B-blocker groups. The
incidence ofdiabetesalso did not differ between thiazides and
8-blockers.
The IPPPSH orginally wasa trial of propranolol vs place-

bo.☝ However, other drugs were added and a large proportion
of the patients also received diuretics (Table 1). The authors
noted that, ☜The IPPPSH results suggest that inclusion of
diuretics as prescribed in this trial is not associated with
excess cardiac risk.☝
Over a 5-year follow-up period, the Multifactorial Primary

Prevention Trial of Cardiovascular Disease in Middle-Aged
Men☝found that the incidence ofCHD events was significant-
ly higher in the patients receiving B-adrenergic receptor
blocking agents orclofibrate than in the untreated control
group or in patients receiving probucol or diuretics. Thus,
their findings were contradictory to the hypothesis that diur-
etics increase the risk of MI and sudden death.

DIURETICS AND SUDDEN DEATH ©

In the subgroup ofMRFITwith minorbaseline ECG abnor-
malities, a higher percentage ofsudden death was found in the
special intervention group than in the usual care group, al-
though the difference was not significant.☂ However, a
strongly opposite trend was found in the subgroup with base-
line exercise ECG abnormalities, the incidence of sudden
death being nearly four times higherin the usualcare group as
in the special intervention group.☝
The othertrials reporting the incidence ofsudden death per

se are few. They include three small trials (the Veterans

Administration study,☂ the Oslo study," and the Public Health
Service trial☝) as well as the much larget but less well-con-
trolled IPPPSHtrial.☝ Thefirst three smaller trials reported
on a total of 11 patients with sudden death in the placebo
groups and exactly the same number amongthe thiazide-
treated patients. Interpretation ofthe results ofthe IPPPSH
trial is difficult because the original randomization was to B-
blocker vs placebo. However, thiazide diuretics were added
in 67% of the B-blocker-treated patients and 82% of the
placebo group. Potassium-sparingdiuretics were usedin 40%
of all diuretic-treated patients. The incidence ofsudden death
was the same, with 36 patients in each group, in spite of the
higher percentageof thiazide-treated patients in the placebo
group. From the rather small amountofdata available, there-
fore, there was little evidence to support the hypothesis that
diuretics are a cause ofsudden death.

COMPARISONOF MAFIT AND HDFP

The HDFPstudy group undertook a retrospective compar-.
eon similar to that of the MRFIT, comparing their patients
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with minor baseline resting ECG abnormalities and those
with normal baseline ECGs.☝ Although the methods were
similar, the findings were different from the MRFITresults.
For the 1963 participants who had resting ECG abnormalities
at baseline, mortalities for all major cardiovascular diseases
andforall causes were significantly lower in the stepped care
group (aggressive treatment with thiazide) than in the re-
ferred care group (partially thiazide treated). The CHD mor-
tality was slightly higherin the stepped care group thanin the
referred care group in white men, but the low incidenceof 11
deaths in the stepped care group vs 7 in the referred care
group could have resulted from chance alone, as the authors
state. An excess of CHD deathsin the stepped care as com-
pared with the referred care group did not occur in black men.
The problem was further compoundedbythedifficulties in
ascertaining accurate causes of death, particularly among
patients in the referred care group. These authors concluded
that their data ☜offer no support for the hypothesis raised in
MRFITthat interim diuretic therapy may increase the car-
diovascular mortality rate in hypertensive patients with rest-
ing ECG abnormalities.☝
The results of 8.3 years of follow-up of patients in the

HDFP, which is an extension of the original 5-year study,
have recently been published.☝ After 8.3 years there were
16% fewer CHD deaths amongthe stepped care than among
the referred-care group.

ECG MONITORINGOFTHIAZIDE TREATMENT

What are the effects of thiazides on the frequency and
severity of ventricular arrhythmias? Hollifield and Slaton☝
werethefirst to report an increase in ventricular arrhythmias
during exercise after treatment with thiazide diuretics. How-
ever, their work has not been confirmed by more recent
studies. Bause, Fleg, and Lakatta晳 studied 68 hypertensive
patients treated for a period averaging 4.5 years under maxi-

. malaerobic stress compared with an age-matched, untreated,
normotensive control group. While they observed a higher
incidence of isolated atrial and ventricular premature com-
plexes in the diuretic-treated patients, they did not see any
difference in frequent or complex supraventricular or ventric-
ular premature beats. They concluded that, ☜Patients with
uncomplicated hypertension treated with chronie diuretic
monotherapy do not appear to be at increaged risk for major
arrhythmias during aerobic exercise.☝ Papademetriou et al☝
carried out similar exercise studiesin 10 patients with uncom-
plicated hypertension, twice while they were receiving place-
bo and 3 and 12 weeks after administration of 100 mg of
hydrochlorothiazide per day. Diuretic treatment did not in-
crease ventricular ectopy during exercise.

Holland et al☝ used 24-hour ECG monitoring but did not
take into account the marked day-to-day variability in ar-
rhythmicactivity. The numberofVPCs spontaneously fluctu-
ates markedly from one day to the next, with variations from
less than five to more than 30 VPCs per hour being not
uncommon.☝ Holland et al selected for study only those pa-
tients who exhibited less than six VPCs per hour at the
baseline monitoring and rejected patients who exhibited
more frequent VPCs. Because of day-to-day variability and
regression toward the mean, they therebyincreasedthelike-
lihood of recording greater ventricular arrhythmic activity on
the second monitoring @which was also the postdrug
recording).
The most extensive studies using ECG monitoring of the

changes in hypertensive patients after use of thiazide diure-
tics have been carried out by Papademetriou and his asso-
ciates.☝ Without selecting hypertensive patients on the basis
of the number of VPCsin their pretreatment ECG record-
ings, they carried out 24- to 48-hour monitoring before and 4
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weeks after administration of hydrochlorothiazide, 50 mg
twice daily, in 44 patients ofwhom 28 developed hypokalemia.
There was no significant difference in arrhythmias before or
after hydrochlorothiazide administration. These negative re-
sults have been confirmed by Lief et al☝ and Madias et al.☝
Papademetriou et al* also normalized the hypokalemia with
potassium replacement therapy without altering ventricular
arrhythmic activity. In addition, they monitored hyperten-
sive patients with left ventricular hypertrophy before and
after use of diuretics and again noted no change in 24-hour
ventricular activity.☝ More recent studies, therefore, fail to
confirm the results of earlier investigators and indicate that
thiazides do not increase ventricular arrhythmic activity re- ,
gardless of whether they produce hypokalemia.

Caralis et al* monitored 16 patients before andafter treat-
ment with thiazides. Eight patients with no clinigal evidence
of heart disease had no change in ventricular ectopy during
thiazide therapy. Eight other patients had rather severe and
sometimes multiple cardiac complications, including 4 with
previous transmural myocardial infarction, 4 with conduction
defects, and 5 with ischemic changes in the ECGs. These
patients demonstrated increased ventricular ectopy after the
use of diuretics. Since the subgroups had beenselected retro-
spectively and because ofthe small numberofsubjects, larger
trials are needed to confirm their observations.
Two additional studies were published in a single report

during the progress ofthe MRCtrial ofGreat Britain.☝ In the
first study, an increased incidence of ventricular ectopy was
found in a group of thiazide-treated patients. Because these
patients lacked a baseline control recording, a second study
was undertaken that monitored the ECG change before and
after treatment with thiazides. This study failed to reveal any
difference in the frequency of ventricular ectopy before and
after treatment, nor was there any correlation between po-
tassium serum levels and arrhythmic activity. More impor-
tantly, the complete MRCtrial indicated no essential differ- .
ence in death rates due to CHDin thiazide-treated patients
compared withcontrols.☝

In a more recent study using ECG monitoring,☝ the fre-
quency of ventricular arrhythmias ofall grades was found to
be increased in hypertensive patients with left ventricular
hypertrophy as compared with those without hypertrophy.
However, various arrhythmias, including ventricular tachy-
cardia, were not associated with diuretic therapy or
hypokalemia.

Further evidence regarding the lack of correlation between
diuretic-induced hypokalemia and ventricular arrhythmias is
provided by investigators for the Glasgow Blood Pressure
Clinic, who reported on 3783 hypertensive patients followed
up for an average of 6.5 years.☝ In patients treated with
diuretics, the average level of serum potassium was the same
in those whodiedofischemic heart disease (3.71 mmol/L) asin
those who survived (8.72 mmol/L). Although CHD mortality
was high regardless oftreatment, the authors concluded that
thiazide-induced hypokalemia was not associated with the
increasedrisk.

MAGNESIUM AND POTASSIUM

Magnesium is a coenzymein the activation of sodium-po-
- tagssium-adenosine triphosphatase. This substance supplies
energy to the sodium-potassium-membrane pump, which is
important in maintaining the gradient between extracellular
andintracellular sodium and potassium.☝In the kidney, mag-
nesium is largely resorbed in the loop of Henle." Thiazide
diuretics that act in the early distal tubules have only a minor
effect on magnesium excretion in comparison with loop
diuretics.

Correlation between extracellular and intracellular
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changes in magnesium or potassium as caused by various
interventions is poor,☂ and, therefore, many investigators
have used muscle biopsies or leakocytes for measurements of
intracellular magnesium and,in the case of potassium,total-
body measurements as well. There is, however, a high corre-
lation between the intracellular content of magnesium and
potassium. Decreased content of magnesium within cells is
often foundin patientswith reduced intracellular potassium.☝
There have been several reports of reduced intracellular

magnesium and potassium levels measured directly in pa-
tients regeiving diuretics.°☜ However, the review of total-
body potassium measurementsasindicated above® found neg-
ligible deficiencies of total-body potassium during long-term
treatment with diuretics. Furthermore, other studiesofleu-
kocyte and muscle content of these ions during treatment
with various diuretics indicate negligible reductions of 4% to
6% in intracellular potassium or magnesium.☜☜
The difference between results of the first group of studies

indicating deficiency pf intracellular potassium and magne-
sium and the second group showing noor only insignificant
reduction seems to be due to the type ofpatients studied. The
patients in the first group- who showedintracellular deficits

had,with few exceptions, congestive heartfailure in addition
to taking diuretics.☜☜ Patients in the second group*☝ who
received diuretics were normal or had essential hypertension
uncomplicated by overt heart disease. Although Dyckner and

Wester" included a few patients with uncharacterized hyper-
tension, they were not reported on separately from the heart
failure patients, and so results for the hypertensive subgroup
could not be assessed.

Patients with congestive heart failure exhibit reductions in
total-body potassium even in the absence of treatment with
diuretics." For example, none of Aikawa and Fitz's" pa-
tients received oral diuretics. White et al* found no correla-
tion between the duration of diuretic therapy and the amount

of potassium depletion. Furthermore, four patients without
diuretic treatment exhibited similar depletion of total-body
potassium. These results were confirmed by Flear et al.☜
Because these investigators used total-body measurements,
the reduction in patients with congestive heart failure with-
out diuretics could be due to muscle wasting and loss ofcell

mass, rather than to absolute cellular deficits of potassium.

However, as early as 1930, long before the advent ofthiazide

diuretics, Harrison et al® found reduced potassium contentin
skeletal and cardiac muscle in patients with congestive heart
failure. Also, before the availability of oral diuretics, their

observation was confirmed by Iseri et al☝ by direct tissue

analysis of muscle both in patients with congestive heart
failure and in those with MI. Both of these studies used
tissues obtained at autopsy, and it is known that potassium
loss occurs from cells after death. However, the potassium
content was markedly lower than that of control autopsy

- samples obtained from patients dying suddenly from illness
unattended by fluid or electrolyte disturbance. Similar re-
sults in congestive heart failure before the advent of oral
diuretics were reported by Cort and Mathews☝ in 1954 with

the use ofbalance studies as well as biopsy specimens ofliving

striated muscle. The extentof intracellular potassium deple-

tion was similar to that reported by moderninvestigators who
studied patients with congestive heart failure who were re-
ceiving oral diuretics.°☜☜ These results indicate that the

potassium deficit is due primarily to alterations associated

with congestive heart failure per se andis characterized by an

absolute reduction in the potassium content of muscle cells

rather than loss of cell mass alone.It is possible that diuretics

may increase the potassium deficiency to a minordegree.

In patients with congestive heart failure, administration of

potassium failed to restore the intracellular deficit, whereas
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administration of magnesium increased intracellular potassi-
um levels.☜ Potassium-sparing diuretics also restored potas-

sium stores in patients with congestive heart failure.☜ Treat-

ment of cardiac patients with magnesium or potassium-
sparing diuretics would, therefore, seem to be desirable.
However, there is insufficient evidence of intracellular potas-
sium deficits in patients with uncomplicated hypertension"
to justify replacement therapy in diuretic-treated patients
whodo not have major cardiac complications.

ACUTE MI

It is well known that excess catecholamines can produce
hypokalemia.* Acute MI is often accompanied by increased
catecholamine levels, resulting in hypokalemia,☝ the severity
ofboth beingrelated to the extent of the infarct. The hypoka-
lemia can occur in the absence of diuretics.☝ Although thia-
zide-induced hypokalemia may not cause arrhythmias in hy-
pertensive patients with normal hearts, it possibly could
increase the risk of fatal arrhythmias in the presence of
myocardial ischemia associated with an acute MI. However,
the majority of the long-term hypertensiontrials cited above
do not indicate that the ratio of fatal to nonfatal MI is any
higher in the thiazide-treated patients than in the control
groups. This suggests that an acute MI occurring in a thia-
zide-treated patient poses no greater risk of a fatal outcome
than an MI developing in a patient who is not receiving
thiazide.
The relationship between hypokalemia and ventricular ar-

rhythmias during the early symptomatic phase of acute MI is
complicated by the presence of excessive sympathetic ner-
vous system activity and production of catecholamines. Cate-
cholamines reduce serum potassium levels acutely and in-
crease the hypokalemic effect of thiazides,☝ but, unlike
diuretics, catecholamines also increase the incidence of ven-
tricular arrhythmias independent of their hypokalemic ef-
fect.☝ Thus, hypokalemic blood samples drawnrelatively ear-
iv after an MI may be without causal significance but act
merely as a markerfor the presence not only of diuretics but
also of excessive catecholaminesassociated with the pain and
stress of the infarct. Arrhythmias developing during this
hypokalemic period maybe dueto the direct arrhythmogenic
effects of catecholamines on the myocardium, or to tissue
anoxia, myocardialcell injury, or a multitudeof factors other
than the hypokalemia per se.

Nordrehauget al☝ found that plasma potassium levels tak-
en early at an average time of 3.8 hours after the onset of an
MI were inversely related to the ventricular tachycardia.
Dyckneret al® found a similar relationship in the early period
after an MI. However, Nordrehaug et al found that patients
receiving diureticsat the time ofthe infarct had nosignificant
association with the☂ degree of ventricular ectopic activity,
suggesting that other factors, such as increased catechol-
aminelevels rather than diuretics, were causing the ventricu-
lar arrhythmias. Furthermore, another study by Nordre-
haug☝ indicated that low potassium values drawn 8 hours
after the onset ofan MI (when catecholaminelevels are lower).
were not associated with an increasedincidence ofventricular
tachycardia. Thus, the increased arrhythmias observed dur-
ing the first few hours after the infarct may well have been
due to the direct myocardial effects of an associated increase
tn catecholamines, and the Hlypokalemia may have been an
tneidental rather than the causalfactor.

If the arrhythmias associated with acute MI are indeed
related to hypokalemia, the correction of the latter with
prtassium infusions should reduce the incidence of such
rhythm disturbances. So-called polarizing solution, which
«wntains potassium along with glucose and insulin, was exten-
avely used in the past in the treatment ofacute MI. However,
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raising the potassium level back to normal in acute MI with
polarizing solution had nosignificant effect on the ventricular
arrhythmias.☝This result is consistent with the concept that
factors other than a low serum potassiumlevelare the proba-
ble causesoffatal arrhythmiasin MI.

THE RELATIONSHIP OF DIURETICS TO SERUM
CHOLESTEROLLEVEL

Critics of the diuretics claim that if thiazide-treated pa-
tients manage to escape fatal arrhythmias over the intermedi-
ate term, they will still be at risk of aggravated CHD athero-
sclerosis over the long term because thiazides raise serum
cholesterol level. However, this argument is not supported
by the long-term trials described below.

Increase in serum cholesterol level after administration of
thiazide diuretics was first observed by Schoenfeld and Gold-
berger" in 1964. This and other reports passed largely unno-
ticed until 1976, when Amesand Hill® published their report
demonstratingarise in serum cholesterol level during diuret-
ic treatment ofhypertensive patients. However, the periodof
treatment was relatively short compared with that in most
later studies, as shown in Table 2, Three studies exhibited
modest elevation of serum cholesterol level, the longest in
duration (1 year) being the Veterans Administration~Na-
tional Heart, Lung, and Blood Institute (Bethesda, Md)trial.
Noneof the three trials☜ exhibited an average increase of
more than 0.28 mmol/L.
By contrast, seven trials"☝☜®" indicated essentially no

change or a decrease in serum cholesterol level after long-
term treatment (Table 2). In six of the seventrials, patients
were treated with diuretics for.2 to 6 years. In the HAPPHY
trial, there was no change in serum cholesterol level from
baseline after 1 year.☝ In the MRCtrial, there wasa negligi-
ble rise in cholesterol level averaging 0.03 mmol/L and a
minimalfall in the placebo group.☝ The other six long-term
trials found either no change or a fall in serum cholesterol
level.
Over the long term, serum cholesterol level fell somewhat

more in the control than in the intensively treated groupsin
the MRFIT* and HDFP☝trials. However, the actual differ-
ences were small, averaging 0.11 mmol/L in MRFITand0.10
mmol/L lower in the control group than in the experimental
group. After 45 months in the HAPPHYtrial,☝ the 8-blocker
group averaged 0.12 mmol/L lower than the thiazide-treated
group, while after 3 years in the MRCtrial☝ the placebo group
averaged 0.18 mmol/L less than the thiazide-treated group.
On the other hand, in the European Working Party on High
Blood Pressure in the Elderly trial,* after 3 years the de-
crease in serum cholesterol level averaged 0.09 mmol/L more
in the treated group thanin the placebo controls. While there
was a trend toward slightly less long-term fall in cholesterol
level in the treated patients in four of these five trials, the
differences were sufficiently small to be of questionableclini-
cal importance.

Freis and Materson☝ were amongthe first to emphasize
that the moderate elevation in serum cholesterol level is a
short-term effect. Further evidence is provided by three
trials that assessed the changes in serum cholesterol level
after both short-term and long-term treatment with diuretic

☂ (Table 2). The results were the samein all three trials.☝*☝晳
Serum cholesterol level rose during the short term of 1 to 12
monthsandthenfall to slightly below baseline at 1 to 5 years.
The Veterans Administration study on propranolol vs hydro-
chlorothiazide as primary monotherapy晳☝ followed up 147
patients taking hydrochlorothiazide alone for 1 year. After 10
weeksoftherapy with hydrochlorothiazide alone, serum cho-
lesterol level averaged 0.16 mmol/L above the pretreatment
level. After 1 year of treatment, however, serum cholesterol
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Table 2,--ChangesinSerumCholesterol LevelWithShort-termysLong-term TreatmentofHypertension With Diuretics"
No.of . Duration Average Change in

Trial Patients Diuretic and Dose, mg of Treatment Cholesterol, mmol/L

. Trials Indicating a Rise in Cholesterol
Amesand Hill 74 Chiorthalidone, 25-100 1-3 mo + 0.28

VA-NHLBI@ 302 Chiorthalidone, 50-100 wo ty +0.26

Grimm et al☜ 57 Chiorthalidone, 100, or 6-12 wk +0.18
hydrochlorothiazide, 100

aindicating No Changeora Fail in Cholesterol☝
EWPHE® . Hydrochlorothiazide, 25-56 2y ~0.52

Framingham晳 288 Thiazides . v 2y ~0.16

MRC 17354 Bendrofiumethiazide, 10 oy +0.05t

MRFIT# 1021f Chiorthalidone or by ~0.23
☂ hydrochlorothiazide, 50-100

MPPCD(Helsinki, Finland) 1203 : . Hydrochlorothiazide, 50 . Sy 0

Qslo" 300 Hydrochtorothiazide, 50 3y 0

HAPPHY☝ 6669 Bendroflumethiazide, 5, or ty 0
hydrochiorothiazide, 50 re

Trlals indicating an Early Rise Followed by a Fall Below Baseline
VA propranotol-hydrochiorothiazide= 147 Hydrochiorothiazide, 50-200 10 wk +0.16

VA propranolol-hydrochlorothiazide☝ 147 Hydrochlorothiazide, 50-200 Ty ~0.08

Alcazar et al☂ 236 Hydrochiorothiazide, 50-100 1-3 mo >0§

1-2y <0§

HDFP? 7006 Chiorthalidone, 50 6-12 mo +0.10

By ♥ 0.23  
 

☜VA indicates Veterans Administration; NHLBI, National Heart, Lung, and Blood institute (Bethesda, Md); EWPHE, European Working Party on High Blood

Pressure in the Elderly; MRC, Medical Research Council of Great Britain; MRFIT, Multiple Risk Factor Intervention Trial; MPP-CD, Multifactorial Primary Prevention
Trial of Cardiovascular Disease in Middie-Aged Men; HAPPHY, Heart Attack Primary Prevention in Hypertensiontrial; and HDFP, Hypertension Detection and
Follow-up Program.
{Considered essentially unchanged from baseline.
+Numberof patients with special interventions who received diuratics only.
§Numerical value of changes not givan; P<.01.

level averaged 0.08 mmol/L below the baseline mean. In a-
study of236 hypertensive patients treated by Alcazar and his
associates☜ with 50 to 200 mg of hydrochlorothiazide per day,
serum cholesterol level rose significantly during the first 3
months of treatment butfell significantly after 1 to 2 years.
The HDFPreported similar results.☝ Serum cholesterol lev-
els averaged 0.10 mmol/L higherin the first 6 to 12 months of
diuretic treatment and then fell after 2 to 5 years to an
average value 0.23 mmol/L below the baseline level.

CONCLUSIONS

The opinion that diuretics increase the risk of fatal CHD has
not been confirmed by the accumulated evidence. Whenall of
the relevant data, rather than selected elements, are taken
into account, it becomes evident that there is little to support
the hypothesis that diuretics have cardiotoxie properties. In
particular, the data from MRFITthat initiated the charges
against diuretics cannot withstand close serutiny because of
the intrinsic weakness of the study☂s methods as well as the
contradictions ofits findings.
The principal evidence in MRFIT was that in patients with

minor ECG abnormalities at entry, there were more CHD
deaths in the special intervention group than in the usual care
group. They suggested that this unfavorable effect could be
due to the greater use of thiazide diuretics in the patients in
the special intervention group. However, such evidence
based on retrospective subgroup analysis is known to be
unreliable; furthermore, in the subgroup of patients with
abnormal exercise ECGtests at baseline, the results were the
opposite, with 57% more CHD deaths occurring in the usual
care group than in the special intervention group. There are
still other criticisms of the MRFIT data, as described in the
body of the review, that further weaken their argument that
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thiazide-induced hypokalemia causes increased CHD mor-
tality.
Of 12 published morbidity-mortality trials in hypertension

using thiazides among other drugs, only 2 experienced more
deaths in the diuretic-treated patients than in controls, nei-
ther ofthe differences being significant. These were the Oslo
study and the MAPHYtrial. However, the the results of the
Oslo study were impaired by the low incidence of CHD
events, while the MAPHYtrial represents a subgroup ofthe☝
larger HAPPHYtrial, which had found nodifference in total
CHD mortality between diuretic-treated and B-blocker♥
treated patients. The remaining 10 trials, including total
patients in MRFIT, uniformly found no evidence for diuretic-
induced CHDdeathsor other cardiovascular mortality.
Another retrospective subgroup analysis of minor resting

ECG abnormalities carried out by HDFP could not confirm
the principal findings ofMRFIT that diuretics increased car-
diovascular mortality.

Recent evidence from 24- to 48-hour monitoring of ECG
changes does not indicate any increase in ventricular arrhyth-
mias during thiazide treatment either in the presence or
absence of hypokalemia or in patients with left ventricular
hypertrophy. Early reports indicating ECG changes have not
been confirmed. Furthermore, a causal relationship between
thiazide-induced hypokalemia and fatal arrhythmias in pa-
tients with acute MI has not been proved.

Intracellular magnesium and potassium deficiency may oc-
cur in patients with congestive heart failure even in the
absence of diuretics. However, the intracellular content of
these electrolytes is not reduced by diuretics in hypertensive
patients who do not have major cardiac complications.

Finally, studiesoflong-term treatment with thiazide diure-
ties indicates that the modest elevation of serum cholesterol
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level is transient and subsides back to or below the baseline
after approximately 1 year of treatment. Minor trends to-
ward lesser long-term reductions in serum cholesterollevel in
thiazide-treated compared with control patients have been
reported. The differences are smali, however, andtheir clini-
cal significance appears questionable.

IMPLICATIONS WITH RESPECTTO CLINICAL

TREATMENTOF PATIENTS

Diuretics are important in the treatment of hypertension.
Their mode of action in reducing blood pressure by volume
depletion is unique and represents an important mechanism
for lowering blood pressure in the majority of patients.

Thiazides in adequate therapeutic doses will control blood
pressure in approximately half of the patients☝ (somewhat
more in blacks and the elderly and somewhatless in young
whites), and adding a second drug such as a B-blocker or a
converting enzymeinhibitorwill increase the percentage con-
trolled to about 80% to 90%. Because of this considerable
antihypertensive effectiveness and low cost, it is of impor-
tance for the physicians to know the actual toxic potentialof
the diuretics. ,

In the medicolegalclimate of today, many physicians prac-
tice defensive medicine. Widespread publicity of suspected
cardiotoxic effects has greatly affected the sales of diuretics.
Anotherrecent trendis reduction in dosageofdiuretics some-
timesto levels that may not be effective in many patients.☝
Thus, the omission or reduction of dosage of diuretics may
hindereffective treatment as the physician is forced to substi-
tute much more costly and sometimesless effective drugs.
The above considerations apply to the huge population of

patients with uncomplicated hypertension. This is not to deny
that there are individual patients who would be better treated
with other drugs, such as B-blockers in those who have sus-
tained an MI or converting enzymeinhibitors in those receiv-
ing digitalis. Diuretics elevate blood glucose and uric acid
levels and may precipitate diabetes mellitus or gout in a few
predisposed individuals, Nevertheless, diuretics would seem
to be safe and effective in the great majority of hypertensive
patients who do not present such special problems.

EDWARD D. FREIS, MD
Veterans Administration Medical Center
50 Irving St NW
Washington, DC 20815
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tion, Washington, DC. .
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