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The importance of concomitant low-dose hy- 
drochlorothiazide was assessed in black hyper 
tensive patients treated with enalapril. Left ven- 
tricular (LV) mass and function, metabolic 
parameters, 24hour ambulatory blood pressure 
(BP), exercise duration, and systolic BP re- 
sponse were evaluated before and after drug 
therapy. Enalapril 20 mg (group 1) or enalapril 
20 mg plus hydrochlorothiazide 12.5 mg (single 
tablet; group 2) was given to 36 patients for 9 
weeks in a double-blind, place~ontrolled, ran- 
domized study. LV mass measured 61 f 17 ver 
sus 102 +: 23 g/m*, and 24hour ambulatory BP 
measured 120 k S/75 r 6 versus 155 + 12/100 
+ 6 mm Hg in matched control subjects (n = 40) 
versus hypertensive patients, respectively. No 
clini-lly important changes occmved in total 
cholesterol, serum uric acid or potassium in ei- 
ther group. Enalapril slightly reduced 24hour am- 
bulatory BP from 164 2 M/100 + 7 mm Hg to 
148 -I- 19/96 f 11 mm Hg after treatment (p 
eO.05 for systolic BP); systolic BP load (70% to 
59%, p <0.05), and diastolic BP load (67% to 
60%, p = NS) decreased. Baseline BP decreased 
from 157 -c 9/101 + 6 to 132 + 13/66 +: 6 
mm Hg (p ~0.0001); systolic BP load (64% to 
29%, p <O.OOOl), and diastolic BP load (64% to 
33%, p ~0.0001) decreased in group 2. Exercise 
systolic BP was attenuated (p = 0.007, group 2; 
p = NS, group 1) and duration increased (p = NS) 
only in group 2. LV mass decreased 14% (possi- 
bly through a direct myocardial effect in group 1 
[p <0.05]) and 19% (p = 0.0003) in group 2, with 
no adverse effect on cardiac function. It is con- 
cluded that enalapril plus lowdose hydrochloro- 
thiazide, rather than enalapril alone, is preferred 
as first-line therapy in black hypertensive pa- 
tients. 
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D iuretic drugs have been shown to be more effec- 
tive in reducing blood pressure (BP) when com- 
pared with angiotensin-converting enzyme in- 

hibitors in black hypertensive subjects.1,2 This is perhaps 
explained by low renin hypertension.3 Also, low-dose 
diuretic drugs ameliorate metabolic adverse effects while 
maintaining antihypertensive efficacy.4,5 However, enala- 
pril reverses left ventricular (LV) hypertrophy more ef- 
fectively than diuretic drugs, a recognized important sur- 
rogate end point in antihypertensive therapy.6,7 We 
determined the effects of enalapril in combination with 
low-dose hydrochlorothiazide versus enalapril alone on 
24-hour ambulatory BP, exercise BP and exercise time, 
LV mass and function, and various pertinent metabolic 
parameters. 

MmHDDS 
Study population and design: Of the 43 “never 

treated” patients recruited, 3 were excluded before ran- 
domization (BP too high or too low) and a further 2 with- 
drew during the course of the study (1 had severe un- 
controlled BP and another symptomatic LV dysfunction). 
This analysis includes the data on 38 black patients (20 
women and 18 men) with essential hypertension who 
completed the double-blind, randomized study. Exclusion 
criteria included secondary or malignant hypertension, 
congestive heart failure, and any degree of renal or hep- 
atic insufficiency. 

Patients were screened using the Dinamap. If dia- 
stolic BP was 295 but 1115 mm Hg using the mean of 
10 Dinamap readings at 3-minute intervals, patients un- 
derwent further 24-hour ambulatory BP monitoring and 
were enrolled in a 3-week placebo regimen if mean 24- 
hour diastolic BP was 290 but 1115 mm Hg. At the end 
of both the placebo period and after a 9-week treatment 
phase patients underwent: (1) repeat 24-hour ambulatory 
BP monitoring; (2) measurement of LV mass, fractional 
shortening, cardiac output and systemic vascular resis- 
tance using echo-Doppler; (3) exercise testing according 
to a modified Bruce protocol; and (4) laboratory tests, 
including a full blood count, urea and electrolytes, uric 
acid, fasting blood sugar and lipography. If mean 24- 
hour diastolic BP at the end of the placebo phase was 
>95 but $115 mm Hg patients were given 10 mg of 
enalapril for 1 week as a safety measure and then ran- 
domized in a double-blind fashion to 1 of 2 treatment 
groups. Group 1 was given 20 mg of enalapril and group 
2, 20 mg of enalapril plus 12.5 mg of hydrochloro- 
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thiazide (single tablet). Patients were then seen at 2-week 
intervals for 8 weeks. Blood pressure was measured at 
the trough of drug action (24 f 2 hours after adminis- 
tration) at each visit using the Dinamap method. 

Control group: There were 40 normotensive black 
subjects who were volunteers from neighboring areas, 
hospital staff and the outpatient department. Subjects 
were screened using the mean of 10 Dinamap readings 
at 3-minute intervals and underwent further 24-hour am- 
bulatory BP monitoring if mean diastolic BP was ~90 
mm Hg. The same echo-Doppler parameters were eval- 
uated as for hypertensive subjects. 

Blood pressure measurement: DINAMAP RECORD- 
INGS: Patients were seated quietly for 15 minutes before 
BP measurement with the Dinamap 845 Vital Signs 
Monitor (Critikon). The pneumatic bag was 20% wider 
than the diameter of the upper arm. Readings were ob- 
tained every 3 minutes for 30 minutes and averaged. BP 
was recorded at each visit, and patients were withdrawn 
from the study if diastolic BP remained >115 mm Hg or 
~95 mm Hg. 

AMBULATORY BLOOD PRESSURE MONITORING: USiIlg 
SpaceLabs 90202 and 90207 monitors, measurements 
were obtained at recruitment, at the end of the placebo 
period (3 weeks later), and after 9 weeks of drug ther- 
apy. In each patient, machines were calibrated before use 
against a mercury sphygmomanometer. From 0600 to 
2400 hours, BP and heart rate readings were obtained 
every 15 minutes, and thereafter every 20 minutes. Day- 
time extended from 0600 to 1800 hours. Recordings were 
repeated if any single hour did not have 22 successful 
readings. Mean arterial pressure was calculated as dia- 
stolic BP plus Ix (systolic minus diastolic BP).8 Systolic 
and diastolic BP load was calculated as the number of 
readings >140 mm Hg or >90 mm Hg, respectively, be- 
tween 0600 and 2200 hours, and >120 or >80 mm Hg 
respectively, from 2300 to 0600 hours.9 All recordings 
were obtained under similar conditions, with patients ad- 
mitted to the hospital and ambulant in the hospital sur- 
roundings during 24-hour BP measurements. 

Echocardiography: M-mode and 2-dimensional 
echocardiograms were recorded with the ATL Ultramark 
8 using a 2.25 MHz transducer. Each patient was exam- 
ined in the left lateral recumbent position; 2dimensional 
guided M-mode echocardiography of the left ventricle 
was performed immediately below the mitral valve 
leaflets at the chordal level in the short-axis view. In the 
LV outflow tract, M-mode tracings were obtained at the 
aortic valve ring, directly proximal to the insertion of the 
aortic leaflets. Measurement of the aortic valve ring was 
obtained at the inner edge of the endocardial echoes. Us- 
ing 2-dimensionally guided pulsed Doppler echocardi- 
ography, we calculated cardiac output as the product of 
the Doppler time-velocity integral, cross-sectional area 
and heart rate.‘O During the echocardiographic evalua- 
tion, simultaneous 3-lead electrocardiography and BP 
monitoring using a Dinamap 845 Vital Signs Monitor 
(Critikon) were performed. Dinamap BP measurements 
were used in the calculation of systemic vascular resis- 
tance. a 

Echocardiographic and data analysis: With use of 
2-dimensionally targeted M-mode echocardiography, M- 

TABLE I Baseline Clinical Parameters of Hypertensive and 
Normotensive Subjects 

Hypertensive Control 
Subjects Subjects 
(n = 38) (n = 40) 

Age (years) 46 + 6 48 k 10 

Sex (men/women) 18/20 18122 
Body surface area (m*) 1.86 f 0.15 1.75 + 0.37 
Nighttime mean BP decline (%) 8k5 11 26* 

24-hour ambulatory BP (mm Hg) 
Systolic 155 k 12 120 2 8* 
Diastolic 100 + 6 75 2 6* 

Daytime ambulatory BP 
Systolic 160 k 13 124 k 8* 
Diastolic 105 f 7 81 k 6* 

Nighttime ambulatory BP 
Systolic 150 -c 12 115 r 9* 
Diastolic 95 k 7 70 f 7* 

30.minute mean Dinamap BP 
Systolic 172 -+ 17 125 f 16* 
Diastolic 104 k 6 76 f 8* 

LV mass index (g/m*) 102 zk 23 61 k 17* 
LV end-diastolic diameter (mm) 48 2 5 47 k 4 
LV end-systolic diameter (mm) 31 i- 3 30 k 4 
Fractional shortening (%) 37 t 10 35 * 4 
Septum (mm) 10 i 2 7 f 2* 
Posterior wall (mm) 10 3 2 7 f 2* 
Cardiac index (L/min/m2) 2.34 f 0.44 2.51 + 0.66 
SVRI (dynes s cm-s/rnz) 4190 f 945 2814 + 893t 

*p <O.OOOl and tp <O.OOl versus values in hypertensive patients. 
BP = blood pressure; LV = left ventricle; SVRI = systemicvascular resistance index. 

mode variables were analyzed according to the Ameri- 
can Society of Echocardiography convention.12 Frac- 
tional shortening, an index of the ejection phase, was 
calculated as LV end-diastolic diameter minus LV end- 
systolic diameter divided by end-diastolic diameter. All 
Doppler and M-mode recordings were obtained on 
videotape. Most of the recordings (>90%) were obtained 
by the same experienced sonographer (SM) who was un- 
aware of both the BP and clinical data of the patient. LV 
mass was derived according to an anatomically validated 
regression method that corrects such estimates obtained 
from the American Society of Echocardiography mea- 
surements. l3 

Exercise testing: Patients exercised using a multi- 
stage, symptom-limited test according to a modified 
Bruce protocol. Before exercise, standing diastolic BP 
had to be ~120 mm Hg using the conventional BP 
method. Tests were performed at the same time of day 
(24 f 2 hours after the last dose of test medication) by 
the same technician under the same conditions. Electro- 
cardiograms were recorded and BP measured using the 
conventional cuff method at rest, at 3-minute intervals 
during effort, and then at 1, 2, 3, 5, and 10 minutes af- 
ter effort. 

Ethics committee approval: Approval was obtained 
from the Baragwanath Hospital Prescription and Thera- 
peutics Committee and the Ethics Committee of the Uni- 
versity of the Witwatersrand. 

Data analysis: To ascertain significant differences, 
Fisher’s exact and chi-square tests were used to analyze 
categorical data. Where the assumption of normality was 
not violated, the paired and Student’s t tests were used 
for continuous data. Analysis of covariance, with age as 
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TABLE II Baseline Demographics of Hypertensive Patients Treated with 20 mg of Enalapril 
(Group 1) Versus 20 mg of Enalapril plus 12.5 mg of Hydrochlorothiazide (Group 2) 

Group 1 Group 2 

Before After Before After 

Age (years) 49 f 10 47 i 10 
Men/women 10/9 8/11 
Body surface area (m2) 1.9 i 0.2 1.9 t 0.2 1.8 + 0.1 1.9 k 0.2 
Dinamap BP (30.min) 

Systolic (mm Hg) 171 i 20 170 -t 25 173 i- 16 148 ? 20* 
Diastolic (mm Hg) 105 * 6 104 * 10 103 i 6 91 2 11* 

Ambulatory BP (24.hour) 
Systolic (mm Hg) 154 t 15 148 L 19t 157 + 9 132 -+ 13* 
Diastolic (mm Hg) 100 k 7 962 11 101 k 6 86 5 8* 

Daytime ambulatory BP 
Systolic (mm Hg) 158 i 16 153 2 19t 162 + 10 136 t 13* 
Diastolic &nm Hg) 105 i 8 101 2 11 106 + 7 91 k 8” 

Nighttime ambulatory BP 
Systolic (mm Hg) 149 t 14 143 ? 19 152 + 10 138 i- 12* 
Diastolic (mm Hg) 94 + 7 go+- 11 96 + 7 79 + lo* 

Nocturnal BP Decline (%) 826 9-+5 824 11 +6 
24.hour heart rate (beatsimin) 74 + 9 73 f 8 75 2 9 76 + 10 

*p <O.OOOl versus group 2 values before treatment; tp co.05 versus group 1 values before treatment. 
BP = blood pressure. 

TABLE Ill Echo-Doppler Parameters in Group 1 (n = 11) and Group 2 (n = 10) Patients 
Before and After Nine Weeks of Treatment 

Group 1 Group 2 

Before After Before After 

LV end-systolic diameter (mm) 31 + 3 31 2 5 31 2 4 30 + 4 
LV end-diastolic diameter (mm) 48 -t 5 46 2 6 48 k 6 46 + 5 
Septum thickness (mm) 9+2 922 10 ? 2 10 + 2 
Posterior wall thickness (mm) 10 -t 2 923 11*2 10 + 2 
Fractional.s_hortening (%I 33 + 6 34 f 7 36 t 4 34 -t 5 
Ejection fraction (%I 62 c 8 62 r 9 66 k 5 64 t- 6 
LV mass index (g/m? 96 + 22 83 IL 20* 114 k 177 92 -t 16$ 
Cardiac index (L/min/m2) 2.2 k 0.22 2.5 f 0.5 2.3 -t 0.4 2.3 + 0.6 
SVRI, (dynes s ~rn-~/rn~) 4223 + 568 3766 + 1151 4305 t 1206 3849 + 1334 

*p co.05 versus group 1 values before treatment; tp = 0.05 versus group 1 values before treatment; Op = 0.003 versus 
group 2 values before treatment. 

Abbreviations as in table I. 

a covariate, was also performed when comparisons be- 
tween groups were done. When no proof of normality 
was available, nonparametric tests (i.e., the U test of 
Mann-Whitney and Wilcoxon’s signed-rank test for 
matched pairs) were used for between- and within-group 
comparisons, respectively. Adjustments of the p value 
according to Bonferroni was used for pairwise compar- 
isons. Pearson product-moment correlation coefficients 
were also used to assess relationships between variables. 

RESULTS 
Control versus hypertensive subjects: There was 

no difference between groups for age, sex, or body sur- 
face area (Table I). Systolic and diastolic BP readings 
were virtually identical when measured by Dinamap and 
24-hour ambulatory BP monitoring in control subjects. 
However, in hypertensive patients, the Dinamap systolic 
and diastolic BP was higher than the mean 24-hour val- 
ues, respectively. When compared with ambulatory day- 
time BP, the Dinamap systolic BP was less elevated, 
whereas diastolic BP was actually lower. Systolic BP 

load averaged 4% and 67%, and diastolic BP load 4% 
and 62% in control and hypertensive subjects, respec- 
tively. Although 24-hour ambulatory BP was higher in 
hypertensive patients, heart rate was similar. Normoten- 
sive subjects had a greater decrease in mean arterial BP 
during the night than during the daytime. The greater LV 
mass in hypertensive subjects was due to concentric hy- 
pertrophy as shown by significantly greater interventric- 
ular and posterior wall diastolic dimensions and similar 
ventricular dimensions in both groups. Although hyper- 
tensive subjects had greater systemic vasoconstriction, 
cardiac performance was similar in both groups. 

Hypertensive subjects at baseline: Age, sex, body 
surface area, 24-hour ambulatory BP readings, the cir- 
cadian BP pattern, and 30-minute Dinamap BP were 
similar in both groups (Table II). Baseline systolic and 
diastolic BP load was similar (70% vs 64% and 67% vs 
64% in groups 1 vs 2, respectively). Dinamap systolic 
BP was higher than 24-hour systolic BP, with less of a 
difference noted for diastolic BP (Table II). Ambulatory 
BP readings obtained at the start and end of the placebo 
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TABLE IV Hematologic and Blood Biochemistry Parameters in Group 1 (n = 19) Versus 
Group 2 (n = 19) Before and After Treatment 

Group 1 Group 2 

Before After Before After 

Potassium (mmol/L) 4.1 r 0.4 4.3 k 0.4 4.2 +- 0.5 4.3 f 0.5 
Urea (mmol/L) 4.6 k 1.1 4.8 + 1.5 4.4 f 1.0 5.2 + 1.6* 
Total cholesterol (mmol/L) 5.3 k 0.8 5.6 r 1.1 4.8 k 1.1 4.8 t 1.0 
LDL cholesterol (mm/L) 4.1 -c 0.9 4.4 + 1.0 3.0 f 0.7 3.2 + 0.9 
HDL cholesterol (mmol) 0.9 k 0.3 1.0 r 0.3 1.0 Yk 0.4 0.9 i. 0.4 
Fasting glucose (mmol/L) 4.9 f 0.9 5.3 2 2.7 5.7 * 3.7 5.4 i 2.3 

i Uric acid (mmol/L) 0.35 t- 0.05 0.34 + 0.06 0.35 zi 0.08 0.41 2 0.09t 

*p = 0.02 and tp = 0.002 versus group 2 values before treatment. 
LDL = low-density lipoprotein; HDL = high-density lipoprotein. 

TABLE V Exercise Parameters in Group 1 (n = 11) Versus Group 2 (n = 13) Patients 
Before and After Treatment 

Group 1 Group 2 

Before After Before After 

Exercise time (min) 12.5 % 3.6 12.3 2 4.3 13.5 f 2.5 14.1 ? 1.5 
Peak systolic BP (mm Hg) 200 k 18 197 2 17 206 f 18 194 2 22 
l-minute after effort systolic BP (mm Hg) 186 ? 25 184 f 27 194 -+ 31 173 k 26* 

*p = 0.007 versus group 2 values before treatment. 
Values are expressed as mean + SD. 
BP = blood pressure. 

phase were reproducible (158/101 vs 156/101 mm Hg, 
respectively). With use of the Dinamap, only 31% of pa- 
tients had a diastolic BP ~100 mm Hg. LV mass index 
was higher in those receiving combination therapy, 
whereas baseline metabolic and exercise parameters 
were similar (Tables III to V). 

Results of drug treatment: At the end of 9 weeks 
of treatment with 20 mg of enalapril, Dinamap systolic 
BP was unchanged and 24-hour ambulatory systolic BP 
decreased by 6 mm Hg. Similarly, Dinamap diastolic BP 
was unchanged, with a 4 mm Hg decline in 24-hour di- 
astolic BP (Figures 1 and 2, Table II). Systolic BP load 
decreased from 70% at baseline to 59% (p <0.05), 
whereas diastolic load decreased from 67% to 60% (p = 
NS). Diastolic BP was controlled in 4 patients (21%) 
(~90 mm Hg), and decreased in 6 (32%) (~10 mm Hg). 
In the remaining 9 patients (47%), both systolic and di- 
astolic BP actually increased. However, treatment with 
enalapril plus hydrochlorothiazide significantly reduced 
baseline Dinamap and 24-hour ambulatory BP (Figures 
1 and 2; Table II). Systolic BP load decreased from 64% 
at baseline to 29%, and diastolic BP load from 64% to 
33% at the end of the study (p <O.OOOl, respectively). 
The BP in 14 of 19 patients (74%) was controlled: 4 
(21%) had ~10 mm Hg and 1 had >lO mm Hg BP de- 
cline. Despite these reductions, BP was not “normalized” 
when compared with that of control subjects (Figures 1 
and 2). The percent reduction in mean BP from the day 

to the nighttime was unchanged in group 1, but increased 
to a level similar to that in control subjects in group 2. 

Despite the relatively weak antihypertensive effect 
obtained with enalapril, an effect was observed at a myo- 
cardial level with a reduction in LV mass. Regression in 
LV mass was not associated with any decline in LV func- 
tion in either group (Table III). No important metabolic 
changes occurred with either treatment (Table IV). Ex- 
ercise BP and time were favorably improved in group 2 
with little change noted in group 1 (Table V). Both treat- 
ments were well tolerated and no patient was withdrawn 
due to an adverse side effect. 

DISCUSSION 
The major tidings of our study are: (1) combination 

therapy greatly reduces 24-hour ambulatory BP, nor- 
malizes the circadian rhythm, reduces LV mass, im- 
proves exercise time while attenuating exercise systolic 
BP, and is metabolically neutral; (2) although enalapril 
has only a weak effect on 24-hour ambulatory BP mea- 
surements, exercise BP and time, LV mass is significantly 
decreased, possibly mainly by way of a direct myocar- 
dial tissue effect with no adverse effect on metabolism; 
and (3) baseline 24-hour ambulatory BP monitoring was 
reproducible, thus confuming that our patients were truly 
hypertensive. 

Reliance on the conventional cuff method to diag- 
nose hypertension resulted in a placebo response of up 
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to 48% in previous trials of mild hypertension.14,15 In 
our study, 24-hour ambulatory BP monitoring was used 
to enroll patients, thereby avoiding this troublesome 
“white coat pressor” effect.16T17 Furthermore, measure- 
ment of BP over a 24-hour period, and not merely as a 
single measurement, allows for a more comprehensive 
evaluation of BP-lowering efficacy of antihypertensive 
agents. Because no significant difference was seen be- 
tween 24-hour ambulatory BP readings separated by an 
interval of 3 weeks during the placebo phase, we con- 
firmed that reproducibility of 24-hour ambulatory BP 
measurements. 

The 30-minute Dinamap BP, an extended nonambu- 
latory method of BP measurement, significantly overes- 
timated systolic, and to a lesser extent, diastolic BP when 
compared with mean 24-hour ambulatory values, but 
only in hypertensive patients. This discrepancy was 
partly explained by the nighttime BP, which is lower 

than daytime BP. The difference in Dinamap BP was less 
marked when compared with daytime ambulatory BP 
This was especially so for diastolic BP, which closely 
matched daytime readings. In control subjects, Dinamap 
systolic and diastolic readings were almost identical to 
those measured by 24-hour ambulatory BP monitoring. 
When mean 30-minute Dinamap BP readings were used, 
most of our patients (69%) had moderate hypertension 
(diastolic BP >lOO mm Hg). 

Previous studies using conventional cuff readings 
have shown that blacks respond less well to angiotensin- 
converting enzyme inhibitors than whites,’ but that the 
addition of hydrochlorothiazide significantly enhances 
BP-lowering efficacy. l8 The difference between our 
study and others’J* is that hypertension was diagnosed 
using 24-hour ambulatory BP monitoring. Our data con- 
Iirm that enalapril has an unsatisfactory effect on 24-hour 
systolic and diastolic BP Only 21% of patients achieved 
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FIGURE 1. Mean 24-hour 
ambulatory systolic blood 
pressure (BP) profiles of 
normotensive and hyper- 
tensive subjects at base- 
line and after 9 weeks of 
treatment with either 
enalapril (ENAL) alone or 
in combination with hy 
drochlorothiazide (HCTZ). 

FIGURE 2. Mean 24-hour 
ambulatory diastolic blood 
pressure profiles of no* 
motensive and hyperten- 
sive subjects at baseline 
and after 9 weeks of 
treatment with either 
enalapril (ENAP) alone or 
in combination with hy- 
drochlorothiazide (HCTZ). 
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BP control, whereas 41% actually had an increase in both 
systolic and diastolic BP. However, combination therapy 
reduced diastolic BP in all patients and controlled BP in 
74%. The reduction in BP was maintained for the full 
24-hour period. Sustained nighttime hypertension has 
been correlated with the presence of target organ dam- 
age. l9 Group 2 patients were able to down-regulate mean 
BP from the day to the nighttime to the same extent as 
control subjects, suggesting a “normalization” of the BP 
circadian pattern. Both treatments reduced LV mass. Al- 
though enalapril had little effect on BP, the effect on LV 
mass possibly reflects a direct action on local tissue 
renin-angiotensin. In addition, exercise systolic BP and 
exercise time were favorably improved in group 2, with 
little effect noted in group 1. In both groups, drug ther- 
apy was metabolically neutral and adverse effects ac- 
ceptable, with no patient being withdrawn because of an 
adverse drug event. 
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