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ABSTRACT 

A mul t i cen te r ,  r andomized ,  double-bl ind,  pa ra l l e l -g roup  t r i a l  was con- 
ducted to compare  the  effects  o f  long- term t r ea tmen t  wi th  l i s inopr i l  
versus  h y d r o c h l o r o t h i a z i d e  plus  ami lo r ide  on l ipids,  glucose,  ur ic  
acid,  and e lec t ro ly tes  in pa t ien t s  wi th  mild to modera te  essent ia l  hy- 
per tens ion.  Af ter  6 mon ths  of  t r e a t m e n t  wi th  hydroch lo ro th iaz ide  50 
to 100 mg plus ami lor ide  5 to  10 mg or  l is inopri l  10 to 20 mg given once 
dai ly ,  the  pa t ien t s  receiv ing the  diuret ics  showed an increase  in tr i-  
glycerides ,  very- low-dens i ty  l ipoprote ins ,  and  apol ipoprote ins  A and 
B, while  the  pa t ien ts  receiv ing l i s inopr i l  had  only min ima l  changes  in 
these  pa rame te r s  and an  increase  in h igh-dens i ty  l ipoprote ins .  Serum 
uric  acid levels rose s ign i f i can t ly  in the  group receiving d iure t ics  but  
did not  change  in the  l i s inopr i l  group. The an t ihyper tens ive  effect  was 
s imi la r  for  both  drug  regimens .  These da t a  show tha t  the  long-ac t ing  
ang io tens in  conver t ing  enzyme inh ib i to r  l i s inopr i l  did not  induce any 
metabo l ic  effects  and should  be preferred,  as  a f i rs t  choice,  to  an t ihy-  
per tensive  drugs  such as d iure t ics ,  which m a y  cause  l ipid and uric acid  
me tabo l i sm disorders .  

INTRODUCTION 

Hypertension is a major risk factor for cardiovascular disease. Thus the 
aim of treatment is to decrease the morbidity and mortality associated 
with hypertension by lowering the blood pressure. Several studies 1-3 have 
demonstrated that long-term antihypertensive treatment reduces the in- 
cidence of cerebrovascular accidents and congestive heart failure; however, 
a lack of significant reduction in myocardial infarction and death has also 
been a consistent finding. Different hypotheses have been formulated to 
explain this intriguing result, including a deleterious fall in coronary flow, 
a greater role of other risk factors such as lipids or smoking, or the pre- 
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existence of coronary atherosclerosis. 4 Since diuretics have been the only 
agent used in all primary prevention studies, either alone or in combina- 
tion, their use may have contributed to this unexpected result. 

There is increasing evidence that diuretic-induced metabolic changes 
are much more common than those due to any other antihypertensive 
drug. Increases in total cholesterol, very-low-density lipoproteins (VLDL), 
and low-density lipoproteins (LDL), decreased glucose tolerance, hypokale- 
mia, and hyperuricemia are abnormalities that have been described in a 
number of studies in patients treated with long-term diuretic therapy, a-17 
However, the frequency and the degree of these diuretic-induced abnor- 
malities and their role in increasing the individual risk of coronary arte- 
rial disease or cardiac arrhythmia remains unsettled and may have been 
overemphasized. 1s'19 The availability of other classes of antihypertensive 
drugs, some of them almost completely devoid of any metabolic action (eg, 
calcium-channel blockers) or even having some beneficial effects on lipid 
or carbohydrate metabolism (eg, angiotensin converting enzyme [ACE] 
inhibitors and alpha-adrenoreceptor blockers) could allow the clinician to 
provide more appropriate treatment for their hypertensive patients. 2°-29 

The aim of this study was to compare the possible changes on lipids, 
blood glucose, serum electrolytes, and uric acid metabolism induced by 
long-term therapy with a diuretic or with the long-acting ACE inhibitor 
lisinopril in patients with mild to moderate essential hypertension. 

P A T I E N T S  AND M E T H O D S  

A total of 76 patients were enrolled at four centers in this randomized, 
double-blind, parallel-group trial. Male and female patients between ages 
18 and 70 years with mild to moderate essential hypertension as defined by 
sitting diastolic blood pressure (DBP) values between 95 mmHg and 115 
mmHg at the end of a placebo run-in period were eligible for the study. The 
patients did not take any antihypertensive medication at entry into the 
study. 

Patients with secondary forms of hypertension, malignant hyperten- 
sion, and women of reproductive age were excluded. Other exclusion cri- 
teria were recent myocardial infarction, unstable angina, heart failure, 
aortic stenosis, diabetes, renal failure (serum creatinine >140 mmol/L), 
significant clinical alterations of liver function, endocrine disorders, and 
hematologic diseases. No patients with substantial alterations of lipid me- 
tabolism (total cholesterol >260 mg/dl or triglycerides >180 mg/dl) or 
under treatment with lipid-lowering drugs were included. 

After a 4-week single-blind placebo period, patients were randomly 
assigned to treatment with hydrochlorothiazide 50 mg plus amiloride 5 mg 
or lisinopril 10 mg, given once daily for 4 weeks. After the 4-week treat- 
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ment  period, patients with sitting diastolic blood pressures ~<90 mmHg 
remained on the same schedule for an additional 20 weeks; those who did 
not respond had their  doses doubled. 

The patients'  medical histories were taken at baseline, and a complete 
physical examination and electrocardiogram (ECG) were also performed. 
Blood tests for a complete blood count, lipid profile (total cholesterol, tri- 
glycerides, VLDL, LDL, high-density lipoproteins [HDL], and apolipopro- 
teins A and B), uric acid, glucose, and electrolytes were performed at 
baseline and after 24 weeks of t reatment.  Heart  rate and sitting blood 
pressure  (Random Zero sphygmomanometer )  were recorded at each 
monthly visit 24 to 26 hours postdose. In addition, patients were observed 
and questioned about any adverse events experienced during the treat- 
ment,  without influencing the patients'  responses. 

The study was conducted according to the guidelines of the Helsinki 
Declaration. 

Statistical Analysis 

The effect of t rea tment  on the metabolic profile within each group was 
analyzed using the Wilcoxon rank-sum test; the Wilcoxon signed-rank test 
was used to examine the between-group differences. The effects of lisino- 
pril and diuretics on blood pressure and hear t  rate were compared using 
the last-value analysis of covariance. The proportion of patients respond- 
ing to each t rea tment  and the safety data  were compared using Fisher's 
exact test. Statistical significance was taken at the 5% level of probability. 

R E S U L T S  

Of the 76 patients recruited, 10 patients withdrew during the run-in pe- 
riod; the remaining 66 patients were randomly assigned to t rea tment  with 
lisinopril (n = 33) or diuretics (n = 33). During active t reatment ,  12 
patients (4 receiving lisinopril and 8 receiving diuretics) discontinued the 
therapy,  thus 54 subjects completed the study. 

Results are given for 62 patients (last-value analysis) because efficacy 
information was not available for four patients. Pat ient  characteristics are 
summarized in Table I. 

The changes in lipid profile in the two t rea tment  groups are presented 
in Table II. The total cholesterol concentration did not change after active 
t rea tment  in either group, while triglycerides increased slightly in the 
lisinopril group (+ 10.5 mg/dl) and increased more in the diuretic group 
( + 35.7 mg/dl). 

Very-low-density lipoproteins were only slightly modified by treat- 
ment  with lisinopril (+ 1.7 mg/dl) but were increased by the diuretics 
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Table  I. P a t i e n t  charac te r i s t ics  a t  base l ine  (visit 2). (Data are  expressed  as  m e a n  -+ SD.) 

Lisinopril Diuretic 
(n = 32) (n = 30) 

Age (yr) 50.8 +- 10.6 48.6 +- 11.4 
Sex 

Male 18 14 
Female 14 16 

Weight (kg) . , 71.7 +_ 15.1 75.2 - 11.5 
Sitting diastolic blood pressure (mmNgj 101.8 -+ 5.7 104.0 - 5.6 
Sitting systolic blood pressure (mmHg) 162.7 _+ 16.8 167.4 +_ 17.6 
Heart rate (beats/min) 79.0 -- 11.6 74.9 _+ 7.5 

(+ 8.7 mg/dl). No significant changes were seen in LDL levels. The HDL 
levels were significantly increased in the patients t reated with lisinopril 
(+  4.3 mg/dl) and were unchanged in those treated with diuretics. Apoli- 
poprotein A was significantly increased in both groups, but  apolipoprotein 
B was significantly increased (+ 3.8 mg/dl) in the diuretic group only. 

The data for biochemical parameters  are reported in Table III. While 
blood glucose was unchanged, serum uric acid was decreased with lisino- 
pril but  significantly increased with diuretics ( + 0.8 mg/dl); the difference 
between groups was statistically significant. No significant changes in 
electrolyte concentrations were seen in either group. 

During the period of active treatment,  blood pressure decreased grad- 
ually in both groups (figure). Although a greater decrease in blood pres- 
sure was achieved with lisinopril, the difference between the two treat- 
ment  groups was not statistically significant (Table IV). 

After 24 weeks of treatment,  68.9% of the lisinopril-treated patients 
had diastolic blood pressures ~<90 mmHg and 75.8% responded to treat- 
ment  (h DBP >10 mmHg), compared with 64% of the diuretic-treated 

Table II. Lipid profiles. (Data are  expressed as m e a n  -+ SD.) 

Lisinopril Diuretic 

Baseline Final ,~ Baseline Final ~, 

Total cholesterol 
(mg/dl) 208.8 -+ 37,0 209.8 -+ 27.3 1.0 220.2 -- 38.4 223.7 _+_ 32.4 3.5 

Triglycerides 
(rng/dl) 101.0_+ 53,0 111.5_+ 54.0 10.5" 125.7-+ 50.1 161.4 +_ 72.2 35.7* 

VLDL (mg/dl) 20.6 +_ 10,9 22.3 _+ 11.5 1.7" 23.0 _+ 9.9 31.7 -- 15.3 8.7* 
LDL (mg/dl) 126.8 _+ 45,3 125.9 +_ 39.1 0.9 142.1 _+ 30.5 137.7 - 34.5 - 4 . 4  
HDL (rng/dl) 49.3 -+ 15,1 53.6 -+ 13.2 4.3* 51.3 +_ 17.3 50.4 -- 16.0 - 0 . 9  
Apolipoprotein A 

(rag/all) 158.8 -+ 24.8 168.8 +- 33.9 10.0" 158.5 +- 22.4 172.8 -+ 26.0 14.3" 
Apolipoprotein B 

(mg/dl) 116.8 -- 35,0 118.5 -+ 26.3 1.7 127.3 -+ 30.1 131.1 -+ 31.3 3.8* 

VLDL = very-low-density lipoprotein; LDL = low-density lipoprotein; HDL = high-density lipoprotein. 
* P < 0.05 from baseline. 
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Table III. Biochemical parameters .  (Data are expressed as me a n  -+ SD.) 

Lisinopril Diuretic 

Baseline Final ~, Baseline Final ~, 

Blood glucose (mg/dl) 93.3 -+ 13.0 94,3 -+ 11.1 1.0 97.9 -+ 10.3 100.4 +_ 12.2 2.1 
Uric acid (mg/dl) 5.4 _+ 1.5 5.2 -+ 1.1 -0 .2*  5.3 -+ 1.5 6.1 _+ 1.0 0.8*# 
Sodium (retool/L) 141.9_+ 2.8 141.3 +- 2.7 - 0 . 6  141.4 -+ 2.8 140.8_+ 3.6 - 0 . 6  
Potassium (mmol/L) 4.3 _+ 0.4 4.4 _+ 0.4 0.1 4.4 -+ 0.5 4.2 _+ 0.5 - 0 . 2  

* P < 0.05 from baseline. 
t P < 0.05 between groups. 

patients who had normalized blood pressures and 64% who responded to 
treatment; the differences were not significant. 

Heart rate remained unchanged during the study in both groups. 
During active treatment, 13 adverse events (Table V) were recorded in 

7 patients, 3 (9%) in the lisinopril group and 4 (13%) in the diuretic group, 
leading to withdrawal from therapy in 4 cases (2 lisinopril and 2 diuretic). 

Body weight, ECG, and routine laboratory tests showed no relevant 
changes after 6 months of treatment. 

DISCUSSION 

Cardiovascular disease and atherosclerosis are caused by several patho- 
genetic factors. The reduction of one of these factors, even one as important 
as hypertension, may not be sufficient to decrease morbidity or mortality, 
as has been shown for coronary heart disease in many studies. Additional 
risk factors must be controlled through changes in lifestyle and diet and 
the use of appropriate pharmacologic intervention. Although we do not 
have definitive proof that the metabolic modifications possibly caused by 
antihypertensive agents commonly used from the 1960s to the early 1980s 
contributed to the unsatisfactory results in terms of primary prevention, 
we should reconsider the therapeutic options available. Metabolic side ef- 
fects, such as those seen with diuretics and beta-blockers, may be more 
than simply irrelevant variations from normal laboratory values. 

The results from our study show that, after long-term treatment with 
hydrochlorothiazide plus amiloride, a modest, but significant, increase in 
triglycerides, VLDL, and apolipoproteins A and B occurs, although HDL 
fractions were unaffected. In addition, a clear-cut increase in serum uric 
acid was found. These results demonstrate that diuretics at currently used 
dosages can induce adverse metabolic changes in patients with cardiovas- 
cular disease. 

In this study, the use of hydrochlorothiazide plus the potassium- 
sparing agent amiloride negated the potassium-lowering effect of the thi- 
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Table IV. Statist ical  analysis  of blood pressure values at  the  end of 24 weeks of active 
t rea tment .  

Diastolic Blood Pressure Systolic Blood Pressure 

Mean* Mean* 
n (mmHg) SE P n (mmHg) SE P 

Lisinopril 32 87.7 1.6 32 142.4 2.7 
0.2 0.4 

Diuretics 30 90.4 1.7 30 145.1 2.9 

* Least-square means. 

azide diuretic, an effect tha t  may be associated with ventricular ectopy, 
fibrillations, and tachycardia. The same was true for blood glucose levels, 
a finding that  agrees with data showing that  the abnormal glucose toler- 
ance found after short-term thiazide t reatment  can be reversed by correc- 
tion of potassium depletion. 3°-32 

The data obtained in patients randomly assigned to lisinopril show the 
absence of major abnormalit ies in any metabolic parameter.  The unex- 
pected, minimal increase in VLDL and triglycerides was counteracted by 
the increase in HDL cholesterol and apolipoprotein A; these factors are 
known to play a positive role against atheromatous plaque formation. 
Furthermore,  no changes in plasma urate levels were seen in the lisinopril 
group. 

In conclusion, our study demonstrates that  the combination of a thi- 
azide, at  the higher recommended dose, with a potassium-sparing agent is 
likely to cause disturbances in lipid and uric acid metabolism, but  not in 
electrolyte and carbohydrate metabolism, during long-term use. Since the 
antihypertensive efficacy of the two classes of drugs used in this trial  is 
similar, it appears advisable to select a metabolically neutral  drug, such as 
the ACE inhibitor lisinopril, as first-choice therapy. 

Table V. Adverse events. 

Lisinopril Diuretic 

Vertigo 0 1 
Heart palpitation 1 1 
Fauces dryness 1 0 
Nausea 0 1 
Epigastralgia 0 1 
Sweat 1 0 
Upper limb myalgia 1 0 
Dizziness 0 1 
Unwell feeling 0 1 
Asthenia 1 0 
Mental confusion 1 0 
Hypokalemia 0 1 
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