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The efficacy of a new angiotensin converting en- 
zyme inhibitor, lisinopril, used alone (group A) was 
compared with llsinopril plus hydrochlorothiazide 
(group B) in 26 patients with essential hypertension. 
Therapy with both regimens was equally effective in 
lowering blood pressure compared to placebo. 
Mean antihypertensive dose of lisinopril was lower 
when given in combination with hydrochlorothiazide 
than when given alone (46 f 6 vs 66 f 12 mg 
daily). Plasma renin activity increased in both 
groups of patients, but more in group B (p <0.05). 

Plasma aldosterone concentrations and serum uric 
acid levels were also higher in the group receiving 
lisinopril plus hydrochlorothiazide (p <0.05). Serum 
potassium concentrations were unaffected in either 
group. The incidence of side effects was similar in 
groups A and B (44% and 36%, respectively). 
This study suggests that lisinopril alone or in combi- 
nation with hydrochlorothiazide effectively lowers 
blood pressure in patients with essential hyperten- 
sion without any major side effects. 

(Am J Cardiol 1966;61:603-606) 

I nitial pharmacotherapy for most patients with essen- 
tial hypertension consists of P-adrenergic blockers or 
diuretics.1-3 Because these agents may have unaccept- 
able side effects, initial therapy with other agents, such 
as calcium antagonists,4 centrally acting era-adreno- 
ceptor agonists5 and angiotensin converting enzyme 
(ACE) inhibitors5s6 has been recently advocated. The 
ACE inhibitors exert minimal side effects6z7 and, 
therefore, are appropriate in a variety of patients. 
However, ACE inhibitors currently marketed in the 
U.S. may occasionally cause proteinuria and bone 
marrow depression.*sg Recently, a new ACE inhibitor, 
lisinopril, was developed .l” It is a lysine analog of ena- 
laprilat, which itself is the active metabolite of enala- 
pril, an ACE-inhibitor prodrug. In previous studies, 
lisinopril has been shown to be as potent as enalapril, 
but with longer duration of action. Its hemodynamic 
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effects appear at 2 to 4 hours after administration and 
persist for more than 24 hours.*0 This study examines 
the efficacy of lisinopril alone and in combination 
with hydrochlorothiazide in patients with essential hy- 
pertension, 

Methods 
Patient selection: Patients recruited for this trial 

were men over 18 years of age with mild to moderate 
essential hypertension defined as untreated diastolic 
blood pressure (BP) of 90 to 114 mm Hg. Patients were 
excluded if they had a history of a cerebrovascular 
accident, hypertensive encephalopathy or myocardial 
infarction within the past year. Patients with a history 
of drug or ethanol abuse or hypersensitivity to either 
thiazide diuretics or ACE inhibitors were likewise ex- 
cluded. Other exclusion criteria included significant 
renal, hepatic or hematologic disorders and the pres- 
ence of grade 3 or 4 hypertensive retinopathy. 

Protocol: Each qualifying patient was entered into 
the first of 3 study phases after gradual discontinuation 
of all existing antihypertensive medications. The first 
phase involved’single-blind administration of placebo 
for 4 weeks. Every patient was instructed to take medi- 
cation once daily upon arising in the morning. BP and 
heart rate were determined during weekly clinic visits 
before administration of medication. Complete physi- 
cal and laboratory examinations were performed at 
the end of withdrawal of antihypertensive therapy and 
the J-week placebo period. Each patient with a sitting 
diastolic BP of 90 to 114 mg Hg was randomized to 
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TABLE I Patient Characteristics 

Lisinopril + 
Lisinopril Alone Hydrochlorothiazde 

No. 13 9 
Age’ Ws) 57 f 1 53 f 4 
Weight (pounds) 202 f 5 205 f 12 
Duration of hypertension (yrs) 11 f4 5fl 
Seated blood pressure (mm Hg) 144 i 4/97 f 2 148 f 4/96 f 1 
Erect blood pressure (mm Hg) 148f5/103f2 151 f5/99i 1 

* Data are expressed as mean f standard error of the mean. 

TABLE II Adverse Effects of Lisinopril Alone and with 
Hydrochlorothiazide 

Lisinopril Alone 
(Group A) 

Lisinopril + Hydrochlorothiazide 
(Group B) 

Disorientation (1) 
Nocturia (1) 
Dry throat (1) 
Frequency (1) 
Postural dizziness (1) 
Reduced exercise tolerance (1) 
Increased alkaline phosphatase (1) 

Rash (1) 
Impotence (1) 
lncreaaed uric acid (1) 
Postural dizziness (1) 
Lightheadedness (1) 

Number in parentheses represents number of patients complaining of 
adverse effect. 

active therapy if the difference between the last 2 dia- 
stolic BPS was 110 mm Hg. 

Randomization to active therapy marked the begin- 
ning of the second phase. Patients were randomly as- 
signed to lisinopril alone (group A] or lisinopril plus 
hydrochlorothiazide (group B). Double-blind medica- 
tion was administered once daily and dose was titrated 
upward every 4 weeks to a sitting diastolic BP of <90 
mm Hg and a decrease in sitting diastolic BP 210 mm 
Hg. The daily dose of lisinopril in group A was begun 
at 20 mg and increased to 40 mg and then to 80 mg, if 
needed. The daily doses of lisinopril and hydrochloro- 
thiazide in group B were begun at 20 and 12.5 mg, 
respectively, increased to 40 and 25 mg, and then to a 
maximum of 80 and 50 mg, respectively, as needed. At 
the end of this phase, if BP goal was not achieved, the 
patient was removed froin the study and returned to 
previous antihypertensive therapy. If BP goal tias re- 
alized, however, the patient then entered the third 
phase of the study, which was a treatment period last- 
ing 12 weeks. The dose of double-blind medication 
associated with adequate BP reduction in the second 
phase was continued throughout this phase. As in the 
previous phase, BP and heart rate were evaluated bi- 
weekly in sitting and erect positions. Complete physi- 
cal and laboratory examinations were performed ev- 
ery 4 weeks, and patients were interviewed during 
each clinic visit concerning occurrence of side effects. 
During all phases, compliance was assessed with tab- 
let counts an’d patients were instructed to continue 
their usual diet. Medications know to affect BP were 
not allowed, and other medications taken during this 
study were tabulated. 

Laboratory tests: Laboratory tests included evalua- 
tion of hematologic, renal and hepatic functions. Pjas- 
ma renin activity, plasma aldosterone levels, serum 
uric acid and potassium levels were also measured. All 
of these analyses were performed by Smith-Kline/ 
Bioscience Laboratories. Blood was collected from all 
patients at the end of placebo, titration and treatment 
phases in supine position after at least 15 minutes of 
rest between 8 and 9 A.M., before the drug intake. No 
attempt was made to regulate patients’ dietary habits 
or salt intake, as each patient served as his own con- 
trol. 

Statistical analysis: The study code was unblinded 
at the end of the treatment phase. Heart rate and BP 
data were averaged for all groups. Data are presented 
as mean f standard error. The effects of the 2 forms of 
therapy on BP were determined by l-way repeafed 
measures analysis of variance and the Student t test 
for paired data. Frequency data were analyzed using 
Fischer’s exact test. Laboratory data were evaluated 
for changes in plasma renin activity, plasma aldoste- 
rqne concentrations, serum’ uric acid and potassium 
concentrations associated with the use of lisinopril 
alone or in combination with hydrochlorothiazide. 

Results 
Out of 29 patients initially screened for entry into 

this trial, 26 qualified. Of these 26, 3 were unable 
to receive double-blind medication due to adverse 
events encountered during placebo phase (one had a 
nonfatal myocardial infarction, one had ventricular 
arrhythmias and the third developed a rash). One pa- 
tient was removed from the trial at the end of the 
titration phase when his BP failed to decrease suffi- 
ciently. Table I summarizes the clinical and demo- 
graphic characteristics of the remaining 22 patients 
who completed all phases of the study. The 2 groups 
were comparable, except that group A patients had 
hypertension of longer duration. 

Effects of lisinopril alone and in combination with 
hydrochlorothiazide on BP and heart rate are present- 
ed in Figure 1. BP in both supine and erect positions 
was significantly reduced with minimal effects on 
heart rate. Comparisons of these changes failed to 
achieve statistical significance between the groups 
even though the daily dose of lisitiopril in group B was 
somewhat less than that in group A (48 f 6 vs 68 f 12 
mg, p =, 0.15). 

The effects of lisinopril administration alone and in 
combination with hydrochlorothiazide on selected 
metabolic parameters (plasma renin activity, plasma 
aldosterone concentrations, serum potassium and uric 
acid concentrations) are depicted in Figure 2. Plasma 
renin activity increased significantly in both groups of 
patients, but the magnitude of this increase was more 
pronounced (p <O.O5) in group B patients. Aldosterone 
concentrations were .lowcred in patients receiving li- 
sinopril alone (p (0.05) but were unchanged in pa- 
tients receiving both medications. Serum potassium 
concentrations were unaffected in both groups of pa- 
tients. When hydrochlorothiazide was combined with 
lisinopril, uric acid concentration increased signifi- 
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cantly (p <O.Ol), but not when lisinopril was given 
alone. 

All adverse effects reported by patients during dou- 
ble-blind titration and treatment phases are listed in 
Table II. Frequency of these adverse effects did not 
differ between the study groups, nor did proportions of 
patients experiencing them (44% group A, 38% group 
B; difference not significant). Postural dizziness oc- 
curred in both groups and in both instances was not 
accompanied by clinically important changes in BP. 
Lisinopril did not cause an adverse effect on protein- 
uria, renal functiop or other laboratory parameters. It 
is noteworthy that a small but significant reduction in 
hematocrit was observed in both groups (46% to 43%) 
group A; 45% to 4270, group B; p <O.Ol for both]. All 
adverse effects encountered were minor in nature and 
none required discontinuation of therapy in any pa- 
tient. 

Discussion 
This study demonstrates that lisinopril alone and in 

combination with hydrochlorothiazide is effective as 
initial pharmacotherapy in the management of pa- 
tients with essential hypertension. Although both ther- 
apeutic regimens were equally effective, the dose of 
lisinopril required to decrease BP was lower when 
used in combination with hydrochlorothiazide com- 
pared with lisinopril alone. It is noteworthy that both 
regimens caused no significant tachycardia, either in 
the sitting or standing position. 

Comparable BP responses ta combination therapy 
with a low dose of lisinopril plus hydrochlorothiazide 
and lisinogril’alone may be expected, because the 2 
drugs act via different mechanisms and may act syner- 
gistically. Whereas hydrochlorothiazide is a diuretic 
and stimulates the renin-angiotensin-aldosterone axis 
secondary to reduction of plasma volume, lisinopril 
inhibits the same axis by blocking conversion of angio- 
tensin I to angiotensin II. A cumulative antihyperten- 
sive response became apparent when small doses of 
both drugs were administered concomitantly. Similar 
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FIGURE 1. Similar reduction in blood pressure with lisinopril alone, 
A, or fisinoprfl plus hydrochlorothiazide (HCTZ),.B. There was no 
evidehce of significant orthostasis. Heart rate was minimally 
changed by both regimens. 

cumulative effects between diuretics and other ACE 
inhibitors have been described previously.ll Sodium 
loss associated with thiazide diuretics is increased 
when the diuretics are combined with the ACE inhibi- 
tor enalapril.ll The resultant loss of fluid volume po- 
tentiates the hypotensive effect of the ACE inhibitor. 

Lisinopril alone or in combination with hydrochlo- 
rothiazide lowered BP quickly (54 weeks) and that 
reduction in BP after titration of dose was maintained 
throughout the remainder of the study. In spite of rapid 
and sustained reduction in BP, we did not observe any 
objective incidence of orthostasis. This was perhaps 
related to the relatively slow onset of the action of 
lisinopril with a peak action at 2 to 4 hourslo No pa- 
tient was withdrawn because of the development of 
side effects, although side effects were frequent and 
similar in both groups (44% of patients in the lisinopril 
group, and 38% of patients in the lisinopril plus hydro- 
chlorothiazide group]. The somewhat lower frequency 
of side effects in the latter group may be explained by 
the use of small amounts of 2 different drugs. 

The effects of lisinopril alone or its combination on 
plasma renin activity, plasma aldosterone levels and 
serum potassium levels are interesting, although not 
unexpected (Figure 2). Plasma renin activity increased 
in both groups, although to a greater extent in the lisin- 
opril plus hydrochlorothiazide group, perhaps be- 
cause of volume depletion. Plasma renin activity in- 
creased during the titration phase and continued to 
increase into the treatment phase. Plasma aldosterone 
concentrations were higher in the combination treat- 
ment group than in the lisinopril alone group, again a 
reflection of the varied mechanisms of action of the 2 
agents. Serum potassium levels were unchanged in 
both groups. Similar responses have been observed 
before.12 Diuretic-induced hypokalemia occurs as a 
result of excess delivery of sodium to the distal renal 
tubule and secondary hyperaldosteronism. Effects of 
both the reduction in circulating volume and secon- 
dary hyperaldosteronism are blunted by the concur- 
rent administration of ACE inhibitor.ll Serum uric 
acid concentrations, however, were increased in the 
group B patients, related most likely to the well known, 
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FIGURE 2. Metabolic alterations during therapy with lisinopril alone 
or combination of lisinopril and hydrochloroihiazide (HCTZ). (See 
text.) PRA = plasma renin activity. 
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antiuricosuric effect of thiazide diuretics. Of note is the 
slight decrease in hematocrit in patients receiving li- 
sinopril alone and in combination with hydrochloro- 
thiazide, but this reduction did not appear to be of 
clinical significance. Whether this abnormality would 
be clinically significant when these drugs are used in 
larger numbers of patients for prolonged periods is not 
known, 

In summary, this study demonstrates a similar effi- 
cacy of lisinopril plus hydrochlorothiazide and lisino- 
pril alone. When the combination regimen is used, the 
dosage of each agent is quite low. In this short-term 
trial, the incidence ‘of side effects was small and ac- 
ceptable. 
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