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ABSTRACT 

This Canad ian  mu l t i cen t e r  s tudy involving 14 inves t iga tors  and 185 
pa t ien ts  compared  the  eff icacy and safe ty  of  l i s inopr i l  wi th  hydrochlo-  
ro th iaz ide  (HCTZ)/amilor ide  in the  t r e a t m e n t  of  mi ld- to -modera te  es- 
sent ia l  hyper tens ion .  This  double-bl ind,  control led ,  randomized ,  par-  
a l le l -design s tudy las ted 12 weeks; i t  was preceded by a placebo per iod 
of 2 to 4 weeks  to  es tabl ish  a base l ine  for each pa t ien t .  The t i t r a t i on  
per iod was fol lowed by a ma in t enance  per iod of  4 to 8 weeks.  P a t i e n t s  
wi th  a supine  d ias to l ic  blood pressure  (DBP) t>95 and ~<114 m m  Hg 
were el igible  for  en t ry  into the  s tudy.  The p r ima ry  goals  for blood 
pressure  cont ro l  were a supine DBP <90 m m  Hg and a decrease  in 
supine D B P  of  >10 mm Hg f rom basel ine.  Resul ts  of  this  s tudy dem- 
ons t ra t e  t ha t  (1) l i s inopr i l  and HCTZ/ami lor ide  effect ively reduce sys- 
tol ic  blood pressure  (SBP) and DBP in both the  supine and s tand ing  
posi t ions;  (2) the  mean  reduct ions  of  SBP and D B P  are  g rea te r  wi th  
l i s inopr i l  t han  wi th  HCTZ/amilor ide;  (3) supine DBP <90 mm Hg is 
achieved more  of ten with  l is inopri l ;  (4) reduc t ion  of  supine DBP of  
>10 mm Hg is achieved more  of ten with  l is inopri l ;  (5) both  l is inopri l  
and HCTZ/ami lor ide  are  well to lera ted;  and  (6) the  incidence of  ad- 
verse l abo ra to ry  resul ts  is min ima l  wi th  both t r ea tmen t s  but  occurs  
less f requent ly  wi th  l is inopri l .  

INTRODUCTION 

Essential hypertension, especially in patients with mild-to-moderate blood 
pressure levels, can be treated pharmacologically using monotherapy with 
any of several different agents. Diuretics, alpha1 postsynaptic blockers, 
calcium channel blockers, beta-blockers, and angiotensin converting en- 
zyme (ACE) inhibitors are the major classes of drugs presently prescribed. 
Hydrochlorothiazide (HCTZ)/amiloride, a diuretic composed of HCTZ 50 
mg and amiloride 5 mg, is well established for its efficacy in lowering blood 
pressure) This synergistic diuretic combination is preferred over tradi- 
tional diuretics because amiloride is a potassium-sparing diuretic that 
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Table I. P a t i e n t  demographics .  Values  are  given as m e a n  -+ SD. 

Between- 
Group 

Characteristic Lisinopril HCTZ/Amiloride Total P Value 

Women 44 40 84 
Age (y) 55.0 _+ 9.6 56.3 _+ 10.4 0.66 

Men 50 51 101 
Age (y) 52.8 _+ 10.9 49.8 *_ 9.5 0.17 

Total 94 91 185 
Age (y) 53.8 +_ 10.3 52.6 __ 10.4 0.37 

White 94.7% 92.2% 
Excluded from efficacy 2 1 3 
No. of patients in efficacy analysis 92 90 182 
No. of patients who completed trial 85 82 167 
Duration of disease (too) 83.7 _+ 71.1 93.1 -+ 80.3 0.58 
Body weight (kg) 77.9 _+ 15.4 81.7 _+ 16.8 0.18 
Heart rate (beats/min) 77.2 +_ 7.8 76.8 +_ 8.8 0.79 
Supine BP (mm Hg) 

Systolic 162.4 -+ 16.5 161.7 _+ 17.7 0.77 
Diastolic 102.3 _+ 6.1 102.2 _+ 6.6 0.60 

HCTZ = hydrochlorothiazide; BP = blood pressure. 

minimizes the hypokalemia induced by thiazide diuretics. 1 The renal ef- 
fects of HCTZ/amiloride begin I to 2 hours after oral administration and 
typically last 24 hours. Lisinopril* is a long-acting ACE inhibitor also in- 
dicated for the t rea tment  of hypertension. Lisinopril is a vasodilator, and 
its action also lasts for 24 hours. 2 This study compared HCTZ/amiloride 
with lisinopril in the t reatment  of 185 patients with mild-to-moderate 
essential hypertension. 

PATIENTS AND METHODS 

A double-blind, controlled, randomized, parallel-design, multicenter study 
to compare the safety and efficacy of lisinopril and HCTZ/amiloride in the 
t rea tment  of mild-to-moderate essential hypertension was conducted by 14 
Canadian investigators who enrolled 185 patients (Table I). Pat ients  were 
included if they were newly diagnosed with or previously treated for mild- 
to-moderate essential hypertension, were ambulatory inpatients or outpa- 
t ients of either sex, and were between the age of legal consent and 75 
years. Pat ients  were eligible to continue into the t reatment  period if they 
met the following clinical and laboratory criteria: normokalemia (3.4 to 5 
mmol/L), a supine diastolic blood pressure (DBP) >~110 mm Hg and <~114 
mm Hg at the end of 2 weeks of placebo administration or a supine DBP 
~>95 mm Hg and ~< 114 mm Hg at the end of 4 weeks of placebo adminis- 
tration (Figure 1). 

*Trademark: Prinivil (Merck & Co., Inc.,/Merck Frosst Canada Inc., R.U., Pointe Claire-Dorval, Quebec, 
Canada). 
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Figure 1. Schematic of trial. HCTZ = hydrochlorothiazide. 

Patients were excluded from the study for the following reasons: pos- 
sibility of any medical risk during the placebo period; any type of second- 
ary, severe, complicated, or malignant hypertension; contraindications to 
therapy with lisinopril or HCTZ/amiloride; patients receiving nonsteroidal 
anti-inflammatory drugs that  were not maintained at a constant daily 
dose; myocardial infarction or uncontrolled angina within the past 6 
months; patients receiving beta-blockers or digitalis post myocardial in- 
farction or for angina, congestive heart failure, significant valvular dis- 
ease, or atrial-ventricular conduction defect (second- or third-degree 
block); cerebrovascular accident in the past year; confirmed evidence of 
active renal disease; hepatic abnormalities or proteinuria >150 mg/24 h; 
diabetes mellitus treated with insulin or oral hypoglycemic agents; pa- 
tients receiving monoamine oxidase inhibitors, appetite suppressants, lith- 
ium, or vasopressor nasal decongestants; clinically significant abnormal 
values of hematocrit, hemoglobin, white blood cells (WBC), or platelet 
count; severe concurrent disease such as collagen disease or neoplasm; 
previously demonstrated poor compliance, mental disability, or bedridden 
patients; multiple drug allergies; history of recurrent rash, dermatoses, or 
other allergy to drug therapy; and women of childbearing potential unless 
surgically sterilized. Postmenopausal women, including women receiving 
a stable regimen of estrogen replacement therapy, were acceptable. Writ- 
ten informed consent was obtained from all patients before entry into the 
study. 

Study Design 

Eligible patients entered a baseline placebo period for 2 or 4 weeks 
during which they received a placebo tablet of lisinopril and a placebo 
tablet of HCTZ/amiloride once daily in the morning. At the end of 2 weeks 
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of placebo administration, patients whose supine DBP was i> 110 and ~< 114 
mm Hg were randomized to the t reatment  period. Patients  who did not 
meet these criteria continued receiving placebo for 2 more weeks. Pat ients  
with a supine DBP/>95 and ~<114 mm Hg after 4 weeks of placebo admin- 
istration were randomized to the t reatment  period. The double-blind treat- 
ment period consisted of a 4-, 8-, or 12-week ti tration period, depending on 
individual patient  response, followed by a maintenance period of 4 to 8 
weeks (Figure 1). 

On proper completion of the baseline period, patients were randomly 
assigned to active blinded t reatment  with one tablet  daily of either lisino- 
pril 10 mg or HCTZ 25 mg/amiloride 2.5 mg. To maintain the t rea tment  
blind, patients also received placebo tablets that  matched the other active 
comparative agent. 

Pat ients  whose blood pressure was controlled at the completion of the 
first t i t rat ion (end of week 8) entered the maintenance period and contin- 
ued with the initial dose of one tablet of active medication and one placebo 
tablet  daily for 8 more weeks. Satisfactory blood pressure control was 
considered to be a supine DBP of <90 mm Hg and a reduction in supine 
DBP of >10 mm Hg from baseline. 

Pat ients  whose blood pressure was not adequately controlled by the 
initial dose at the end of week 8 had their study dose increased to two 
tablets per day of the active test medication (lisinopril 20 mg or HCTZ 50 
mg/amiloride 5 mg) and two placebo tablets matching the comparative 
agent. Pat ients  received the increased dose for an additional 4 weeks (end 
of week 12). Pat ients  whose blood pressure was controlled at the comple- 
tion of the second t i trat ion period entered the maintenance period and 
continued their  current regimen for an additional 4 weeks. Pat ients  whose 
blood pressure did not respond during the second ti tration (week 12) were 
t i t rated to the maximum dose of four tablets of active medication daily 
(lisinopril 40 mg or HCTZ 100 mg/amiloride 10 mg) and four placebo tab- 
lets matching the comparative agent for an additional 4 weeks (end of 
week 16). 

Pat ients  received a complete physical examination, electrocardio- 
gram, and chest roentgenogram, with special reference to the cardiovas- 
cular system and target  organs affected by hypertension (if not performed 
in the previous 6 months) at study entry (baseline). Brief physical exam- 
inations (measuring vital signs only and questioning patients concerning 
symptoms and general well-being) were performed at each follow-up visit 
and a complete physical examination was performed at exit from the study. 
Biochemical laboratory tests measuring hemoglobin, hematocrit,  WBC (to- 
tal and differential), platelet estimate, alkaline phosphatase, alanine ami- 
notransferase and aspartate  aminotransferase, total bilirubin, creatinine, 
blood glucose, uric acid, electrolytes, total cholesterol, high-density li- 
poprotein cholesterol, and triglyceride levels and routine urinalysis were 
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carried out at baseline (week 2/week 4) and study exit. Brief laboratory 
tests measuring WBC total and differential, creatinine, electrolyte, and 
proteinuria levels were conducted at weeks 4, 8, and 12. 

Statistics 

The primary efficacy analyses were performed using the all-patients- 
treated approach including all patients with efficacy data at  baseline and 
on treatment.  Baseline results were defined as the values of visit 3 (week 
4), and exit results were defined as the values of visit 6 (week 16). If  data  
were missing at week 4 or 16, the last available observations were carried 
forward and used for the analyses. 

Pat ient  characteristics were compared using the Fisher's exact test  
(for dichotomous variables) or the Wilcoxon test (for ordered variables). 

Treatment  comparability of efficacy variables at  baseline was assessed 
using an analysis of variance (ANOVA) on the ranked values. Within- 
t rea tment  comparisons were made using the Wilcoxon signed-rank test; 
between-treatment  comparisons were made using an ANOVA on the ranks 
of the percent changes from baseline. Categories of blood pressure re- 
sponses were analyzed using the Fisher's exact test or the Wilcoxon test  for 
ordered categorical variables (in the presence of more than two categories). 

Safety analyses were based on clinical adverse experiences and labo- 
ratory measures.  Treatments  were compared with respect to the number  of 
patients with adverse experiences after the beginning of the t rea tment  
period using the Fisher's exact test. Within-treatment comparisons of con- 
t inuous  clinical and laboratory measurements  were made using the 
Wilcoxon signed-rank test; between-treatment  comparisons were made us- 
ing an ANOVA on the ranks of the absolute changes from baseline. 

RESULTS 

Patient  characteristics were well matched in both groups with regard to 
sex, race, age, previous antihypertensive therapy, other previous drug 
therapy, secondary diagnoses, and concomitant therapy (Table I). The two 
t rea tment  groups had similar blood pressure values, body weight, and 
hear t  rates at  baseline; there were no statistically significant differences 
between groups. Mean changes in blood pressure measurements  from base- 
line are shown in Table II and presented graphically in Figure 2. The 
within-treatment  group differences were highly significant in both treat- 
ment  groups (P = 0.0001). The between-treatment  group mean reduction 
in DBP was significantly greater in the lisinopril group (P = 0.01). The 
mean reductions in supine and standing (0 to 1 minute or 3 minutes) DBP 
varied respectively from 15.9 and 14.4 mm Hg in the lisinopril group and 
from 12.8 and 11.1 mm Hg in the HCTZ/amiloride group. 
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Table II. Mean change from baseline for blood pressure readings. 

Change Between- 
Treatment Mean BP treatment 

Group N Week 4 Mean -_. SD P P Value 

Supine BP (mm Hg) 
Systolic Lisinopril 92 162.4 -22.9 _+ 15.7 0.0001 

HCTZ/amiloride 90 161.7 -18.0 _+ 17.1 0.0001 0.031 
Diastolic Lisinopril 92 102,3 -15.9 _+ 7.8 0.0001 

HCTZ/amiloride 90 102.2 -12.8 _+ 9.8 0.0001 0.010 
Standing (0 to 1 minute) 

BP (mm Hg) 
Systolic Lisinopril 92 160.9 -21.2 _+ 14.7 0.0001 

HCTZ/amiloride 90 159.3 -16.6 -+ 16.7 0.0001 0.055 
Diastolic Lisinoprit 92 102.5 -14.4 -+ 8.7 0.0001 

HCTZ/amiloride 90 102.5 -11.1 -+ 9.5 0.0001 0,018 
Standing (3 minutes) 

BP (mm Hg) 
Systolic Lisinopril 92 161.4 -22.8 +- 15.7 0.0001 

HCTZ/amiloride 90 159.7 - t 8 . 0  +- 16,1 0.0001 0.032 
Diastolic Lisinopril 92 102.9 -14.9 +- 8.7 0.0001 

HCTZ/amiloride 90 102.7 -11.3 _+ 8.8 0.0001 0.010 
Body weight (kg) Lisinopril 92 77.9 -0 .4  _+ 2.5 0.016 

HCTZ/amiloride 90 81.7 -0 .3  -+ 3.4 0,007 0,668 
Heart rate (beats/rain) Lisinopril 92 77.2 -1 .9  -+ 6.2 0,003 

HCTZ/amiloride* 89 76.8 -0 .9  -+ 10.0 0,501 0,310 

BP = blood pressure; SD = standard deviation; HCTZ = hydrochlorothiazide. 
*Data for one patient were missing. 

A significant within-treatment  group mean reduction from baseline 
(P < 0.05) was also observed for body weight in both groups and for heart  
rate in the lisinopril group (Table II). The differences between t rea tment  
groups were not statistically significant for these variables. Pat ient  com- 
pliance, as est imated by using differential tablet counts, was virtually 
identical for both groups. There was some variation in the proportion of 
patients who achieved the various t i t rated doses. The lowest dose was 
sufficient to achieve blood pressure control in 60.9% of patients t reated 
with lisinopril (10 mg) and 50.0% of patients treated with HCTZ/amiloride 
(25/2.5 mg). The maximal dose of lisinopril (40 mg) was required in 13% of 
patients; the maximal dose of HCTZ/amiloride (100/10 mg) was required in 
21.1% of patients. However, these differences were not significant. The 
proportion of patients with a supine DBP at exit <90 mm Hg was signif- 
icantly greater in the lisinopril group (75 of 92 patients [81.5%]) than in 
the HCTZ/amiloride group (62 of 90 patients [68.9%]; P < 0.05). 

Adverse experiences are summarized in Table III. A total of 31 pa- 
tients (16.8%) experienced 46 clinical adverse experiences; 16 (17.0%) were 
treated with lisinopril and 15 (16.5%) were treated with HCTZ/amiloride. 
One patient  receiving lisinopril suffered a serious adverse event (atrial 
fibrillation) tha t  the investigator considered not to be related to the study 
drug. Six patients (3.2%) discontinued t reatment  due to clinical adverse 
experiences, 2 (2.1%) in the lisinopril group and 4 (4.4%) in the HCTZ/ 
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Figure  2. Mean  changes  in supine blood p ressure  over t ime.  Amil  = amiloride.  

amiloride group. This difference was not statistically significant. Of the 
two patients receiving lisinopril, one experienced headaches (considered 
definitely drug-related) and the other experienced impotence (considered 
probably drug-related). Of the four patients receiving HCTZ/amiloride, one 
experienced aches and pains, and another experienced lethargy and tired- 
ness; both of these reports of adverse events were considered definitely 
related to the study drug. The third patient suffered an increase in blood 
pressure, and the fourth experienced monarthritis; these adverse events 
were considered definitely not drug-related. 

The duration of adverse experiences did not exceed 2 weeks and, fol- 
lowing discontinuation of the test medication, all patients recovered with 
no residual effects. There were no reports of cough or angioedema. Only 9 
patients (4.9%) were reported to have an adverse experience that was 

1461 



LISINOPRIL VERSUS HCTZ/AMILORIDE 

Table III. Summary of clinical adverse events (CAE). 

HCTZ/ 
Lisinopril amiloride Total 
(n = 94) (n = 91) (n = 185) 

No. of patients with at least one CAE (%)* 16 (17,0%) 
Total no. of events 23 
No. of patients with at least one serious CAE (%)* 1 (1.1%) 
No. of patients who discontinued therapy due to CAE (%)1 2 (2.1%) 
No. of patients with at least one CAE possibly, probably, 

or definitely related to treatment drug (%)* 5 (5.3%) 

15 (16.5%) 31 (16.8%) 
23 46 
4 o (0.0%) (0.5%) 

(4.4%) 6 (3.2%) 

4 (4.4%) 9 (4.9%) 

* Between-treatment P value: = 1.000. 
t Between-treatment P value: 0.44. 
HCTZ = hydrochlorothiazide. 

considered by the investigator to be possibly, probably, or definitely re- 
lated to the study t reatment  drugs; 5 (5.3%) of these received lisinopril and 
4 (4.4%) received HCTZ/amiloride. This difference was not statistically 
significant. 

Nineteen patients (10.3%) were reported to have a total of 29 abnor- 
mal laboratory values; 5 of 94 (5.3%) were treated with lisinopril, and 14 
of 91 (15.4%) were treated with HCTZ/amiloride (Table IV), a statistically 
significant difference (P < 0.05). Four patients discontinued treatment  
prematurely due to abnormal laboratory values: 1 patient receiving lis- 
inopril demonstrated an elevated creatinine level during the placebo 
phase, and 3 patients receiving HCTZ/amiloride experienced hypokalemia 
(2 patients) and proteinuria (1 patient). 

Table IV. Abnormal laboratory values. 

Lisinopril HCTZ/Amiloride Total 
(n = 94) (n = 91) (n = 185) 

Cholesterol increased 2 2 4 
Creatinine elevated 2 1 3 
Hypercholesterolemia 0 2 2 
Hypertriglyceridemia 0 1 1 
Hypochloremia 0 1 1 
Hypokalemia 0 5 5 
Hyponatremia 0 2 2 
LDL increased 0 1 1 
Potassium decreased 0 1 1 
Proteinuria 0 2 2 
RBCs in urine 0 1 1 
Triglycerides elevated 1 3 4 
Uric acid increased 0 2 2 
Total no. of events 5 24 29 
No. of patients with at least one laboratory AE 5 14 19 

HCTZ = hydrochlorothiazide; LDL = low-density lipoprotein; RBC = red blood cells; AE = adverse event. 
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DISCUSSION 

Currently, mild-to-moderate essential hypertension can be managed with 
a variety of effective drugs, especially if physicians adopt an individualized 
approach to the treatment of hypertension. S Efficacies of the older antihy- 
pertensive agents compared with the newer agents are similar. 

To better manage mild-to-moderate essential hypertension, patients 
who do not experience any treatment-related symptoms should receive a 
once-daily drug regimen; this regimen will promote better compliance. 
Another goal of hypertension management is to minimize disturbances to 
quality of life. Thus four basic goals should be considered when treating 
hypertension: efficacy, absence of or minimal side effects, ideal compliance, 
and no interference with quality of life. 

The most recent report of the Canadian Hypertension Society Consen- 
sus Conference 4 recommends, based on published and validated studies, 
the administration of a beta-blocker or thiazide diuretic as first-line phar- 
macologic monotherapy for hypertension. The same report also recom- 
mends ACE inhibitors, calcium channel blockers, or alpha-blockers when 
the individual patient situation mandates their prescription. 

The results of this study demonstrate that HCTZ/amiloride, a combi- 
nation thiazide and potassium-sparing diuretic, and lisinopril, a long- 
acting ACE inhibitor, are both efficacious in controlling blood pressure in 
patients with mild-to-moderate hypertension. Lisinopril was relatively 
more potent than HCTZ/amiloride on the basis of greater mean reductions 
of SBP and DBP. Moreover, a higher proportion of patients receiving lis- 
inopril achieved a supine DBP of <90 mm Hg along with an overall re- 
duction of >10 mm Hg from baseline. 

The potential frequency of adverse experiences is also an important 
factor when selecting drug treatment for hypertension. Both drugs in this 
study were well tolerated with less than 20% of patients reporting clinical 
adverse events and/or abnormal laboratory values. A greater proportion of 
patients receiving HCTZ/amiloride demonstrated metabolic laboratory 
changes. Indeed, thiazides are known to have metabolic side effects such as 
hyperlipidemia, glucose intolerance, 5 and hypokalemia that may minimize 
therapeutic benefits. The occurrence of 5 cases of hypokalemia and one 
case of decreased potassium with HCTZ/amiloride, although modest, also 
demonstrates that even a combination of a thiazide and a potassium- 
sparing diuretic does not completely protect against the development of 
hypokalemia. 1 

Thus lisinopril appears to be a valuable antihypertensive agent for the 
treatment of patients with mild-to-moderate hypertension. It provides a 
better quality of life due to a lower incidence of adverse experiences 6'7 than 
the classic combination of diuretics. 
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CONCLUSION 

In conclusion, the results of this study provide significant evidence that: (1) 
both study drugs reduce SBP and DBP in the supine and standing posi- 
tions; (2) the mean reductions of both SBP and DBP are greater with 
lisinopril than with HCTZ/amiloride; (3) a controlled supine DBP of <90 
mm Hg is achieved in a higher proportion of patients receiving lisinopril; 
(4) an overall reduction in supine DBP of >10 mm Hg is achieved more 
often with lisinopril; (5) although side effects only appeared in a small 
number of patients, significantly fewer side effects occurred in patients 
receiving lisinopril. 
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